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Rise of the IC Industry

The first effect of transistors was to oust the familiar radio valve. ‘
Soon, bowever, 4 vista of entirely new possibilines opened up, i
imcluding the possibthity of manufacturing  ccmponents m '
developing countries for domestic and export markets. This
argicle was prepared for Asman Manufactunng magazine and is

reprinted by courtesy of the publishers

HE invention of the transistor 15 years age
has had . great influence on the development

of electronics and consequently on society as

a whole.

Transistors are more  compact  than valves  and
reqguire fess power. They coulld, therefore, be fed from
battenes and used in places where no mains supply of
clectneity was avarlahile,

By the 19508 there was considerable speculation
about the desirabihty and possibility of accommodating
entire cirewts an a single picce of a semiconductor
matenal and rhus producing integrated aircuits or 1Cs.

Apart from juncton transistors of germanium
(ongmally the transistor matenal par excellence) . silicon
transistor technology was investigated and developed.

For a number of reasons the issue was finally
decided in favour of silicon. One very cogent reason was
the fact that only three sources of germanium were
known. Germamum transistors were also subject to aging
cffects caused by surface instabilines,

Superior material

Sthicon, the preparation of which was a source of
great problems in the carly years, possesses good
insulation and clevated-temperature properties, which is
a great advantage, especially when high powers have to
be handlea.

Silicon proved to passess yet another trump card: it
can be covered by an oxidation process with an oxide
layer which posscsses great adhesion, stbilizes the
surface of the device and forms an excellent mask when
the impunty layers needed for transistor operation are
diffused on to the substrate. it was this property which
gave risc to planar technology. The latter proved
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extremely suitable tor the mass production of discrete
juncuion transistors, cnabling a large number of them to
be made simultancously in a single wafer of silicon,

A subsequent step consisted in the interconnection
of various transistors. The evaporation-deposited metal
wiring used for this purpose is scparated from the silicon
substrare by the layer of silicon oxide referred 1o abeve,
which possesses excellent insulation properties.

Ta cnsure that the various planar transistors are not
mutually shorted e the (semiconducting) silicon
substrate, each transistor must be surrounded, idend-
like, by an clectrically insulating region. The fact that it
1s possible to grow a very thir single-crystal layer of
N-type silicon cpitaxially on a P-type silicon wafer
offered a convenient solution: with an  epitaxial
structure, all that is necessary is to diffuse 2 P-type ting
straight through the layer and to bias the resubtant P-N
junctiors in the reverse direction. Epitaxial prowth is
defined as the growing of a single-crystal lsyer on »
single-crystal substrute so that both have the same
crysual structure and orientation. With epitaxis! growth
it is possible to apply to the surface of s erystal s layer
of the oppusite type of conductivity.

Mcanwhile, many forms of field-efMect wansistors
were exhaustively studied in sddition to the janttion
transistor,

High surface sobility

The high wrface subilicy of whe onill
used in planar technology rendered the |
oxide-semiconductor) Geld-ef ‘ect sy
Opcnnonaftﬁldwwcnwoaﬂ
charge at the silicon surface yndes :‘” )

For integration purpIncs
advantage over the junction translifee 4




layer and no insulation diffusion are nccessary, with the
result that the technology of MOS-ICs s relatively
straaghtforward.

As 2 result of these vanous developments it became
possible, as carly as about 1950, to integrate some
10 transistors and other components on a singlc wafer so
as to form acomplere circuit. These first ICs marked the
end of a period in which circuits comprising transistors,
by now inexpensive, -had to be wired and soldered
together at great cost.

The desire for further cost reduction led in the
second haif of the 1960s to stll more drastic integration
techniques enabling some 100 components to be
accomimodated on a single silicon wafer.

The most recent advance is “large-scale integration”,
which wus first introduced several ycars ago. This
technique cnables between a thousand and tens of
thousands of components to be accommodated on a
siicon wafer of several squarc millimetres or slightly
larger.

At first, the mihtary authontics were the main
driving force behind this breathtaking development, but
as time went on their role was taken over by space
programmes and the computer industry, which deman-
ded incressingly higher operating speeds and simaller
dimensions, as well as lower power consumption and
lower heat transfer.

Ecomomy snd relisbility

Nevertheless, the chief critena were economy and
reliability, Needless 1o say, grateful use of this rapid
peagress in clectronics was made in the development of
professions) equipment in sectors other than the two
mentioned and fcr more “ordinary” applicztiors.

As a reselt, applications such as traffic and
-swtomotive clectronics, education and information via
television, telephony plus television or page-printing and
meetings vin tclevision or videophone are coming nearer
aind nesrer to being a reality.

The ministurizstion resulting from transistor and
integrated-circuit technology have had positive conw-
m - uptﬁ enviropments! sspects.

circuits compist for easily the major part
of sillogh, MQMM from silicon dioxide (quartz
b o@ in, m‘y smalf qu;ntmcs.

Moreover, modern electronics can provide a solution
10 the problem arising from the increasing usc of private
transport which, in view of the limited space, the
pollution aspects and steel and fucl reserves, is beginning
1o constitute a grear threat to the quality of life. This
undesirable development can be held in check by an
advanced, properly functioning communications net-
work.

Hyper-pure crystais

Almost all integrated ciicuits are made from silicon.
The more complicated the circuits and the more of them
there are on a silicon wafer, the more closely thewr
clectrical properties depend on the purity and structural
perfection of the matenal.

A commonly-used t-chmiquc for producing ex-
tremely pure single crystal: of silicon--from which the
crystal wafers are later sown-is the floating-zone
method, in which the crystal is grown from molten
sticon which is not in contact with any other material.

Rescarch at the Philips labor.tonies, for instance.
showed that impurity of the silicon leads to the
formation of vacancy clusters, i.c. conglomerations of
empty crystal-lattice positions which can be fatal for the
performance of the circuits formed on the wafer.
Theoretical study of cxperinental darz led to the
conclusion that the clusters form at sites where oxygen
occurs. On this basis it proved possible to devisc two
mecthods for eliminating the clusters.

Onc mecthod is based on employing such a fast
growth rare (5 mm/s) that the consequent rapid couling
prevents the formation of nuclei. In the second method,
the growth process is carried out i a hydrogenous
atmosphere. By interacting with the oxygen in the
crystal, the hydrogen inhibits the formation of nuclki to
surk an extent that completely cluster-free matenial is
obtained at growth rates as low as 3 mmy/s.

Use of beams to determine purity

In recent ycsry, scientisis have come to realize thet
ion beams can be wsed not only to influcnce the
Q«ﬁn of matwerisk but slso to determine the

tion and nsture of forcign stoms in the crystal
hmdf.fwwm




Figure |, Silicon orystal with vaceney slusters

in a TV camera of the vidicon type. Inhomogeneities
such as vacancy clusters and vanations in the doping
concentration are then clearly displayed on the TV
screen [see figs, Tand U] 1t s important to chminate
these clusters if a defect-free silicon vidicon is to be
achievad,

Figure i1,

Telovision pisture of a slfieen welfer, The elesiee
indicste varietien of the impurity conemirstion; the dem,
vecancy olusten

LOCOS technology

LOTOS (o Oal Oadation of Silicon) 1s the name
which has been bestowed  at dhe Philips  rescarch
laboratonies on 2 special methad developed there lor
impianning integrated arcans (1Gs) i 2 stheon crystal
water Jaee g i,
Covventmonal techmgues 4l teature an oxide layer
which anmganaily covers the entire waler. Holes are then
ciched o chat fayer photolmeally and chemacally, and
through these holes operations can be carned out on the
exposed silicon, ,
ko example.
the formanon of transistors, diodes, resistors ete,
diffused incally into the wafer.

mpunty concentrations needed for
can be

Sitce the dimensions and positions of these arcas
have to be kept within ever narrower himits as packing
density increases, it s essential to keep the oxide layer
very thin (up to about | um). However, 1t 1s often
desirable to have tucker layers because rhese layers are
what separatc the sihicon wafer from the connecting and
source feads, and unwanted capaciive effects must as far
as possible be climinated,

In LOCOS a thin layer of silicon nitride 13 used, the
primary purpose of which 1s 10 act as & mask for the
oxide iayer. Thus the openings in the oxide layer, even
when it 1s up to 2 um thick, are accurately fixed by the
thin sihicon nitride pattern which can be removed
separately by ectclung The nitride pattcrn can also be
used as a diffusion mask.

Formauon of the thick oxide films can be 50 weil
controlled that, instead of projecting beyond the silicon
surface, they can be deposited “flush” withowt wo
much difficulty. The metallization is then not required
10 span any stecp steps, which appreciably reduces the
possibility of undesirable breaks.

The LOCOS technique makes it possible to produse
very compact ICs accommodating both MOS tramsistors
suitable for high frequencies (with a P- or Netype
channel) and bipolar transistors.

Charge transfer devices

Charge transfer devices (CTDs for <hort) can be
used, inter alia, as delay lines (including delay lines for
analoguc signals), memorics or filters.

The oldest representative of this family is the
bucket-brigade device BBD. It owes its mmmz

L

that quantities of electric ¢ arc passnd on
step like pails of water in the old methad of fi

In this type of IC the portions of ek
represent sempics of the signal o b
stored in capaitors. Ficld effecr S
between the capacitors 5ot s switohes wi
ch.-ges 1o puss or wahe nedt cephelin
arc  connected slternaddly 0 & WOl

1udwsvigi N




Figue Hi. 0! Inagpeind bipslsr wensistor IN'-P—N') i
Mummmmumm
by P depth difhuien regiom (shown dark) in ssesrdence
with enventions] twchaigues; /b/ths same typs of
wensister magde by LOCOS teshnigues, idesl insuistion

{own wemparent), whish smn now e loested in dirent
canieut with the base regien and the solloster asntast sone,
with & renditant saving of spess

1 higher fixed reference voltage.
Mesnwhile, cfforts sre going on to further perfect the
88D principle, which, in cssence, consists in the transfer,

by means of & field effect, of portions of charges that are
stored in & semiconductor,

Angther versien of CTD, which is based on the same
jple. was mainly weked out in the United States of
HO8), Jov hure wec is mude of & scrics of electrodes
fowed 08 & wefer of oxidised sticon which forms the

12 L, a breakthrough

In exisung integrated arcuits, parucularly inpolar
transistors, current-hrnting resistors have to be inserted
i the source leads to protect the transistors against
overloading, These resistors require extra space, extrd
power and extra cooling capacy [see fig V]

L ogic gate circurts (transistor circuils tor computer
apphcanions) on an 181 scale have been developed.

The new techmgue has been named 121 (oc HL,
meaning integrated injection logid) because the ipolar
transistors are powered individually by the imjection of
charge carners from PN diodes forming a single
structural whole with the transistors. The local cnergy
sources formed by these power-supply diodes operate at
a level of 0.7 V_ the forward voltage of a P-N wncuon,
The power they deliver :s naturally limited and renders
the limiting resistors superfluous [see fig. V],

Using the 121, techinique, 1t proved possible several
years ago to make more than a thousand gates in a
crystal wafer of sbout 10 mm? 4 consnderabic advance
in the LSI fieid. Recent researcis natcates mat even
larger numbers are posstble. (The numbvr ot gates in
large computers is expected to rise in the fuare from
about 100,000 to 500,000.)

Power consumption of these circuits is now so small
that it is comparable with the power consumed by the
human brain. One of the ways in which this has been
achieved is by “turning the circuits down™ during quiet

periods,




Small wafers with large memories

One extremely important hicid o w hich imegrared
arcutts hind applicaton i the computer. 10 have
proved most switabie tor the dignal techmque used 1n it

v vital component ot 4 computer s the memaory
where data or the of operations are stored
provisienatly or tor an indetimite peniod The efforns of
the seniconductor industey 1o capture a large portion ot
the market Tor computer memones and oust the maore
Jomventional magnetic core storage has led o the
davelopment of memones with a large number of bits
per umit ot surface avea and also a fow cost per bt

results

Research has bieen darned ot tor the purpose of
developing 4 dvnamik memory (e a memory thal can
be Urefreshed” elecironically trom time to tme) with
one MOS transistor per bit and a high packing density.
In this tvpe of memory the iInformauon s stored in the
torm ot an clecanc charge in the shghtly increased
capacitance of  rthe drain clectrode  of the MOS
transistors which are used as swatehes,

The investigation has resulted 1in a prototype with
4096 b, each  occupying  only 825 pm?, which
correspunds to g bt densty of 1.200 hits per mm?

s nny o bit area was achieved hy using a
combimanon of the 1 OCOSN techniques deseribed earhier
and gawes of polycrystalline sihcon while, morcover, 1t
was made possihle by the great sensitvity of the part of
the circutt that has to detect the stored charges.

The memory 1« also distinguished by the fact that it
only needs one source voltage and that only one clock
signal need be apphed. From this signal the arcuit itself
denives 2 number of internal clock signals, which means
that the aircutt can be housed 1n a standard package with
18 connecting pins.

Data transmitter cut down to size

It 15 possible to have computers communicate with
cach other via existing telcphone lines. The “language”
m which they converse is made up of digits (data)
instead of speech sounds,

The data transmission world is yet another in which
great importance 1s attached to the ministurization of
circuits. In data transmitters, however, there was the
difficulty that the filters, consisting of many coils and
large capacitors, do not lend themselves to incorporation
in integrated circuits.

In a new design [fig. VI] this problem has been
overcome by using what are known as “‘digital” filter
methods. The filters with their coils and capacitors have

6

Figure Vi. Complete digitel dews tronemitter integrated in o
crystal wefer of epgroximetely 6 mm’ wes

been replaced by shift registers, made up from logic
clements, which can be readily produced in integratcd
form. Digital techniques are used even for the modulstor
needed in the data transmitter. so that it, too, can be
constructed from computer clements which can be
readily integrated.

in addiion w0 specific 1C advantages such as
compactness and savings 1n matenal, power and costs,
the integrated data transmitter, consisting of 400 com-
ponents, als offers a certain degree of flexibility. For
instance, its transmission speed can be modified with the
ad of an external ascillator so that it is suitable for both
narrow-band and wide-band telephene circuits.

Not coils but g Tators

As IC technology progremes there is an imoressing
need for a compect and integrshle clement which con
perform the function of the coil, a component which s
still comparatively bulky. Coils are stll wsed on » fairly
large scale, e.g. in telephone filters.

One of the possible solutions is the gyrator.

Like the transformer, the gyrator is a passive
fouspole. The remarkable thing sbout the gyrasor—and
in this it differs entircly from the transformer—is thet its
output voltage depends entirely on its input current and
its output current solely on its input voltage [sce
fig. Vil]. This has 2 remarkabie consequence: if the
capacitor is connected to ome pair of the )
torminals, the same rolatiomhip is found betwies
voltage and current st the other pair of terminale = ina
ceil [fig. VIIE]. In shore, & gyrater plus & empscitor
stimulates seif-inductanec.

induserial Revwavch swud DOwhegisine Wi
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Figure 1 X. Circuit disgram of an integrabls gyretor

Construction of s gyrator for low frequencies,
however, did not become feasible unul the advent of
transistors and, more especially, of integrated circuits,

Rescarch scientists succeeded, on the basis of a
curceit containing four transistors and two resistors
(“gyration" resistors) [fig. 1X], in desgning an integrable
fourpoule which satisfies the formulae given for the
gyrator in figure VI,

The resultsnt integrated gyrator wes successfully
tested in selephone filter which, unlike conventional
filers, do 0ot nced to be adjusted provided the gyration
resimors and capscitors are sufficiently  accurately
dimensioned, The circuit can also be used for nshle
filkkers, insulatons, circulators, non-linear circuis and

a*mqmgwumm

Luckily, the computer has proved in many ways a
valuable aid in designing circuits.

Rescarchers have for some considerable time been
engaged not only in developing computer programmes
for analysing and checking cir« uit diagrams on paper and
locating subsequent fauits occurring in the circuit but
also in devising computer programines for arranging
circuit components and laying in the wiring,

Layouts are arrived at after “talks” between the
designer and the computer —the latter acting as a kind of
accurate, high-speed accountant who has been informed
of certain commandments and prohibitions of gencral
application to IC technology.

The computer “krows”, for instance, what
minitem tpacing must be obscrved berween I ads and
that leads must intersect as little as possible or not at all,

it has been found that the computer on its own
cannot achicve sheolutcly aptimum packing densities in
the design of IC layouts, It ean do so if the designer with
his f;cuity of judgement intervenes during the
com’uw s design procedure and gives instructions. This
detasnds only ¢ fraction of the manpower

coventiona! devign methods,

wmywﬁmmmnmuma
dighent L9% circuins by this imeeraction method.
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LOCATING INDUSTRY: ENVIRON

To protect and improve

VER tne past decade. realization has heen
O growoing thar vhere as a vital need to protect and
impreae the environiment of the world, that 1
ordet 10 meet the energy. arr, water and living space
requircments of 2 raprdly mcreasing population carefu!
plannmg s essential.
This reahzation led te the convening in Stockholm
m 1972 of the United Nations Confercnee on the
Human Environment, which made 106 recommenda
tons regarding the protection of the environment, and
the  subscquent  forrung  of  the Umited  Nations
Environment  Programme (UNEP) to take action on
those recommendatiuns. UNEP, in conjunction with
other United Nations agencies and several governmental
and non-governmental bodies. developed a plan of action
m which the recommendations were grouped into several
broad areas.'
Threc of these areas relate particularly to the
location  of indusry and have been accorded high
priority by \he Governing Courcil of UNEP. They are

¢ fiuman - .tlements, human hcalth, habitat
and well-buing

e lLand, water and desertification

e  Trade economics and the transfer of techne
logy

The reason underlying the assignment of this

priority was expressed in a Declaration of Principles

adopted by the Stockholm Conference. Principle No, 1

staies: “Man has the {fundamental right to freedom,

'See “The Environment Programme: spproval of activites
within the Environment Programme, in the light inter ohs of
their implications for the Fuad smme: report of the
Executive Director™ (UNEP/GC/14/Add.2).

