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PREFACE
 

This report was drafted by a team of AID staff from Washington
 

is based on a review of documents
and USAID New Delhi. The report 


prepared by the Government of India (GOI), Indian universities and
 

research institutions; AID and other U.S. Government (USG) agencies;
 

International
international institutionF (e.g., the World Bank and 


Crops Institute for the Semi-Arid Tropics - ICRISAT); and the
 

of individual Indian and U.S. researchers, scholars and
writings 


on
observers of Indian science and development. It is also based 


conducted with Indian, U.S. and international
extensive interviews 


officials, researchers, administrators and private sector representa­

tives conducted in Washington, D.C., and in India during the period
 

September I-October 1, 1983.
 

The team wishes to express its gratitude to those individuals
 

in the of and in Indian research institutes,
Government India 

universities and private sector organizations who met with the team 

and accorded it a very positive reception. Special thanks for their 

generous commitment of time and hospitality are due Professor M. G. 

K. 	Menon, Member of the Planning Commission and Advisor for Science
 

Dr. 0. P. Gautam,
and Technology to the Prime Minister; 




(ii)
 

Secretary of the Department of Agricultural Research and Education
 

and Director General of the Indian Council of Agricultural Research,
 

Ministry of Agriculture; Dr. S. Varadarajan, Secretary of the
 

Department of Science and Technology; and Dr. Sukhdev Singh, Vice
 

Chancellor of Punjab Agricl!tural University, Ludhiana. These visits
 

and discussions demonstrated the strong ties that bind India and the
 

United States in such areas as scientif!c research. The team also
 

wishes to express its appreclat in to Mr. Owen Cylka, Mission
 

Director, USAID/New Delhi, and his staff, who were very supportive of
 

the team's efforts, substantively and logistically. Particular
 

thanks are due to Ms. Doris A. Withee and Che FSN secretarial staff
 

of the Mission for excellent logitica! and typing support, and to
 

Ms. Kit Holcomb of the Science and Technology Bureau, AID/Washington,
 

for painstaking modifications of revised drafts. •
 

The team appreciates the spirit of open inquiry and dialogue
 

with a wide range of Mission staff. The team also benefitted from
 

discussions with various members of the Embassy staff, especially
 

with Dr. S. Ahmed Meer, Counselor for Scientific and Technological
 

Affairs; Dr. Dennis Johnsen, his Deputy; and Mr. S.K. Dutt of the
 

Science Counselor's office.
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This report is but one step in what must be a process of 

dialogue. The team will have fulfilled its mandate if this report
 

and the discussions that lie behind it accelerate that process,
 

leading to significant implementation measures during the next twelve
 

months.
 

A list of interviews and key documents reviewed are contained
 

in atnexes at the end of the report. Conclusions and recommendations
 

are those of the team and do not constitute official positions of the
 

Governments of India or the United Stated. Similarly, the team
 

assumes responsibility for factual omissions and errors.
 

The team members included:
 

John R. Eriksson, Deputy Assistant
 
Administrator for Research, Bureau
 

for Science and Technology, AID
 

Washington (team leader);
 

Robert Simpson, Director, Office
 

of Technical Resources,
 
Bureau for Asia, AID Washington;
 

Anson Bertrand, Director,
 

Office of Agriculture, Bureau
 
for Science and Technology, AID
 
Washington;
 

George Curlin, M.D., Director,
 

Office of Health, Bureau for
 

Science and Technology, AID Washington;
 

Robert Ichord, Chief,
 
Division of Energy, Forestry and Environment,
 

Office of Technical Resources,
 

Bureau for Asia, AID Washington;
 

John R. Westley, Program Officer,
 
USAID New Delhi.
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EXECUTIVE SUMMARY
 

The following paragraphs summarize a report of discussions 

held in September 1983 between a team of USAID officials from 

Washington and New Delhi and officials of the Government of India. 

These discussions provide the basis for agreement on a ten-year 

strategic framework for the USAID program in India emphasizing 

support for development oriented research and technology development 

(R&TD). Both Indian and U.S. officials recognized that R&TD have 

beech essential ingredients for sustained broadly-based development, 

that they have provided the new and adapted technologies capable of 

raising productivity and incomes, of reducing mortality and illness, 

of coping with economic and environmental stress; in a word, they 

have increased the effectiveness of development efforts. 

A designated portion of the Mission's development issistance
 

portfolio would be devoted to R&TD each year. This -is projected to
 

increase to 17.5 million or 19 percent of a $90 million portfolio by
 

FY 1985, and to $32 million or 36 percent of the portfolio by FY
 

1988. These levels are over and above existing and planned support
 

fcr research components in nutrition, family planning methods, social
 

forestry and various irrigation and water management projects.
 

Beyond FY 1988 the team recommends continued support of R&TD
 

activities at a level of $25-30 million annually through the 1990s.
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over the ten-year period include
 
Objectives to be achieved 


of Indian development efforts, of U.S.
 
increased effectiveness 


other
and of development efforts in 

development assistance, 


the Indian physical and biological

countries. The great diversity of 


talent that India can
 
landscape, and the impressive scientific 


benefits to 
 U.S. science and
 
already count upon, suggest direct 


applied problems as well.
 

Main Features
 

for bosic and applied research in India focussed
support 


on development problems congruent with Indian and AID
 

potential to improve the

priorities and with the 


the Indian people;
productivity and well-being of 


research activities of varying duration will be
 

time frame and will be
undertaken within the ten-year 


to periodic monitoring and performance reviews;
subject 


social science research is an integral component of the
 

that the needs of intended
 
strategy to ensure 


are taken into account in the

beneficiaries 


identification and design of research activities;
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complementary support will be provided for professional
 

interchange among Indian and U.S. working scientists,
 

primarily in the form of relatively short-term meetings,
 

tours and selected longer-term
workshops, study 


assignments related to the research;
 

graduate and post-doctoral training related to the
 

research will be supported, including training where
 

needed of 3pecialtzed technicians;
 

equipment and
critical commodities, such as laboratory 


supplies will be provided to complement the
specialized 


research;
 

a major objective of the above activities will be to
 

utilize existing Indian research capacities more
 

effectively, strengthening them where needed, rather than
 

reviews
to create new institutions; thus, the performance 


on research
as well as workshops and studies will focus 


management and resource allocation;
 

the establishment (or re-establlshment and strengthening)
 

Indian and U.S. research
of relations between selected 


of institutions, such as
institutions (or components 


university deptrtments) will be encouraged to promote
 

continuity and long-term commitment;
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the research and professional interchange will be
 

conducted by highly qualified scientists of both
 

countries and will be marked by a mature, collaborative
 

style.
 

Sectoral Components
 

Sectorally-oriented research occupies a major place in the
 

recommended strategy. Substantial increases in support for R&TD in
 

five sectoral areas are projected:
 

agriculture: beyond the recently signed Agricultural
 

Research Project, planned for $20 million, an additional
 

$30 million is projected for FY 83-88 to support research
 

on a number of priority topics (thirteen topics are
 

suggested in the report, including management systems for
 

lowland rice production); and an additional t15 million
 

is projected over the same period for a joint program
 

between U.S. and Indian agricultural universities to
 

strengthen the research-teaching-public service
 

capacities in selected areas of Indian agricultural
 

universities and simultaneously enhance the breadth and
 

experience of cooperating U.S. universities;
 



(x)
 

forestry and environment: a long-term R&TD program is
 

recommended, emphasizing the role of trees and grass s in
 

reversing ecological deterioration and expanding rural
 

incomes, including baseline environmental research on
 

natural resource degradation, results-oriented research
 

on short-rotation and multi-purpose trees, and modest
 

support for more basic research on genetic improvement of
 

trees; initial funding is projected at 16 million
 

between FY 1985 and FY 1988;
 

biomedical research: support would be provided for
 

biomedical research on such priority diseases as:
 

respiratory diseases, diarrhea! and enteric diseases,
 

reproductive immunology and the immunizable diseases, and
 

nutritional anemia; the research will encompass research
 

on diagnostic techniques, treatment modalities including
 

new drugs, the development of improved or new vaccines,
 

and applied research on health services; about $16
 

million for support of biomedical research and related
 

training, professional exchange, selected equipment and
 

reagents, and data management and information systems is
 

projected for FY 1984-88;
 

energy: t8 million is projected for a Phase II
 

Alternative Energy Resources Development Project for FY
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on coal and biomass conversion
1986-88, emphasizing R&TD 


and utilization;
 

*5 million is projected for FY
industry/private sector: 


1986-88 to strengthen R&D capabilities iii the Indian
 

private sector, perhaps emphasizing energy conservation,
 

the management of technological
industrial pollution and 


linked with current
innovation; these activities could be 


PL 480
to establish a revolving fund of
proposals 


of a bilateral

generated local currencies in the form 


a

industrial research and development foundation or 


similar mechanism.
 

each the
 
In addition to support for research in India, of 


professional
also includes support for

sectoral recommendations 


training and selected equipment and 
 commodities.
 
interchange, 


more
and strengthening could be 

Support for institutional development 


than in others. The
 
some (e.g.,
significant in sectors forestry) 


constitutes a potential
recently signed Agricultural Research Project 


by providing a flexible mechanism for

all sectors
model for the 


as well as for periodic review of performance.

adding sub-projects 


require close monitoring and some
 
While individual sub-projects would 


might well have a duration of less than five years, most or all
 

ten-year programs.
sectoral umbrella projects could be viewed as 
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"Innovative Research and Special Studies" Program
 

of "Innovative
program

report also proposes a ten-year
The 


have several components,
This would
Studies."
Research and Special 


fundamental

for research on a limited number 

of 

including (1) support 


basic genetic engineering, surface and
 
topics (e.g.,
cross-sectoral 


of biomass); and
 
and fibre properties


nembrane phenomena, strength 


studies, workshops and conferences
 
support for consultants,
(2) 


on broader, cross-cutting topics

and U.S. experts-involving Indian 


economics of
 
science and technology and development 

(e.g., 

related to 


to research, the
allocation
resource
change and
technological 


in
the private sector
the role of

research, enhancing
management of 


of

of the cost-effectiveness
analysis
socio-economic
research, 


and technology
and science
systems,

alternative technology delivery 


in development information needs 
and exchange).
 

of a more generic rather than
 
basic research
Support for 


an AID bilateral
would be a departure for 
nature
sectorally-oriented 


of Science and
 
and the GOl's Department
Both AID
country program. 


of the

gain a better understanding 


Technology (DST) would have to 


in terms of 

the research to be supported, especially its
 

nature of 


studies and
The consultants,

to development problems.
relationship 


Indian Planning Commission
 to the DST and
should be useful
workshops 


Indian science and
 
role of oversight of 


in fulfilling their broad 


for policy dialogue
a mechanism
to AID in providing
technology and 


research

science and technology and 


GOI on significant
with the 


management issues.
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One million dollars a year, or $4 million between FY 1985 and
 

FY 1998, is projected for support of the program of "Innovative
 

Research and Special Studies."
 

Implementation Considerations
 

The recommenaed strategy poses several implementation
 

requirements,
 

-- Staffing Requirements 

The strategy is relatively staff-intensive. The team
 

recognized the limits on the Mission's ability to expand
 

the number of direct hire staff. It recommends that a
 

Joint Career Corps (JCC) Scientific Advisor be recruited
 

from a U.S. university to coordinate the U.S. role in
 

management of the strategy, to advise the Director and
 

senior staff on performance and to manage directly the
 

"Innovative Research and Special Studies" program. This
 

advisor must be a respected, experienced scientist
 

knowledgeable about science policy and administration,
 

and about India and development. The advisor should be
 

assisted by at least one and preferably two Foreign
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National professionals. In the various sectors
 

(agriculture, etc.) the team endorses efforts to reduce
 

the workload on direct-hire staff through utilizing
 

Indian consultants and consultancy firms.
 

•- Science Panel 

The team recommends that a small group (3-5) of eminent
 

scientists and science administrators be convened
 

regularly (e.g,, semi-annually) by the Mission Director
 

to advise the Director and senior staff on the scope,
 

content and performance of the strategy. They should be
 

leaders in their fields, representing a mix of
 

disciplines, including research resource allocation and
 

management and the social sciences; they should also be
 

knowledgeable about development and about India. In
 

addition to reviewing strategy performance, the Panel
 

would also provide a stimulus for effective
 

implementation and an informal means of communication
 

with senior Indian scientists and policy makers. The
 

Mission Scientific Advisor and staff would serve as
 

secretariat to the Panel.
 

-- Provision of U.S. Scientists 

.Timely participation of U.S. scientists in India is
 

essential to the success of the strategy. Such
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participation will for the most part be of a short-term,
 

non-resident nature, including workshops, seminars and
 

consultation with Indian researchers. Some longer-term
 

participation of an expert advisory nature is also likely
 

to be desirable.
 

The placement of expatriate technical assistance in India
 

is a very difficult and protracted process. All such
 

assistance must be included in the development budget of
 

the requesting GOI organization, which must certify that
 

the skills to be imported are not available from Indian
 

sources (at a fraction of the close to 2O,000 per work
 

year for U.S. technical assistance -- t250,000 if
 

acquired through an institutional contract with
 

overhead). GOI officials have been very reluctant to
 

accept U.S. experts under these circumstances, especially
 

in a field like agriculture where the cadre of Indian
 

professionals is relatively large.
 

The team recommmends that the Mission seek at the highest
 

GOI levels (e.g., the Prime Minister's Office) approval
 

for expeditious provision of U.S. scientists from the
 

resources of the USAID-India bilateral program. This
 

element might be separated out from other projects into a
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bilateral "technical support" project. Two
 

the case for establishing an
considerations strengthen 


(I) both the
improved procedure under the India program: 


U.S. and India recognize the importance of timely
 

of highly qualified U.S. scientists, and
pairticipatlon 


such expertise would be of a relatively
(2) the bulk of 


-- less than three months.
short-term nature 


In the event that efforts to resolve the problem within
 

country program are not successful, an alternative
the 


mechanism funded from AID Washington should be explored.
 

program
Under this approach, a portion of the bilateral 


budget would be transferred to the S&T Bureau and/or Asia
 

for the provision of U.S. scientists in response
Bureau 


the Existing S&T Bureau
to requests from USAID and GOI. 


could be drawn upon; an intermediary
projects 


manage
organization could be drawn upon to the
 

to
recruitment process and to identify expertise unique 


the India program. While such an arrangement would
 

size of the India program,
correspondingly reduce the it
 

would also avoid inclusion of this element in the GO
 

budget. Several GOI officials proposed that the U.S.
 

adopt such an approach, in effect providing U.S. experts
 

"in-kind" (from the GOI perspective). UN experts are
 

to India in a similar manner, with funding
furnished 


provided from a UNDP account in New York.
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- Grant Funding Constraints 

With an increased emphasis on institutional development,
 

policy dialogue and technology transfer, the grant share
 

of the DA budget has grown, from 10 percent during FY
 

1978-81 to 28 percent ia FY 1983. An R&TD-oriented
 

program would normall' imply a high grant component in
 

view of the emphasis on research and experimental
 

activities, training and provision of scientific and
 

technical expertise.
 

AID grant funds are extremely scarce and the current
 

share of grant funding in the India program is probably
 

near a maximum. The FY 1983-88 funding levels projected
 

in this report take the grant constraint into account and
 

assume that some portion of R&TD activities will be loan
 

financed, i.e., all provision of commodities and
 

equipment, as well as any construction costs, and some
 

training, research and local technical assistance costs.
 

The Mission is concerned that moving too far in this
 

direction could reduce its leverage in seeking
 

participation of U.S. scientists and in raising R&TD
 

policy issues.
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Other USG Activities in Science and Technology
 

science and
This strategy does not imply a merger with other 


in which the U.S. Government is
 
technology activities in India 


local currency research programs, "Science and
 
involved (e.g., 


Panel," and Indo-U.S.

Technology Initiative" or "Senior Scientific 


It should lead to more effective

Joint Sub-Commissions). 


coordination or linkages among these elements, however.
 

Closer links might be possible between the AID program in
 

and Technology
elements of the Indo-U.S. "Science
India and certain 


areas where there was a
 
Initiative" (STI). This could occur in 


the such
AID-funded projects and STI,

coincidence between 

as
 

biological nitrogen fixation, biomass and certain biomedical research
 

the GOI, STI workshops in these
 
topics. With the concurrence of 


areas might be supported. In addition, the AID program could provide
 

extended support once the two-year STI initiative has 
elapsed.
 

Next Steps
 

The report recommends a series of actions to be taken over the
 

as soon as
 
next six months. First are presentation and review 


of the report and/or its recommendations in AID Washington

possible 


In addition to overall approval, explicit
and in India with the GOI. 


should be sought for the creation of a Science
 
Washington approval 
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Panel, for the concept of an "Innovative Research and Special
 

Studies" program and for recruiting a JCC Scientific Advisor. The
 

Mission should seek high level GOI approval for timely participation
 

of U.S. scientists.
 

Assuming AID Washington approval in principle, the members of
 

the Science Panel should be identified and recruited by January 1984
 

and make their first visit to India In March 1984. Development of an
 

"Innovative Research and Special Studies" PID should begin as 
soon as
 

possible to ensure initial funding in FY 1985. The Scientific
 

Advisor should be recruited to permit part-time involvement in the
 

development of the PID and PP as well as in guiding the Science
 

Panel. The Advisor should become full-time in the Mission by the
 

beginning of FY 1985.
 



I. INTRODUCTION
 

The purpose of this report is to delineate a proposed
 

"Research and Technology Development" strategic framework to serve as
 

an integrative focus for a major share of the USAID program and
 

relate effectively to other science-related U.S. Government-(USG)
 

sponsored activities in India.
 

This framework is intended to broaden and extend the 

initiative set in motion by Prime Minister Gandhi and President 

Reagan during their meetings in Washington in August 1982. Those 

meetings launched a new dimension to Indo-U.S. cooperation in science 

and technology. This effort, first known as the "Blue Ribbon Group" 

or "Senior Scientific Panel" (SSP), and now referred to in the U.S. 

as the "Indo-U.S. Science and Technology Initiative" (or "STI" -- but 

still referred to in India as the "SSP"), is firmly underway. It 

remains a continuiug and tangible manifestation of the announced 

desire of the two leaders to improve relations between the two 

countries. The linkages between the "STI" and the broader framework
 

covered by this report will be discussed more fully in subsequent
 

chapters.
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The main objectives of the broader framework are to enhance,
 

through support for the conduct of development-o-.!ented research (and
 

related professional interchange, training and commodities), (1) the
 

effectiveness of India's development efforts in general, and of U.S.
 

development assistance in India in particular; and (2) the
 

effectiveness of development efforts and development assistance in
 

other developing countries.
 

A subsidiary but not unimportant objective, recognizing the
 

relatively mature state of India's science and technology capacity,
 

and the great geographical, biological, ecological, demographic and
 

ethnographic diversity in India, is to contribute to the advancement
 

of scientific knowledge and its application to developed countries,
 

including the United States. While the contribution to Indian
 

development and to international development remains paramount for a
 

development agency like AID, the potential significance of the
 

subsidiary objective should not be underestimated. Both Indians and
 

Americans with whom the teaa talked recognized the latter as an
 

additional factor that could help attract high quality U.S.
 

scientists.*
 

*Two examples of Indian research (being undertaken at Punjab
 

Agricultural University) of importance to the U.S. as well as to
 
India are work on (1) the "Karnal Bunt" blight affecting wheat and
 
(2) rhizobium inoculation of non-leguminous crops, including major
 

cereals.
 



-3-


Relationships between Indian and U.S. institutions, or com­

ponents of institutions, such as university departments, would be
 

established (or reestablished) and strengthened to help ensure the
 

continuity and long-term commitment required for effective scien­

tific endeavor. Support for a range of training and study-tour
 

activities at the graduate and post-degree level as well as for
 

critical commodi- ties such as laboratory equipment and specialized
 

supplies, would complement the research. Exchanges dealing with
 

broader questions could be supported, such as strengthening
 

university research, teaching and links to application (e.g.
 

extension or other delivery systems); research management; the
 

economics of res'arch planning and allocation and the role of
 

economics and social science research. All these activities would
 

be on the basis of a mature partnership between working scientists
 

and their institutions.
 

These topics will be discussed in greater detail in subse­

quent chapters of the report. Brief discussions of five sectoral
 

areas, with more extended treatments in separate annexes, are also
 

included. The sectoral discussions cover agriculture; forestry and
 

environment; energy; biomedical research; and industry/private
 

sector. These analyses suggest a range of sub-sectoral topics, such
 

as biological nitrogen fixation (to give only one of a number of
 

examples), that appear to merit increased research effort. Further
 

specification of these topics requires iterative discussion and
 

refinement by Indians and Americans at both the policy and scientist
 

levels. The design of research activities within these topical
 

areas must of course depend heavily on the judgments of working
 

scientists.
 



- 4 -


Although reproductive immunology and nutritional anemia are
 

suggested among several priority topics in tiLe section on "bio­

medical research," population and nutrition are not covered exten­

sively in the main report or in the annexes. Support for research
 

on the causes of low birth weight is already included in the exist­

ing Integrated Child Development Services project. A contraceptive
 

research specialist from AID's Science and Technology Bureau is pre-


Dared to visit India in the near future to discuss in greater depth
 

possibilities for support of contraceptive research and development
 

:.n India.
 

The section (and Annex) on "Industry/Private Sector" does not
 

explicitly discuss the proposals to establish a mechanism or mecha­

nisms utilizing PL 480 generated rupees to stimulate joint R&D 

collaboration between Indian and U.S. private industrial enter­

prise. The team believes, however, that the analyses contained in 

this report raise a number of considerations of a policy and struc­

tural nature that must be weighed carefully in further development 

of these proposals.
 

A subsequent chapter (VI) briefly describes a possible pro­

gram of "Innovative Research and Special Studies." This proposal
 

broader,
has several attractive features, including support for 


cross-sectoral aspects of developmeat-oriented research. It also
 

proposes support for basic research of a more fundamentally "up­

stream" character than AID has supported through its bilateral
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country programs. This proposal and other implementation mechanisms
 

and questions that are rather unique to the strategic framework pro­

posed in this report are discussed in the following Chapter VII.
 

Concluding chapters set out projections of estimated AID project
 

funding to support the strategy during the FY 1983-88 period and
 

propose a timetable for follow-up steps that should be taken over
 

the next six months.
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A. Rationale and Background
 

Basic and applied research, grounded in high quality
 

scientific method and competence, has over the last three decades
 

been a major source of far-reaching and lasting contributions to
 

broadly-based economic and social progress in the developing
 

countries. One has only to consider the impact of auch
 

accomplishments as the eradication of smallpox, reduction of malaria
 

and expansion of basic food production in certain countries to
 

recognize the veracity of this proposition. There are many less
 

dramatic examples where research efforts undertaken in the developed
 

and developing countries have made significant contributions to
 

improving the productivity and well-being of the world's
 

impoverished. These range from pharmaceuticals that reduce morbidity
 

and infection, to techniques of irrigation and farm management that
 

complement the "seed-fertilizer" revolution in agriculture, to modern
 

family planning methods that improve maternal and child hcalth. More
 

recent developments such as oral rehydration therapy and potential
 

and actual breakthroughs of a biotechnical nature in such areas as
 

vaccines, fast-growing trees, and substitutes for petroleum-based
 

fertilizer promise new advances of major portent.
 

This is not to argue that research alone has produced
 

these accomplishments or that research alone is a panacea for the
 

future. Mobilization and commitment of domestic and international
 

resources for physical infrastructure and delivery systems have also
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been vital, along with a conducive economic policy environment that 

provides stable incentives and financial capital to the millions of 

small farmers and entrepreneurs for the adaptation and adoption of
 

new technologies.
 

Research has nonetheless been an essential ingredient for
 

sustained development; it has provided the new adapted
and 


technologies capable of raising productivity and incomes, of reducing
 

mortality and illness, of new economic
coping with and environmental
 

stresses; in a word, it has 
 enhanced the effectiveness of
 

development efforts.
 

These points have been recognized clearly in such
 

documents as the GOI's Sixth Five-Year which
Plan observes in the
 

chapter on Science and Technology (p. 318):
 

The crucial role of science and technology as an instruuent
 
of social and 
economic change has been appreciated and the
 
rapid development of science and technology 
and of its
 
application, accepted as a major objective of planning.
 

These observations were also mutually recognized when
 

Professor M. G. K. Menon, Member of the Planning Commission of India
 

and Advisor for Science and Technology to the Prime Miiister, met in
 

1981 with Mr. M. Peter McPherson, Administrator of the Agency for
 

International Development, 
and Dr. Nyle C. Brady, Senior Assistant
 

Administrator for Science and Technology, AID.
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view of the foregoing

AID Administrator McPherson, in 


increase markedly
that AID should seek to
has concluded
rationale, 


research,

conduct of development-orientee


its support for the 


scientific 
on those countries where the and
 
focusing particularly 


supple­exists to uudertake, with 

institutional capacity already 


mentary support, such research.
 

assis-
AID supports bilateral
in which
Among all countries 


Administrator
criteria.
meets these 

tance programs, India best 

The 


that would
developed 
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The range between basic and applied research is a
 

spectrum, with several, not always easily distinguishable,
 

inteuediate stages between the two ends of the spectrum. AID,
 

through its Research Priorities initiative, and in the proposed
 

framework for the USAID program, is placing greater emphasis on
 

support for somewhat more basic research than has been the case in
 

the past. This is not intended to minimize the importance of applied
 

and adaptive research, including operations and "action" research.
 

Often the latter provide important information for the selection and
 

design of more basic research. All of these are included in the
 

concept of research and technology development.
 

Close to the basic end of the research spectrum are
 

investigations that seek to expand knowledge of the fundamental
 

properties and behavior of matter and of chemical and biological
 

interactions. Although there may be an intuitive hunch that
 

potential applications might be significant, the applications, or
 

even the sectors or fields where pay-offs might accrue, may not be
 

predictable in advance. Examples include research on surface
 

interactions and membrane phenomena, and basic genetic research. The 

original creation in the laboratory of hybridomas would be an example 

of the latter. AID might support research on the modification of 

hybridomas for specific applications in agriculture, health, energy, 

etc., but it is less likely -- except perhaps through the program 

sponsored by the Science Advisor's office -- to support research of a 
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more fundamental nature. A unique proposal put forvard under this 

strategy is to support some collaborative research of this more
 

innovative and basic nature. This proposal is analyzed further in
 

Chapter VI, below.
 

This latter proposal should not diminish the significance
 

of the expanded research efforts recommended in each of the five
 

sectoral areas summarized in Chapter V and reported fully in
more 

Annexes A - E. These efforts would be more basic as asboth well 


applied, but are driven by the need to 
solve specific sectoral
 

problems (the "Karnal Bunt" wheat blight, for example).
 

C. Time Horizon
 

The ten-year time horizon of this strategy is a
 

relatively long-term horizon for 
typical planning purposes -- both 

for developing country governments and for donor agencies. Ten 

years is a time for a ofnot long horizon great deal scientific
 

endeavor, however. A decade was chosen 
to convey a sense of
 

continuity and a sufficient period of time to undertake and
 

anticipate results from some more basic or 
 Mupstream"
 

problem-oriented research. Ten years is short 
enough, however, to
 

conVw the imperative of development; i.e., the need to bring
 

technologiei that increase productivity and well-being to the
 

majority in greatest need.
 



te ten-year time frame is best viewed as the time
 

horizon for a program or strategic framework. Within this framework,
 

it may well be possible to phase some of the specific research efforts
 

of the spectrum -- into-- particularly those at the more applied end 

two-, three-, or five-year segments. Some of the sectoral research 

under this strategy could be brought to completion within shorter time 

not be true for all research topics. Theframes. But this will 


appropriate time frame will vary from problem to problem and topic to
 

topic.
 

While a decade should be sufficient to strengthen
 

individual and institutional collaborative relationships between India
 

and the United States, many of these relationships should continue
 

beyond this time horizon.
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II. Research and Technology Development in Indian Development
 

A. Historical Trends
 

India's research and technology development capacity was 

already considerable at the time of Independence in 1947. The 

predecessor organizations of the three principal research 

coordinating bodies - the Indian Council of Medical Research 

(ICMR), -he Indian Council of Agricultural Research (ICAR), and the 

Council for Scientific and Industrial Research (CSIR) - had been 

established in 1911, 1929 and 1942, respectively. India had 20 

universities at the time of Independence, and an estimated 20,000 

engineering graduates and 66,000 science graduates. 

The rapid expansion of this research capacity has been a
 

major government objective from the beginning of the development
 

planning process in 1950 although "science and technology" did not
 

become the subject of its own section of the Plan until the Fifth
 

Five-Year Plan period (1974-79). The number of universities rose to
 

over 120 by 1980. Scientific and technical personnel in
 

engineering, science, agriculture and medicine increased at about 10
 

percent annually from 1950 onwards, with the result that there ar­
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now over 2 million Indians with graduate or postgraduate degrees in 

these four fields. According to estimates prepared by the private 

Center for Monitoring the Indian economy (CMIE), total expenditures on 

research and development (R&D) increased from abut $10 million, or 

about 0.05 percent of India's GNP in 1950-57, to nearly $1 billion, or 

about 0.63 percent of GNP in 1982-83 (as compared with, e.g., 2.5% in 

the U.S. as of 1976 or 1.9% in Japan as of 1978). Although the 

central government accounted for over 90 percent of R&D expenditures 

until the mid-1960's, the share of state governments rose to nearly 10 

percent by the early 1980's, and the private sector's share rose to 

over 15 percent. The government actively used administrative controls 

to channel private sector R&D efforts, and maintained tight controls 

technology imports in the interest of technological self-reliance.
over 


India's investment in research and technology development has
 

achieved a number of notable successes, particularly in adaptation and
 

rapid dissemination of high-yielding cereal varieties (HYVs),
 

development of a broad manufacturing base, expansion of manufactured
 

exports, and establishment of substantial indigenous capacities in
 

space technologies, atomic energy and the manufacture of sophisticated
 

armaments. Nevertheless, the overall payoff in terms of economic
 

growth, employment generation and improved human welfare has not been
 

as great as might have been expected. In agriculture, while
 

no
self-sufficiency in foodgrains has been largely achieved -- mean 

accomplishment -- , the increase in productivity growth after the 

mid-1960's was not adequate to offset the decline in the rate of 
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growth of area planted with the result that the combined growth rate
 

of foodgrains and non-foodgrains production declined. In industry, a
 

recent study by Isher Ahluwalia indicates that overall levels of
 

productivity in most sectors actually declined over the period 1959-60
 

to 1978-79. Moreover, the industrial technologies introduced have
 

generally been imported and have been adopted with little
 

modification, and are consequently excessively capital-intensive.
 

Research has made almost no contribution thus far to improving energy
 

efficiencies or developing alternatives to conventional sources of
 

energy; this is critical to overcoming a major constraint to economic
 

growth. In the health field, India has relied almost entirely on
 

imported technologies, and has not been able to make modern health
 

care available to more than a small fraction of the population.
 

B. Current Situation
 

1. Policy Framework
 

Research and technology development is affected by a
 

wide range of policies, including those specifically directed at
 

science and technology issues as well as those designed to affect
 

development more broadly. Program policies for GOI research and
 

technology development efforts are stated in the Sixth Five-Year
 

Plan. The plan directs deliberate and sustained applications of
 

science and technology to the economic and social problems of the
 

country. Policy emphases include self-reliance for science and
 

technology; more effective links among policy organization and
 

application of technology to meet economic and social objectives; more
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attractive incentives young
for scientific talent; and attention to
 

higher payoff opportunities for technological breakthroughs.
 

The most important recent development has been the
 

promulgation of a GOI Technology Policy Statement 
(January 1983), the
 

first such statement since the 
GOI Scientific Policy Resolution of
 

1958. Its primary significance lies in the government's commitment to
 

simplify procedures further for technology imports 
in "areas of high
 

national priority." (Electronics and computers are two 
areas that
 

have subsequently been identified.) This reflects the realization
 

that the highly restrictive approach to technology imports of the past
 

thirty years has had an adverse impact, particularly in industries
 

with export potential. The statement implies 
a more outward-looking
 

environment for research and technology development 
in all fields, and
 

has set the stage for increased allocations to science and technology
 

under the Seventh Five-Year Plan (1985-1990) being prepared.
 

With respect to the impact of overall policies, there is
 

a sharp difference between the experience of the agricultural and
 

industrial sectors. In agriculture, the shift toward a 
more
 

producer-oriented pricing policy which accompanied the 
introduction of
 

HYVs in the mid-1960's, along with increasing 
reliance on the private
 

sector for input supplies, has encouraged the rapid adoption of HYVs
 

and improved inputs. 
 This has in turn generated further support for
 

R&D effort 
in both the public and private sector. Thus the policy
 

environment has 
provided strong reinforcement for development-oriented
 

research and technology development in agriculture.
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In industry, on the other hand, the emphasis on
 

protection, controls and administered prices has reduced competitive
 

pressures and fostered an environment within which there is little
 

incentive to develop and adopt productivity-increasing technologies.
 

The trend of the past three years toward liberalization of industrial
 

and trade policies and the reduction of price distortions should
 

gradually increase the pressures for more aggressive R&D efforts, but
 

this will be a slow process. Nevertheless, overall policies affecting
 

the industrial sector are clearly moving in the right direction.
 

2. Institutional and Human Resource Capacities
 

India's institutional infrastructure for research and
 

technology development is impressive. In addition to some 120
 

universities, five institutes of technology, 150 engineering colleges
 

and 100 medical schools, there are now about 130 specialized research
 

laboratories and institutes under ICAR, IGMR, CSIR, etc., as well as
 

ov,r 600 in-house R&D organizations in private and public sector
 

enterprises and over 150 engineering consultancy organizations. While
 

many of these organizations already have international reputations,
 

their rapid expansion has required that resources be spread very
 

thinly, and has necessarily resulted in a good deal of unevenness.
 

Some of the attendant problems in the relevant sectoral areas are
 

discussed in Annexes A through E attached.
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Although India is said to have the third largest pool
 

of technical personnel in the world, UNESCO data cited by CMIE
 

indicate that India is actually fifth behind the USSR, Japan, China
 

and the U.S. Furthermore, the numbers are quite low relative to
 

India's population of 730 million. However, the high unemployment
 

rates among science graduates and the existence of unemployment among
 

engineering graduates suggest that India is now traitiing adequate
 

numbers of scientific and technical personnel. It is more difficult
 

to assess the adequacy of India's research and technology development
 

manpower base in qualitative terms. The GOI Sixth Five-Year Plan
 

notes the need for "a considerable reorientation and upgrading of a
 

large proportion of this stock of manpower through appropriate
 

training programs," and points to the impact of inadequate university
 

science and technology facilities on the quality of science and
 

technology graduates.
 

3. Budget Allocation Process
 

As noted above, resources for public sector research
 

and technology development activities are now allocated on the basis
 

of detailed plans prepared within the overall framework of the
 

five-year plans. General guidance regarding priorities is provided by
 

a Science Advisory Committee to the Cabinet (SACC), and by the
 

Planning Commission member responsible for science and technology
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(currently the former Secretary, Department of Science and
 

Technology). In order to be approved by the GOI, all donor-assisted
 

activities must be in accordance with Plan priorities and allocations,
 

and must be budgeted in the GOl's Annual Plans.
 

The Sixth Five-Year Plan (1980-1985) budgeted about
 

tl.9 billion (or somewhat more than 2 percent of the total) for
 

development expenditures on science and technology for the Plan
 

period, along with ;1.45 billion in recurrent expenditures. The
 

largest single development expenditure allocation was for ICAR (340
 

million in development expenditures); the other major allocations were
 

for atomic energy ($249 mil.lion), space ($246 million), CSIR ($170
 

million) and conventional alternative energy ($167 million). ICMR
 

received only $40 million for the five-year period, and the Forest
 

Research Institute (FRI) t12 million.
 

4. Application of Results to Development
 

As was pointed out by F. A. Long in his brief study
 

of science and technology in India (in Mellor's India, A Rising
 

Middle Power), there are distinguishable models of the linkage of R&D
 

"private
to development which have been applied in India: the 


to
enterprise model," under which firms develop in-house R&D capacity 


meet their own requirements; the "agricultural model," in which public
 

sector research and extension organizations generate and convey
 

technical information to private sector producers, who
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purchase the necessary inputs; the "vertically integrated government
 

department" model, which 
 integrates the and
R&D "production"
 

activities in one 
public sector establishment (as in atomic energy,
 

space or 
 defence); and the "independent government R&D
 

establishment," 
which must provide its results 
to public or private
 

sector users such as 
industrial corporations.
 

