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1.~ INTRODUCTION

The task given to me is to write a paper on '"Utilization of Local
Industrial Research Facilitice by Local Business Community and Industrial
Enterprises" to cover an sian country, in this case Singapore. To write on
the above topic is a little dicey in such a distinguished gathering because
there are several members here who know much more about this subject than I do
and I hope thay will bear with me if they find me confining myself too much
to the Singapore experience.

II.~. GENERAL

1.= Neced for Induetrial Research Servioces

For the past decode, the Asian economy has undergone a steady transformation.
A sector that is continuing to change is the industrial sector, the growth of
which is mainly necessitated by the need to:

- promote job opportunities for the teeming millions
- create economic growth

- s8ave forcign exchange by import-substitution.

In the initial state of industiialisation efforts in the developing
countries in Asia, whose economy is predominently based on agriculture, it was
inevitable that the industricl progress so far achicved was almost completely
dependent on importation of foreign technology. This dependence on foreign
technology has arisen from the traditional reglect of science and technology,
and this dependence will continue unle:s thc developing countries consciously
make efforts to develop their own scientific and technological capability. A
prercquisite for crecating a he..lthy and active industrial community is « planned
programme of orgoniscd ond disciplined industrial research efforts.

In industrial development, new materials, new proccesses and new components,
have creatod many new manufacturing process and ncw products. This development
has been madc possible by the creation of new technology through research., It
must be rcalised that the prcsent day technological cxplosion is many times faster
than the population cxplosion. It ir belicved that 8(% of all the scientists and
engineers that over lived arc still alive today. The shoping of the industrial
future of o nation, to my mind, depends on how well and how much grey matters it
can mobilise when the nced arisecs.

There is no standard pattern for the gathering of this brain power. The
type of rescarch and technological organisation to be cstablished must be
designed to megt the conditions and needs of thc country concerned.

2.~ The Role of Industrial Rescarch Institutes in Industrial Development

In most of the devcloping countries, it would be fairly accuratc to state
that seicntific cdifice for supporting a rapid industrial development is weak as
they are highly dependent on imported technology. A positive move to develop
local technological and industrial research copability is thercfore essential,

What should bc the main role of industrial rescarch organization in a
developing country 7



Industrialisation can succecd only when therce is = rcady markct for its
products. In most of the devcloping nations the new inductries that are set up
initially arc inevitably those of relatively low tcchnology which are there to
exploit the rclaiively cheap lobour and usually well protected internal market.
Such industries do not contribute much to the notion's cconomy. It is therefore
the aim of all industrialising nations to scll their products and scrvices
ultimatcly ir the competitive world markct. This would rcquirce that it has
the capability to introducc innovoti ns (develop new preducts or less costly
methods of production) b-scd on cxisting or ncw t2chnology. It must be ablc to
produce products of to-morrcw inste-d of products of ycsterday. Before it can
achieve suoh capability, o deviloping country must possess a certain critical
number of trained scientific, technicol and tochnological personncl who know
what usable tcchnology cxists clsewhcre, to understond it, to adapt and modify
it to the special nccds or peculiar conditions of the country, to repeir and
maintain the nec:ssary equipment ~id cventually to operate them, In the initial
stages of industrialisation, thereforc, the indigenous offorts in the industrial
application and rescarch programmec should be concentrated on adapting and
modifying imported technology to local socicl, eccnomic and technological
conditions, and on solving or "debugging' thc numercus little but thorny
problems which arc being constantly confrontced Ly the new industrial cstablish-
ments where tcchnical freilitics arc leocking.  The other esscential technical
services should include the testing of raw matcrinls and finished products, the
quality control of products, and the compliance with recegniscd industrial
standards or industrizl specifications, .nd provision of tc¢chnical information
and scientific and cnginecring services.

The industrial rescenrch institutes, therefore, should be a channcl where
industrics could go for tcchnical advice or o contact point to other sources of
technical and scicntific informotion ond advice. It should be an important
function of industrial resceuarch institutes bto stiwulate and cncourage indusiry lo
be development conscious, cspecially the early stages of industrial development,
This is by no means an cosy task c.nd results con only be accomplished when the
industrial rescarch institutc hos gained the confidence of the industrics and
the industries themsclves (cspecially the top management) peanlisc the importance
of rcsearch to their organisations' continucd cxistence if not its very own
survival.

Industrial research in develop:ing countrivs usuaily stretches beyond science
and tcchnology and involves many cctivitius such as market and feasibility studies,
industrial design, work studics, quality control, lcan scrvices, cte. Industries
usuclly do not know 2ll their own probloms which heve to be identificd before
rescarch can be institutcd. It has been our expericnce that only when the above
activities, which may invelve scveral government deprrtments, arc integratod or
well co~ordinated, can conscious cfforts be mnde to introduce proper research and
development programmcs in the ncw industrioes.

3,- Typcs of Industricl Rescarch Institutcs

In th> morc advancoed countries, private industrics usually sct up rcsearch
facilities to mcet their specific interests. Gicnt corporations in the U.S.A.,
Burope and Japan se* up their own rescorch components to develop their own
technology in a big woy usuclly in their own countries. National research
institutcs have nlso beea set up by Governments of a number of countries. In
Australin, therc is the CSIRO and in New Zezland the DSIR.  These two organizations
have many smcller specialised ingtitutes which cater either for their primary or
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pecondary industries under their set up. In other developing countries in Asia
specialised rescarch institutes exist. host of these deal with major raw
materials produced by the country. Uxomples of this category or research
institutes include the Rubber Kesearch Ingstitute of lMalaysis and the Philippines
Sugar Institute,

The establishment of specilalised research institutes such as above are
feagible only when the countries concerned have some major raw materials or some
of the indusiries have reached a certain level of sophistication in science
content and sizeable volume for export. In the newly industrialising nations
where the industries are still diversified. the sctting up of multi-purpose and
multi-disciplinary rescarch institutee are more nppropriate. Examples of this
type of research institutces inelude:

- the Korecan Institute of Science and Technology (KIST)
= Union Industrizl Reseorcl Institute of China
~ tbe National Institute of Scicnce and Technology (NIST) of the Philippines
- the Applied Szieniific Rescarch Corperation of Thailand
- the newly formed Natioral Institute of Sciennc and Industrial Research
of Malaysia (NISIR)

The Singapore Institute of Standards and Industrial Research (SISIR) belongs
to this category of multi-purposec institutes wnd it calers for & number of
industries.

