G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




03162 .=

LIMITED
IDMG,.233/14

30 September 1976
United Nations industrial Development Organization ORIGINAL: INOLISH

S

Meeting of Seleocted Heads
of Researoh Institutes

Vienna, 18 - 22 Ootober 1976

)

APPROPRIATE TECHNOLOJY RESEARCH AT THE
GECRGIA INSTITUTE OF TECHNOLOGY
AND THE SMALL INDUSTRY DEVELOPMENT NETWORK .-1'/

Ross W, Hammond*

® Direoctor, Boonomic Development Laboratory, Georgia Institus of Technology,
Atlanta, Georgia, USA,

y The views and opinions expressed in this paper are those of the auther and do
not necessarily reflect the views of the seoretariat of UNIDO, This droument
has been reprodused without forwal editing.

id, 76-5322




- ) e
;

CONTENTS -

Chapter Pay: ’
I. The Georgia Institute o Technoloay . . . . . . . . . . . . . 3
11. The Small Industry Development Network. . . . . . . . . . . . 5
III. Some Examples of Arpropriate Technology . . . . . . . . . . . O
IV. Observations about Appropriate Technolony o . L, . L L L . L. i

V. Some Appropriate T-chnoliogy Problens and
Opportunities for Cosperation . . . . . . . . . . . . . . . 1u




I. THE GEORGIA INSTITUTE OF TECHNOLOGY

The Georgia Institute nf Technology (Georgia Tech), like a number of
other organizations, has been active in the appropriate technology field for
MAny years. The involvement of Georgia Tech in this field was an evolution-
ary activity stemming from the underdeveloped nature of the State of Georgia
and the unique structure of Georgia Tech,

The State of Georgia, once predominantly agricultural in nature, has now
evolved into an industrial state with about 30% of the labor force engaged :n
manufacturing. Cuncurrently, agricultural employment has declined to about
5% of the labor force although agricultural productivity has remained high,

However, the per capita income in Georgia, while increasing dramatically
over the last four decades, continues to lag the U.S. per capita income fig-
gures. While the per capita income gap of approximately $500 (in 1978) is
slowly being reduced, Georgia still is one of the poorer states of the United

States, and this has caused Georgia Tech to become involved in stimulating
the economic growth of the state.

Georgia Tech is a large scientific and engineering higher education in-
stitution with a wide variety of undergraduate and graduate programs. Il_'l
addition, the Engineering Experiment Station at Georgis Tech is a 500-person
applied research institute attached to the Georgia Institute of Technology.
It is the Engineering Experiment Station which has been given the task of ac-
celerating the economic growth of the state.

In particular, the Economic Development Laboratory of the Engineering
Experiment Station has concerned itself with many aspects of economic develop-
ment,

Qualifications of the Economic Development Laboratory

The EBconomic Development Laboratory (EDL) at Georgia Tech has provided a
broad spectrum of economic development services within the United States for
20 years and internationally for 12 years. EDL has more than 300 person~
years of economic development experience within its staff. Ower the past 20
years, EDL has provided problem-solving technical and management assistance
to more than 4,000 establishments, has produced over 650 published analytical




and evaluative research reports and over 200 unpublished reports on various
economic deve. pment aspects, and has ‘irectly assisted 1 the creation of

tens of thousands of jobs in commerce and indusiry in the U.S. and abroad.

In the past year, 13 international development projects have been under-
taken by EDL in 10 countries., Under USAID 211(d) and other funding, Georgia
Tech has established a closely knit continuing network with eight developing
country organizations with small industry development interests and capabili-
tieas. These eight nations are located in the Far East, Africa, and South
America,

The EDL at Georgia Tech is staffed by full-time research professionals.
Consequently, this staff is free to travel at all times (unlike a research
facility dependent on academic faculty who are tied to teaching schedules).
This availability provides the Laboratory with a quick response capability
and insures that schedules will be maintained and that report and other dead-
lines will be met.