The "agricultural model" 
has worked relatively well, 
as
 

indicated 
by India's success in assimilating 
HYVs. This system
 

includes the state agricultural universities, which are organized on
 

the U.S. "land grant" model combining research, education and
 

extension. In the 
industrial sector, the "private enterprise model"
 

has been relatively unimportant untii recently, and 
the "vertically
 

integrated government department" model has 
applied primarily (apart
 

from atomic energy, space 
and defence) to a few heavy industries
 

such as steel. Thus the main emphasis has been on the "independent
 

government R&D establishment," such as the laboratories 
run by
 

CSIR. It is inherently difficult forge
to adequate linkages with
 

users under model in
this and 
 fact India's experience with this
 

model has been
not encouraging. 
 CSIR has encouraged the
 

establishment of 
research associations for various industries to
 

overcome some these
of problems, but thus 
far these associations
 

have played a fairly minor role. 
 As of the mid-1970's, the average
 

annual R&D expenditures per association 
(for the nine for which data
 

were available) were only $300,000.
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5. Role of Private Sector
 

As noted above, the private sector now accounts for
 

about 15 percent of R&D expenditures. Since there is little funding
 

of public sector R&D by private firms in India (or vice versa), it is
 

probable that the private sector also carries out about 15 percent of
 

R&D activities. This contrasts sharply with the US, where according
 

to F. A. Long the private sector financed about 45 percent of R&D as
 

of 1975 and performed about 70 percent. Similarly, in Japan the
 

private sector financed 74 percent of R&D in the mid-1970's and
 

carried out 66 percent of all R&D.
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III. RESEARCH AND TECHNOLOGY DEVEL02MENT IN INDO-U.S. RELATIONS
 

A. Background
 

During the 1950's and 1960's U.S. official and private
 

agencies played a major role in strengthening India's human and
 

institutional base for research 
 and tochnology development.
 

Official assistance for these purposes was interrupted in the early
 

1970's with the suspension of AID Development Assistance programs in
 

India after FY 1972, but Rockefeller and Ford Foundation activities
 

continued. As of 1971, Rockefeller and Ford assistance had totaled
 

about $20 million and $100 million, respectively. AID grants under
 

the Indo-U.S. Technical Cooperation Agreement (1952) had been about
 

$450 million, and had financed the services of over 3,000 U.S.
 

specialists (long-term and short-term) and participant training in
 

the U.S. for over 6,000 Indians.
 

The most noteworthy examples of AID support for research
 

and technology development were several major institution-building
 

activities: the establishment of eight agricultural universities on
 

the U.S. model (with assistance from a consortium of six U.S. land
 

grant universities); the expansion of the All-India 
Institute of
 

Medical Sciences (AIIMS) with major U.S. technical and financial
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assistance inputs; and the establishment of the Indian Institute of
 

Technology (lIT) at Kanpur, with assistance from a consortium of
 

nine U.S. universities. AID also provided smaller amounts of
 

research-related assistance to several of the laboratories under the
 

Ccuncil of Scientific and Industrial Research (CSIR), and to other 

institutes involved in forestry, home science, irrigation, 

veterinary, medical and nuclear research. 

Research and technology development activities were also
 

supported from the late 1950's onward by counterpart rupees made
 

available to various domestic agencies of the U.S. Government. The
 

U.S. Department of Agriculture (USDA), the National Institutes of
 

Health (NIH), the National Science Foundation (NSF) and other
 

agencies have funded large numbers of Indian research projects
 

involving varying degrees of collaboration by the U.S. side. GOI
 

approval of new rupee-funded projects generally ceased after 1971,
 

bu.t the programs were revived after the negotiation in 1974 of the
 

Indo-U.S. Rupee Agreement and the establishment of an Indo-U.S.
 

Joint Commission (whose subcommissions act as the joint
 

aeministrative mechanism for agreement on priorities for the
 

ru.pee-funded programs).
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B. Current Status
 

1. Subcommissions
 

There are currently four subcOmmissions under the
 

Indo-U.S. Joint Commissiou: Economic and Commercial, Education and
 

Culture, Science and Technology and Agriculture. The Subcommission
 

on Education and Culture has generally been the most active, and is
 

the only one with a U.S. secretariat (the Asia Society). The
 

Economic and Commercial subcommission has served primarily as a
 

forum for official exchanges of views, and has no associated
 

programs.
 

The Subcommission on Science and Technology was 
set
 

up in 1975 and has held six meetings. At the last meeting in
 

December 1981 representatives of twelve U.S. agencies met with their
 

Indian counterparts to discuss approximately fifty rupee-funded
 

projects in energy; physical sciences; health, medical and life
 

sciences; environment and ecology; and information sciences. Fo
 

date has as yet been set for the next meeting. The Subcommission on
 

Agriculture held its first meeting in September 1980 and its second
 

in June 1982 (in Washington). The U.S. side is chaired by USDA at
 

the undersecretary level, and has working groups on agricultural
 

research, agricultural inputs and natural resources development.
 

The next meeting is scheduled for January 1984.
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2. Rupee-Funded Research Programs
 

At the present time twelve 
U.S. Government agencies
 
draw on the equivalent of about $9 million annually in Special Foreign
 
Currency Appropriation (SFCA) 
rupees 
to fund Joint projects. These
 

funds can be used only for 
rupee costs 
such as local costs of the
 
Indian institutions, 
 per diem in India 
 of U.S. visitors) and
 

international 
travel. 
 They cannot be used 
for items requiring dollar
 
funding such as U.S. 
equipment or 
per diem in the 
U.S. of Indian
 
vi itors. 
 The major U.S.G. users are 
the National Institute of Health
 
(NIH), the National Science 
Foundation (NSF), 
and the U.S. Department
 

of Agriculture (USDA). USDA is 
represented 
in New Delhi through the
 
far Eastern Regional Research Office 
(FERRO), 
which has approved 500
 
research grants 
since 1960 
(of which 67 
 are now active). Other
 
agencies 
 are represented 
 by the Counsellor 
 for Scientific 
 and
 

Technological Affairs 
.n the Embassy.
 

3. Indo-U.S. S&T Initiative STI)
 

The Indo-U.S. S&T Initiative ("STI" 
 -- also known, 

especially 
In India, as 
the Senior Scientific 
Panel -- "SSP") is 
firmly under way. 
 The concept was 
 first broached during Prime
 
Minister Gandhi's visit 
to Washington in August 
1982. A "Blue Ribbon
 
Panel" of top 
U.S. science officials subsequently visited India 
to
 
refine areas 
of mutual Interest. This was 
followed in January 
1983 by
 

a high level task force 
of U.S. scientists and 
science administrators
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who met with a group of 
their Indian counterparts 
and subsequently
 

mutually agreed 
on seven 
areas in which to 
bring together individual
 
Indian and 
U.S. scientists working 
on the same 
or similar problems.
 
The objective 
 is to encourage 
 collaborative 
 research (the
 
"collaboration" could 
range from 
coordinated 
individual 
research 
to
 
virtual joint research) leading 
to results In two-year time frame.
 
The areas chosen are: 
 nitrogen fixation, nitrogen 
 fertilizer
 
efficiency, 
 fuelwood production, 
monsoon prediction, 
a range of
 
diseases 
 and epidemiology, 
 and immunologic responses 
 in human
 

reproduction.
 

On the U.S. side 
in New Delhi, the Science Counsellor's
 
Officer in 
the Embassy is responsible for coordination. 
 On the U.S.
 
side 
in Washington, a Senior Policy Group has been established. 
 It is
 
chaired by Dr. 
George Keyworth, the 
Shile 
House Science Advisor, and
 
includes 
Dr. Nyle C. Brady, Senior Assistant Administrator for Science
 
and Technology of AID 
(as vice-chairman); 
Dr. Frank Press, President
 
of the 
NAS; Dr. Edward Knapp, Director of 
the NSF; the Director of
 
NIH; the Administrator of 
NOAA; the Administrator of 
the Agricultural
 
Research 
Service and 
 other 
senior officials. 
 NSF is coordinating
 

agent and NAS is performing an oversight and evaluation function.
 

AID has lead 
program responsibility on 
the 
U.S. side for
 
nitrogen; 
the Forest Service for fuelwood; NSF 
for monsoon; and NIH
 

for health and population.
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Initial meetings of panels of Indian and U.S.
 

scientists have been held or are about to be held in each of the
 

areas. One exception is a proposed panel on photo-voltaics which grew
 

out of an initial proposal on materials science. Pending further
 

mutual clarification of the focus of this proposed panel, its fate is
 

uncertain.
 

NSF has provided t2 million for FY 84 funding of the
 

international travel expenses of U.S. researchers and the per diem
 

expenses of Indian researchers in the U.S. (the international travel
 

expenses of Indian researchers and the per diem expenses of U.S.
 

researchers in India are covered by India). Costs for which the U.S.
 

is responsible are to be met in FY 1985 by the various program
 

agencies, including AID. Providing the GOI concurs, it is possible
 

that some nitrogen, fuelwood and perhaps biomedical research costs
 

under the STI could be supported from the bilateral program in FY 1985
 

and beyond.
 

4. AID Activities
 

There are currently three existing and two planned
 

bilateral USAID/India projects that are entirely devoted to research
 

and technology development. The first, the FY 1978 Technologies for
 

the Rural Po.,c project ($2 million), supports seven small joint
 

research activities in solar energy, mini-hydro developmcnt,
 

nutritional blindness and malaria control. All subprojects were
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developed under the S&T Subcommiosion, and all involve the joint use
 

of AID dollars and SFCA rupees. The second, the FY 1982 Alternative
 

Energy Resources Development project ($5 million), supports
 

collaborative research and professional exchange in coal technologies,
 

energy conservation, and biomass production and conversion. The third
 

existing project, Agricultural Research (t20 million), was signed in
 

late FY 1983. It is designed to support five to seven subprojects on
 

research problems identified by the Agricultural Subcommission.
 

Detailed agreement has been reached on the first two topics
 

(Post-harvent Technologies and Soybean Utilization).
 

The two planned activities ar the FY 1984 Biomedical 

Support for Health'Services project ($10 million) and the FY 1985 

Forestry Research, Education and Training project (W16 million). In 

addition, the FY 1983 Integrated Child Development Services (ICDS) 

project includes $1 million for research on the determinants of low 

birth weights, and the FY 1983 Family Planning Communications and 

Marketing project may be amended in FY 1984 or FY 1985 to include 

toapproximately $1 million for professional interchange related 


contraceptive research.
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IV. A TEN-YEAR STRATEGY FRAMEWORK
 

A. Objectives and Criteria
 

The objectives and criteria for a research and technology
 

development strategy will be based upon GOI and USG program policies,
 

and resource and management constraints.
 

Program policies for U.S. Development Assistance programs
 

derive from the Foreign Assistance Act. Development Assistance
 

programs require demonstrable economic and social development
 

benefits, especially for low income families. This strategy proposal
 

reflects conviction among AID's leadership that support for research
 

and technology development is essential for sustained improvement of
 

productivity and well-being of the poor. Ccnsequencly, AID is giving
 

more systematic support to research and technology development. This
 

strategy for India will also help pioneer approaches for other
 

bilateral programs.
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The issue of funding impinges upon operation of the R&TD
 

level of grant
program in two ways. The first and most obvious is the 


and above the demands of the
financing available for the program over 


existing AID program. Careful determination of priorities and selec­

tion of topics, and judicious use of U.S. expertise will be necessary
 

resources enough significant
to stretch scarce grant far to mount a 


collaborative effort. Second, the programming approach for using the
 

AID funds in R&TD activities should depart from the traditional donor­

on collabora­recipient relationship. The R&TD program is premised 


tion between senior U.S. and Indian scientists, where both sides bring
 

resources to bear on a problem of mutual interest and from which each
 

side expects to draw benefit. AID must be prepared to deal with the
 

the way it pro­implications of this different type of relationship in 


grams funds and implements the resulting programs.
 

As noted in the Introduction, the proposed ten-year time
 

frame for the R&TD strategy provides continuity and an adequate time
 

horizon for longer-term development-oriented research efforts and
 

institutional relationships. Individual research activities will
 

often be of shorter duration. Indian scientists who establish the
 

policy for and administer R&TD programs feel strongly that a joint
 

program needs to show results to sustain financial support. Some
 

Indian scientists feel the rather short two-year time frame for the
 

STI program has introduced a useful discipline to define clear,
 

The of should
rts
achievable objectives. definition research 	. 

as a basis forpermit measurable results within an agreed time frame 


assessing performance.
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AID management capacity in India is limited by con­

straints on staff size. It is obvious that AID cannot expect to
 

manage an R&TD program in the conventional way it manages assistance
 

projects. The R&TD program, by its design, will rely on joint manage­

ment and substantial delegation of implementation responsibility to
 

entities outside of the USAID Mission. The Mission's management ener­

gies can be most appropriately brought to bese on the design of R&TD
 

activities and setting up a flexible framework for S&T exchange.
 

Considering these factors the following strategy objec­

tives and criteria are proposed:
 

1. 	 Impact: research results that when applied in India
 

and other developing countries, promise:
 

-- increased employment, productivity and incomes
 

for the poor majority of the population;
 

-- conservation and more efficient use of natural 

resources and energy; 

-- reduced infant mortality and/or fertility.
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The set of areas for research, oriented to India's
 

in terms of how the likely
development problems, should be screened 


research results will change the development process. For example,
 

on the
choices of biomedical 	research areas should be based 


infant mortality and/or fertility. Some
potential for reducing 


through the Science and Technology
research areas under study 


be this i.e., filariasis
Initiative would not included in program, 


some projects supported by
and blindness. Similarly, researcni the
 

Foreign Currency Program would not be included, e.g.,
Special 


leprosy, cancer, biofeedback, hepatitis. The procedures for
 

and review of research results should
selection of research topics 


terms of the above impact
be structured to permit screening in 


criteria. The only exception to this principle might be some of the
 

research supported under the "Innovative Research and Special
 

Studies" program (discussed in Chapter VI) where it would be
 

although a range of
difficult to predict impacts with certainty 


possible impacts could be 	suggested.
 

2. Linked to Application: as noted in Chapter 1, some
 

of the research to be supported will be closer to the basic end of
 

the spectrum than normally supported by AID, but will for the most
 

part be driven by the need to solve a particular applied problem in
 

a given crop or developing
a sector, such as increasing the yield of 


a new vaccine. Only in the proposed "Innovative Research and
 

research be supported at an even
Special Studies" program might 
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more basic level where the field or fields of potential application
 

cannot be predicted in advance. The bulk of the research to be
 

supported in this strategy would, however, be expected to take the
 

of users into account in research design. Application of
needs 


results would be expected as soon as possible, but not
research 


longer than tea years.
 

applied
Operations research is also an important 


This includes research on the technology transfer or
research tool. 


A powerful basic technology may be on
dissemination process itself. 


the shelf for a number of years without being applied for want of a
 

its applicability or for lack of a cost-effective
demonstration of 


delivery system. For example, the basic technology for ORT (oral
 

some
rehydration therapy) had been known for time but not widely
 

applied until the International Centre for Diarrheal Disease
 

Research/Bangladesh, and Its predecessor, the Cholera Research
 

Laboratory, did additional applied research that both refined the
 

basic technology and conclusively demonstrated its scientific
 

principles and its applicability. Similarly, millions of Indian
 

yet received "DPT" injections, but additional
children have not 


resources devoted to operations research could lead to a more
 

system capable of reaching those children.
cost-effective delivery 


To take an example from agriculture, millions of additional Indian
 

irrigation water if more resources
farmers might be reached with 


were put into "action research" on alternative approaches to
 

delivery systems and on-farm water management.
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3. Mutual Participation and Quality of Research:
 

India's science policy-makers observe that research capability hap
 

progressed much more rapidly than overall economic growth in India.
 

The research establishment is a modern segment of the society linked
 

to the international networks of scientists and research
 

institutions. The challenge is to utilize this capacity more
 

effectively, strengthening it where needed. As noted in Chapter II,
 

however, Indiar scientists and other observers caution against
 

overestimating this capability by simply tallying up the number of
 

research scientists and technologists in India. A large portion of
 

the research establishment entered their professions during the past
 

decade, when the opportunities for interaction with scientists in
 

the developed countries were 'rery limited (especially with U.S.
 

scientists, as USAID funds for interaction dried up).
 

for more interaction.
Indian scientists feel the need 


Nevertheless they recogn;ize that many of their experienced
 

scientists have world-class ability and many of the younger
 

to be in these ranks. They do not
scientists have the potential 


want to interact through a traditional assistance mode, with its
 

be developed. They know
implications that Indian scientists need to 


that they will function most productively a6 equal partners in joint
 

research endeavors. They want full participation and mutual effort
 

throughout the research process. Quality researchers and quality
 

research are strong desiderata for both sides.
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At the same time, Indian science administrators
 

recognize there are weaknesses that require strengthening. The
 

strategy therefore recommends support for selective training and
 

commodities and equipment as well as professional interchange. And
 

while well-established Indian institutions, such as the Department
 

of Science and Technology and selected councils of research,
 

nstitutes and universities, would be expected to assume major
 

management responsibilities, the USAID Mission -- through the
 

proposed Science Advisor and Science Panel as well as special
 

studies and workshops -- will conduct a continuing review and
 

dialogue with the GOI on the management of research.
 

4. Continuity: the current programs which foster
 

interaction between Indian and U.S. scientists do not offer
 

permanent support. The special Local Currency Program may expire in
 

the next few years unless an endowment fund can be arranged. The
 

Science and Technology Initiative is limited to a two-year period,
 

although this program could be extended. Experience shows that
 

continuous interaction requires continuous financial support.
 

Neither the U.S. nor Indian science establishments have authorities
 

or funds to foster interaction, because the interaction is not
 

considered necessary for specific research results.
 

The ten-year time frame for the R&TD program proposed
 

here can foster individual and institutional relationships for a new
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generation of U.S. and Indian scientists. This interaction is an
 

explicit objective of the USAID program, to accelerate scientific
 

contributions to dep.Lopment in India by joining the efforts of U.S.
 

and Indian scientists. Even so, the USAID program will eventually
 

end. It should be possible to demonstrate the value of interaction
 

to both U.S. and Indian science establishments leading to continuing
 

and self-sustaining relationships.
 

5. Management Effectiveness: During the team's
 

discussions, Indian science administrators requested that the
 

proposed program be structured so that research results would be
 

produced during the life of the program. They wanted to be able to
 

measure the value of the research investments. They also urged that
 

adequate procedures be established and resources provided for
 

program monito,"ng and evaluation. The team agreed with the
 

importance of these aids to management and stressed the importance 

of careful selection of research topics that can produce measurable 

benefits related to India's development problems. These management
 

systems should be in the hands of experienced scientists who also 

understand the policy and management objectives. As noted above, 

the USAID Mission will conduct a continuing review and dialogue with
 

the GOI on research management effectiveness.
 

6. Role of Social Science: Dr. 0. P. Gautam, head of 

the Indian Council for Agricultural Research, eloquently described 

the relationship between research and applications of improved 
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technology on farmers' fields. He noted that the effectiveness of
 

extension services would affect the rates of application, but he
 

stressed the importance of developing technologies that were really
 

appropriate to the farmers' needs. Dr. Menon, Member of the
 

Planning Commission responsible for Science and Technology, stated.
 

the need for lower cost delivery systems to accelerate the
 

utilization of research results. To ensure that appropriate
 

technologies are developed and that there are affordable methods of
 

delivery, researchers must take a broad approach to defining their
 

research task, comprehending the economic and social dimensions of
 

technology use. The team believes that social science should be
 

harnessed to these problems, as part of development-oriecta:ed
 

research efforts. Social science needs to be integrated into
 

problem solving efforts.
 

The team found a relative lack of awareness and/or
 

interest among some Indian science administrators about the
 

opportunities for social science to make a contribution, not
 

tdthstanding the existence of a number of social science research
 

institutes throughout the country. There were some exceptions: for
 

example, an active Agricultural Economics and Rural Sociology
 

Department at Punjab Agricultural University that interacts with
 

other departments; and an effective use of social scientists in the
 

technology development work sponsored by the new GOI Department of
 

Non-Conventional Energy.
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Those instances where lack of enthusasm was apparent
 

may reflect concern about the involvement of foreigners in social
 

science research. This is an area requiring sensitive encouragement
 

by the Mission.
 

There are two challenges: (1) strengthening the social
 

science components of existing research institutions and enhancing
 

their integration with the work of other scientists; and (2) en­

couraging linkages (through workshops, contractual ties, etc.)
 

between social science and other research institutions.
 

B. A "Research and Technology Development Strategy'
 

The following section outlines the main features of
 

for a ten-year "Research and Technology Development Strategy" for
 

the USAID program in India. This strategy would pursue the objec­

tives and criteria set forth above. This section also discusses the
 

rationale employed by the team in arriving at the recommended pro­

gram mode after considering a range of factors and options.
 

1. Main Features
 

- Identification of a development-oriented research 

and technology development strategy as a hallmark 

of the U.S. Government's relationship with India 

for the next ten years. AID financing and thc 
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Agency's mechanisms for gaining access to senior
 

U.S. scientists will make the USAID Mission the
 

key actor in promoting this strategy.
 

Integration of an R&TD strategy with the current
 

sectoral approach of the USAID program (e.g.,
 

agriculture, forestry, natural resources manage­

ment, health, population, nutriLion, etc.).
 

Forum for discussing, with GOI science policy­

makers, R&TD opportunities related to mutually 

agreed probl ,. areas within the sectors in which 

the USAID progr _ is involved. This will' provide 

the basis for establishing a more broadly-based 

science relationship which permits dialogue, 

exchange and application of the human and finan­

cial resources of both the U.S. and India to both 

macro "science-cum-development" and research 

management issues as well as specific field­

-oriented technological constraints. 

Recruitment of an advisory panel of eminent scien­

tists and science administrators to lend institu­

tional legitimacy to the broader set of science/
 

development issues and to review performance of
 

the overall strategy.
 



- 39 -

Related professional interchange 
 to enhance
 

economic and 
 systems analysis of research
 

opportunities 
 and to consider alternative
 

approaches to research management.
 

Facilitation professional interchange and in­of 


formal networks, especially across sectors and in
 

areas where breakthroughs 
 in technology are
 

needed, e.g., 
 in biotechnology and in 
 social
 

science applied to delivery of technology.
 

Facilitation 
of U.S. researchers' participation
 

on-site in Indian 
research and in strengthening
 

research capability, primarily of 
 relatively
 

short-term duration, and 
through careful selection
 

and rapid and simple procedures. Funding and
 

arrangements 
would be handled through of
one 


several alternatives, involving 
the USAID Mission,
 

S&T Bureau and/or Asia Bureau (see Chapter VII for
 

further discussion).
 

Expansion 
of post doctoral professional exchange
 

and selected 
 graduate, post-doctoral and
 

specialized technical training 
 opportunities of
 

varying duration related 
to research efforts.
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Funding for other research-related costs on a
 

selective basis, such as laboratory equipment.
 

A sharply expanded program of sectoral funding by
 

AID for research and technology development,
 

reaching over $16 million a year by FY 1985 and
 

averaging almost $25 million a year between FY
 

1985 and FY 1988, if program budget levels are
 

maintained.
 

Mission oversight of the broad &T framework by a
 

JCC Scientific Advisor, a respected scientist and
 

expert in science policy and administration.
 

2. Rationale
 

The team initially considered two broad alternative
 

the R&TD strategy. The first, or Alternative I, would
"modes" for 


AID's current mode of operation in
essentially be a continuation of 


Alternative II would represent a major modification of AID's
India. 


mode of and be on establishment of an
operatiou would based the 


locus of technical collaboration and professional
institutional 


interchange outside the AID Mission. This could take a number of
 

a permanent secretariat
forms, such as a foundation, an institute, 


for the
 to the Indo-U.S. Joint Commission, an in-country office 
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Indo-U.S. Science and Technology Initiative (STI), etc. Broadly
 

speaking, under Alternative I the implementation of the research and
 

technology development activities would be internal to the AID
 

Mission, while coordination with other USG or private agencies on
 

research collaboration or professional interchange would be an
 

.external" USAID, the of GOI's
matter for and bulk the ccuntacts
 

would be with AID as the USG's "donor agency" arm. Under Alterna­

tive II, on the other hand, implementation of the R&TD program would
 

be "exterLalized" in terms of USAID's role, but much of the coordi­

nation of the program with other USG or private activities could be
 

"internalized" by bringing them under one institutional umbrella.
 

The bulk of the GOl's contacts under this alternative would be with
 

a joint secretariat or foundation of some kiad, which would give
 

substance to the concept of a relationship of "mature collaboration"
 

rather than that of "donor" and "recipient."
 

Alternatives I and II therefore differ with respect to
 

the extent to which they meet the various objectives and criteria
 

outlined above. The recommended alternative is an intermediate one,
 

including some features of Alternative I and some of Alternative
 

II. The factors which led to this recommendation are summarized in
 

the chart below, which assigns a pluG sign to the alternative which
 

is more likely to meet -various objectives and criteria more fully
 

(and a minus sign otherwise):
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I 

Alternative I Recommendation Alternative II 

R&TD Program Emphasis + + 

Joint Effort Likely to 

Endure Beyond the Program + 

Rapid Implementation + + 

Opportunity for Policy 

Dialogue + + 

USAID Management Burden + 

Coordination of USG 

Programs + 

Linkage to AID Programs + + 
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The current USAID program
a. R&TD Strategic Emphasis: 


large portion, approximately 25%, for R&TD activities,
allocates a 


in irrigation and water management. The Agricultural
including 


the 16 active or proposed
notable among
Research Project is the most 


of

projects which include R&TD activities. Despite the existence 


not highlighted their impor­these activities, AID and the GOI have 


In the past, Agency
tance as a basic objective of the program. 


policy emphasized the delivery of technology in bilateral programs,
 

giving lower priority to investment in research and technology
 

India,
development. In a few countries with AID programs, such as 


to better
there is well developed scientific capability contribute 


technology to the development effort.
 

The AID Mission in India, the Embassy, and Indian
 

both the science and economic eevelopment spheres,

policy-makers, in 


now wish to emphasize R&TD opportunities for AID's program. The
 

is timely, it builds upon the dialogue
emergence of this interest 


between Indian and U.S. scientists created by the Indo-U.S. sub-


Science and Technology and for Agriculture, and the

commissions for 


indo-U.S. Science and Technology Initiative guided by the Senior
 

AID and the leadership of
The Administration of
Scientific Panel. 


Bureau have requested
Asia Bureau and Science and Technology
the 


this R&TD proposal.
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In operational terms, emphasis on R&TD in the USAID
 

program requires going beyond the current program mode in the
 

following ways: a strategic framework for R&TD with a long-term
 

commitment as a program priority, allocations of staff, increased
 

attention by Mission management, project mechanisms tailored to the
 

flexibility required for scientific endeavor, and a forum for dis­

cussing R&TD policy, and management and program issues with the
 

GOI. The recom- mended mode can provide these requirements, with
 

somewhat less visi- bility and attention than the institution
 

embodied in Alternative II. Alternative I would only provide better
 

project mechanisms.
 

b. Joint Effort Likely to Endure Beyond the Program:
 

During the past ten years there has been a gap in 

AID-supported exchange between U.S. and Indian scientists. During 

the fifties and sixties, many Indian scientists were trained in the 

U.S. and worked with U.S. scientists in India. Although institu­

tion building is no longer a primary objective, Indian and U.S.
 

scientists still feel the need for interaction. The Special Local
 

Currency Programs for agriculture and science and technology have
 

enabled interaction; however, the funds have been insufficient for
 

Indians to be trained in the U.S. and for U.S. scientists to work
 

with their colleagues in India. The Science and Technology
 

Initiative (STI) accelerated these efforts, but with limited funds
 

and a tight two-year time period for research.
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Alternative II envisages a joint Indo-U.S. R&TD
 

institution or foundation that would manage a rupee endowment fund
 

and AID Development Assistance funds. Such an institution could
 

provide resources and mechanisms that would continue beyond the AID
 

R&TD program proposed here. The recommended mode does not at the
 

outset link AID's program to a new R&TD institution and, therefore,
 

falls short of ensuring permanent mechanisms for scientific
 

interaction. The recommended mode does strengthen Indo-U.S.
 

scientific relationships, both personal and institutional, and
 

harnesses them to economic development objectives. These rela­

tionships and experience with methods of interaction may endure
 

beyond the AID program if other funds become available in the
 

future, perhaps through an endowment fund and evolution toward a
 

joint R&TD institution. The current effort initiated by the
 

Ambassador to establish a scientific aLkd cultural endowment fund
 

composed of PL 480-generated rupees could well provide such an
 

opportunity.
 

c. Rapid Implementation: All the scientists, Indian and
 

U.S., associated with existing programs urge rapid, simple, respon­

sive procedures. The major drawback to Alternative II is the time
 

and effort needed to negotiate participation in an institutional
 

mechanism outside the AID structure. The variety of mandates and
 

modes of operation of the U.S. and Indian institutions which might
 

be involved creates a challenging series of obstacles to agreement
 

on the nature and functions of a comprehensive R&TD institution.
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Implementation would likely be delayed for two years or more. The
 

recommended mode involves more modest initial steps, with the imple­

mentation obstacles restrictea primarily to internal AID systems.
 

From the team's viewpoint, a major obstacle to implementing any of
 

the alternative modes is a, AID mechanism to fund and to process
 

requests for U.S. technical experts. Such a mechanism is likely to
 

be seriously delayed if it must be channeled through the Indian
 

budget review process; all bilateral funding is subject to such
 

review, without exception. Several approaches to mitigating this
 

problem are proposed In Chapter VII-B.
 

d. Coordination of USG Programs: Indian science
 

administrators are perplexed by the relationship among the current
 

U.S. initiatives in science and technology, Objectives, mechanisms,
 

personalities, time frames, and fund1-g levels differ among the U.S.
 

programs. The Indians feel their own administrative structure is
 

integrated and constant for all the programs; they would prefer a
 

simpler structure on the U.S. side. At the same time, the
 

leadership of DST feels the STI should be allowed to develop or
 

mature before it is changed, or melded with other programs.
 

More effective coordination among the U.S. programs
 

could have the following benefits: more coherent approaches to par­

ticular scientific or technical problems; more effective use of
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existing, limited resources by pursuing broader or multiple objec­

tives; less administrative burden on the Indians and less adminis­

trative cost for the U.S.; more effective, visible role for the U.S.
 

in its scientific collaboration with India by joining the forces of
 

the various programs. On the other hand, the complexities of dif­

fering authorities and procedures among USG agencies and the con­

flicts of different institutional viewpoints present a daunting
 

challenge to those who would coordinate. Without an attractive
 

drawing force, such as the establishment of an Indo-U.S. foundation
 

or institute, any formal coordination is probably beyond the ca­

bility of USAID to encourage at this time.
 

e. Linkage to Other USAID Development Assistance
 

Programs: The current relationship between USAID and Indian
 

research institutions in particular sectors should not be un­

dermined. Now that the difficult, protracted negotiations for an
 

Agricultural Research Program are completed, the Mission has an ef­

fective, reasonably flexible vehicle to support agricultural R&TD
 

over the time frame of this strategy. The USAID is developing a
 

project for biomedical research which has direct links to applica­

tion in primary health care systems at the St.ce level. The new
 

nutrition project includes research on the causes of low birth
 

weight. A forestry research project is planned.
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The overlay of a formal institutional framework which
 

intervenes in the above mentioned project-supported R&TD programs
 

could be detrimental to the Mission's R&TD effort. The recommended
 

mode tries to preserve the integrity of arrangements for each of the
 

sectoral programs, and to enhance the R&TD effort through: a
 

complementary cross-sectoral program to be administered by DST; more
 

opportunity for dialogue about R&TD policy and management issues;
 

and timely provision of U.S. scientists to participate in the
 

programs. The formal structure and authorities inherent in the
 

separate institute or foundation proposed In Alternative II could
 

risk detrimental intervention in the sectoral programs already
 

underway.
 

f. Opportunities for Policy-Dialogue: The current
 

USAID program does not provide an adequate basis for addressing
 

problems or issues encountered by policy-makers concerned with
 

research and technology development. The recommended mode proposes
 

three bases for addressing such issues: a Science Panel of U. S.
 

acientists and science administrators to advise the Mission on R&TD
 

i.ssues related to AID's program; a working relationship with the
 

Department of Science and Technology (DST) which formulates S&T
 

?olicy for and advises the Planning Commission, supports research on
 

new technologies, and coordinates research throughout the public
 

sector; and, finally, a project mechanism for innovative research
 

DST Commission
and studies. Funds for studies by or the Planning 
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could be used to examine alternative approaches to analysis of
 

research investments and improved methods of research management and
 

to assess benefits of research investments.
 

Under the recommended mode, the Science Panel would
 

consist of a small number (3 to 5) of eminent U.S. scientists to
 

beconvened by the USAID Director for internal AID program reviews.
 

A more formal arrangement under Alternative II would be a Joint
 

Indo- U.S. Panel to review and discuss joint R&TD programs. This
 

joint Panel might be given more authority in terms of recommending
 

or determining budget allocations and research priorities; the
 

recommended mode leaves these authorities with AID.
 

g. Management Burden for USAID: The recommended
 

program mode probably places the greatest management load on the
 

USAID Mission. An Important relationship must be developed with the
 

Department of Science and Technology. A science panel must be
 

supported. An additional project, involving complex research
 

programs and difficult policy studies, must be managed. An expanded
 

volume of visits by U.S. scientists and graduate and post-doctoral
 

training of Indian scientists must be administered. An enhanced AID
 

role in R&TD must be orchestrated, involving interaction wicn
 

science and development policy makers in India and the U.S. These
 

tasks must be carried out at various levels, with heavy involvement
 

of USAID executive staff. This management burden is the major
 

drawback of the recommended mode. With Alternative II, much of this
 

burden, not all of it, could be shifted outside the USAID to a new
 

institution.
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There are ways of reducing this burden under the recom­

of JCC's, FSN staff and utilizing

mended mode, including the use 


that work closely with the
 
Indian consultants and consultancy firms 


being actively pursued explored by
or

Wssion. These options are 


answer to integrating the
the longer range
the Mission. However, 


R&TD program lies in AID's ability to
 management requirements of an 


catalyze working relationships between Indian and U.S. universities,
 

and between various government departments of both countries (e.g.,
 

FIH, USDA, Embassy Science Counsellor, NSF, etc., with relevant GOI
 

instances.
counterparts) without taking a lead role in most 


the above topics is found in

Additional discussion of 


Chapter VII, "Implementation Mechanisms."
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SUMMARY OF SECTORAL COMPONENTS
V. 


longer analyses of each

The following sub-sections summarize 

of five sectoral areas: agriculture; forestry and environment; 

The complete analyses 
energy; biomedical research; and industry. 


were
 
are contained in five annexes. These sectoral analyses 


on the team: Dr. Anson

the 	 specialists
prepared by sectoral 


Curlin on biomedical research;

Bertrand on agriculture; 	Dr. George 


on forestry and envircnment, energy and
 
Robert Ichord
and Dr. 


Industry/private sector.
 

from these analyses.
tend to emerge
features 


the overall strategy as
 

Certain common 


the main features of

They comprise some of 


support for collaborative and
research 

described in Chapter IV: 


graduate, post-doctoral and
 
professional interchange; selected 


research-related 
commo­provision of critical
specialized training; 


major development

concern with relevance and application to


dities; 

-- relationships
problems; and establishing -- or re-establishing 

or units ofand U.S. institutions
between selected Indian 


Some of these findings

(e.g., university departments).
institutions 


sector to sector. For example, institutions are
 
tend to vary from 


agriculture, so that institutional
in
relatively well-established 


more selective in
 
relationships and strengthening efforts would be 


significantly

this sector. In forestry, however, there could be 


to support for
 
broader support for institutional development related 


development-focused research.
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emerges, particu-
An operational conclusion for USAID that 


atten­
larly from the agriculture sectoral analysis, merits special 


tion. A long-term effort in collaborative research and technology
 

a
continuity and commitment, requires

development, characterized by 


long-term, flexible support instrument. The team believes that the 

signed by the GOI and
Agricultural Research Project (ARP) recently 

has the potential for becoming such an instrument. The ARPthe U.S. 

on over time
envisions about six sub-projects to be mutually agreed 

by the Indian implementing institution, the Indian Council for Agri-


USAID Mission in New Delhi. The
 
cultural Research (ICAR) and the 


team believes the ARP should be extended, with additional funding as
 

would expect
long as mutually desirable. The team
wa-ranted, as 


ten years and perhaps longer. Reviews of

this time horizon to last 


scientists would occur at
 
performance involving Indian and U.S. 


over the life of the project. This approach has
regular intervals 


to by ICAR and USAID for the ARP. The team
 
been mutually agreed 


the need for new or amended
believes such a procedure should obviate 


ARP Project Papers, thus permitting GOI and Mission staff to give
 

of workable frameworks

attention to the develipment and monitoring 


entities other than
 
within which R&TD collaboration, implemented by 


AID, can take place.
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The team believes the ARP, as described above, could consti­

tute a model to follow in other sectors. The proposed biomedical
 

research and forestry research projects are obvious candidates for
 

this approach. This approach is facilitated greatly if there is a
 

central implementing institution on the Indian side, such as the
 

ICAR.
 

A. Agriculture*
 

The continued stability and sustained improvement in the
 

productivity and well-being of the Indian nation and its people are
 

dependent upon continued development of Indian agriculture. Agri­

culture contributes over 40% of India's Gross Domestic Product, and
 

food grains dominate, accounting for 70% of total crop production.
 

India's agricultural policies over the past thirty years
 

have aimed at accelerating production, reaching self-reliance and
 

enhancing equity. The first phase emphasized reforms in the insti­

tutional environment and changes in attitudes of farmers. Both ob­

jectives were partially achieved. The second phase of agricultural
 

development in India began in 1965-66 with the development of a "new
 

agricultural strategy" with the objective of rapidly increasing
 

agricultural production and rural employment through the use of
 

*See Annex A for complete section on Agriculture.
 



largely externally derived technology including high-yielding 

varieties (HYVs), fertilizers and pestic!des, as well as the expan­

sion of irrigated area and the maintenance of adequate incentives to 

adopt the new tecInologies and expand production. At the same time 

India was making major efforts to enchance its agricultural 

education, research and technology development and transfer 

capability. This strategy paid handsomely and has permitted India 

to become largely self-sufficient in food grains. India has not had 

to resort to massive imports of food grains since the mid-70's (with 

the exception of about two million tons of wheat imported in 1981-82 

-- and a lesser additional amount in 1983 --- to replenish stocks 

depleted during the 1979-80 drought).
 