These muiti-purpose institutes may concenirate on certain industry until it
rcaches 2 certain capability and volume resulting in the crcation of a separatc
specialised ingtitute.

There is, therefore, no single paitern or organisation for industrial
research applicable to 11l countricas. The type, size and scope of industrial
rescarch set-up are dependent on many contributing factors which arc closely
related to the stuge of thc economic, technical and social development and the
local conditions.

4.- Financing of Industrial Research Institutes

In the developing countricee, where the industries in the private sector are
small business, the Government themegelves play o paramount role in funding
Research and Development activitics., The Government pclicy should be that
industrial wrescarci institvt-r rrimaw»ily cxist to servic- the industries, in

articular the smaller and now industries which ure lacking in expertisc and
aquipment to solve their industrial problceus.

The Government funding is, in most cases, obtcined on the annuel basis
approved by Parliament. Besides Government subsidy, industrial rescarch
institutes recoup some of the cxpenditure from fees received for jobs done or
contract rescarch performed. A rucovery of 30-40% of current expenditure within
the first 10 years could bc considered =s indication of healthy growth.

Another device of obteining funds from Government is the tax levies on the
exports of certain products, the proceeds of which are utiliscd to run the
specialised research instituies. The rescarch units on rubber, coconut and pine=
apple, for example, in many developing counirios,have such.sources of funds to
finence thoir activities. This funding system has a built-in advantage that the
volume of export, which is invariably influenced by the resourcefulness and
preference of the recsearch institute, will determine the amount of funds available.




In thc Philippines 2 scicnce stamp tax is levied on privatecly-owned passcnger
autorobiles. This special Scicnce Fund is administercd by thc National Science
Development Board,and the Nationzl Institute of Scicnce and T.chnology is partly
financed by this fund.

Government funding is based on annucl Parliamentary appropriations.
Increases in funds usually depend on the priority the Government places on |
scicnce and technology ws n tool for economic development and more important on
the ability of the rescarch institution to prove iis worth to the nation's
leaders. Government funding has ~ lot of restrictions because of the need for
accountability of public funds, but it dous provide in most cascs a stable basis
for management to plan is programmes. When funding is based on special taxcs
difficulties may arisc when there arc cyclicel fluctuations.

111.- INDUSTRIAL ENTERPRISES IN SINGAPORE

1.- Historical Development of Loczl Industries

Ploaned industrialisction in Singaporc began only in 1961. Prior to this,
Singapore, a small country with marginal natural resources, depended mainly on
its traditional entrepet tradc. Industrinlisation was embarked upon for three
main rcascns - to provide employment opportunitics, to create cconomic growth
and to earn/savc forcign exchonge., The dcetailed planning and implomentation of
the industrial programme werc cntrustcd to the Economic Development Board which
comc into full operation in 1961.

In the corly stages of the industriclisation progromme, cfforts were mainly
devoted to the development of the vorious esscntial facilities, including
physical planning and building up of infrastructurc. Fiscal policy as o whole
was directed towards the crcation of -« highly attractive investment climate for
manufacturing industrics in Singaporc. A scries of concretc measures continued
to be taken to improve the incentives of investment.

A statisticol summary of the progress of manufacturing cstablishments from
1959=1569 is at Appendix A

The manufacturing scctur, as scen from the summary, has grown rapidly
during 1959-1969 whether mcasured in terms of output, -mployment or cxports,
In 1569, th¢ manufacturing sector (cxeluding the rubber processing industry)
accounted for 17% of the G.D.P. as compared with only 9% in 1960.

2,~ Scctors of Industry - Importoncc ana oizc

Within the manufecturing sector, diffcrent industrics perform differently. 1
Growing diversification in rangc and scopc continucs to be a rccurrent feature 4
in the major industrial groups. The mersure of importance of eaoh industrial
group is found in Appendix B. The statistics given in Appendix B cover up to
1969, The last onc and @ half yecar hus secn cven morce rapid expansion of tho
industrial scctor particularly in the prcecision onginecring and metal fields.

a) Shipbuilding and Repairing

Ship repairing continucd to grow rapidly and vigorously, with turnover
increasing at morc than 30% in thc lost fow years to rexch the 1969 figure of
gome $§ 120 million. The scctor now cmploys some 14,500 workers. While o
versatilc range of scrvices, including floating repairs and voyage repairs is
available to internotional shipping, there still exists scope for further
devcelopment,
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In shipbuilding nuw opportunitics arc cvident. Thoerce has boen incessant
activity in thc construction of small tugs; borges, ond pleasurc craft., A firm
foothold is c¢stnblishcd in the construction of morc comnlex vessuels and
structures for offshorc cctivities, such as rigs ~nd supply borts, trovellers
cnd lorger p.trol bo-ts.

b) Elcetronics

In littic morc than threo yeor:, the clectronics industry had ~lready made
o flying start in Singoep.ro. Siaece the ond of 1968, obont -~ dozen local and
forecign firmms have commenced preduction of various types of component such os
tronsistors, diodes, integratcd circuits, capacitors, rosistors, rotary and
megnetic components, as well us trensistor radio scts, wurrently, and as a
modest beginning, some 10,000 workers arc involved. As the range and varicty of
compunents and supporting services incrense, this will lead to further interration
and parallcled duvelopment into electronic cquipment systums, such os
communications cquipment, industrinl instrument tion, coleulators, compute.
terminal and peripheral cquipment, and medical instrumentation.

c) Potroicum

This scctor zlso shows high growth. Singopore is currently the lrrgust
petroleum refining, blending and distribution centre in South-East Asin, capeblc
of a combincd capncity in cxeccss of 180,000 barrels per day valucd ot
S$ 564 million in 1969. With cnother refinery reody in 1970 and the fifth one
in the stage of advanced plnning, the refining copacity is expected to grow to
somc 500,000 borrcls per doy within the next two or threc yonrs. Product range
vould be diversificd to includs base lubricants and solvents; and further
diversification in downstrcom petrochemic:l products was under study, cspecially
in view of the relotively low cost of naphta aveilcoble.