This article is based on a paper prepared by the
secretariat of UNIDO for a meeting of the international
Institute for [Industrial Planwing, beld at Vienms in
February 1974
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cquatity  aind  adequate  condinon of  iife. in an
environraent of 4 quabty that permits & life of dignity
and well being, and he hears a sclemn responsibibity o
protect and improve the environment for present and
future generations "}

However, while the economic advantages of cosrect
locavion have long heen recsgnized its importanre with
respect to the protection of the environment has not
been given the attention it deserves.

During the growth of the industnalized societies
little attention was pard to the cffects of technology on
the environment, either in choice of technology or
lozation of industries. Social aspects, such as health and
over-all community well-baing, were subordinated or
neglected, and in some cases deliberately exploited, in
the drive to improve living standards, and, in spite of the
social pressures and environmental awareness of today,
this state of affairs continues to some extent.

The location problem

Environmentsl considerations with regard to the
locstion of industry involve more thar just the physical
aspects of the matter; they must include the resson for
establishing the industry. To exploit a natural resource?
To expend & known market? To create employment?
For politcal purposes? For mational prestige? To
exploit particular technical or manusl skills? To the
advantage of market proximity or geographical locs-
tion? To attract foreign investment? To absorb excess
local capital? All of these are plausible ressons for
setting up an industry, the common factor being the
improvement of living standards. In this connexion it s
interesting 10 note the interrelationship between relative
income and the acceptance of poor environmental
conditions. In some countries whose
populstions are living near the subsistence level it Is
reasonabie 1o expect that more importance should be

" Report of the Unired Naticns Confrrence on the Humim
Kwwirowmons (United usions publisstion, Seles No., 75.01.A.44),
ssction I, principle 1. «
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MENTAL CONSIDERATIONS

placed upon the essentials of hife--shelter, tood and
water -than upon atmospheric  pollucion and the
destruction of flora and {auna. Exper.once has shown,
however, that as economic condiions improve, aware-
ness ancreases of the desitability of a clean environment
and so<ial pressure increasvs for 3 control on pollution.
There is, it appears, a correfation between living
stpudards and social pressures and studies are in progress
to try to express this correlation in quantitative terms.
Such information could, if used in the decision-making
process, lead to great savings since the cost of adding
pollution control ecuipment to an existing factory or
plant is usually much higher than when 1t is included in
the imtial investment.

In developed and developing countries alike there is
& tendency towards agglomeration in urban and
industrial areas. This is a natural tenclency since industry
nexds an infreitracture contmining transporr, labour,
comnercial bunking and investment facilities, and
proximity to raw materiais and markets. However, while
production costs can be kept down by establishing an
imdustry where such an infrastructure slready exists, this
view may be found to be w00 nurrow in the light of
regiosnl and netional economic policies; the object must
bt to achieve a balance between social and economic
profitability, two gosls which, withuut consideration of
all che parameters involved, may appear ss conflicting.

The question of the optimum size of an
agplomeration has not been fully investigated, but it is
worthy of further study taking ecological aspects on an
equal footing with economic considerations. Several of
the larger cities of the world, whose loeation was based
purely on tnde convenience, are exampi=s of unplanned
siting which it would be prefersble not to repeat,

Decontnalinatio.., on the other hand, whilc pousibly
dasirsble from the ecologiosl point of view, it sometimes
SHE it 10 maline owing to the lack of infrastructure; it
e, if it is w be sucoesful, be the result of » planning
opevetion which ensures provision of appropriate
fonilities +2d wkn woopuat of mational or regionsl

Voo A% wampeed.

Decenuabization policies are being carned our at
present 1 a number of industnalized countries including
the Umted Kingdom of Great Britain and Northern
Ireland and the Federal Republic ot Germany. Among
other berefizs of such a policy are the prevention ot the
further pollution of ulready polluted aveas. the
utthzation of fully integrated systems of waste removal,
sewage and water sapply, and the more efficient
utilization of existing transport systems (by reduction of
local traffic volum< and the integrano: of new sysiems
into the existing network). Not onls i this resulted 1n
an improvement of the envitonment in these countrics
but there have also been economic advantages.

While the decentrahization of industry is primarily
of importance to the industrialized countries it s also of
retevance  to  certain developing  countries  whose
industrial systems were restablished by colonial admini-
strations. India, with its large concentrations of
industrial activity (notably at Bombay and Calcutta) is a
good eximple. With regard to decentralization 1n
developing countries there is, of course, the danger of
spreading limited investment resources so thinly that
they become inetfective.

When a country, cither developed ar developing, is
considering decentralizing its industrics, or establishing
new ones, it is impcrative that st have knowledge of the
pollution potential of the technology involved; »f the
effectivencss of, and investment requiement .,
pollution contrul equipment, of tolerable pollution
levels, and of energy rzquirements.

While considerable information is availuble on the
techno-economic aspects of most industries location
studies are restricted by the face that data on the wider
external factors is not yet sufficiintly well formulated to
be of quantitative use. Several intermational organi-
zations are trying to fill this gap, however. UNIDOQ, in
conjunction with UNEP, is implementing a number of
projects within the framework of an integrated
programme of environine 1ta! work which should make a
ceatriburion to this field. Studies of existing plants are
being carried out with s view to determining their
overall. effest upon the environment. Since the mandate
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of UNIDO 1o aid an the industnabzation of  the
developmg countnes, the industries chosen tor studv are
those  which  are partocularly important 1o these
countnies, namehy, the teather, rublier, texules, ron and
stech, cement, and basic chemals industries. The
methadology  used in these projeets s designed  to
provide anformation inputs tor a UNIDO/UNFP study
on a mimmum poltution integrated mduserial complex
tdescribed below) and to endeavour to discover, through
pattern recogmition tevhniques, the nevessary modifica
tion to the imual theones en the subject.

Minimizing pollution

In spite ot the paucity ol quanutative broad-based
informantion considerable thought has been given ro ways
and means of achieving environmenaal deanliness using
the knowledge that 1s available. Two steps can be taken
now reduce pollution  from  estabhshed plants  or
factories, and ntegrate  complexes of fow-pollution
industiies. The third step will be 1o identify the best
possible locations {or these complexes. This wil! call for
the consideration of such paramcicrs as geography,
meteorology, labour potential, tand use and the over-all
charactenstics of the ecosystem within which it s
desired 1o create ndustry, A scheme  for  the
mvestigation of such sites has not yet been formulated
that 1s defimite enough to allow discussion 1n this article
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The suarung point in controlling the pollution from
an industry s to determine the industry's pollution
potential and what measures can he uken wirhin the
industry atself to correct this pollution,

Figure b shows a typical pollut.on vyde. It should
be noted that, in addition 1o the industry itself, the
system includes the tanspert factor and the contribu-
tion to over-all polluton by the « ~nsumer.

I'he dotted hne shov's feasible modifications o the
system which could be carnied ovut 1n order 1o achieve
mimmum poliution. The emphasis 15 an the recycling
and uohzauion of wastes, simply removing or disposing
of the pollutants from the system can only decrease the
ccenomic viability of the industry concerned.

The recyching of ar, water and solid waster s
siready reasonably weli-established practice, but the
problem of waste energy utilization, while the subject of
a great deal of study, has not been completely solved.
The importance of using this waste energy is clearly seen
when it is reahzed that the average efficiency of thermal
processes is only 35 per cent and that the remainder
serves o useful purpose: in conventionl fuels alone,
some 3,900 million tons per annum serve only to heat
the atmosphere.

The ather final waste oroducts of the cycle include
1 non-reusable residue, and  y-products which could
become raw materials for other industries. It s aot
realistic t assume that potential raw materials can be
extrac=J from ail pollutant residues, quantities and
extraction costs may make the operation non-viable. The
modified system does appear to be feasible, however, for
large industries

The non-reusable waste products would have to be
treated by convenuonal methods: removal of harmful
gases, neutralization of water prior to discharge into
sewers or water courses, and controlled dumping,
incineration and composting of solids. The technology
of such treatment is still in tts infancy, but it is expected
that, in view of the present interest in recycling
materigls, the process will develop mapidly.

Minimum-pollution integrated industrial complex

A mintmumy-pollution integreted industria) complex
is essentially an industrial estate in whith some
industries can:

e Utilize the products of other industries i the

estate '

e Utilize raw materials extracted from the wasee
of othes industries

e Provide a neutralizing medivni for the now-
reusable waste of other industries

Industrial Rescarch and Devwivpirnt Mews
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The concept (the subject of 2 major UNIDO/UNEP
sudy) ks illustrated in figure [1. Although exch of the
industries shown has & pollution cycle similar to that in
figure 1, for the sake of clarity only simplified cycles

have been used. 1t 15 assumed in this exercise that the
complex is concentrated around 2 major industry, such
as an iron and steel plant or a chemical works.

The major industry (A) feeds its producrs as raw
materials to ancillary industnes B, C and D. The
poliutants from each of these four industries have ~ high
degreec of similarity and can be fed to a common
extraction treatment plant.

The output from the treatment plant provides raw
materials for industries E and F and leaves a poliutant
residue which is added to that of industries A, B, C and
D. This residue is designated type +X.

Industries H and J can be of any type producing a
nun-reusable residue (designated type —~X) which will
neutralize the non-reusable pollutants from plants A, B,
C,D and E (type +X).

The system described here is, of course, very much

oversamplified, but it is one which should end itself well
to systems analysis techniques.

It s realized that the difficulties involved in
implementing such a scheme would be great. nowever,
the advantages, even if the scheme were only partially
realized, would make the attempt worthwhile. The main
advantages sre:

e Minimum waste of resources

@ Minimum residual treatment costs

Reduction of transport costs and, provided the
estate area is not too large, reduction in both
traffic volume and poliution by utilization of
non-polluting transport

e Creation of a commercial infrastructure of
planned size and amenity

e Fullest cxploitation of the labour market
(because of the wide variety of industries)
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IMPURITIES IN WATER:

some industrial implications
and methods of removal

by Trevor D. Rees

Mr Rees is connected with the Environment and Amslysss Group of a lerge chemical corperation in
tbe Umted Kingdom of Great Britaim and Nortbers Ireland. The arvicle wus arviginally prepered as o
paper for delivery at a symposium om ‘‘Cbemical uspects of pollution” at the City Umivevsity,

London, in july 1972

LTHOUGH these comments are based mainly
A on experiences in the heavy chemical industry,

meny of them will be applicable to industry in
genral. Apart from the usual requirements for drinking
and u.menity use, water is also necded for process
purposes, cooling and steam raising. 1t is important to
stress at this point that water which is regarded as
wholesome n the patable sense, 1c. water that is
sat:sfactory from the point of view of odour, colour,
tastc, appearance and which can be consumed without
nsk {rom its chemical or bacterial content, is not
nccessanlly suitable for many industrial uses without
further treatment. In some areas cheaper alternative
supplies of non-potable water are available and these can
be attractive to industrial users particularly if the cost of
any additional treatment is not toe high and there is no,
o1 very little, restviction on the (usntity as is often the
case with potable supplies. The various sources of wazer
can be classificd roughly into rainwater, ground water
(from springs, shallow and decp wells) and surface water
(from rivers, streains, ponds, lakes, impounding reser-
voirs and so on). It is the last type of water which is
most likely to become polluted. Many of the impurities
which can causc problems in industry are natural in

origin, but as more complex collection schemes are

devised and increasing use is made of rivers as aqueducts
the effect of poliutants will increase in significance. In
any case, thc methods of trestment to be discussed are
essentially the same irrespective of the source of
impurity. Thesc impurities can be geuped into
suspended solids, dissolved solids and gases. On Teesside,
for example, there 1s a potable supply arising from
reservoirs in the catchment area, in upper Teesdale, i.c.
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from an area where pollution is not likely to occur. In
addition to this there is 2 separate supply of indusirial
water which is extracted from the River Tess. This water
is subject to variations in river flow snd can slso be
piliuted by discharges which flow into the river
upstream of the abstraction point. Table 1 lists 2 number
of *he impurities in water and the problems they can
create in industry.

TABLE I. SOME COMMON IMPURITIRS FOUND IN RAW
WATER AND THE PROBLEMS CREATED

Swspended soiide Unsightly sppesrance, deposits in pipes,

boilers, process equipment snd 0 on

May cawe foaming in boilers; can stain

process preduce sad foul lon-enchange
resine

Cawse scele in heat exchange equipment

Decompasition of bicarbonates aun ghve
co, hmr-duqinm
of sondemsase Lines

Cuss soiutiiise in stram and deposis on
tuebine bicdm

Onygen and carhon dioxide sre agents
in corvesion processm; hydragm
sulphide is s connlyn polson

Can epuee fosming s sesling In ballors s
o source of corrosion o.g. chiuvides an
stainioe seeet

Colowr

Hardnees sales
Alalinicy

Dimolved swslide

indunsvial Ressurel ond ovobupuinids Mosin




Suspended solids can be naturslly  occurring
silicates, or pollutants; for example, suspended oxides or
fibres. Colour usually arises from raturally occurring
humic and fulvic acids but oquslly important could be
any organic matter c.g. detergents or oil. kach of these
impurities is discussed later.

Proces water

Process water 1s water which is an integral part of
the process, cither as liquid or steam. It s difficult to
genertlize on the efiect of the impurities since much
depends on the nature of the industry. AT one end of the
spectrum, water may be needed 0 remove massive
impurities (solid, liquid or gaseous) from s crude
product and for this purpose many available sources will
be suitable without further treatment. On the other
hand, in the pharmaceutical and trantistor industries
ever trace impurities can have far-reaching effects. In
table 2 a few examples arc selected to illustrate this
point.

TABLE 2. SOME PROCESS USES FOR WATER (AND STEAM)

Mecen Mobiem Remedy

Remont] of smamunia  Precipitation of  Use softened water
from gme stresns hardnen seits

Remowal of impuritits  “Sulphsted ash”  Use weter which will
from dyesiuify claus in not give ‘Sulphated

Manufasture of rabber  Tight specificacion Use water which is
for FeandCuin lowin Peand C.

fimal product
Munvfocture of nylon  Colowr in finel Use colourion
sitromfiviose sad product water

. Praparstion of “high  Removsl of trace Ut deminerslised
insegrisy” producn amounts of water

weat..r-spluble
impurities
Cotalyie Poisening of Use high quality
-drt«... waler/stenm
e , %)
i P N "

M- ang is seoneving ammonis from & gas sresm, then

& e gH vises; sey hardaess wilt. in the weter will
<t and - couse groblents. 1% is thevafose
mﬂm“m:hﬂm
deﬁ»Muﬁmnmu
shuaniosysef el wader s Sestoepishie daie it-could
Mvt*ﬂhmim Mﬁg

very important, and one¢ must choose carefully the
source of water used. In the manufacture of nylon,
mtrocellulose and fibres 1n general, colour in the final
product is imporwant and colourless water must be used.
To render water colourless one can use techniques based
on flocculation and filtration but sometimes even this is
not good enough and treatment with activated charcoal
is necessary. In the preparation of high ntegrity
products such as catslysts and certain fillers even trace
impuritics can be very important snd for this purpose
demineralized water must be used In catalytic processes,
particularly such as steam reforming, small amounts of
sulphides or chlorides can wreak havoc with the catalyst
and therefore one must monitor and control the quality
of the steam very carefully. If one is faced with the
situation of having to use a raw water which may, due to
anacrobic conditions contain hydrogen sulphide. for
example, then this must be removed by one of the
processes discussed later.

Cooling water

Although lurge quantities of cooling water are used
in industry, the quslity requirements are generally not
very exacting. However, apart from getting the
maximum use out of the water as a coviing medium,
considerstion must be given to problems of corrosion,
scale formation and fouling of heat exchangers, all of
which can prove very costly if negiected. There are
basically three types of cooling systems which sre used
in industry. The witer requirements and any ancillary
treatment depends on the particular design:

1. Closed cooling system

Since there is no purge from this system it is
possible to use s whole range of chemical inhibitors to
combar corrosion cven if they happen to be toxic e.g.
high concentrations of chromate or nitrite/benzoate
mixtures. Also, since the system once fil'ed requires
tistle “topping up™, very good quality water can be used
1o prevent scaling.

2. Once-through system

The cooling duty is carried ot by water which is
often extracted from . river snd then returned to the
river without zny pollution, exeept of course o
twerperatury incresse. Hest, however, is s poliutant
which has to be controlied. Recause of the large volumes
ivolved,  treastsent - #s  not  usuelly desinble or
peassicable, but it may be necessary in some situations
ve fileer the water firm or occasiomlBly edd some
polysiactssiyns- to. keep awy imsolublc solide in

"WWMMMRM:MI.