Many analysts have concluded that prospects are good that
 

India can reach its ambitious goals of about 4% annual growth if the
 

GOI continues to give high priority to the agricultural sector and
 

provides the necessary technical inputs and maintains agricultural
 

markets that are attractive to farmers.
 

Because most of India's cultivable land is cropped, future
 

growth in production must largely come from increased productivity
 

(increases in production per unit of input). There is opportunity
 

for increased productivity ia most areas. With the exception of
 

rice and wheat in the Punjab, crop yields in India are not on a par
 

with many other areas of the world with similar soil and climate
 

resources. The challenges and opportunities in the future appear to
 

lie in closing the gap between predominant yields obtained in India
 

and the biologic potential.
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Research and technology development, linked to effective
 

extension and other forces of technology diffusion, and complemented
 

by sound pricing and marketing policies, must continue to play a
 

role in Indian agricultural development. Carefully selected
leading 


research and technology development and implementation activities
 

for GOI and AID collaboration to

offer unique opportunities 


accelerate agricultural development.
 

Identification of problems and selection of areas for
 

the spectrum
specific collaboration in research is difficult because 


is so broad and the needs so great. Emphasis must be placed on
 

those areas of high importance to India's future food needs, keeping
 

quality of the scientific effort in mind at all times.
 

Since India's agricultural universities and ICAR (Indian
 

Council for Agricultural Research) institutes are mature and
 

staffed, for the most part, with capable scientists, selected areas
 

for future efforts should build on strength in science where a
 

a high probability of making
collaborative effort will have 


significant progress in solving constraints to production and
 

utilization of agricultural produ,
 

Regardless of the Mission management mechanism adopted, it is
 

pattern of R&TD activity in agriculture in India
visualized that the 


supported by AID will largely be implemented through a mode
 

established by the existing Agricultural Research Project.
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Opportunities for research in agriculture that will be mutually
 

beneficial to India and the U.S. are numerous and it is anticipated
 

that many of these collaborative research efforts will be launched
 

during the next ten years. The need is great and the absorptive
 

capacity is sufficient, given an adequate 	programming mechanism, to
 

next five years requiring
accommodate research activities during the 


at least 30 million in addition to the 20 million already
 

addition is a great opportunity to strengthen
allocated. In there 


the Indian agricultural universities and at the same time enrich the
 

a joint program to 	increase the
U.S. 	universities by development of 


universities. It is estimated
capabilities of Indian agricultural 


at a minimum could be effectively used for this

that 5 million 


purpose during the next five years.
 

that appeared to
Specific agricultural subject matter areas 


R&TD effort and to present potential opportunities
merit increased 


the period 1983-1988,
for Indo-U.S. scientific collaboration during 


are:
 

I. Integrated plant nutrient management systems, to
 

maximize efficiency and adequacy.
 

productiou
2. 	 Management systems for lowland rice 


and varietal
including fertilizer efficiency 


improvement.
 

3. 	 Biological nitrogen fixation.
 

research and development of silvi-food
4. Agroforestry 


crop and silvi-pastoral systems for 	food, fodder and
 

fuel.
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5. 	 Energy research in agriculture concentrating on
 

alternative energy sources such as solar and wind.
 

use
6. 	 On-farm water management including drainage and of
 

irrigation water.
 

7. 	 Soil-water-crop management systems for rainfed
 

agriculture.
 

8. 	 Animal breeding including ova transplant and other
 

techniques 	to accelerate animal improvement.
 

tissue culture and
9. 	 Bio-technology including cell and 


other techniques.
 

10. 	 Disease and pest control for pulse and oilseed cvops.
 

Weed control for both dry farming and irrigated areas.
11. 


12. 	 Socio-economic studies in areas such as irrigation,
 

farm-forestry and farming systems. 

13. 	 Small watershed management.
 

These areas are not presented in priority order and should be
 

GOI and USG discussion and
viewed as recommendations for subsequent 


initiate and foster collaborative
review. If a decision is made to 


the five-to-ten years,
research efforts in these areas during next 


the progress of Indian agriculture should be enhanced as each has
 

been identified as a major constraint. While it is beyond the scope
 

of this paper to justify each recommended area, one which does merit
 

special attention is on-farm water management (no. 6).
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Assuming that the high priority areas Identif'Led above will
 

be addressed in the period 1983-1988, the period 1988-1993 will
 

require continuation of most of them to pursue second and third
 

generation problems. This will be necessary because much of the
 

research is agro-ecological zone-specific, and the biological system
 

is so dynamic that new challenges are presented constantly; i.e.,
 

plant breeding for resistance to diseases and insects is never
 

done. Several additional research areas for 1988-1993 are suggested
 

in Annex A below.
 

India's agricultural universities were developed with assis­

tance from U.S. land grant universities and most are organization­

ally and functionally similar to land grant universities. This
 

teacning-research-public service mcdel should be perpetuated and
 

strengthened in India's agricultural universities and at the same
 

time specific programs in specific universities should be strength­

ened.
 

It is recommended that AID launch a major program aimed at
 

strengthening the teaching-research and public service capacity of
 

selected agricultural universities. Such a program might be funded
 

for the next five years with provision for extended support if
 

evaluation shows continuing needs and that the existing program has
 

accomplished its objectives. Types of activities that might be
 

included in this program are post-doctoral fellowships, support for
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research to be conducted by an Indian scientist in a U.S.
 

university, short-term educational visits to U.S. universities by
 

Indian university administrators, purchase of equipment for research
 

and other types of activities found to be needed to strengthen the
 

agri- cultural universities.
 

The presence of ICRISAT (the International Crops Research
 

Inst-itute for the Semi-Arid Tropics) in India presents both oppor­

tunities and problems. Since AID is supporting twenty-five percent
 

of the core program at ICRISAT, it behooves AID to ensure that
 

ICRISAT's work is supportive of Indian development needs.
 

ICRISAT is working on crops of special significance to
 

India: sorghum, millet, groundnuts and edible legumes. The breed­

ing material and new varieties produced by ICRISAT are readily
 

available and are moving quickly to Indian farmers through ICAR and
 

the state extension programs. Research being conducted at ICRISkT
 

in farming systems is less readily taken up by the extension system
 

and the farmers for several reasons, the principal one of which
 

appears to be the ,-ost incurred by the farmer in making the transi­

tion from traditional methods of tillage, water management and crop­

ping to the new improved system. There is a tendency for the All-


India Coordinated Agricultural Research Project personnel to view
 

the ICRISAT farming system for the vertisols (black soils) as merely
 

a water harvesting technique instead of a farming system. Until the
 

concept is sold as a farming system that will earn the farmer more
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income and the credit system available to the farmer permits him to
 

con­
make the shift, adoption of the improved farming system will 


tinue to lag.
 

of the Board of ICRISAT and
ICAR is a Member 


its program. It is recommended that
 

The Director of 


is in a position to influence 


ICAR and ICRISAT to increase the dialogue

the USAID work with both 


between ICAR and ICRISAT.
 

B. Forestry and Environment*
 

resource base are intensify-
Pressures on India's natural 


one billion mark and 
as
 
ing as the population moves towards the 


larger volumes of
 
and industrial development demands
agriculture 


is a rapid deterioration
 
land. energy and raw materials. The result 


is
and resources. Of central concern 

of India's forest, soil water 


and land degradation that threatens
 
the process of deforestation 


a major future constraint
 
gains in agricultural production and poses 


projected minimum requirement of 225 million tons
 
to achieving the 


The Indian Ministry of Agriculture

of food production by 2000. 


175 million hectares of agricultural and non-agricul­estimates that 


; serious
 
tural lands are suffering degradation from 

various causes: 


*See Annex B for complete section on Forestry 
and Environment.
 



- 61 ­

water and wind erosion, waterlogging, salinity and shifting cultiva­

tion. The growing fuelwood crisis and the diversion of organic
 

residues and dung to energy uses will further the nutrient drain and
 

soil erosion processes.
 

The GOI has launched sizable social forestry programs in most
 

states and has recently moved to create 12 biosphere reserves to
 

supply wood needs, protect watersheds and preserve biological diver­

sity. On the research side, the GOI is in the process of formula­

ting national research programa in the forestry and environmental
 

areas. A World Bank/USAID/ODA Sector Team has recently recommended
 

A substantial program to strengthen forestry tesearch, education and
 

extension and has recommended five broad areas for research:
 

(1) fuelwood biomass research;
 

(2) fodder trees;
 

(3) watershed land use management;
 

(4) forest product utilization;
 

(5) wood-based energy technologies.
 

Some forestry and environmental research is underway at the
 

FRI (Forest Research Institute at Dehra Dun); CSIR (Council for
 

Scientific & Industrial Research); institutions such as the National
 

Botanical Research Institute and the National Chemical Laboratory;
 

ICAR (Indian Council for Agricultural Research), the Central
 

Grasslands and Fodder Research Institute in Jhansi, the Central
 



- 62 -

Soil and Water Conservation Research and Training Institute, the
 

Central Arid Zone Research Institute, and the National Institute for
 

Agricultural Research; and other institutions, e.g., Madural Kamraj
 

University. AID is currently providing about t4 million in research
 

social forestry projects and provision
for forestry under energy and 


is made in the Agricultural Research project for forestr7 research.
 

India recognizes its need to strengthen research and technical capa­

bilities in the forestry and environmental areas. AID has a unique
 

at the formative stage of a
opportunity to make a critical input 


for a national capacity, similar to our
national program building 


contribution in the agricultural area.
 

The team recommends a long-term R&TD program emphasizing the
 

role of trees and grasses in reversing ecological deterioration and
 

program would have three
expanding rural incomes. The sectoral 


major elements:
 

(1) 	 Baseline environmental research on the nature, determi­

nants and consequences of land, forest and water degra­

dation.
 

(2) 	 Early resu2ts-oriented research in short-rotation and
 

multi-purpose 	trees (fuelwood, construction materials,
 

fruits and nuts, nitrogen fixation,
medicinal products, 


etc.), including species identification and trials,
 

agroforestry and silvi-pasture potential, yields of
 

minor forest products, soil nutrient balances,
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preferences and impacts on the poor and landless for
 

different trees and afforestation schemes, nursery
 

techniques, and selection and mass propogation of gene­

tically superior trees.
 

(3) 	 A more basic but modest research effort aimed at gene­

tic improvement of trees through the creation of new
 

hybrids for clonal propogation.
 

The establishment of an Indian Council on Forestry Research,
 

as is being considered by the GOI, including ICAR, CSIR, FRI, and
 

the Department of Environment, if widely endorsed and implemented,
 

would provide a framework for the development of an umbrella re­

search project similar to the current agricultural research project
 

with ICAR. Such a project should be linked to the new joint program
 

in forestry and bloresources being developed by the Asia Bureau and
 

the S&T Bureau.
 

An FY 85 project of $40-60 million over ten years may be
 

attainable.
 

C. Energy*
 

Energy is a vital input to agricultural and industrial
 

development; per capita GNP is closely correlated with per capita
 

*See 	Annex C for complete section on Energy.
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If India is to achieve by 2000 the same GNP
commercial energy cse. 


per capita as in Thailand in 1980 (67O), it will need to increase
 

its commercial energy consumption from 105 million tons of oil equi­

valent (TOE) to 250 million TOE. This prospect represents a formi­

dable task. But new oil and gas discoveries hold promise of signi­

ficant reductions in oil import dependence.
 

India remains over 50% dependent on traditional or "non-


Price increases for commercial fuels have put
commercial" energy. 


of the reach of the lower income groups and popula­these fuels out 


tion pressures and shortages of fuelwood have pushed up fuelwood
 

in urban markets. The poor have increasingly been forced to
prices 


use dung and agricultural residues.
 

GOI policies give high priority to energy and close to 40% of
 

India's budget expenditures are for energy, fuelwood, and related
 

are

fertilizer and transportation. Nevertheles2, shortages of power 


occurring in virtually every state and are seriously affecting in­

dustrial and agricultural output.
 

R&D in the energy
The GOI supports a broad-based program of 


sector with a general emphasis on:
 

and adaptation of existing technologies
-- impiovement 

with emphasis on conservation; 

technologies for utili­development of more efficient 


zing indigenous conventional sources of energy;
 

development of renewable energy technologies.
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Areas for research and technology that are key for meeting
 

both centralized and decentralized development needs are coal and
 

biomass. India has the largest coal resources in the developing
 

world with over 100 billion tons of protable reserves. The coal is,
 

however, of poor quality and India is keenly interested in technolo­

gies for the benefication, transport, and utilization of high ash
 

coal. R&D on biomass production and conversion is also of high pri­

ority and Prime Minister Gandhi stressed R&D on biotechnology at the
 

recent World Energy Conference in New Delhi.
 

Competent research and development programs in new coal tech­

nologies exist at Bharat Heavy Electricals, the Central Fuels
 

Research Institute and the Regional Research Laboratory at
 

Hyderabad. In biomass conversion, IIT Delhi, the National Chemical
 

Laboratory, and Jyoti Ltd., a private company, are carrying out sub­

stantial programs on combustion, gasification and liquefication of
 

woody and non-woody biomass.
 

USAID has an Alternative Energy project that is promoting
 

collaborative research and professional exchange in coal and biomass
 

with these institutions. Research activities are being developed in
 

fluidized bed combustion, coal and biomass gasification, coal mix­

tures, and coal benefication. The U.S. technical manager for the
 

program is the Pittsburgh Energy Technology Center of the Department
 

of Energy. Substantial U.S. private company involvement is antici­

pated.
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new activity proves effective, plans for a larger 
and
 

If this 


should be
 seven year) fctlow-on project in FY 86 

longer-term (i.e., 


pursued. A reasonable cost estimate for a ten year program of col­

laborative research and professional exchange 
is $15-25 million.
 

D. Biomedical Research*
 

a vigorous field. Al-

Biomedical research in India is 


relatively small, it is of
 
though the biomedical research field is 


esta-
Good coordination exists between the 
relatively high quality. 


medical research programs undertaken through the Indian
 
blished 


newer DST (Department of
 of Medical Research (ICMR) and the

Council 


research programs. The overall amount of
 
Science and Technology) 


R&TD is said to be adequate, although

GOI support available for 


of development­the acceleration
of funds may limit
availability 


The ICMR budget is apparently better
 
oriented biomedical research. 


more well-known
 
than the DST budget because it is an older,


funded 


program.
 

basic that the question of
 
The DST list of priorities is so 


relevance to development is difficult to assess. Many of the
 

diseases are not major killers of children. 
The best insurance for
 

*See Annex D for complete section on 
Biomedical Research.
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agreement on the areas for health research is a careful, iterative
 

process involving development and technical experts. In the
 

National Biotechnology Board of DST, the initial priority-setting
 

process was a lengthy (five year) eercise which effectively reached
 

a consensus and involved a large number of groups. There anpears to
 

be widespread support in the biomedical research community for the
 

DST list of priorities for biotechnology.
 

Policy appears to encourage broadly the acquisition of
 

foreign technology in thie biomedical research area as in other
 

areas. Foreign exchange will reportedly be made available to
 

acquire the technology. However, there is a lack of coordination
 

between the relevant GOI administrative units and actual opera­

tions. For instance, customs is seldom persuaded to facilitate
 

import of even short-lived biomedical reagents. An active private
 

sector in research reagents and supplies would greatly enhance
 

development of useful technologies.
 

There are several excellent biomedical research professionals
 

in India. Most work alone; there are few relatively larger concen­

trations of professionals although there appears to be fairly good
 

communication between investigators. Facilities are adequate but
 

certainly not lavish. For example, equipment appears to be adequate
 

at best. There is every indication that productivity cannot in­

crease dramatically in most productive laboratories without addi­

tional, improved equipment.
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Trainikg is one area in which there was virtual consensus.
 

All of the Indian investigators mentioned the need for greater
 

to short to mid-term training or visiting scientist
access 


for themselves and their younger colleagues. Most
opportunities 


mentioned post-doctoral, non-degree training as a need.
 

In summary, key features of the Indian biomedical research
 

field are: 

-- Success is associated with a few bright and productive 

individuals who are located in a variety of labora­

tories.
 

There are few concentrations of productive investi­

gators; groups are rare.
 

A few are acknowledged researchers in the U.S. and
 

elsewhere; they are part of a network.
 

By and large, the acknowledged leaders are not active
 

in areas to be considered of top priority from a
 

devei2ment perspective.
 

from the ICMR programs;
Historically, support has come 


indeed, many of the leaders in biomedical research work
 

in the ICMR network of laboratories.
 

of Medi-
With the exception of the All India Institute 


cal Science, the Christian Medical College at Vellore,
 

the Pout-Graduate Institute at Chandigarh and a few
 

others, produc- tive biomedical researchers are not
 

associated with medical colleges.
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Funding is only one of several potential constraints,
 

and it is probably not the most serious one.
 

Indian biomedical researchers cherish the thought of
 

true collaboration with U.S. investigators with whom
 

they are familiar.
 

There is a felt need for younger members of the re­

search staff to train at the post-doctoral level in the
 

laboratories of U.S. scientist-collaborators.
 

With these points in mind, the possibilities for activities
 

and estimated budget levels are as follows:
 

AID support to biomedical research in India should be
 

disease-oriented and based on the priorities of the Government of
 

India with which AID priorities are congruent. Shared overall ob­

jectives to be achieved are: reductions ii infant, child and mater­

nal mortality; in fertility; and in morbidity of the labor force.
 

Major biomedical research subjects that constrain achievement of
 

these objectives are, in order of priority: respiratory diseases
 

including tuberculosis; diarrheal and enteric diseases including
 

typhoid; reproductive immunology and the immunizable diseases; and
 

nutritional anemia.
 

The support of priority disease-based research will encompass
 

research on diagnostic techniques, treatment modalities and the
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vaccines. Thus, biotechnical re­development of improved or new 


search with particular emphasis on biochemistry and genetic engi­

the expanding hybirdoma technology for identification of
neering in 


The use of these newly derived
antigens and antibodies are basic. 


antigens and antibodies for rapid diagnostic techniques will lead to
 

the next level of research to be supported, the field trials. Field
 

trials of diagno,< Ic techniques discovering morbidity patterns
 

treatment modalities. This
should lead to additional research into 


constant support of bench laboratory
applied research activity needs 


new drugs and new vaccines. The field trials
research to disclose 


bench research to modify advanced diagnostic
research should enable 


the point of making available simple, rapid diagnostic
techniques to 


techniques which do not depend upon microscopes and expensive equip­

centers. The support of biomedical
ment for use in primary health 


research must be comprehensive, from the bench to health services.
 

research must be strengthened.
The tools for biomedical 


junior level researchers and of
First in priority is the training of 


laboratory technicians through the collaboration of the American and
 

Indian scientific communities. The Indian community should be
 

numerous American laboratories
enabled to take full advantage of the 


(university, NIH, private institutions) that are vigorous in the
 

engineeri ng-antigen-antibody com­
hybridoma/recombinant D&A-genetic 


plex. The return visits of American investigators and 
lab techni­

cians to Indian laboratories for planning conferences and for 
scien­

tific councils and seminars should be facilitated.
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Beyond training, the essential tools of equipment and
 

reagents must be made available initially by access through foreign
 

exchange but ultimately by the support of local producticn. Doubt­

less, local production will spontaneously surface with the increase
 

in demand that should result from extensive training.
 

The final tool to be emphasized is that of data processing
 

and management information systems; datq processing, so essential to
 

extensive bench laboratory work, and management information systems,
 

so essential in field trials and applied research for health ser­

vices. Management information systems constitute an important link
 

between biomedical research and effective application through health
 

services.
 

The approaches outlined above would require about tl.5-2.0
 

million a year in AID funding over a ten year period to fund 15-20
 

investigators. Additional funds would be needed for training
 

expenses, workshops of collaborators, and selected equipment and
 

specialized supplies.
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E. Industry/Private Sector*
 

Sustained industrial growth is vital for India if the
 

standard of living of its massive population is to rise in the
 

coming decades. Yet the average an~iual rate of increase in the
 

index of value added from the industrial sector has declined from
 

6.4% in the 1950's to 5.8% in the 1960's to 4.9% in the 1970's. The
 

industrial sector provided only 25% of GDP in 1982.
 

The Sixth Five-Year Plan recognizes the importance of
 

technology to industrial development. India has placed heavy empha­

sis on self-reliance in science and technology and the January 1983
 

"Technology Policy Statement" sets out basic principles that permit
 

only selective import of technology and related foreign investment.
 

At the center of regulatory decision-making on technology
 

imports is the Director General for Technology Development (DGTD) in
 

the Ministry of Commerce. This office of over 700 technical staff
 

examines proposed investment projects and technology licensing/R&D
 

arrangements from the standpoint of (1) the economic impact of the
 

Investment; (2) the foreign exchange requirements; and (3) the
 

*See Annex E for complete section on Industry/Private Sector.
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availability and comparative quality of domestic technology. Major 

cases or disputes over the third point are reviewed by the tech­

nology Evaluation Committee, composed of DGTD, the Department of 

Science and Technology, the Council for Scientific and Industrial 

Research, the National Research and Development Corporation and 

sometimes outside experts. Neither private industry nor public 

industry is formally represented on the TEC. 

Total expenditures on industrial R&D by public and private
 

groups totaled Rs. 1,937.6 million (about $194 million) in 1980-81,
 

wich the privL.te sector accounting for about 55% of the total.
 

Private sector R&D expenditures were concentrated in chemicals,
 

electrical equipment, drugs and pharmaceuticals. In the public
 

sector, the Council of Scientific and Industrial Research plays a
 

key: role in R&D, commanding 18% of Central Government R&D resources
 

in 1980-81. CSIR has 38 laboratories, 100 extension centers and
 

regional stations, 4,300 scientists and 10,000 support technicians.
 

It represents a powerful interest group in support of technological
 

self-reliance. CSIR in general tends to be viewed by private indus­

try as ineffective and sometimes as an obstacle to obtaini 3
 

superior foreign technology. This generalization does not hold,
 

however, for several CSIR institutes that have good reputations,
 

such as the National Chemical Laboratory and the Central Fuels
 

Research Institute.
 

http:privL.te
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Several large coprorations in India, such as BHEL in the pub­

lic sector, and Jyoti Ltd. and Tata Research in the private sector,
 

carry out considerable R&D in the energy, electrical and transporta­

tion areas. Industry research institutes, such as in the U.S., are
 

limited in number and capability. The largest ones are in textiles,
 

tea, jute and wool. The Association of Indian Engineering Indus­

tries (AIEI) with its 1,617 members has an active R&D committee.
 

USAID is beginning a project that includes work with AIEI in energy
 

conservation.
 

India has paid a tremendous price for its policy of technolo­

gical self-reliance. It is beginning to realize this fact more
 

sharply as advances in countries such as the U.S. and Japan in elec­

tronics and computers widen the productivity gap even further. Al­

though the number of licensing agreements has increased in recent
 

years, many constraints exist to increased technology imports and a
 

larger, more effective industrial R&D effort. Importaat barriers
 

include: (I) the protectfve', sometimes monopolistic economic envi­

ronment; (2) the low returns to investment due to government price
 

controls; (3) the unreliability of power and infrastructure bottle­

necks; (4) the small size of most Indian companies; (5) non-restric­

tive licensing provisions; (6) the low ceiling on allowable licen­

sing fees; (7) some feeling that duration o2 patent protection (as
 

short as three-to-seven years) limits R&D investment; and (13)the
 

prohibition against majority foreign ownership.
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The basic conclusion of this general overview is that India
 

needs to institute policy changes to allow easier access imported
to 


technology and to create a more effective infrastructure fo: the
 

adoption of imported technology. A U.S. program approach to support
 

these objectives would focus on: (a) identifying the research and
 

technology needed to improve productivity and requisite policy
 

reforms to promote their adoption at both the macro and specific
 

industry level; (b) improving capacity to manage technological inno­

vation and R&D at the firm and plant level; (c) improving R&D
 

development capabilities in the private A&E (Architectural and
 

Engineering) community; and (d) reform and rationalization of the
 

CSIR system so it is more responsive to industry needs. (Prime
 

Minister Gandhi recently ordered a review of the CSIR system.)
 

Two areas of possible concentration in this regard are energy
 

may
conservation and industrial pollution. U.S. companies be
 

Interested in tie-ups with Indian private companies for R&D and
 

transfer. A program in the management of technological
technology 


innovation might also be pursued through AIEI. A program of $5-10
 

million is recommended.
 

These options could be linked to, or combined with, current
 

proposals to establish a revolving fund of PL 480-generated local
 

currencies in the form of a bilateral 
industrial research and
 

development founuation or a similar mechanism.
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VI. INNOVATIVE RESEARCH AND SPECIAL STUDIES
 

In addition to sectorally-oriented research, this strategy
 

proposes a program of "innovative research and special studies."
 

The program would have two components: (i) support for collabora­

tive research on a limited number of fundamental, cross-sectoral
 

topics and (2) a program of workshops and conferences dealing with
 

broader, policy-oriented science and technology issues.
 

In the first component, research and prdfessional interchange
 

with U.S. scientists working in the same areas would be supported
 

for a limited number of defined topics agreed to by AID and the
 

a
GOI. Research support in these areas could be provided through 


competitive research grants mechanism along the lines of that em­

ployed by the U.S. National Science Foundation (NSF). The following
 

kinds of topics were suggested as possibilities:
 

genetic engineering of a more basic character;
 

surface and membrane phenomena (plant nutrient and the­

rapeutic agent absorption -- by animals and humans 

and desalinization technology are examples);
 

- strength and fibre properties of different forms of 

biomass (wood types, textiles, thatch, etc.); and
 

- photosynthesis. 
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The multi-sectoral aspects and potential applications are
 

perhaps most easily envisioned for genetic engineering, which has
 

potential applications in animal and human health, crop production,
 

forestry, energy and certain biological-industrial processes. The
 

GOI National Biotechnology Board, serviced by the Department of
 

Science and Technology (DST), might serve as a mechanism to facili­

tate the development of a network of Indian research institutions
 

with capabilities in genetic engineering as well as to coordinate
 

professional interchange with U.S. scientists working in this
 

area.* This would facilitate the cross-sectoral and disci- plinary
 

interchange that is highly desirable in this field.
 

A new center for certain elements of biotechnology research
 

is in the process of being established at Chandigarh. The team has
 

heard concern expressed that this, or other new biotechnology
 

centers, would deprive existing institutions of the best people
 

working in this area. For this reason the team prefers that USAID
 

provide support for a network approach rather than encourage estab­

lishment of additional centers.
 

*See the brochure issued by the DST, "National Biotechnology Board
 
and Its Committees" (New Delhi: Technology Bhavan, April 1983) for
 
further information on the Board.
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envisions a number of
 
The second component of this program 


seminars, workshops, studies and consultants,

small efforts, such as 


topics related to
cross-soctoral
dealing with policy-related, 


technology and development. Recommended topics include:
 
science and 


resource
of technological change and 

-- economics 

allocation to research; 

the cost-effectivenessanalysis of of
 
socio-economlc 


alternative technology delivery systems;
 

improved research management;
alternative approaches to 


and
 

in
of the private sector 

enhancing the role 


improved
research, including
development-oriented 


sector research institutions.
linkages to public 


support for enhancing the
 
A possible third component would be 


and technical
scientific
of development-related
exchange 


to investigate
have an opportunity
The team did not
information. 


as the
such U.S. resources

topic beyond observing that U.S.
 

this 

to
be more effectively linked 


National Agricultural Library might 


research institutes and
 
of Indian agricultural
the libraries 


that could be explored through

A related topic
universities. 


or workshops is technologies for development information
 
conferences 


A
of microcomputers.
applications
and analysis, including 


limited to agriculture could be

activity
development information 


or Agricultural
Research
an Agricultural
supported through 


Universities project.
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The resources required for support of innovative research and
 

related studies would be relatively modest. Support for basic
 

research of a more generic rather than sectorally-oriented nature,
 

would be a departure for an AID bilateral country program. Such
 

research 
is closer to that supported centrally by the AID Science
 

Advisor's Office or by the U.S. 
National Science Foundation and
 

National Institutes of Health. In the Indian context, however, a
 

bilateral program of 
 this nature could provide a mechanism for
 

policy dialogue with the GOI on significant science and technology
 

issues.
 



- 80 -


VII. IMPLEMENTATION MECHANISMS
 

The strategy features outlined in Chapter IV can be imple­

mented through the following mechanisms: sectoral programs such as
 

the Agricultural Research Project which can be extended over the
 

ten-year time frame; a funding mechanism for providing U.S. scien­

tists; a modest Innovative Research and Special Studies project; and
 

an advisory panel to the USAID of eminent scientists. These mecha­

nisms pose two issues which must be resolved by AID if the recom­

mended approach is to be successful: (1) requirements for suffi­

cient USAID grant funds for U.S. technic'l experts; and (2) require­

ments for adequate staff in USAID New Delhi to manage the R&TD
 

program.
 

A. Sectoral R&TD Programs
 

The recommended strategy implies a prLmary role for sec­

toral research. Each sector has different needs and institutional
 

capabilities. The Mission has valuable relationships with sectoral
 

agencies. The team concluded that direct separate programs would
 

help respond to the different situations and would strengthen these
 

relationships. The alternative, channeling funds for all R&TD acti­

vities through a central agency like DST, would reduce the
 

management burden on the Mission. However, DST is not orgauized or
 

staffed for such a role. Even if it were, such an arrangement could
 

well undermine the effectiveness of sectoral programs.
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The Agricultural Research Project with the Indian Council for
 

Agricultural Research (ICAR) is now under-way. Preparation of this
 

projezt took five years of discussions with the ICAR beginning in
 

"
1978. A sound, strong relationship has developed between USAI ani
 

ICAR's leadership. The project provides a structure for joint
 

determination of research priorities and for regular reviews of
 

performance, as-well as a flexible instrument for funding. This
 

arrangement could be extended for the duration 
of an R&TD program
 

strategy.
 

For health, population and nutrition research, the Mission
 

has had good working relationships with the Indian Council for
 

Medical Research (ICMR). The recently approved Integrated Child
 

Development Services (ICDS) Project finances research t-brough ICMR
 

on the caises of low birth weight. The proposed Biomedical Support
 

of Health Services Project may establish a funding arrangement: which
 

can be used for the duration of an R&TD program. The project will
 

link research to application in primary health care systems. More
 

investigation is needed to 
determine whether there are opportunities
 

for AID support for contraceptive research.
 

For forestry research, the recent multi-donor review with the
 

GOI produced recommendations to establish an Indian Council 
on
 

Forestry Research and Education. As part of a broader effort to
 

develop forestry research, training and extension, the R&TD program
 

could finance activities through the proposed ICFRE. For energy and
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industry, sectoral projects might work with the Ministry of Energy,
 

th..e Department of Non-conventional Energy, selected CSIR
 

laboratories and/or universities and industrial enterprises.
 

These sectoral programs would finance the conduct of risearch
 

in India, related short-term professional interchange, training of
 

Indian scientists in the U.S. and scientific equipment.
 

B. Provision of U.S. Scientists
 

Throughout the Indian research eitablishments visited by
 

the team, scientists expressed interest in working directly with
 

U.S. scientists in the U.S. and India. Participation by U.S.
 

scientists in India was generally envisioned as being on a
 

relatively short-term, non-resident basis. There is consensus in
 

India that long-term resident advisors were valuable during the era
 

when Indian institutions. such as the agricultural universities,
 

were being established, but that era has passed. Resident advisors
 

are too expensive and too visible to be accepted easily in India now.
 

By Indian law, all components of foreign donor financed aid
 

programs must be incorporated into the development plan of the
 

Government of India. This was done to brtng the variouc donor
 

programs under control and to assure that each contributed to
 

achievement of de-elopment plan objectives. The effect is to
 

require that every unit of foreign currency spent on development
 



- 83 ­

assistance for India be accounted for within the Indian budget pro­

cess. In other words, equivalent rupees must be appropriated by
 

Parliament totaling the value of each foreign aided project.
 

Administratively, this requirement brings budgetary discipline to
 

the technical ministries responsible for various aid programs. A
 

very difficult set of obstacles is created, however, in the case of
 

financing for expatriate technical assistance. The average cost for
 

a work-year of expatriate assistance now approaches $200,000.
 

Acquired through an institutional contract which includes stateside
 

support, this figure can reach 3250,000. A project technician in,
 

for example, the Ministry of Health or the Ministry of Agriculture,
 

must justify devoting the rupee equivalent of this sum from within
 

the Ministry's established budget and in so doing must certify that
 

the skills to be imported are not available from Indian sources at a
 

fraction of the cost. National sensitivities are exacerbated by
 

this requirement, and the provision of technical expertise which
 

would otherwise be sought eagerly is c(nstrained by patriotic as
 

well as fiscal considerations.
 

At the same time, Indian scientists and policy-makers stress
 

their need for high quality U.S. scientists, who clearly have some­

thing to offer the already well-qualified Indian scientists in joint
 

research efforts. The USAID Mission feels strongly that special
 

efforts and perhaps special arrangements will be needed to identify
 

and to attract high quality U.S. sc-entists to this program. The
 



- 84 -

Indians are hoping that the very nature of the research opportuni­

ties in this program will attract America's best scientists. The
 

high quality of U.S. investigators recruited for the low birth
 

weight research program gives confidence that this quality standard
 

can be achieved.
 

It is imperative to the success of this strategy that
 

some arrangement or mechanism be devised to permit selection of
 

qualified U.S. scientists that match with Indian needs and to pro­

vide them in a timely manner. Failure to do this will ensure fail­

ure of the strategy.
 

There are several alternative approaches that might be 

pursued. An option that is attractive to Indian officials -- and 

was in fact proposed by several -- is to furnish technical assis­

tance and experts from AID Washington. The cost of such assistance 

would not show up in the bilateral country program and therefore 

would not be part of the GOI development budget. From the GOI per­

spective this would be assistance "in-kind." In fact, the UNDP 

furnishes expatriate assistance in this manner. Under the UNDP 

arrangement, requests for specific experts or commodities are made 

.y GOI line agencies and channelled through the New Delhi UNDP
 

Resident Representative to New York headquarters where physical and
 

financial arrangements are secured. If AID were to adopt this
 

approach, a portion of the bilateral program budget would be trans­

ferred to the S&T Bureau and/or Asia Bureau for the provision of
 

U.S. scientists in response to requests from USAID and the GOI.
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A problem with this 
approach is 
that even though the
 
impact is still in India, in budgetary terms the 
India program looks
 

as though it is being reduced and a Washington account 
increased.
 

Also, it may be necessary to include 
in the Washington account 
all
 

technical assistance in the 
India program, not just that related to
 

research and technology development.
 

Before the above approach is considered further, an
 

approach that would represent a major departure AID,
for the team
 

recommends seeking at 
relatively high levels 
in the GOI approval for
 

expeditious provision of 
U.S. scientists from the 
resources of 
the
 

country bilateral program. 
 Two main points to be established are
 

that: 
 (1) both sides recognize that the 
timely provision of quali­

fied U.S. scientists is essential the
to success of the proposed
 

R&TD strategy; 
and (2) the bulk of such expertise would be of a
 

relatively short-term nature -- less than three months. High-level 

agreement on these principles could be communicated to relevant GOI
 

line ministries, thereby facilitating the provision of U.S. scien­

tists. The selective provision of lone-term 
 experts might still be
 

a stumbling block -- and is in fact 
 subject to evendelays through 

the UNDP 
-- but may, if the above principles are accepted, consti­

tute a smaller problem that it does now. A variant 
of the above
 

approach that might expedite the 
provision of technical assistance
 

would be to separate this element 
out from all bilateral projects
 

into a separate, bilateral "technical support" project.
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the above conceins and proposals be raised

The team recommends that 


Prime Minister's Office) at
 at high levels with 	the GOI (e.g., the 


the earliest opportunity.
 

If further efforts 	 to resolve the problem within the 

country program are 	not successful, then the team would
 
bilateral 


recommend serious exploration of the AID-Washington approach. Two
 

(1) adding

alternative implementing mechanisms might be considered: 


projects alreadyFncrements of funds to the wide range of S&T Bureau 

up a separate
set up to provide 	 field services, or (2) setting 

India and other countries with U.S. scientists
project to provide 

two may be desirable. Use
 
for R&TD programs. 	 A combination of the 


of existing S&T Bureau projects would be the easiest method, but the
 

be too restric­
scientists and institutions may sordetimes
choice of 


of USAID R&TD 	 program and the 
ted, and the separate purposes the 

always adequately converge. A
 
existing S&T Bureau projects may not 


for R&TD program services would take some
 
new, separate project 


offer the opportutLity

special effort to establish quickly, but would 


and screen scientists.toto hire an intermediary agency recruit 

an onerous continuing

Such an arrangement 	would relieve AID staff of 


in the U.S. to focus on India's
and could create an 	 entityburden, 

needs.
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C. Innovative Research and Special Studies Project
 

The program of innovative research and special studies 

described in Chapter VI would be financed through a project under 

the direction of the Department of Science and Technology. In addi­

tion to the support of research, the project would also provide a 

means of financing small efforts -- seminars, workshops, studies, 

consultants -- useful to DST and the Planning Commission in fulfill­

ing their broad role of oversight of Indian science and technology. 