Even further downstream, but leaving an intercsting gap, developments
includc projeets in the pipeline for the manufacturce of PVC (from monomor),
polycster, nylon and other synthetic resine for the adhesives and paints
industrics. There should be good linkage possibilities, Ir plcstics fabriocation
therce has been ronewed nctivity to meet changing nceds. Projects are in hends
for somec large scale plonts for packnging matericl such as woven sacks and shrink
films In tho plastics moulding ficld, therc will be expansion in fibregloss
mouldings for boats, furniturc and other industrinl applications; industrial
mouldings rcquired by the cxpnndirng :lectronic equipnient industry and cther
applicetions., The new clectronics industry also led to growth in industrial
gascs,

d) Metals and Enginecring

The basc metals, metal fabrication and general cngincering industrics
(exoluding shipbuilding) currently have an output of some S% 260 million o year,
and cmploy 11,000 workcrs.

Intunse activity in thc building industry during 1969 placed sovere strains
on the supply of stcel. Plans werc therefore in hand for immediate oxpansion of
capacity, it being obvious that further cxpansion to meet growing requirements
would be inevitable probably involving a fully integrated stecl mill., Advanced
plans wcre under intensive study.

Further development is also foreseen nnd rcquirced for modern production
ferrous and non~ferrous foundries, forging operations, dic casting, and o diversc
ranze of metnl fabrication. Thie will tally with good prospects for an cxpansion
in the general machinery and maohine tool industiries, construction and material
handling cquipment, engincs, other automotive products, and for the provision




of intermediate matericls nnd components for ~ wide rangs of engines::ring
jndustries. This scctor is accordced high pricrity, being basic 10 1nduet1.'ial
development 28 o whole, and to the acquisition of versetile technical skills,

An intensificd cffort is also dirccted nt the development of precision
engineering operations, especially the meking of tools, dies, jigs ond fixturcs,
gouges ond measuring instruments. For this reason, the scope of thc Enginecring
Industrics Devclopment Agency hes been cxpanded to providc not only trcining
and supporting services, but alsc bosic requircments in netirclogy, mctallurgy
and consultancy servicces.

¢) Food Industry

The food industry hos grown significantly, with o total output of about
8§ 460 million in 1969, as compared with only 8§ 103 million a decadc ago.
Currently employing somc 10,000 workers, the industry's 240-odd cstoblishments
turn out a widc range of food products such os cenned mest, fish and other sea
foods; processed poultry; canned food, food prescrves and vegetables; dairy
producte; refined sugar; chocolates and sugar confectioneryj beveragesi cercals;
and other food preparations. Alrcady firmly estoblishcd im the local merket,
the food industry is poised for on inroad into morkets in tho developed countries.
Locally canned oriental delicacics are fast goining popularity in markets as
far awcy as BEurope and Americn.

A number of large-scnlc projects in docp-sc. fisheries, and rclated
processing anc canning operations, are in the pipclinc, This will not only
reduce Singoporets import of fish products but will also carn forcign cxchange
through exports of canncd and deep=frozen sca foods.

Therc cxists buoyant prospects for the menufacture of instant and packaged
foods, high-quality cercal products and sugar confcctionery, protein products,
and certain exotic food preparations for world markcts, Puturc dovelopment in
the food industry is cxpected to be in thesc gpecific creas with the cmphasis
on quelity and good valuc.

3.~ Qozpanies linked to Foreign Conoerns

The favourable climate of Singupore as manufacturing and distribution
centre for internmational invostment continues to attract both the foreign and
domestic investors and business.

Priority is given to thosc categorics of industrial activities that could
provide positive contribution to personnel development and good potential for
technological advancemcnt. Recent investments includc such componies like
Philips of Holland and Plessey of United Kingdom, and Rollei of Germany.

The foreign participation of the pioneer and non-pioncer csteblishments
at 31 Decomber 1569 is given in Appendix C. These forcign concerns bring with
them o variety of tcchnology ranging from simple proccss of menufacture to
relatively higher level of technology. Attrocting the right type of foreign
concerns into a country is one of the fastest wey of upgrading technology in
most developing countries.




IV,- SCOP- OF SERVICLS OF
INDUSTRIAL AND OTHER SCIENTIFIC INSTITUTES IN SING.PORE

i In Singepore, the nced for Govormment suppert in providing industrics

with o wide range of technic.l und scicntific scrvices as -n ossentinl part of
the infrostructurc was rceceognis:d on the onscet when the Govirnment cmbarked upon
its industricl devclopment progromme,  Ls o result, when in August 1961 the
Economic Dovelopment Bonrd (LZILD) was csteoblished $o implement the Government's
industriel progromme, o mrjor division wes get up within the Board tu co-ordinatc
cnd to provide industries with a convenicent s we. of technicll ~nd scicntific
sorvices. Thig division comprisced the following units:

- Industri.l Rcscorch Unit (now renamed the Singopore Institute of
Stonderds and Industricl Reseorch)

- Light Industrics Servicces

< Notionol Productivity Centre

- DEngineering Industrics Devoelopment Agency

The relntion of thesc orgunisations to the EDB is shown in Chart I.

