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SECTION III.

This section includes the background paper on the seminar and demonstration in

basic technologies prepared prior to launching this programme and was intendsd to

initiate the countries in Africa to the proposed programme. The technologies

presented in different countries have thereafter been presented subject wise eitker

as lecture notes or as the lecture material obtained from the experts. Under the

following heads:

(i)

(xiv)

Seminar and demonstration of basic technologies: Basic paper.
Presentation on UNIDO and its technical co-operaZzion.

Application of plastics in agriculture.

Production and processing of natural rubber.

Low energy systems in building materials and comstruction.

Concepts in biofuels development.

Development and manufacture of agricultural machinery and implements.
Role of shore fishery complex in fisheries development.

Mini-hydro power plants.

Utilization of bentonite for soil conservation.

Repair and maintenance as a means of entry to manufacturing spare parts
for telecommunications equipment in Africa.

Changing technologies in telecommunications sector - production options
in Africa.

Deglobalization of self reliance in telecommunications with a view to
developing local manufacture of certain sub-systems, components, etc.

Importance of PIT in developing telecommunications industry.




Paper No. 1:

SEMINAR AND DEMONSTRATION OF BASIC TECHNOLOGIES
BP/RAF/85/609

UNIDO background paper for ptogrémme development

The economic development of most countries in Africa is being designed to meet
the requirements of the population for food, shelter and health. These sectors of
the economv are fundamental to creating a sound base for sustained economic
growth. This presentation accordingly focuses on basic technologies which have
been demonstrated in a number of countries and have been found useful in increasing
food production, helping the housing development programmes as well as providing
the population with effective health and hygiene programmes. The presentation is
being made under three heads:

1. Food

2. Water Mauagement

3. Shelter

I. Food

Though fundamental for human survival, the availability of food is the most
difficult problem confronting a large number of countries in the African
continent, In broad terms, the issues are related to (i) area under cultivation;
(ii) adoption of modern agricultural practices; (iii) increasing yields by using
fertilizers; and (iv) protection against attack by pests and insects. It is also
estimated that the loss of food grains during production, transportation and
storage may exceed 35 per cent. -

The immediate emphasis therefore, should be placed on:

(a) 1Increased uses of organic fertilizers and application of non-metallic
minerals as soil condicioners which will help save water and fertilizers;

(b) Packaging and conservation of food;

(c) Construction of siios for storage of food.

Brief notes on these subjects are given below:




I.1 Fertilizers and non-metaliic minerals

I.1.1 Organic fertilizers dominate the nutrients applied in most countries in
Africa, though production of chemical fertilizers in some countries has promotea
their use with spectacular results. Use of chemical fertilizers to supplenent the
organic fertilizers produces the best results wniie utilizing the indigenous
resources to the maximum extent. A number of countries in the region should plamn
to set up facilities for the production of chemicals based on imported
intermediates such as ammonia, phospaoric acid, sulphuric acid, etc. as well as
fertilizer blending, granulation and packaging. These units which form the
downstream portion of the main fertilizer plants are amenable to being set up in
small capacities without seriously losing the advantages of economies cof scale.

The intermediate chemicals which form the feedstock to these plants are also easily
available on the world market on-the-spot or long-te.m supply basis and in some
cases the sources of supply are located in North Africa.

The current levels of consumption of fertilizers in most Africar countries are
quite low though the potential for growth are quite large. The realization of the
potential demand apart from the general level of economic development is also
dependent upon uninterrupte& availability of the same type of fertilizer at the
time required by the farmers as well as promotional policies aimed at increasing
consumption of fertilizer by the governments such as agricultural credits, crop
insurance, remunerative prices of agricultural produce, efficient system of storage
and distribution, etec. .

It should be most appropriate in such cases to establish the fertilizer
industry by setting up downstream units in the first stage which could include:
granulation and packaging of fertilizers, storage aund processing of intermediate
chemicals e.g. ammonia, sulphuric acid, phosporic acid etc. These production
plants could thercafter be integr:iea with upstream production units in a planned
manner to synchronize such manufacture witn the profile of the emerging demand.

This pattern of development could enable the training of local personnel in




well-defined phases of plant operations commencing with simplex technologies ana
ultimately acquiring experience of the complex processes of manufacture employed in
tne basic fertilizer plants. Tue possibility of the initial downstream facilities
generating cash to partly finance the cost of the upstream plants to be set up
lacer on could be an interssting possibility, and developmental plans caan be so
designed.

The technical assistance provided by UNIDO has also covered setting up piogas
plants pased on human and animal and other organic wastes; the pilot units set up
in villages have been able to produce gas and compost; :he_former meeting the fuel
needs of the village and the latter used as fertilizer. Such plants, simple in
design and easy to maintain have been built for as low as six family units in small
farmer communities in India. The biogas generated from such units can be utilized
in cottage industries such as dairies, piggeries etc.

I.1.2 'The growth of agricultural production is linked directly to systematic
soil care and consideration has therefore to be given to the quality of soil which
would be a fundamental prerequisite for intensification of large scale agricultural
production. It is reported that in Africa, apart from the harsh and contrasting
climate, there are substantial portions of rather poor soils. Most African soils
are reported to lack mixture of humus and filter which is necessary to accumulate
and retain water and plant nutrients. In the absence of these conditions, the
fertilizers are leached from the soils with the very first rains and many nutrients
are lost. There is also an urgent need to reclaim vast areas of agricultural,
sandy and sandy~argillaceous soils. The objectives accordingly mainly aim at
raising tne yield potential of deficient soils which are low, due to low content of
clay particles and of humus. Soil improvement has to be carried out by progressive
methods of reclamation based on research of actual conditions, influences on hydro
limits and further physical and biochemical properties of soil. The
UNIDO~Czecnoslovakia joint research programme has in general demonstrated that

non-metallic minerals and rocks with a high content of montmorillonite play an




important role both in plant growing and animal husbandry by acting as soil
conditioners they make plant nutrients more readily available performing in the
same manner as humus as well as carriers of chemical and biological agents. The
non-metallic minerals include materials such as bentonites, zeolites, perlites,
diatomites, tuffs, tuffites and many others. These non-metallic sorbents functio;
in two ways. On the one hand, they reduce the leaching of fertilizers, enhance
vater retention and rehabilitate the soil from the point of view of the ion
exchange. On the other hand, they deliver nutrients direct to plants which
increases the yields by 10 to 40 per cent depending on the_kind of plant, humus
content, acidity and particle size. They also reduce the migration of chemicals to
subsoil waters and sometimes to the atmosphere. Some of these non-metallic
minerals are founc in a number of developing and developed countries. The increase
in yvield by non-metallic sorbent treatment are presented in table 1 though these
results should be taken as comparztive as the actual yields will depend on
conditions of application, soil, climate, quality and amount applied. Experiments
carried out over the past 15 years have shown that by application of 20 tons of
bentonite per hectare, tne water retention of soil is enhanced to such an extent
that irrigation can be reduced to about 4,000 m3 from 7-8,000 m3 per ﬁectate
within one cropping period, that increased use of mineral fertilizer results in a
commensurate increase in crop yield and that under equal conditions of irrigation
and fertilization, bentonite addition results in a 20-35 pef cent increase in
harvest yield depending uvon the crop. The widespread occurrence of bentonite or
similar montmorillonitic clays and the possibility to apply them with only minimal
preparation is a strong argument in favour of their introduction in desert
agriculture. An equally strong argument is that their actual application
(spreading and ploughing) only has to take place at 7-10 year intervals and that in
the course of these years they enhance th: build up of humus thus eventually

eliminating the need for further active soii reclamation,




In animal nusbandry, the addition of sorpents can be used to replace

5-15 per cent of fodder. Its other function is in decelerating the nutrient
circulation in the digestive tract of animals and througn 1t a better utilization
of albumen and other nutrients. These sorbents as dietetic additives in animal
feed reduce tne occurrence of diarrhoea and some otner diseases. The performance
of sorbent feeding for animal husbandry is presented under table 2. The
experiments carried out independently by the UNIDU-Czechoslovakia Joint Programme
and in Egypt by the Applied Science and Technology-Agriculture Research Group of
tne Egyptian National Science Centre on the uses of Egyptian Bentonites for 3andy
Soils Reclamation, conclusively prove that:
(i) Non-metallic minerals and rocks play an important role im agriculture as
fertilizers, sorbents and carriers of chemical and biological agents;
(ii) Application of non—metallic mineral sorbents both for plant growth and
animal breeding has ackieved very favourable results;

(iii) The most important non-metallic sorbents for agriculture are ventonites,
zeolites, perlites, tuffs and tuffites, marl and others, such as
diatomaceous earth and tripoli;

(iv) Non-metallic sorbents act positively against different diseases of the
digestive tract by regulating the transit of albumen through the body;

(v) Non-metallic minerals applied to some soils decrease tne ieacning ox

chemical fertilizers into the sub-soil and reduce losses to atmosphere;

(vi) Apart from their direct economic influence on agriculture, non-metallic
sorbents help the national economies by decreasing impsrts of food and
fodder for animals and increasing the chances of each country to
accelerate the production of food.

1.2 Packaging and conservation of food

It is reported that around 50 per cent of foodstuffs perish in most developing

countries from the time of production up to final consumption. It is also believed




that 70-8U per cent of tnese losses are avoidable and that tne prevention of losses
will be cost effective.

Most African States have agriculture—-based economies with more than
50 per cent of the population engaged in this sector; there is nowever neavy
dependence on food imports due to low productivity. Increased efforts of these
States in production of meat, fisn, vegetable and cereals will need to be supported
with appropriate systems for food processing, conmservation and packaging with the
protective function serving as the most important criteria of packaging. Tais
effort will also have to be based on development of suitable standards for food
packaging as a lot of packages witn different formats and weignts are not
economical and on the contrary create difficulties in comparing different products
on the market by the consumer and results in superfluous muitiplicity.

It could be most suitable to arrange a special presentation on the evaluation
of difierent tecnnologies for processing and packaging of foods which could include
inter alia, the following:

(i) Programmes and activities of centres of excellence in food and
dpirotechnology with which UNIDO associates and which could assist other
developing countries in providing the required back-up;

(ii) Preservation of foods by neat, giving principles of the processes
employed and those of the process times by several methods;

(iii) Sterilizing equipment: existing, new and potential future metnods;

(iv) Aseptic packaging of foods: with a critical review of aseptic systems,
their potential applications, tneir advantages and disadvantages.
Methods for sterilizing packaging materials and system for processing of
liquid products. Potential syscems for aseptically packaging particular
products stressing the need for a dependable quality control programae

couild be of interest to some countries;




(v) Use of flexible packaging materials for preservation of foods; methods
of preparation, filling, air removal, and thermal processing are
vertinent. Methods of heating, quality coutrol aspects pertaining to
packaging materials as well as filling, sealing and processing could be
detailed;

(vi) Modified atmospheric packaging systems: including basic principles of
controlled and modified atmosphere to extend storage life of perishable
foods. It normally includes the application of wodified atmospheric
packaging systems for fresh fruits and vegetables as well as fresh meat
and fish;

(vii) Other packaging systems: includes the bag in box systems, carton
packages, composite cans, etc.;
(viii) Shelf-life of foods: a brief analysis on how to approach the evaluation
of shelf life of various foods.