For example, DST is currently formulating the science and technology 

elements of the Seventh Five-Year Plan. On a continuing basis, DST 

advises the Planning Commission and the Prime Minister's office on 

S&T matters. In developing a PID, the Mission and DST will have to 

develop a better understanding of the nature of the innovative 

research to be supported, especially in terms of the relationship to 

development problems. It is premature to put a price tag on this 

type of activity, since the terms of its authorization will likely 

evolve over time. Resources should be proposed initially that are 

sufficient to demonstrate tangible results from support of work on 

science policy problems and on innovative research. 

D. Sclence Panel
 

The team recommends that a small group (4-5) of eminent
 

scientists and science administrators be convened regularly by the
 

Mission to advise the Director, the Mission Scientific Advisor and
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scope, content and progress of the
other senior staff on the 


obtain the assessments of
 strategy. The purposes are: to 


who also know 
 India and understand
experienced scientists, 


development, on the performance of the total program; to provide
 

informal
 some stimulus for implementation; and to provide another 


with Indian policy-makers. The scientists
 
means of communication 


and development experts

should be well-respected by both scientists 


in India and the United States; they should commit themselves to
 

periodic meetings, perhaps semi-annually at the outset, over a span
 

of several years; they should represent a mix of disciplines 

including social science, research managemeat and economic analysis 

of research investments. The Mission will need to define clearly 

the terms of reference for the panel before the Agency could 

consider candidates.
 

E. Grant Funding Constraints
 

Since the reopening of the AID program in India in 1978,
 

the grant component of each year's development assistance budget has
 

to 28% in
 
grown from an average of 10% annually in FY 1978-FY 1981 


FY 1983. This increased importance of the grant component in USAID­

a greater emphasis on technology trans­
India's portfolio reflects 


and private sector ini­
fer, institution building, policy dialogue 


in these areas increase, the Mission
their activities
tiatives. As 
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is requesting with increasing urgency that ev n greater proportions
 

of grant funding be permitted. Traditionally, loan funding has been
 

used for financing construction, imported procurement, recurrent
 

costs and similar items; grant financing has been reserved for tech­

nical assistance, training, research and experimental or pilot acti­

vities.
 

Chapter VII projects annual funding levels,
 

sector-by-sector, for an R&TD strategy through FY 1988. The
 

Mission's existing portfolio and grant constraints were taken into
 

account in making these projections. These estimates assumed that
 

some portion of R&TD activities would be loan-financeu. This
 

implies that the Mission will need to redefine wiLh the GOI the
 

types of project components which may be grant financed (e.g., some
 

training and research costs, and locally procured TA as well as any
 

provision of commodities, equipment or construction costs). This
 

may be both feasible and desirable as well as necessary. To the
 

extent, however, that the Mission pushes to expand loan-financing of
 

R&TD activities early in the implementation of strategy in each of
 

the sectors, it may reduce the important leverage that grant
 

financing provides to introduce U.S. scientist collaboration and 1o
 

test new approaches to implementation.
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F. Mission Management and Staffing
 

The pattern of USAID/India's current staffing was set in
 

1978 when the AID program reopened. At the time a very small 

Mission was deemed sufficient to manage a large, primarily resource 

transfer program. Although the nature of the program has shifted 

away from relatively simple transferresource to more complex pro­

gramming modes, and although 
DA program levels have 
reached 0o
 

million a year, the Mission 
staff has 
grown only marginally since
 

1978. Both 
USAID and other units of the American Embassy in 
New
 

Delhi have some 
experience in management of science 
and techao­

logy-oriented programs. 
 USAID has managed since 1978 
a t2 million
 

grant project entitled Technologies 
 for the Rural Poor. This
 

project 
involves seven separate applied 
research sub-projects in
 

applications of solar technologies, micro hydroelectric generation,
 

nutritional 
blindness and malaria research. 
 A senior Indian project
 

officer is occupied full time 
in the management of this complex
 

effort. A project for "Alternative Energy 
Resources Development,"
 

signed in fiscal 
year 1982 and totaling $5 million, is yet to get
 

fully underway. 
 When it does, it is clear that at least one 
addi­

tional senior professional will 
be required on a full-time basis to
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manage its implementation as well. The staff will spend most of
 

their time preparing and reviewing program documents and operations,
 

corresponding with co-investigators, arranging meetings with scien­

tists, facilitating travel and accommodations and reviewing finan­

cial documents.
 

Irrespective of who implements the research, USAID must ex­

pect for itself a style of involvement that will be staff-intensive
 

on an intermittent basis. The areas of involvement will include:
 

definition of research program direction and providing the concep­

tual linkages to a development orientation; developing and testing
 

new "fast response" methods of procuring personnel and supplies to
 

support the program; and guiding the implementing entities who will
 

actually manage the activities. Although the precise structure of
 

individual activities under the new strategy is yet to be defined,
 

the staff-to-dollar ratio could be quite high, particularly during
 

the early years of the strategy. The team believes the Mission
 

should continue to assume that additional U.S. direct-hire staff
 

related -pecifically to 	new R&TD programs will not be available, and 

relief can be expected on FSN direct-hireonly minimal, if any, 


levels. The Mission should also assume that staff composition will
 

not radically change in the next three-to-five years. This means an
 

even greater workload on an already clearly overloaded staff, aug­

mented with Indian talent under personal services contracts (and
 

limited by OE constrants).
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This burden can be ainimized 	to the extent to which some of
 

these functions are externalized to outside contractors (e.g., logi-


S&T initiatives will have
stics arrangements). Nonetheless, any new 


to build on existing workforce levels and skill mixes for the most
 

part, and will have to fit within the current strategic directions
 

will prevent "R&TD," per se, be­
of the Mission's portfolio. This 


in the Mission's portfolio develo ment and

coming a separate front 


causing "scatteration" in both strategic focus and staff energies.
 

be recruited
The team recommends that a 	scientific adviser 


the Mission Director and senior
 
from outside the Agency to advise 


staff, and to coordinate the overall itrategy. This officer would
 

for managing the proposed "Innovative

also be directly responsible 


The and the rela-

Research and Special Studies" roject. program 


tionships with DST and Indian scientists require an experienced,
 

respected scientist who understands India and the development pro­

this is a tall order and may not be possible; how­cess. We realize 


ever, we think the JCC recruitment system is the best source of can­

scien-
A minimum of one, and preferably two, Indian FSN

didates. 


and his staff would

tists should assist this officer. The Advisor 


serve as secretariat to the Science Panel.
 

Other U.S. Government-Sponsored Science

G. Relationship to 


and Technology Related Activities and Functions in 
India
 

The team does not envision 	a merger of AID-supported
 

science and technology activities

R&TD activities with other 
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sponsored by the U.S. Government in India. Each program has its
 

separate character that should be maintained.
 

The frameworks eavisaged in this report should, however, lead
 

to improved coordination on both the Indian and U.S. sides between 

the two sets of programs.
 

As noted in other sections of the report, elements of the STI 

(Science and Technology Initiative) might with GOI concurrence be
 

extended and broadened with USAID support, particularly for more
 

widespread applied and adaptive research in various locations of
 

India. The STI activities in biological nitrogen fixation, nitrogen
 

efficiency and biomass would appear to have such potential. STI
 

workshop expenses in these areas in both India and the U.S. could,
 

with GOI concurrence, also be sLpported. Once the proposed
 

biomedical research project is underway, elements of STI health
 

research activities could similarly be supported.
 

The joint subcommissions could be encouraged to take a more
 

active part in reviewing the various sectoral elements of the USAID­

supported R&TD stragegy.
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VIII. Project Funding by Sector, FY 1983-FY 1988
 

The Mission has already initiated research and techno­

logy development projects in alternative energy (FY 1982) and agri­

culture (FY 1983) 
and is designing projects in biomedical research
 

(FY 1984) and forestry research and education (FY 1985). The team's
 

review of various sectoral research and technology development op­

portunities indicates that the Mission should begin to 
plan now for
 

3everal major project initiatives for the period FY 1986 and be­

yond. For the five-year period, FY 1983-88, in agriculture, the
 

team has recommended 30 million in additional funding for research
 

carried out by ICAR and its institutes beyond the $20 million
 

already planned for the Agricultural Research Project, and 05
 

million for improvement of research capacity in the agricultural
 

universities. In forestry and environment the team has recommended
 

S16 million for FY 1983-88 and $40-60 million 
over the ten-year FY
 

1983-93 period. For energy t8 million is recommended for FY 1983-88
 

and $15-25 million during FY 1983-93. In biomedical research, the
 

team recommended $16 million over the FY 1983-88 period or about $3
 

million a year for the ten-year period. The team also recoimended
 

limited support for industrial research, and for innovative research
 

and special studies.
 

The table below provides the team's estimates of the
 

amounts 
 which could be obligated for research and technology
 

development projects during FY 1983-FY 1988, taking into 
account
 

constraints imposed by the existing portfolio and by the
 

aailability of grant funds and Mission staff.
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Project Funding by Sector, FY 1983 - FY 1988
 

Sector/Sub-Sector 


Agricultural Research 

Agricultural UniversitieR 


Sub-Total: 


Alternative Energy 

Forestry Research 


Sub-Total: 


Biomedical Research 

Industry/Private Sector 

Innovative Research and 


special studies
 
Sub-Total: 


TOTAL: 


($ Millions)
 

Fiscal Year
 

1983 1984 1985 1986 1987 1988 Total
 

6.5 3.5 5.0 10.0 10.0 15.0 50.0
 
- - - 5.0 5.0 5.0 15.0
 

6.5 3.5 
 5.0 15.0 15.0 20.0 65.0
 

- - - 2.0 3.0 3.0 8.0 
- 5.0 4.0 4.0 3.0 16.0 

- 5.0 6.0 7.0 6.0 24.0
 

- 2.1 6.5 1.2 3.0 3.0 15.8 
- - - 1.0 2.0 2.0 5.0 
- - 1.0 1.0 1.0 1.0 4.0 

- 2.1 7.5 3.2 6.0 6.0 24.8
 

6.5 5.6 17.5 24.2 28.0 32.0 113.8
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The amounts shown for FY 1983-FY 1985 are based on the
 

Mission'a projections of obligations for the research and technology
 

cevelopment projects already initiated or being designed. However,
 

the team recommends that the Mission also move ahead with the Inno­

vative Research and Special Studies project to allow initial funding
 

in FY 1985. With this addition, the obligation levels increase from
 

an average of $6 million per year in FY 1983 and FY 1984 to $17.5
 

million by FY 1985, or slightly above the AID/Washington FY 1985
 

target of $15 million.
 

The amounts shown for FY 1986-FY 1988 assume that the Mission
 

would amend the Agricultural Research Project in FY 1986 and would
 

provide initial funding for an Agricultural University Development
 

Project in that year. Obligations during FY 1986-FY 1988 would
 

total $30 million for agricultural research (in addition to the $5
 

million available from the Phase I project) and t15 million for
 

agricultural universities, much of which should be provided on a
 

loan basis. For alternative energy and forestry, the amounts are
 

based on likely obligation schedules for a WI0 million Phase II
 

Alternative Energy Resources Development (FY 1986) project and for
 

the FY 1985 t16 million Forestry Research, Education and Training
 

project.
 

In the other areas, the projections assume a Phase II Bio­

medical Support for Health Services project in FY 1987, an FY 1986
 

start in industrial and private sector research, and the FY 1985
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start noted above for the Innovative Research and Special Studies
 

the GOl's Department of Science &
project (to be carried out under 


sectoral
Technology). Based on these projections for the various 


technology develop­programs, the level of funding for research and 


ment activities increases to $24.2 million in FY 1986, t28.O million
 

The total for FY 1985-FY
in FY 1987, and 32.0 million in FY 1988. 


1988 is t1O1.7 million, or an average of about $25 million per year.
 

In addition, there are research and technology development
 

components in several other projects in USAID/India's portfolio.
 

For example, the FY 1983 Integrated Child Development Services
 

project includes tl million for research on the determinants of low
 

birth weights, and the Family Planning Communications and Marketing
 

to include nearly tl million on research
project may be amended 


related to the immunology of contraception. There are also research
 

components under the two state-level social forestry projects, and
 

significant amounts of technical and social science research are
 

being supported under various irrigation and water management
 

projects.
 

We have not attempted to extend the funding projections
 

beyond FY 1988. However, based on the team recommendat!ons for the
 

various sectors, AID should probably plan continued support of
 

Research and Technology Development activities at the level of
 

s.
25-30 Taillion annually through the mid-1
990
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IX. Next Steps 

There are a series of action steps that flow out of this
 

report. The following are measures that the team believes should
 

and can be taken over the next six months.
 

1. First, the Mission and Embassy should present a brief
 

summary document to the GOi. This summary would outline the basic
 

strategy, its main features and implementing mechanisms. Concur­

rence in principle should be sought from the GOI focal points that
 

-will be critical to effective implementation of the strategy. These
 

include the Department of Economic Affairs (DEA) as well as the
 

Planning Commission and Depsartment of Science and Technology (DST).
 

The Mission may wish sul-equently to present the summary document to
 

as
the key sectoral institutions with which it interacts, such the
 

Indian Council of Agricultural Research (ICAR). These steps should
 

be taken as soon as possible.
 

2. The AID/Washington members of LOe team, under the leader­

ship of the team leader, should present the report to the SAA for
 

S&T and to the AA for Asia as soon as possible. It will probably be
 

desirable to follow this up with a submission of the report (or a
 

summary) to the Administrator, possibly accompanied by an oral pre­

sentation and discussion.
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3. In pursuing step 2 a~ove, the AID/Washington team members
 

should seek approval of the overall report and specific approval of
 

two critical implementation mechanisms:
 

(a) 	 creation of a panel of 3 to 5 eminent American scien­

tists and science administrators to advise the USAID
 

Mission on its R&TD strategy; and
 

(b) 	 the initiation of an "Innovative Research and Special
 

Studies" program.
 

4. As the AID/Washington reviews are oelng undertaken, the
 

Mission should simultaneously seek high-level GOI understanding and
 

concurrence on an expeditious arrangement for the provision of U.S.
 

scientific expertise through the bilateral program. It should also
 

give further consideration to the composition, funding mechanism,
 

frequency of visits and terms of reference for the Scientist Panel.
 

5, If the Mission is not able to reach agreement with the
 

GOI on a mutually satisfactory arrangement for the provision of U.S.
 

scientific expertise through the bilateral program, the S&T and Asia
 

Bureaus should, in collaboration with the Mission, devise an appro­

priate AID/Washington funding mechanism or mechanisms for the
 

provision of U.S. expertise to be effective as soon as possible, but
 

not later than the beginning of FY 1985.
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6. As soon as the Scientist Panel concept is approved in
 

Washington, and as soon as guidance is received from the Mission on
 

the Panel's terms of :eftrence, the Mission and the S&T and Asia
 

Bureaus will agree on a slate of candidates and proceed to recruit a
 

panel. This should be completed by January 1984, with the objective
 

of having the panel make its first visit in March 1984.
 

7. Upon approval in principle from Washington, the Mission
 

will initiate discussions with the GOI to develop a PID and PP for
 

an "Innovative Research and Special Studies" project for initial
 

funding in FY 1985.
 

8. Assuming that AID/Washington approves the overall report,
 

the Mission will begin recruiting as soon as possible a JCC Scien­

tific Advisor to the Mission, with the objective of having someone
 

in place by the beginning of FY 1985 at the latest. Once identified
 

,nd approved, this persot- could hopefully visit India as a consul­

tant before his or her JCC appointment is approved, in order to join
 

R&TD-related discussions, especially in connection with development
 

of the "Innovative Research and Special Studies" project. The Asia
 

.nd S&T Bureaus will do everything possible to facilitate and expe­

cite this critical JCC recruitment.
 

The Mission will also begin as expeditiously as possible to
 

recruit one or two (certainly two if energy is to be included in
 

their responsibilities) professional FSN staff to backstop the
 

Scientific Advisor.
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9. A contraceptivc research specialist from the S&T Bureau 

Office of Population will be made available before the end of Calen­

dar 1984 to visit the Mission and discuss in depth the possibilities 

for AID support of contraceptive research and development in India. 
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ANNEX A: AGRICULTURE
 

I. Overall Development Context
 

For the stability ani well being of the nation and its
 
people, India must continue to develop the potential of its agricul­
tural sector. This potential can be achieved only if India main­
tains its natural resources that are required for agriculture and
 
enhances the productivity of these resources.
 

The importance of agriculture to India is exemplified by
 
the fact that agriculture contributes 41% of India's GNP. Food
 
grains dominate India's agriculture, accounting for 70% of total
 
crop production and approximately 77% of the cropped land. Forty­
one percent of food grain production in 1980-81 was rice. Wheat
 
contributed 28%, "coarse grains" (sorghum, millet, maize) contri­
buted 22%, and pulses added 9%. The predominance of food grains is
 
not likely to change in the forsecable future, nor is the relative
 
mix of food grains likely to change. India is deficient in edible
 
oils; therefore, expansion in oilseed production is a priority for
 
Indian agriculture.
 

India's agricultural policies over the past thirty years
 
have emphasized the growth of production and the attainment of self­
reliance (equity ha. also been an objective -- at times more rhe­
torical than real). The first phase focused on reforms in the 
institutional environment and changes in attitudes of farmers. Both 
objectives were partially achieved. The second phase of agricul­
tural development in India began in 1965-66 with the development of 
a "new agricultural strategy" with the objective to rapidly increase 
agricultural production and rural employment through the use of 
largely externally derived technology including high-yielding 
varieties (HYVs), fertilizers and pesticides, as well as the expan­
sion of irrigated area, and the provision of adequate incentives to 
adopt the new technologies and expand production. At the same time 
India was making major efforts to enhance its agricultural educa­
tion, research and technology development and transfer capability. 
This strategy paid handsomely and has permitted India to become 
largely self-sufficient in food grains. India has not had to resort 
to massive imports of food grains since the mid-70s (with the excep­
tion of about twu million tons of wheat imported in 1981-82 -- and a 
lesser additional amount in 1983 -- to replenish stocks depleted 
during the 1979-80 drought). 
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To meet its current objectives for improvement ia per
 

capita food supplies and overall growth in employment and personal
 
agricul­income, the Government of Tndia (GOI) has given priority to 


ture and has established production growth rate goals of 3.9% per
 

annum for food grains and 3.5% per yesr growth in employment in the
 

agricultural sector. To keep the mowentum and to meet future
 
1986,
challenges, the Seventh Five-Year Plan, beginning in will
 

similar ambitious goals for agriculture.
undoubtedly require 


Many analysts have concluded that proapects are good that
 

India can reach its ambitiouq goals of about 5% annual growth if the
 

to to agricultural sector and
GOI continues give high priority the 


provides the necessary technical inputs and maintains agricultural
 
inputs
markets that are attractive to farmers. The technical re­

quired include an affordable and reliable supply of HYVs, irrigation
 
water and crop
water, fertilizer, pesticides and improved soil, 


management techniques.
 

India's spectacular progress in agricultural production has
 

been derived from the use of HYVs, and the consequent technology;
 

.nd also from an increase in the amount of land used for crop pro­

duction. Because most of India's cultivable land is cropped, future
 

growth in production will largely come from increased productivity
 

(increases in production per unit of input).
 

There is opportunity for increased productivity in most
 

of rice and wheat in the
production areas. With the exception 


Punjab, crop yields in India are not on a par with many other areas
 

world with similar soil and climate resources. The
of the 

challenges and opportunities in the future appear lie in closing
to 


the gap between predominant yields obtained in India and the
 

biologic potential.
 

Research and technology development, linked to effective
 

extension and other forms of technology diffusion and complemented
 

by sound pricing and marketing policies, must continue to play a
 

in Indian agricultural development. Carefully selected
leading role 


research and technology development and implementation activities
 
to
offer unique opportunities for GOI and AID collaboration accele­

rate agricultural development.
 

objectives
Subsequent sections of this annex discuss GOI 


and policies, major research institutions and programs, current USG­

supported activities, and constraints to more effective research. A
 

a ten-year program of
concluding section recommends the elements of 


support by USAID for research and technology development in India.
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II. 	 GOI Objectives, Priorities and Policies for Research and
 
Technology Development (R&TD)
 

India has made major progress in agriculture during the
 

past thirty-five years. In food grain production India has moved
 

from 56 million tons In 1949, to 108 million tons in 1970-71, to
 

131.4 million tons in 1978-79, to an estimated 142 million tons in
 

1982-83. The average rate of increase for the past f-en-year period
 
is down from the two previous decades; 1950-51 LO 1960-61 the
 
average rate of increase was 3.5%, 1960-61 to 1970-71 it was 2.6%,
 
and during the period 1970-71 to 1982-83 it wa 2.2%. Although
 
overall production continues to increase, the trend toward lower
 

average annual increases is cause for concern and signals a need for
 
continued attention to the forces that drive agricultural production 
in India.
 

"India has evolved a set of agricultural policies since the
 
I
mid-60s which are strongly production oriented." The GO!'s
 

current strategy for food production and rural employment includes
 
"efforts to consolidate and spread the agricultural gains of the
 
'green revolution' with targeted rural development programs aimed at
 

the poverty level.' 2
raising incomes above 


GOI official policy recognizes that overall agricultural
 

growth requires expansion of the agricultural infrastructure and
 

increased inputs, especially irrigation, HYVs, fertilizer, pesti­
cides and other agricultural technology. Chief among the goals of
 

the GOI is increasing food grain yields or closing the "yield gap"
 

throughout India. It is recognized that to close the yield gap will
 

require continued emphasis on research, technology development and
 

education on use of the improved technology. The U.S. agriculture
 
establishment has major strength in research and technology develop­

ment and transfer. It is logical to conclude that opportunities
 

exist "or mutually beneficial collaboration in agricultural research
 
and technology development.
 

Since independence it has been GOI policy to support
 

science-based development for the agricultural sector. The Sixth
 

Five-Year Plan (1980-85) continues the emphasis on increased
 



A-4
 

,Productivity and also identifies stability and diversification of
 

production as major goals. It also identifies goals to conserve
 
-'ndia's natural resources, to generate rural employment and enhance 
consumption by increasing the purchasing power of people. 3 The 
-lan also emphasizes the need to identify the constraints respon­
s;ible for the gap between potential and actual yields. Causes of
 
slow technology transfer continue as major concerns. The Plan calls
 
:or research efforts directed at conservation of plant, animal, soil
 
and water resources, evaluation and stabilization of production
 
t:rends in nnirrigated areas evolving technology to suit marginal and 
small farmers, Improvement of animal and fisheriei resources and 
development of integrated fanning systems. The Plaa also indicates 
That measures for effective transfer of technology to the field and 
oroviding research support to the farming community will receive 
3pecial considera tion. 

In the forestry sector the Plan also calls For particular 
attention to be paid to three sets of needs: (a) ecological secu­
rity; (b) fuel, fodder and other domestic needs of the population; 

and (c) the needs of village, small scale and large scale forest­
related industries. 

Objectives in irrigation aimed at optimizing development
 
and use of ,Tater resources will require rescarch on on-farm water 
management as well -is research on irrigation system design and
 

operation.
 

T.ndia's goals in meteorology include development of an 
incegrated weather service for agricultural operation and planning, 
application of remote sensing techniques to agricultural meteorology 
and extension of the soil moisture observational network. These
 

goals have high potential to contribute to agriculture and present
 

many opportunities for research and technology development.
 

Goals in energy development ano utilization are of major
 

significance in agriculture and present many research and technology 
development opportunities. The thrust of the research effort for 
energy in India will be on "improving the efficiency of production, 
distribution and utilization of all forms of energy, improvement of
 
energy efficiency in processes and equipment, recycling of waste for
 

augmenting energy supply and development of new and renewable tech­
nologies."4 Development of solar, wind and biomass sources of
 

energy are of particular interest for agriculture.
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India's new thrust in environment which is aimed at 
environmental quality improvement and preservation presents many 
research opportunities of importance to agriculture because plant 
and animal production systems are environmentally sensitive systems
 
wh.'e requirements must be understood and preserved.
 

The Plan's goals in education relate directly to the needs of
 
agriculture. India intends to provide selective Support for "high
 
caliber but broad-based scientific research and thereby to improve
 
the quality of the educational system."5 The University Grants
 
Commission (UGC) provides support to universities to support
 
selected university science departments, thereby establishing the
 
infrastructure for training of agricultural scientists. The UGC
 
working through the Indian Council for Agricultural Research (ICAR)
 
has developed and continues to support the agricultural research
 
infrastructure anc specific research activities essential for
 
development of future agricultural ScientisLF and for both the
 
short- and long-term science-based information aeeds of agriculture.
 

India's plans in rural development include science and
 
technology oriented activities related to community infrastructure
 
essential to meet the needs of agriculture for supplies required for
 
production, labor and access to markets.
 

It is anticipated that the Seventh Five-Year Plan (1985-1990)
 
will continue most if not all of these areas of emphasis and will
 
present many opportunities for research and technology development
 
which would be of mutual interest to the Indian and U.S. science
 
community.
 

III. Major Current R&TD Institutions and Programs
 

India's agricultural production sector is almost entirely
 
private, being composed of over seventy million farm households.
 
Individual land holdings are very small, averaging only two hectares
 
per household. Subsistence farming is the norm. Income is derived
 
from selling that which is excess to the needs of the farmer and his
 
family,
 

Market channels available to the farmers are mostly private
 
except for rice, wheat and a few special. crops with manufacturing or
 
export potential. The GOI provides a market channel for rice and
 
wheat which is of major importance to farmers in the Punjab where
 
these two commodities are normally surplus to local needs.
 

Production inputs such as unimproved seed, fertilizers and
 
pesticides are normally provided for farmers through private sector
 
channels. Seed of high-yielding varieties (HY"s) is usually made
 
available to farmers through state seed corporations.
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Research, technology development 
and extension education are
a public responsibility. 
 India's agricultural research and
technology development system 
is a large and complex one. It has
changed greatly during the past thirty-five years. The 
earliest
institutions were founded during the 1880's 
and 1890's. Prior to
independence, research activities focused mainly 
on cormercial crops
such as sugarcane, cotton, coffee, 
tea and jute. Organizationally,

the Ministry of Food and 
Agriculture included 
 various central
research institutes and central commodity committees on such crops
as sugarcane, tobacco, oilseeds, jute and 
coconut. These 
institutes
and committees had centrallittle supervision and the emphasis wason commercialization. addition, several states operated
In 
 small
research stations during the pre-Independence period.
 

Since Independence, the GOI ham been 
very conscious of the
need to an
develop effective agricultural research and technology
development system. Successive changes have 
resulteo from the manystudies and reports that have been prepared. Most of the changeswere recommended by high level committees which reported in 1955,1959, 1962 and 1963. 
 The reorganizations resulted in two 
major
actions: 
(1) The Indian Council of Agricultural Recearch (ICAR) was
revamped in 1964 bringing under aegis various
its the research
institutions operated the
by commodity committees and of
all the
central research institutes; (2) 
 additional agricultural
universities 
have been established and 
all have been strengthened
and given responsibility 
for teaching and major segen.ts of research
including participation in the 
 All India Coordinated Research
Schemes. 
 These universities 
also have responsibility for assisting
the state agricultural extension programs 
by providing information
 
and participating in extension activities.
 

Currently the agricultural education, research and 
technology
transfer functions in India 
 are 
 carried out by a network of
agricultural. universities 
with responsibility for teaching, research
and extension education u ,der the overall 
authority of the State

Government 
in which each is located; the Forest 
Research Institute
at Dehra Dun, National Research Centers, Agriculture Research
Institutes, 
 and All India Coordinated Agricultural Research

Projects. The 
latter three are under the authority of ICAR.
 

ICAR 6 has overall coordinating responsibility, 
serves both
as the principal funding 
source and carries out most 
of the program
planning, supervision and evaluation activities 
 related to
agricultural research and 
technology development. The Minister for
Agriculture and Irrigation in the GOI is the President 
of ICA.R. The
Mininter of State in the Ministry is the Vice President of ICAR.
The Director General of ICAR 
is the principal executive 
officer of
the Council. He is currently Secretary to the Department of
Agricultural Research 
and Education of GOI. He also 
functions as
the principal advisor the on
to GOI all 
matters connected with
agriculture, animal husbandry and fisheries research and education.
 

http:segen.ts
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Support for the Director General of ICAR, on the technical side, is
 
provided by four Deputy Directors General for (a) Crop Sciences, (b)
 
Soils, Agronomy and Agricultural Engineering, (c) Agricultural
 
Education and (d) Animal ScienceE. 
 The Deputy Director Generals are
 
assisted by other technical officers. On the administrative side,
 
the Director General is assisted by the Directors of Finance,
 
Personnel and other appropriate support.
 

The iCAR is responsible for the coordination and promotion of
 
higher education for agriculture in India. To accomplish its
 
objectives ICAR provides assistance to agricultural universities (1)
 
for their development programs; (2) improvement of salaries; and (3)
 
scholarships, fellowships and teachet training programs. This
 
central coordinating point for agricultural research and education
 
provides an effective means Co identify priority needs and
 
opportunities ana channel resources to meet the needs. It also
 
provides a means to insure efficient use of funds and technical
 
manpower anc to ensure quality of output. ICAR provides an almost
 
ideal channel through which AID can impact upon India's agricul -ral
 
research system and thereby facilitate development.
 

India supports agcicultural research efforts through a number
 
of organizational and programmatic efforts. The present system of
 
twenty-three agricultLtral universities in seventeen states has been
 
developed over the last twenty years to provide scientific education
 
to meet the needs of the nation. ICAR provides 40-80% of the
 
support for agricultural research at these universities and the
 
balance is provided by zhe respective state governments.
 

The ICAR provides management and 100% of the financial
 
support to two National Agricultural Research Centers, thirty-five
 
agricultural research institutes and seventy-two All India
 
Coordinated Research Projects which have been established to ensure
 
in-depth research on a wide range of commodities and scientific
 
problem areas. These institutes are for specific scientific
 
research and are located throughout India. This network of
 
institutes enables the problems of agr.culture to be viewed
 
comprehensively.
 

The All India Coordinated Research Projects encompass
 
research schemes on commodities and on problems of wide-spread
 
interest. These projects operate through ICAR insAitutes as well as
 
through agricultural universities and, therefore, provide a link
 
between Center and State level institutions. The ICAR institutes
 
and agricultural universities undertake research on fundamental and
 
applied aspects of production, preservation and utilization of
 
agricultural products, whereas the coordinated projects conduct
 
applied research on specific commodities or problem situations. The
 
coordinated projects complement the work of the universities and
 
ICAR institutes. The basic for-mat for these coordinated projects
 
includes a project coordinator and several subprojects which are
 



A-8
 

geographically dispersed and 
located both at IeAR iuotitutoa aid
agricultural universities. For the India
axample, All 
 Coordinated
 
Dry Land Agriculture project has its coordinator at Hyderabad with
 
specific research at eighteen other locations.
 

Major advances have been achieved through this coordinated
 
research approach. 7 Most notable is 
new gonetic material for
 
several crops which have superior yield and/or disease resistance
 
qualities and better adaptation for specific ecological zones.
 

The ICAR has joined with sister organizations in India to
create a National Biotechnology Research Center. This 
center will
 
be the future location 
of major efforts in basic research aimed at

biological nitrogen fixation, photoeynthesis enhancement and genetic

engineering of improved plants. 
 Future plans for joint research
 
undertakings in this area between India and 
the U.S. would seem to

be worth preserving, 
 ICAR also conducts operational research

projects in specific areas of the country to gzin insights into the

socio-edonomic constraints affecting adoption of reaearch results.
 

In general, 
 the quality of the scientific staff at the

institute3 and universities is high and the level 
 of financial
 
support reasonably adequate. Equipment is needed 
in many locations
 
and funds for travel and profe3siona] development are less than

desired by the scientists. However, the conciusion is that India is

supporting its to food
objectives meet 
 needs by continuing to
 
provide for agricultural RITD.
 

IV. Current USG-Supported R&TD Efforts in the Sector
 

Agricultural research initiatives involving Indian and U.S.
 
resources consist of the USAID Agricultural Research Project

(Project No. 386-0470), PL 480 projects administered by the Far East

Regional Research (FERRO) USDA
Office of 
 and the activities
 
currently being planned under 
the Science and Technology Initiative
 
(STI) stemming from the 1982 meeting 
of Prime Minister Gandhi and

Preiident Reagan. The Science Attazhe's Office in the Embassy also
 
manages competitive research grants on Indian 
agricultural and

related topics funded by 
such U.S. organizntions as the Smithsonian
 
Institute and the National of Science Foundation. The irrigation and

forestry programs currently sponsored by the Mission contain
 
research elements closely related to 
 or involving agriculcure.
Although a certain degree of compatability eoists with rmspe e to
 
some of the topics being addressed, funding mechanisms and

institutions involved are 
not the same. Consideration must be given

to the 
manner in which funding and administracive responsibility ere

handled as efforts move forward to unify the USG's 
R&TD efforts in
 
India.
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The USAID Agricultural Research Project has been designed
 
based on priority topics identified by the Indo-U.S. Agricultural
 
Subcommission. The project, which has been agreed to by the GOI and
 
will be executed by ACAR, provides a $20 million grant to ICAR for
 

specific subproject activities, Thus far three subprojects have
 
been designed: soybean processing, post-harveEt technologies for
 
fruits and vegetables and groundnut research. Implementation of the
 
groundnut project has been deferred for approximately one year. The
 
three subprojects approved to date account for $10.5 million of the
 
total $20 million grant.
 

It is anticipated that additional subprojects will be
 

identified and designed to utilize the remaining funds within a
 

relatively short period and that additional funds would then become
 
available. Subproject topics appearing in the project paper
 

include biological nitrogen fixation, energy management for
 
agriculture, agroforestry research and on-farm water management.
 

Other areas identified by the Indo-U.S. Subcommission which could be
 
included as subprojects would likely be: livestock breeding, pest
 

management, management of agriculcural research and education and
 
biotechnology. It is estimated that within the currently funded $20
 

million project three more subprojects can be initiated. The
 
specific topics chosen will be by egreement between ICAR and USAID.
 

The STT (Science and Technology Initiative, or Senior
 
Scientific Panel) for agriculture includes three topics: biological
 

nitrogen fixation, nitrogen fertilizer efficiency and biomass (fuel­
wood) prodiction. These three areas are of high priority for India
 

and are compatible with possible future subprojects under the
 
agricultural research project.
 

The current PL-480 program in agricultural research being 

carried out by the USDA (Far Eastern Regional Research Office -
FERRO) utilizes rupees equivalent approximately to $2 million 

annually. Currently fifty (50) specific research activities in 

India are supported by this mechanism including projects in plant 

production and protection, animal production and protection, 
agricultural product processing and utilization, land and water
 

management, agroforestry and agricultural economics. The specific
 

topics are chosen based on potential interest of U.S. domestic
 
agriculture in the research results. Complementarity between the
 

PL-480 program elements and the USAID program or the STI program is
 
accidental, It is reasonable to believe, however, that the program
 

elements could be harmonized and complement each other. For
 
example, under the land and water management category, nitrogen
 

fertilizer Efficiency for lowland rice is an element in the PL-480
 

and in the SI programs. If agreeable to the ICAR, this topic could
 
be included as a subproject for the Agricuiture Research Project.
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USAID'r irrigation activities are many and varied. 
 Currently

$210 million is committed and another $10) williem 
will soon be

allocated to support irrigation. 
 Although almost all irrigation

projects h&ve elements of R&TD activities in them and all irrigation

is of importance to agriculture, four irrigation projects merit
 
discussion because of their direct effect 
em agricItur. They are:
 
(1) Irrigation Management and Training, (2) MIarashtra Irrilation
 
Technology and Management, (3) Rajasthan Hei 
 Irrigation, and (4)

Madhya Pradesh Minor Irrigation.
 

The overall Irrigation Management 
amd Training Project is a

large ($10 million loan, $41 million grant) savcm-yer project with
 
the overall goal of increasing irrigated agricultural production

through improved delivery water desizi
of to locations (farmers'

fields) and more efficient use of water delivered. About 50% of
 
this project, or $25.5 million ($4.2 
million per year), will be

development-research oriented. 
The project addresses the full range

of concerns, from the use and 
macstamet *f irritation later by
farmers for crops, to river basin plaaaiag fr ialtiple use. This
project includes "action research" studiao ataimed finding

solutions 
 to principal problems of irrigation systems including
 
system design, farming systems, system operation, and institutional
 
arrangements. This project also includes apecial 
studies on topics

such as development of improved farm for
management methodolcgies 

more effective use of water 
delivered, behavioral 
analysis of
 
farmers, improved information systems and others of special interest
 
to agriculture.
 

Each of the state-specific projects, mentioned above, is
designed to strengthen institutions 
and develop kuman resources for
 
improving India's capacity to design, 
implement and operate more

efficient irrigation systems. Each major
contains elements of
 
special studies aimed at 
improving coordination of agriculture and
 
irrigation in regard to water supply and 
use on farms.
 

It is estimated that 
 the researck component of each
 
irrigation project is follows:
as 


(a) Maharashtra: 15% ($1.2 million per year),
 
(b) Rajasthan: 5% ($0.3 million per year) and
 
(c) Marhya Pradesh: 15% ($1.2 milliou pw year).
 

it is absolutely essentiel to increase the end use of on-farm

soil and water management research results 
 if the investments
 
currently being made in irrigation are to be good investments.
 