In developing the ronge of technicel secivices, the Govornment has olways
attemptcd the most progmatic cppro.ch, During the course of the formative
yoers, it osgtablished quite floexible organisations to meet with what it thought
werc the most immodintc roquircments of the industries, There were clso
occasions in the pist when EDB sicrted to develop ond to provide scrvices which
subsequently were handed over io the private sector for monagement cnd further
dovel opment,

In addition to the technical .nd scientific scrvices offered by the FDB,
there oare scientific rescarch and allied cctivities cerried cut in the verious
spcciclised governmentol institutes, These rescarch activities are dirceted
towerds the interest of these particular institutions, The morc cstablished of
; these institutions includc the Primary Production Department ond the Government
i Chemistry Department,

The scope of the scrviec offercd by thesc institutions is summariscd belows

1.~ Singopore Institute of Stindards ond Industricl Rescarch (SISIR)

In koeping with the progress wnd changing pattern of Singaporc industrios,
: the Industricl Rescarch Unit which was first sct up in 1563 was re-organiscd to
form the Singapore Institutc of Standords and Industrial Research in 1969. In
the past years, the Industricl Rescorch Unit provided mainly testing facilities
for the local industrius. In 1969 it was ducided that the time hod come to go
to the next stage of the development which involvea quality control, standard-
ization, imppovement in design of products and processes ond the devclopment of
new products. The objective of the re-orgonisction of the lndustrial Rescarch
Unit therefore is to provide these additional facilitice to locol industrics in
thoir cxpension programme and to build up ~ permanont stonderds and industricl
rescarch orgunisation,

The Institutc operated os =n ~utonomous tcchnical end consultont ageney
with the following cbjectivess

a) Holp in the introduction, development and edaptation to local conditions
of new processcs and methods

b) Research into locclly and regionally available materials with a view to
discovering new applicotions and improving current opplications.




o) Tronsfer of lacborntory procesces for industricl applications,
e.g. by undertaking pilot pl-nt opernticns

d) Testing of row meterinls ond finished products to cnsurc that
quality is being meintaincd

o) ¥rintenance of ncour~te stondords ~nd awerd of quality ccr@ificatcs
and certificrtion morkine

£) Scrvicing of o wide runge Of industrirl .ad 1. beratory optical,
mccherical, cluctriccl o n clectreric instruints for the more
sophisticated industrics ~nd Government departments

g) Offer cdvice on modernisation in fcod rocceaing techniques and
improvement of qunlity.

The Institute, through its own Stonl-.rds Council, i3 responsible for the
prcparation and promulgetion of Singoporc st nderds ~nd the promotion of their
use by industry and commecrcc in the Republic. SISIR only provides the Chairman
and thc Scerctariat; the members of the various Industri:l and Technical
committces arce drown from industrice and Government departments end the consumer
public.

With thc growing cmphosis on producticn for export markcts, indusirics
are encoursg~d to bc quolity conscious and to meet ~ceceptable standards for
world markets. This quality certificote sohueme currdel by SISIR scrves a8 2
recognition that products conform to ccrtain stondords.

By thc quiet, sustaincd and cffective applicotion of the expertise to tho
practical problems of our industry, SISIR h~s made o reasoncble contribution
to the industrial progress of Singuporc. The teahnicnl scrvices rcndered to
the industrics incrcoged trom 147 jobs in 1963 tc 6,000 jobs in 1970.

In 1963 therc wurc only 23 stotf members.  Todoy SISIR hes 196 staff
members of which 57 arc Univernity graluatus whc . ro scicntists, cngincers or
oconomiste. In 1963 the purcentoge of income over cxpenditure wes 6%; in 1970
this rotio was incrcascd to 43, Eighty-cight percent of SISIR's incomo were
dorived from industry, thu remaining 12% wore fron other statutory Boards in
Singopore. Singoporc is cne of the fuw councrice in the region where the local
industrics hnve voluntarily cccoptoed quality contrel ond S81SIR as their
inspector without lcgisl~tion by Government. This @urlity Certificate Scheme
wes started only one and o half y s age ond up tu row SISIR has issucd
67 Cortificatos and there nre morc ~pplicents than Si3IR ccn cope with,

SISIR togcther with the Nationnl Productivity Centrc ~nd the University
of Singaporc offcr courscs and tcchnicol consultoncy scrvices on quality control,
In this way it is hoped that the technology cof existing industries will bo
up=groted ond morc industrics will comc tu appreciste the cdvantages of
associating themsclves with SISIR and what industricl rescarch can offer them.

2o~ ncer Industpics Devclopment Agcncy (EIDA)

"¢ intensificd promotion of c¢cngincoring development scrvices is vital
for nccolerated industrial devclopment, piorticularly the cngincering industries.
It is with th: above aim th-t EIDA was sct up in 1968 from thc workshops of the
Light Industrics Sorvices Unit cnd ite moin objoctives ares

a) To promotc¢ and stimulate the development of morc sophisticated
enginecring industrics, particularly in metol and precision engineori
¢lectronics, mochinery and shipbuilding nel &
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b) To provide necessary supperiing services, including the production
of tools, dies, jigs -uad fixtures; metal working and finishing,
including precisicn die~casting, foundry, heot=trectment and platingg
metallurgic:l and metrclogical services

¢) To undertokc product rciseercehy design nnd development, und to build
up a pool of designcere for continuing techuologic.l progrees

a) To provide training ~nd upgroding focilities under actuzl production
conditions, for skilicd work:rs, technicians ond young enginecrs,
in the reloted rieids

8, To support tlic n-tional programme for tichnicnl education rnd
training, inclucing the provision of ‘n-plint cxperience for teochers
and instructoras,

The Agency has thoe following six operating urnits:

= letal Industrics Developient Centre
= Prototype Production ond Training Centre
~ Electro-Mcchanical Training Centre
-~ Zlectro-Chemical Engincering Centre
- Precision Engincerirg Dovelopmont Centre
- HWoodworking Industrics Development CGentre

At prescnt EIDA has 383 staff and has 400 trainecs mostly in the metal
industry workshops. This is part of the Agency's staff development progromnc
although the JAgency clso provides training for industrial personnel for
sclectud industrics.

3.~ Light Industries Scrvices (LIS)

Light Induetrics Services, as the nane suggests, wes set up in 1963 to
providc a programmc of essisting =nd utimulating develeopment in the light ond
small industries scctor. Tt works closely with SISIR and ZIDA. Bricfly, LIS
offcers the following typos of ascintance to the industiry:

) Economic Resc..rch cnd Inveatigrtion:
- carrice out feusibility studics on products which might be
prcefitably produced localliy

-~ supplice cconomic ~nd stotistical information t¢ individucl request.,

b) Industrial Dosign:
- designe promotional - nd advertising materials
- advisass on product displays and cxhibiticns
c) Project Dovelopment:
=~ oncourages new investment into small and medium scale projects
- provides advice and assistance to industrial investors on the
choice and acquisition of suitable factory sitc and on their
applications for pioncer status or tariff protection.