3




3. Open ewap: rate recirculaiton system

Fhis s the most common form of system used in
industry and s ddlustrated in figure | Water from the
bottom of the cooling pond 1s pumped back to the
process and carnies out a heat exchange duty. It 1s then
returned to the hot well from which1its pumped to the
top of the tower and in failing through the tower 1s
cooled by two mechamismy. first by the latent heat of
evaporation, and secondly by the transfer of sensible
heat from the water to the air rising up the tower. This 1s
a recirculaung system and, because of evaporation, scale
formation can occur during use. Therefore, a careful
balance between the purge and the make up waier 1s
required to arrive at an acceptable hmit of . .ncentra
tion (concentration factor) wis-2-wis scaling, fouling and
Corrosion.

WATER
MAKE -UP
ol
CHEMICAL
DOSING
TROT™]
WELL | COLD WELL
HOT
WATER COLD WATER
PUMP PUMPS
PuRGe] ¢
AT
X
S T
EXCHANGER
Figwrs |.  Open oveperstive regivruisting system

Problems that can arise in cooling towers depend
very mich on the water used. For example, suspended
solids, whether they arc inkerent in the raw water or
result from armospheric pick-up over the tower or
corrosion within the system, are very undesirable. in
regions of low water flow or high heat flux in particular,
they tend to deposit and impair heat transfer processes.
Suspended solids also encoursge corrosion and add to
pumping costs. Where there i« a problem of this sort
prior filtration of the makc-up water may be necessary
but this will obviously not suffice if the suspended solids
originate in the system itself. In this case & proportion of
the circulating water, usually 2-5 per cent, is passed
through a side-stream filter in order to maintain an
acceptable value for suspended solids in the system asa
whole. in some situations the addition of chemical
dispersants  help to keep the insoluble matter in
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suspension and this 1s removed in the purge. Depouts
can also occur in cooling «wstems due to biologicsl
activity. The lower forms of life such as aigac, fung and
bacters can gaive rise to growths in cooling towers
altering the {low patterns over the tower packing. They
can alswo produce shimes in heat cxchangers which
serioudly interfere with the cooling process and also set
up corrosion  sites.  Industrial  waters  which  are
unchlorimted and particuiarly those containing polle-
tants such as phosphates and ammonis, which act as
nutrients, can be particularly troublesome. A biological
coritrol programme 13 usually carned out which often
ncludes the regular use of chiorine, hypochlor:te or a
proprictary  biocide. Deposits can  arise from the
crysullustion  of inorganic salts such as  calcium
carbonate, calcium sulphate and magnesium hydroxide.
The skill in operating open cvaporative systems is to
optunize the use of water without running into this
problem. If water is allowed to circulate and concentrate
in thexe systems a time arises when crystallization
begins. Calcium carbonate will normally deposit firm,
and the harder the water the sooncr this point is
reached. With some soft waters a concentration of say
$ix to cight timves is possibic. but with many bore-hole
and mine waters, which ususlly contain a bege amount
of bicarbonate hardness, even s twofold concentration
causes problems. In practice, many of the waters are
dosed with acids (sulphuric is ususlly employed for
chespners) 30 as to lower the pH and thus destroy the
bicarbonstes. This practice is limited because too low s
pH gives rise to seriows corrosion problems. Without
discussing corrosion control in detail it may be said that
where the use of a corrosion inhibitor is permitted
(usually one based on chromate), by reducing the pil to
sbout 6.5 it is pomible virtually to eliminate scaling and
at the mme time reduce the risk of corrosion of mild
steel to scorpiable ievels.

Steam

The production of steam, which is virel to mom
industries, depends very musch rn the purpose for which
it is being used. 1t may be jow prossure steam for space
heating, evaporation ard drying processes or very high
pressure steam for power peneration. Steam is also of
eourse & nw material in meny industrisl processes. In
order to produce it in the required quality, and at the
sme time minimizse failures i~ sicarm-relsing squipment,
great care has to be taken in specifying and controlling
the quality of boiler fesd water. irrespestive of boiler
pressure it is necessary to t the fornation of sele
on heat trnsfer surfaces. “Fur” in domesiic kutales i sn
example of this. Some form of tresamon: is Fecaiey &
remove potential scale forming substarces suely & milty
of calcium and magnesium. In low prassae boilem, the
tregtinent is intornal and chemicels w sddedt whish

precipitate cthe hardaess selts within Juw boder: in o




flmdized form sc that they aan be removed in the
“blow-down”. In most situstions, however, extermal
treatment 15 practied. If the concentration of hardness
salts 15 well 1n cxcess of say 100 ppm, partiul softening
with lime or hime soda is usually carned out. After this
process the water may be suiable for feed to low
pressure boilers, but since it is not possible to remove all
the hardness further trestment is usually necessary and it
% st this seage that onc must consider 1on exchange.
Many modern 1on cxchange plants are fully automatic
but this has only been made possible by the
development  of sdequate monitoring devices. The
simplest form of ion exchange is basc exchange (fig. ID).
in this process the resin 15 1 sirongly acidic sulphonic
scid resun in the sodium form. The time to regenerste
the unit is usually decided by carrying out a hardres
determination on the treated wster. This can be done in
the laboratory by titration with EDTA in the usual way,
but there are of course on-line monitors to do this; some
sre besed om colour reactions with dyes such =
solochrome biack, others are based on electrometric
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sodwm (therefore there 15 no decrease In the total
dissolved solids) and brine is the regenerant. Although
hardness selts are removed in this process, any
bicarbonate sull remains and if this water 1s fed to
boilers the sodium bicarbonate decomposes giving CO,
in the steam which :n Jurn can cause severe corrosion
when it comes into contact with mild steel. ft s
therefore very desirable to remove €O, after a base

DEGASSING
RAW TOWER

ACID ® @] ] o
WEAKLY STORAGE crmomaLy D
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2RH « Ca(HCOgz — R3Ca + 2H;C0y
(PERMANENT HAROMESS
UNAFFECTED BY THIS AESIN)
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2R Ne + Ca80y —— R3Ca + Na3 S0,
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exchange process and this can be done by acidifying the
water from this trestment process and blowing out the
COy with sir or steam. This is not particularly attractive
however and a deslkalization process is now available.
This process is one in which upstream of the sofltening
unit there is 3 dealicalisation unit and a degassing tower
(fig. 11). The resin is 3 weakly scidic carboxylic acid
resn in the hydrogen form which is only capable of
removing calciem and magnesium from bicarbonates,
Wiat bappens is that this calcium snd megnesium are
removed, the m. produced is climinated in s degassing
tower ad water from the degaseer sump is fed
base exchange unit. In this process, not only
dows ngq:jn m water but ail the hardness and
ardness is etiminated and
there s o cor veduetion in dissalved solids. To

i
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Figure V. Chenge with time of pH of trested water frem the
deslkalisation resin

out ptl determinations (fig. V). As can be seen during
the normal course of events the pH is well below 4.3 but
as the sodiem or cslcium bicarbonate tends to break
through, the pH nses. At some predetermined value,
based on alkalinty requirements, the pH value 1s chosen
and regencration takes plsce at this point. Neither of
these 1on exchange processes remove anions other than
€O, and they are therefore nadcquate for high pressure
borlers. above about 800 io/in?, which require demineral-
eed water for feed. As mentioned carhier, many
industrial processes also require demineralized water.
The reason why high pressure boilers need demineralized
water 1s that solutes increase the risk of corrosion at the
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CausTIC
ACO Dl =
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ACIDIC RZ 5w BASKC AEIW VATER
(H® TORM (OM™ FORM)

(© CATION EXCHANGE RESIN IN H* FORM.
RN + NaCl — RNa « HC

(@ ANION EXCHANGE RESIN IN OH™ FORM
ROH « HCI —= ROl « Hy0

Figure V. Dawninerslisstion unlt
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higher operating temperatures and slca i particular
begine to volatilize in the steam. Many costly failures
have been due to this silica redeponting on 1urbine
biades from the vapour phase. In order to demuneralize
water It 15 nccessary to cse anion as well as cation
exchange resins, Figure V sllustrates s very simplified
version of a demuneralization plant which contains a
strongly aridic resin in the hydrogen form, and a
strongly basic resin '\ the hydroxide form, In the catron
exchange process any cations are removed and snions,
including bicarbonates, converted into thew cquivalent
amount of free acid. Carbon dioxide is removed in the
degassing tower and the s:hica plus mineral acids which
remain are then taken out on the amon exchange resin in
the hydroxide form. To control the operation of this
plant 1t 1s necessary st the end of the process o
determine the conductivity which 13 very low with an
efficient process. Conductivity measurements deteet any
leskage of 1onized specics but do not detect silica, and it
18 therefore usually nccessary in these operations o have
slso a silica monitor. “'Silicometers” can be obtsined
commercially or one can usc an “AutcAnslyser’ system.
based on the colour measurement of the blue reduced
sihico-molybdate complex. Cardon dioxide 13 determined
by sandard methods and the operation of the cation
exchange unit is normally controlizd by the bresk-
through of sodiem ions. These arc the fimt to
breek through from this unit and some years ago they
were largely determined by flame photometers; a sodium
responsive clectrode (pNa) 18 now normally used. These
sodium clectrodes will also respond to hydrogen ions
and it is therefore necessary to make quite sure the pH is
adjusted to a value above 8, usually by introducing
ammonia before the treated water stream is monitored.
In deminerslization processes all undesimble impurities,
including less common contaminants such a5 hesvy
metals, ammonia, fluoride, phasphates, sulphides and 20
on, can be removed provided they are ionized. Problems
can arise with non-ionic materials such ss orgsnic matter,
including non-ionic detergents, and colloidsl forms of
silica. These materisls may not be retained on the resin
n which case they wil! go through the demineralization
process and cause problems, for exampic, in the boilers,
If they are retained on the resin it will be by a physicsl
rather than a chemical process and there is no guarantee
thet they would be removed in the noymal




organic matter. To help i deciding the best dengn
paramecters for a flocculation process, 1t is possible to
carry out lsboratory cxperiments uung a flocculanon
device. Various quantitics of the primary flocculant are
added, the pH s varied and the results with and without
polyclectrolyte are studied. From these results onc can
quitte often closcly predict what will happen on the large
scale unit.

Deaeration

in view of the concern expressed when nstural
water  supplics become anacrobic it may appear
paradoxical to statc that oxygen 15 a very undesinble
impurity in boiler feed water. The concentration of
oxygen is in fact a very significant factor in the
corrosion of won and steel and often results in & highly
dangerous localized form of corrosion known as
“pitting”. In order to reduce this corrosion it is
necessary to deacrate the water before feeding to the
boiler The removal of oxygen is normally done in a
pressure or vacuum deserator. This will reduce the
concentration from 10 to the order of 0.05 ppm but it is
then often necessary to add a small amount of a
chemital scavenger such a5 sodium <ulphite or hydrazine,
to remove the last traces.

Reuse, recycling and use of inferior waters

In somc sress the supply of water is restricted and
tts usc must be optimized. in other situations, pure
ecconomics demand that this is done. By reuse of water
is meant the successive use of a given source of water for
various purposes. Condensed steam from some processcs,
fer  exampie. conwsins impurities which meke it
wnswitable for recycing back to the boiler without some
form of costly trestment. In other respects it mey be
po‘qul!uymdnuybeudumakenpforcmlm'

Somectimes,

cvaporators which then produce high quahty steam
condensate. Condensed steam itself is also often used 1o
dissolve chemicals such as ammonia and mtric acid. By
recycling is meant the successive use of water for the
ssme purpose, for example, in the operation of open
recirculating cooling systems, Recycling of condensed
steam for further use as boiler feed is another example,
but considerable care must be wken to ensure that its
quahty is satisfacton; Even if the steam has becn used
solely for driving turbin=s 1t car become contaminated
by machine oil. corrosicn products and the inferior
water which is used in turt ne cooling Normally some
system of monitoring such < conductivity measure
ment is cartied out continuously but as 1t s difficult to
detect trace impurities such as ol and suspended matter
all the condensate is usually passed through a filter
which might include powdered ion exchange resins for
the removal of solutes. When steam has been used for
purposes other than power generation. h as drying
and cvaporation of chemical products, the nsk of
contamination is much higher and morc claborate
monitoring devices are nccessary. in one situation the
author has cxpenienced there may be contamination by
methanol and in this case a special gas chromatographic
apparatus had to be devised for monitonng purposes.
Reference has already been made to the move in some
areas to offer cheaper but infertor supplies of water to
industry. One of the problems facing industry will be to
equate the cost of any sdditional treatment with the
reduced cost of the raw weter and there would appear to
be some challenging problems ahead for industrial water
chemists. Inferior water can be used for cooling purposes
but f this should be a sewage cffluent the relatively high
concentration of phosphates and ammonia would
encoursge biological growths and high concentrations of
salts could enhance corrosion probiems. Developments
in the field of specific biocides, dispersant chemicals and
corrosion inhibitors will no doubt help to overcome
these problems. Looking further ahead, techniques such
as reverse osmosis and clectrodialysis will probably play
an incressingly important role. Whatever chemicals are
used, however, the industrisl chemist has to bear in mind
that he must pay duc regerd to his effluent control
problems,
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PLASTICS MAKE
SIMPLER SAND MOULDS

Plasius are tindeng inoreasing wse n the productren of foundry sand movids as a resuit of
a shorgage of craftsmen for the raditional wood pattern moulds Several research and
development cenires have been expenimentimg with these matersals simce the 19505 and
bave accumulated considerable expertise n the field. This article deals with some aspects
of plastics it patiernmaking. based ow ome company’s cxperience, and 15 reprinted, by
courtesy of the editer trom the August 1973 nsue of Asian Manufactunng

HE most amportant iiem i the production of
I sand moulds i the foundry s the pattern
which s used a1 the very beginming of the
process 1t s usually made of wood, but the making ot
wooden patterns requires 2 high degree of craftsmanship,
A shortage ot quahified personnel in this field in recert
vaans has compelled manufacturers 10 experiment with
ncw materals and  production techmgues  previously
unknown wn the pattern shop. Vhe rapid increase 1n the
use uf plastics tor patternmaking s theretore a logicsl
and understandablie development.

Plastics have now passed through the tnal phase and
earncd recogniuon as acceptable and proven dtsw
matenals. Ther consumption in pstiernmaking has risen
sharply 1n recent years. One of the main factors
respoasible  for  this growth is  their muiti-faceted
apphcation, another 1s ther exceptional resistance to
wear

The use of plastics in patternmaking began with a
synthetic resin pattern varmish. This was followed by
synihetic resin filiers, cements and glue. In 1936, as the
cold-sctiing resins appeared on the market, they began
to use them to make core boxes and supplementary
patterns 1n those days a technique completely new 1o
the pattern shop. Only when moulding cquipment was
produced with the pettern and pattern plate in single
picee, however, did the consumption of synthetic resin
begin to soar. The fact that plastics are usable not only
as the actual raw material but also in many cases as an
accessory to sunplify the work helped to accelerate the
swing towards plastics in the pattern shop.

Rehable asscrtions on the profitability of plastics in
petternmaking can only be made by considering the
speaific application.

The main types of plastic used in patternmaking
arc: thermoplastics, clastomers, and therniosctting types.
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Thermoplastics

Of the thermoplastncs, the most stable for
patternmaking 15 polystyrenc foam, becsuse of its good
machinabnliy. But it 1s also an sttractive matevial from
the cost standpoint, The advantages of polystyrene foam
hie 0 a sigmficant simplification of the work of meking
the pattern—the pattern-maker no longer has to pay say
attention to tapering the patiern so that it can be
stripped from the mould.

Polystyrene patterns are used primarily for one-off
picces, casting systems arxd demonstration patterns [sec
fig. 1]. In the training of apprentices, polystyrene has
provided welcome assistance. Often & complested
pattern is first formed from this materisl & s type of
three-dimensional sketch to make the presentation more
vivid. 1t i1s also a very effective teaching medium for
improving the student’s sbility to read engineering

drawings. In contrast 1o polystyrene, experimentation




with plexaglas has proved relatively unsuccessful because
of 1ts high coefficient of thermal expansion. Plexiglas
can thercfore only be uscd for pasternmaking under
certain conditions.

Elastomers

Polyurethane foam 15 an  clastomer, being a
cold-sctting foam produced from a two-comgponent
resin. 1t 15 relatively simple to work with and its good
machimability permits the fiting operation to be
efficiently achieved.

Thermosetting plastics

The thermosetting plastics used in petternmaking
nclude epoxy resins, polyesters and phenolic resins. The
materisls used most are epoxy resin and polyurethane
res:n, the latter coming from the polyester group.
Recently, phenohics have begun to be used as coatings
for coated plates in core boxes.

These various types of resins used with the scveral
techmiques mentioned below enable the building of
patterns or tools of differing sizes.

Techniques

Six basic techniques are used in patternmaking, the
choice of wehnique being determined by the type of
workpicee and the stressing to which it is subjected {see
fig. 11} These arc: priming, back filling, casting,
modelling, laminating. and machining. Casting, lsmi
fating snd back-filling requirc master patterns made of
comvendonal materials.

Prirming

Primung refers 1o a surface lzyer a tew tenths of a
milbmetre thick. It s normally coloured, serving to
indicate areas subject 1o wear The layer used may be
hard or brittle, medium hard or soft, depending on the
requirement  high-pressure moulding patterns, shinger
patterns or blown-core boxes. Patterns having 1o meet
lesser quality requirements are made without a prirung
layer

Casting

Change psattern plates are cast by efficient
volume-production methods and this system is used in
the company s high-pressure moulding plant.