The Science and Technology Bureau, 
tiuougk S&T/AGR, has a
 
portfolio of project activities through whic& technical 
assistance
 
is provided to the USAID's agricultural program. Excluding ICRISAT,
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for which AID provides 25% of the core budget support, S&T/AGR pro­
vided technical assistance estimated at $i.1 million for Indii in FY 
1983, 52% of which was in support of irrigation. S&T/AGR projects 
included in this total are: Fertilizer Development, Water Resource 
Economics, Improved Soybean Varieties, Nitrogen "ixation, Soil. Man­
agement Support Services, Sorghum/Millet CRSP, Storage and 
Processing of Fruite and Vegetables, Fishery Development, 
International Bench- mark Soils, Tissue Culture, and Water 
Management Synthesis. 

Forestry activities supported by the USAID are currently 
confined to two major projects: (1) Madhya Pradesh Social Forestry 
($24 million loan and tl million grant) and (2) Maharashtra Social 
Forestry ($25 million loan and t5 million grant). A PID for $16
 
million for a proposed Forestry Research, Training and E.tension 
Project is being developed in conjunction with the 50 million
 
project proposed by the World Bank. In addition, there are 24 other
 
interventions involving the USG to a lesser extent in forestry
 
research and training in India. These include activities by the S&T
 
Bureau, STI and the National Science Foundation. It is imperative
 
that these separate forestry interventions be coordinated and
 
directed to objectives agreed to by GOI. The present fragmented 
program leads to confusion and wasting of esources. 

The current and future USAID-supported R&TD program in 
India will be compatible both with GOI priorities and with the pri­
ority research concerns AID has identified for Asia. The priority 
of sustaind, high productivity in relatively favorable natural 
resource areas, particularly in irrigated agriculture with emphasis 
on irrigation management will continue to be addressed as a new part 
of the irrigation program of the Mission. When a new subproject 
under the overall Agricultural Research Project concerning on-farm 
irrigation water management is initiated, this priority area will be 
adequately addressed. 

The priority of sustained production in less favorable 
natural resource areas is being addressed by the All India Dry 
Farming Project. It is anticipated that this topic will be 
addressed by the Mission's program through a new subproject on dry 
land agricultural management.
 

The priority related to food and agriculture policy, in­
cluding nutrition, food self-reliance, food security and equitable 
growth, is being addressed by India's current program of research 
and all work contemplated under the new agricultural research proj­
ect will impact on these concerns.
 

The fourth priority of crop and animal protection (pre- and 
post-harvest) by most cost-effective and environm entally acceptable 
means is addressed by the new &gricultural research subprojects on 
soybean processing and utilization and the subproject on post­
harvest technology of fruits and vegetables. 
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Other priority research arpas identified by the Asia t'ureau 
include: (1) development of ainium purchased inputs systems, (2) 
livestock in mixed farming systems and (5) development of institu­
tional capability t- generate suitable technologies and get them 
applied. The USAID's current agricultural R&TD program does not 
contribute directly to these priorities; however, there will be 
ample opportunities to design subprojects in the future that address
 
these issues, if found appropriate to Indian conditions and priori­
ties. Both the Mission and the GOI are interested in strengthening
 
Institutional capability, particularly in agricultural universities,
 
through collaborative research and professional interchange It is
 
anticipated that future projects developed by the USAID in India 
will continue to emphasize enhancement of institutional capability 
in R&1'D. 

The presence of ICRISAT (the International Crops Research 
Institute for the Semi-Arid Tropics) in India presents both oppor­
tunities and problems. Since AID is supporting twenty-five percent 
of the core program at ICRISAT it behooves AID to ensure that
 
ICRISTAT's work is supportive of Indian development needs. It might
 
also be noted that over two-thirds of the technical staff at ICRISAT
 
are Indian citizens, including the Deputy Director General for
 
Resear,:h.
 

ICRISAT is working on crops of special significance tc
 
India: sorghum, millet, groundnuts and edible legumes. The breed­
ing material and new varieties produced by ICRISAT are readily 
available and are moving quickly to Indian farmers through ICAR and 
the state extension programs. Research being conducted at ICRISAT
 
in farming systems is less readily taken up by the extension system 
and the farmers for several reasons. The principal one appears to 
be the cost incurred by the farmer ift making the transition from 
traditional methods of tillage, water management and cropping to the 
new improved system, There is a tendency for the All-India Coordi­
nated Agricultural Research Project personnel to view the ICRISAT
 
farming system for the vertisols (black soils) as merely a water
 
harvesting technique instead of a farming syste.. Until the concept
 
is sold as a farming system that will earn the farmer more income 
and the credit system available to the farmer permits him to make
 
the shift, adoption of the Improved farming system will continue to 
lag.
 

The Director of ICAR is a member of the Board of ICRISAT 
and is in a position to influence its program. It is recommended 
that the USAID work with both ICAR and ICRISAT to increase the 
dialogue between ICAR and ICRISAT. 
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V. Constraints to More E'fective R&TD in the Sector
 

Given the desire of both the USG and GOI to effect develop­
ment through R&TD and given the fact that both countries have many
 
highly trained aud competent agricultural scientists, it is reasou­
able to conclude that the most effective mode for accomplishing the
 
overall objective is through a collaborative approach. The desired
 

collaboration would have organizations and scientists from both
 
countries with mutual interests working toward common objectives.
 
Such collaboration could take many fonis and be played out at a
 
variety of levela. For example, there could be university­
to-university collaboration on topics of institution-wide concern.
 
There could be collaboration between institutes or departments with
 
common subject matter concerns and finally there could be research
 
collaboration of the type initiated by STI where one or more Indian
 
scientists working on specific problems collaborate with one or more
 
U.S. scientists who are alo working on similar problems, e.g.,
 
biological nitrogen fixation by rhizobium.
 

A. Policies and Procedures
 

Constraints to effective use of R&TD for development
 

exist on both sides. The inability of the USG to provide dollar
 
costs for collaborative R&TD through mechanisms other than grants to
 
GOI will continue to hamper development of effective programs. On
 

the Indian side, the GOI's unwillingness to expend grant funds. for
 
dollar costs fc- technical support will continue to be a deterrent.
 
Streamlining the process whereby the USAID car, provide assistance,
 
perhaps through "buy-lns" to central S&T prcjects, for technical
 
support would be of considerable advantage to development of R&TD
 

for agriculturE in India. In order to provide such assistance, the
 
funds may have to be channeled through a Washington account rather
 
than the India bilateral country program, so as not to show up in
 
the GOI budget.
 

The absence of effective mechanisms for supporting colla-­

borative research and scientific interchange, including professional
 
development, within existing AID procedures constitutes a major
 
deterrent.
 

B. Institutional Capacity
 

Although 20 million has been provided for support of
 

agricultural research, India has the institutional capacity to
 

effectively use much more. As stated earlier funds available will
 

permit development of approximately three more subprojects. These
 

funds are likely to be committed within a year. The Joint
 

Commission, STI and the current team have idertified thirteen
 

additional areas (mentioned earlier; also see following Section
 
VI). A conservative estimate of funds needed to support these
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potential initiatives would be approximately $40 million. If India
 
and the U.S. should undertake a major effort to strengthen the
 
twenty-three agricultural universities through support for research
 
and technology development, an additional $20 to 25 million could be
 
used effectively.
 

Funds for salaries and easily obtainable supplies and
 
equipment are reasonably adequate in most agricultural universities
 
and research institutes; however, there is need for foreign curreoy
 
for purchase of certain specialized equipment and for travel for
 
professional development. These needs could largely be met if the
 
funds indicated above are provided and if the dollar funding problem
 
is solved.
 

The current mode of operating USAID projects requires a
 
project manager for each major project. Hiring restrictions within
 
AID will preclude hiring the staff required.±o earry out an expanded
 
R&TD program in agriculture in India. This personnel constraint
 
must be overcome or a different mode of operation that requires

fewer technical people must be developed and implemented.
 

C. Donor Involvement
 

Because India is so large and has so many well-developed

agricultural research institutions, multi-donor involvement is not a
 
major constraint to development of meaningful Indo-U.S.
 
collaborative efforts in agriculture. It is, however, a major job
 
for the USAID staff to keep current on other donor involvement and
 
thereby take advantage of mutually supportive activities whle
 
avoiding conflict and overlap.
 

Major donors in the agricultural field include the World
 
Bank which is supporting work in numerous areas, i.e., watershed
 
development, forest resource development and training, 
irrigation
 
and agricultural research. The Ford Foundation's program relatea to
 
socio-economic issues that affect agricultural and 
 rural
 
development. Specific emphasis is being given forestry, energy ad
 
water development. UNDP, operating through FAO, is providing
 
technical support in the form of expert consultants to many projects

including irrigation, forestry and numerous related to
areas 

agricultural production and natural resource management.
 

VI. Sector Elements of a Ten-Year R&TD Program
 

The role of agriculture in the overall development of India
 
is paramount the role of &TD
and important utilization in
 
agriculture is unquestionable. Science and technology must continue
 
to impact heavily on agriculture in India if India is to meet the
 
food requirements of the future. It can be concluded, therefore,
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that India will continue to emphasize science and technology for
 
agriculture and that collaboration and interaction between Indian
 
and U.S. scientists should be fostered. Therefore, the AID program
 
in India over the next ten-year period must include a major
 
agriculture R&TD element.
 

Since agriculture does not operate in a vacuum, it must be
 
considered as one important element in the spectrum of science
 

generators and users. Science concerns in energy, irrigation,
 

forestry, animal and human health, watershed management,
 
environmental management, industrial development and basic sciences
 
impact heavily on agricultural development. For this reason, it is
 
recommended that an overall R&TD initiative be developed within the
 
USAID. Such an initiative should provide for oversight over the
 
science-based portfolio of the Mission. It could take the form of a
 
high level board of advisors for the Mission made up of both Indian
 

and U.S. scientists or just U.S. scientists. It is ilso suggested
 
taat this board include respected scientists in agriculture as well
 

as in other fields such as energy, health, etc. The Secretariat of
 
this Board of Scientific Advisors could be a Scientific Advisor on
 
the Mission staff (a position that is essential for the future
 

science-based program of the Mission in India).
 

It is recommended that the Mission identify a portion of its
 
annual budget for support of science-based activities and that the
 

Board of Scientific Advisors give advice as to allocation of these
 
funds to the various sub-sectors such as agriculture, health,
 

8
 
energy, etc.
 

These programs should be designed to facilitate institutional
 

concerns and specific areas for scientific collaboration.
 
Institutional concerns relaLe to facilitating collaboration and to
 

strengthening inscitutional capacity and quality. Indo-U.S.
 
collaboration in this area should facilitate those activities that
 

will build and maintain quality ot research, teaching, and public
 
service capability of the university or institutes involved.
 

Identification of problems and selection of areas for
 

specific collaboration in research is difficult because the spectrum
 
is so broad and the needs are so great. Emphasis must be placed on
 

those areas of high importance to India's future food needs, keeping
 

quality of the scientific effcrt in mind at all times.
 

Since India's agricultural universities and ICAR institutes
 

are mature and staffed, for the most part, with capable scientists,
 
selected areas for future efforts should build on strength in science
 

where a collaborative effort will have a high probability of making
 
significant progress in solving constraints to production and
 

utilization of agricultural products.
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The current modes for scientific interaction are several.
 
These may be sustained, terminated, or others developed. The hall­
mark for future research collaboration should be facilitation of
 
interchange of scientists and scieantific information,.
 

Decisions concerning use of funds allocated to each sub­
sector could be made by the USAID based on advice by a Technical
 
Adv1iory Committee (TAC). The Secretariat for this Technical
 
Advisory Committee could be the Chief Technical Officer in the USAID
 
for 	the sector, i.e., the Chief of Agriculture and Rural Development
 
for 	the Agriculture TAC. it is not inpoasible to conceive of an
 
arrangement whereby the Joint Subccamission for Agriculture would
 
serve as the TAC for agriculture. One advantage of thi5 might be to
 
harmonize the PL 480 activities with the USAID activities.
 

Regardless of the superstructure adopted it is visualized 
that 	the pattern of R&TD activity in agriculture in India supported
 
by AID will largely be implemented through a mode established by the
 
existing Agricultural Research Project. Opportunities for research 
in agriculture that will be mutually boneficial to India and the 
U.S. are numerous and it is anticipated that many of these colla­
borative research efforts will be launched during the next ten 
years. The need is great and the absorptive capacity is sufficient, 
given an adequate programming mechanism, to accommodate research 
activities during the next five years requiring at least 30 million 
in addition to the 20 million already allocated. In addition there 
is a great opportunity to strengthen the Indian agricultural univer­
sities and at the same time enrich the U.S. universities by develop­
ment of a joint program to increase the capabilities of Indian agrl­
cultural universities. It is estimated that W15 million at a mini­
mum could be effectively used for this purpose during the next five 
years. More specific recommendations concerning universities will
 
be given later.
 

Specific agricultural subject matter areas that appeared to
 
merit increased R&TD effort and to present potential opportunities
 
for Indo-U.S. scientific collaboration during the period 1983-1988
 
are:
 

I. 	 Integrated plant nutrient management systems, to maxi­
mize efficiency and adequacy.
 

2. 	 Management systems for lowland rice production, in­
cluding fertilizer efficiency and varietal improvement.
 

3. 	 Biological nitrogen fixation.
 

4. 	 Agroforestry research and development of silvi-food
 
crop and silvi-pastoral systems for food, fodder and
 
fuel.
 

5. 	 Energy research in agriculture, concentrating on 
alternative energy sources such as solar and wind. 
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6. 	 On-farm water management, including drainage and use
 

of irrigation water.
 

for 	rainfed agri­7. 	 Soil-water-crop management systems 

culture.
 

8. 	 Animal breeding, including ova transplant and other
 

techniques to accelerate animal improvement.
 

tissue culture and
9. 	 Bio-technology, including cell and 

other techniques.
 

10. 	 Disease and pest control for pulse and oilseed crops.
 

Weed 	control for both dry farming and irrigated area.
11. 


12. 	Socio-economic studies in areas such as irrigation,
 
farm-forestry and farming systems.
 

13. 	 Small watershed management.
 

These areas are not presented in priority order and should
 

be viewed as recommendations for subsequent GOI and USG discussion
 
initiate and foster coLlabora­and review. If a decision is made to 


in these areas during the next five-to-ten
tive research efforts 

years, the progress of Indian agriculture should be enhanced as each
 

has been identified as a major constraint. While it is beyond the
 

scope of this paper to justify ea,-h recommended area, one which does
 

merit special attention is on-farm water management (item 6). Given
 
the
the rapid growth of irrigation in India, it can be predicted in 

years ahead that many new soil and crop management problems related 
import-nt.to management of irrigated areas will loom as very 


salinity control. Plans should be
Examples are water logging and 

made to initiate research in these important topics in many pLaces
 

in India before the problems become unmanageable.
 

Assuming that the high priority areas identified above will
 

be addressed 1.n the period 1983-1988, the period 1988-1993 will
 

of them to pursue second and third
require continuation of most 

This will be necessary because much of the
generation problems. 


the biological system
research s agro-ecological zone-specific, and 


is so that challenges are present constantly, i.e.,
dynamic new 

plant breeding for resistance to diseases and insects is never done.
 

requiring continued research in
In addition to these 	areas 

it is recommended that collaborative
the second five-year period, 


research be undertaken in such fundamental areas as:
 

1. 	 Plant biochemistry and breeding to insure quality.
 

2. 	 Photosynthetic enhancement.
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3. 	 Genetic engineering of plants, animals and products 
for support of agriculture. 

4. 	 Overcoming effects of salitity by both biological and
 
physical-chemical means.
 

5. 	 New uses for plant and animal products.
 

6. 	 Chemistry and physics of soil-plant-water systems.
 

7. 	 Agricultural meteorology and related fields. Support
 
for agriculture-related elements of a possible monsoon
 
research center that has been floated recently might
 
be a possibility.
 

These investigations need not be massive undertakings, but
 
they must involve the most capable scientists in both India and the
 
U.S. 	and they must be permitted to interact freely and frequently.
 

India's agricultural univecsities were developed with
 
assistance from U.S. land grant universities and most are organiza­
tionally and functionally similar to land grant universities. This
 
teaching-research-public service model should be perpetuated and
 
strengthened in India's agricultural universities and at the same
 
time specific programs in specific universities should be strength­
ened.
 

It is recommended that AID launch s major program aimed at
 
strengthening the teaching-research and public service capacity of
 
selected agricultural universities. Such a program might be funded
 
for the next five years with provision for extended support if
 
evaluation shows continuing needs and that the existing program has
 
accomplished its objectives. Decisions on use of the funds should
 
be cade by USAID and ICAR based on an analysis of the needs of each
 
university. Types of activities that might be included in this pro­
gram are post-doctoral fellowshipa, support for research to he con­
ducted by Indian scientists in a U.S. university laboratory, short­
term educational visits to U.S. universities by Indian university
 
administrators, purc.ase of equipment for research and other types
 
of activities found to be needed to strengthen the agricultural uni­
versitles.
 

Activities such as those described in the previous para­
graph should be included as normal parts of collaborative research
 
activities carried out by institute scientists as well as by univer­
sity scientists.
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in BNF (Biolo-

The STI in agriculture includes activities 


gical Nitrogen Fixation), fertilizer efficiency and fuelwood produc­

areas has been agreed to by GOI and USG
these
tion. Since each of 

and since these areas are compatible
 

as areas of mutual interest, 

it is recom­research identified earlier,
with priority areas for 


for years (the STI
 
the activity stand alone two


mended that STI 

of that period, activittes could,
 

agreement period). At the end 

by an appropriate on-going subproject


where warranted, be assumed 

the Forestry
Project, or planned


under the Agricultural Research 

This will require early


Research, Education and Training Project. 

the
in place research activities in each of 


action by USAID to have 


areas r'urrently included in STI.
 

Program management and funding concerns in the USAID are
 

activities identified as
 
To launch and supervise all the
great. 


project management mode would
current
needing effort using -he 
of
can expect to acquire. A mode 


require more staff than the USAID 


that requires less technical supervision by USAID staff 
operation 


the stage of maturity of the 
must be found and implemented. Given 

its institutes and universities, it is recommended that the 
ICAR and 

specified fields that include
USAID make grants to ICAR for work in 

in the
wich U.S. scientists working
or interaction
collaboration 
 both

and a periodic peer review mechanism involving


same field 

sciertistz.
Indian and U.S. 


Because funds granted to the ICAR cannot be readily used to
 
in India, it is
 

effect scientific collaboration by U.S. scientists 

costs incurred in pro­

essential to find improved methods for paying 


assistance o collaboration by Americans in
 
viding technical 


9 Agency must address and solve this problem soon if
 
India. The 


is to expand. If a Washington-based
research interaction with India 

the procedure


approach is adopted (see discussion in Chapter VII-B), 

S&T/AGR (and other S&T Bureau offices) projects
of "buy-in" into 

might be used. S&T/AGR could then supply the technical or colla­

borative assistance required "in-kind." S&T/AGR already has or
 

could develop projects in all areas suggtsted for future collabora­

has the added advantage of increasing the
 
tion. This procedure 


S&T/AGR support that
by the amount of
collaborative research effort 


is added to the project above the buy-in level. This could be sub-


Other possible mechanisms exist but it
 
stantial in major projects. 


annex to suggest all of them. However,
is beyond the scope of this 

solved.


it is important to emphasize that this problem must be 
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Increased involvement of the private sector in India will 
develop slowly. The private sector is currently supplying ferti­
lizer, seed, pesticides, fuel and machinery. As India's agriculture 

becomes more science-based and as farmers' incomes increase, oppor­
tunities for the private sector to provide inputs will increase.
 
However, duriug the next ten years there do act appear to be oppor­

tuniies for great involvement of the private secter in agricultural 
R&TD beyond that which develops spontaneously. 

In summary, it is recommended that a major component of the
 

USAID's agricultural program in India be R&TD oriented. "RfTD ia
 
the engine that drives development in agriculture." The program
 
should be an integral part of the USAID's overall R&TD program. It
 
should not stand alone. It should be carried out through ICAR and
 
involve the research institutes, the All India Coordinatad projects
 
and the agricultural universities in collaborative research effortr
 
with U.S. institutions and scientists. It should have elements
 

which support research schemes, research institutes and univer­

sities. The program must be "development-problem driven," concen­

trating on high priority areas of mutual interest that are predicted
 

to remove obstacles to development and to areas of science predicted
 

to make breakghroughs In a reasonable period of time. These activi­

ties should be conducted in such a way that will facilitate irter­

action between Indian and U.S. scientists. In order to effect this
 

program, AID must modify procedures to remove administrative and
 
fiscal barriers.
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Notes
 

See John R. Westley and M. C. Gupta. "Agricultural Growth in 
India: Policies, Performance, Impact," USAID/India, May 1982. 

2 See Project Paper No. 386-0470, "Agricultural Research,"
 
USAID/India, June 1983.
 

3 Sixth Five-Year Plan for India.
 

4 Ibid.
 

5 Ibid.
 

6 For a more compiete description of ICAR and its functions, see
 
Annex B to Project Paper No. 386-0476, "Agricultural Research,"
 
USAID/India, June 1983.
 

7 Annual Report of ICAR, 1982-83.
 

8 See Chapter VII of the main report for further discussion. The
 
main report favors a Science Panel for the Mission that, at least to
 
begin with, would be composed otly of U.S. scientists. The main
 
report recommends the Panel periodically review the performance of
 
the various research projects.
 

9 See Chapter VII ot the main report for further discussion.
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ANNEX B: Forestry and Environment
 

I. Overall Development Context
 

Pressures on India's natural resource base are intensifying
 

as the population moves towards the one billion mark and as
 

agricultural and industrial development demands larger volumes of
 

land and raw materials. The result is a rapid deterioration of
 

India's forest, soil, and water resources. A recent report by the
 

Center for Science and Environment on The State of India's
 

Envi-onmnent 1982 provides an overview of these trends and calls for
 

urgent government action on a wide number of fronts.
1
 

Of central concern is the process of deforestation and land
 

degradation that threatens gains in agricultural production and
 

poses a major futur- constraint to achieving the projected milnimum
 
food production by 2000.2
requirement of 225 million tons of 


ESCAP figures suggest an annual deforestation rate of 250,000
 

hectares, although some estimates go as high as rne million hectares
 

out of a total estimated accessible and productive forest area of 33
 

million hectares.3 It is generally agreed that although
 

approximately 23% of India's total land area of 328 million hectares
 

is classified as forest, only about 10% has adequate forest cover.
 
I 

Deforestation is a central contributor to the larger process
 

of land deterioration that has reached tremendous proportions.
 

Destruction of forests in the upper Himalayan watershed areas is
 

particularly critical for the downstream Ganges basin.4 The GOI
 

Ministry of Agriculture estimates that 175 million hectares of
 

agricultural and non-agricultural lands are suffering degradation
 

serious water and wind erosion (85.75%);
from various causes: 

waterlogging (3.4%); saline soils (2.6%); shifting cultivation
 

(1.7%); alkaline soils (1.4%); dairy land (1.4%); and wasteland fit
 

for reclamation (3.8%) (see Appendix A). In fact, the Chairman of
 

the National Environmental Planning Commission considers only 61
 

million hectares as reasonably good forest, pasture and agricultural
 
5
land. (see Appendix A).
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Dr. M. S. SwaminatbAn and others have 
long warned of the

'nutrient drain 
 from soil erosion and the diversion of organic

residues and dung to energy uses. 
 The fuelwood crisis in India will
 
result in further pressures on these resources in the 
future as
discussed in the section 6
on energy. Despite the economic costs
 
of this soil degradation (damage from floods in 
 1978 alcne ih
estimated at almost 11 billion rupees 
7), the Sixth Five-Year Plan
 
allocates only 5 billion 
rupees for forestry programs and 400
 
million rupees for environmental programs. A tree planting target

of 2,144,000 hectares 
is set for the Plan period (1980-85) with 70%

of that being in "social forestry" 
programs of the individual
 
states. This level 
is over twice the estimated plantings under the
 
Fifth Plan.

8
 

A tree planting is also of
uuderway by the Department

Environment 
in critical watershed and catchment areas using army

officers. Recently, the GOI 
has moved to establish 12 biosphere
 
reserves, in addition 
to the current 44 national parks, 207 natural

sanctuaries and 166 forest reserves, to protect India's 
environment
 
and preserve its biological diversity (see Appendix B).9
 

ii. GOi Objectives, Priorities and Policies in R&TD
 

The GOI is currently 
in the process of formulating national

research programs in the forestry and environmental areas. 
 A Task
 
Force chaired by the Secretary of Environment has prepared a report

for the Cabinet Committee 
 on Science and Technol.ogy with
 
recommendationo on organization and programs 
 in the forestry

research sector. 
A World Bank/USAID/ODA 
Sector Team has recently

endorsed the recommendation of the 
Task Force on a substantial new
 
program to strengthen forestry research, education 
and training in

India. The following five broad 
areas are suggested for research:
 
(1) fuelwood biomass research, (2) fodder 
trees, (3) watershed land
 
use management, (4) 
forest product utilization, (5) wood-based
 
energy technologies.1 Topics within
0 

these areas are contained in

Appendix C. Based 
on Prime Minister Gandhi's speech at the recent

World Energy Conference in New Delhi, 
a top research priority will
 
be "the application of new biological advances on biomass production

(e.g., 
 tissue culture, protoplast 
 fusion, genetic engineering,

nitrogen fixation, improved photosynthesis, etc.), particularly on
 
lands not suitable for agriculture."1 1
 

The Department of Environment has prepared a profile 
for its
overall program that 
calls for research on topics that will enable
 
the development of programs and environmental legislation related 
to

biosphere reserves, protection 
of grazing lands, protection of
 
wetlands and sanctuaries, 
 prevention of overfishing in coastal
 
waters, protection of catchment 
areas, and protection of endangered

species. The 
Department has an Environmental 
Research Committee
 
'lat advises on research programs.
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III. Major Current P&TD Institutions and Programs
 

Research and technology development in forestry and
 
environmental sciences is scattered throughout the country and is
 
carried out under the auspices of vorious bodies.
 

A. Department of Agriculture
 

The Forest Research Institute at Dehra Dun is the focal
 
point for forestry research in India. FRI and its regional branches
 
in Coimbatore, Bangalore, Jabalpur and Burnyhat are focusing
 
principally on silvicultural, entomological, pathological, and wood
 
utilization research on commercial timber species (long-rotation).
 
Coimbatore has, however, carried out field trials, on short-rotation
 
eucalyptus species. Some state forestry departments are developing
 
research programs; Kerala State has a particularly strong forestry
 
research institute.
 

B. Council for Scientific and Industrial Research
 

Several institutions under the CSIR network are
 
engaged in relevant research. In 1981, the Department of Science
 
and Technology established the National Botanical Research Institute
 
as one of two Biomass Research Centers. The program has since been
 
transferred to the Department of Non-Conventional Euergy of the
 
Ministry of Energy. 12 . The main objectives of the Center are:
 

(1) to assess the potential of plant species of proven
 
adaptability to soil alkalinity for biomass production;
 

(2) to standardize agro-techniques;
 

(3) to study photosynthesis in relation to plant productivity
 
and nutrient cycling of selected species and nitrogen 
economy;
 

(4) to survey the land and water potential of the area and
 
formulate programs on the utilization of municipal and 
agricult.ral wastes for energy conservation;
 

(5) to concentrate on energy crops of terrestrial and aquatic
 
nature;
 

(6) to undertake feasbility studies on more efficient uses of 
biomass for obtaining maximum energy and on
 
developing appropriete technology for energy crops,
 
production systems, harvesting and collecting,
 
pre-treatment and conversion.
 

\I
 

http:Energy.12
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To assess the biomass production of 12 fuelwood species
tolerant to codic eoi~q, NBRI together with the U.P. State Forestry

Department has up block
set a 
 trial 
replication experiment. For

each species, 1,875 saplings replicated 3 timet have been planted at
1.5m x 
l.5m spacings on j6 plots. 13 Meaaurements of growth, yield

in response 
 to fertilizer and other conditions are underway.

Analysis of 
 coppicing characteristics 
 will be performed after
several more years of growth. Samples have been sent to the Punjab

Agricultural University 
 for fuelwood characterization analysis.

Trials are also underway on selected high starch and sugar crops and
hydrocarbon producing plants. 
 NBRI alao has unique experience at
the Banthra Research Station in the reclamation of a small wasteland
 
area and its conversion into a "natural" 
forest over a twenty-year

period. 
 Tissue cultnre work involving some woody biomass is also
 
being conducted.
 

The National Chemical Laboratory in Pune has one 
of the
largest tissue culture groups 
in the world. 
 They have had success

applying tissue culture methods 
to teak, eucaHlptus and several
 
ocher tree species.l 4
 

The Central 
Salt and Marine Chemicals Research 
Institute
in Bhavuagar is experimenting with jojoba and other
drought-resistant plants and The
shrubs. National Environmental

Engineering Researcn 
Institute in Nagpur is conducting research 
on
 
water and ai:. quality and sedimentation.
 

C. Indian Council for Agricultural Research
 

The Central Grasslands Fodder
and Research Institute in
Jhansi is carrying out research 
on silvi-pasture and the role of
 
grasses in helping to stabilize 
soils. The Central Arid Zone

Research Institute at ,odhpur, 
 the Central So l and Water

Conservation Research 
and Training Institute at Dehra Dun and the

Central Soil Salinity Institute at Kemal are involved in research on
deeertification, soil 
erosion and soil salinity problems. CAZRI has
apparently given some effective advice on 
trench planting for trees
 
on wastelands in Gujarat to a PVO group. 15
 

Tne Indian Institute for Agricultural Research has recently
established an Agro-Energy 
Center chat will work on agroforestry,

biological nitrogen fixation, 
 tissue culture and organic

recycling. 16  Several state 
 agricultural universities, e.g.,

Punjab Agricultural Univeraity, are creating similar units.
 

http:recycling.16
http:group.15
http:species.l4


D. Department of Environment
 

The Botanical and Zoological Surveys of India both fall
 
under the supervision of the Department of Environment. This
 
Department coordinates the Indian National MAB Committee which
 
collaborates with UNESCO on studies, research and demonstration
 
activities on the ecological impact of human activities. The
 
Department plans to establish a Himalayan Institu:e of Environment 
and Development to undertake research on the ecosystem in the 
Himalayan region. 

E. Other Institutions
 

Madurai Kamraj University at Madurai has been designated
 
with NBRI as a National Biomass Research Center. 
 It has a School of
 
Biological Sciences with a major emphasis on the physiological
 
side. Photosynthesis research is a major theme. The Indian
 
Institute of Sciences in Bangalore has an emerging interest in
 
environmental issues and in 1982 hosted a meeting on Conservation
 
and Management of Biological Diversity iii India. In Hyderabad, the
 
Administrative Staff College of India has a Center for Energy,
 
Environment and Technology and hes conducted several studies on
 
social forestry and biomass energy. UNESCO and the Department of
 
Environment are sponsoring a Regional Workshop in "Biomass Energy
 
Management in Rural Areas" in December 1983 at the college.
 

IV. Current USG Programs
 

USG programs to date in forestry and environment have been
 
limited. Under the Special Foreign Currency Program, USDA has
 
supported forestry research activities with Coimbatore and Dehra
 
Dun. USDA is coordinating the forestry research component of the
 
STI program and a U.S. team visit to India to develop collaborative
 
research projects is proposed for late October. USAID is providing
 
about $2.0 million for fuelwood production research to NBRI and
 
Madurai Kamraj University under the Alternative Energy Resources
 
Development Project. Silviculture and plantation management
 
research on fuetwood species is included in both the Madhya Pradesh
 
and Maharashtra State Social Forestry projects. A Research,
 
Training, and Extension project is under design for FY 85, which
 
would be the Agency's cnly separate country forestry research
 
project.
 

Some collaboration has taken place with India in the land
 
management and land reclamation area, through NSF and EPA. NSF is
 
planning in early 1984 a workshop at CAZRI on Arid Zone Research
 
priorities. The U.S. Fish and Wildlife Service has also carried out
 
a small collaborative research program.
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V. Constraints to Zffective R&TD
 

India currently has inadequate human and institutional
 
capacity as well as financial resources to tackle the forestry and
 
environmental problems discussed above. The complex nature of 
the
 
land reclamation/soil improvement problem requires an
 
interdisciplinary approach that is 
 lacking at virtually all
 
institucions. As discussed in Section III, various institutions 
are
 
working on pieces ot the problem, yet no effective integrating
 
system appears to exist. 
 The Special Task Force has recomnended the
 
creation (or activation) of an Indian Council of Forestry Research
 
and Education as a coordinating body and the strengthening of
 
research and educational capabilities of FRI, ICAR, and CSIR
 
institutions, as well as the state 
agricultural universities, state
 
forestry departments and some private research. A critical need
 
exists to establish with the Union and possibly the State 
Public
 
Service Commissions a career specialization in forestry and
 
environmental 
research. The social and management sciences also
 
need to be integrated more effectively into chis research field.
 
This will be 
a major challenge for the Department of Environment in
 
developing rhe Himalayan Institute of 
Environment and Development.
 
Interdisciplinary programs in 
forestry and environment sciences are
 
also urgently needed at Indian universities and institutes of
 
science and technology.
 

NBRI seems to have the most developed program of systematic
 
fuelwood species 
trials, but they face serious limitations in land,
 
equipment and staff, and 
would benefit from interaction with U.S.
 
institutions in the design, implementation and evaluation of their
 
trials. Bureaucratic constraints have 
delayed the USAID-supported
 
initiative that would develop an institutional link between NBRI and
 
a U.S. forestry school or consortium of schools.
 

Tissue culture research i3 at a fairly advanced stage both
at 

NBRI and NCL. The techniques developed now need to be focused on
 
mass propagation of genetically superior fuelwood species adapted 
to
 
different soils and conditions. Most species trial work to identify
 
superior material, however, is only in the early stages.
 

The resources allocated to research and education in forestry

and environment will have to be greatly augmented in Lne Seventh
 
Five-Year Plan if the necessary technical knowledge and personnel
 
are to be developed. Current indications are that a level of about
 
$120 million may be forthcoming for forestry research in the Seventh
 
Plan.
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VI. Sectoral Elements of a Ten-Year R&TD Program
 

AID has a unique opportunity to make a critical input at the
 
formative stage of a national program for forestry and environmental
 
research. In this regard, it may be a similar juncture to the
 
position India was in during the 1950's when AID launched its major
 
program to build the national agricultural universities system.
 
India must mitigate the environmental degradation that is occurring
 
if it is to sustain its development. This problem is, of course,
 
only partly a question of research. It is more fundamentally a
 
question of leadership, financial resource availability, management,
 
and community and village mobilization. Such rural movements have
 
been successful in restoring lands in China and South Korea.
 
Whether it is possible 'Mere in India with its diversity remains to
 
be seen.
 

The team recommends a long-term research and technology
 
development program in this sector emphasizing the role of trees and
 
grasses in the enhancement of land and water resources and the
 

expansion of rural incomes.
 

The Program would have three major elements:
 

(1) Research, professional and institutional development
 
related to the nature, determinants and consequences of
 
land, forest and water degradation. This baseline
 
environment research and educational development is
 

central to increasing awareness as to the economic costs
 
of environmental degradation. The Department of
 
Environment and the new National Land Board under
 

Ministry of Agriculture provide possible vehicles through
 
which to pursue this element. A critical mass needs to be
 
developed to tackle this interdisciplinary problem. A
 
National Institute for Environmental Research and
 
Management may be desirable for long-term development.
 

(2) Results-oriented research on short-rotation and
 

multipurpose trees (e.g., fuelwood, agro-forestry,
 
construction, "minor" forest products and other uses).
 
This work would include the following:
 

(a) identification of species and provenances trials on
 
trees suited for conditions in degraded and marginal
 
lands in various regions of the country;
 

(b) determination of the potential of various trees for
 
agroforestry and silvipasture schemes;

17
 

(c) analysis of the yields of fuelwood and minor forest
 
18
 

products from different types of trees;
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(d) calculation of the impacts on overall soil nutrients
 
and stability of various leguminous and
 
non-leguminous species over time;
 

(e) evaluation of the preferences of the poor for various
 
kinds of trees and the impact of different tree
 
planting approaches on the pooe and landless;
 

(f) development of nursery and management techniques
 
appropriate for selected species;
 

(g) selection of genetically superior, especially adapted
 
trees aod their mass propagation through tissue
 
culture techniques.
 

NBRI, the Central Grasslands and Fodder lemearch
 
Institute and other ICAR institutes, FRI, and the
 
agricultural universities would play key roles in this
 
effort. This program area should be developed in close
 
collaboration with the World Bank. The establishment of
 
an effective Indian Council on Forestry Research as
 
endorsed by the World Bank/AID/ODA team would provide a
 
framework for the development of an umbrella research
 
project similar to the current Ag Research project.
 

(3) A more basic but modest research effort aimed at genetic
 
improvement of trees through the creation of new hybrids
 
for clonal propagation. Genetic engineering techniques
 
such as protoplast fusion, gene transfer and nutrient
 
breeding would be pursued. This work would be centered
 
at the National Chemical Laboratory at Pune. Dr. Donald
 
J. Durzan, Professor of Biochemistry, Institute of Paper
 
Chemistry, who visited NCL during the May 1981 NAS Team 
mission, believed that NCL could overcome the 
developmental barriers to generating plants from 
protoplast cells or cell suspensions with a sustained
 
research effort 19.
 