The options avaiiable for packaging food stuffs have to be examined by
analysis of the technological aspects; the selection of technology will be
governed by its appropriateness and compatibility to the infrastructure in the
country concerned as well as the suitability and acceptability of the packing by
the target market. The systems of packaging in the world are being modified to
suit the changing consumer taste and vequirements and in the process becoming quite
sophisticated. Such options have, however, to be carefully analysed for their
suitability in any developing cou.try and more particularly in some African States
vhere appropriate industrial infrastructure does not exist.

The packaging of perishable vegetables, fruits, fish and meat in collapsible
crates/containers has been employed and moved over long distance without any damage
in specially designed packings made of high density polyethylene (HDPE), and
polyprooylene (PP) plastics. The collapsible character of these packings permits
their return for reuse utilizing least volume when empty. These arrangements have

successfully provided better return to the farmer, reduced losses




and helped improve quality of deliveries to consumer markets. These are relatively
inexpensive devices and indicate that there are a wide range of possibilities of
using plastic materials in storage of grain, and other agricultural produce. In
most cases, however, the designs require modifications to suit the local
environmental and social needs.

I.3 Construction of silos for storage

A number of systems, suiting the local needs of the country concerned, have
been developed for crop storzge. These systems though ratner inexpensive provide
adequate protection through the use of plastics in some form.

Galvanized wire mesh silos have been constructea for the storage of grain and
are lined with LDPE film. Some of these designs include facilities for removal of
tae grain by use of a mechanical auger. This is a low cost and effective means of
rapidly providing additional crop storage facility. Like all other suth systems
applied in the domain of agriculture, further development is desiraple in each
country to ensure the most economic and suitable design meeting the specific needs
and requirements.

The agricultural scientists in India developed the 'PUSA' bin which is an
outstanding example of intermediate technology. The traditional mud-brick-built
grain storage unit of 2-3 tons capacity suffers from penetration of moisture and
air. Thus tne grain storage can deteriorate during a period of six months or so
and losses of up to 14 per cent have been recorded. By sandwiching a LDPE film
petween the two mud-brick layers forming the wall of the bin, suitably seaied at
the joints by heat sealing, an air-tignt and moisture~proof bin nas been achieved.
The wnole operation was designes so tnat local farmers cuuld carry out the
conctruction by themselves.

A filament wound FRP silo has been constructed for grain storage in Hungary.
It has a capacity of several hundred tons. This example merely indicates the great
strength that can be achieved with FRP composite when correctly designed. The

emergency storage of grain, in India, has been in jute bags built 1into stacks of
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about 40 tons on wooden pallets, and covered by large LUPE sheets. TInese sheets
were secured against wind damage, due to flapping of the film, by plastics net and
coras. The stacks are periodically vented and fumigated to prevent losses.
Several million tons of grain have been stored in open—weather conditions by this
technique with losses reported to be smaller than under conventional storage.

A small flexible container of about 2 tom capacity has also been developed in
India which is fabricated from HDPE film.

I1I. Water management

Increasing population in all developing countries and the growing demand omn
land for higher yields of food has brought about the necessity for optimum use of
the resources, and management of the available water resources is being given top
priority. The major areas of activities covered by UNIDO iu this sector reiate to
(a) improvement in the water utilization through better agricultural practices,

{b) reducing the water losses during storage, application and transportation, and
(c) improved methods of production and distribution of water. These objectives are
achieved througn the institution of the following arrangements.

II.1 Use of plastics in agriculture

The use of plastics in agriculture is a relacively new technology; its
assimilation has been greatly facilitated tnrough efforts at the national level
usually organized under National Committee for Plastics in Agriculture jointly by
the plastics industry, Government departments, financial institutions, research
workers, farmers and associations of growers etc. A number of developed and
developing countries have such apex bodies operating very effectively and have
provided the necessary centralized institutional facilities whereby knowledge and
experience could be pooled and excnanged, enabling a wider promotion of tne use of
plastics in agriculture. The international committee for plastics in agriculture
operating from Paris provides opporctunity to the national-level committees tnrough
their membership of the international body to have access to information and

experience at tne international level as well as provides contdct with national and
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international institutions and experts. Experience has shown that the formation of
national committees has been followed by a positive upsurge 1in the use of these
materials in agriculture oringing wita 1t an improvemenC in agricultural outpuc,
quality and utilization of nutrients and water.

In many developed countries the use of plastics in agriculture applicatioans
was and still is being determined by experimental rield scale trials. 3Such trials
are conducted at governmental as well as private enterprise supported "agricultural
experimental stations” as a part of a continuing programme in the general
development and improvement of ;grxcultural technology. Plastic demonstration
trials are used to establish the mo t effective technology of the application of
plastics in agriculture in relation to local environmental conditions and
agricultural practices. These trials enable various factors to be evaluated, such
as the effect of type and quality of plastic product, tnhe method of the application
of the plastices to meet specific agricultural réquirements, the adoption of
agricultural techniques, if required etc. By giving access to these demonstrations
trials of all interested parties including farmers and growers and members of the
plastic industry, an opportunity is also presented for on-the-~sfot technical
discussions with the station experts. Through these means and supported by use of
audio-visual aids, a wider knowledge of the use of plastics in agriculture and
applications become known to farmers and growers, plastic industry personnel and
also to national agricultural extensicn experts and to administrators. Through the
use of these techniques, a practical knowledge of the technology is disseminated.
This technology is now called "PLASTICULTURLE" that is the application of plastics
to agriculture.

11.2 Water conservation

I1.2.1 Reservoirs: The use of LD polyethylene film for large agricultural
reservoirs has become a wi_-'ly accepted practice in a numoer of developing
countries. The basic technique consists of excavating the ground to a

predetermined depth, witn low sloping sides. This "hole-in-the-ground' 1s then
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lined with large sheets of black PE film 250 microns thick, 7.5 metres wide and
normally 30 metres long. Jointing between sheets is done by means of a spacially
formulated mastic, and a PE self-adhesive tape acts as a second line of security.
Tne outer peripb~ral edges of the film are securely anchored by burial in a trench
around the reservoir. The whole LD PE membrane is then covered to a minimum depth
of 10 cms and the sides 20 cms. The nature of the back-fill used for this covering
operation is unimportant and the excavated materia’ cam normally be used. However,

if the material is coarse or contairns sharpstones, then a layer of sand or soil
should first be spread to act as a cushion. The reservoir is then ready for
filling.

A PE film-lined reservoir is known to have been constructed in Sudan a few
years ago by a UK company using new techniques to protect against termite attack.
The main advantage of the technique lies in its low cost compared to more
traditional methods of reservoir conmstruction.

Australian-style, circular ponds for water storage for cattle use are
constructed of concrete. They inevitably tend to leak and can lead to large water
losses. By utilizing large sheets of PE film, development work has shown how, when
building these ponds, they can now be made waterp.oof at relatively low cost. This
is a good example of a development to a specific local problem.

11.2.2 Canal linings

The use of LD PE film as a waterproof membrane for the lining of canals, so as
to make irrigation systems practicable at low cost, has been undertaken in many
parts of the world, including Iraq, Pakistan, India, South America, Australia,
Canada and Romania. The purpose of the lining is to prevent seepage and control
weed growth., In Canada more than 160 km of canals have been lined with LD PE
film. In the Rio Negro province of Argentina a large irrigation canal, more than
30 metres wide, has been successfully lined with plastic film to eliminate water

losses. The cost was more economic compared to traditional methods of lining.




In India much detailed work on canal lining has been undertaken since 19Yo0.

They have evolved a very economic lining system in wnich LD PE film is lined on the
bottom of tne camal, instead of the more usual bottom and sides. The sides are
then lined with a double layer of bricks or concrete slabs, in their traditional
manner, and the bottom is back-filled witn earth on top of the plastics film.

There are several variations of this system depending on local conditions etc.

LD PE film which has been in use in India for 22 years has beean examined and
found to be still water tight and mechznically unchanged. More recently the matter
of plastics film-lined canals has been re-activated and papers indicating
significant cost benefit have now been published in relation to various types of
canal lining systems. More recently it has been decided to use LD PE film Lining
in canal restoration works.

I1.2.3 Fluming

The use of a large diameter plastics layflat tube for transporting low
pressure water is called "fluming". Tnis type hose is also known as "Krisni Hose"
(farmer's hose) in India. Both PVC and L1 PE layflat tubing can be used, of about
40 cm layflat width and 100-200 microns tnick. (400-800 gauge). In Argentina one
kilometre length was seen in use to transfer irrigation water from omne area cf a
farm to another.

I1.2.4 Channel irrigation

The traditional channels used for leading water into the field for furrow
irrigation also suffers from severe seepage losses. Lining of sucih earth
constructed channels with LD PE film has been successfully demonstrated in India.
In Malaysia, FRP composites have been utilized to form prefabricated irrigation
channels. This has been established to shorten the time required to construct new
channels required in the expansion of their rice production programme. They also
take up less land space than the traditional concrete chanaels which are extremely

time consuming to prepare and install.




11.2.5 TIrickle (drip) irrigation

There is an increasing trend to move to piped water supply for irrigationm.
This is particuiarly so wnhere trickle irrigation is used. The principle of trickle
irrigation (also known as drip irrigation) is to deliver to the plant roots only
sufficient water for the plant's needs, thus achieving a more efficient management
of limited water resources. The advantages of trickle irrigation are:

- Water economy (30-50 per cent) compared to furrow irrigation, thus larger

areas can be watered for any given water resources;

- Improved quality and size of agricultural product;

- Increased yields of 2040 per cent compared with furrow irrigation and of
10-20 per cent over spray irrigation;

- The possibility of using water with a higher mineral content (saline water)
since the salt leads to the periphery of the wetted root zome, permitting
root formation within the zone but away from the salt concentration itself;

- Space petween the beds is dry aéd this assists harvesting operations wnlilst
undesirable weed growth is greatly reduced.

A wide variety of trickle irrigation systems have peen developed whicn are of
two basic types: low pressure and nigh pressure systems. Low pressure systems are
those which operate at pressures below 2.5 Bar (25 psi) and nigh pressure systems
which generally operate at 3.0 Bar and upwards., Each have tn~ir own area of
application.

Low pressure systems can be utilized with the emitters (drippers) having a
relatively wide orifice for the drip. They therefore tend to oe free from clogging
problems which are more apparent in cthe high pressure systems where the water
orifice is generally of very small diameter. Good filtering systems for the water
should be used with both types for trouble-free irrigation.

All che systems involve design mechanisms to reduce the water pressure at the
emitter (dripper) so that water is applied on a 'drop by drop' basis to the plant.