EDL is one of eight laboratories which make up the Engineering Experiment
Station at Georgia Tech. The Enginecering Experiment Station is a client-
oriented applied research organization carrying out investigations in engi-
neering science and economic development for government and industrial
sponsors. The Station has a prestigicus 500-person staff and a long history
of pragmatic uomestic and internatior.l activities, inc ading research, train-
ing, technology transfer, and development. Occupying seven buildings, the
Station has extensive laboratories, fixed and mobile equipment, a machine
shop, experimental facilities, prototype design and fabrication areas, and all
of the analytical and computer hardware and software associated with an out-
standing applied research institute. In addition to the main library on the
Georgia Tech campus, the Station personnel have access to a number of other
information sources, including EDL's Basic Data and International Development
Data Centers and an on-line data base linkage with other computer 1nfot|u£ion
centers which provides more than 14 million citations in the network.
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IT. THE SMALL INDUSTRY DEVELOPMENT NETWORK

Georgia Tech personnel cuarly realized the need for counterpart organiza-
tions in the developing countries and sought to link with organizations which

are motivated to assist small and medium scale industry develop and expand.

Formal agreements to cooperate with institutions on programs of mutual
interest now exist with eight other public and private organizations. They
are:

1. Fundacao Educacional do Sul de Santa Catarina (FESSC)

Tubarao, Santa Catarina, Brazil

2. Centro de Desarrollo Industrial del Ecuador (CENDES)
Quito, Ecuador

3. University of Science and Technology
Kumasgi, Ghana

4. Institute of Technology Bandung
Bandung, Indonesia

5. Kenya Industrial Estates, Ltd.
Nairobi, Kenya

6. Soong Jun University
Seoul, Korea

7. University of Ife
Ile-1fe, Nigeria

8. Institute for Small-Scale Industries
University of the Philippines
Quezon City, Philippines
These organizations and Georgia Tech are closely linked in a comnunica-

tion, assistance, information, and personncl exchange program.

A number of these orgqanizations have been active in appropriate technol-
Ogy research. Many of the examples cited in Chapter 1V are a result of the

counterpart activity and the nctwork interaction.

Further linking these organizations (and 1,500 others) is the Small In-
dustry Development. Network Newsletter, which is issued quarterly. The net-

work organizations are contributors to this newsletter.




I11. SOME EXAMPLES OF APPROPRIATE TECHNOLOGY

The following examples of appropriate technulogy represent oniy a small
part of the examples which could be cited as originating at Georgia Tech or
the network organizations or which have been observed during the course of

Tech's international development activities.

Figure I. One of the many labor-intensive pro-
cesses in a rural bamboo fishing pole factory in
Korea is shown here. The sections of bamboo are
rotated manually by the operator, using his right
hand, while thread is wound on both ends of each
section by his left hand.

Fig, I




Figure 17. The Soong Jun University and Geor-
gia Tech team suggested that the operator sit at
a work surface and that the bambhoo section be
rotated by foot movemeni. Management developed
this method, utilizing the foot treadle of a sew-
ing machine to rotate the section, freeing both
hands of the operator for the thread winding
operation.

Fig.

II

Figure 1I1. Subsequently, the factory manager
installed a small electric motor on the work sur-
face to rotte the bamboo section, showing ini-
tiative and adaptability. These improvements
increased the productivity in this operation
about 250%, eliminating a bottleneck in the fac-
tory operations and contributing to a doubling
of the fish pole production in the plant.

Fig. III
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Figure [V, Korean metalworking companies,
such as foundrie:, freaquently need a low-cost
immer sion pyrometer to determine the hoat of
molten metal., This ;:imple. pyromneter tsoa bi-
metallic strip with o stainless steel racket
and a meter calibrated to read temperature.
Designed at eorgia Tech, it cost about $20
to assemble,

Ry compart—«oo, toe o mmercially avarlable

units cost several huandred dollars an Korea.

Fig. 1V

Figure V. In o hana, a process developed by
the Univer: ity ol Soieree and echnology, a Geor-
gia Tech counterpart inat itution, utilizes local
resources -- rlantain sking and cassiva starch --
to produce a higily successfual paper glue.
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Figure vI. [n Ghana, the University of Science
and Technology has been active in the design and
construction of village water pumps.  The Univer-
sity, utilizing available materials, designed and
built a welded pipe pump, which has rerformed
well under fielq conditions. This pump is being
Produced to order by the University.

Fig. v

Figure VII. The "cheegay," a backpack, the
traditional way of carrying tools in rural Korea.
Heavy loads are carried long distances.