4.- Naptionol Productivity Centre (NPC)

The National Productivity Cortre, which was set up in 1966, functions as
& tochnical unit of the Economic Luvelopment Board with a high degree of
autonomy guided by cu .dvisory Council with cqual ropresentotives from
Government, managemcnt and labour uniors.

In the fiuld of tcchnical services; the contribution of the National

Productivity Centre is mainly in the areas of indusirial engincering, managemont
accounting, genoral mansgoment and supervisory training, and workers'ccucation.




It is hoped thot in the near futurce the ronge of the NPC's tcchnical advisory
services would be cxtended lso into the ficlds of clectreonic date proccssing,
industri:l health #nd safoty, and industri~l psycholozy. In cach of these
fields, industricl csteblishmints con obtain the scrvices of the NPC on a
consultoncy bosis,

The NPC o~lso conducts various training courses ior middle—management
and trode union officinls in the arious arocs of Industricl rclations and
industrial engincering.,  These couarses ore usually cellowed up with proctical
ciso studivs of the prrticipaent's own org .alsction.

5= The Depurtment cf Primery Producticn, liinistry of Notional Devclopment

This Dupcrtment provides vetorinery and other biological scicences
gervices to the farmers and rcloicd industrics like .nimal fecd, pigs and
poultry farming, agriculturc including crchid growin, ~nd meat canning. It
clso hos a very bipg fishery Jdeportment which like the other divisions also
provides trainings besides research ond tochnical scrvices.  This department
works closcly with SISIR and is very ective in rescorch and develepment of the
pig and poultry industrics in Singcporc as well os the tropic~l fish and orchid
industrics.

V.- UTILISATION OF INDUSTRI.L RESE.RCH SLRVICES

Sincu 211 industrinl resc .rch organicotions cre sct up to meet specific
nceds of the country at Government cxpensc, one of the most important functions
of thesc institutus is to surve os scicntific and technicnl adviscrs to the
Government. In somc countrics the industrial rescorch institutes ~re often
conpulted before licenscs ~re issucd or incentives given to new industries.
These institutcs are often c¢llud upon by Government to ~dvisc on conflicting
propositions mode by locul or forcign intercuis concerning the setting up of
certain new industrics.

An industrial rescorch institete foils in ite functions or intentions unlese
its research results nand scrvices arce utiliscd by industry or influence Govern=
ment policies. Manzgers of industri:l rescarch institutus must be aware and
be alive to the needs of industry at 11 times if he is to be a good monager or
director. He ond his staff must oy particular att ntion to cstablishing
contacts with industrics in order o ideatify probl.us for rescarch and to
involve these industricvs, the pcotenticl uscrs of the institutes' research
results,at an carly stage in the work,

It has been cstimated that costs for comparable stages of scientific
roscarch, technological rescarch and development activities are in the ratio of
13 3: 20, In Singaporc we have oftun found it necessary to scale processcs
up in several of the new or improvcd process SISIR hos developed, as, for
examplc, the manufacture of zinc uxide from zinc wastis, recovery of tin from
de=tinning solutions ~nd thc fermentnation of certain food products. It is the
policy of SISIR not to involve itsclf in this cxpensive stage of dovclopment
unless interes*ted industrinlists or entreproncurs cen be found to join in the
venturc and meed all, if not ~ larg. port, of the cost. In this SISIR can be
congidercd to be quite successful,

In the deveclopment of its rescorch copebilitics, most industrial rescarch

institutes also develop its ungincering and cther supporting services which
cen be very uscful to Govermment, loc 1l industrics and cven foreign concorns.
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Toke, for exemple, the ficld of inlustrinl npplicntion of nuclear vnergy
which includes non~destructive testing cnd usc of rrdioisotopes to study

and improve industricl processcs.  SISIR has developed tojether with some
university staft - foirly strons teor of workers in this ficlds The projecte
that we have donce or arvce Jdoing inclwde the following:

for the Governmont:

- hydrolusic:l survey nd possibl. siliing of the Singnpore
herbour by ool wvecloastzon
assistoei in the feasibilisy stuly of scucrnge disposel
obtained contract in open tonder from the Public Utilitics Board
tc supervisce and tust the munufoctuse and installation of severol
miles of stucl [ifpus

for local and foreign industries:

- the testing of woelie for the ship repniring and ship building
industrics
thc improvement of processcs and hence the guelity of asbestos
shcete and cement pipes
the improvement of the process and quality of plywood
the saving of cost in the glass manufecturing industry

- the detection of leaoks and blockages in the oil refincries

- the approval of welders for the aircraft maintenance gromp.

The IAEA hes roquested Singapore to conduct a specinl six=weck coursc
on non-dostructive testing for 30 scientists from Asian countrics in October
this year. Singaporc hos rcceptcd this invitation and henour to run this
coursc and du whetever it =an to promotc regionzl co-uperation espucinrlly in
the field of scicnct and tochnelogy.

Similarly the testing of builling matericle, including paints, have
also led to the develeopment of better types of building materials which hove
benefitted the building industrics in Singopore.  As the building industry
is o very importent industry in Singepore, ony sigmificant improvement madce
will benefit not only the privit. scctor but also the Government.

Forcign companics also moke usc of the services of the local industrial
rescerch institutes., However big thesc foreign concerns may be they arc ncver
sclf-sufficient when they start ovcrstion in any foreign country. They need
a lurge numbcr of sub—contracture, meny of these ar. usually small local
induetrialists who may n,t nave the expertisc required to produce the parts
or products thc forcign firms require. Sometimes the raw material parts
supplied are nct of consistent quality and thesc usually affect the quality
of thc final products. Furthermore, there arc certaan local oonditions which the
the foreign concern may not be familiar with and this can somctimcs causc
surious losses unless the causcs are identificd, end remedial action taken
immediotely. For example, certain clectronic industrics arc very sengitive
to the presence of certain gascs like Hydrogen Sulphide or Sulphur
dioxide in the air. These guscs can tarnishsilver-plated integrnted circuits
and causc considerable lose in matcrial and labomr to tny” compony.