Tne initial capital investment cost varies greatly depending on the choice of




_15-

system and degree of sopnistication required. The nature of the systems vary from
that designed for use in Indian village farming to completely automzted systems
used in some developed countries. Sophistication of the process involves tne
introduction of metered nutrient solutions into the irrigation system for more
economical utilization of resources.

Initial development and usage of these systems was in high inten: ity cropping
in greennouses where the system could be automated and tnus lead to a reducticn of
labour. However, from 1960 onwards various triu:s have been conducted on open
crops, and the system modified to produce satisfactory results under these
conditions. The work received an impetus from countries like Israel and Australia
where there are water resource limitations which hastened this development. From
1970 serious exploitation of this system of irrigation has been undertaken not only
in Israel and Australia but also in Argentina, Germany, India, Italy, Mexico and
the USA.

It has been reported that at least 15,000 hectares were now irrigated in.;he
USA by this technique. An indicative cost (1980) of the tube system fitted with
drip nozzles was US$500-700 per hectare and this particular system was used for
more widely-spaced crops such as fruit trees in orchards.

Flat sheathed and other systems are principally used for close-grown crops
such as vegetables in open fields, and food crops and flower crops in greennouses,
and here the costs were US$600-1,200 per hectare of which 50 per cent or more was
made up 0y the mains and secondary pipes whicn are used for discribution of the
water to the sheaths.

There appears to have been little, if any, development work undertaken to
attempt to reduce tnis initial investment cost by reduction of tne cost of the
pipes used etc., and this is certainly an area which warrants attention.

Some conctrolled comparison trials of drip and furrow irrigation of tomatoes
has been carried out in the USA. It was concluded that drip irrigation used less

water and the tomato yields were higher than witn furrow irrigation.
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Various methods ot trickle irrigation in the Arizona desert for growing pecans
and lettuce has been evaluated. The water saved by the use of trickle irrigation
was significant. Lettuce was produced with only 25 per cent of the water normally
required; and three year-old pecans grew with only 20 per cent of the water used
in furrow-irrigated plantings. 3alt accumulation was less in trickle irrigated
plots, and further studies are to be undertaken to find an optimum situation for
crop growth.

Of the trickle systems on the market, most have been developed to suit the
requirements of developed countries. There are many possibilities to reduce the
systems cost; but even at the present investmwment level the cost benefits are
significant.

Trickle irrigation is undoubtedly a technology which developing couniries will
find produces many benefits for water conservacion as well as increased crop
yields. The major area of interest traditionally has been in horticultural crops
where high returns have been possiole, but it 1s also sgreading to citrus and other
orchard crops as well as coconut plantations.

II.2.6 Drainage

Water storage, transport and distribution, covered in tne foregoing, are all
aspects relating to water conservation and usage. Another agricultural techmnique
relating to water conservation is that of drainage. Drainage deals with systems
for effecting a reduction of high water tables whether natural or man-made.

The use of plastic pipes and corrugated tubing for land draining is now well
establisned. It competes with traditional tile drains, and nas specific advantages
of longer useful life since blockage due to silting is slower. Unplasticized PVC
is used for this type of application, and it offers complete resistance to all
types of soil conditions, being highly chemical resistant. The corrugated tubing
is flexible, due to the corrugated nature of its constructiom, and can be coiled.
It can be laid by an adaptation of the standard mole plough technique thus avoiding

tne need to dig open trenches to lay it as required for clay tile drains.
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oy the design and installation of suitable drailnage systems water-logged
ground can be effectively drained to permit such ground to be brougi’ 1into
effective agricultural use.

The economics of drainage have to be carefully balanced. Even the drainage of
different areas in the same country can show considerable differences in the system
costs involved. This is a specific area where specialized expertise is required to
design drainage systems to suit the particular local area conditions. It does not
alwvays follow that plastics will be the lowest cost system, but the installation
period may pe shorter in time and thus enable an additional crop to be grown than
might otherwvise have been possible. Thus special attention has to be given to the
total overall benefits that can be obtained as distinct from just examining a
systemas cost for drainage.

I11.3 Improved methods of production

The foregoing text covers the aspects of water storage, and distribution. In
a hunber of countries with dry climate evaporation of water from the exposed
surface of man-made or natural reservoirs represents a serious loss. Novel but
simple methods of covering about 3/4th tne surrace with floating nollow plastic
shapes has been employed successfully to reduce the evaporation losses by about
05 per cent. In a number of drougnt-affected countries in the region a combination
of plastic LDPE lined storage with covered surface could be very helpful in the
management of water resources.

In a number of countries plans for exploitation of underground water resources
are being taken up in a big way to be able to meet the vagaries of nature sucn as
droughts. The conventional tube well system of water extraction is being improved
to employ plastic casing pipes as well as the well water sieve located in the waCer
acquafer. The traditional well employing metallic sieves anh pipes are known to
have a limited life mainly because of the failure of £ieve due to corrosion as well
as the failure of casing pipes due to corrosion and errosion which used to result

frowm sucking in of sand by them consequent upon failure of sieve. Tr.e plastic
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__léystem apart from being less expensive, hygienic and easy to install is long
‘asting. The extension of plastic pipes of a wide variety of diameter ranges from
L>ss than 1" tube to above 4". Commercial-grade pipes employ simple technologies
which could be very suitabie ifor the African States. It is generally desirable to
zanufacture pipes locally based on imported resin rather than importing pipes which
céuld be expensive to transport due to large volume to weight ratio of the finished

Fipes.
I7I. Shelter

The building materials and‘construction industry represent an important area
ct socio~ecdnomic activity in developing countries primarily by being directly
v2lated to the basic need of acquiring adequate shelter. The influence extends
into other social and cultural sectors such as education, health, community life
and administration and its relevance to the establishment and continuous
improvement of basic infrastructure is evident. By and large all developing
countries are confronted with the serious problem of providing shelter to poorer
sections of their population as well as meeting the growing needs of housing in
general. The critical nature in this sector arises -ainlybfron the growing
population, general economic environment and the inadequate availability of the
construction materials.

Significant proportions of the building materials used in the developing
countries are still being imported resulting in a foreign exchange drain of a
considerable magnitude. It is widely recognized that from national economic angle,
there are enormous oenefits to be gained from the development of an integrated
local industry for production of building materials and shelter which will have
strong links and a high degree of co~ordination witn other socio—economic sectors.
In the overall context of the socio—-economic development of a country this sector
can play tne role of a pace setter if assigned the appropriate priority. [t has a
unique capacity and flexibility for generating employment and coniributing towards

social welfare, particularly through the promotion of labour-intensive systems of




manufacture of building materials and comstruczion devices. The objectives cf
UNIDO's work in this sector are principally covered by:

(a) beveloping huilding materials and construction methods of such a cost and
quality so as to bring adequate housing within the reach of the greatest nuaber of
people;

(b) Facilitating widespread establishment of schools, hospitals and other
putlic buildings as well as related industries;

(c) Generating maximum employment for jobs in the associated mining,
-apufacturing and coastruction sector.

| The above approach is designed to support creation of indigenous capacity for
a self-sustaining growth. To help the developing countries in acnieving tnese
objectives, UNIDO adopted a policy giving priority to the following aspects:

(i) Provision of a balanced supply of a full range of building materials

within identified geographical areas.

(ii) Decentralization of industries whenever justified.

(iii) Maximum use of local natural resources including wastes.

(iv) sSelection of technologies in keeping with local customs, traditions and
building habits as well as the given social and climatic environment.

I1l.1 Shelter and energy

It is seldom realized that housing is a high energy input sector and
large-scale dwelling projects built exclusively by traditional building methods
could invariably bring about serious ecological strains. Confronted as they are
vwith rising costs of energy inputs to their economies, the developing countries in
general and the countries in Africa in particular have to give serious
consideration to employing ’low energy housing systems' to meet the social demands
of providing shelter to its people.

Immediately following the major increase in prices of crude oil in early
seventies and the consequential increase in cost of all other forms of energy,

UNIDO planned an extensive programme on low cost housing aimed at reducing the




consumption of raw materials win.ch represent major c¢mergy input as well as
iategration of materials available locally. Demonstrative programmes were
successfully e- 2cutad at the building sites in {yprus, Ecuador, Mexico,

Burkina Faso and Uruguay. Separately, Building Hesearch Establishments studied the
effect of weathering on plastics used in housing construction at locations in Ghana
and Nigeria; wmore recently such investigations were undertaken on plastics
products, being one of tne important component with a large potential for growth in
the wide range of building materials, exposed at weathering sites in the

United Arab Emirates and in Sierra Leone as well as on their resistance to sand at
a site in Kuwait. The knowledge acquired so far, though incomplete at this stage,
enables useful guidelines to be given on the behaviour of these materials in the
tropics. These investigations addressed the issues of direct interest to most
developing countries namely:

- Adaptation of high technologies to local circumstances including lack of a
developed infrastructure, unskilled labour and absence of local supply of
energy and water;

- Utilization of materials with versatile properties such as composites in
combination with raw materials available from local resources;

= Development of designs which will use less materials and energy but offer
maximum living space.

II1I.2 Development of optimized housing system

Apart from the conventional materials of construction, the need for study and
development of new building materials and construction techniques, to meet the
requirements of expanding house-building activities in developing countries have
been the theme of major discussions at several international meetings, conference
and seminars.

Major research and development efforts in industrially sdvanced countries have
been directed to polymers and their useful combination witn traditional materials

such as glass fibres and natural fibres such as jute and sisal.
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Plastics have provided new concepts in designs and architectural features of
buildings, and solutions to emergency housing and shelters in the event of natural
disasters.

Economically, plastics have proved to be competitive with traditional
materials. Plastic manufacturers and designers around the world have come forward
with new concepts and designs for low—cost housing or economically priced and
socially acceptable dwelling units or shelters.

Invariably, in all such cases, the emphasis has been on propagating composite
materials in association with polymers and fibres, fillers and traditional
materials.

For wider user acceptance and adoptionm in the building industry, these demand
experimentation "demonstration housing projects” with a view to evaluating their
performance and user requirements in developing countries.

The interest and involvement of UNIDO in the field are obvious, as these aim
at transferring technology of plastics composite materials housing foy development
and adoption locally in countries of Asia, Africa and Latin America.

Among the several building systems designed using plastics composites, the one
which is simple in design, equipment and utilization of materials is that of the
"Patfoort Building System”.

Already UNIDO was successful in setting up such projects in Cyprus, Uruguay,
Ecuador and Burkina Faso.

IV. Technologies with potential for apglication in Africa

IV.1 Growth of Guayula: Guayula shrubs are known to have been planted in
desert area (Arizona, USA) and tne snrub has been used to extract natural rubber.
The growth of this kind of shrub in the desert areas in Africa could yield
important materials otherwise imported in these countries such as natural rubber
and cork. In ;ddition it will help control the expansion of desert. UNIDO is
already looking into the possibility of assisting countries in the region and have

been specifically requested for help by Morocco, Burkina Faso and Guinea.