VIII. A mcdified "cheegay" designed and built
at the Economic Development Laboratory at Georgia
Tech. Retaining the cultural pattern of bhack-
packing, the wheel asseably supports approximate-
ly 75% of the load, yreatly reducing physical
effort.

Fig. VIII

Figure IX. 1In the past, peanut shells from
the large Georgia peanut crop have traditionally
been burned in open incinerators, adding to air
pollution. This pyrolytic converter, developed
at Georgia Tech, in a controlled combustion pro-
cess, converts peanut shel's and other agricul=-
tural wastes into charcoal, gas, and oil, .which
can be utilized as fuels.

Fig. IX
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Figure X. This 50-ton-a-day commercial unit
pProcesses waste wood and sawdust at a Georgia
woodworking plant into activated charcoal and
oil. This U.S. appropriate technology can be
easily converted tu a more labor-intensive, less
capital-intensive process for developing coun-
tries.

Fig. X

Figure XI. A south Georgia peanut farmer was
interested in solar drying of peanuts. Person-
nel of the Economic Development Laboratory de-
signed and helped build this appropriate in-
stailation. Tar paper on the ground serves as
the heat-absorbing material. A polyethylene
cover on a wooden frame provides a solar "tunnel."
Air at 757 to 85 enters in the foreground.

Solar energy has heated the air to 115° by
the time it reaches a blower, which forces it
into peanut drying carts. This intermediate
technology installatiorn cut the energy costs
attendant to peanut Arying in half for this far-
mer, and paid for itsclf several times over in
the first year.

Fig. XI




wqure XTT. A tnaghily effective fixed segment

mirror concentrator at Seorgia Teoh focuses 50=

lar energy on a pipe lccated in the foral line,
Uy

producing air at SO0 ta v G} s hear s
stored in rocks tor use 1n heating ani air con-
ditioning the laboratories an the buiiling.

Fig. XII

Figure XIIT Sooboweont bepo ol thongth
tester was designed by Seorgra Yoo, and a pro-
totype was bui'l in the laboratoriec Soong
Jun University. Relatively uncomplicated, it
providas an adeiaate Approximat op 0t oaneile
strength for the maiil indosivios, asd has the
virtue of costing e . 150

The metal sample to be ot 'soclanped at
the riqght, and e - he werahs s movesl out on
the calibra’ed arm the Cam 0 0 oan whern its
tensilc strengtli fimit L o o oued The peisi-
tion of the weign' at “w borrakice. peant pro-
vides a reading from whi ' reisiie strong h
can be calculated,

Fig. XIII
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Figure XIV. Two pileces of intermediate tech-
nology are shown at the Rural Industrial Devel-
opment Center in Machakos, Kenya. The wheelbarrow
1s made completely from local resources and avail-
able material, and eliminates the need to expend
foreign exchange for imported wheelbarrows. The
manually operated corn sheller on the left is ap-
propriate for those rural arcas where no forms
of power are ovailable.

Fig. X1V

Figure XV. Another characteristic of inter-
mediate technology is the use of competitive sub-
stitute materials. A tire retreading equipment
manufacturer in Georgia was having breakage and
tolerance problems with its metal casings and
turned to Georgia Tech for problem-solving
assistance.

After study of the problem, the Economic De-
velopment Laboratory recommended a material
substitution and began building a fiberglass
prototype.

Fig. XV
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Figure XVI. The fiberglass casing was competi-
tive in cost with the metal casing and did not
have the breakage and tolerance problems. 1In ad-
dition, it was lighter, more pleasing in appear-
ance, and handling devices could be more easily
attached to 1t. The company switched over to the
production of fiberglass casings.

Pig., XVI
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IV. OBSERVATIONS ABOUT APPROPRIATE TECHNOLOGY

Appropriate technology is a major area of interest of EDL. Long before
the present focus on appropriate technology existed, it was obvious that the
selection of appropriate trchnologies was being made in many places of the

world, in industry, in the citicc and villages, and in the agricultural areas.

However, the present concentration on appropriate technology, by system-
atizing the approach can provide better solutions than the scattered and iso-

lated approaches taken heretoforc.