These three elements should be linked to the new joint
 
program being developed by the Asia Bureau and the S&T Bureau in
 
Foresty and Bioresources. Their concentration would have both
 
forward linkages to the AID-supported social forestry programs in
 
M.P. and Maharashtra and backward linkages to the global S&T
 
forestry research and development project and its Asia regional
 
component. AT FY 85 project is planned that could provide an early
 
start to the ten-year effort. Thus, this proposal is consistent
 
with the R&TD sectoral approach, the "ribbon " approach of Dr. Nyle
 
Brady and the Asia Strategic Plan for 1983-1988.
 

A reasonable cost estimate for this program would be in the
 
range of -40-60 million over the ten-year period.
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with potato and maize; evergreens with pepper; pines with maize of
 
rice; Acacia auriculformis with o'shew nuts).
 

19 NAS, op.cit, p. 14.
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ANNEX C: ENERGY
 

I. Overall Development Context:
 

Energy is a vital input to agricultural and industrial
 
development; per capita GNP is closely correlated with 
per capita
 
commercial energy use (see Appendix A).1 In 1980, India with a per
 
capita GNP of 
about $235, consumed about 0.13 tons of oil equivalent
 
per capita. If India is to achieve by the year 2000 the same per
 
capita GNP as Thailand in 1980 ($670), then it will need something
 
like 250 million tons of oil equivalent (TOE), compared with 105
 
million TOE 
in 1980/81. Thisi prospect represents a formidable task
 
even if world oil prices remain stable in real terms.
 

As shown in Appendix B, India's commercial energy needs have
 
increasingly 
been met by oil. Since 1975 oil consumption has
 
steadily risen from 24 million tons in 
1975/76 to an estimated 36
 
million tons in 
1982/83 (see Appendix C).2 The Chairman of ONGC
 
estimates that demand will reach 54 million tons 
1988/89. 3 With
 
increased volumes and prices for oil imports, India in 1980 was
 
paying an equivalent of about 80% of its total export earnings for
 
imported oil, compared with 20% in 1973 (see Appendix D). India,
 
like other developing countries, was forced to borrow heavily to pay
 
for this oil (see Appendix E). With increasing domestic oil
 
production and declining oil prices, oil import costs in 1982/83 of
 
nearly 6 million crores have dropped to an estimated 66% of total
 
export earnings. 4 But this level 
 still represents an
 
unsustainable drain on 
 the economy and a brake on new resource
 
mobilization and investments. Prospects for increased domestic oil
 
and gas production are good, however, and one forecast has India
 
meeting 80% of its oil needs from domest.c sources by 1985, against
 
45% at present. 5
 

The higher prices for oil have 
been passed on to domestic
 
consumers. 
 The fuel price index increased by 700% between 1960 and.
 
1980. These price increases have put the price of oil and other
 
commercial energy out of the reach of 
the lower income groups and
 
kept them dependent on traditional sources of energy. At the same
 
time, population pressures and shortages of fuelwood pushed up prices
 
for wood in urban markets. Appendix F shows the close correlation
 
between commercial and firewood prices.
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India remains 
 over 50% dependent on traditional or
"non-commercial" energy. 
 The Asian Development Bank estimated Indian
 
non-commercial energy 
use at 
about 120 million tons of oil equivalent
in 1978 (see Appendix G). 
 Growth in non-commercial energy use

aseuved to have grown 

is
 
about 1.7% per 
year since 1965, but 
no
reliable statistics are available over time. 
 Most of the traditional
 

energy is used 
for cooking and heating purposes in the househld. As
Appendix H reveals, the bulk of the non-commercial, household energyconsumption is in 
 rural areas. Wood, including logs, twi~s,
branches, etc, 
is the dominant type of houaehold fuel except 
in U.P,

Bihar, Punjab, Haryana and West Bengal where dung and agricultural

residues are of eq.al 
 or greater importance (see Appendix 
I).
According to the NCAER nation-wide survey, logs accounted for 43%
household wood consumption 

of
 
(in coal replacement equivalents). Some
positive relationship 
seems to exist between 
a state's household
 

energy consumption of 
 logs and its classified forest area 
 (see

Appendix j).
 

GOI policies 
rad financial allocations 
give high priority to
developing India's indigenous oil, gas 
and coal resources. Prime
Minister Gandhi, at the recent World 
Energy Congress, stated: "Our
p'anning gives priority to energy, next only 
to agriculture.,6 The
Sixth Five-Year Plan allocates 
26,535 crores 
to energy or 27.2% of
public sect, 
 development expenditures. 
 Of this, power receives 73%,
coal 11%, oil 16% and 
non-conventional 
energy 0.1%.7 When the 
5
million crores - forestry are added, 
the energy investment exceeds
30% of the Plan total. If transportation and 
fertilizer expenditures

are included, the overall energy-related expenditure 
level is closer
to 40% of the Plan outlays. These figures do not include 
R&D
 
expenditures.
 

Despite 
 the large investments 
 in power, shortages are
occurring in virtually every 
 state, with an overall annualized
 
average shortfall of about 9%. 
 Blackouts and brownouts 
are seriously

affecting industries and reducing 
the efficiency of energy, capital
and labor utilization. Industries are purchasing oil-based 
captive

power 
units to ensure reliable power. 
 Electricity consumption has
increased steadily (see Appendix 
 K) with agricultural demand
particularly strong as 
the number of tubewells increases
 

II. GOI Obiectives, Priorities and Policies for R&TD
 

The Government of 
India supports a broad-based research and
technology development program 
in the energy sector. The basic
 
thrust of this effort is towardc:
 

- improvement and adaptation of existing technologies with 
emphasis on conservation; 

- development of more efficient technologies for utilizing
 
indigenous conventional sources 
of energy;
 

- 8
development of renewable energy technologies.
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The cited report describes the needs and R&D priorities in the
 
coal, oil, nuclear, power, conservation and alternative energy
 
sub-sectors (see Appendix L).
 

The Department of Science and Technology reports that total
 

R&D expenditures (central, state, arid private) in 1980/81 on energy
 
production, conservation, and distribution of energy totaled
 

Rs. 8775.44 lakhs or about 12.5% of overall R&D expenditures. The
 
central government provided Rs. 7615.90 lakhs (mainly in nuclear and
 
petroleum areas), the private sector supplied Rs. 1032.87 lakhs, and
 
the state govermnents a nominal amount. Energy represented 14% of
 

9
 
central government R&D expenditures.


Two areci3 of increasing priority for R&TD are coal and
 

biomass. Tdiia has the largest coal resources in the developing
 
world with over 100 billion tons of probable reserves. The coal is,
 

however, of poor quality (unsuited for export) with an average ash
 

content of between 35-40%. This ash content is increasing as a
 

larger percentage of coal comes from open-pit mines. This ash factor
 

complicates boiler operativa and adds significantly to the cost of
 

coal transportation. India is therefore keenly interested in
 

technologies for beneficiation (cleaning), transport (i.e., slurries)
 

and utiization of low quality coals (fluidized bed, coal
 
gasification, coal-water mixtures).
 

With the introduction of fast-growing trees in the State
 

Social Forestry Programs and the improvement in technologies for
 

biomass conversion, the GOI is taking an increased interest in
 

research and development in both biomass production and utilization.
 

Energy is a prime fccuE of the "Long Term Plan in Biotechnology for
 

India." Five research objectives for biotechnology are laid out for
 

the energy sector:
 

(1) improved methods of producing gases and liquid fuels from
 

various organic wastes including distillery wash;
 

(2) conversion of lignocellulosic materials with biofuels,
 
SOP and chemicals;
 

(3) newer techniques of selection and propagation of woody
 
plants for reforestation, energy plantations and social
 

forestry (biomass production);
 

(4) development of novel immobilized bio-reactor systems for
 
the production of ethanol and methane;
 

(5) utilization of bio:eactor effluents for the production of
 

biomass, for fuels and for fuel purposes.1 0
 

http:purposes.10
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Prime Minister Gandhi stressed biotechnology research in her
 
address to the World Energy Conference in New Delhi on September 18,
 
1983. She called for urgent action in the following research areas:
 

(a) The appliLcation of new biological advances in biomass
 
production (e.g., tissue culture, protopiast fusion,
 
genetic engIneering, nitrogen fixation, improved
 
photosynthesis, etc.), particularly on lands not suitable
 
for agriculture;
 

(b) Photocbemical techniques to produce hydrogen to be used as
 
mobile fuel;
 

(c) Energy storage devices to make transportation less
 
dependent on oil;
 

(d) Photovoltalc devices to provide electricity directly from
 
sunlight costing 10 to 100 times less than today;
 

(e) Integrated energy systems to optimally meet a variety of
 

needs.11
 

III. Major Current R&TD Institutions and Programs in the Sector
 

The emphasis below is on coal and biomass, two areas of 
significant energy potential where a basis for collaborative 
Indo-U.S. research has already been established. 

Coal R&TD
1 2
 

India has a relatively large coal R&TD program focused in
 
Bharat Heavi Electicals Limited, with labs at Trichy and Hyderabad;
 
and the Central Fuels Research Institute (CFRI) at Dhanbad, and the
 
Regional Research Institute at Hyderabad. BREL is a first-rate
 
company with programs in atmosphere fluidized-bed; pulverized coal
 
firing; combined cycle (6 mw gas/steam power ulant); combustion of
 
coal/oil and coal/water mixtures !n small, oil-fuel industrial
 
boilers; pressurized fluidized bed gasification and combustion
 

The CFRI is a CSIR laboratory with extensive pilot plant
 
facilities for coal analysis:
 

- composite coal washing (40 tons/hr.);
 

- oil agglomeration plant (100 kg/hr.);
 

- low-pressure briquetting plant (1.5 tons/hr.);
 

- fluid bed carbonization plant (2 tons/hr.);
 

http:needs.11
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- fluid bed combustion plant (2 tons/hr.); 

- fixed bed gasification unit (1 ton/hr.); 

- Fischer-Tropsch plant (5 liters/day); 

- high-pressure vapor-phase hydrogenation plant (0.5 TPD); 

- K-T and Winkler plants. 

Of particular interest is their work on coal liquid mixtures. CFRI
 

has prepared and tested 20% of coal in coil and has initiated
 

stablization 	and rheological tests with coal-water slurries.
 

RRL-H is the largest of the coal laboratories, with over 500
 

as
scientists and engineers. It is a center for graduate studies 


well as research. Like CFRI, RRL-H has facilities for gasification
 

and coal liquids analysis. RRL-H is collaborating with BHEL in a
 

fluidized bed research program.
 

Biomass R&D
 

Major biomass production research programs were discussed in
 

the forestry and environment sector annex. The Department of
 
on
Non-Conventional Energy (DNCE) is also sponsoring several projects 

petroleum yielding plants -- one at the University of Rajasthan on 

Euphorbia Cathyris and one at NBRI in Lucknow. NBRI has identified 

22 promi3ing species out of 380 potential species. Latex from these
 

species has been analyzed by the Indian Institute of Petroleum, Dehra
 

Dun for chemical characteristics. A second phase is planned on the
 
the building
techno-economics of cultivation of promising species and 


13
 
up of a germplasm bank of selected species.
 

DNCE is considering a feasibility report on Biomass Energy for
 

Agricultural 	Societies, prepared by Hindustan Aeronautics Limited of
 

The report proposes to use non-edible agricultural
Bangalore. 

residues at major processing plants to fuel two externally-fueled gas
 

turbines.
 

area of research interest is the conversion of
The other major 

and methane through improved microbial and
biomass to liquid fuels 


enzymatic processes. The leading work in India is being performed at
 

the Biochemical Engineering Research Center, Indian Institute of
 

Technology (liT). They are focusing on (1) pretreatment of
 

ligocellulosics; (2) production of high activity cellulase; (3)
 

ethanol fermentation via novel routes; (4) design of reactors for
 

both microbial and immobilized enzyme processes; (5) conventional as
 

well as microprocessor coupled fermentation and process simulation;
 

(6) 	biochemical and physiological aspects of microorganisms via
 
14


molecular and cellular approaches. lIT is receiving funds from
 

DST for this research.
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In the private sector, Jyoti Limited in Baroda is conducting
 
research and development on small gasifier systems of 5KW or less 
that can operate on various kinds of agricultural residues,. AID is 
sponsoring colia' "-ative research and technology development with 
Jyoti Solar Energ. Institute and lIT (Delhi) in thes3e systems, which 
are being coupled to diesel engines for use in water pumping or
 
electricity production. Jyoti is also manufacturing solar panels and
 
small hydro turbines.
 

Other R&D
 

Reseatch on solar, wind and small hydro technologies is being
 
conducted at numerous institutes in the country. Leading,centers are
 
the Central Electronics Laboratory in Photovoltaics, BHEL and the
 
Indian Institute of Sciences (Bangalore) in solar thermal, and the
 
University of Ro(.i'kee in small hydro. The Department of
 
Non-Conventional Energy has recently established a solar thermal
 
center outside of New Delhi for testing and standards development for
 
solar thermal systems. 

IV. Current IJSG-Supported R&TD Efforts 

AID has two current projects in the energy sector. A 
Technologies for the Rural Poor project is financing collaborative 
research between U.S. and Indian institutions in solar rice drying 
(CSU and Annamalai U.); solar parabolic collectors for process heat 
(U. of Houston and IIS Bangalore); solar village field test (JPL and 
BHEL); and electronic controlling and innovative end uses for
 
mini-hydro (Boston U. and U. of Roorkee). These projects follow a 
model not dissimilar to the STI approach and emanated out of
 
proposals from the Indian side at meetings of the Subcommission on
 
Science and Technology.
 

The second project ("Alternative Energy Resources
 
Development") involves four principal activities: (1) institutional
 
and research support for the biomass centers at NBRI and Madurai 
Kamraj U. (see Forestry and Environment Sector);
 
(2) collaborative research and professional development in coal and 
biomass conversion technologies; (3) technical information exchange
 
on energy conservation in specific industries; (4) technical
 
information exchange in new and renewable energy, with initial focus 
on thin-film solar thermal systems. 

Both projects involve cooperation with the U.S. Department of 
Energy. Fcr the JPL-BREL project, DOE is providing SFC for the rupee 
costs. Under the second project, DOE's Pittsburgh Energy Technology 
Center is providing technical program management for the coal and 
biomass conversion components. 
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V. Constraints to More Effectin 
 the Sector 

Three basic observations can 
be made about the Indian energy

R&TD program as it relates to coal and renewables: (1) little
 
overall technology and economic planning exists 
that systematically

examines policy and research options. 
 As a result, few decisions
 
are made which focus research on economically viable, high pay-off

areas; (2) much unnecessary duplication exists within 
government

labs that for the most part reinvents the technologies developed in
the industrial countries; (3) very little interaction takes place
between the government research laboratories and private industry in

the planning of tests 
and field demonstrations, thus helping to
 
ensure that the technology in question will be 
looked at sceptically
 
by private industry.
 

VI. Sector Elements of a Ten-Year R&TD Program
 

Numerous areas 
exist where 
a useful long-term collaborative
 
program in alternative energy technologies might be pursued, i.e.,

coal, biomass, solar. These technologies 
are all keyed to India's
 
future energy development and 
the U.S. has a strong research base.
 
Yet a basic problem exists in structuring such a program. The

technological expertise 
on the U.S. side rests principally in our

private companies, not 
 in the universities 
 or national
 
laboratories. 
 The DOE laboratories offer 
a mechanism acceptable to
 
the Indians for interacting with U.S. 
private companies. But it is
 
probably 
a second best approach to direct licensing or joint venture
 
arrangements. It 
is also not clear what the balance should be in
 
AID's thinking between promoting Indian access to the best U.S.
technology at the lowest 
cost as a spur to development and our
 
support for U.S. commercial interests 
in selling and licensing the
 
technology.
 

The Alternative Energy Resources Development project has been

structured so 
 that a mix of U.S. private and public sector
 
institucions are involved. The Indians 
receive exposure to U.S.
 
private i.idustry and U.S. experience in coal, biomass, and solar

area-plus an opportunity 
to discuss possible commercial deals. The

project is just beginning and the specific work plans for

collaboration are not 
yet finalized. At this 
juncture a continuation
 
of the current technical exchange and professional development

activity 
in new coal and biomass conversion technologies, i.e.,

fluidized bed, beneficiation of lignites, 
coal water mixtures, coal
 
and biomass gasification/combined cycle, and coal and 
 biomass
 
liquefication, 
offers the best prospects for making a substantial
 
impact on Indian 
energy R&D policy and planning for major energy

investments 
in both the centraliz.d and decentralized sectors. A

coal and biomass workshop is planned for this fall 
that will provide
 
a basis for evaluating the feasibility of a long-term 
program.

Several U.S. private companies will be attending this 
meeting and
 
will provide a gauge as to whether AID can 
serve as a catalyst for
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promoting cooperative R&D, licensing or joint venture arrangements.
If this activity proves effective, then plans for a larger and 
longer-term (i.e., seven-year) follow-on project in FY 86 should be 
pursued. A reasonable cost estimate for a ten-year program of 
collaborative research and professional exchange is $15-25 million
 
including about half for research. An illustrative budget is
 
contained in Appendix M. A major coal or 
biomass demonstration
 
plant, e.g., for fluidized bed, could cost this much itself, and it
 
might be cheaper to undertake such an effort in India than in the
 
U.S. The Indian side would like such a visible demonstration project
 
and would probably be willing to put up at least 80 percent of the
 
costs. This option should be explored in the future.
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Notes
 

1 For India, the correlation coefficient (R2 ) for GDP/Commercial
 

energy use for 1960 to 1981 (selected years) is .99. The
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Petroleum Exploration Project, Sept. 10, 1982, p. 470.
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10 National Biotechnology Board, Department of Science and
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CHAPTER XIV 

RESEARCII AND DEVELOPMENT IN T11E 
ENERGY SECTOR
 

14.1 Research and D,,clop'ent (R&D)in,the commensurate with the total nci:ds of the ener.'.' C 

cessar I cd to nd secr, oth current nd thefuture. d ': " 

linke-d ,,iti the vnrioiis policy prctcrlitns outli,,ed 

4~ ce. c~all R&-D.nocess1111101117Sevr-,,;,rnmnc c:,tulopuc 14.4 The,eralresponsihilityMiniri~ses forntinsadi&D ir distributed r 

; R&D.pr~nmmcs, necessary iod.velop theencr'y Mdn:nrs /Dprtet 
inthe 	%;irlicr Ciapt'crs. It isnut intl.'ald, 

;nn)Orgy 

Scettr ' inte:d, R&D priorities nnl Ilcifie areais of In some of th sctors like coal 'oid oil. R&D pro- i 

bo dealt with keeping in view the overall gritmmnes arc fairly well ins.itutionlaisd. Fer example, c , ' 
thrust 	 will 

R& D 	efforts in the areas of coal I 
policy 	ohjc ive;. The Group is i ih,, vie,%% that in in repce of cua!, 

to tackle the coupl.nx technw1'jical p'nhlem. surveys, m ning, coal preparn":n. eCm, .edalt with rtOrder 	 on a stchMtntiahly mainly by CFRI. CMRS and CMPDI. In respy'ct of nd,4ift: energy .ector,< R&D effots 

In tli.. timo frurme ujil, ins'tilutc for Pe~rolerni Explo-ration., Indianincreased scale would he. e~sontiaI. 	 etc. deal I 
report, ' is clear that convenional Inoitute of Petroleum, IOC R&D Centre. 

considered in this 
of enera , t',e, ,VWi:lh n e,-coin .nerial w ith major prof.r.n m s in this sector. In the case 

our~es 
mjoni energy con- of nuclear power, R&D pro:i aninies arc welllstitu­sources will be the mainstny of all 

a 'flt
suming scclors. The Group iqcognit oi the impera-, ialI.cd and vrc being carri:d outby the Dc 

Of of Atomic EFnergy. In other sectors such arrng,: menls eoi 
tive need for dev,lopment of ren.ablo sorces 

rh- di) not exist in an adquate measure and n., a con­energN and their pftentinl rote in Iiure, The'l ,ic 

thrust, of the R.&D effo~rt should tio vriiidt to)'.vnar(. : seopieneec, thce IUD activities havec not rceied 1h11C 
needed altention. For exampie, R&D progr-mmes ill 

-. improvements and adthphir'n ofcising th power sector are inndequate and do not rtlect I 

- eehnluis with emp ei c'ionservation , the priorities needed it)ensure optimal production h111, 

- deve!opmcnt of more eflcient technologies nnd eflicient uSc of electricity. In the area of 
for utilisin our indi.'n vsn i,lionil alternative sourees (,f enery also, there isno irSiti- flt 
sources of energy ; and ttutional set.tip. It is,thercfore, necessary to develop Ali, 

development or renewable energy techno- proper institu:itoin- aran gemcnts to promnote R&D in JOrh: 

logics. a, cnordin;ted m'ner keeping in view the pr'ioiics 
b.oil, 

14.2 Coal will continue to he a major source of Of the (:Iev s.et 

commercial cne.-r' in the forcse.i',:le ioire and as R&D Ith Cml s:!or , lit. 
such, programmes th:a: enhance its prodc.tion and "hou 
-promoteilsellicicnt utilisation in all the Xn.e:,ming 14.5 R&I) rclir.innts in the coal s:ztor rang lg'.' 

sectors, should receive hi.h pr;uriv. Iilh oil sector,R 8: D priorities should bc orient1 td 	 fromlii methods prodtiion and introduc 1iiiioviinew of 
tion of new toeehnr)oQu. o coal-mining to better and 

recoery from the oil reservoirs :n.l 'llEiant U,iliaien 	 .th,,,of iso V" 
mos , 	 .fd h,,usehol din.,ult,,,


in' ao scctor'; like t:':,;port, id sry in ho seol 
n's well .is towar~k itlrfuel stih,.ttto' ior wvherever erlI4,6 R&D activi ivs in tihe fizld !f coal-miningl Pleflt
feasible. R & D pruo-anmmes in the che' tricily :.eutor rue', 
\will have to a with or coal. Th. sci:,:,-es presently in progress . ton.S.have high priority inconsonaiec hion 	 CaW 
the' power prormimnie. In the area of alternative f , ' m pe i poc m techn 

ener, sources, ,R&D efforts ' th, fields of solar 
 relaI 	 to improved mining practic..s designed $0 Wr" ener-.'csrR&
SO~d esh dn l f~il Of increase recovery of coal and protec-t reseurecs f!7,, e
 
energy 3nh b a ..p fire hazards and collapse of mines. The c0 lin-411,A
 
in viLv of their vast potential and their relevance to prnc'rammc cnvisaeed for the: future is so large M
, ...rural energy programmes. . 

Sit 	 is necessary to develop large mines with requigw t 

14.3 Over the years, attempts havc 1ccn made in capabilities. This would require developmentf ndit
 
the country to build iup an R&-D b:ie in the energy mining ccnolnpy and use of larger and t
 
sector. However, the Grop feels that thn is not sophinticated equipr1m nt. It is neeessary to hC
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adled review of the presci, status carried out, to should be draw,, up keeping in view die exten.t of and.niify what further inputs MN, be required in this the (inic frame i which the nas and oil produceda. .afrom 
coal would be required to play a role in our 

CIerlly econuny.14.7 Considerable R&D work ha; ben !:'n infheld of coal beneiCintin by , fCRI iand lZ'gnun-r I UD&in Oil Scorearch Laboratory at Hyderabad. A few R&D,cines covering areas'oof spheii gg rur t 14.11 Thc main thrust of the R&D elforts in 1ih,..1, better recovery of coal riom ww'hcli s, - il s.icl.er w%'ili hae it) be on enhancing our expltr;t­oof rejct.,, from benctici:ntilt Ipl.ri:s are pr .,lltl I ,Iti'n bii1.1, m1i2xri/. tioi of yielu front ,1 rc;,.r­progrc.s'i. l-owevcr, the il, t,.art. dill,'t u ..m;,,i.' and Vlli,:.|tIulifi'atiolj ill all the Constiningmuire more cmph ,as',. The G...up 'eeL.i ,:It t :cctrrs. In th are.u of exploratiuan, the lstitute oUfA..ieated aIpproah %Yruld b, requir 1 %:tin C!e P,'rtlcuni JExploralion has been set up at Dehradun,kvement of the user indust.i- nol only to ufp;Ceale to carry out b..,ic and applied research to support the 
Liv bee d 'aelt, at ti e ph rl n.i!j~n technelocies wlich have ben dvelol at explrion programm.2 and in understanding the.r, ,:-y level but also to explore Oth,.r proriisi,,g ttivir;vmrnt of the reservoirs. The Institute has been: uilUs such as froth flotalion. oil -gelo;-mcralin cariyvng Out Studies relating to sedimentary p'cesseschemic:,l deninralization. . ::d Jelta frnm tiu , oil g,:ner.ttion, migratioa anda"u.if' :rtior'n,pr n ion and rcserv0ir pi-einms. It 

.m.],Hr production arid ,upply Of r,.ativcly , - h;,s also been working: on indigenou) devcl!pile Itof'.o) basd si hok.elcsd,ntretiu fuel.s. file niww . t uipnL'rt revquircJ for oil exploration :nd devlop.~.,:Llr,: C ,,rbon:zath)n LChnil1 is coidW,:1:rld a mlerit (rf snphsi,:r 'd leehrrlqeCS for rcr16hrrg gelogi­q)li,,n. I v CFRI ,lld %Q,., I fI)lerah, lh;;v 1.,v..:plysical arnd Islrvoir prblenis. Ihe adequacyi(k,.rabh. Rei.D experience in this lild. Iuriter of tie pr.sent elforbr: nced to be reviewed and they,, equircd to develop less exp,.nsive iecroin- !lave to be reinforced and strengthened wher r neccs­
s.ary so that the expanding exploration activities re-

I v Rm) .fforts in tie field ot co:.l comrni,tlr, quired to locat, poteidal oil and gas reservoiri in tihe' , peCt colrry art adclurtiely supported.* 4.12 hc:'rlvIi riL ec of tcehl irii s fo~r 0le irtOCo.is arc extrcmely ilnp.'ualll 14.12 Development of scondary and tertiary 
relevnnt .,r" tie energy economy. Initfiis r. ard, recovery technologies is vitally needed to ,ttaxinnise!,,d bed combustion otters con,'iderable promise, the yield from oil reAirvlr, AnI htstitlt. for Re;cr­.,.vl, iois underwiv at CFRI, C.lERI. RI., voir Studies has been set up in Ahnredabad nraiwtly.nrid BIEL rnd there -is hx.: 1 :,cnii.:n'!,O- to pr'ide the R&) hipl)tits necessary to develop SuchA, ll-tn 1,.r hour exler i: crta I fltidized methods,. 

1.I,, bccn dl.'eloped and t , d bv 13 HE17. a ddid 
a, ei. made no tupsv:a! rIl: %type o' ,,,,t, 14.13 Ili vi oft" the fret that the demand for(.nr l) fv. , thnrt 're R&D efforts ini ,hi , ri.1 middle distill,,,:s is large in our country. process 1.1be rcv'evwcd and intensified so that the te no., tcchnlogies to Upgrade lcivier fraitionq such as 

,. :u.:: :ly dev eloped for trsn, in 1i1,, ,,.¢ L.511S to distillale products is of considerable impor-_alto Iuili)O~Ver Sethr, -. tantrce. A .ichcnie r csrinblishing secondary proces.ingfacilities is already in progress in a number of
I 110'' 0"h10gs for ga',4icatln and !}qt-~file; Reie~s h ' o up w udL o"f Rc.ncr.e5. Tho Group would likc to emphasise thel Maen,eineennsidercd in counrecs ith need for R&D which is directed towards optimising!frI coal re:rvcs in the context of findii:g a such process technologies,

,,i , f..r oil ,,r -­as and en it:-n ental cons lkra­ilr: Grr.,i feels that the.rclc~aaicc of these 14.14 The Group is of the view that R&D efforts- India needs cr"rcful assessment, R&D in the sphere of eficient utilisation of petro..m have.,l;:tirri± col gassificition on a rnn'desi sale been very inadequato with the result that sieltificant19-!p r:rred. y CFRI, RRL Hyderabad and technology gaps have developed, The transport sectorf,. On the: question of liquefaction, recentlv a, which i a major consrrmer of liquid fuels should aim. -,,d:.' ''F the proceses available for cor,'Cr- tnt a much higher clicirency of utilisation, Automobiloit)ltoell and. their conomics under l'riiarn ciino and vehicle designs need to he crnsiderablv, h: lt,,!)con madc, The Wt-rrn 1, Group fcet, im.proved, In dvn.r ed countri, tile perforrmance ffit .r.. ((.r p. iing R&lD nefr'il . ite inl heer nlcom.'s, ,.n.ngines has shown mntkd1ro4.r ru c nditions ,itildI irt 'c e carlv lrnprov ene t while illhi ndin very little progress seC01S-:d J1r .ilch. a comprhclsive pro"r,,morc to *hv.. ben made In thisdirection. It is also possihle 

--
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to develop transportation s)stems which would 

,-be optial from the point of -view of Cergy consump 
tion. Considerablc R&D would be required iiT thclc 
areas. Institutional inadcquaeiCs would also need to 
be rectified. 

14.15 Inter-fuel substitution in the transport sctor 

is important from the point of view of reducing the 
reliance on oil products. The areas which should 
receive attention are the development of battey 
powered vehicles anti the possibilities t' usin fuel 
like alcohol and produ:cer-gas for transport vehicles, 
R&D work has bven initiated in a small way for the 
development of battery powered, vehicles.: Tie adc-
quacy of such efforts need to be examined with a view 
to identify tm. suit'il, technological option. A battery 
powered two %%heeler is under development in an 
industrial undertakin,: in the State of Karnataka, 
Battery x wowied bus,.. for city use ond commercial 
vehicles for .hart range :'r!icatiens show tseon, 'niic 
potenial w:th further dove.. Imetnt, 

14.10 	 "The use of alcohol-run" internal combustion 

engine, ha been rlsued in the past and the technical
featsibilityv of running automobile engines with"blended 

ptrol is reasonably well established. An intermini.. 
terial committee in the Ministry of _Petroht:m &Chemicals ikcurrently examining the various issu:es 

connected with tileusc of alcohol in ile lran;r'orta-
tion sector. The Working Group feels tl'at dccpite
the fact that there arc many compl.,x i,t..nwv'ses 

requiring detailed exanination, from tle Iorg-r.,rnR 
point of vkw. extensive R&D Mlor:*rt.; okvcrin tpli-
mluml 	 bkends fi~r u;e in ,exi'qdntl! oft' .'',.'t~i.' 


new ce..ines to run entirely on nknlhd, mISCo,"cihenol 
and methanol in diesel engines should be undlertaken.
The.r. are .'.ullieLimn indlicatlions !::t rem," new "ur:-

tchn,)i:gics rvsca rcl:d 
the world may rn,':r production a'd uilizatio., of 
cunver =n being all over 

alcoho'l much iai~r' : ti ractive thun is appalrent now, 

14.17 The potcltial of hydrogen as a source (f 
liquid fuel for lh, trnsportalion ,eti'r ,hould be 
kept in view, al:hu'a.h it is very v:ilikely thal its,""Corporations. 
prot'ntialities can, be realised within the nest two 
decade . R&D programmes should be ,;trpored at 
an appropriate level so that the nece,,sary capabilitics 
could be gradually built tip to be wijisd whenever 

the use, hydrogen becomes technica!!v and ecoo,,-
mica~lly viable', 

R&D 	for N:ielear Power 

14,1 9 The Research & DevelOPP1,1i activities for 
nuclear power are primarily carried out at the fhahha 
Atomic Reseurch Centre at Tromhyv and in iepcet 

C-25 
of fast breeders at the Reactor Rsarch Centre at 0,1' 

.. Kalpakkam.oAnumber-of-test facilities, have2bn ,. mni. 
set up. A 100 MWe thermal research reacitr i under 
c6mtruction at BARC. The Fast Breeder Te,.t 

Reactor (FBTR), un.dr constnuction at Kalpal:k:im aul­
will scrvc as a facility for developing improved fuels t'i
having high specific poer and bcttcrbreedig ratios 

: 

and material deveiopment for fast breedcrs. Studies i., 
are in progress regarding the feasibility of using th,.- 't 
rium of which large deposits exist *in India in th, at,1 

existing heavy water reactors. This will nlso provide ia 
an altetrnative to the fast brcder reactor r,,uli in t0 ' 
ea.se the breeder- development gets delayedi for aly I. 
reasons. Work related to U.z3 siparatioe is also in 
on hand. While the technoIogy for fabrication "of t,.' 
uranium fuel elements has been well established, fi': 
developmental work-for fabrication of, thorium pius 
U fuel and plutonium fuel is also being carried 
out. If the technological feasibility of the fast breeder 
reactor systen, parictuhirly bned on, 'ih. thorium
 
fuel cycle, is established nod indignnou capaiiilities
 
adequately developed, a much lar~r nuzlear pro­
oramme becomes possible, particularly for the period
 

beyond the )'ear 2000 AD.
 

R&D 	inPower Sector 

14.19 	 The large programme for expan~h-m of the 

power, sector envisaged for the future requires the
 
dcvelument of technological capabilities and R&D
 
ulxr on a very big scale. 

R&D 	in-h6 power sector falls into ti.following

;te'garles: 

(i R& ncerning tltipmc t manufacturing 
industry anid sysl.'m engineering including
development of new designs for equipment, 

devel!opment of new material% 2nd techno­
logical practices and systems to ensure better 
perforrmance andi higher reliability. 

(ii) 	R,:D oriented towards solving various 
operationnl and nialntenance problems faced 
by various State E,,.tricity Boards and A I 

h 
(iii) 	 R&D related to power system planning and 

operz tion.13F 

14.20 	 With the owth of capacity and the inter­
connection of systems first on a regional basis and
later 	 on an all India basis, n'ew problems have to 

be faced which require considerable R&D inmany 
aspects of power system enginecring Concomitant 
with these efforts, there is also need for the deve­
lopment of facilities for manpower training in the 
sophismkated nreas of automation, despatchi,,, Ioad 

1od
 

1 



i-line computer control, 9ysteirt simulation, ind opti-
"iswjioin, system dynamics and systcnm protection. . 

14.21 The' investment on R&D in the power sector 
ounting to roughly,2d croros per year his hurdly

iv bearing on the size of the investment in the 
,W~r 	 sector or on the burgeOning problems.' What 
niore, much of the annual R&D outlay is actually 
.nt on ro ut i ne o p er 's a s q u ai co n trola t io ns u c h ,, l i t y 
d testing and with a few pexcetimos, not eootugt.
bovative projects have been atlempted. The (;roup,
refure, re'ommends that necessary' resources %lh)tild 
allocated for substuntially cnianced R&'I) efforts 

th,1is important sector. A concerted effWrt is iivdtd 
build a proper infrastructure and inbtautional 
m,.,wrk for R&:D act'i'iies in this'aimprove 

S14.22 'The Group is of the Viw it significant
R&D inputs are rcquircd in the follo., ing ar-nIs: 

(a) improvement in :he methodology of load 
estimation and forc,.asting, pXNOe S 41.16 
planing including site identification, cons-
truction and project management techniques ; 

(1) improvement of the reliability of power 
systems ; 

(c)improvements in power system protection 
techniques,; 

(d '11finlititul of system economics, mV0,,,res, 
for p' ,wer tr.nsmission and distribution in the 
low load ,reas. particularly tile villwa,.-, 

) ,%'fiware foir problems in poiwvr,.leelopntiwIt
y~iem , lperaticn, 10:11 flov, short circuits, 

nvervoltages stability, etc. 

*' f)rese:ir'.h in th,..problems of integrated r','ra-
1:,in
of power systems 

I'selr. training 
control of power syst.'m, and 

,..: and i on-lhie computer 

0) research on L IN,' trmnsmission and' HVDC 
tcchniques. 
...t.dpla .. nowrhexist 

solv1vd invl 'ing the Central Power R' earch 
tlue, the C:ntrnl Board of Irrigation and Power,
T. CT"A atnd State, Electricity Boards. 

'v Consenatoln 

23 'The scope for energy conservatinn in the 
rial agricultural, aciik,, transport,eato sectors.:- va.,, and n .. ik.indeed... 
.a st.R,rictiVts relating to energy con erva.mkien: t-,, less'cnergy intensive orc deve-ndt ri \nuldthem involve improvinig sing 

loping. new less intensive, proccsses. ueenergy 	 lc 
approach to be adoptcd would depend on tile specific
industry. It is necessary to review, each, major indus­
trial process and identify the R&D efforts required
 
to reduce energy consumption. As part of this exer­
cise, the possibilities of substitution of" coal for oil in
 
various industries and the' R&D rejuired for such
 
subs.itution s'iould also h,id.'ntiied
 

i' -zc,tu. c i" o
I 
ii the afrieultural ,.ctor, the e1iZiesies of 

. uriCUltuilh pumips commion.) being used are pour

due io hoth desien and manufacturing dcfivittzies and
 
' P nohlr-iup t Tre ,
r ll' 


filr ,,ignitleuti in)provtinent and therefori aiteitlipis
s. 

should he made to identity R&D inputs required to
 

energy use in agriculture,
 

Alternath'e Sources of :'vTrgy
 
1425 The 
 Group took note of various alternative 

sources and their polential applications. Amongst

-the atternati'ves, solar ciergy (direct), wind energy ant)

bio-mass appe ar to be arc.ts of hligh priority and tho.re.

fore the Group feels that the basic thrust of thc R&D
ioport should be directed towards developiicnt oftechnologies that apprepriatily harness these sources
 
f e1
of echrls/. 