IV.2 Development of Pesticides: Use of pesticides i1n Africa is rather
limited by availability, in most cases the ready made formulation are imported in
oulk ard repaZked locally in the saleable packages. A few countries have
established facilities for formulation of pesticides based on import of active
materials.

A number of nmaturally cccurring plants are known to possess pesticidal
properties; the existence of pyrethrum is an example. Evaluation of such
possibilities could be useful for specific countries wvhere opportunities are
indicated.

IV.3 Use of local materials for meeting energy needs: Consumption of energy
increases rapidly with the general level of growth and developing countries
embarking upon the developmental plans are soon faced with ihe problem of meeting
the growinz requirement of energy. In most countries the population resort to
using wood as a source of energy with the result that serious problems of
deforestation are being faced in 2 number of developing countries.

UNIDO has supported techmological research and development effort in use of
agricultural waste and other biomass for generation of energy. Processes for
thermo—-chemical conversion of agricultural waste have been developed employing
simple systems of contrzlled combustion yielding gas and coke of good cowbustible
quantity. Improved systems of charcoal production from wood results in better
utilization of the resources. The fermentation processes result in generation of
compost as well as gas used as a combustible. A number of these technologies have
been demonstrated in African countries in demonstration plants set up using local
materials and skills. The plants are amenable to being set up to cater to small
compunities avoiding transportation and creating concepts of self-susta . g

villages.




UNIDO and scope of its technical co-operation

This short presentation is intended to bring to the participants information
on UNIDO - What it is -— and how its services and experience can
be obtained by developing countries in their industrial development. It should
enable participating countries to obtain UNIDO assistance promptly. Objectives of
Seminar in particular form key to the themes on which presenéations by eminent
UNIDO experts are planned over the next few days. Your understanding of these
objectives and the procedures of UNIDO, we hope will pave way for meaningful
results from this Seminar and identification of specific projects for techmnical

assistance from UNIDO,




UNIDO

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

UNIDO is a Spe-ialized Agency in the UN Systes,
exclusively ‘'ngaged in activities related to industrial
developaent.

[TECHNICAL CO-OPERATION| is UNIDO’s wmajor activity

which is designed to assist the developing countries in

the process of their industrialization.

Its technical co-operation is very wide in coverage
from application of simple grass roots technologies to
complex wmodern technologies in the field of electronics.
However, in context of requiremsents of majority of
developing countries emphasis is placed on:

- RURAL DEVELOPMENT * AGRICULTURE - FOOD

WITH PRIORITY

- PROMOTION OF SMALL- GIVEN TO THE

SCALE INDUSTRIES

* HEALTH & HYGINE

N TRIAL
Ixputs 10 THE * BUILDING CONSTRUCTIOM
. ENERGY CONSERVATION [ U
FOLLOWING
secTors ofF * ENERGY
. HUMAN RESOURCES T oY
DEVELOPHENT * TRANSPORT -

TELECOMMUNICATION

[TECANICAL __ADVISORY SERVICES, through presentations
and demonstrations, is designed to bring to Africa the

UNIDO experience in industrial sectors considered
priority by the countries concerned.

Telecommunications with its profound impact on all
sectors of the gconomy as well as amenable to meeting the
sectoral emsphasis mentioned above is the logical choice
for the present regional meeting.




> NATIONAL, INDUSTRIAL AND SECTORAL PLANNING

P PREINVESTMENT ACTIVITIES

» PROJECT IMPLEMENTATION

®» OPERATIONAL ASPECTS

»>COMMON AREAS

* PREFEASIBILITY &L FEASIBILITY STUDIES
® TECHNO - ECONDMIC. EVALUATION

® ADVICE ON TEQHNOLOGICAL CHOKCE &
Puwot PROJECTS

® SPECIFICATION OF PLANT & EQUPMERT
® FACTORY LAYOUT, ASSEMBLY, ETC.

> PROJECT SCHEDULMG, gTC.

® MANAGEMENT INFORMATION SYSTEM
® IMPROVEMENT OF PRODUCTIVITY
O PRODUCT DIVERSIFICATION £ ADAPTATION

P TRAINING M ALL ASPECTS OF
INDUSTRIAL OPERATIONS
® RESEARCH DEVE .OPMENT
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SOURCES OF FINANCING I

UNDP‘IPF is the major source for UNIDO proJects and allocated
by UNDP in accordance with the priorities set
by Gowernments. It is programmed ewery five
years and therefore established well in advance.

S'S is an important source for profects which could
| not be planned in advance and are n response o
urgert and short-term needs of Government
and/or industry. SIS financed projects normally
involve 3-6 months expert assistance.

UN'DF comprises of General Pool and Special Purpose
contributions. General purpose funds can be aliocated
at the discretion of UNIDO. However, they are
rather Umited and preferably utilized 1o identify
larger proyects which could be financed from other
sources. Special purpose contributions cover
projects specifically identified and found
acceptable t donor countries or bodies.




SOURCES OF FINANCING I

SPECIAL ALLOCATION PR

IDDA is 2 sum of US$ 5 million a year earmarked
for special projects in Africa.

Q
ERAEING For specific large-scale projects it is
| increasingly becoming the practice for the
Governments To provide the local currency
comporent while UNIDO providing the
foreign exchange component
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PROJECT FORMULATION

(D REQUEST : A request which may be in the form of aproject
concept should be submitted to UNDP through a w-ordinatiig
body which is the nominated minictry for national projects
or an intergovernmental body at regional or sub-regicnal
level .

(® PREPARATORY ASSISTANCE : PA is the activity through
which 2 project can be specified mn a substantive manner.
During PA, UNIDO staff and international experts work
together with the Gowemment counterparts in the country
concerned . The output of this activity & normally 2 well
conceived technical assistance project.

(D ELABCRATION OF A PROJECT DOCUMENT : A prodoc should

include a clear definition of project objectve and dewlopment
objective. The details on relevance of the project 1o the national,
sub- regional or the regional plans sheuld be brought cat. umipc
and Government inputs should be detsiled, including the job
description of internahonal experts and specifications of
equipment (if any). The project document, in the case of
UNDP financed projects, hasto be mulually agreed by the
Government, UNDP and UNIDO.
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Objectives of the Seminar

The Seminar is designed to promote the manufacture of equipment including
components and sSpare varts in Africa om national, subregional or regional basis.
The aoproach in this objective is to keep the investment to the minimum 2nd this
could be achieved by using the existing resources in terms of men and materials to
the maximum extent. The consolidation of existing facilitias as well as marginal
supplementation could go a long way in the first instant.

In developing these schemes, the assistance would thus be needed in:

= Planning the manufacturing schemes;

=~ Exploring the markets to implement a reasonable standardization and thereby

cater to extended market areas;

= Implementation of the manufacturing plans.

It may be an eminantly suitable exercise to undertake standardization of
components and spare parts in as many as possible of the countries in the region.
This typve of a regional network plan on a continuing basis may lay a sound
foundation for promoting local manufacture.

The speakers, experts in their own right on the subjects they will dwell on
will bring up issues and possible solutions. UNIDO would be very ﬁappy to receive
vour reaction on the route that would be most approoriate for Africa to follow so
that UNIDO assistance can be designed in its support. In summary, it would be most
fruitful if at the end of our deliberations we could clearly identify areas in
which UNIDO assistance could:

1. Help consolidate your exic<ting resources in the manufacturing sector to

better serve the needs of telecommunications industry; and

2. Identify such critical areas in which assistance, however little, could

yield important benefits - a typical example could be design and

production of inter-phases for different system which will enable a more

integrated regional telecommunication system.
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Paper No. 3:

Notes on the application of plastic films in agriculture

Plastic films have many uses in agriculture and of the various plastics films
available polvethylene is; the most commonly used for the following reasons:
(i) It is one of the cheapest plastics per unit area;
(ii) It is made in thicknesses of from around 100 gauge (one thousandth of an
inch 0.001" or 25 microms) to ten thousands of an inch (1,000 gauge,
0.01" or 250 microns). Cost is directly related to thickness;
(iii) It is made in seamless widths of 10 metres or more;
(iv) It is non-toxic and biologically inert (i.e. not attacked by bacteria or
fungi) and resistant to wmost aggressive chemicals. Even when buried in
soil it has an indefinite length of life.

Cost of polyethylene films

It is understood that polyethylene film is being manufactured in a number of
African countries in varying widths above 1.0 metres. Wider sheets than those
available would need to be fabricated by heat-sealing.

The current prices of polvethylene film vary widely and need to be ascertained
for different ranges of film thicknesses, e.g. 250 microns and 25 microns. |

Notes on major agricultural applications

Crop protection

(i) Greenhouses are usually clad with clear (translucent) film in thicknesses
of from 125-180 microns. Clear polyethylene films are slowly weakened in sunshine
by an ultra violet light fraction of the sun's energy, hence manufacturers of
greenhouse films incorporate ultra violet light absorbing chemicals during
manufacture. Ultra violet light inhibited polyethylene films are available which

will last for at least 3 years even in the sunniest climates.

The supporting structures of most greenhouses usually cost considerably more

than the plastic itself,
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Greenhouse environment can be modified in several ways - e.g., by using

vhite-pigmented films to reduce internal temperatures, or by shading with vhitewash
on vlastic shade netting.

(ii) Tunnel covers

Raw croos can be protected by thin (30-50 micron) plastic films stretched over
supporting heaps of galvanized wire or bamboo. Such protection is inexpensive and
the technique can be used to extend the cropping period, or even to protect plants
from bird or animal predationmn.

(1ii) Shade areas

In high-light areas structures providing shade can be made from plastic more
cheaply than from any other material. Black plastic is used since well-made black
film containing about 2 per cent of finely divided carbon is very durable in
sunshine.
Because polyethylene is light in weight ifr can be supported above the c-op on
a lattice of tensioned wire supported by round-pole timber uprights.

Plastic reservoirs, vater storage, canal linings

Make use of films of about 250 microns thickness which are available in
seamless widths of 10-12 metres (narrower widths of film could be heat-sealed in
the factory to minimize jointing outside when the films are being installed).

For earth reservoirs the wall-slopes should not exceed 3 1/2 horizontal

to 1 vertical so that, after installation, tke plastic membrane can be covered with
a protective layer of soil, to a depth of 20-25 cms.

Membranes in canals are usually covered by bricks on interlocking concrete
slabs - then wall slopes near to vertical can be used.

In termite areas, insecticidal protection of the membrane may be required.

Mulching with plastic

Mulching is a technique whereby the crop is grown through a thin plastic film
on the soil surface. Sometimes quite remarkable yield increases are obtained.

Polyethylene films of from 25 microns thick are generally used.
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Potential advantages of mulching are:
(i) Comservation of moisture;

(ii) Black films give complete weed control;

(iii) In wet climates leaching of fertilizer is reduced;

(iv) Soil temperature can be modified - a2 clear film will increase soil
temperatures. A vhite-pigmented or aluminium coloured film will reduce
soll temperature;

(v) Plastic mulches azllow crop roots to ramify in the upper surface of the
soil - the most fertile layer.
Lrain storage
Polyethylene film in the form of sacks in sheeting lends itself to grain
storage applications. Large stores can be made by lining earth silos (pits) or
cylinders of metal mesh with polyethylene films — usually in the range of
125 microns thick.