It is goenerzlly accepted that not all forcign tcchnology can be trans-
forred dircetly withcut any adeption to locel conditions. It is in this
adaption of forecign tcchnology that most induetrinl rescerch institutes cf
developing nations will have an important role tc play.




VI,- CONTRACTING OF WORK TO LOCAL INDUSTRIAL RESE/ARCH INSTITUTES BY LOCAL
BUSINESS COMMUNITY AND INDUSTRIES

Clicnt-sponsorced research is usually undertoken on an institutioncl
contract basis for government or industry to nssigt in the solution of
specific »roblems. Such rescorch and investigotion ore usually peid fer by
the client under o contract with the institution. Jhe object cf the projoct,
the scoupe, the cost and the time limitotions must all be epproved by the clioent
before the contract is signed. These impertont items are usuclly Jdeveloped
in consult.tion with the client. This typu of contract limits the indepcendence
and frcedom of zction of the research preject lecdor. However, this is not
scrious providcd he is involved in tho negotistions ~nd that he is satisfied
with the conditions loid down before committing himsclf and for that matter
the institute to responsibility for the project.

The practice of awarding contract resewrch tu industrinl rescarch
institutcs in most developing countrics in asic is the excontion rethor than
the rule. This is becousc most of the loccl jndustrics ~rc¢ not sufficicntly
gophisticutcd cnough to appreciate or to nove funds for rese-rch activities.
The charges for work donc is usuzlly subject to ncgotiation for many of the
institutes in Saia. This negotiation usually tokes place ~fter the completion
of the project ~nd is tased on thc results obtrincd. In most cascs the
compensation may not cven cover the dircet expenscs incurred, not to sav the
othcr overhead expenditure., Furthcrmors most industri-l resenrch institutes
arc not sufficiently developed in terms of monpower ~nd resources to cope
with problems of the forcign comprnics. 48 . rosult many of these institutes
do the morce mundanc type of work such as tosting, ‘nd simple trcuble-~shooting
for a long timc.

1e= . Futurc Trend

There is o strong and inercasing tondency on the part of Government in
most of the deviloping countrivs to insist that lucal :=nd forcign concerns pay
morc attention to the possibility of conducting R + D locally, both tc lessen
their dependence on foreign technolopy and to develop indigenous rescarch
progrommes rclatcd to local industricl needs. The development of locol research
capabilities is one of thc prere ulsites for developing o sound and diversified
industrinl economy. It is therciore in the intercst of both th. Government
and the industrial lcaders to co—operate fully in moking their industriel
rcscarch institutes viable. L viablu industrial rescarch institute can offer
employment to university graduatcs and rcduce "broin-drain" which may othorwise
develop. It will also serve as - training ground for further development and
~ supplicr of highly trained professional personnel to industry. Such
institutes will also scrve as usoful catnlyst for the entirc developmont
process.

fi
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VI1I,- DPROBLENS HINDERING MORE KFFLCTIVE UTILIS..TION OF INDUSTRI.L RESE.RCH
olD SUGGLSTIONS OF POSSIBELE SOLUTIONS

General underdevelopment in scicnee ond teehnelesy has been the nain
ubstiucle ~nd problem to the - ffective utilisatinn of the available and limited
industrinl rescarch freilitics in most countrics in lei-. The industriil lovoel
must rcnch o "threshold" 1lovel of nophisticrticn befor: the impact of industrial
research oon boe fully - ooroeds v,

Scicnece “nil technology Lone without the prlicition and commercinl
cxploitation by inductiry co.nnot create meterinl wealth.  Bouclly truc iv the
fact thoat industry connot continue to prosper i this competitive world without
the nssistance of modern scicnce and technolegy;unless this ie being apprecicted
Ly both the technic:l ond mencgomont personncl, the industricl rescorch upit
will hove o difficult time 1o dovelop,

The locil mensgement in Singupore haove meny teething problems aesceicnted
with the tronsition from the ireditionzl cntrepot nd commercicsl ~ctivities to
the industricl cetivities, Industricl rogesrch corvices heve to undert:ko
curtain non-technicnl ctivities such ~s market suwveys, teriff oroblems, cte.,
in the earlicr days. The incustric 1 community, porticularly the locslly
meneged cnd smeller indusirics, arce sceking advice snid cssictance in mecting
the requircments of soric of State ordinances.

The problem crcns associ ted with Singrpore’s .rly oiforis to promoty
rnd build up the industricl resc .reh services includa:

1. Technical Skills

The quality of the service reomlurcd by industricl rcscarch institute is
primarily dependent on the quelity of ite _erscnncl, besides bagic instruments
and equipment, It is cxpoected thet by maintaining the present momentun of
industrinl growth, Singepore’s manufecturing scctor would nec? for the nuxt
five yeurs approximately 300,000 ,.ersonned ~bout 4000 < f whom will be invelved
in industrial rescerch ~ctivitics. The type of scientific and technienl
personnel required for the teechnienl scrvices ~nd inlustrinl research uust
be deturmined ~ccording to the industri:) development of the country.
Seyhistic ted vperations cnd corvices reoquire highly skilled ond compoetent
scicntifiec nnd technicel jerscnnel.  In the currcnt stage of industriilisation,
most industrial ruscarch institutes arc still in nece of problem solvers and
psursons who cenn lead multi-disciplinary teams to tockle multi-disci; linnry
sroblems cr projeccts.

The lack of comp.temt an! expericncec scientific and technical personncl
for industricl rescarch is a wniversal preblem in 11 developing countrics.
What ~re the general impediments cginst building up this critic:l pool of
such personnel 7 Onc rcason is that highur remuncrcation and botter carcer
vrosgpect in the private sector make industrisl rescarch o less ~tdractive
corcers  Ancther rcason is that “a number of such personnel who ge to or arc
treined in advanced countries prefor to stay on, thus depleting further the
limited tolent ovailoble, This, to o great exteat, is duc to botter rescarch
and instrumcntotion facilitics and ctmosphere obroad. The difficulty cf
finding stimlating and meaningful cmployment in line with the training cbroad
is another zddition~l impcdiment.