As a result of Georgia Tech's efforts at appropriate technology solutions

over the last 20 years, some conclusions have been drawn.

The Characteristics of Appropriate Technology

There are many lists of the characteristics of appropriate technology,
prepared by different organizations and individuals, and many differing ver-
sions of these characteristics. Those which are generally accepted and which

Georgia Tech finds to bc generally relevant are:

1. Technology is seldom directly transferable. More often than not it
must be adapted to different environmental conditions. As a case in point,
the International Rice Research Insti*ute developed rice machinery which has
potential for use in many i eoygroW .., countiics. However, it was designed
for wet-land rice farming and must be modified and adapted for 'dry-land
farming.

2. The various cultural, political, economic, and infrastructure condi-
tions must be considered in suggesting the appropriate technology. For

example, a high electric power-using technology would be inappropriate for an
area devoid of reliable electric power .

3. To the maximum extent possible, local materials and natural, man-
power, and man-made resources should be utilized (foreign imports usually ar.

high in cost and foreign exchange ir short supply).

4. Appropriate technology should encourage and foscer indigenous ini-

tiative and innovation. It is not sufficient to buy technology and know-how
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and to transfer and install it without encouraging in the productive system
flexibility and a willingness to change with changing markets and other

factors.

5. Appropriate technologics must have or develop logistical support sys-

tems, such as maintenance services and spare parts availability.

6. Basic to intermediate technology is the concept of cost effectiveness.
Hence, most considerations of intermediate technology are concerned with labor-

intensive, low-cost elements.

Hardware vg. Software

Much emphasis has been placed on the hardware aspect of appropriate tech-
nology in the literature and in prototype demonstrations. Relatively little

is said about the software side of appropriate technology.

Intuitively, one recognizes that strategies, tactics, plans, and pro-
grams which have all the appropriate technology characteristics could be
called software appropriate technology. The problem in doing so seems to lie
in the fact that such software approaches are generally not thought of as ap-

propriate technology and not designated as such.

Consider a financial incentive program for small industry which borrows
procedures from large industry lerding programs and simplifies and adapts
them for smal. industry loans, which . tilizes locally di.ipersed units to au-
thorize loans, which sets collateral requirements at a low level, which stimu-
lates tlie use of local resources and materials, and which results in low-cost
loans for small industry. Such a program would satisfy many of the criteria
associated with appropriate technology. However, it is more likely to be de-
scribed as a financial incentive program than as a software appropriate tech-

nology.

Steps in Appropriate Technology Research

1. Problem and Need Identification. The selection of appropriate tech-

nology must be preceded by recognition of a problem or a need. 1In Georgila,
for example, the burning of peanut shells in open incinerators was adding to
air pollution. This was a recognized problem and the need was to find some

way to utilize these shells in a non-polluting manner.
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2. Available Alternative Technologies and Resources. Some determination
of the technologies which are known and hence available must be made in the
light of the available materials and resources.

There are many ways to build a factory chimney and a nusber of dif-
ferent materials which can be utilized. The Koreans in Yeungdongpo Industrial
Estates chose to utilize a locally available material, empty oil drums, for
this purpose and it is a cost-effective appropriate technology for that en-
vironment .

3. Analysis. Analysis of the various alternative technologies which may
be available to solve a recognized problem is esssntial. The analysis for a
developing country must consider educational, sociel, cultural, economic, in-
frastructure and political 4spects to the maximum extent possible.

Lower labor costs in developing countriss greatly influence the
choice of technologies, skewing the selection to more labor-intensive alterna-
tives. National plans, with their varying emphases, have a bearing on the se-
lection of appropriate technologies. The level of education and gkills of
the available manpower resources obviously impacts on technology selectiom.

These and many other factors wmist be considered in the analysis phase.

4. Design, Including Adaptation. Technology from the developed world

usually requires modification, adapation or redesign when utilized in the de-
veloping countries. This is enpecially true in the small industry sector.

The IRRI rice machinery, designed for wet-land farming, must be modi-
fied for dry-land rice farming. The $5,000 tensils strength tester must be
scaled down, sacrificing accuracy or other characteristics to provide a low-
cost unit. The tire retreading casing was wmodified by material substitution.