Solar Enegy, 
14,26 R&D in the fild of ;solar energy is being


pursued by 
 a number of acadamic instiltinris,
 
VNtoatl L Air:,iiris and a few indu-tries such vi
 

Bi .,C ,,.l) ,etc. They cOver a nutbilher of
application area-, such :1.water heatint., grain dr. ing,
refrigeration, cto)'kng, space heating, pumping. pFower
generation, ¢tc. Rcscareh efforKt 'n inost areas havebeen mainly ,, the lahoratorv level although some
 
devices and ,steirs have reached Il,,
st~mge of
 

demonstration aid tield, testing. Conimercial activt
 
is yet to develep in any silinificmtscalc.
 

14.27 Although a coordinated programme at the
 
national levcl has 
 emergl d, certain inadequacies


in respect of engine'ring and fNbrication support
 
to R&D projcts, institutionul arrangements and

xter-,;ion activity. Wilth he groundwork alreadv laid,


it is now necessary to determine how best th e.XiSt­
ing capabilities could he mobilizcd and furthcr streng­
thoned. The Group recommenis tihIt fieCld
extensive 

t'slng and demonstr:lio:a of tc hnolngies which are
 
ready shoud be Undertaken on a country-wide basis
with a view , promote their use, Solar energy.


devices pothret ope~rationsi .....
•... ...for post-h:ryes... on aiand. photovaltaic . .. . 

system. are areas in w...
has beencost-cffcctivc,don;ebut fu thcr efforts R&D work....them Phdtovoltalcs are n.eded to whcreis an. area m ke. 
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a break through might occur in the foreseeable (he enerey need in the foreseeable future. RcscM"'
 
future. efforts directed towards identification of fast gro7,,'­spccie., r tth1cOds of increasing phoo-),'ntIe!iic :r, 

14.23 One of the rn.i"r diawback o: iome of the cicney and dcve]opmcnt of cost-clecti,,e procs,,.cs u:­
renewabic scures of encrgy is their c-. clc availability. lising bio-degradable materials for producing fucl;-
Development of energy stora. ,.S :st,.'s is eISscn'lial gascc-us as weil as liquid deserve higih priori:v.
 
t) USC s(u:r"LC; ,Such ias S;O:i c,:c' y anJ %i%:,(l
cncigy 
according to ac2:ds. "rhre i, 'u'g t ee,:t t ,rnglhen 1433 Miny hio-conversion [ot.C, are h, 1,: 
the R&D elI't, in thi a',ca. searched. The choice of bio-conversion toutc .ii*:Xn:' 

by thre physical nature of the material, I:-, LCi)'I,',i . n," 
W'd En.r!y mic viability and cnvircnmnental bencefi- " h, hic: 

cal conversion of organic wastes by m:erahic d, 
o.ot'.ni on :on 

wide hss ji, ,. to be asc,'t! ,corily. he av;!il- already in progress. Although dI bio-pn pro,,am: 
able daa iiiliea'e, thnt the r'niisirr t,'i with bascd nviinky on cow dung I.tn!, puaictul wi,', 
good wind .'c:Ly peutcni:! re the catal are:s of suiarablc cmph-rV,, new tcchniqu(e . ro'tur. , 
Karnataka. iurjarat. " ... ,,', . Ritjastian a,1IJ uti!ikc otier types If solid maicria, I"e 
some hils a,..,,. In die intcr.r of the country the was:e,, ant! agricultura residues. 
a'c'rage W.'it v,.. itv i,~,~..,.!: low but there 

14.29 The jlf wind cncrvy a count'- pioccss is an area where cormicrabl,: R..i) 

appe : to be c ,,r , • :rid , .rin "th.: 'y or m onth 14.34 The tcchnM oey of bin-!m r ,ducticn ,' 
and this w,'uld '... !eP.a !i~i ''" *1 ' ., "'.', \i .1 anin l d t:a is fairly wcil d':cl d a . a p . . .;':. 

die wind xc.',citics arc ,,:li.i 'ty)h:'2'l. tu ,ake tx paru0.r," bio-gas plants hased on e km vn t.,,id 

Mill in tall:i:i1n fa Ibe. --. f'Izt ,.: more detailed no;ory I, in prrnrcs. 'Fire nrc ct i. c'z.v 1, 
Wind data c~ y re-ir~io. 1:61%'... frc:u.:nCV cow .uc m.niy indivith l eflXrt t. IlI '',d .ih 
distribttitini. :': ,nal ajt:.,n,, etc ., :dlie1, coll.c- pro.r'm ic ias b-nefitted ind'i%,dtu:l i.iiiic, 
ted and die 'A d cnergy :'teia!I' -l' dh'.l. C's,, s- i::in cntc ',ry in rural aieai;. W hile -h- pretcnt pr,,r. 

,.me lh.i scrvl lie need of hrin ineti c . 'i ,l. 
to the rural irea,, , i s nMt adcI i , hi'r ,.1

14.31) In : ,, pas. f.-.v . . Co,,idrn ,l pri,.c,; C; 7se ,le hi-c p.atuntial and achieve he ohiect. :c 
, ' , ' has b eton n - . in !. L'I ''h','iV (if . 11ll i n the bc c:'t, reaching a larger section of t!i, rural ,,,i 

many wcs' 'ri c, .ntr',. :,, . 0..,'. th, dL1t, 1en1I.1:, niunitv. "h,:re are a number of scicn:it :, fec ,! 
not be for In lin;a c:,lditions witl'o-il modi- and socin adminictrative problen to be rc'ied 
fication and 'it!i tr tion. Scn:c %Ot',d mill 6'siens h.rn:: 'he Itin-gas potential and nt.k: it an ePt.e , 
have been bt~r ,,.' ac nt !he energ'y_ cco:':"'...\ n:tor::..- ,I.'ed h,,.v q:t,,,td', :iye. i,, :comnp, a rural 
co,t- !T,.,c i. .-. i:Ie " .. ,. -ire ii v,,t pr, ..i. lev,'! caor, natcd R&D prorramni . pi,...r lv 

propres .o find sclutions to some of ht ba e 1
14.31 Thc :.tional Ac: :' L allahiorv which lem.c. The main ohjectives of th ieproerami-t are
 

had d,.v'lopcd t'1c h-,rit ,. . w;nl mill ..il fici imp-or,- :he , yild, reduc'e co,;v,. ince,:-se : ili
 

tested mnanv. ua'' h} r C ''l,'t~tfiii 1t *t,,', c, lpl.' lIri.. r rFx: s far ,:i:'v,:c kli, ,,, d k apa
evolve :o eaae-eirc.'iive J.:,:1 ;( for Indian non- dt elop celaper bc , ,tawe. and othergas applr:o, 
dition, part,cul,irly tor pi nrpi l,,7'.t , . Ht' .e study t'e socic-conomic impact and ;alr -.' , 
wind mills thit could he m..id lhvilv in r'ar:,l :ras rran,:nmen's for community level p ,.Iit, 
are hmin irns',:igaid. Wark is al!'o in prcerc; on pace of Ihis progriamine has to he accclcrate:, ano 
vertical ax:i, wind mills for evoctric;ty generation as iwell has alo to he given a thru:' so that the effort; canr h 
as for ptnipitit! appl>c.aiion A f",!d Tc, tin,, Per.mi., concentrated in Nome of lie more imFortant arca-.. 
of wind mai!!• it Gli:7ipir in I '. hi; given :',-c,;tro­
oig resultI. All the. hii '. " vd fitrtr i&I", ctmv, iof into) 1,5s in bi-ma,,, fu. 
sind enLrev could hcotnc o .!. rk ve in ii,iv par,,; pyroly,i,, , p, ccss of deqtructive ditilLioi ,.a I. 

of the coaatrv parlicularly i th, pattern of a-_r;CI1I' nr out in a cioeed ves,;cl in an anwpherc dcvtid of , 
could be atdapt.d to quit the. wind conditlioy'. Sell. The gases produced are usuallv a -iixiur:, c 

hvdrogen, mc:hane, carbon nicnioxide. carhon-diaxid 
Fuels from BiI-,t,,; and i,'w ,r Ih-rocarbc n. Tie liquids re cl-like an 

thc slil, are similar !o charcoal. Sever.1 ver;ailc PIC 
14.32 The iudics or thc Group underline he tin- cce, have been developed capable o' uving discr 

portance of ciontinutance of foai)wood as a setrce of feed--ocks tuch as coal, tree bark. waste timber, ric 
fuel and the need for reliance on bin-mass for m etir, husk. rhar, watc with yields of as mach as a hatre 

sA ll-abk ..
 

http:o.ot'.ni
http:procs,,.cs
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oil for each tal of et bio-mass. There arc also 
Ihcr possibi.:ties of using urban waste .;o gcncr.te
cctricity by ljirect combustion. In fact some wcstern 
,untrics are ;.lready using such techniques ol a cor-
crcia scale. Producer gas units based on wood/char­
,al needs to be revived ; R.&D iuputs necesary to 
.v(lop cost elective units for rural application shcuhd

identified. Liquid and seous fuels can also be pro-
ccd from bi.-mass through the f:rmentation prces.;. 

cshsearea; ned intesive study to establish their 
,he I-dian ener, sccne. 

ecentrilised ntegrmted Energy Syseras 

. Theossibility of de tralsed energy pr duc-
d
,.6 The assiut o f ecentralied erd 

crv, ::trio,. s consideraton oar iculariv for meeting 

_.r. nc,:ds 
or the disperd rural r.,)uiation. Such 

nsvise m-kenercy prubten,would be bored on 'k.taking account ternall approachirto available, 

:rey resources o a given locaticn with particular
ohasis on re:w and rcnewable energy technologiee;.
st rc-.earch on ernatrv. encrgy sources has con-

rated on s te sourc,:s like sclar or bia-ga s or wind 
Qco-thermal and oftrin a sing!c application of tha, 
ree The ine:rinitton nat re of some o the sccrces 

solar, win' etc. is one of the mnajcr problcms in 
.r ffcective ut::asation. Howe, er, combinitz scer:al 
.r,'s might wp.;o , :hir .robien ,;' in-.. a:c 

V,,vston rn.... I RL-) to e'tablish th, fc-asi-

i, of incgrtcd systems hI-sedJ solar, w id, bi-
on 

irod min;-lvdr j v.herever available. will iav, hie,' 

LtrL','cn :i_'.ousi'v. The ,c ' z such incrrated 
'm..em''. he ,t ieh n .:b.,a'n ,situatic,.., bu: it 

:,oro ,d :hat such : 'cc.cs ; .shcIild as far 
(,hle be 'nple and main'. nanCC requ~rcme:,i: low. 

It is necessary to take up a few pilot scale studies on 
integrated au'onomous energy systems in village situa­
lions, including studies on socio-administrative prob­
lems and institutional requirements. 

.,Applicarionot R&D Reselts 

11.37 The succes, of the R&D programme would 
uiimacly he dependent on the application of their re­
suits for regu!ar use in the energy economy. While the 
appi.cation of the results of the R&D programmes would 
prc'idc comunderable socio-economik bcnefits to thee.noMy, only a fcw prcgrarnn- will lead to direct 
nmonetary savings and profis in the near term. In the

absence of sufficient direct motivation, difficulties wouldbe faced in poptlarising the application of the results 
from R&D rograrnntcs for actual use. In this cote, 

' '
it would be necessary to consider monetary incentives 
anLte
a,-d oteZnue1nuiai zdrgatoryand m~srsto ex­reulator inasures t xtent ihe results of the R&D activities to the field. 

14.38 The measure; o be taken to solve some of 
the problems being faced inproviding assured energy
supplies in rural areas have been dealt with in the 
earliecr chapters. Considerable R&D input; are requir­
c to make the present pattern of utilisation more 
efective .nU evolve new svst,rrls for application in the 
longer tcrm. What is crucial irt developing rural energy
systems is the follow up action required ;c propagate
and p'pularisc them for Appiication. Such 5oijlow up
action througl appropriatc extension programmes
should forin rart of the overill R&D programme to 
ersure that tie bencKtLi of R&D activities ultimately 
reach the sections c9 population for which they are 
intended. 

'C/79- i5. 
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Appendix M
 

Energy
 

Ilufjtrative Breakout
 

Research Technology Dev. Total
 

1. 	 Combustion 9 6 15
 
--Fluidized Bed 5 5 I0
 
--Coal Mixtures 3 1 4
 
--Sterling 0 1 1
 

2. 	 Gasification 5 5 10
 
--Combined Cycle-hotgas 4 2 6
 
--Residue Gasifiers - 2 2
 
--Advanced Pyrolytic
 

Approaches 1 	 1 2
 

3. 	 Liquefaction of Biomass 1 1 2
 
--Enzmatic Processes
 

for Cellulose I
 
--Reactor Designs 1
 

4. 	 Beneficiation and
 
Carbonization 2 1 3
 

-
--Any Methods I 


--High Ash Coals-

Oil Agglommertion 1 -


Carbonization of Residues - I i
 

TOTAL 	 17 13 30
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ANNEX D: BIOMEDICAL RESEARCH
 

I. Overall Development Context
 

A. Background
 

The interests of both India and the United States in
 

research lie in eventual application of new technology to development.
 

This rather restricted objective must be kept in mind as a new Research
 

and Technology Development (R&TD) program is considered because the
 

which drives R&TD in general is energized by challenges and
engine 

rewards intrinsic to the technical field its..if. While it is wholly
 

appropriate to maintain a development-oriented focus of S&T in the health
 
1
 

sector in India, care must be taken to harness the energy of the researc
 

community and direct it toward development goals without stifling indivi­

dual interest and ideas. A successful R&TD program requires the active
 

participation of the truly talented scientists in the field, many of whom
 

may be skittish about participating in a program which does not acknow­

ledge the primacy of technology.
 

In the health sector, one point where development and tech­

nical considerationj may balance would ta at the highest Indo-U.S. joint
 

group where senior development and technical personnel could jointly list
 

the goals of the program in development terms, describe the broad para­

meters of the program, and determine the general rules of play. Once
 

that process is complete, it is impvrtant to let a technical group over­

see the technical activities. This once removed posture is essential,
 

for most development experts are not qualified to judge highly technical
 

work. Similarly, most technical experts cannot broaden their technical
 

perspective sufficiently to see the development picture. Success will
 

not depend necessarily on educating either group to the other point of
 

view.
 

One re,sonable set of development criteria which might be
 

are sector and Asia Regional
proposed as a starting point the various AID 


Strategies in health. For instance, R&TD directed toward causes of
 

infant and young child mortality and the burden of illness in the
 

workforce (including mothers) would invite discussions about which
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disease areas would war.7ant attention. Among the prominent causes of
 
infant mortality in which R&TD may contribute are respiratory disease and
 
low birth weight; of young child mortality, respiratory disease and
 
diarrheal 
disease; of labor force morbidity, malaria, tuberculosic and
 
perhaps blindness. It is important to consider both the magnitude of the
 
problem (for a developmental justification) and the potential for re­
search to contribute to a solution (tetanus, for instance, 
is a major

disease, but an immunization program, not more research, is required for
 
solution).
 

The potential exists for a mock conflict 
to arise out of the
 
prior documents which iden'ify research priorities. The AID-sponsored

meeting at the NIH in December 1982 to list biomedical research priori­
ties produced a document which is heavily biased toward technical issues
 
and neglects the development imperative. The list of priority areas is
 
the technical half of the picture. The same criticisms could be directed
 
toward the e-ccellent reports of the Indo-U.S. Subcommission and to some
 
extent toward the recent Indo-U.S. Science and technology Initiative
 
(STI).
 

Biomedical research in India is a fairly vigorous field. 
 Of the
 
four Indian scientific publications which were cited in the inter­
national technical literature fifty or more times (the arbitrary cri­
terion in judging "significant impact"), all were in biomedical (or
the 

biological) 
field, although only a minor component of the government R&D
 
budget is spent on biomedical research.* Thus, the argument .ould be
 
made that the biomedical research field is relatively small but rela­
tively high quality, and biomedical research may present a special case
 
in planning an R&TD program In India.
 

Because research in the health sector was already fairly well
 
established when the new Government of India 
Department of Science and
 
Technology (DST)-sponsored initiatives (including STI) were started, 
it
 
4s difficult to describe the overall picture. In general, the introduc­
tion of the DST programs provided additional resources to the more basic
 
levels of research which sustain several disease-specific research
 
efforts. Good coordination exists between the established medical
 
research programs undertaken through the Indian Council of Medical
 
Research (ICMR) and the newer S&T research programs.
 

*As reported in an article by Praful Badwai, "Myths About Indian
 
Science: Some Unpalatable Home Truths," Times of India, September 20,
 
1983.
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B. Major Constraints
 

1. Capital - The general impression from several sources 

suggests that capital, including a reasonable amount of foreign 
exchange, is not a particularly limiting factor, although one 
successful investigator hoped we would not leave with the impression 
that Indian investigators were flush. The amounts of rupees 
available to individual investigators through the ICMR are relatively 
small compared to the amounts expected from the DST research award*. 
Laboratories were largely equipped with equipment of Indian origin, 
which was adequate in nearly all instances. Foreign eyhcange is 
available apparently for essential items which are not available in 
India although many said the hassles in customs clearance and other 
bureaucratic issues were difficult to overcome. 

2. Human Resources - It was difficult to assess the 
availability of human resources to man a research program. Most 
laboratories rely on graduate students .(especially M.D. candidates) 
for manpower in the laboratory. There appeared to be fewer 
senior-level technicians per investigator than one sees in productive 
biomedical labs in developed countries. There is a limited number of 
truly talented and well-qualified investigators, although those who 
profess to be medical research professionals apparently do not devote 
any time to the practice of medicine or to demanding administrative 
jobs. 

3. Policies - In general the policy climate favors an 
advance in R&TD in India. The existence of a National Biotechnology 
Board ahould greatly facilitate coordination among the several 
sectors which are interested in technology development. Also, it 
should increase the efficiency of allocating resources among 
competing sectors. 

Several specific policy areas were mentioned
 
L.2quently by research scientists as being in need of revision.
 
Onerous GO1 accounting procedures make it the donor of last resort
 
for investigators who can compete in the international market, and
 
this is an indirect loss to the Indian R&TD effort although none of
 
the scientists indicated they preferred to be classified as being
 
outside of the system. There are constraints to travel, and there
 
are no funds to pay for the foreign part of collaborative efforts
 
which were mentioned as very important by virtually every
 
investigator. The patent policy appears to be adequate although the
 
private pharmaceutical firms objected to lack of enforcement which
 
undermines patent protection and allows unfair competition from other
 
firms. Pharmaceutical firms with majority foreign ownership are
 
encuuntering unacceptable delays in approval of new products
 
resulting from reseach. This is an example of pressure to shift to
 
Indian control of private firms. This is a matter of national
 
importance which goes beyond the pharmaceutical industry.
 



D-4
 

4. Technology Development - as practiced now, there is 
very little which could be termed technology development. Several
 
laboratories have adapted new technology to the Indian situation
 
quickly and easily to solve a particular problem. The exception may

be in the private pharmaceutical arena where efforts are being made
 
to develop new (and patentable) processes for manufacture of
 
pharmaceuticals which fit readily (and without royalty paid) 
to the 
Indian situation. This is partly due to Indian policies requiring
that all ingredients of pharmaceuticals be produced locally. This 
policy is an -ffort to curb the practice of importing expensive bulk 
pharmaceuticals as "ingredients" from parent multinational plants 
thereby underwriting indirectly the flight of profits abroad. But
 
regardless of the reason, the result reflects poorly on the capacity
 
of the Indian pbarmaceutical industry to stay abreast of the world
 
market over the short run.
 

II. 	 GOI Objectives, Priorities and Policies for Research and
 
Technology Development in the Sector
 

A. 	Objectives
 

The basic objectives of the overall Technology Policy

("Technology Policy Statement" pp. 3-4, Department of Science and
 
Technology, New Delhi, January 1983) are development of indigenous

technology .and efficient absorption and adaptation of imported

technology appropriate to national priorities and policies. Special
 
emphasis will be given to food, health, housing, energy and industry.
 

As listed by the National Biotechnology Board, located in
 
DST, the priorities in health are:
 

1. 	Development/production of vaccines against major
 
viral, bacterial and protozoal diseases using modern
 
methods of animal cell/tissue culture and genetic
 
engineering.
 

2. 	Development of effective and safe vaccine for
 
fertility regulation for mass use.
 

3. 	Development of diagnostic kits based on
 
enzymes-immuno-assay which facilitate
would accurate
 
diagnosis 
of various disease of man and animals even
 
under field conditions.
 

4. 	Development of new methods of drug delivery based on
 
immuncchemical approach and tissue targeting.
 

5. 	Production of hormones and other chemotherapeutic
 
agents using techniques of genetic engineering and
 
hybridomas.
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III. 	 Major Current R&TD Institutions and Programs in the Health
 
Sector
 

A. Public
 

The DST biotechnology program appears to be a focal point
 
for funds and policy guidance for R&TD in the public sector. In
 
health, the DST does not have any laboratories, but they sponsor
 
research in existing research units.
 

The DST program will have three tiers when it is fully
 
orerational. The first tier is project-specific and targeted in bio­
medical R&TD. This is, in fact, a continuation of the more basic
 
biomedical research sponsored for many years by the ICMR, chiefly.
 
The DST program provides an additional source of finds for this
 
research which is conducted primarily in non-ICMR laboratcries. Many
 
research awards go to university-based investigators.
 

A second tier is a new program for thrust areas which is
 
more comprehensive and which involves scientists from several
 
different laboratories working on a single problem.
 

A third tier will support national resource centers.
 
These units will develop basic technical resources for the entire
 
biotechnology field in India. Although none are operational,
 
examples of units which are needed include a national genetic
 
engineering center where high-quality reagents, monoclonal antibodies
 
and hybridoma cell lines will be developed for use in other research
 
centers in India.
 

The Indian Council for Medical Research (ICMR) is a
 
well-established national resource for medical research. The ICMR
 
operates national laboratories which focus research on specific
 
health problems, for example, the National Institute of Cholera and
 
Enteric Diseases. A smaller portion of their funds suppo.
 
biomedical research in non-ICMR labs.
 

The Council for Scientific and Industrial Research (CSIR)
 
network supports biomedical research at a few of thes labs. The
 
primary laboratory for biomedical sciences in this extensive network
 
is the Central Drug Research Institute (CDRI) in Lucknow where a
 
large staff is engaged in biomedical research using the latest
 
biotechnical techniques. The CSIR mandate is to produce technology
 
applicable to the commercial and industrial sector, and within this
 
context the CDRI research is aimed primarily at new drug development
 
wit-h a considerable effort also going toward development of rapid
 
diagnostic tests and basic microbiological research.
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The University Grants Commission (UGC) sponsors university­
based research. The report "Status of Biotechnology in India" re­
printed in 1983 by the National Biotechnology Board of DST lists UGC
 
support for five universities in the health--related biotechnology re­
search field. Several scientists stated, however, that the UGC is a
 
minor source of support for the total biomedical research effort in
 
India. It may, nevertheless, constitute a major source of funds for
 
university-based investigators.
 

External resources (foreigh agencies, foundations, inter­
national organizations such as the WHO) are not insignificant sources
 
of support although the total amount of funding may be small. Research
 
support from these sourcc provides some additional flexibility, oppor­
tunities to participate in international networks of scientists and
 
'raining opportunities -- all of which are coveted by Indian
 
researchers. 

The Ministry of Health & Family Welfare (MOHFW) has a few
 
units which engage in biomedical research at the "applied" end of the
 
spectrum. The National Institute of Communicable Diseases (NICD) is
 
the principal unit. The health delivery systems are not major players
 
in basic research although they are critical components of some colla­
borative efforts at the operations research stage, such as collabora­
tion with the National Tuberculosip Research Center on an intensive
 
short-term course of antituberculosis therapy in Chingleput Districh in
 
Tamil Nadu.
 

It appears as though communications between DST & ICMR are
 
sufficiently good to allow research proposals to be brokered effi­
ciently. Onc general principle is for DST to support mrore basic bio­
technology activities and for ICMR to support research which is more
 
specifically targeted on medical research.
 

B. Private
 

In the private sector, the non-profit foundations such
 
as the Tata Institute for Fundamental Research, represent a consider­
able resource for biotechnology research. Interestingly, the bulk of
 
support for the conduct of research at this institute and probably at
 
other foundations comes from public sources for which institute scien­
tists compete successfully. The quality of research is adequate for
 
some of the Institute staff to compete successfully for research funds
 
from the U.S. Any R&TD prograca which supports investigator-initiated
 
proposals must allow scientists from this small but potent sector to
 
compete.
 

In the industrial or commercial part of the private sector
 
there is evidence of sporadic, "as needed" biotechnical research. As
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expected, the research we heard about was very directed. In the case
 
of developing monoclonal antibodies, for use in a highly specific,
 
rapid diagnostic test for filariasis, this was done with ease. There
 
does not appear to be any interest in the few private commercial
 
research units of pharmaceutical companies we visited to participate
 
actively in any R&TD program operated through the GOI. They were
 
interested, however, in any efforts to introduce flexibility
 
into the regulatory environment, and it was apparent that the
 
commercial laboratories constitute a potential market for any high
 
quality research reagents which might be produced locally with the
 
sponsorship of an R&TD program.
 

The small entrepreneur does not exist in the biotechnology
 
field in India. Several firms have been approached to solicit
 
interest in developing a commercially viable biotechnology industry,
 
but, according to several scientists we spoke with, none are
 
interested in taking the risk. Dr. G. P. Talwar of the Nationzl
 
Institute of Immunology has patented a monoclonal antibody for
 
beta-human gonadotrophin (beta-HCG) and has established a trust from
 
the proceeds of marketing this reagent. Such entrepreneurial spirit
 
was lacking elsewhere.
 

IV. Current USG-supported Biomedical R&TD efforts:
 

A. The following biomedical research projects are currently
 
supported by the Special Foreign Currency Program:
 

- Malaria: drug evaluation and seroepidemiology
 

- Filariasis: long-standing project with the NIH
 

- Tuberculosis: development of a rapid diagnostic test
 

- Leprosy: two projects on immunology
 

- Cancer: one project on oral cancer, another screening 
Indian plants for anti-cancer activity 

- Blindness prevention: with the NIH
 

- Amoebiasis: collaboration betw, n NTH and C private 
medical research foundation in Calcutta 

- Iron deficiency anemia: epidemiological project with 

the National Institute of Nutrition in Hyderabad
 

- Diarrheal diseases (proposed): a study of rotavirus 
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Biofeedback: project with National 
 Institute of
 
Mental Health
 

- Longitudinal study of a cohort: very valuable study
continuing since 1966, now in 3rd phase 

- Respiratory diseases (proposed, all GOI clearances 

obtained): Christian Medical College, Vellore 

- Hepatitis (proposed, all clearances obtained) 

- Cancer of the breast, stages I and II 

- Reagent bank in reproductive physiology 

- Laboratory animal treaty - proposed, not negotiated
 

For details, Mr. Bilis Saxena, Office of Science
the 

Attache, is an invaluable source.
 

It is apparent from this list of projects that techni, .i. 
issues predominated in shaping the program. Each project is
characterized by excellent collaboration between U.S. and Indian
 
scientists. (An outstanding example is Shanti
Dr. Ghose's
 
longitudinal cohort study which outlasted
has collaborators and the

vagaries of the Indo-U.S. relationship.) The principals may be
 
interested in extending their areas of collaboration to include
 
topics more germane to development. At least, the SFC program is an
 
acceptable forum for research 
specialists to get together to discuss
 
areas of future scientific collaboration.
 

B. The following areas are under 
study through the Science
 
and Technology Initiative (STI) (nee: Blue Ribbon Panel):
 

- Tuberculosis (immunological focus)
 

- Filariasis (immunological focus)
 

- Blindness (basic research)
 

- Reproductive physiology (immunological focus)
 

- Malaria (vaccine development)
 

In all areas except malaria, programs were chosen from
 
among existing collaborative efforts with both 
the Indian and U.S.
 
rosters expanded to include additional well-recognized scientists.
 
Interestingly, some Indian investigators visited
we in this trip

suggested collaborative links were more 
productive if the scientists
 
chose their own partners rather than forcing collaboration with
 
people not known to each other, 
as was done in the case of the STI
 
panels.
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C. Components of USAID projects which 
bear on the issue ci 
R&TD in health and population include: 

- The Maternal Nutrition and Infection and Infant 
Survival Project devotes a significant portion of 
resources (approximately 1 million over six years) to 
biomedical research. researchThe will be directed
 
toward understanding the cause of low birth weight, a
 
major cause of infant mortality. The science proposed
 
is state-of-the-art featuring leading experts from
 
Harvard U., the CDC and the NIH and investigation from
 
premier Indian medical institutions. This project has
 
all of the features required to be an excellent
 
example of biomedical research.
 

- The proposed Biomedical Research Project will invest 
considerable resources in the development of rapid
 
diagnostic technologies, one of the priority areas for
 
biotechnology identified by the National Biotechnology
 
Board. This project will also bridge the gap between
 
R&TD and utilization in the health system by actually

programming for the intermediate steps leading to
 
application of the technologies. During project

derig the disease areas to be addressed by the
 
rese-rch will be chosen from among the list of known 
leading causes of infant and young child mortality or 
workforce morbidity, those areas in which 
 an
 
investment in research is likely to pay dividends and
 
which are of interest to the GOI health services and
 
the biomedical research establishment.
 

V. Constraints to More Effective Biomedical R&TD
 

A, Policies and Procedures
 

1. Budget Allocations: the overall amount of GOI support
 
available for R&TD is said to be adequate, although one gets the
 
impression the availability of funds may well limit the acceleration
 
of development-oriented biomedical research. The 
ICMR budget is
 
apparently better funded than the DST budget because it is an older,
 
more well-known program.
 

2. Salary Structure: According to one scientist in a
 
private pharmaceutical firm, the public sector salaries are inferior
 
to the private sector silaries. Within the public sector in health,
 
the rewards in reoearch positions apparently are competitive.
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3. Priority-settiag Process: In the National Biotech­
nology Board of DST, the initial priority-setting process was a
 
lengthy (five-year) exercise which effectively reached a consensus
 
and involved a large number of groups. There appears to be wide­
spread support in the biomedical research comuunity for the DST list
 
of priorities for biotechnology.
 

4. Relevance to Development and Application: The DST
 
list of priorities is so basic 
that the question is difficult to
 
address. This list could relate well to development goals, but, the 
degree to which the work accually applies to development will depend
 
on the nature of the undertaking. The jury is still out. With
 
regard to the research programs of the ICM, many of the research
 
topics are of interest to special interests and to aca- demics.
 
Epidemics of Japanese B-encephalitis cause a major stir in the
 
population and politicians are eager for the scientific community to
 
respond. Foreign scientific collaborators are enthusiastic to adapt
 
their new tools to the study of ."exotic" diseases. However, many of
 
the diseases are not major killers of children. Nevarthe- lose,
 
identifying specific disease. targets must be a fully coopera- tive
 
Indo-U.S. process, Ultimately, AID must be willing to consider the
 
judgments of Indian scientists and decision-makers as to whether a
 
disease is significant or not. The best insurance for agreement on
 
the areas for health research is a careful, iterativ3 process Invol­
ving development and technical experts.
 

5. Project Approval and Monitoring Process: The only
 
criticism we heard about the project approval process was the delay

which frequently occurs with ICMR awards. In one instance the inves­
tigators at All India Institute of Medical Sciences were told their 
proposal was approved, but the actual award was delayed so long that 
many of the technical staff were forced to go elsewhere to seek em­
ployment. Apparently the delays are due to the vagaries of the ICMR 
getting rupees released. The project monitoring process svems to be 
lax in terms of technical content. As for financial audits, several 
complained about the time required to satisfy GOI auditors. Some
 
feel the new DST program would streamline the reward and monitoring
 
process.
 

6. Policies Regarding Access to Foreign Technology:

Policy appears to encourage broad acquisition of foreign technology 
in the biomedical research area as in other areas. Foreign exchange
 
will reportedly be made available to acquire the technology.
 

However, there is a lack of coordination between the
 
relevant GOI administrative units and actual operations. For In­
stance, customs is seldom persuaded to facilitate luport of evn
 
short-lived reagants. Dr. Ramachandran, Secretary of the National
 
Biotechnology Board, personally went to 
the U.S. with *300,000 to buy
 
critical reagents and supplies for recombinant DNA research. He
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personally cleared them through customs in his baggage so they would
 
not sit in customs and deteriorate. The total supply of reagents and
 
supplies which are available tocy to Zhe biotechnology network in
 
India are those reagents Dr. Ramachandran brought back from the U.S.
 
While this is a nice testimony to the vigor of the Secretary of the
 
Board, it indicates that ancillary "policies" and procedures need to
 
be streamlined.
 

An active private sector in research reagents and supplies
 
would greatly enhance development of useful technologies. For
 
instance, locally manufactured plastic ELISA trays will be required
 
if this type of rapid diagnostic test is to be applied in the health
 
delivery system. Until such a basic item is available locally, no
 
one will seriously consider developing and applying widely this
 
simple but elegant test system. Developing a technically useful
 
plastic for local private sector production might be an appropriate
 
topic for one of the CSIR laboratories.
 

B. Institutional :apacity
 

Staff quality: There are several excellent biomedical
 
research professionals in India. Most work alone; there are few
 
relatively large concentrations of professionals although there
 
appears to be fairly good communication between investigators. With
 
the apparent exception of the Central Drug Research Institute in
 
Lucknow, Post Graduate Institute at Chandigarh and the Christian
 
Medical College, Vellore, there is seldom more than one talented
 
investigator per centre. Post-doctoral or graduate students serve as
 
junior iesearchers (and/or senior technicians). There are few
 
technicians, but the productive laboratories have a few who were
 
specially trained in their labs to a high level of skill. The
 
requirement for opportunities to be a visitinq scientist in other
 
labs abroad and tue need for post-doctoral traiaing are not addressed
 
adequately in current programs.
 

Facilities are adequate but certainly not lavish. For
 
example, the laboratories with hybridoma cell lines have been able to
 
develop the elaborate and functional "clean" rooms required to
 
propagate tissue cultures without the risk of contamination.
 
Nevertheless, one is impressed that the quality of research appears
 
to outstrip the physical facilities.
 

Equipmeat appears to be adequate at best. There is every 
indication that productivity cannot increase dramatically in most 
productive laboratories without additional, improved equipment. 
Equipment is not the only limiting factor, however; trained man­
power, research reagents and other critical elements of the research 
laboratory also limit potential increases in productivity. 
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Training is one area in 
which there was virtual consensus.
 
All of the Indian investigators mentioned the need for greater access
 
to short to mid-term training or 
visiting scientist opportunities

themselves and their younger 

for
 
colleagues. Most mentioned post­

doctoral, non-degree training as a need.
 

In a broader perspective, fifteen years ago there were sub­
stantial. numbers of Indians studying 
in the U.S. in all fields,

including biomedical sciences through
(and exchange programs, U.S.
 
students 
in India). That period produced today's talented group of

productive Indian investigators 
and many were trained in the U.S.

Since then, has a
there been 
 hiatus 
 during which only limited
 
opportunities for clinical training in 
the U.S. have been available,

and most of these available only on an individual basi3.
 

C. Donor Involvement
 

A partial 
 list would reveal the projects of the USG

special foreign currency programs and a Likely National Academy of
 
Science (BOSTID) project through AID's 
Science Advisor's Office in

respiratory diseases. The International Development Research Centre
 
(IDRC - Canada) has indicated an interest in working 
 in acute
respiratory diseases at the King George Medical 
College in Lucknow.
 
The WHO has several research activities in India including one from

the Tropical Disease Research and Training Program (TDR) with the
 
Ciba-Geigy research laboratory in Bombay.
 

VI. 
 Elements of a Ten-year Program Under Various Approaches
 

Key features of the Indian biomedical research field are:
 

- Success is associated with a few bright and productive
 
individuals who are located in 
a variety of laboratories.
 

- There are few concentrations of productive investigators;
 
groups are rare.
 

- A few are acknowledged researchers in U.S.the and
 
elsewhere; 
they are part of a network.
 

- By and large, the acknowledged leaders are not active in 
areas to be considered of top priority from a development
 
perspective.
 

- Historically, support has from ICMR programs;come the 

indeed, many of the leaders in biozaedical research work in
 
the ICMR network of laboratories.
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With the exception of the All India Institute of Medical
 

Sciences, the Christian Medical College at Vellore, the
 

Post-Graduate Institute and a few others, productive
 

biomedical researchers are not associated with medical
 

colleges.
 

Funding is only one of several potential constraints,
 

and it is probably not the most serious one.
 

Indian biomedical researchers cherish the thought of
 

true collaboration with U.S. investigators with whom
 

they are familiar.
 

There is a felt need for younger members of the research
 

staff to train at the post-doctoral level in the labora­

tories of U.S. scientific collaborators.
 

AID support to biomedical research in India should be
 

priorities of the Government of Iadia
disease-oriented and based on the 


with which AID priorities are congruent. Shared overall objectlves to 
maternal mortality;be achieved are: reductions in infant, child and 

in fertility and in morbidity of the labor force. Major biomedical 

research subjects that constrain achievement of these objectives are,
 

in order of priority: respiratory diseases including tuberculosis;
 

diarrheal and enteric diseases including typhoid; reproductive immun­

ology and the immunizable diseases; and nutritional anemia.
 