Animal shelters .

Black polyethylene sheeting can be used as a low cost substitute for
corrugated iron or asbestos sheeting. Films with a thickness of 125 or 150 microas
are adequate.

Heat-insulated buildings can be made by sandwiching an insulating material
(e.g. glass fibre, straw board, coconut matting) between two sheets of plastic
films. Such structures have been used for poultry houses - which can be
economically air-conditioned in hot climates. TIney are also used for growing
mushrooms in Europe.

Some miscellaneous uses

Pots for plants. Polyethylene film pots or bags for growing plants have now

largely replaced traditional clay pots in plant propagation. Black film is used

for durability and the thickness used depends on the size of the containers.
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Banzna snrouds. It has been found that a bag of tnia clear polyetnylene film

put over the developing fruits of banana increases crop weight and prevents damage
to tne skin as the fruit matures. Thinnest availavble clear film bags are usea.

Grafting tapes. when trees are grafted on the rootstocks (e.g. citrus,

prunus, pyrus, malus) strips of polyethylene film about 40-60 microns thick and

2 cms wide are preferable to traditional tying materials. Plastic strips are
waterproof and the fact that polyethylene is permeable to carbon dioxide (produced
by growing plant tissue) may speed up the union of stock or scionm.

Fruit protection. Protection from attack by oirds and insects can sometimes

be obtained by enclosing individual fruits in thin (and consequently cheap) clear

polyethylene film bags. The tecnnique is used particularly when unblemisnhed fruit

is required for export markets.
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Paper No. &4:

Production and processing of natural rubber

With a population of 80-90 million people the potential local market in
Nigeria for market products is large and sufficient to support a prosperous rubber
manufacturing industry oriented largely to the domestic market and to those of
neighbouring African countries.

There is a rough sound figure that the per capita consumption of rubber is
1 kg of rubber for every US$1,000 GNP per capita. Thus in the Peoples Republic of
China with a GNP per capita of US$260 cousumes 395,000 tonnes of rubber or 0.31 kg
per capita, and in Indonesia with a GNP per capita of US$530 the consumption of
rubber is 81,000 tonnes or 0.59 kg per capita, and in the USA with a GNP per capita
of US$12,820 consumes 2,657,000 tonnes or 11.56 kg per capita. And there are
similar figures for other countries.

I understand that a sound figure for the GNP per capita in Nigeria is about
US$1,000. This gives a domestic consumption of rubber goods of about 80,000 tonnes
of rubber. Howeve-, in addition to satisfying the local market there could be a
target for the conversion of a larger proportion of the locally produced natural
rubber into products for export either overseas or to neighbouring African
countries. This will give not only increased foreign exchange from the value added
to the raw material currently exported but also increased employment with all that
entails. A determination to drive the rubber products industry forward as a
spearhead for the expansion of resource based industries could with the necessary
government support and fiscal incentives achieve an increase in exports satisfying
a much larger proportion of the total world market.

I think that it is appropriate that we start by considering the natural rubber
supply/demand position vis-3-vis that of synthetic rubbers particularly in relation
to Nigeria's 4th development plan involving increased production of natural rubber
to 100,000 tonnes of rubber a year, and also of increased industrialization with

natural rubber as an important natural resource.
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To set the scene let us first go back to the 1960's just 20 years ago when
there appeared to be three main issues clouding the future of NR. (1) First was
one of price, synthetic rubbers were being produced at relatively low prices from
very cheap oil feedstocks and were profiting from economies of increased scale of
production and from new technology; and NR, as a labour intensive industry, could
only envisage increased costs and there were forecasts of the programme erosion of
1ts competitive positions. (2) >econd although NR was still the foremost genmeral
purpose rubber there seemed to be a good chance that the research and development
in polymer industry, winich had been so successful in the 1930's, would produce a
wonder rubber which would outperform NR. (3) Third from strategic reasons the
concentration of production of rubber in SE Asia favoured a synthetic industry
based on oil.

Today the picture is quite different. The price of 0il has increased manifold
and the cost of feedstocks has increased as'a result, while increased productivity

for natural rubber has been more successful in holding down costs tham could have

been hoped. No wonder rubber has appeared and the pessibility now looks remote.

Finally oil supplies are also susceptible to political events.

Throughout the 1970's and at the beginning of the 1980°'s theré was a growing
and ultimately a strong feeling of confidence among natural rubber producers that
increasing supplies of natural rubber would be required to meet world demand and
steps were taken to meet this requirement. These involved the planting ofvrubber
in new areas and replanting existing lower yielding varieties of trees by nigner
yielding ones and the drawing up of plans, for further increases in rubber
production in the 1980's. This is reflected in the 4th Nigerian Development Plan
vith the projected planting of 11,600 hectares of new rubber and rehabilitation of
another 8,100 nectares.

In the longer term the prospects for NR appeared even rosier as the finite

resources of oil were progressiveliy used up.
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These increased supplies of natural rubber would be required not only to
retain its then present portion of the overall marke: for natural and synthetic
rubber of approximately 32 per cent, but also to satisfy an additional requirement
resulting from an increase in this percentage and reflecting developments in
technology affecting the relative position of natural and synthetic rubbers as
demonstrated for example by the trend towards radial ply types. Tne figure of
32 per cent is not a magic figure it merely reflects the amount of natural rubber
produced.

This confidence was reinforced by the world wide Internmational Natural Rubber
Agreement set up in 1980 by both consuming and producing countries alike to provide
an international price stabilization mechanism for natural rubber.

For consumers the agreement provided the prospect of secure and adequate
supplies of NR at fair and reasonable prices. For the producers it provided the
prospect that they would receive at least a minimum price for their rubber and thus
confidence that in times of world economic disarray the price of natural rubber
would not again fall to extremely low values bringing suffering and starvation to
small producers.

I am sure that in 1980 when the machinery was set up no one anticipated that a
year later by the end of 1981, the price of natural rubber would have fallen pelow
intervention levels. The subsequent prolonged slump in the price of natural rubber
is causing some natural rubber producers to question their attitudes towards
expansion of production and to wonder whether increased investment in output would
not be better directed elsewhere. Thus in Malaysia, a major producer of NR has
announced that, after a period of years when NR had been progressively replaced by
oil palm, their target is 80 per cent oil palm and 20 per cent NR and others are
following suit. This decision has been taken on the grounds of the much greater
profitability of oil palms per hectare. The new enemy for NR is not synthetic
rubber but whether greater profit can be reaped from the land with an alternative

crop.
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Given the dependence of natural rubber demand on a sluggish world economy and
the related excess capacity for synthetic rubber production it is not difficult to
explain the low prices of NR during recent years. But unless tne confidence of
producers can be maintained the full potential of increasing the growth of its
supply wili not be reached.

It is oot surprising that there are two forecasts of the likely level of NR
production by 1990. The first assumes that plans for establishing new planting
areas and replanting old trees comes to fru tion; this gives about 6.4 million
tonnes a year. The second assumes that with a sluggisn world economy and low
natural rubber prices little of tlis will happen and gives an estimate of about
5.0 million tonnes a year.

Similar uncertainty, though with different causes, exists in forecasts of
world (natural plus synthentic) rubber consumption. Forecasts have been
continuously revised downwards and now it appears that consumption is likely to be
around 19 million tonnes a year. Tnese figures give natural rubbers percentage
ranging from 34 per cent to 28 per cent depending on whether optimistic or the
pessimistic figure is taken for NR production.

There is real -cause for concern that NR will increasingly become a material in
short supply and that additional sources of isoprenic rubber will be required.
This could be good news for the remaining suppliers of NR but it would be bad news
for the long~term future of an expanding NR producing industry.

Research over the past 50 years has already provided the means for much
increased rubber production. Through selection and breeding the yield of rubber
has been increased from about 4 to 500 kg/ha to over 3,000 kg/ha while yields of
over 5,000 kg/ha have been obtained from new more promising materials. Extensive
replanting has increased the average estate yield in Malaysia from about 400 kg/ha
to about 1,600 kg/ha but there is much scope for further increase particularly in

small holding which supply the bulk of NR supply.




Additionally the yvield of trees can be further increased by the use of yieid
stimulants. This development has been already widely adopted by estates and
increases in yield of 40 to 60 per cent are readily achieved. Improvements in
other agronomic techniques such as reduction in the period of immaturity of rubber
trees, the three part tree, increased density of planting, and new tapping
techniques provide further increases in productivity.

Let me now turn from the production of natural rubber to the requirements of
the consuming industry.

Processing

Processing is the key consideration in the manufacture of virtually every
rubber product. Uniformity of processing is essential not only for consistency of
the finished articles but also for the smooth flow of material through the
factory. In the past when processing units were small then difficulties which
occurred could be overcome at the expense of loss of production a; the materials
vere treated to remedy their faults; but in larger units with more efficient, more
complex equipment processing difficulties cannot be tolerated in the same way.
These include variable viscosity with possible longer amixing cycles and non uniform
extrusion; scorch and variable cure.

The demand is for natural rubber with improved cleanliness, improved
uniformity and improved consistency.

The establishment of technical specification schemes for natural rubber in the
1960's was an important step in this direction. It was tnen clear that the
competitive position of natural against synthetic rubbers was adversely affected by
its relatively poor packing and the lack of technical specifications. Now apout -
40 per cent of world production of NR is marketed as TSR (70 per cent Indonesia,

50 per cent Malaysia).

Specifications give information on contaminants, material adventitiously added

to the rubber, dirt is principal parameter, also information is given on ash and

nitrogen content, volatile matter of which wet rubber skill provides problems and
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demands from consumers particularly tyre companies to improve tests to detect
virgin rubber, PRI provides a measure of oxidation resistance (Cu and Mu).
Information on cure behaviour is provided by modules, as for premium grades cure
rate information by the Rheometer. Most recent development is the introduction of
SMRGP by Malaysia. This results from a 60/40 blend of latex and field coagulum.
This radical departure from traditional production procedures which always
separated latex and field coagula is intended to encourage a move towards higher
quality NR. At present 70-80 per cent TSR are in grade 20 or below but consumer
requirements are for higher performance.

The purpose is to provide a larger volume general purpose TSR grade of nign
quality (basically TSR 10). The blending is highly beneficial in obtaining intra-
and inter-batch cousistency. To increase acceptability to consumers SMRGP is
viscosity stabili:ed with a viscosity of 60-65 Mooney thus giving a rubber with
easy processing characteristics. Cure behaviour is indicated by rheome .t tests.

But there is continuing pressure for stil! furrher development. These are the
demands. There has been severe competition in tyre industry during recent years
with requirements for increased durability of tyres. This places suppliers of raw
materials under pressure to provide more consistent nigh quality rubbers. This
involves provision of bettzr consistency in terms both of processing and final
product properties. This demands better tests than dirt and of PRI as primary
determinants in the current scheme. Unfortunately consumers have not been able to
indicate what tests are needed and there is little doubt that most of them do not
make much use of informarion on cure rate and viscosity already provided.