Lanmating

This 1s the name for the method by which
resin-impregnated glass fabric s lnd up to form a
so-called laminated shell. In place of the conventnional
hand lay-up method a synthetic resin paste has recently
been used, consisting of a mixture of chopped glass
fibres and a two-comporent resin. This has considerably
cut down the expemsive manusl labour. For high-
strength, low-weight patterns, however, the relatively
labour-intensive laminating method is the most advan-
tageous.

Back-filling

When it is necessary to reinforce & laminated shell
snd/or a  surface layer. back filling 15 carvied out using a
synthetic resin extended with filler matenials, the choice
of the mowt suitable fillers being a matter of experience.

N
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Modefling

A\ tramework masde of wooden sections. based on
the drawig o buo up onoa plaite Wire mesh s then
stretched hetween the sections to support the syathetsc
resin faver or the apace between them s filled with
polvatvrene fham  Finally 2 swithetic resin paste s
maodediied on this 1o tornm the contour

Vhao by

Polyvstvrens toam and Polviie 2 polyester filled
with water) are purchased as blocks and are worked on
maconge tools in much the same manner as wood.

Applications of synthetic resins

Otien 1the same contours aie repeated on different
castings. In such cases, 1t 15 often possible 1o use
siathetic  resins and - copying methods to  make
sgmficant reductions n the lsbour required for the
pattern cquipment and thus in the cost of the pattern
set There has been considerable acuvity in s direction
for quite some ume, with successful results.

Examples

A so-called composite pattern construction (repeu-
tive, heavy-use pattern components) is copied in
synthetrc resin and employed in combination with other
pattern materials to make a core box or & pattern. This
procedure was first used in producing patierm
equipment for a cylinder block. Bresking down
complicated patterns into component parts makes it
possible to cut manual labour down to a minimum.

Simpafication 1n the case of impellers

Instead of building an entire blade insert the
patternmaker builds only 2 scgment of it. This segment
is then used as a master pattern to produce the required
number of segments as synthetic resin  duplicates.
Alternauively, the patternmaker can produce a negative,
which is then used to cast the required number of bisdes
on to the supporting body.

Preparation of duplicate pattemn sets

The imatn use of synthetic resins is in the production
of duplicate sets of patterns, identical to, snd therefore
interchangeable with, the originals (¢.g. for licensoes).
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Plastic/metal combmations

This procedure involves a basi. metal unit with the
dithicult 1o machine pattera/core box centour clad with
synthetic resin by casting

Precise checking of dimensions wub plashc core
boxes

In the case of castings with complex core work,
pattern mspection by conventional methods 15 very
troublesome and rehiable inspection results can often
only be obtaincd by cutting specimen casungs apart.
Since the advent of synthetic resins in patternmaking,
this aspect of production has become more economic
{see fig 1}

Figwrs 111, ingpustion glan far sgaiy 'in casting

spphication
expension of their range of wees in the fature.
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and trim COMpany matures, papal plh‘\ up until one «hy
the company tands isedt tat wah 100 many reports,
memoes and statisoval analvees

In the corporate agng process penple come and go,
and cach cdds s own tlourish Fhe new traftic manager
adds paper toarack shipmends, the new controller adds
<redin manager adds
the new production manager his statistics

controls and some torms. the new
his forms
And soat goes, cach department addyits httle it 1o the
steadiiv: growing prie Over the years cach successive
ottice holder adds his contnbution to the increasing pile

unttl the camulative eftect s fat paper.

Results in lethargy

Whii s wrong with tat paper? It s costly in many
ways  but ity greatest threat s that it reduces a
company’s hie span.

Just as too much weaght 1s dangerous for human
health, 1t s also bad for a company. Companies wath oo
much paper work have a low survival rate; they are
lethargic. bound up 1n red tape aud resistant to change.
In a rapidly changing world the company that stands still
today will net be sull standing tomorrow.

To fight fat paper some companies go on a crash
dict. lose some of their fat only to have 1t reappear
sometime later as big as ever. In such campaigns some
obsolete paper 1s climinated. But such efforts do nothing
about *he causes of fat paper-the things that generate
superflucus paper in the first place.

Reasons for too much paper

Pourly conceved diets will not work for humans
and they will not work for companies hoping to trim fat
paper What kind of diet will work? Before you can
arnve at a diet that will have some lasting effect you
have to understand the underlying causes for fat paper.

Psychologists tell us people overeat and get fat
because they are trying to compensate for some lack in
their hfe. Many companies have 100 much paper for the
same reason; they are compensatng for something they
arc missing. Fat paper compensates for a lack of
management abulity, a lack of employee security, a lack
of more productive things to do.

Many managers use paper as a substitute for
management know-how. Running a company solely by
paper work systems just does not work. Such systems
are crutches for lack of management skill or the exercise
of managerial discipline,

Sysiems cannot run 2 company; only capable
managers can. Systems can help, but they cannot replace
management. If they could, computer systems would
have taxen over management's job long ago,
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For cxample, a stansucal system that controls
labour utdizanion and productuvity (commonly referred
10 av a labour reporung system) s amply a2 uscless
collection ot intormanon and data unul management
interprets . what  the  mformatwon 1wans  and  doces
something about the tigures on the paper 1ts the action
of domg something toimprove labour productivity thas
makes the system worthwhile. Action s important, no:
the paper that merely reports the need for

Ina small business httle of no paper work 15 needed
to alert management because they are already out there
where the action 1s and they kaow what necds to b
done. As a company grows and layers of management
are added, layers of paper work are also added. These
layers of paper scrve to insulate top management from
reabty. The more direct the paper work system 15, the
better the chance that management will react.

It 1s the inept manager who adds fat reports. He
wrongly helieves that he can substitute paper systems for
managerial ability. When 1t does not work he piles on
more reports 1n the hope that the sheer bulk of the
apparatus will control things.

Soon, more time and cffort 1s spent controlling the
paper work than in controlling the thing the paper work
was intended to control in the first place,

There is security in paper

Some managers encourage fat paper work systems
to protect their companies from occasional risks. They
overcontrol to the point where the controls are more
costly than the possible loss being prevented by the
paper work,

These managers are compensating for fear of failure,
fear of exposure or fear of the unknown loss. Such fears
are ususlly out of proportion to the realities of life.

When the problem or loss does finally occur the
paper systems are marely accurate enough tu substantiste
anything. With all the paper floating around no one can
find the right document anyway. It is the fear of the
unknown that builds until the system overcompensates,
hecomes top heavy and finally crumbles from disuse,

The cause of excessive paper work is not limited to
the managerial ranks. Excessive paper work is often the
symptom of insccure workers. It is their insceurityvthat
causes them to seck “paper protection” and so they
willingly join the ranks of paper shuffiers, churning out
morc and more paper. Workers who get little stisfaction
from their jobs or those without envugh work to koep
them busy will add even more to the paper mountsin.

Written reports can ohly follow cvents. They are
often inaccurate and omit important details. anuupo-
tion with such reports may mesn & neglest. of thw
rezlities of corporate life. Reporss o never give you s
“gut feel” of what is happening. Ower-rclisnes on
reporting systems is oner way to the corporste graveyard,
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Here are seven ways to cut your paperwork

Here are seven ways to trion the fat off your paper work Each takes management willpower to make 1t work

1. Got more from your peper  Assign an individual or
depsrtmaent the jgh o! paper controlles The Systerny snd
Procedures Departrient o isrge compames us jally fiils this
role

First, egch raport and form s scrutinized to be sure
it s necessary  Second. st as determined of various forms
cen be combined by enalysing where each goes and the
kinds of information 1 contains Then (t 1z determined
it the number of cou, es ot each form can be reduced
by making the ramain ‘g anes do multipie duty

For exampie one copy of a purchase otder receiving
record can be used by the recewing departrment to
1ecord tha racmpl of a shipment The quality contro!
depsrtnent car record 1ts accaptance of tue shipment
on the same copy Naxt, it s sent to record the recexpt
for inventory recards. Finolly, 1t is sent to asccounts
paysble 10 awmt the vendor’s invoice. Notice that one
2uce of paper did four jobs.

Left o their own davices, esch depsrtrment iy ttis
exemple woufd insist 0n keeping e fife copy of the
rocewving record. A powerful central systems  group
makes 1t difficult for departmaerts 10 add paper fat for
their own needs. A central group designs comprehensive
anvd  integreted systems that rnest ths nesds of all
depertments without overcompensating for sume 1mag
ned need.

2. Crests loss papiv in the first plece—Mansgement
can set the tone by demanding less paper themseives.
By getting out whare the asction s they wilf oboerve
more and resd fess. On-the-spol obssrvations asrs bhvielu
sbis bacause written reports fiftar  out undesirubie
informetior . Once management sets tha tone, the rast of
the campany will follow,

Every member of manegement can fight the incfi:
aation 1o put things in writing”’. Somae things should
be written but meny mors things should not. Overly
detsiied procedures manusls, corporste objectives, de-
partmentsl goels, job descriptions (:d comprehensive
orgoniastion charts may be the eerly symptoms of &
dying company. Growing compenies me 100 dynamic t©
be able 10 document such thinge with any degres of
acurscy .

3. Chosk procedures
changing business world

poviedically —In  our  sver
procedures are repidly out

moded and hence need periodic evaluation Check your
procedures periodicelly to see f they are sttt reievant
to today s needs

4 Use vaive anslysis How much of your pager
oniy marginglly usetul> Does esach piece of paper have
essent:al  value? |f 50 does the recipient use the
informeiion enc how s 1t used? What wouicdd happen
the recipient dirs not receive 17

Kesp only those paners that have real vaiue
thiminate “the nice 1o have’ reports Try cutuing the
distnibution ¢t reports and memos to see who screams
the toudest “ui uack ©cilv what you have to. Limit
memo distribution 10 a need to know basis”  For
general announcernents,  use  your  company  bulletin
board.

8. Koep it simpis Avoid embethshments aiu frlis If
1t can be done by simple machines, avord complex
computers, Do not tall in love with systeme that
@enerete paper lsst they become the retionele lor new
systems and more paper

6 Try teust, not paper-A 237 store chain  that
covers rthe British isles wes able to streamiine its
procedures based on trust-not paper. Ehwminating the
need for receipts, signed documants end Opeations
manuals the corapany was ebls to cut 26 milhon forms
weighing 120 tons, and 8,000 out of 28,000 jobs. Not
sveryont can do what they sid but the opportunity
exists 1 s'malar proportions 1n every bus:ness

Too otten paper controls are set up for innigniticant
roasons. Consider the propensity to cheat and only
control the significant steps where cheating 1s hkely tc
accur. Consider your risk exposure end then make your
controf consistent with the risk,

7. Elimiate thw cowwe—-The pravious steps will help
you tim peper, but will your reports remain thin?
Whan you strengthen s manager’'s abifities ha will not
need to refy on papsr ws a crutch, Whan you Jevelop a
sscure company rlimste raanagers wili not feel the need
10 overcontrol with paper snd empioyess will not need
paper prutection for their jobs, When workars have
encugh satisfying end productive work they will not
seek busy work,
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COMPUTERIZED AUTOMATI

cept began with the Industrul Revolution, yet

automated cquipment and procedures have changed
relatvely  hittle over the years. For the most part,
human workers stll guide the nmachines, carry the
parts from one inachine to another, keep track of what
cach maclune 1s doing, test and assemble the parts and
inspect the finshed products.

I NDUSTRIAL automauon s hardly new. The con

Worker dissatisfuction widespread

Many of these jobs are as mindless and tiresome as
Charhie Chaplin's was in Modern Times neasly 40 years
ago. Worker dissatisfaction with these dull, repetitive
chores 15 widespread. Even geacrally high wages and
fears of recession have not quieted labour urrest in
many plants. The work stoppages, slowdowns and
absenteersm  that  have often resulted from this
dissatisfaction have led to decreased output, poor
product quahty and thus to escalaung production and
repair costs.

Most of these routsine jobs could be done by
computer, says Dr. Charles A. Rosen, Suaff Scientist,
who has been developing computer-based automation
systems at Stanford Research Institute (SR1) for several
years.

“This could eliminate many undesirable jobs”, he
says, “and provide new man-machine relationships
requinng more human intelligence and thus restoring
man’s purpose and dignity.”

He visualizes factories in which many repetitive jobs
would be done by computer-controlled machines
supervised by a smaller but more highly crained work
force than is uscd today. The workers would be capable

This article originally appeared in Investments in
Tomorrow and is reproduced by courtesy of Stanford
Research Institute, Menlo Park, California
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of sctung up (1.e.. programming) cach job, modifying
procedures, changing over for new models or batches,
maintaimng the equipment, and using their intelligence
to cope with stoppages and breakdowns. Thus, in cffect,
they would be “timesharing™ their capabilines among
many machines.

Freed from the relatively low-level jobs that can
Uest be done by machines, the human workers would be
able to devote their time to those more challenging tasks
that now cither cannot be dornic by machine at all or can
be donc only with inordinately cxpensive computer
hardware and software. Such jobs would include
programming the sssembly, inspection and materials
handling systems a3 well as repair and maintenance of
the systems.

The seeds of this dream exist today. Already,
computer control is  widespread in. chemical
processing and some segments of the automotive
industry. It is rapidly invading the petroleum industry,
particularly oil production, and the acrospace, communi-
cations and electronics industries. As clectronics tkes
over morc and more functions that have historically
been performed mechanically or electromechanically,
computerized automation is spreading to the menufac-
ture of such equipment as ecalculstors and swtomotive
parts as well.

Low cost computers

This rapid growth is sparked by plummeting
computer costs and the spread of electronic control
systems, which are chesper, more relisble and faster than
electromechanical or mechanical controls. A minicom-
putcr-based control system that cost $100,000 five yesrs
ago would now come to about $25,000. David Penning,
Senior Industrial Economist at SR, whose background
combines several years in computer production wich
cxtensive long-range technoeconomic planning experi-
ence, predicts that by 1980 the price of such s
control system may have dropped to between $5,000
and $10,000.
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ON TAKES OFF

Electronics spearheads sutomation

Penning expects the clectronics industry (including
communications) to be a spearhead for susomation
beesuse this industry is familiar with computer-based
electronic control techniques and therefore has the
ability to adapt such techniques easily to production
requirements. Also, clectronic products tend to be
fusctionally so complex that only a computer con test
them rapidly enough to make testing economically
fenaible.

Moreover, electronic products are subject to rapid
obeclescence. Television, for example, has gone from
vacuum tube parts to transistors and on to integrated
circuits in sbout ten years. This rapid product evolution
makes it feasible for the electronics manufacturer to
consider changes in production equipment as soon as his
product becomes obsolete rather than waiting umdil his
equipment wears out.

For the electronic manufacturer, therefore, com-
puter-besed sutomation makes economic sense today.
Pemaing points out that in 1972 one television
masfacturer incressed its profits 55 per cent and its
sles )0 per cent by sutomating its production line.

Now, the computer is extensively used for testing

products. In sddidon, it is beginning to mke
over mets] cutting and fabricaiion in many industries. In
the so-called “direct numerical comtrol” (DNC), one
computer controls many machine tools. In
sulrienl eontrol” (CNC), esch machine hes its own
 detdieated

ol ter (0 guide it the
nthisog of Sompien somomred purc made ofvmom

By 1900, Powieg expecss Giet compueerined
manulistwing will hove furher inee & variety
of inbunivs. Nar auly will cleswonic un:'g and
sumenly dut soe the compuner will b¢ wnd w-monioer

The prototype vision syseem {fig. I} developed st SR{ is pert of

the materisls hendling system shown in figure Il. The vision

ysm recognizes en object end determines its position snd

orientation on » moving beit. With this informetion, the

Industrisl menipuistor (fig. 1) is sble 0 grasp the object and
move it % some desired location




Figure 11t

Figure tV

The system can be programmed to recognize and manipulete a parlicuisr object n a desired wey by means of en interactive
programmung routine using TV displays of the object (figs (i, IV and VI For exemple, by meens of s ight pen, the programener
moves cartain fines displayed in figure V to the points where he wants the manipulstor 10 grasp the object

Figure V

cquipment and volleer data as to wluch machines are have as yet no more than rudimentary  sensory

doing what chores and how cfficiently. Without a
computer, 1t s difficult for a plant manager to keep
current information on these operations.

Pcnning points out that 1n a recent survey managers
in vanous manufactunng and process industnes said they
mtended to automare equipment monitonng and data
collection ar the same time that they automate the test
and fabrication opcrations.

Major operations still to be taken over by the
computer are programmed materials handling, inspection
and assembly. These would be systems that could be
casily programmed to perform a variety of operations on
objects of different sizes and shapes. Typical operations
would include moving parts from one place to another,
remembering where they are located, picking them up
off a conveyor belt while they are in motion, inspecting
them for completeness, damage, spots and stains, making
sure their dimensions are within tolcrance, and putting
them together to make a finished product, which is then
further inspected.

Enter the robot

Materials handling operations are beginning to be
donc in some fictorics with simple programmable
manipulators, sometimes called robots. They are used
for such jobs as loading and unloading presses, stacking
parts, spot welding and paint spraying. But these devices
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cguipment, such as a photocell. As a result, they can
only manipulate objects that are fixed in a precisely
predetermined position. They lack the sensory feedback
as well as the hardware and softwarc capabilitics needed
to perform two-handed operations. However, they can
be programmed to perform a wide variety of simple
tasks involving certain specified movements.