Somc of the constraints which make industrinl rescarch unattractive
should be removed., Hew incentive and personnel oolicies should be adopted,
promising butter status nd crioluments for the scientists, tcchnologists
and recognising the role of scicntific resc.rch 25 the major instrunent for
national progress. In the develcoping countrics, thers is the percunial
problem of "brain~dr~in" from thc ublic scctor to privete scctor, In
Singopire we have taken steps *o have the situcti ‘n remedied. The ataff
has increased from 60 in 1668 - - 196 in 1971,

2.~ Promotion ond Contict with the Industrics

Thercarc a variety of tochnicnl pro™lems which ere confronting
Singaporc, arising out of the accolerated industricl progremme. The
professional technologists in the frotorics are too ticd down to their
production schcdules ~nd routine mainten~nec jobs that théy do not havc time
to identify the probicms and let ~lone do resenrch inte their problescs.

It is here where the lizdison betweon industrics nnd indusirial rcsenrch
unit ie of poramount impoertancc.  The best promciional platform is
performance = i.c, the industry should hove sufficient confidence in the
ability of the institutc in finding solutions to their querics and prohlems,
The unit muat not only know how to soclve but whet to solve when confronted
with a problem -i.c, the ~bility to dingnosc will give confidence to the
industry. This situntion is Qifficult  be roeolised specially in the earlier
stages of development where the tochnic.l and profussional officers, though
with good ~cademic background, -r¢ young .nd incxericnceds  Their approach
to rescarch work wes still rather speculotive but never il -less they were
constantly acquiring the basic practical nd dicgnestic skills, Sincce 1968
the position has improved considerably.

The industrics arc noturnlly concern.l with their production schedules
to mect their orders ~nd thus t.nd t. ignore the noed wnd impertance of
research., This is slouly being remedied s promotional campaigns instilling
in thc local mamufecturcres thot quolity goods nnd not marketing skills alone
will, in thc long run, be the overriding focior in scecuring o niche in ‘he
competitive world markct., Industricl rescorch and quality control can
therefore help the private cexport-oricntated industrics to achiceve their
sale torgets.

3.~ Co—oporation and Co-ordinction at Regionel and International Level

It hos been nccepted that ~1l the developing countrice industrialise
through the procuss of "transfcr of tcchnology" lock, steck and barrel. This
jndustrialisation process to be succcssful hes to be reinforced by local
technological capability, thoe main ingredicnt of which is sufficioent pool
of skillcd and com;ctunt personncl who know and understand the cxisting
technologius clsewhere, modify ~nl adept and oventunily operate thom,

The cxistence of this locnl capability isa prorcquisitc to a succussful
geicncu=bosed industricl community.

The resources of the advonced countrics and the co-operation of
dcveloping countrics with similar loeal conditions ond stage of industricl
development cre of vitel importance to build up or improve the local
capobility. The many immediate cand pressing problems which the developing
countrics arc confronted with, will be less unmancgucble if there are
regional or international co-cperation programmes to promote the setting up
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of training facilities geared to modify or adant existing technologies
to the technical, ecouomic and socinl needs of the develoning countries.

Regionrl and international ro-onerative movement can only be
effective if the Brientists n:d technologists of rountries, hoth developing
and developoed, rommunicate among tremselves o ~ nersonal basis. Regional
and internntional seminars, studies, training "rogrammes or workshois can
nlay an extremely nseful role ac they cerve nc r~tannels througl which
problems r~an te lLrought ud and osinions and exrertise accumilated through
experie ice would be mit to use i evArluating and fisding solutiows to
these nroblems. The vervy fact that many of the leaders of the s~ie.atifie
organizations in tle regio» are now i1- nersonal ~o.tact and sbare s common
desire to exchange exneriences and ex»ertise angurs well for regional and
international co-onerative nrogrammes in science and technology.

With all the good intentions »rovided Ly regional and international
co-onerative efforts, a countrv cannot hone to orogress industria’ly
unless it has defined rlearly its industrial programmes in terms of
research objectives ard requirements in relation .o its limited human and
physical resources and incornorate them in its overall nitional development
nlans.

4.=-Finance

The Industrial Research Unit in Singapore (now renamed SISIR) was
founded in 1763 with assistance from the Colomlo Plan. ’lew Zealand
contributed to this undertaking tle bvasic laboratory equipment and the
services of exnerts. Other rountries such as Japan and France, either
through international agencies or “ilateral agreements, have similarly
assisted in setting un technical institutes for the purnose of imnroving
the basic technical and scientific infrastructure.

Through such technical assistance, the donor countries contribute
significantly the canital exnenditure for the equinment and initial
exvertise to run these outfits. Thre recurrent exnenditure is exclusively
borne by tre Singasore Gorer .ment .

The Government machinery for overall nstionnl develonment will have
to consider develonment for srience and technology in relatioashin with
other nriority nrojects. In the traditional nattern of things, the
develonment of science and technology was unfortunately one of lower
priority in the nast In Singanore, for the nast few years since
indenendence, the military exnenditure had the largest slice of the annual
budget. The "un-hill" efforts of obtaining additional funds for expansion
of industrial research facilities have to be seen in the light of the
overall national development progremme. The authorities on science and
technology in Singanore are beginning to convince the slanning and funding
authorities of the importance of science and technology within the overall
development. Efforts have been reasonably successful in obtaining funds
from certain scientific international agencies to exmand the facilities of
the various research institutes to cater for the increasingly comnlex
needs of the industries.
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On tre self-suffiriencv lovel, clients are slowly heginning to be
ware of the useful role of the research institute n:d their reluctance
to make use of and Hiy for the servires i're eing overcome This hns
resulted i inereasing mart of the turden of running the iastitute being
passed on to the clients In 1763 SISIR only earned 67 of its running
exnenditure. However, i 1770 SISIR's carr~ing ~rounted to 4% of
exnenditure, the 'ulk of whi~t was derived from industries

5.- Research Work - Selection of Annronricte ™eldo

It is immortant that o industrinlisire country thnt is nlanning
to embark on a nrogramme of iidustrial research, should ~hoose fields of
research activitiez to he carried th~t ore a»mronri~te to the stage of the
country’s industri~l dcvelooment.