The support nf priority disease-based research will encompass
 

research on diagnostic techniques, treatment modalities and the
 

development of improved or new vaccines. Thus biotechnical research
 

with particular emphasis on biochemistry and genetic engineering in the
 

expanding hybridoma technology for identification of antigens and anti­

bodies is basic. The use of these newly derived antigens and anti­

lead the next level of
bodies for rapid diagnostic techniques will to 

Field trials of diagnostic
research to be supported, the field trials. 

should lead to additional
techniques discovering morbidity patterns 


This applied research activity
research into treatment modalities. 
needs constant support of bench laboratory research to disclose new 

drugs and new vaccines. The field trials research should enable bench 

research to modify advanced diagnostic techniques to the point of 

available simple rapid diagnostic techniques which do not de oendmaking 

upon microscopes and expensive equipment for use in primary health
 

The support of biomedical research must be comprehensive,
centers. 

from the bench to health services.
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The tools for biomedical research must be strengthened.

First in priority is the professional development and training of
 
junior and mid-level researchers and of laboratory technicians through

the collaboration of the American and Indian scientific 
communities.
 
The Indian community should be enabled to take full advantage of the
 
numerous American laboratories (university, NIH, private institutions)
 
that are vigorous in the hybridoma/recombinant DNA -- genetic engineer­
ing 
--- antigen -- antibody -- complex. The return visits of American 
investigators and lab technicians to Indian laboratories for planning

conferences and for scientific councils and seminars should be 
facili­
tated.
 

Beyond training, the essential tools of equipment and
 
reagents must be made available initially by access through roreign

exchange but ultimately by the support of local production. Doubtless,
 
local production will spontaneously surface with the increase in demand
 
that should result from strengthening of research capabilities.
 

The final tool to be emphasized is that of data processing
 
and management information systems; data processing, so essential to
 
extensive bench laboratory work, and management information systems, so
 
essential in field trials and applied research for health services.
 
Management information systems are a main ingredient in translating
 
biomedical research into effective application through health
 
services.
 

Tt is said that the Seventh Five-Year Plan will include an
 
emphasis, within the Ministry of Health and Family Welfare, on enhanced
 
cooperation between the Research Division of 
ICMR and Health Services
 
of the Directcr General's office. Thus, supporting the spectrum of
 
biomedical research (from the bench to the field) is essentially to be
 
generated through the MOHFW. Close cooperation between the DS&T and
 
MOHFW is to be encouraged, if possible, through a shared Grants
 
Committee which would select, award, and monitor research grants.
 

With regard to funding requirements, the approaches outlined
 
above will not require a great deal of money initially: $1.5-2.0
 
million per year would fund 15-20 investigators. Additional funds
 
would be needed if training expenses, workshops of collaborators, and
 
selected equipment and specialized supplies are included.
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ANNEX E: INDUSTRY/PRIVATE SECTOR
 

I. 	 Overall Development Context
 

S stained industrial growth is vital for India if the standard
 
of living of its massive population is to rise in the coming decades.
 
Yet the average annual rate of increase in the index of value added
 
from the industrial sector has declined from 6.4% in the 1950's to 5.8%
 

ii the 1960's to 4.9% in the 1970's.1 The pattern of industrial
 

growth between 1970 and 1982 is shown in Appendix A with the most rapid
 

growth being in the beverage, non-electrical machinery, and electricity
 

sub-sectors. Industrial capacity utilization was only 76% in 1982 and
 

the sector provided about 25% of Net Domestic Product.
 

The Sixth Five-Year Plan calls for an 8% increase annually in
 

industrial production. Growth rates at the mid-term review were well
 

below this target. World recession and the lack of a couipetitive envi­

ronment in India are key factors in the slow growth of industry. Al­

though the public sector has 44% of the fixed capital, it contributed
 
of total value added in 1978/79.

3
 
only 19% 


The Sixth Plan gives special priority to basic industries:
 

steel, non-ferrous metals, capital goods, fertilizers, and petro­

chemicals. The private sector is seen as contributing significantly to
 

growth in fertilizers, cement, paper, textiles, chemicals, pesticides,
 
drugs and pharmaceuticals.
 

II. 	 GOI Objectives, Priorities and Policies for Research and
 
Technology Development
 

The Sixth Five-Year Plan recognizes the importance of technology
 

to industrial development: "Industrial progress will necessarily depend
 

upon continued technological excellence; this would call for a judi­

cious blend of permitting import of contemporary technology, and pro­

moting the development of indigenous know-how through domestic research
 

and development." 4 In January 1983, the GOI issued a "Technology
 

Policy Statement." The document presents a view that places heavy
 



E-2
 

emphasis on self-reliance in science and technology. On the issue of
 
acquisition of technology, it states the following basic principles:
 

"(a) 	 import of technology, and foreign investment in this
 
regard, will continue to be promoted only on a selective
 
basis where need has been established; technology does
 
not exist within the country; the time taken to generate
 
the technology indigenously would delay the achievement
 
of development targets.
 

(b) 	 Government may, from time to time, identIFy and notify
 
such areas of high national priority, in respect of
 
which procedures would be simplified further to ensure
 

timely a- uisition of the required technology.
 

(c) 	 There shall be a firm commitment for absortion, adapta­
tion and subsequent development of imported know-how
 
through adequate investment in research and development
 
to which 1mPorters of technology will be expected to
 
contribute."-


At the center of regulatory decision-making on technology im­

p:)rts and related foreign investment is the Director-General for Tech­

nology Development (DGTD) in the Ministry of Commerce. This office,
 
which has over 700 technical officers, reviews proposed projects invol­

wing any investment over t5 million, technology licensing and R&D, and
 

capital goods, spare parts and raw material imports from the standpoint
 
o:: (1) the economic impact of the investment; (2) the foreign exchank­

requirements; (3) thb availability and comparative quality of domestic
 
6
 

technology.
 

Foreign exchange considerations are divided into two basic
 
areas: (1) capital goods and (2) maintenance and raw materials. In
 

general, no restrictions are placed o.i importation of raw materials
 

cnce plant capacity is in place. Capital goods imports are cleared on
 

a case-by-case basis, the principal consideration being whether the
 

item requested is available in the domestic market. Usually, local
 
advertisement for 45 days of intentions to purchase are required prior
 

to approval. An Inter-ministerial group on licensing may review deci­
sions on issuing of import licenses.
 

The technology import issues are reviewed by DGTD staff as to
 
-vailability of domestic technology; the need for the foreign techno­

logy; and the energy, productivity, eLoloyment and other characteris­
tics of the technology. Major cases or disputes may be reviewed by the
 

Technology Evaluation Committee, composed of DGTD, DST, CSIR, the
 

Yational Research and Development Corporation and sometimes outsiders
 
from the I!S's or IT's. Neither private nor public industry is for­

-.	 on the TEC.
ally represented 
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Major Current R&TD Institutions and Programs
IIi. 


public private
on industrial R&D by and 

Total expenditures 


lakhs in 1980/81 (see Appendix B).
7 The pri­

groups totaled 19,376 

their expenditures
of the total and were
 

vate sector accounted for 55% 

drugs and pharma­electrical equipment,
in chemicals,
concentrated 


industrial R&D expenditures
the public sector
ceuticals-. Two-thirds oi 

in electrical equipment, telecommunications and defense
 

in 1980/81 were 
 whole tonstituted
as a
R&D expenditures
Industrial
industries. 

approximately 26% of total Indian 

R&D expeditures in 1980/81.8
 

Depart-

The Council of Scientific and Industrial Research, the 


of Science and Technology, the Department of Space, and the
 
ment 
 under the Central
 
Department of Electronics are principal agencies 

The R&D budgets
sector.
"industrial"
Government conducting R&D in the 


these agencies have increased substantially (at least doubling)
 
of all 


the past decade (see Appendix C).
over 


technology R&TD and,
 
policy.
The CSIR plays a key role in decisions on 

CSIR

TEC, on technology import


through its position op the 

R&D resources 


about 18% of Central Government in
 
controlled and
100 extension centers
38 laboratories,
1980/81.9 With its techni­.0,000 support
4,300 scientists and 

regional stations and its 10 Major


force in the science establishment.

is a powerful
cians, it 


shown in Appendix D.
 CSIR iastitutions are 


they are wary about

CSIR is cool at best;


Industry's view of 

of their
 proven demonstrations 


adopting CSTR technologies without 
often viewed as an
 

without specific warranties. CSIR is 

viability or 

obstacle to obtaining superior foreign technology slnce it may take the
 

with that being proposed
 
that its technology is competitive 


Several component

for 
position 

import from foreign companies. CSIR institu-

Central Fuels
 

National Chemical Laboratory and the 

as 


Research Institute, have good ieputations 
in industry, however.
tions, such the 


There are several large, modern corporations in both the public
 

sectors in India that carry out considerable R&D. One pub­
and private about
invested
Heavy Electricals (BHEL), which 

lic company is Bharat 


or roughly 3% of its total
 
24 000 lakhs in 1980/81 on R&D
Rs. Trichy and Hyderabad,


has modern research centers at 

sales.-' BHEL 

as well as general power
solar, wind,

where work is underway on co~ll, 


in R&D
private companies involved 

and electrical equipment. Major 


include Jyoti Ltd. in Baroda and Tata 
Research in Bombay.
 

the are
such as those in U.S. 

research institutes
Industry 


are in the textiles, tea, jute and
 
The largest ones
limited in India. through their association
 

wool industries. The engineering industries 

by the Executive V.P. of
 

active R&D committee, chaired

(AIEI) have an pro­

a private company in Bangalore. AIEI is 

Kirloskar Electric Co., 

public and private

its 1,617 members in both the 


viding information to 
 facili­fiscal incentives, import 

sectors in R&D registration schemes, 


for appli­licensing, and proformae

ties, duty exemption, treatment in 


12 It has promoted increased libera­
cation and claiming incentives.


and increased productivity
restrictions
lization of technology import 


by its members.
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IV. Current USG Efforts in the Sector
 

to foster technological

1960's sponsored programs
AID in the 


these were not resumed to any
 
innovation in the private sector but 	

Re-
The current Alteruative Energy 

degree upon its return in 1978. 

are aimed at Indus­
sources Development Project has two components that 


The first compone-.t is a
 technology transfer.
trial technology R&D and 	 be­nev conl technologies

technology exchange program in
collaborative 


tween BREL and U.S. private companies, working through 
DOE's Pittsburgh
 

The second is a planned program of tech-

Energy Technology Center. between
 energy conservation tcchnologies

nology transfer in industrial 	 in the
members are


Engineering, most. of whose 
the National Academy of 

of Indian Engineering


and the Asqociation

US. private aector, 


Industries (AIEI).
 

activities involving the
 
SFCA (Special Foreign Currency Account) 


also be under:way with Indian iantitu-
Standards viay
National Bureau of 

relating to industrial technology issues.
 t:ons 


V. 	 Constraints to R&TD in the Industrial 
Sector
 

for its policy of technological
paid a tremendous cost
India has 

this fact more sharply as
 

It is beginning to realize
self-reliance. 	 produc­systems widen the 

advances in electronics and computer control 	

indus­that have experienced rapid
Nations
even further.
tivity gap 	 have had liberal policies
 
trial grovth, Japan, South Korea, and Brazil, 


It is estimated that between 1975 and
 
technology.
toward the import of 


was accounted for by technolo­
1)82, 65.0 of Japanese economic growth 


period, Japan signed 32,000 contracts for
 
gical progress. During that 	 not
are
comparable data 


worth 9 billion.1
3 While 


technology imports 	 7,211 foreign colla­
for India, between 1957 and 1982,


available 	 involved
these collaborations 

borations were approved. Only b39 of 

for 1,416 of the collabora-

The U.S. accounted
equity participation. 	 been
licensing agreements have 


3,000 technology
14 About
tions. 	 had 319 R&D
India also
past two years.
signed over the 	 as of
the industrial
ir ft'rce in 	 area 

agreements
collaborative 	 United States, largely in
 -a with the 

:.980/81. Of these, 73 or 23% -	 16 

areas of industrial machinery, electrnnics, 
and chemicals.


the 


and a larger,
to increased technology imports 	
the
The constraints 


industrial effort are many. Some of
R&D 

more effective domestic 


more important include:
 

that Indian
environment
and non-competitive
-- the protective 
companies, many public companies 

to begin with, operate in; 

to govern­in some sectors due 
the low returns to investment 


ment price controls;
 

http:billion.13
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--	 the unreliability of power and infrastructure bottlenecks 
that lead to poor utilization of capital and labor and 
wasteful use of energy; 

--	 the small sales volume of most Indian companies that makes 
the establishment of laboratories and R&D centers unafford­
able; (see Appendix E); 

--	 the domestic market orientation of most firms that removes 
the drive to compete in the international market; 

--	 the prohibition against majority-owned foreign companies 
that makes U.S. and other foreign companies reluctant to 
invest and lose control over their technologies; 

--	 the non-restrictive licensing provisions generally required 
(i.e., technology brought in under license cannot be re­
stricted exclusively to the Indian market); 

--	 the low ceiling (generally 5%) on royalty payments (calcu­
lated on basis of actual production plus 25% minus "standard 
brought out" items and 'landed' cost of imported items) plus 
the 40% tax that is added; 

--	 the overspecialization of the CSIR system and the absence of 
effective methods for understanding the technology needs of 
industry; 

--	 the important factor of trained managers to understand the 
process of technological change and adaptation; 

--	 some feeling that duration of patent protection (as short as 

three-to-seven years) has limited R&D investment.
 

VI. Sectoral Program Elements
 

The basic conclusion reached in this brief review of the overall
 
environment for industrial technology transfer and R&D cooperation is
 
that the key issue for Indian industry is not research and technology
 
development in the strict sense of the term, but rather policy changes
 
allowing easier access to foreign technology and the proper adaptation
 
of the technology to Indian plant conditions. A Business India
 
article rightly argues that India needs to: (1) import technology on a
 
large scale; (2) create the infrastructure for the adoption and
 
development of the imported technology. A U.S. program approach to
 
support these objectives would focus on (a) the technology needed to
 
improve productivity and the requisite policies to promote its adoptioi
 
at both the macro and specific industry level; (b) improving capacit!
 
of management of technological innovation and R&D at the firm and plant
 
level; (c) improving technological capacity in the private A&E
 
community; and (d) reform and rationalization of the CSIR system sc it
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is more responsive to Industry needs. 17 Two areas of significant
 
potential in this regard are energy conservation and industrial pollu­
tion. India does not have adequate technological capacity in these
 
relatively new areas which are critical to improved productivity and 
sustained industri.al development. U.S. companies, particularly small
 
companies, may be interested in tie-ups.
 

Finally, a specific option that might be fruitful to explore is 
the establishment of a program in the management of technology innova­
tion with the Association of Indian Engineering Industries at their 
scon-to-be completed headquarters building in New Delhi. The Secretary 
of AIEI indicated a strong desire of the members to strengthen rela­
tions with the U.S. and believed management training was an area for 
pctential collaboration. 

A reasonable cost for this sector program would be about Wi0-20 
milliion over the ten-year period. 

These options could be linked to, or combined with (in whole or 
in. part), current proposals to establish a revolving fund of PL 480­
generated local currencies in the form of a bilateral industrial
 
rcsearch and development foundation or a similar mechanism.
 

http:industri.al
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(- 019%) C-Miscror,.aous kxmjtrIq96 (i 70%,o) 

(1%) -Wobod 81 Cork 1 'roducs (a 49%) 
(-2 -I%) - Fotwar& v W~cf (034%) 
(-2- 1%) -- Le< '4 rF PrPducts 

fij~ 	 The uidtki of each Nit in~ prportion-ate to its veigft £ie'iated In the 
bzixclets with tV ikduts try groupa ar- thq) le.ngth Iiiutee the percen­
t3goi nor.eie be-swen tho perioda 
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[ABLE --9 
INDUSI RIAL. R&D EXPENDi ruRE BY INDUSTRY GROUPS FROM 1978-79 TO 1930 81 

SI Industry groups PUlhc sector Prirate set.tor Total 

No of R&D exiwiiditure (Hs lakhs) No. if R&D expenditure (Rs. lakhs) No of R&D expenditure (Rs. lakhs)units --- - ------. units units ___197879 1979rQ 1980481 1978 79 19/98 1980 81 1978-79 197980 	 980-81 
1. Mel.AIrqi. a] ndu~anes 8 272 01 517 7/ 7Ti ;2 29 337 42 522 76 5S3 78 37 LAB 432 Fuels 	 107053 130.20 a 53929 64.8.Lo ;91.01 5 98 92 1 - ' 12107 8 63821 125%.6 912.083. Boilers & Swaim Gt! rating Plants _4. 	 "-Prinw Movers (Other than Electrical Gen.:rators I - .-- 4 s 8&I 1i0.07 175.50 4 8 S85. Dlectzxzdl Equipment 	 11007 175.-09 2-"dt9 375-22 3t7.33 97 9A 35 1212 ;66. r0,!cn1rnnuicaiK-s 	 1405 23 106 1210.24 i588.08 177. b53 80297 1W".42 123376 8 153 98 223 007 Transpora.on 21 i 56 11 95&95 30,9 42 1445.321 092 4401 0.14 16 6-40.S2 4&6 ,0 i13, 95 17 6-418. lnduNZ;i M,,:iniery 	 74 9 41 1137.09 

9 Mi.hne To,l 	
6 1557 07 2L)61 93 220,.i6 31Ill !] 5&,.92 72-1.62 39 2110,18 2617,15 2934.001 34 77 49 41 2 (. -1 h7.5410 A-ricuhural M.A.lunery 	 144 ,4 .-14 15 5 172.31 194 15 226.15I 12 01 W. 57 37 O 4 23-5 85 2&I4 3111. Earth M- ng Machneg, 	 S-4 75 S 24d 86 2'23 8 321.75- -- I 13 3212. Mtsc Mech Enpieert. jlndu:,es 	 cl 12 3.95 32.02 30.002 6.4i 195. 28 t 3 9.7. 1 ( 32 29 5 16 1413. Comrnercial, Otficz. Household Eq.tipmnt 	 I : 59 (j r7 - - - 6 25.1.2 6-6914. Mhc.al & SurSicaJ Applianes 	 45.. 6 25 08 30 39 45 221 5.50 5 o 775 2 i 1H) 11.,7 "-,.V5 3 16.6 17.69 18.61

15. Industr"il Instrunets16 Sc.-ent 4 'c ln% ut-rents 	 2 7703 80,6 93 12 
-	 18 71 74 76.7 lii 1vi 113 77- e a.55 	 L5a.85 2('.A31231 15.3!17 . Math . Su rv L nvi & D r aw f iq s trum , 	 E,75 .1.11i s ­ - -18. Fertd zers 4 355.72 32.70 385.24- 3 34.5 462_7 49.7219. 	 Chemicals (othner 'han Fetttzers) 3)23692 434.9
6 &5 09 26.19 215.28 99 .153022 i677.46 1791.49
20. Photographks Raw Film & P.per 	 !,5 161531 19 4.84 2026.771 90 18 02 5( - ­21. 	 Oves..s - 1 33.90 U (r2 55.00
 

- i1 213.71 291.03 37321
22. Drugs & P.mceuti-,±s 	 11 213.7 291.3 373.212 204 ! 26639 197.56 35 af3 88 1123,44 1367.3923. Tehxtibes (l ,,ed, Printed, Processed) 	 37 3084.(9 1 39.83 !W564 _ 
24. 

-	 -- 21 3174 441 87 42016 21 31704 44187Paper & Pulp (inc. Paper Products) 	 420.11 3. c . 3.54 547 12 161 28 99.5025. 	 Segar n o 14434 13 W.25 100 149.81 
5 905 11.63 37.70 5 9-05

-. 	

1i.64 37.7026. Fermi-,wnttion Industnes27. Food Processing Industries 
- -- 6 50.27 111.54 16Q 4528. Vegtabeots & Vanaspat ions 	 6 5;.27 11154 160.45 

- - 3 821 11.59 $9.5029. 	 3 i.21 i 1.59Soaps. Cosme-k s. Toilet Preparations 	 19.50 - - - 7 261.35 27997 298.9830. Rubber Goods 	 7 261.35 27Q.97 295.981 3.42 3.76 3 ;;6 4 14.,32 167.59 221 17 5 149.74 11.3531. 	 Leather. Leather Goods & Pickers 225.13 
- -32. Glue & Gelatin33 .Glass s 

3 1756 1904 2342 3 175634. Ceramics 	 1904 23.42 
..35. .	 9 148.89 131.15 13566 9Cement & Gypsum Products 	 148.89 131 15 135.66 
- - 2 3b3.80 414.09 207.37 2 363-8036. Timber Products 	 41409 207.37 

2 16.60 1i.09 10.4037. Defence Industries 	 2 16.60 11.09 10.407 1227.85 152042 2429 46 ­38. Miscellaneous Industries 	 - 7 1227.85 152042 2429463 40.a8 17 17 7491 10 93 75 o2?45 12997 13 13443 10962 204.88 
Total 62 5518.60 7341.17 89&327 470 7587.52 9214.57 10393.43 532 	 1310t.12 16-.5.74 1937o 70 

Source: Data coniled by DST. 
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TABLE-3 

EXPENDITURE ON R&D BY SOURCE AND BY PERFOIKER FROM 1976-77 TO 1960481 AT CURRENT AND CONSTANT 
PRICES WITH 1970-71 AS THE BASE 

51. year Expenditure on R&D by wurce Expenditure on R&D by performer 
No. (Rs. Crvres) iRe. Crores) 

at ciurent at constant at current at constant 
price prces once% prices 

1. 1976-77 	 379.07 227.40 374.16 224.46 
2. 1977.75 	 436.64 253.20 430.62 249t72 
3. 1978-79 	 542.68 309.27 529.60 301.30 
4. 1979-80 	 64947 324.71 638.54 319.27 
5. 1980-81 	 7!5.08 321.75 701.19 315.53 

Note:- For workig out R&D extpndture at c"nstant prces,GNP price deator ve been used. 
Source:- Data compiled by DST. 

T.BLE--4 

R&D EXPENDITLRE 3Y .AJOR SCI£,"'1FC AG'-.NC;.S UNDER THE CLNTRAL GOVERNMENT 

SI. Narrn 	 R&D Expenditure (Rs. L.ahs) 
No. 

195859 1969.7L 1973.74 1976-77 1978-79 1979-80 1980-81 

1. 	 Deparnent of Atomc Enetry 775 L.-i 2072.06 2445.4-1 5831.74 6082.32 6781.46 7623.24 
2. 	 Council of Scwnt'fic and 

lnduriMa research 50 94 186807 2500.17 4125.71 5592.39 591699 7251.79 
3. 	 Defence Research and 

Development COrW aiooi 150.00 1454.39 3421.97 5065.00 678.61 9662.91 7970-00 
4. 	 Indian Council of Agncmulure 

Research 372.29 1377.08 2408.42 3739.24 5603,56 7739.81 6599.27 
5. 	 Indian Council of Mec 

Research 50 50 156 46 170.00 423.00 533.54 591.50 34209 
6. 	 Department of Science 

and Techokxjy 22.13 73.88 213 67 1121.20 2389.83 2603.56 3537.3C 
7. Department of sace - - 1909.22 3892.4 4r?.74 4421.13 527085 
8 Department of ekcror: - - 97.53 422.01 511.47 750 25 431.35 

Tot 	 1830 74 7001.94 13174.21 24620.35 31945.46 38476.61 395585 

Source: - Data compld L-g DST. 
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more expenditure, wi --h means 80.3 million of expenditure 
approximately. Industrywise tha diatribution is as follows: 

Table VI1 

DietribUtion of R&D Units (Industry-wise) 

Total 	 Unts(with R . 25 (J it % cf(,) 
Iakh or more R&D) 

Chemri:al and Pha,'mecautcsla 1 67 52 31.1 
Textiles .25 7 28.0 
Miscellaneous 53 22 34.3 
Electricols end Electronics 155 24 1 5.5 
Mechrinica1 Engineering 107 29 27.1 
Ceramic3 10 3 30.0 
Motalhurgiesl Engineering 2 4 20.0 
Paper 17 1 5.3 

Total: 	 13,4 142 252 

Source: 	 Scientific Er Technologic-l nutj:uotons in India. Department of 
Science & Tdchnology. 1981, ,. 21 to 37. 

Eighteen of these incurred R&D expeniditure of Rs. 1 crore or 
more ;n 1 980-81, 5 Of thrr hav:-., spent more than Rs. 2 crore 
each. Similarly, of the 296 Scicrtific and Technological institu­
tions under the Central Government, 1 93 incurred Rs. 25 lakh or 
more expenditure in 1979-30, Twenty of these are pult;c sector 
undertakings. Oniv eleven of the 154 Scientific and Techno­
logical institutions under State Governments incurred during 
1978-79/1979-80, Rs. 25 lakh or more R&D expenditure, During 
1980-81, 1 1 public sector undertakingF spent more than Rs. 1 
crore each on R&D, 5 of them Rs. 5 crore or more and 2 of them 
Rs. 10 crore or more. 

2.13 While all this is encouraging, Indian R&D would, for quite 
some time, be primarily or:ented to absorbing the technology that 
is imported, imr-_ ving raw materials, cutting down energy con­
sumption and the l.ke or as would facilitate greater de-packaging 
of imported technology and not orientud to "frontline" research. 
A policy of detensive R&D has to be distinguished from competi­
tive R&D. Japan, which had paid '9-10 billion for the import of 
technology, was till recently only interested in absorbing the 
imported technology, innoveting ;f at all, in a minor way. Having 
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ANNEX 	F: LIST OF MAIN DOCUMENTS REVIEWED
 

Development in Asia (forthcoming).
I. 	 AID, Forestry and 


Annual Report

of Indian Eugineering Industries,


2. 	 Associarion 

1982.
 

India, 	September
Story," Business 

3. 	 Bharat Bhushan, "The CSIR 


12-25, 1983, p. 50-59.
 

India," International Journal
 
4. 	 B. Bowonder, "Deforestation in 


of Environmental Studies, 
1962.
 

the Indian Economy, Basic Statistics
5. 	 Centre for Monitoring 


.

the Indian Economy, Vol. 	1, August 1

983
 

elat to 


0p.ct., Current Energy Scene in 
india, May 1983.
 

The State of ndia's
 

6. 


7. 	 Centre for Science and Enviroment 

A Citizen's Report, New Delhi, 

1982.
 
Environment, 1982: 


8. 	 Economic and Scientific Research Foundation, Tehnol 

PoIc. New Delhi, 1983. 

in India: Their Role in
 
"Science and Technology
F. A. 	Long,
9. 

India: A Rising 	Middle Power,
 
National Development," 	 in 


221-258.
 
edited 	by John W. Mellor, Chapter 

VIII, pp. 


Medical Sciences, Annual Report

of
Institute 


1981-82.
 

Reort
 

10. 	 GO, All-India 


GOI, Central Drug Research Institute, Lucknow, Annual 
11. 

1981-82.
 

, A Profile, 1980.
 
GOI, Department of Environment
12. 


Energy, Annual Report
 
13. 	 GOI, Departmxent of Non-Conventional 


1982-83.
 

Report 198-82.
GOI, DST, Annual
14. 
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15. 	 GOI, DST, National Biotechnology Board, Long-Term Plan for
 

Biotechnology in India, National Biotechnology Board and Its
 

Committees, 1983.
 

16. 	 GOI, DST, Research and Development Stattstics, 1981-82,
 

1980-81.
 

17. 	 GOI, DST, Technology Policy Statement, January 1983.
 

18. 	 GOI, ICAR, Report of the hevilew Committee on Agricultural
 

Universities, 1978.
 

19. 	 GOI, Indian Council of Agricultural Research (ICAR), Research
 

Highlights 1982.
 

20. 	 GOI, Ministry of Agriculture, Department of Agricultural
 

Research and Education, Annual Report 1982-83.
 

21. 	 GOI, National Botanical Research Institute, Annual Repot.­

1981.
 

Study
22. 	 GOI, Planning Commission, Report of the Fuelwood 


Committee, March 1982.
 

23. 	 GOI, Planning Commission, Report of the Working Group on
 

Energy Policy, 1979.
 

on Science
24. 	 GOI, Planning Commission, Report of Working Groups 


and Technology for the Sixth Five-Year Plan 1980-85, December
 

1980.
 

25. 	 GOI, Sirth Five-Year Plan 1980-85 (esp. Chapter on "Science
 

and Technology").
 

.26. India International Centre, Isher J. Ahluwalia, "Industrial
 

the Mid-Sixties (1956-57 to

Stagnation in India Since 


1979-80)," seminar paper, September 20, 1983.
 

Research on International Economics,

27. 	 Indian Council for 


Exports of Technology by India, Sanjaya Lall, June 1982.
 

28. 	 National Academy of Sciences (U.S.), Trip Report of Biomass
 

Research Team to India, May 6-30, 1981.
 

29. 	 S. L. Kapur, "Update on Licensing in India," Facts for Year
 

July-August 1983.
 

Indian 	Science: Some Unpalatable

30. 	 Praful Bidwai, "Myths Abo' 


India, September 20, 1983.
Truths," Times of 
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31. 	 USAID New Delhi, Agricultural Research Project Paper, June
 

1983.
 

32. 	 USAID New Delhi, FY 1985 CDSS and FY 1985 ABS.
 

33. 	 USAID New Delhi, John R. Westley and M. C. Gupta,
 
"Agricultural Growth in India: Policies, Performance and
 
Impact," May 1982.
 

34. 	 World Bank, Economic Situation of India and Resource
 
Mobilization and Prospects, April 11, 1983.
 

Forestry Research, Education and Training
35. 	 World Bank, India 

Sector Assessment, August 1983.
 

36. 	 World Bank, India - National Agricultural Research Project, 
Project File September 21, 1978. 
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ANNEX G: LIST OF PERSONS INTERVIEWED
 

ADMINISTRATIVE STAFF COLLECE OF INDIA, HYDERABAD
 

Mr. M. Narasimham. Principal
 
Mr. B. Bowonder, Chairman, Center for Energy,
 

Environment and Technology;
 

ALL INDIA INSTITUTE OF MEDICAL SCIENCES
 

Dr. H. D. Tandon, Director
 
Dr. G. P. Talwar, Director, indian Institute of Immunology
 

ALL INDIA RICE RESEARCH PROJECT
 

Dr. R. Seetharaman, Project Director
 

CENTER FOR POLICY RESEARCH
 

Mr. Pai Panandeker, Director
 

CENTRAL WATER CO14ISSION 

Mr. Pritam Singh, Chairman
 
Mr. H. S. Krishnaswamy, Member
 

Mr. Gokhul Prasad, Member
 

COMMISSION ON ADDITIONAL SOURCES OF ENERGY
 

Dr. M. Dayal, Additional Secretary
 

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH
 

Mr. G. S. Sidhu, Director General
 
Mr. K. N. Joshi, Head, International Collaboration Unit
 

DANFOSS (INDIA)
 

Mr. J. C. Kapur, Chairman
 

DEPARTMENT OF COMMERCE
 

Mr. Abid Hussain, Secretary
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DEPARTMENT OF ECONOMIC AFFAIRS
 

Mr. S. Sundar, Joint Secretary
 
Mr. J. S. Baijal, Additional Secretary
 

Mr. K. A. Krishna Moorthy, Under Secretary
 

DEPARTMENT OF ENVIRONMENT 

Dr. T. N. Khoshod, Secretary 

DEPARTMENT OF N. CONENTIONAL ENERGY SOURCES
 

Mr. B, U. Swarup, Secretary
 
Mr. S. R1 Faruq, Joint Secretary
 

Mr. Rane!e3h Grover, Joint Secretary
 
Mr. Ajit Gupta, Principal Scientific Officer
 

Dr. Sumita Kandpal, Joint Secretary
 
Dr. Sumita ikandpal, Joint Secretary
 

DEPARTMENT OF SCIENCE AND TECHNOLOGY 

Dr. S. Varadarajan, Secretary
 
Dr. M. M. Dayal, Chief Energy Advisor
 

Dr. J. Dhar, Deputy Director, International Cooperation
 
Dr. Ramachandran, Deputy Director
 

Dr. Manju Sharma, Director
 

DEPARTMENT OF TECHNICAL DEVELOPMENT 

Mr. Satya Pal (Former Director General)
 

ENERGY INDIA 

Rabindra S. Grewal, Managing Director 

FEDERATION OF INDIAN CHAMBERS OF COMMERCE AND INDUSTRY 

Dr. D. H. Pai Panadiker, Secretary General
 

FENNER INDIA 

P. C. Sud, Executive Director
 

FOOD t,1D AGRICULTURE ORGANIZATION 

Mr. J. G. Rumeau, Representative
 
Mr. Hans V. Hend, Agricultural Economist
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FORD FOUNDATION
 

Dr. Lincoln Chen, Representative
 
Dr. Peter Bentley
 

Dr. Robert Chambers
 

FOUNDATION TO AID INDUSTRIAL RECOVERY 

Dr. S. Ramachandran, Director
 
Dr. N. C. B. Nath 

U. P. GARRET CORPORATION 

Dr. John Fallen
 

HINDUSTAN AERONAUTICS LTD.
 

Dr. Roy Choudhury, Consultant
 

HINDUSTAN PREFAB LTD.
 

G. K. Majumdar, Chairman
 

INDIAN AGRICULTURAL RESEARCH INSTITUTE
 

Dr. H. K. Jain, Director
 

INDIAN COUNCIL OF AGRICULTURAL RESEARCH
 

Dr. 0. P. Gautam, Director General
 
Dr. R. M. Acharya, Deputy Director General
 
Dr. N. S. Randhawa, Deputy Director General
 

Dr. P. N. Rau, Secretary
 
Dr. Manaraj Singh, Deputy Director General
 

INDIAN COUNCIL OF MEDICAL RESEARCH 

Dr. Badri Saxena, Deputy Director General
 

INDIAN INSTITUTE OF FOREIGN ,RADE
 

Mr. Vithal Babu, Deputy Director General
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INDIAN INSTITUTE OF IMI4UNOLOGY
 

Dr. G. P. Talvar, Director
 

INDIA INSTITUTE OF SCIENCE, BANGALORE
 

Dr. D. Sen Gupta, Professor, Electrical Engineering
 

INDIAN INSTITUTE OF TECHNOLOGY
 

Dr. K. S. Gopalakrishnan, Deputy Director
 
Dr. P. D. Grover, Professor of Chemical Engineering
 

Dr. S. S. Mathur, Director, Center for Energy Studies
 

INSTITUTE OF MARKETING MANAGEMENT
 

Dr. Jagjit Singh, Secretary General
 

INTERNATIONAL CROPS RESEARCH INSTITUTE FOR THE SEMI-ARID TROPICS
 

Dr. L. D. Swindale, Director General
 
S. P. Ambrose, Principal Government Liaison Officer
 

Dr. C. R. Jackson, Director for Internatiunal Cooperation
 
Dr. J. S. Kanwar, Director of Research
 

INTERNATIONAL DEVELOPMENT RESEARCH CENTRE (OTTAVA)
 

Mr. Ashok Desai, New Delhi Representative
 

MINISTRY OF AGRICULTURE
 

Mr. C. L. Bhatia, Inspector General for Forests
 
Dr. Nilu Chatterjee, Program Economist
 

Dr. N. J. Joshi, Deputy Director General of Forests
 
Mr. J. R. Saha, Director, International Cooperation Division
 

MINISTRY OF ENERGY
 

Satish Chandran, Secretary of Power
 
Lin Laddha, Joint Secretary
 

Kamalahar Mishra, Joint Secretary
 
D. S. Ramesh, Joint Secretary
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MINISTRY OF HEALTH AND FAMILY WELFARE
 

Mr. S. S. Sidhu, Secretary
 
Dr. D. B. Bisht, Director, General H1ealth Services
 

Mr. R. P. Kapoor, Additional Secretary
 
Mr. C. V. S. Mani, Additional Secr-ut ry
 

Mr. S. K. Sudhakar, Joint Secretary
 
Mr. S. K. Syiem, Director, U.S. Aided Project
 

MINISTRY OF IRRIGATION
 

Mr. M. G. Padhye, Secretary
 
Mrs. Shovna Narayan, Under Secretary
 
Ms. Priya Prakash, Joint Secretary
 

NAGALAND
 

Rajinder Singh Bedi, Chief Liaison Officer
 

NATIONAL BOTANICAL RESEARCH INSTITUTE
 

Dr. H. C. Chaturvedi., Scientist-in-Charge, 
Tissue Culture Laboratory 

Dr. G. S. Srivastava, Director, Hydro-Carbon Plans, and Head, 
Plant Introduction and Acclimitization Techniques 

NATIONAL COUNCIL FOR APPLIED ECONOMIC RESEARCH
 

Dr. I. Z. Bhatty, Director General
 
Dr. Anwar Alam, Assistant Director General
 

NATIONAL COUNCIL OF POWER UTILITIES
 

Mr. J. C. Shah, President
 

NATIONAL INSTITUTE OF COMMUNICABLE DISEASES
 

Dr. A. N. Raichowdhury, Director
 

NATIONAL INSTITUTE OF HEALTH ANTD FAMILY WELFARE
 

Dr. Somnath Roy, Director
 



NATIONAL PRODUCTIVITY COUNCIL
 

Mr. V. Raghuraman, Director, Fuel Efficiency
 

PLANNING COMISSION MEMBER FOR SCIENCE ATD TECHNOLOGY 

Dr. M. K. Menon 

PUNJAB AGRICULTURAL UNIVERSITY
 

Dr. Sukhdev Singh, Vice Chancellor 
Dr. K. S. Gill, Director of Research
 

RAIL INDIA TECHNICAL AND ECONOMIC SERVICES LTD.
 

R. Parthasarathy, Managing Director
 

ROOPKE INDIA 
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