Trends in the rubber manufacturing industry involve a steady movement towards
more nighly automated processes. These provide (i) savings in energy and labour as
batch processes are replaced by streamlined continuous processes, and
(ii) increased uniformity of properties and performance of end products. Progress

is however relatively slow due no doubt to the very high capital cost of




- 40 -

equipment. This is typical of the rubber industry for example the radial tyre was
clearly established in 1950's as the tyre of the future, but the high cost of
conversion of cross-ply type equipment led to the major companies in USA resisting
its adoption throughout the 1969's and beginning of 1970's. Now thirty years later
in Europe and USA over 90 per cent conversion to radial ply tyres.

Nevertheless there is a popular concept of the highly automated factory of the
future which abandons pales and involves the use of free flowing pre-~compounded
powdered or liquid rubbers able to be directly moulded or more radically or
thermoplastic rubbers capable of dispensing with botn the mixing and vulcanization
stages. Here the basic motives are savings in labour and energy and improvements
in quality control.

Here the recent developments of micro processors are providing the key to the
design of a new generation of more versatile machines. The development is the
production of mini computers at relatively trivial cost which are capable of
controlling operations carried out with greater reliability and accuracy and able
to be programmed automatically to adjust operations for optimum performance in
response to information from sensing devices incorporated into equipment.

We can confidently predict that by the end of this decade and certainly before
the end of the century that the rubber product manufacturing industry will be much
more highly automated and that the new technology developed to meet its needs will
involve significant advances both in equipment and raw materials.

For example it is already clear that machinery and processes will have become
increasingly dedicated to the use of rubber capable of being handled as fluids in
liquid or powder form. Use of such materials would permit simplification and
consequent economies in transport, handling, storage and fabrication.

Powdered rubbers are not new but until recently their use had largely been
confined to the adhesive industry. The prospect is of powdered rubber being

metered with other compounding ingredients into rapid and low cost powder mixers

and coatinuously fed to the hoppers of continuous mixer extruders, or injection
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moulding machines with savings of energy, labour and reduced complexity of
operations. Capital costs are greatly reduced by the elimination of conventional
warehouses, fork-lift trucks, internal mixers, sheet-off mills and so on.

In the factory powdered rubber offers alternative processing routes.

With conventional machinery - existing internal mixers and sheet—off mills can

handle more material, savings in mixing costs can be considerable if a multistage
process can be reduced to a single stage process. (One example in which a two
stage process was reduced to a single stage process led to a 38 per cent reduction
in mixing costs). Existing machinery can handle more material and so provide the
possibility of savings in capital expenditure required for additional machinery.
The use of powdered rubber also gives lower mixing temperatures with the associated
advantage of increased scorch safety of compounds.

With machinery specifically designed for powder material. This of course

enables the fullest advantages to be obtained. The first stage involves a simple
relatively cheap powder blender in which the rubber is loosely mixed with the
compounding ingredients including sulphur and accelerators. The powder blend is
then compacted and thoroughly mixed in a further high shear rate process. Various
rew continuous mixer—-extenders have been specifically developed fof this nigh shear
rate operation. Probably the two most successful of these new machines are the
Farrel Bridge MVX and the Werner Pfleiderer EVK Machines.

The essential features of both of these machines are (i) a means for
compacting the powder rubber, (ii) carrying out mixing at relatively low
temperatures, (iii) withdrawing air and other volatile materials and (iv) extending
precision sections.

Farrel Bridge MVX Machine. This Mixing Venting Extruder has an air operated

mixing ram which feeds the mixing chamber under pressure. The vacuum vented mixing
chamber contains two delta rotors tranversely above the mixing chamber which is

relatively short (4 to 5D). The distribution of ingredients is done at room
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temperature in a premixer. Irend is to blend all powders, waxes, oils and
curatives in premixed premix rubber in premixer B (to break up powder
agglomerates). Feed to weigh hopper by screw feed conveyors controiled by
microprocessors and then to MVX itself via the f:ed hopper which is a reciprocating
air operated plunger which stuffs rubber into mixing chamber. The mixing chamber
has two three blade rotors which counter rotated and is filled between 60 per cent
and 80 per cent, s0 venting can occur and gases escape up the feed jacket. Then to
the extruder screw - the screw can go into reverse to divert material during start
up and then door closed for normal operation. The operations of different sectionms
automatically synchronized with the output rate determined by screw speed. The
machines operations can be adjusted to suit the temperature and viscosity of wmixed
materials and the output can be in strip sheet or pelletized form.

The whole process is ideally suited for microprocessor control with visual
display of temperature, speed, power, discharge temp., output. The MVX can wurk
fully automatically with control of screw speed to watch output, degree of mixing,
and temperature of mix and scan of information every 5 or 10 seconds. bSmaller
production units can run continuously and the output can be of strip sheet or
pelletized form.

Werner Pfleiderer EVK Machine. This machine has a built-in screw compacting

and feed arrangement leading to a long (24.5D) vented extruder. It is here that
mixing takes place and it relies on the special design of the extruder screw with a
number of shear clamp which create intensive shear and permit flow in neighbouring
flight channels.
The machines allow the mixing and direct shaping of extended products such as -
hose, direct covering of bead wires witn Mooney viscosity of materials up to 120.
1f the products are then passed to a liquid cuiring media (LCM) bath or to a
microwave curer then overall tecnnique offers important savings. However, at

present, it is more common for strip or diced materials to be fed to a conventional

extender for conventional production or continuous curing of hose, cables, or
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profiles. Strip or diced material can also be fed direct to existing conventional
injection moulding wachines or via mould blanking machines to compression presses.

Experience in the industrial use of both of these machines confirm lower
energy of mixing, higher output, high level of physical properties (this normally
involves higher Mooney compound viscosity and higher hardness and modulus of
vulcanizates). Dispersion of difficult to disperse carbon blacks are adequate but
not as good as can be achieved by conventional blending.

One of the reasons why powdered rubber has not become popular is that maximum
savings are only achieved in pcwder processiang equipment specially designed for the
purpose. The prospect of carbon black master batches in powder form prepared from
NK latex and carbon black slurry offer auch promise. SBR/carbon black powdered
wmaster batches are clready available from Chemische Werke Huls and development work
on NR/carbon black master batches is already at a pilot plant stage.

Cavity Transfer Mixer. A more recent development is the Cavity Transfer

Mixer. This increases the efficiency of mixing by cutting the material in an
extruder and turning it before subjecting it to more shear. The device is fitted
as an extension to an extruder barrel and its use is not restricted to powdered
materials. It is a combination of a c¢ylindrical rotor whicn is attached to the
output end of an extruder screw and rotates within a stator. Both units have their
surfaces filled with an array of hemispherical hollows. As the compound is pushed
through the CTM it simulates the cucting and turning action of a two-roll wmill and
ensures thorough blending and mixing and can be used in any extruder mixing process.
In view of its advantages rubber powder technology should make an important
contribution to future rubber manufacturing irdustry. At the moment producers and
consumers alike lack the initiative - there is a chicken and egg situation - where
each will not move without the other. But the stepwise introduction of powdered
rav materials initially perhaps communicated by consumer and the transition from
conventional to continuous processing techniques appears to be only a question of

time.




Liquid rubbers

Like powdered rubbers, liquid rubbers have been available for many years.
Liquid castable polyurethanes have been used for almost twenty years and have shown
steady growth in their use in foam, microcellular and solid articles and receantly
in the production of cast poneumatic tyres. Liquid butadiene, butadiene styreme and
butadiene acylonitrile rubbers have also been developed.

At present the market for liquid natural rubber is a few hundred tonnes a
year. It is used in adhesives, paints and inks and in the production of soft mould
and prepared by the oxidative depolymerization of a solutiou of natural rubber. A
nev development has been the production of liquid natural rubber from latex and a
pilot plant has just been constructed in the Ivory Coast in a programme of work
carried out by UNIDD and IRCA. This involves the depoiymerization of latex using a
redox system - air and phenylnydrazine. The ammonia is first removed then the
latex stabilized using vulcastab LS, then depolymerization, precipitation and
drying. It has an appearance and viscosity of honey witn a MWt between 5,000 and
20,000 depending on conditions.

Up to now it has not been possible to reinforce liquid natural rubber with
fillers such as carbon black and the properties of solid articles made from liquid
natural rubber are inferior to their high MWt counterparts.

Until ways are developed for self-reinforcement and chain extension the use of
liquid natural rubber will be restricted to special applications and it will not
challenge general purpose rubbers. In addition, tne cost of the modification to
produce liquid rubber is substantial and approximately doubles the cost of the raw
material.

Nevertheless interest is being shown in its possible use in a number of
relatively low volume applications and it is probable that it will be able to find
a niche where its special properties meet specific industrial needs ~ in adhesives,

paints, inks, as a non-extractable plasticizer (reactive) possibly for addition at
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latex stage to provide easier processing of rubbers as aaditives to brittle
plastics to give greatest impact resistance for coating rubber ingredieants.

The pilot plant in cthe Ivory Coast is currently supplying sufficient
quantities for large scale commercial evaluation ard during the next year a clearer
picture should evolve of the industrial interest and requirement for liquid natural
rubber. If there is demand modified forms of liquid natural rubber can be made
available and here special interest is being shown in chlorinated liquid natural
rubber particularly for paints and coatings.

In longer term a viable method of producing liquid natural rubber and
improving its properties to match general purpose rubber could be of vital
importance for the comtinued acceptability of NR. But this depends on SR
developments.

Thermoplastic rubbers

Ihe'expauding use of thermoplastic rubbers is much more certain. Rubber
product manufacturers have for long looked with envy at the simple one shot
manufacture of products from thermoplastics. The attraction is the elimination of
the expensive vulcanizaction process with its related scorch problems and
difficulties in recycling scrap. Already there are a number of SR thermoplastic
rubbers available and their growing acceptance indicates an industrial need.

Thermoplastic rubbers are having an increasing share of the rubber and
plastics markets. They have a growth rate of about 20 per cent a year and this
year they are expected to reach a world wide figure of over 500,000 tonnes. They
have been seized upon by the rubber manufacturer as a route to high speed
production and by the plastics industry because of their high impact strength.
They are used in a wide range of applications footwear, adnesives, autowmobile
components, hose, wire, cables, modification of brittle plastics, flooring, etc.

So far the greatest usage and future potential is for cypes based on

mechanical blends of rubber and a crystalline polyolefins, as in automobile
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components such as bumpers and flexible paneis for which materials of nardaess of
approximately 90 Shore A to 60 Shore D.

Ocher contenders for these applications are thermoplastic polyurethanes, RIM
polyurethanes, polycarbonates, polyester >TIC, saturated mix block styrene
copolymers (Kroton 9) and fibre reinforced vulcanized EPDM.