As the nim of any industrial research unit is nrimarily to service
the practicable needs of the irdustrial sector, it is immossible for
obvious reasons to be romnetent in all fields of industrial research and
activities. It is, therefore, necessary to consider wiat levels and fields
of research to undertake.

SISIR, wit! its limitcd nersonnel, has ndooted ~ solicy of
coriceitrating on day-to-dav researcr oroblems ard srojects which relate to
the immediate interest of the loc~l industries Tn-house »roiects are also
being encouraged if tlrey come within the Government's long-range nlans for
industrial develonment. It is the intentiorn that wherever nossible the
industrv should be brought in at the initial stage of long-term in-house
arojert so that the results, if sucressful, will '~ve a hLetter chance of
being commercially exnloited.

mhe fields of reserrch currently undertaken by SISIR include the
survey, study and develomme=t of loral raw materials; tcsting,
standardization and develomment of nrodurts, -~rocesses, scientific
equinment and instruments; 22d nrovisioa of techbniral services. These are
standard tynes of i-dustrinl research services ~rd anv new narcns of activities
will denend on the tynes of new industries thot ~re ‘o be set un.

Singanore is a small islnid=-stite with slig™tly over ? million
population and its industrinlisation is snecifinnlly peared towards an
international or world-wide market. It hns margi-al netural resources.
New industries which can contri“ute in skill develowment coupled with good
potential for techn logical advance are leing e :couraged. These include
the broad areas such as metal engineering and maclhinery, shipbuildirg and
transport egquinment, optical instrument lenses, electrical and electronic
products and aerosvace engineering. The imnort-substitute tynes of
industries will have to be carefully examined before they are allowed to
come in.



In develoning couistries, where industrial develooment is generally
8till ~t its i-fraey, ihe realm orf industrisl research activities is not
confined to techiical nrollems but snilt over to all areas which ure
importart to the growtl anrd develodment of industries. Trese include
market surveys, maragement znd oroductivity studies and advice on tariffs.

6.- Universities

Wrea one sneaks atout the nnezibdle gource of secientific asd
technologien]l mamower for 3 adustrial resenvreh, one crects to look towards
the ntiversities, where tighly trri-ed nersomnel tend to rowregate.

The srience and ¢ pireering facilities of the Universitv of
Singanore and Nanyatg Uriversitv, like othere i develoning conitries,
have tenvy work-load in trrising tre uadergraduntes. liost of the "smare-
time'" research work being done i1 these two w.iversities is tnsie i
nature. Onnorturities are 'ow Vel p givver to urdversity staff to
particinate i the industri~l rescarch 2a0d assist i solvig nractical
probLlems.

There was 2 lack of effective communicatio. bciween the universities
and irdustry in the »ast and the rclatiorshi- betwee.i these two imnortant
groups have now bLeen strengthe.ied. The uriversities can nlav a useful role
by sharirg its facilitiea such a3 costly cquipment nnd instruments and the
services of highly qualified personnel for the benefit of the industries.
Stens are being taken to introduce an associateship scheme where a
practising technologist could he allowed to take time ~ff fron Fis iob to
do research into technical nroblems confronting him in collooration with
some university st~ ff.

In strengthering governmental research activities and maximizing
the effective utilisntion of existi»g industrial resenrch facilities, it is
clear that Singanore is facing nrollems common to most of the develoning
countries. These problems include the shortage of necessarv research
equinment, the shortage of exnerienced research »ersonnel and the slortage
of financial assistance. However, it is fortunate thnt at the »retsent
moment, there is an inereasinglvr closer liaison and thre co-operatior between
the institutions of tertiary education and the other governmental technical
denartments in »laniing their rescarch and ~llied activities, Industry is
elowly beiig drawn in as there should te feedback from industries to the
Government 80 that the amoro-orinte suthorities of the latter will be aware
of what needs to be done eitrer in the formulation of industrinl research
nolicies or in reinforcing the technical services to Me orovided. The
Ministry of Science and Technology and the Science Council are “resently
studying the mersures nceded to systematically organise the diversified
research facilities i1 order to make unified large-scale nntivities
possiltle, particularly the idustrial research and development activities
and iraining of the aporonriate escientific and technological maanower.
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VIII.-CONCLUSIONS

There is a ra=~idly growing need for industrial research services
in many of the countries in Asia. Becanse of the slow develooment of
many of the industrial rescarch institutes in thin region for reasons
already stated, only a few comnanies aid government agencics enjoy the
luxury of such services to n very limited extent. This situation must
be remedied if the courtries ara to achieve any s gnificant amount of
economic growth.

Industrial research institutes must be acecorted Ly the econoric
planners ard industries as an esscntinl nart of the infrastructure
required for national and eco-omiec development. The neonle in charge
of industrial rese~rch ivstitutions must work clesely witlh and exnjoy
the confidence of those involved i the economic Hlamving of the nation.
The way to develon ronfidence is to nroduce results. This is often not
that simnle and it is felt that this is a1 area where UNTDO and other
foreign aseistance will bave a very immortant nart to »lay in the develonn=
ment of mational industrinl iastitutiovs i Asin.

. e T




Anmendix A

PROGRESS OF MATUFACTURING ESTABLISHEYPS WITH 10 OR !'“RF WORKFRS*

1757 1763 1765
Indir~tore 3G 17365 176> to to to
1362 1365 1963

Perccitape Chonge
Per Anmim

Total Maaufrturine:
Establisrmets (Mo ) 511 55 1,000
Emolovme it (¥.) 25,137 47,020
Outout (*m) 1,096
Direct Exnorts (8m) 1.1, 2 349

Dirert exnorts ns % of
Trtal Srles (%) 32

Vet Value added »er
worker (productivity)

(%) 4,787 5,504

Talue of Physirsl assets
ser worker (casital
intensity) () 2.2, 8,908

Pioneer 1 dustry
Establishment (Wo.) 27

Fmaloyment (Mo.)

Out-ut (fm)

*Excluding rubber nrocessing and small masufacturi:g establishment, which
emnloy some additional 40,000 workcrs.

Sourre: S'nore Year Book, 1769
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