A human worker programs the manipulator by
moving it through the desired motions once, then going
back and making small changes in its sequence of
operations until he is satisfied with its performance. An
average production worker can acquire the skill needed
to do this in a month or two.

Programming the assembly line

Computer-controlied  inspection  and  asscmbly
systems are further over the horizon. Virtually the only
ones now in usc arc singlc-purpose systems that can
sense such characteristies as dimensions or colour but
cannot he programmed to do more than onc task.
Programmablc systems will be difficult to implement
because of the almest infinite variety of objects to be
assembled and operations to be performed. The obfects
may rnge from neils to sutomobiles, while the
openttions to be performed on them may renge from
measuring the length of the nail to putting tires on the
automohile.
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The equipment that could sense and manipulate
wich a vuriety of objects has not been developed yet.
Two-handed operations, such as putting a tire on a
vehicle as it moves down s production line, can be
performed in the lsboratory, but the systems are not yet
peactical. The manipulators will Lave to be improved and
the suftware refined and simplified 5o that it can be
incorporated into s small computer. Moreover, it will be
necessary to develop higher level computer languages
close to the spoken language 10 that someone who is not
& programmer can program the system to do different
jobs.

Talking to computers

Until recently, higher level computer languages were
not practical to use with mi ers because of their
limited memory capabilities. In order to transiate the
languages into voltage levels, which the computer can
understand, s great desl of computer memory is
required. With the rapidly falling cost of computer
memory, however, the situation has begun 10 change. As
a result, it would be feasible to trade off computer
memory for ease of programming, if the programs were
svailable.

Rosen heads a group of scientists at SRI who are
developing both programs and hardware for a variety of
programmable systems under a contract with the
National Science Foundation. The objectives of the
two-year program are to develop essily programmable
i ing, visual sensing and inspection systems and,
finally, sn integrated assemhly and inspection sy
that i tes materisls handling, acquisition,
sssembly and inspection operations, all easily
grammable and potentially cost-effective.

In December, 1973, at the end of the first six

%

Pigure Vi. This computer contrelied turntable sen rotats s pert
inte a known orientstion. The four pistons then push the
part ageinst the adjustable pins, holding i in position

Even if the computer were time-shared among many
different factory operations to bring down the cost per
operation, the system would not be practical in the
factory. The whole factory would have to shut down if
the computer failed. Within two years, however, Rosen
expects to have simplified and streamlined the software
cnough so that it could be used in a seif-standing
minicomputer-controlled system that would be cost
effective in the factory.

Longterm goals of the project include the
development of a system that could respond to voice
commands such as “s little higher”, “two inches to the
left”, ete.

3 A e I 10 “Pgier™ uh veoll ou Surqis o fares
s i the “wrig”
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Low-cost Automation

by G. P. Kearney

The amtbor: G. P. Kearney is a resturch worker and comsuliant in machine tocls and susometion, In
1967 be set xp the first low-cost automation centre in England. He bas also worked ss 8 consuitant on
bebalf of UNIDO (i 511 Lanka, Singapore and Twrkey), and the Uwited Neations Giducational, Sciensific
and Cuitural Orgawisation (UNESCO). The original wevsion of this article firss appeared in the Twrkish
language in the quarterly review Verimiilik, publishod by the Turkish Producsivity Centre as Ankeve

“do-it-yourself automation”; it is fitted or

custom-made to the conditions of the particular
factory and the particulsr machine, and since this
requires intimate knowledge of the factory and the
process, 1t must usually be applied in the factory by the
factory's engineers.

L OW-COST automation might better be termed

Low-cost automation 15 not low cost in the absolute
sense but in the comparative sense. The costs are
genenally recouped within a short time, so that relative
to the savings obtained, the cast 1s small even though the
amount of money spent may have been high. For
instance, 1f work-handling devices are added to an
expensive machine, raising its output by 30 per cent, and
if the labour and capiwal charges for the machine are
$10.%0 per year, the saving is $3,000 per year. If
$1,000 were spent on the work-handling device, the
moncy would be recouped within four months, On the
o.her hand. if $1,000 were spent on an accessory for an
inexpensive machine which only incressed it output by
$ per cent it would take five years to recoup the cost.
The first instance is low-cost automation; the second is a
question of buying cquipment which should be
amortized, an investment decision.

The growth in production of standard units, such &
pnecumatic components and work-handlir - devices, made
in bulk by specialized firms, has helped 10 spresd the use
of this type of automation in industry. The task of the
factory engincer i to incorporate these units into a
mechanical structure which he designs for the purpose,
and then to design control circuits in pneumatics or
clectronics. Even control circuit prablems have been
essed by the awailability of casily used snd inexpensive
clectronic units,
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Application of low-cost automstion

The fire problem in applying low-cost sutomation
is to decide where it will be valusble, where the cost of
the equipment can be quickly recouped from savings,
and where it is technically fessible. The main
possibilitics for application lic in routine operations and
operations that need force and power not slready
provided by machinery. As routine operations are easier
to sutomate than very complex ones, they are an
obvicus target for low-cost sutomation. Work that needs
the continuous application of strength and power »
frequentdy done manuslly; as the day wears on, however,
the labourer becomes fatigued, and his productivity
drops. Often, heavy weights have to be moved by severs!
workers; but a power device for lifting could be operated
by one man, kecping isbour costs down, lowering
fatigue, and frequently incressing the speed of dhiv
handling operstion because of the grester compactnmm
of the lifting device.

Another ares to look into is that of simple
moratoring; quantity inspection unsks, for exemple,
often lend themsclivey tion, On the
automat.ng the inspection lof the pﬁu finkdh on a
refrigerator is slmost impossible since the detedvion of

faults rcquires highly sophisticated humen viewsl
inspection.




productivity of capital equipment. Minor savings can be
cffectedd by using devices designed to safeguard workers
and cquipment, and improvement m quality can be
obtained through more thorough inspection.

incressing the praductivity of 1 machine and s
operator by sdding low<cost automation will compensate
for the cost of the automation device. The miote
expenmive the machine and the more skilled the
operator, the grester the saving. Furthermore, if the
machine is always fully loaded, machines (and operators)
that have a subsidiary function in the production process
do not stand idle. This factor ia often hidden in cost
calculations, but it meana that priority in automation
should be given to machines for which a high loading is
required.

Reducing the number of workers in a particular
operstion obvicusly saves money, but it ean introduce
other difficulties. Terminating s worker can cause unrest
and hinder future co-operation in introducing suto-
mation. Where savings can be made by climinating the
services of & worker, it is advisable to make sure that a
nced for the worker cxints clsewhere in the factory. In
this way, expamsion in the need for labour can be met,
not by ncw recruitment but by automation. The benefits
are also long-term since the cost of labour is nising. In
sddition, once the costs of the low-cost automation are
recouped, the firm i in 2 much better position to resist a
slump in trade; it can let atand idle any equipment which
has beer paid for, whereas if it has to lay off workers a
subsequent incresse in the market after a recession will
involve all the difficultics of recruitment and re-trmining.

Commarciaily availsble devices

Low-cost sutomstion is largely pomible and
ccomomicsl becsuse the numbder of manufscturens
wpeciglizing in autometion devices has incressed and
these manufacturers sell st prices that are only possible
through large-scale production. Using these devices, the
ry engineer can sutomate his factory at reasonable

“n“mmmahhm

arranged through a pneumatic circuit. If 1t 15 more
eomplex, electrical or clectronic control circuits may be
needed to control the cylinders through electro-pneu-
matic valves. Speed control of preunatic cylinders 1s
poor, and an improvement can be obtained by using
hydraulic eylinders. For both pneumatic and hydraulic
cylinders there is a difficulty in getung long travels, and
clectrical drives through geaning can then i useful
Close control of speed also needs clectiscal drives or
rotary hydraulic motors. Also useful are a wide range of
clamps and fixtures operated pneumatically, which may
be linked in a machine by the machine structure and
controlled from the central control circuit. Air devices,
using fluidic principles at low air pressurcs, are useful for
mouitoring as these provide very cheap detection
transducers. Even control circuits may be built from
fluidic units, although the cheapness of modern
tntegrated circuit electronics often makes them uneco
nomic,

Electronic transducers can assist in monitoring and
n detection although they tend to be expensive in
refation to fluidie devices. The great value of electronics
for low-cost automation lies mainly in their use in logic
control circuits. Electronic logic deviees are now very
cheap and are extremely reliabic under a wide range of
industrial conditions. They sre easy to build into
circuits, even by those not particularly skilled in
electronics,

Mechanical, clectro-mechanical and  pnecumatic-
mechanical units arc widely available, particularly to
assist with the mechanical handling problems of transfer
and orientation. Bowl feeders of various types can be
used to onient small parts preparatory to transfer into &
machiae, Standard units for transfer machining ae also
widely available. With these, as with other units, there is
slways the possibility of re-use for different automation
arrangements, if the initial srrangement  beeomes
obsolete through a change in design or product.

Usefu! sechmiques

Sinec low-cost automation it used mainty by factory
empinoees it might be wondered whether these enginoers
can be mught the techniques in s reasonably short time.
The main torhaiques used, thet is technigues with wide
poegliy, ave relosed © preumatic and  hydesulic
clvegitey. 38 combination snd scquence logic, and o
mwumﬁ&emﬂfm
Sonil:in- ow-smee agtowmstion we met by paevumstic
diagnin; shis; sbviously, b-one of the techniguer that are
mﬁ Wt Posumatic circuit principle sre
” ewmmwuﬁaw



oo, using electrome or other devices, s very
usctul it desigming the control arcunts ot automation
cquipment . Far shighthy comples arcuits, logic 15 an
essenfial techmgue, but b i tairly casy 1o learn an a
shert tme, 1y enables simple solutions to be found (or
apparenthy  compley problems (such  as  conditionai
responses and sequenang) of the control circuits. Logie
v not needed tor simpler controls, which can probably
be done by pacumatics, or lor controls that are similar
to comventional relay arcurts,

Mechamical deugn s essential since most automation
cquipmient must be built and designed an the factory,
but this v part of the regular training of mechanical
engineers

Above all. the main requitement of the facrory
engineer undertakimg low-cost automation s the firm
mtennon to zutomate. this will keep him on the alert to
opporturitics to automate, aware of the need to keep up
to date regarding the avallabnhty of commeraal units to
assist automation, and concerned with following other
reported applicanons of low-cost automanon in trade
hterature

lraiming a tactors engineer in the techmques of
low-cost automation s casy: provided rhat he already
has some background in factory expenence he can be
gven good basic traiming in two to three weeks tull ume.
After such training, the most uargent need is the
opportumity to practise the techniques that have been
lcarnt by undertaking sumple, and later more complex,
projects within the factory.

Problems of introducing low-cost automation

Low cost automaton may be described a5 an
attitude of mind for management, for technologists, and
for labour. Generanng the proper attitude of mind in
management  requires 2 process of educstion and
publicity as to the value and feasibility of low-cost
automation n order to establish an environment in
which low-cost automation projects can flounsh. The
success of this environment will depend on: the firmness
of the intention 1o expand production; the readiness to
provide funds for the purchase of automation devices on
the advice of engincers, for the training of engineers in
the techniques of low-cost automation, and for the
in-factory training of workers, and the willingness to
employ engincers not only for routine tasks bue also for
the development of increased production through
low-cost automution, Once managers can be convinced
of the advantages and feasibility o low-cost sutomation
itis only neeessary to ensure the availability of waining
for enginecrs and the supply of automation devices. This
process of manager education, for example, has been
introduced by automation centres in the United

3n

Kingdom of Great Britain and Northern ireland and 1n
the Netherlands.

Once an automanon centre 15 estabhished 1t can
casily provide training facihities for engineers, together
with advisory and information services. The contre need
not be a scparate insatution; it can be part of a larger
engincering institution or government department, with
initial staffing of three or four cngineen.

The sccond prerequisite of the introduction of
low-cost automation, the availability of automation
devices, 15 more difficult to arrange. A wide variety of
cquipment 1s available in Europe, but stockists in most
developing countries are loath to build up large supplics
for a market that does not yet exist and that would
requare publicity in its development. On the other hand,
if a large market did develop it would be necessary, in
the interest of the economy in genersl, to encourage the
manufacture of the more common items domestically,

Automation and employment

The introduction of any form of automation causes
fear of employment becsuse of the belief that =
automation improves efficiency the same amount of
work can be produced by fewer workers. This, however,
15 untrue, for while low-cost automation increases the
productivity of machinery that slready cxists on the
factory floor, the automation will be uncconomic uniess
this extra production can be sold. Before introducing
low-cost automation it must be ascertained that there is
* need to increase the volume of production through the
factory. it may not be necessary to delay automation of
a particular operation until there is a need for more
production from it, because the lsbour saved on the
operation may be diverted eclsewhere. Nevertheless,
quicker returns on investment will be reslized if
operations that normally present bottenecks ere
sutomated.

Taking a wider view of the cffects of automation on
employment it is scen that the choice is not between
automating and not automating but berween the
methods of sutomation, If & factory chooses not o use
automation it is chaosing lower productivity on both
machinery and labour. It may be asgued that this can be
compensated by lower labowue costs, but this mesns that
the lower wages paid to the worker mwnt
rot aaly for his own lower productivity but sl for the
lower productivity of ehe machinery which he b
operating, It it even possible that if & worker wosked far
nothing his products woultl be more expensive thes {f
sutomation were being vssd. Finglly, it svust sles »
realized that failure to introduce suremmution condomem

workers to remaining st low sslary lovels, whish get evin
lower as internations) mﬂ&d
sutomation. . L ge e oy e
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Industrial Technology
in Brazil: Ideology,
Methodology and Action

by Luiz C. Corréa da Silva

The Ministry of Industry amd Commerce of
Brazsl is implementing a comprebousive pro-
gramme designed to stimubate the development
and applicaiion of industrial tecbnology in that
commtry. A special Secretariat for Industrial
Tecbmology bas been created in the Ministry to
control the programme, for which some
$90 million bas  been  approprated for
1973-1974.

This article presents an outhine of the ideology
and methodology adopted, and the action
taken, in the Secretaviat’s first yoar of
operation. It gives an idea of the tecbnological
challenge facing Brazil, and is a case sindy
which might be found useful by other countries
with developmen: problems similar to those of
Brasd. The article is the revised version of a
paper presented in 1973 at a mamagement
dewciopment  worksbop organized by the
instituso de Pesquisas Tecwmologicas of Sio
Pawlo and the Denver Research Imstitute, by
Luis . Corvéa da Silea, who was Secretary for
Indusirial Tecbnology in Brasil at that time

P HEN tackling the problems of know-how ab-
, sarption and production, it is important that

ndustnal production, (b) The availability of industrial
production capability -the operation of conventional
processes and the production of conventionai industnal
goods (mainly hardware), using technology predomi-
nantly imported, and (c) The capability of creating
technology, of developing new processes and products.
The technological imperative for developing countrics,
therefore, is to master and apply, as rapidly as possible,
maximum relevant know-how.

Software becomes increasingly more important than
hardware -and technology and know-how, as software,
arc important “products”. However, in the acquisition
or creation of technology and know-how, ss in many
other activities, the most important factor is neither

. hardware nor software, but what might be cailed

“humanware"

trained, competent, dedicated and
imaginative workers,
The qualities of technology

Technology is intangible:- hence the difficulty in
identifying problems and finding solutions.

Technology is not exhaustible by use, but it is
exhaustible with the passage of time. In other words, it
is not “coasumed” through usc (on the contrary, it is
improved) but it can become obsolete. It should be
applied as soon ss it is available, and ss intensively as

Tec.hnolo‘y 18 specific, yet diversified. Even in such
a simple product a5 a ball-point pen, at least four distinct
and independent techrologies are involved.




Engincering v the art of applying scienge to the
production of goods or serces.

Rescarch i, stnetly  speaking, the  experimental
imvastigaion ob 4 problem by the  apphcation ot
saentific knowledge  and mcthods, 1t s
important not te cquate research and  development

wicntitic

(R« with evhnology,. R e D w one type  of
mnovatne  actinty which,  with other  innovative
actmities, contnibutes to the renewal of the body o

technological knowledge. Tt could be sad that R + D i
onc of the faucers that fidlthe pool of technology.

Technological functions and instruments

In the analvais of know how creation, transfer and
trade 1t s important Lo define and anatyse scparately
(a) the technological tuncnons or types of know-how
needed and (b) the ways and means of secuning the
necessary  know how  In other words, scparate the
WHAT from the HOW (figures | and 1),

Plenning
Long term, sactorsl planning
Industrisl project planning
Industrisl operstions plenning
Technologicsl praject planning
Fessibiity studies
Pre-foasibility
Femibility
Contrcting
Invitation of tenders
Evaluation of bids
Procuring and inepecting
Project anginesring
Basic enginesring
Detailed plent design s engirawing
Production feciities
Utilitves, Buildings, site
Design of equipment
Equipment comstruction and cammiwioning
Conetruction, commiseioning of plant
Mant operatiory technology
Production line
Auxiliery services (quality control, mm
Management functions
Testing, anelysis )
Disgnosing and prabiem solving (trovbls shsotiiigh
Assserch (on phenomena or materisle
Deveigprment {of procass or product)
in laboratory
Pilot plant or prototype s i
Undar industrisl conditions R |
Industrisl project
Industrisl oparations
Tachnological project
Forecesting
Industrial
Commerciat
Technologics

Figure | Cheshlist of techninsl functions: WHAY
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Technology as a product

Know-how and technology, as mentioned before,
may be regarded a5 “products’. They may also be
considered as intermediate product. They can be
produced (or manufsctured) and marketed under
techno-cconomic principles similar to those that apply in
the case of other goods.