Thermoplastic rubber blends can be tailored to these requirements by varying
the proportion of the rubber and the polyolefin resin.

It is obviously important that thermoplastic forms of NR should take their
place in this new technology and in a programme of work sponsored by UNIDO and
carried out by the MRRUB. It was possible to demonstrate successiully that natural
rubber polypropylene blends have the necessary properties and could be prepared at
lover cost than their wholly syathetic counterparts.

Much of the work on thermoplastic natural rubber blends has been done with
automotive applications in mind. Here one inportant'attraction is light weight but
they can be used for many other products such as pipe joints, footwear, sports
goods and electrical fittings, tank and pipe linings.

The preferred method is a batch process employing Baubury type mixers. The
polymers must be blended above tne melting point of the polyolefin (165-175°C in
the case of polypropylene) and high speed is generally advantageous.

The heat build up during mixing is considerable and the required temperature
is normally reached in 2 to 3 minutes. With small scale mixers it can be
advantageous to raise the temperature of the mixer by steam heating but not found
necessary in 3D Baubury or Shaw K2A (25 litres). While still hot it is sheeted on
a mill and left to cool as slabs 8 mm thick. It should not remain om cool mill -
more than few seconds otherwise it crumbles and is difficult to handle. It must
not be left in lumps before sheeting as it is then impossible to granulace.

Material granulated on rotary outlet using a8 small quantity of talc, other

methods of pelletizing such as extension and chopping can be used.




- 47 -

Generally all materials such as antioxidants pigments as well as two polymers
added at start of mixing cycle. With blends containing more than 65 per ceat NR
{softer materials) partial crosslinking of rubber improves the physical
properties. When a crosslinking agent is used its addition is delayed until the
polymers have melted and if organic peroxide used as partial crosslinker the
addition of the antioxidant is left until the crosslinking reaction is virtually
compiete. 0.2 parts peroxide reduces compression set and removes tackiness of
scfter materials. The presence of peroxide may have adverse effect on
weatherability and another crosslinker should be used.

TPNR blends are resistant to ozone cracking. Small amounts of fillers are
useful to make minor adjustments to properties. Carbon black gives resistance to
UV light and improve mouldability as surface finish and makes antistatic and
suitable for electrostatic painting. Silica improves abrasion resistance of white
or coloured articles. Calcium carbonate reduces shrinkage. Relatively large
awounts of filler may be used to reduce cost but this leads to increased densiry.

In short TPMR can be added to the list of thermoplastic rubbers which are
making inroads into traditional rubber and plastics applications and also into
entirely new product areas. It is more than competitive in price and properties.
It can be manufactured in conventional rubber mixing equipment and tailored to
specifications for automotive bumpers and filler panels.

The fact that can be manufactured in house provides an economic advantage
particularly overseas where snipping of granules is more expensive but in Nigeria
can correctly be made by a custom compounder for distribution within the country.

Endowments and resources

Let us now consider the expansion of the Nigerian rubber products

manufacturing industry.
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Raw materials

There is a wide variety of products requiring a wide variety of compounds and

raw materials. A typical tyre or engineering compound is:

Rubber 100 parts by weight 552 by cost -
Carbon black 50 " 292 "
Zinc oxide 5 " k¥4 " i
Process oil 5 " k¥4 "
Stearic acid 2 " 1Z "
Antioxidant 2 " .74 "
Sulphur 2.5 " 12 "
Accelerator 0.5 " 22 *

Natural rubber is available to product manufacturers in Nigeria as a natural
resource and its use should be favoured compared with synthetic rubbers.

Synthetic rubber is imported. But with a developing petrochemical industry
locally produced synthetic rubber could correctly become a resource in the future.
A viable small plant would be of 30 to 50 thousand tonnes of rubber. This would
involve 'the industry growing to consume approximately 100,000 tonnes of rubber.
Carbon black

Carbon black is a major item typically 30 per cent of the cost. Here again a
small carbon black plant capable of producing 20,000 tonnes and using local oil
should be viable as soon as the industry consumes approximately 50,000 tonnes of
rubber.

Zinc oxide

Zinc oxide is already available from local manufacturers.
Stearic_acid

This could be produced locally from palm oil.

Other fillers

Clay and whiting should be available locally; silicas, siiicates and resins

are also required.
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Other chemicals

These are used in relatively small proportions but they contribute
significantly to the cost. Local manufacture is not really viable as the
individual quantitites are small but with expansion of the industry para—phenylene

. diamine antioxidants and thiazole accelerators could offer promise for local
manufacture.

Before discussing other resources and requirements such as manpower, training
of wmanpower, regional dispersal of the industry product quality and quality
control, acquisition of new technology, and identification of products for
development. It would be helpful to consider what is the Nigeri== policy for its
rubber product manufacturing industry? Or perhaps what should be its policy?

Whether its target is one of converting a much larger proportion of the
locally produced natural rubber to satisfy not only the local market but also for
export overseas-to give increased foreign exchange and value added? Or wnether its
target is a less ambitious one aimed at reducing imports by their substitution with
locally made products thus saving foreign exchange?

The industry is at present in a rudimentary stage of development and initially
a target of expansion progressively to substitute imports aud ultimately to satisfy
the requirements of the domestic market and export to neighbouring African
countries appears to be an appropriate ome.

If this policy is adopted then it will require the industry to expand
consideraoly and to manufacture a much wider range of products some of wanich will
require higher technology and a wider range of raw materials.

With this as a target we can now go back and talk of the factors involved.
After raw materials it is appropriate to talk about manpower.

Manpower

There is obviously a plentiful supply of labour. In most developing countries

wishing to increase their exports the availabilicy of cheap labour provides an

important contribution to the cost competitiveness of the industry but this aspect
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is not of prime comcern if the dowestic market only is of importance. Many
developing countries have high manning levels, high turnover of staff and high rate
of absenteeism all of which militate against the efficient use of labour, but again
not an aspect initially of prime concern.

However there will be an urgent need to train a sufficient anumber of technical
staff of the required calibre particularly rubber technologists and managers. This
is an ongoing requirement and demands the provision of training in schools,
polytechnics and universities. For an industry consuming 40,000 tons of rubber, an
annual input of about ten technologists, ten engineers, ten applied scientists, ten
diploma technologists, tem technicians would be an average type requirement in
Europe. Necessary for industrialists and educationalists to get together to
provide a statement of manpower and training requirements.

The larger companies will no doubt provide in-house training to give requisite
basic technical skills.

As the industry expands increasing numbers will be required and the output of
qualified personnel will need to ..:celerate.

Regional dispersal

The industry is material intensive and requires large amounts of energy -
electricity and oil - and of water and thus its natural development would be iu
industrial centres close to urban development. These factors together with good
road and telecommunications are important in any future expansion and provide
constraints on the dispersal of the industry in programmes of regional development.

Acquisition of new tecinnology

One route is to seek foreign or joint venture companies who obtain their
technology from tneir parent companies. These offer a good route to modern
technology and equipment and to the manufacture of articles of quality particularly
if foreign markets are envisaged. In addition they can play an important role in

the provision of marketing skills and market entry overseas. bBut for domestic

markets licence arrangements can provide a satisfactory alternacive.
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Product quality

This is an item of extreme importance if export to world markets is
envisaged. But even if only domestic markets are considered there is a need for
factories to be adequately equipped and staffed for quality control. The planned
expansion of tne industry will require upgrading of plaat and wachinery and quality
control.

Products for development

The rubber industry world wide is dominated by the use of rubber in tyres.
Almost 70 per cent of natural rubber and about 50 per cent SR goes into tyres. And
1f we consider other automotive uses the figure is much larger. The breakdown of

world consumption is:

Passenger car tyres 272
Truck and bus tyres 192
Industrial tyres 42
Retreads 47
Latex products 9z
Footwear 42
Belting 22
Hose 22
Wire and cables 12
Other products 27%

The Nigerian breakdown will be different and to identify products within the
industry suitanle for development it is necessary to consider:

The market requirement, its potential;

Tne technology capability;

For export the comparative advantage.

Although not strictly a product premixed compound which is imported must be

the first target for substitution.



- 52 -

Then tyres are dominant. The move to radial-ply tyres nas already occurred
and the cross-ply tyres are in dire straits and any new capacity in Nigeria should
be for radial-ply tyres.

Precured retreads with a high natural rubber content would be suitable for
both the domestic and export market.

There is an obvious domestic requirement for footwear which could be readily
satisfied and here thermoplastic rubber could be important.

Belting, hose and automotive components are also targets for import
substitution.

Engineering components are precision articles with high natural rubber content
and high value added. These include bridge bearings, dock fenders, engine
mountings.

Latex dipped goods are made entirely from natural rubber and have a most
attractive export potential.

The need is for expansion and diversification into wider range of products.
This will require the easy import of the necessary raw materials such as different
types of synthetic rubber, rubber chemicals, fabrics and tyre cord materials, and
the creation of simple flexible import procedures is important. But wnen the
industry becomes of sufficien: size the development of ancillary and supporting
industries becomes logical.

The factories need not necessarily be large - except for tyres where there is
larger capital expenditure and advantage in size. Smaller companies employing less
than 100 workers with paid up capital of less than a quarter of a million dollars
could provide a large sector of the industry certainly in the number of companies.
Big tyre companies involve much more capital of tens of millions of dollars and
employ 500 or more staff.

The challenge then is to expand and diversify the Nigerian rubber product

wanufacturing industry to satisfy more of its domestic r¢ .-. ments and to reduce
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imports of rubber goods. The next stage of a drive to export its products would
follow naturally as industry grew.

To assist to this end a technical centre with staff and equipment to provide
information and expertise on p.nduct manufacture, standards and testing and
especially quality control would be a correct early development. The existence of

a Rubber Institute would seem to make it inappropriate to create a new centre but

to strengthen it by providing adequate faciiities and staff.
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Paper No. 5:

NOTE ON APPLICATION OF LOW ENERGY SYSTEMS IN BUILDING MATERIALS

AND CONSTRUCTION INDUSTRY

1. The building materials and construction industry represents an important area
of socio-economic activity in a developing country being primarily related to the
basic needs of acquiring shelter. Its influence extends further to other social
and cultural sectors such as education, health, community life and administration.
Significant proportions of the building materials used in the developing countries
are still being irported resulting in foreign exchange expenditure of considerable
magnitude. From a national economic point of view, there would be enormous
benefits to gain in the development of an integrated local building materials
industry.

Every product is made from raw materials through sequence of operations
requiring input of energy; even the commercial and administrative operations
connected with the subsequent utilization of the products consume large quantities
of energy. The summation of all energy needed for each operation is the
"integrated energy input". To obtain the integrated energy input per time unit,
one has to divide by the life time of the product. The energy savings can thus.be
realized by reducing the energy input or by increasing the lifetime.