Design, redesign, modification, or adaptation of technology becomes
an sxtremely important phase of the selection and utilization of appropriate
technology.

S. Prototype Development. When modification and adaptation take place,
the question must then be asked "Will it work?” To answer this question, it

usually is necessary to build a prototype and to analyss its opsrating char-
achtsristics and performance.
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Our ounterpart in Korea, So .ng Jun University, has built four dif-
ferent prototypes of a "cheegay" on wheels to determine the most appropriate

application.

6. Testing, Evaluation, Modification. The prototype then must be sub- \

jected to testing and evaluation. Modifications and adaptations, however
small they may be, can significantly alter the capabilities and performance
of the technology.

Hence, prototypes with built-in modifications or adaptations require
field testing and evaluation under real or simulated use conditions. Fre-

quently, such field testing reveals operating problems which may occasion ad-

ditional modification or adaptation.

7. Replication (Manufacture). When analysis indicates that the proto-

type has been debugged and appears commercially feasible, the final steps may
include the encouragement of manufacture of the prototype in sufficient vol-

ume to supply the market needs.

This may involve the creation of a new venture for the specific pur-
pose of manufacturing the appropriate technology, but more usually, it would
involve interesting existing manufacturers in adding the prototype as a new
product. The manufacturers may in turn adapt and modifv the equipment in ac-

cordance with the specific nceds of their customers.

An example of this process can be seen in the Philippines. A number
of existing Philippine manufacturers used and sometimes adapted IRRI rice ma-

chinery designs to build more than 16,000 units last year, mostly for the
domestic market.

It is, of course, desirable to develop and utilize appropriate tech-
nology which may have widespread applicability. This is not always an attain-
able goal in the industrial sector, where problem solving through appropriate
technology is frequently location specific, and process or product specific.

In such cases, widespread applications frequently do not exist.




V. SOME APPROPRIATE TECHNOLOGY PROBLEMS AND
OPPORTUNITIES FOR COOPERATION

Problems Encountercd

1. Developing Country Countcrparts. To find eight developing country or-
ganizations which were well motivated in the small industry and appropriate
technology development ficlds, a total of 38 organizations in many countrics
were visited by Georgia Tech. While almost all organizations indicated an in-
terest in these subject arcas, only about a quarter of them had done any sub-

stantive work prior to the contact.

Some developing countrics simply have no viable organization at pres-
ent with on-going programs in appropriate technology. The lack of development

of such organizations constitutes a major problem area.

2. Governmental Indiffcrence to AT,  In many cases, developing country

governments arc not very interested in appropriate technology, especially as
it relates to small and medium size industry. Larqge-scale, more sophisticated

plants have more appeal and public relations value to many governments.,

This frequently poses a problem in obtaining approval of and funding
for appropriate technology programs. FEducation and promotional campaigns re-

lated to the nced for AT may be required to overcome governmental indifference.

3. Inadeguacy of Delivery Systems. It has been ob..erved that delivery

systems for providing appropriate technology in developing countries often are
inadequate or non-existent. While AT can be delivered by outside agencies, or
through industrial interactions, the need for capable, well funded, appropri-

ate technology organizations in many developing countries is very pressing.

Opportunities for Cooperdt.ion in Appropriate Technology

There appear to be a number of opportunities for cooperation betwcen de-

veloped and developing country organizations interested in AT. Some of these
are listed below.

1. Specialization by Organizations. A number of organizations are pres-

ently focusing on AT related to certain sectors (i.e., IRRI on rice machinery,

Georgia Tech on small industry problems, Brace Research Institute on solar
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energy, etc.). Continued emphasis on spegiuiized areas is producing centers

of specialization in AT, which in a cor erative mode can be mutually helpful,.

2. Systems Analysis. Much of the efrort to date has been location ?

specific AT, aimed at solving a particular identified problem. There is an
opportunity for appropriate techriology concerned organizations to take a sys-
tems analysis approach to agricultural and industry sector problems. This
would involve an overall sector approach rather than an individual problem-

solving approach. This would result in sector and sub-sector specialized

centers.

3. Information Networks. Many present AT centers have excellent data

bases, manpower resources and experience. Some blending of these resources

into an AT network, capable of responding to information and case study in-

quiries, seems appropriate.