Technology production may be motivaved by:
(a) arbitrary decision: “send men to the moon’;
(b) need:  “develop automobile motors wich law
emission of pollutants”; or (¢) profit: “develag MW
processes and products that will cither decrense couts or
increase the market”, Since technology production i m
industry, it requires, and des:tves,
incentives and support simsilar to those usuily provided
to other basic industries, e.g. financial, logel ete,

Two kinds of technology mey be produced: eieplisit
technology (technical or ial sorvices e ow
negotisted or handied as such) or implivit seclisbelogy
(that are contained in, oy buik into, muvrisl 'ﬁ“ﬁ
services),

Technological m(dipﬂﬁmnm ot
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include the cost of all patents or licences. if any are
used; the cost of all directly related sprcialized
manpower necded 1n all phases of producuon; the cost
of developing operations; snd the cost of related
research, on a pro-rata bass. Generally speaking, the
higher the technological conient. the more the speaific
cost per phyncal untt of & paven matenal good.

For nationsl planning purposes it 15 necessary to
consider the nationsl demand and supply of know-how
and technology, as measured by the values of explicit
technology required in a given yesr, whether of local or
foreign origin. 1t s also useful to consider the
technological balance of psyments, which should include
imports and cxports of both explicit and implicit
technology.

Transfer and trade of technology and know-how

In technological trade, technology can be negotiated
tn either an explicit or an implicit foem. If it is absorbed
and applied. there is no more valuable merchandise to be
produced or imported than explicit technology. Imports
of raw materials or food, on the other hand, are
consumed or transformed and eventually cxhausted.

In any analysis of the problems related to
know-how production or transfer, it is neceseary to
exsmine carcfully the various and diverse paths leading
from origin (local or foreign) to final application,

in the commerce of know-how and technology, the
following critical operations ate involved: crestion or
production (abroad or locally); locstion; evalustion;
sclection; accession (through payment, if necessary);
sbeorption; application.

No country should aspire to be technologically
sutatohic. (It is worth noting that the grestest
Importers—and exporters—of know-how and technology
we the moe highly industrislized countries.) All
countries can rightly sapire, however, to an equilibrium
in their tech ) balance of paymemts, by
develrping and exporting technology (explicit or
implicic).

Mathodaiogy . the main guidelines

i planning techaclogical devslopment, the follow-
h-mumulem;éhvﬁhm

technology production, it s particularly important to
decentrulize mplementation and imtative as far as
possible. For certain technological acuvities or services
of nauonsl scope (information: standards and cerufi-
cation; industnal property). it 1 necessary to plan snd
impiement in terms of national systems or networks.

The role of technological institutions

Technological institutions may be classified accord-
ing to their main purposes: research and development,
technical assistance to industnal operations; standards,
testing and certification; industrial property; informa-
tion; techno-cconomic planning. One of the main tasks
facing government and industry in developing covntries
today & to create conditions that will enc)urage
technological institutions to produce the technology
demanded by cither industry or the national economy.

The resources needed for the successful operation of
technological institutions include: human (trained,
competent, motivated personnel); matenal; technolo-
gcal (the body of knowledge and experience amassed by
the institution as & whole); financial, and managerial.

Technological institutions should undertake as
many types of technological functions as are needed by,
and appropriate to, the community. Research is only
one among many and includes a number of possibilities:
pure or applied; scientific or technological; short-term or
long-term; and “hard™ or “soft” rescarch.

Technological institutions vary, but their functions
ususlly iniclude: acting as efficient receiving stations for
know-how developed abroad, selectively disseminating it
throughout the community; developing new or improved
technologies; providing effective technological assistance
to industry; contributing to the formation of high-level
specialists; and acting as a2 catalyst or stimulus in
community action simed at increasing technological
capability (e.g. through holding meetings and organizing
information exchanges).

Technological inetitutions could increase their
relevance and effectivences by becoming more concerned
with understanding the nature of technology and its role
in modem industry: the realities of industry and
commerce (through closer work with industry); soft
technology (analysis, planning, forecasting); and econo-
mic aspects of technical problems. Such understanding is
perticularly important to the technical development of

Technological institwtions should receive full sup-
port from both . | and industrial bodics a3
they wre eosentis! to e industry and trade of a country.
oo Bad wark gy of these institutions should be
syt




Industrial development in Brazil

Facts and prospecits

A corredt ovaluanon ot the cffort demanded of
industry government and technologists in Brazil requires
consideration of at least some of the more sigmficant
aspects of the country’s economy:

(1) the GNP has grown at a rate of abourt 10 per
cent per vear in the last five years.

{b) Industry today produces practically all conven
tonal or traditional consumer goods and most of the
conventional capital goods. in the former, Brazil 1s
practically sclf-sufficient. In the latter, the country stil
depends on imports for a sizable share of 1ts needs, but
it could become practically self-sufficient with minor
additional effort,

{c) Brazihan foreign trade has grown remarkabiy in
the last five vears (figure HII). while specific value is
tending to catch up with imports (figure IV),

(d) Assuming that the present favourabie condi-
tions for investment and production will continue, and
taking into consideration the Government's targets, the
Brazilian economy and industry by 1980 should reach a
size and technical level comparable to that of some large
countries in Western Europe. The indices shown in the
following tabic are based on judicious projections, using
extrapolative and normative techniques of forecasting.

BRAZIL 1980 -SOME PROJECTIONS

Steel (ingots)
Installed capacity
Production

30-32 million metric tons/'year
23 million metric toms/yesr

30,000 MW
26-28 million metric tons

Electric power generation

Cement (production)

Automobiles

Production 1.8 million units/ yesr

Total number 10-12 millian
Capital goods (value)

Production $2.0 billion*

Demand $2.7 billion®
Petroleum (consumption) 200,000 cubic metres/day
Computers 4,000-3 000 units installed
Housing 1 million unite/year
Aluminium (demend, targer) 600,000 metric cona/yesr
GNP $100-120 billion®
Population 128 million

#<Billion" in this article signifies s thousand million.
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Natiows! demand for tecbualogy

The Brusilisn technological belance of payments for
1972 showed s deficit of sbout $450 million for explich
and implicit technology. ' Projeetions indicate that i
impores of know-how continue to incrense st the gresent
rate they might reach the $1 billion mark in 1980 for
explicit know-how sione. As cuch & heavy. drsin on the
belance of payments will net be swpportable, glans mul

be made now to develop lossl capubility to dw peint

Industrinl Ressurch and Devoipponens. Nowm




where it will be possible to keep thesc imports down to a
manageable amocunt- possibly 10 abour $500 millon,
ideaily to much less. it will also be necessary o ensure
local production and export of know-how, explicit and
mplicit, %0 as to improve the iechnological balance of
pay ments.

Aside from foreign trade considerations, know-how
and technology will be necessary for the growth of the
economy and for the satisfaction of the national demand
for increasingly sophisticated goods and services. Thus, it
has been estimated that ihe implementation of the
National Development Plan (1972-1974) corresponding
to investment, by Government, of some $30 billion -will
require the use of some $2.7 billion-worth of industrial
know-how and technology in the three-year period. Of
this amount, about $1 billion wili have to be imported.

Brazidian industry, which, 1 15 estimated, contri-
buted about 38 per cent of the GNP in 1972, used some
83 billion of know-how in all forms in that year,
including about $800 million of imported know-how,
both implicit and explicit.

There are no relisble figures available on the toul
worth of technological innovation (including adaptive
innovation) produced in Brazil yearly, or on yearly
cxpenditures or investment for technology and know-
how creation (all kinds of creative technological
activities, not just research and development). There is
no doubt, however, that by 1980 the total business of
know-how and technology production or consumption
must resch values of the order of $2 billion yearly
(acquisition and production of new technology).

Technological development: the Brasilian position

The viability of the Brazilisn economy in the
coming years will depend on local capability to create
processes and products that are competitive in the world
market. Brazii must thercfore participate in the
exploration of the “‘technologicsl space” that is open to
the industrislized countrics; the country now hss an
excellent opportunity for cconomic and socisl devel-

besed on the simultancous occupation of

opment
physical and technological space,

The next stage of Brazilian industrial development
will be based on the intensive application of technology
and science to the production of goods and services,
both through creation and transfer of technology. The
time is past whon the country was concerned mainly
with probiems; it is now entering 1 period when the
opportunities are at least a8 important. In fect, it appesn
that Brazil today has mere opportunities than problems.
The mein limiting factor t0 the cowntry's industrial
prowth is the shortage of manpower with the training
snd exparience roquised % occupy the oritics! exeoutive
o planning posts crestod by vhe bosming vcanemy. No

Volsite YN, Nonlev 3 -

acuon, by ecither Government or private sector, will
contribute more 10 technological and industrial devel-
opment than the massive training of the country’s youth
in technology and science. The encouragement of
immagration of specialists from abruad (an inverse “brain
drain™) could also have an important positive effect in
accelerating the deveiopment of local technologcal
capability.

Government action

In July 1973, President Medici approved a National
Plan for Development of Science and Technology which
completely covered, for the first ime. the efforts being
made by the Federal Government in the fields of science
and technology. The total expenditures and investments
for the period 1973-1974 amount to about $700 million
of which some $150 million has been earmarked for
industrial technology programmes to be carried out
under the supervision of the Mimistry of Planning
(Special Prognmme) and the Ministry of Industry and
Commerce.

Another plan, prepared by the Ministry of Industry
and Cominerce for 19731974, involves expenditures of
approximatcly $90 nillion for 32 programmes covering
sectoral and intersectoral technology in addition to
institutional infrastructure. Each programme includes
subprogrammes, which, in turn, include 2 number of
projects. The plan has been prepared according to the
principles and methodology described earlier in this
article, the emphasis being on the relevance of the
projects to industry and to the national economy.
Impiementation of the plan is in its initial stages. A
poticy of decentralization in implzmentation is being
adopted, and existing institutions and enterprises are
being used. The role played by the Ministry of Industry
and Commerce and the Sceretariat of Industrial
Technology is one of planning, selection of implement-
ing agents, supervision and co-ordination.

Through the plan, it is expected that the following
important new projects will be realized: a national
system for industrial and technologieal information; a
national system for standards and quality certification; a
mtionsl network of industrial technology centres
(activated by s reorganized National Institute of
Technology): s techno-economic plan of action for the
non-ferrous industry and onc for the capital goods
industry; and s plan for the development of industrial
design and onc for the development of engineering
capability commensurate with the demand for such
design services.

The swecess of the plan prepared by the Ministry of
Industey and Commerce will depend on the continuity
of -she -offort that is put into it and on the full
undsending snd support of induswy. All indications
sre-Wiic these conditions are being met.
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INTEGRATED

AGRO-

INDUSTRIES

Introduction

NE of the most significant developments in
Oworld cconomics 1n recent years has been the

escalation in the prices of raw materials. This
escalation, which has been the catalyst in the formation
of a new modus vivendi between the developing and the
developed countries, has been particularly remarkable in
the case of primary tood products. For example:

e In 1970, world prices for sugar were far below
production costs: even in countries with cheap
labour resources a ton of sugar cost only $75.
Yet, by the end of 1973, the price had soared
to $500 a ton, and the zurrent price is of the
order of $670,

e In 1971, a ton of soya beans cost about $117;
now it costs $300;

e Nigerian palm kernels, which cost $150 per ton
in 1972, now cost about $520.

The price escalation is mainly due to an imbalsnce
that has come about in the supply ani demand of raw
materials. The imbslance is caused primarily by the
uncertainty of the internaticnal monetary situation, but
there is a sccondary reason: many of the developing
countrics are reassessing, and learning to exploit, their
position as suppliers of certain essential raw materials to
the developed world,

Up 1o the present time, trade in raw materials has
been based on internacional agreements the terms of
which have allowed the consumer countries to allocate

Jé

This article 15 based on a paper prepared by the
secretariat of UNIDO for the Internationsl
Conswitation on Agro-Indusinal Levelopment,
beld at Belgrade, Yugosiavia in May 1974. The
original title of the paper wa. “Integrated
agro-industries comtribution and the presemt
world food shortage” (UNIDO document

wwe. f3fy).

to the supplier countries production quotas that were
tlways a little higher than the planned consumption, In
many instances this policy has led to an intolerable
situation. Sugar producers in one developing country,
for example, have been subsidizing consumers in a highly
ndustrislized country, even though the average income
in the developing country is only one-tenth of that of
the industrialized \ountry.

The unwillingness of entreprencurs in the developed
countries to enter into joint ventures with counterparts
in developing countries, or even to invest capiml and
know-how in the production of raw or semsi-processed
materials, has also contributed to the perpetustion of
this situation. Capital invested in the production of aw
materials offers a return only after one or two years have
clapscd wheress capital invested in the processing of mw
materiale 10 finished goods (¢.g, psim oil 1o margaring or
cocos hoans to chocolate) offers s tenfold mtuen. pp
annum,

Cmenﬂymiﬂm&umw
pace with demand and the prisss of rew wasvialy are
climbing to unprecedented  Tioe solution %o the
wpply/detnand problem lies £y

en developing snd devcloped countries. Aay seh
pertnceship, howover, st Se bavwd - the oqual dsing
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The agro-industries

The rapidly widening gar between supply and
demsnd 1n the food and feed sectors of industry
throughout the world provides a rare opportunny for a
re-examination of the relationship between the poor and
nch countnes and a strong incentive for closer
co-operation. It 15 quite apparent rthat now, as never
before, the developed countries are 1 urgent need of
certain processed foods which the developing countnes
can well supply -if they are provided with the
appropriate technical and financial assistance. (One of
the world's leading sugar equipment producers predicted
recently that the world augar deficiency would probably
reach 22 million tons by 1980. He also said, however,
that most of this sugar could be produced in the
developing countries- provided that atleast $1,700million
was invested in new sugar factones and $700 mullion in
the reconstruction of existing planta.)

The key to agro-industrial success lies in the vertical
integration  of production (see figure), whether this
involves ownership of the production facilines, joint
management, or the contracting of common interests in
marketing, processing and agncultural production. An
agro-industry is not merely an induatry besed or
agricultural raw matenials, nor does the term refer to the
suppliers of such auxiliary materials as pesticides,
fertilizers, and agricultural machinery: it is 8 much wider
concept involving the integration of marketing, proces-
sing and agricultural production under a comprehensive
management responsible for the production, harvesting,
procewing and marketing of the products by the most
direct means. Thus, sn agro-industry should be a well
planned, streamlined process for the producticn of
maximum output of marketable goods from minimum
inputs.

i
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Animal foedentty
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This form of productuon may involve cither a high
degree of speciahization or a wide range of produas. A
charactenistic feature is the utlization of all by products
by other branches of the enterprise or associanon of
enterprises. A further advantage of the agro-indusinal
system 1s the close relationship thar can be established
between it and the markets,

The first step in the establishment of an
agro-industry 15 to make a thorough analysis of existing
and potential markets a1 home and abroad. This s
followed by an industrial survey te establish the profile
of the factories needed to meet the demands of the
markets analysed. Such a market-onented approach
inevitably means the rejection of certain items, but new
products can be introduced on the basis of improved
utilization of by-products, land, or human resources and
capacities. A second market analysis will confirm the
suitability of the programme selected and, by means of
regular cheeks, an optimum agro-industrial development
progrnamme can be claborated for both limited and
broader areas of application.

If agro-industrial development is carefully planned,
it will be possible to achieve rapid, yet economic results;
rapid rural development, the large-scale utihizauon of
virpn  ternitories  (including deserts), the optimum
utilization of capital-intensive irrigation facilities, the
solution of socio-economic and political problems; and
best export results. Careful planning will also help to avoid
competition with ongoing economic or political schemes,
dissatisfaction within existing induatrial and agricultural
sectors; end cconomic failure. This planning can be limited
to one region at a time and cffected one step ata time.

Fully integrated agro-industries

Agro-industry is characterized by the very close
relationships (ir terms of time, distance, economic
interests and n.enagement) between marketing and
industrial processing on the onc hand and between
processing and agricultural production on the other.
Such relationships constitute the most significant
advantages of the integrated process, but if maximum
benefit is to be derived, appropriate techniques and
engineering must be applied. In a fully integrated
sugar-cane enterprise, to tske onc example, agricultural
production, harvesting activities and processing can be
timed and co-ordinated in such a manuer as to ensure
minimum quantitative and qualitative losses. In an
cfficiently integrated pes industry, to take another
exampie, the peas can be mechanically harvested, chilled
srd transfecred to the processing line for canning or
freczing within en hour and a half.

A fully integrated agro-industry must closely
observe market behaviour at all stages of the operation
10 = to be sbie to derive the greatest benefit over the
long or short term. Consequentlv, particular importance
shonld be attached to the choice of techniques and
enginecring for the distribution, processing and produc-
ton sectoss.
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When  cstabhshing  exportonented  agro-indusinal
production, only micgrated agroindustry  should be
consdered. The benetits to be denived from such a
syaiem can be summarized as tollows

¢ Integrated agro-industnal d-velopmem can be
accomplished o only 4 few  years, (In
traditnonal rural development schemes, schemes
for the <cttlement of new ternitories, or plain
agaicltural deveiopment schemes, a schedule
cannot be clearly ostablished 1n advance, nor
can results be torecast,)

¢ Integrated agro-industnal projects are bankable,

Investmenis, production costs, revenue and net
profirs can be forecast. (In mosy other kinds of

devclopment, imnal outlays  can only be
conceived as irretrievable losses.)
e Integrated agro-mdusinal  projects can  be

implemented 10 countries with varying political
and socal structures and at very different stages
ot nanonal development. An integrated agro-
induitnai enterprise can be vwned by the State,
private persons, sharcholders or members of a
cn operative,

¢ tntegrated agro-industry generates long-term
employment ogportunities more rapidly and
effecuvely vhan any other investment in
agriculture amd can serve as a working model
for other industries, for co-operatives or even
for the S1ate iself,

¢ Integrated agro-industnal enterpnises do not fall
vicim to social antagomsm; they have unified
management, obviating clashes of interests and
safeguarding the optimum use of materials,
capital production, transport facilities, and
manpower.

¢ Integrated agro-industry need not be perma-
nently subsidized as o s self-sufficient and
tends to create its own markets, both domestic
and foreign. Horizontal linkage with other
integrated agro-industrial enterprises presents
no probiems and joint export endeavours,
common technical and research work or even
increased specialization can be effected simply.
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Co-operation in agro-industrial development

Agro-industnal projects resulting from co-operation
between developing and developed countries shouid be
well planned and prepared, the partners being provided
with ali the information and data nccessary to make
clear-cut  decisions.  Bioadscale co-operation-in  the
rescarch, manufacture and selection of food-processing
cquipment and .n special agroindustnal consultancy
services which would permit the joint elsboration of
projects, wraiming of staff, provision of management and
repair and maintenance sorvices, as well as the
reconstructuon of agro-industnial entevprises—would be,
of course, essentisl to the success of the project. To
cnable them .0 sgree on a viable project on equal terms,
and to avoid mistakes, the partners should commission
an objective consultant to prepare 3 good techno-
economic study. On the basis of this study decisions
could be taken jointly and mutual confidence would be
established from the beginning.

The finst stage of the study should be an
export-oriented market analysis. (There are only a few
developing countries that can afford to build wp
agro-irdustries exclusively for their home markers.) The
second stage should be the selection and specification of
the processing and storage facilities necessary for the
production programme, as determined by the market,

It is important thar part of the study be devoted to
the streamlining of agricultural production and the flow
of raw materials. Should the price, quality, quantity or
assortment of goods fail to correspond to market
expectations the necessary remedial chenges and
recalculations should be made immoedeately.

Joint venture comntracts for the cstablishment of
agro-industries should contsin scceptable conditions for
the developing countries with respect to the repayment
of credits and losns. The question of know-how is often
misunderstood by these countries: they readily pay
twice the price Yor it if it is “invisible”, i.c. included in
the pricc of the equipment; but they usually feel at a
disadvantage if the supplier of the know-how
cash payments or royaities. There should be no
objrction whatsoever 1o half of the repayments for
know-how being effected in kind, on the basis of world
market prices.
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Making a Good Match

by John A. Gay
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axd president of the Licensing Executives Society International This article is adapted,
with permiscion of the publisher, from PLI Know How magazine

can be made between hcensor and licensee, |

shall consider the necessary policy decisions which
must be taken by both parties before any decision
to hicense is made, the types of product which can most
remuneratively be licensed by one company to another,
and the personal relationships which are essential to the
negotiation and implementation of a successful licence.
While many of the observations | shall make will be
directed rowards licensors, they will more often than not
apply equally to licensees,

The granting of a licence is by no means the
prerogative of the larger companics: there is a good deal
of evidence to suggest that successful development
which can subsequently be licensed arises in companies
of oll sizes although there are some subjects, such as jet
engines and  nuclear power, where the cost of
development is s high that only larger companies can be
responsible for them. 1 shall thereforc assume that small
companics sre just as concerned as large ones when it
comes to considering and implementing a licensing
policy. It is worth remembering that many of the
ihportant inventions in usc today were originated by
individusls and developed, at any rate initially, by small
companies. Such inventions include air cushion vehicles,
the clestron microscope, the jet engine, penicillin, and
the catilytic eracking of petroleum.

¥ would not like to give the impression that licences,
once having been entered into, are sutomatically
vemunentive to the parties concerned. There is penenl
sgreswnt in both the United Kingdom of Great Britoin
and Northern trelend end the United States of Americs

I N explonng the ways in which a good maich

Vinlnoce BOA BN, i .iap. il

Strategy in the transfer of intellectual property
rights

Before coming to a decision about whether or not
to cnter :nto licence arrangements it is necessary to
consider very carefully the reasons why such action is
thought desirable. There arc, of course, other ways in
which intellectual property can be transferred between
parties. These principally include joint ventuies, equity
participation, the formation of subsidiaries, particularly
abroad, and even the appointment of sales agencies.

In 2 joint venture, onc company teams up with
another, generally in a foreign country, to exploit jointly
rights owned by one or sometimes bc h companies. . ..

- Very often, too, a joint venture resu ts from previous

less formal collaboration such as sales or assembly
arrangements during which the parties have got to know
one another—an important prerequisite for any success-
ful venture.

With equity participation, one company, having
cxploitable rights, takes an equity share in another
company which then proceeds to exploit the nghts
concerned. In this way the company owning the rights
participates in the exploitation of the product concerned
to a greater degree than is normally possibic under a
licence.

Exploitation abroad can also be carried out under
the aegis of a wholly-owned subsidiary company, and
new technology has been exploited successfully by UK
industry in this way in Commonwealith countries and in
the United States in recent yeais. Although cxploitation
through a subsidiary company may potentially promise
the grestest financial return, the risk of setting up such a
company, particulerly abrosd, may be appreciable and a
decision of this kind should only be taken when a good
deal of experience of the product in the particular
country has been gained.

Due considerstion must be given to licensing. It
should howerer be rememsbered that hcensing is only
one of ¢ specsuin of ways of tramferring intellectual
propesty and, in thae @ selies o the efforts of snother
pny, it offws the lemst risk in exploittior, but
ponpeaily: the srstaliene Saancis! return as well,
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The strategy 10 he tollowed m  transfernng
intellectual  property nghts theretore necds  careful
consideration and may require expert advice In order to
ensure a good match between huensor and hcensee, o
should first be cstablished that heensing 1s unequivocally
the preferred method of exploitation.

There are many circum-tances which have to be
taken into account 1in deading whether to seek a hcensee
or obversely to ook for a product to be manufactured
under hicence. Some of these may., of course, be relevant
in considering other forms of assocavons but they will
be discussed in this article in the context of heensing.

An nabibty to sell a productina foreign country or
a reductton in sales in that country are often good
grounds for considering the grant of a hcence to an
indigenous  company. Sales may be restncted by
government regulation or by the desire of a deveioping
country to manufacture the product for itself. In certain
South American countnies financ' ' stringency may
prevent products {rom being imported from a foreign
country. In many of these circumstances, the granting of
licences will be welcomed and encouraged by the
country concerned.

A potential hicensee should not be reticent about
considening the taking of alicence. in a sense the royalty
payment is a saving in the expense of development, and
countnes such as Australia and Japan have prospered in
past vears and made technolgical advances through a
policy of taking hicences. It is therefore both legitimate
and acceptable tor companies to acquirc research and
development knowledge through licence agreements, and
arrangements of this kind have generally prowed very
successful for both hicensor and lieensce. After all, it is
wasteful to re-invent products and processes.

A licence can permit a company to go forward and
carry out developments, the exploitaton of which may
be otherwise prevented. Large companies particularly
may obtain rights from other companies under cross
licence arrangements.

A company may also decide that a product is due to
be superseded by an improved onc currentiy uuder
development. Here licensing offers the possibility of
obtaining a further return on the capital and resources
expended on the original product. In my experience,
however, 1t is necessary to be frank in informing any
potential licensee thar an improved product is being
developed, as otherwise subsequent relationships
between the parties may deteriorate when, unknown to
the licensee, the licensor launches the improved product
upon the market . ... If a meamingful relationship is to
be maintained between licensor and licensee the
inclusion of improvements in a licence agreement is an
important consideration. In some South American
countries, in fact, it is obligatory if royalties are to
continuc for more than a few years.

There may be some ux advantges from entering
into licence agreements particularly with, for example,
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affilated compames which are not wholly-owned. This 18
a subject 01 which specialist advice will be required but
a desite to minimize tax payments can be a good basis
for a successful hcensing match.

A deas:on about whether to license or take a
ficence and the rerms for such a hicence should be part of
the corporate policy of the company and should not be
considered as  a  casual matter unrclated to other
company activities. The effect of licensing, particularly
tbroad where anti-truse considerations apply, should be
taken into account especially if there 1 & possibility of
the licensee competing with the licensor as could
sometimes be the case in the United States. Making a
good match depends on appreciating fully the reasons
fot licensing, giving hcensing a proper place in the affairs
of the company and understanding the ensuing benefits
and patfalls.

The product

There arc advantages in deferring licensing antil a
product has been successful commercially. Proven
success by the licensor reasures the licensee and the
licensor when exploitation commernces although extra-
polation from one country to snother is not easy on
occasions. It 1s noteworthy thst companies in the United
States sometimes find that in spitc of a successful
marketing operation i, their own country, s Europesn
licensee is not so successful. This may be due to practical
difficulties such as changing drawings into metric
messure and Jhe different problems of a smaller and less
sophisticated market, but aiso, for example, to
differences in personal attitudes to consumer products.
The consideration of a detailed market survey should be
a prerequisite for any potential licensee. With technically
complex products it is morc necessary than ever for the
potential licensee to understand fully the product or
process being offered including the way tn which it can
be manufactured, altered, improved and used. The
licensor would be well advised to supply sufficient
information to enable a potential licensee to carry out
this kind of assessment.

Unless the product or process has had considerable
commercial success it is generally unwise for a licensor
to attempt such an assessment for a potentisi licensee a8
he can seldom know all the points to be wmhen inse
sccount by the licensec. Sometimes, of conrse, the
provision of information for assemsment parposes must
be psssed under an option arrangement or 8
confidentislity cover.

1 should now like to ekplore what sort of prodect
should Le sought by a potential licensee, In a number of
cases the licensee accepts a Hoence to manufecture the
product he is aslready mmﬁcuﬁng The porentisl
licensee is thus able to watem from inowledge
products which are likely to be of valuwe to Nim.

indwsimal Roseorch ani Doywiopinens Nows




There 15 some evidence to suggest, however, that
compames wishing to  diversify  their activities can
successfully take hcences on  subjects which are
markedly different from those with which they are
already concerned. Some years ago | was fortunate
cnough 1o be able to discuss with & number of Scottish
companies their expenence in diversificauon and thar
requircments for new ideas. It was very interesting to
find that a fair proportion of the companies which had
successfully diversificd their activities had done so with
products that were pnite dissmilar from those which
they had traditionslly manufactured. This policy scemed
to bc associated n many cases with & young and
vigorous board of directors which had decided 1o strike
off in & new and different direction.

This Seottish expenience is interestingly matched by
an imstance concerning a major sutomobile manu-
facturing company in the United States. Here the
company developed an additive to petrol and produced s
fuel with anti-knock qualities. It went on to develop
methods of making the anti-knock msterial in & practical
form, activities which were nndically different from the
manufacture of motor cars. This vigorous diversity of
development led, of course, to 2 most important product.

A good match may also be made bztween
companies which have manufactured different produces
up to the time of their mecting and | suggest that a
willingness to undertake the exploitation and perhaps
development of a radically different product may augur
well for the success of such a project.

A licence should seldom be a once-and-for-all-times
deal. It concerns the relationship between two
organizations and an agreement may eventusily cover a
range of activities and gow more complex & rhe
refationship maturcs. Even before the licence agreement
is granted. one company may decide to give ancther &
salos agency for the product on which a | may be
subscyuently granted. In this way the pasties gain
cunfidence in ene another before & licence agre s
even negotisted so that licence discussions, when they
take place, generally proceed smoothly. A licence
sgresment will simost ceruinly include grant-back
provisioms telating o improvements made by both
Buswser snd licensee, end the arrangements can even
entend o & package desl covering not only a Hoence but
slso e W of equipment and amociated informa-
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principals before and during ncgotiations, and 1n many
ways these relationships are more important than legal
or patent matters. It there 15 unammity between
principals, wavs will be found to complete the
agreement and overcomie, without recourse to the
courts, any difficuiues  durning the penod of the
agreement. It 1s noticeable that when both parties wa
licence negotiation are suspicious of one another, the
licence agreement takes a long tme 10 negotate, n
finishes as 2 complex document, and success n
exploitation 1s less certain than when negotiations are
quickly and amicably concluded with a fairly straight-
forward document.

Negotitors should be  generally knowlcdgeable
about licensing matters and should know the technical,
commetcial and legal parameters for the arrangement
they are discussing. Thecy should, where necessary, be
guided by appropriate experts although many negoti-
ators acquire 3 good knowledge of the iegal and patent
aspects of licensing from the conduct of their work.

! would not wish to give the impression that one
expert must always deal with licensing matters. In s
smaller company a director will ke this responsibility
with appropriste guidance from professional advisers.
Whatever the size of the company, however, personal
relationships between individuals coneerned in licence
negotiations remain all important to the success of the
negotiation. The best agreements are those which are
kept locked away and never refemred tol

In conclusion, may 1 therefore emphasise the
importance of ensuring that licensing fits into the
over-all policy of the company, that both parties to an
sgreement thoroughly assess the product to be licensed,
and that the contribution made by good persomai
selationships to the negotiation and implementation of
licence agreements is recognized.

Finally, may | quote some words which Sir William
Petty is recorded as having written in the 17th century
sbout the problems facing inventors and those who
exploit the work of inventors. From these you will sce
thit some of the criteria necessary to ensure a good
match were jecognized over 300 ycars ago:

“Although the inventor, oftentimes drunk with
the opinion of his own merit, thinks all the worid
will imade and encromch wpon him, yet | have
obesrved thes the gumerality of men will searce be
hired o - of mew practices, which




WHAT'S NEW ...

A unique system for the detection of water pollutants
sfeor dark ls been built and successfilily vostedl by
scientists of the Inland Waters Directomsre, “Snvivon-
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According to its desgners, the system has two
special cdvantages over other detection systems 0 does
not require a sampie of the material to be wdenufied and
it is small and hight enough to be readily airborne. it has
detected fluorescence from oml-refinery wastes and pulp
plants’ settling ponds, a1 well as controlied spills of oil
and dyes In tests conducted off the Bahamas and in
Canada.

The system has been used to examine nver water
and, on board s ship, to momtor chiorophyll
concentrations in Lake Ene.

A bluc light from a Jow-powered laser cexcites
fluorescence in the wurget ares, and an cightinch
telescope focused on this arca collects the hight. Optical
filters arc used to block the reflected laser light and
select  pertinent  wavelengths  from  the fluorescent
spectrum of the target. This light 18 converted to an
electrical signal by a photomultiplier tube, processed and
recorded on a stnp chart,

The new system, which sppears to be ready for
market develupment, was devigned by A, R. Davis of the
Water Science Subdiviion, and H. Gross, J. Kruus and
R. A. O'Neil of the Remote Sensing Subdivision, Inland
Waters Directorate,

iniend Waters Dirnciorate,
Ossawa, Owtavio, Canada

“Environment Camada’,

Now proces for dehydrsting foodetutte

One of the disadvantages of conventional delvydeation
methods is that the qulity of the products is imypaired
by the hot sir and oxypen. in order to preserve the
original quality, a groces munt therefore be applied in
which mﬂmmmdm.()mnmh

ox
procen is

Lysine production: 2

Extra-cellular production of Ldysine in a medium with
canc sugar, blackstrap molasses or sugar-canc juice
clarified by a previously obtained mutant of U. maydis
has aisu been studied. The concentrate. obtained by
direct evaporation and drying of the fermentation broth,
could be used as a possible feed supplement because of
sts aminu-acid and vitamin content.

A. Sanchez-Marvowuin, Faculdad de Ciencras, Umversi-
dad Central, Caracas, Veneiuela

A wave-powered pump

A device that uses wave energy to pump water in a
unique and uncomplicated way has been developed. The
pump, winch has only one moving part and an expected
long snd trouble-free service life, may be employed to
pump liquid (most commonly sea water) in any
direction by making use of the undulating mouon of the
waves. In relatively smasll waves (three to four fect) ona
calm day it has pumped sea water at rates in excess of
20 pallons/minute from a depth of 60 feet to a height of
sbout two feet abowe sea level. It can continue to work
indefinitely and can pump to a considerably greater

(head of pressure) at a reduced flow rate. it
would alwo be cxpected to pump a greater volume in
lsrger waves. The pump is essentially a long tube or pipe
held vertienlly with a simple incrtia valve located
somewhere siong ivs length. The valve allows water to
meve in one direction only, \When secured to a surface
fleat that is foroed to follow the vertical motion of the
waves, the device pumps water in the direction
permitied by the valve. The power thad comld be
produced by 2 large pump of this type sppears to be

%

Jobn D. ismacs, Professor of Oceanograpby, Director,
Institase of Mavine R:sowrces, Umiversity of California,
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BOOKS

RECENT PUBLICATIONS REVEEWED BY DN

The Third World snd the Rich Countries, Prospects for
the Yoear 2000
by Angelos Angeiopoulos. Pracger Publishers,
New York, 1972 248 pages.

The author discusses the major  development
problems of the developing countnes and uses abundant
and casily comprehensible scatistics o support his
reasoning. The measures taken at both the nationsl and
the international level to solve the problems are clearly
described. particularly in chapters § and 6, which cover
development financing.

Mr, Angelopoulos bresks the problems of the
developing countnes down into six  heading in
chapter 5. (1) the immense gap between rich and poor
countries; {2) the tendency of this gap 1o widen;(3) the
slow growth of pev capita income; (4) the worsening of
the terms of trade owing to intentional policies by the
developed countries; () the growing indifference by the
developed countnes to the problems of the develom
countries and, (6) the increasing burden of deht service,
To prove point 5 he compares the relatively meagre
amount being spent on development md with the
enormous sums being spent on armaments and space
prognmmes by the highly industrialized countries. But
while this situation is deplorable, Mr. Angelopoulos seys,
the cconomic and political competition and the
domestic politicsl problems that cxist within the
developed countries must alse  be given reslistic
recognition.

The author points out that the developing countries
are urged to give highest priority to the adoption of
long-term plans designed to utilize available resources to
the fullest extent in order to equalize income
distribution and to cradicate unemployment; to the
adoption of plans that would make thc most cffective
and productive use of forcign aid, and to close
co-operstion smong developing countries. These, how-
ever, in the opinion of the author, are on'v the clichés of
development economists. Among the problems that
should be explained are: why development plans often
fall short of target; and why co-operation among the
developing countries does not work well.

Mr. Angelopoulos believes that the developing
countries could atwsin 7 or 8 per cent growth easily
enough if financial resources were directed to them. He
proposes consolidated new losn arrangements; the

contribution of 0.3 per cent of their gross national
product (GNP) by the developed countries; and the
revaluation of monctary gold sccompanied by the
distribution of the plhsaluc to the developing
countries. His arguments on these points are well set out
in chapters § and 6.

However, the author’s proposals seem unreslistic in
the absence of precise explanstions s; to how they could
be impiemented. For example, his suggestion that “the
government of each developed country should include in
its annusl budget an smount equivalent to 0.5 per cent
of the GNP ... and tansfer this to the credit of an
sccount kept wn the boock of the World Bank™ is
interesting--but will the developed countries accepe it?
These countries have their own problems. Proposals such
s Mr. Angeiopoulus’s must be formulated in a way that
the developed countries can sccept. On this point the
author’s argumenis sre not convincing.

In the macro sense, the developing countries need
sdditional funds; this has been proved by meny pp
studies. In the micro sense, however, the scarcity of
realistic, fonsible projects is the main impediment to the
flow of funds to the developing countries,

($.4)
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Praeger Publishers, New York, 1970. 599 pagm.




Thus, much of this materisl constitutes a review of the
considerable research that has been undertaken on these
subjects without exploring the specific impheations for
rural industnalization, The locauon and types of rural
industries arc also considered and on these the proposals
advocated are more speaific. Part-ime farming, with s
advantages and disadvantages, is a subject which does
not often receive the attention 1t deserves 1n this
context, but a balanced approsch 18 presented in this
publication.

The second scction deals with group action in the
course of rursl industrislization and approaches the
question from both a social and an economic point of
view, Most contributors consider that a co-operative
system offers the most encouraging prospects for the
dispervion of industry. The papers develop & good case
for this argument. Several case studies. from both
developing and deveioped countries, are included.

The final section of the book deals with methods
for group action and rural industrialization. The
discussion of government policy with respect to rural
industnisl plants contains some intcresting ideas.
However, the general conclusion scems to be that
encovragement of these plants should be limited to the
carly stages. This position is reminiscent of the infant
industry argument, an approach which has often proved
to be disappointing in other contexts. With regard to
discrimination in favour of rural industries, the authors
tend to neglect the impact of such discrimination upon
existing urben industry, which must suffer accordingly.
This consideration may be very important to many

developing countries. The majority of the contributors

sdvocate agro-industries for rural industrialization,
differing only with regard to questions of technology,
plant sise etc. A few suthors do argee that runl
induswislisation need not be based upon agro-industries;
they contend that similar efforts in che past failed
hecause the products were onented towards the urban
mather than the rural market.
the fact that the book is not s well
ss one might wish, it offers a variety of
discwmion from cconomic, socisl and institutions)
madcuﬂhedbeuﬁtunmauofm

(R.B)

Unmited Nations Development Programme by  the
international  tabour Organisation and  therefore
offers some viluable fessons in drawing up a

technical assistance programme for developing human
resources.

On the onc hand, Mr, Harbison points out the
hmitations of formal and non-formal educauion and
training. On the other, he points out the need for further
training and development of human resources. Almost
every aspect of human resources development is touched
upon.

The reader will find this book useful for the
questions it raises rather than for the solutions it offers,
1t is something of a compendium of the problems to be
encountered in developing countries. The author laments
the high cost of training programmes both for industrial
and for rural populations, but his own examples, as
illustrated in various chapters—such as providing model
schools, mobile teaching units, visual sids and mass
media—seem to be fully as costly as the existing
programmes.

There appears to be no way of avoiding the fact that
the development of human resources is a long-term,
costly endeavour fraught with the possibilities of poor
government organization, national zpathy, underskilled
teachers and poorly formulated programmes (even well
financed programmes are often implemented at a high
cost not commensurate with expected results). Mr.
Harbison takes sn optimistic view of the great potential
of the underutilized portion of the manpower resources
of the developing world but offers no choice other than
that of continuing « ong the road which development
programmas are currently taking.

The outlook for the world is rather bleak, owing to
the fact that the populstions of the developing countries
arc incieasing at a rate of 2.5 or 3 per cent per year. His
solution is to develop the skills and knowiledge of man
snd to strive to build effective, nation-wide learning
systems so that all countrics may prosper even though
they are poarly endowed with material wealth or natural
ces.

in summary, Human Resowrces as the Wealth of
Nations is s useful guide for those interested in human

resources development.

S

(M.Y)
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Toshnolopy
by G. M. Ranson, McGraw-Hill Book Company
(Unised Kingdom) Limited, 1972. 150 pages.
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The theme ot the book s group technology, which
m appheable to approvmaiely B0 per cent of the world's
engincering andusing concerned with manutactuning a
wide range ot products in vanous quantines. Mr. Ranson
defines group technology av “the logiaal arrangement
and sequence of all tacets of company operation in order
to bring the benetiis of mass production to high vaniety.
mined quantitative production’™,

1t should be noted that although this hook has been
wntien  owentiallv tor the cengincenng industry, s
content w appheable to other andusties  that have
problems ot batch processing,

The author uses 2 case study carned out in his owr,
enterpnise over 2 period ol 11 years to iliustrate his
arguments. The imitial problems that caced management
were “high levels of stocks and work-in-pregress, long
and unrchable delivencs, poor measurement capabibity,
pour control procedures, fragmented and unco-ordinated
interdepartinental relations, a2 mulufanous  payment
svstem, and last. but not least, a poor over-sll company
pertormance””. Espeaially trouhlesome was the fact that
75 per cent of sales were from a standardized product
hine which had an abundance of products thut were not
wanted and a shortage of products that were. At the
same time, the valuc of all stocks was 52 per cent of
annual sales value. Finally, an improvement scheme was
imuated by the management. The key recommendation,
following an appraisal and analysis phase, was for the
introduction of group technology which would mesn
that the totality of the cnterprise’s activities would be
co-ordinated according to department and function. One
of the major benefits of this improved co-ordination was
the spirit of co-operation that was crested between the
production and the sales departments. To a large extent,
group technology cnabled the management to better
cope with market changes and other uncerumintes
associated with the nature of the business. The following
procedures and steps were involved in the introduction
of group technology to the company:

(a) A team of work-study engincers was employed
to analyse and review the general operation of
the firm;

(b) Production planning was centralized through
the use of a code system and the establishment
of a system of “one drawing and onc number
per part’’;

(c) High-speed production was supported by
disciplined stores control and reduced inven-
tories;

(d) Through-put time was reduced from an average
of twelve weeks to under four weeks, with
broken delivery promises represcnting less than
2 per cent of total sales;

{e) Job evaluation and greater labour mobility were
introduced along with 2 scheme for sharing the
benefits of increased productivity;
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() An cxtensive introduction to all the new
techniques was made n order to effect the
apphcation of the new technology with a
mimmum of confhct;

(g) A reduction was made of speial orders through
a reatistic pricang schedule,

th) A new look was given to the sales force, based
upon confidence and co-operation,

fi} A total company outlook was schieved, based
upon the totahity of integrated operations.

On balance. Mr. Ranson’s work, Group Tecbmology,
may be recommended. However, and as the author
nghtly points out, the book must nccessarily be
supplemented with additional reading inasmuch as it
constitutes, 1n  cmsence, ‘‘onc man's story in  one
company”. Particularly appropriate for follow-up study
s G. A. B, Edwards's book Readings in Growp
Tecbnology (The Machinery Publishing Company Ltd.
1971). in addition, G. Burbridge of the international
Centre for Advanced Technical and Vocational Training,
Turin, ltaly has published Conferemce Proceeding
(international Labour Organisation, Turin, 1969), which
includes the contnbutions of vartous authorities which
have recognized group technology as 2 major break-
through in the ficld of produciion management. The
proceedings of the Turin conference might be especially
interesting to managers and technicians in the developing
world in view of the collection of reports of practical
experiences in group tcchnalogy they contain.

Mr. Ranson, in addition to being Chairman of his
own company, has sccumulated considerable experience
in mansgement snd production engincering. He is &
fellow of the Institutions of Mechanical Enginecrs and
Production Engineers and is widely recognised a8 an
international authority on goup wechanlogy.

(R.D.C)

Society and the Asssesment ol Technology: Prenhm,
Concepts, Methodolgy, Experimentss, Aress of
Applicetion

by Frangois Hetman. Organisstion for Econo-
mic Co-optation and Development, Pats,
1973, 420 pages.

This hefty paperback, which includes copiows
charts, tbles and other visusl dats, affers s broad
amalysis of the subject. The chapter boadings we:
“Technology om trisi”; “Concepts of sechmology
ssessment”; “Experimenss and development of suwh-
odologies”; “Arcas for the spolication of sechoningy
assessment”; and “Promises and problems of sechnolegy
sssessment”. While the cont-uts sre of coneern peimenily
to the member countries of the ORGD, she hask condd
well serve as & bench-mark for & similer analywie. for
developing countries. The bosk cun-wtill sasfully sorse;

Indentvinl Revench snd Sonsloprunas Nows




however, in a quas: caveat emptor capacity, readers in
developing countries involved in  the trensfer of
technologies

The following quotstion from the fo.eword of the

book was written by the Director General for Saienufic
Affurs of the OECD, Alexander King.

Science snd technology have contmbuted gready 1o
the shaping of the kind of world in which we now live -for
beter and for worse. The last few decsdes have seen a
tremendous expansion in research and development activity
in all industrislized countries and, despite the fact tha: the
main justifications in providing the vmu'y resources have
been the objectives of defence, | prestige and
economic growth, the expansion penod hes been one of
somewhat unquestioning euphoria for science. This has now
come t0 an end and both legislators and the public at large
sre questioning not only the costs and benefits of research
but the very abjectives which have induced its expansion.

The unwanted and often unforescen side effects of
techaology are clearly manifest; some of these are direce,
such s the obvious pollutions and general environmentai
detevionation, » well = a loss of work satsfaction in
repetitive industrial manufacture. Others are mare subde
and indirect, including the incressing frustrations sad
difficulties of urben life, incresse in crime and violence and
;{mh‘ semse of urclevance in contermporary education,

of them are too emsily attributed to technology or to
the type of world which technology has built,

Yet technology hes been mas.'s main weapon in his
g struggle upwerds from subsisterce. Inventioms of
flint tools, of the wheel, the lever, the use of fire and many
other tochnicsl discoveries, at fimst simpie but becoming
ever more sophisticsted, have been the main indicators of
humaen ingenuity. They were all questioned, nodoubt.ut

i

technolegy raises many of the same questions. Few of those
who arvy most crigical of its influence woull advocate return
to & primitive period, with & technological level unable o
sustain our presemt populsdon. The question can never be

socsety we wish to shape. Therc s listle agreement about
this, only vague dissatisfaction with the present situation
and equally vague desiderata as 10 the future. improved
quality of life - which means different things to different
peopic-the provision of social jusnce, equality of
opportunity and the removal of vanous types of
discnminaton

In the sbsence, then, of any resl concensus amd
precision regarding the charactenisucs of a sociery both
desirsble and possible, it is difficult 10 redirect rechnology
or the research and develvpment behind it. Technology has
been successful in the past because 1ts objectives were
clearly defined. s future developmen: will be much more
difficult because s gosls are insufficiendy clearly

formulsted. Vague mspirstions are insufficient 1o sttract
satisfactory technical solutions,
The very of un d sde effects of

technology rsises difficulties of 8 continuing nature. We are
gadually realizing the interdependence and interascuom of
the various problems of society and hence the fact that
sttempts 10 improve the situstion within a single sector wall

that in other sectors, both posiuvely and
negatively. In fact, there 8 not only an interrelationship
between the various national gosls of security, economic
schievement, employmeat, social improvement, improved
beulth and the like, but also a considerable degree of
conflict. Isolated success in one field may be at the expense
of others. Agricultural improvement, for example, may
produce more food but, st the zsme tume, cause
unemployment, drift from the land snd incressed urban
pressurea. High levela of economic growth, while contn-
buting to the matenal prosperity of the individual, can lead
to a lowering of the quality of life in other directiona.
Equelly, technological achicvements towsrds the attainm
mert of a particular goal may have cither pasitive or
negative influence on others. This success with a particular
technological innovation in induatry may have a negative
influence through poliution or worker dissatisfaction.
Military research, on the other hand, may have s positive
spin-off in the civi economy and even in medicine

The management of technology in the broad social
interest is thus s very complicated process which must take
into secount social s well as economic costs and benefits
an foresee the long-term effects of its achievements over
the broad spectrum of human stivity. For its optimum
use, goaly must be much more clearty formulated than at
present and, until this has been done, technology
management can only hope to avoid major disutility, while
sttempting to achicve its direct objectives.

These were amongt the considerstions in  the
discussions of the Fourth Meeting of Ministers of Science of
the OBCD Countries, held towards the end of 1971, The
general conclusions of this meeting were that science and
techmology had untl now an overwheimingly positive
influence on nstional development, but that in the future
would have to be considerably reoriented to contribute to
social s well as economic objectives, The ministers, while

that coatinved stimulstion of technological
innovation was required 10 achieve both qualitative and
quandutive growth, stremed that the new technology
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research and development and the needa of socrety. Rk was
reslized, of vourse, that difficult decisions might have to be
taken as s consequence. For example, Governments
operating policies for the general stimulstion of techno-
logical innovation for economic growth might well have to
discourage or prohibit  particular innovations on social
CrteTa,

The sience and technology progriammes nf the
Organisation  have  been  modified  conudersbly as a
consequence of the mimsterial meeting and now stes
social aspects and constraints of science policy, for example
in making mote clear the role and potentialities of resesrch
in the social sciences with regard to science policy and
decwion-making in gencral, by study of the innovation
process in the service sector and in relation to technologcal
assessment

The present book . . . sttempts to place the topic of
technolugical assessment in its  social and economic
petspective, to define ita scope snd 1o outline the wrious
methodological approaches it has evoked until now. The
subject is atill at an early stage of definition and method at
which such a “state of the art” compilation should be
useful. It i a field for which there is grest and generally
recognized need, but in which there is ss yet littie concrete
schievement. While Governmenta are seriously concerned
with the need for technology sseessment, institutions for its
sccomplishment exist in only a few cases. An interesting
development, however, has been the recent decision by the
Coagess of the United States 10 set up s technology
assemsment agency under its direct control. The precedent
of emsblishing such s body under the legisistive rather than
the executive is very significant.

if, ms seems probable, we are eutenng « phase in which
decision-making will have to balance, much more carefully
than in the past, socisl a8 well ss cultural criteris, s whole
range of new tools are required in sddition to suitable social
indicators. Technology aseessment represents not »o much s
techntque a8 sn area of enquiry in which s whole senes of
new analytical toola will have to be shaped including those
to memure cross-impacts, The sres of enquiry is itself
diverse. It may be rdsuvely essy to furesee the more
important of the social impecs of two altemative
technotogical options wnd to have a better idea of the
spread of both economic and social costs and benefits.
Quite different spproaches will be required when aseessing
the probsble cultural ss well us social ~onsequences of a
new fiekd of research or application taken s 8 whole and
over sn extended tdme scale, for example the influence
which the widespread use of the computer in educaton
would have, Again, s once-snd-for-sll assesament may be
musleading. For instance, had we st the beginning of the
century sttempted to sseew the socid snd other
consequences of the introduction of the sutomobile,
sttention might well have concentrated on its danger to
rural Iifc.&nﬂlodo’mdchkkmmddnl .t
would have been difficult to foresee the situstion o few
decades shesd when motorized transportation had revolu-
tonised the distribution system snd contributed w0
strikingly to individusl freedom and mobility. Were we
looking st the same probiem from today’s situation of
cluttered and polluted cities, the result might well be
different aguin. Technological msessment, if it is to memn
anything, must be s contnuing process. These and many
other issues are explored in Mr. Hewman s book.

o
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