2. As a matter of interest, it is proved that the iniegrated energy input for a
normal motor car is nearly 5-6 times the total equivalent quantity of petrol that
the car will consume during the whole period of its use without even considering
the social costs or the transport infrastructure. This is indicative of the kind
of topic on which efforts are needed to promote energy saving., The magnitude of
the energy consumption can be gauged from the fact that one litre of vil has an
energy equivalent of 10,000 k.cal. whereas a man 18 able to produce 500 k.cal. a
dav, The energy value of one litre of o0il is thus equivaleat to the work produced

by a man during one whole month., Manufacture of one cubic decimeter of steel




-55-

requires 10 litres of oil. This small quantity of metal is nearly equivalent to
the work of a man for one year. A brick or a glass bottle corresponds to more than
one week of numan labour.

It is even established that modern high agricultural inputs in developed
countries by way of fertilizers, machinery, energy, transport etc. does not produce
the amount of cal-ries that are put into the ground and consequently it has a
negative energy balance.

Authoritative opinions give warning that serious problems will arise before
the end of the century and possibly even earlier if no solucions are found. The
position of the developing countries which are continuously increasing the input of
energy consequent upon the economic development programmes could be seriously
affected by the shortages of energy and raw materials. The solutioms to this
dilemma must be provided by tne technological solutions to the basic requirements.
3. An innovative technological approach to these problems has been supported by
UNIDO since 1971. A typical example of a product with high energy input is
housing. The broad areas of activity covered:

- Polymerized clays

— Low energy housing systems

- Low energy storage silos.

4, Polymerized clays

A useful but not quite a scientific subdivision of construction materials
could be: metals, ceramics and polymers.

Each of these three families of materials have common properties, metals
conduct electricity and heat, ceramics are hard and prittle, polymers have low
specific gravity, are poor conductors of heat and electricity, have poor
temperature resistance but present large scale versatile mechanical properties.

They can be rubbery, visco elastic, rigid though elastic.
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At the Free University, Brussels, experiments have been conducted on a pilot
plant scale to employ low energy technologies for polymerizing the clays. The
experiments included kaolinitic and lateritic clays. The process uses only
20 per cent of water and an alkali like caustic soda - NAOH or Lithium hydroxide or
lime depending on availability. In Europe, caustic soda is available very cheap
2nd various concentration could range in 5 per cent or so. The clay dough can be
converted into shapes of brick or blocks of desired sizes by hand presses or even
the conventional extruder system - if so desired from the point of view of
-production output. In the existing brick kilns the existing system of brick
moulding can be continued to be employed. These moulded clay forms are exposed to
temperatures of 80-85°C. For such temperatures the existing system of heating 1is
possible to be employed but it is not necessary and it is in fact possible to use
the solar energy. The time of polymerization depends on the temperature to which
the moulded clay is exposed to usually a few hours (up to 24 hours) but at higher
temperatures of 120-130°C it can be in minutes. The solar heating system which
is central to the energy saving objective is quite simple and in the pilot scale an
inexpensive system as detailed below could be adopted:

4.1 Solar system: A tin or aluminium plate available from any existing
operation such as printing would be adequate. The plate with a primer on it can be
easily painted black to serve as a black body. The black body has to be covered by
a transparent sheet which could be a cheap polyethylene clear film which normally
has a life of up to 2 years or a Tetlar which is rather expensive but may have a
1ife of up 20 years or even glass which has the disadvantage of being breakable.
Air circulating on the black plate continuously removes the heat absorbed and it is
made to pass over stones which are usually of definite dimension to enable air flow
with least pressure drop but absorb maximum heat. The stone boxes act as a heat
sumps which enables supply of heat continuously for polymerization of the clay for

the required period of time., The system of heat storage could be underground with
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insulation by foam polystyrene to control any losses of heat. Counter current
system of heating and cooling has to be employed to enable a continuous supply and
an efficient heat delivery, a co-current flow will not work. Normally it is not at
all difficult to reach a temperature of 8s5°c. However, higher temperatures are
also attainable by supplementing the solar system of heating with auxiliary firing
if the situation so demands though this is not necessary for the process. The

solar energy system may cost around US$13 for -2 of the surface required.

4,2 Adoption of the system for bricks and blocks: Before considering the

adoption of this scheme, it is necessary that a short survey of the country
including geological assessment of its clays and their properties is undertaken.
In practically all cases it is advisable to obtain the samples of clay and have
them analysed and tested in an experienced laboratory which can only thereafter
develop a scheme of production. The quality of clay detervines the quantity of
wvater and alkali to be added whereas the temperature to which the clay moulds are
to be exposed to will determine the polymerization time. These have to be
developed for each clay in the laboratory before undertaking production on the
field.

The process and scheme is amenable to adoption to the local conditions and
needs. Depending upon the climatic requirements different pigments could be added
to produce for example white coloured houses. The materials produced have the
benefit of complete dimensional stability. The dimensions of the moulded clay do

not undergo any change during the course of polymerization. If the moulding is

uniform and good quality the product should be correspondingly the best quality.
Furthermore, the process does not have any wastage unlike in the conventional kilns
whose overburnt or underburnt as well as deformed products are quite common to come
by. It is essential, however, that the dough which is at room temperature must be
moulded in 10 to 15 hours for best results. The dough can contain foaming
materials to produce products with varying densities which are highly desirable in

construction of tall buildings.
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4.3 Reinforcement of clays with fibres: The ficres holding potential :ror

reinforcement of clays can be divided into the following three categories:
(1) Hign technology fibres: tnese include glass, polypropyleme fibres,
aramide, carbon fibre, etc.
(ii) Textile fibres: these include cotton, wool and flex, etc.
(iii) waste fibres: these are thick and cannot be spun, such as coconut
fibres, baggasse, etc.

The first and second category are most expensive and have other high value
uses such as industrial and apparei. From the point of view of cost tne third
category would be the most suitable, without fatigue the natural fibres could be as
strong as the glass fibre. Trials on clay fibre composites are underway with
interesting results. In the weantime, fibre from coconut has been bonded with
phenol formaldehyde resin very suitably and car be used for panels or ceiling
board. This will utilize the local materials to the extent of over 80 per ceant of
value and displace imports up to that value accci2ingly. These composites nelp
avoid bacterial attack on the natural materialec, improve brittleness and make them
tougn and impart ductile properties to ceramics. The local building materials may
be tried in due course, these include national products such as latex.

5. Low energy housing systems

In most developing countries low cost housing schemes enjoy the highest
priority and in quite a few places these have become synonymous with low quality
housing.

Extensive programmes on low cost housing using less raw materials with low
energy input were accordingly launched py UNIDO in mid seventies. 1ne
investigation led to the deployment of composites which met the requirements and
the objectives set.

5.1 Composite systems: Composite materials are developed from components on

the basic assumption that the properties of the whole are different from and

represent more than the sum of properties of the components. The composites have




one more important property. Ine relatioaship between Che coaponents ar2 more
important than their intrinsic properties in determining the nature of the whole.
The composite acquires a certaln degree of independence from 1iLs components.
Accordingly a component having similar relations with the others may act as a

- substitute for the original in spite of its being different. Some examples may
illustrate this aspect.

An insulating material is composed of 2 binder like a polymeric matrix and air
1nclusions. The composites have insulating properties that cannot possibly be
obtained from the separate components. It is also possible to substitute materials
such as polystyrene or polyurethane or any other polymer in the matrix. In the
same way it could be possible to replace air by any other imert gas without
changing very mucn the insulating properties.

A fibre reinforced composite is developed from a matrix - polymer, cement,
gypsum and a reinforcing fibre. The mechanical properties of a fibre reinforced
polyester do not have any comparison "at all with the properties of either of the
components. It is now possible to develop alternative composites with otner
matrices and other fibre reinforcements, without changing the principle of the
composite system. An insulating plate of foamed polyurethane with its protective
skin can insulate 25 times better than a brick wall of the same thickness and its
weight is 750 cimes less. The application of composites systems allows to lower
drastically the amount of raw materials and the non-renewable energy in doing the
job.

It is quite evident that a methodology has been discovered in development of
materials which overrides the traditional dependency o: materials and properties.
The raw materials used, till now, in construction have been limited to restrictive
classes sucn as metals, ceramicrs, glass and polymers. Tnese materials nave
specific properties which are suitable for certain application and would need

improvement in otnhers in order to be utilized in the pest manner. ‘Ine mater:als as
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an example are either goud or baa conductors of electricity and heaa, The
semi-conductors are elaborated materials. It is general experience that some
important needed properties are completely absent such as the absence of
unbreakable, insulating temperature and crash resistant material for dishes. In
general, the fiexibility of cnanging properties of materials has been greatly
limited.

It should, however, be noted that nature has always used the primciple of
composites - in structural applications: wood, bones. The model of reinforced
polyester or metallic alloys, etc. is the human imitation of the structures
existing in nature but the exploitatiom of this principle in general terms and to
the grass roots level has been neglected. There is vast scope for exploitation of
this concept and its application is oriented to suit the environment and
availability of local resources in the developing countries. One wouli be faced
with choice of materials ;hich have increased their technological and intellectual
qualities hundred of times. But their properties have no longer to be determined
and have to be reinvented for each application.

It is recognized that for the development and design of products out of the
composite materials, new creative methods have to pe worked out. Innovation in
composite systems is not limited to 2dding and assembling elements. On the
contrary, development of composite products tries to study and to understand global
and integrated problems and to consider the components in their mutual relationship
and the structure as a whole. Even the traditional strength calculation has to be
reconsidered. In most cases the composite structures do not fail by lack of
tensile or compressive strengtn of the material they are made of, but the stress
concentration, influence of the environment, lack of fracture energy or by
fatigue. These factors are usually more dependent on structural information,
interactions and relations between the different components than on the specific

properties of the material itself. In most cases the design is more important than
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the strength of material and instead of regarding the structure as an assembly of
components suitable for calculation, one should consider and study it as a global
structural entity adapted to experiment.

5.2 House construction: Having this principle in mind, UNIDO planned a

housing programme for the developing countries. The construction had to meet the
requirements of low cost locally constructed, low energy and material input, high
construction speed, use of non-skilled labour, integration of locally available
materials.

A series of dewonstration projects were carried out in Cyprus, Uruguay,
Ecuador, Mexico and Burkina Faso, introducing each time new technical and
architectural variables such as sandwich construction, design improvements,
mechanical strength of construction, variation in dimensions, use of natural fibre
reinforcement, etc.

The performance of fibre reinforced material in a given application depends to
a large extent on the method of manufacture. Considering the requirements, an
appropriate system of filament winding came out as the most adequate method to
construct the insulated space of air needed for the building of dwellings. Among
the several building systems designed using composites, the one which is simple in
design equipment and utilization of materials is tkat of the "Patfoort Building
System"”. It allows to obtain a maximum strength of the stfucture, using a minimum
amount of raw material. The shape of a housing module has been found to be
perfectly suited to the process of filament winding. Composite construction of the
walls can combine strength with high insulating properties. The high technology
filament winding process has given the proof of being extremely adaptable to
simplification, high quality pieces have been made on a hand driven machine.

The mound shell have been manufactured on a locally made retractable
rotational mould supported by an axle driven by hand by means of a crank and a

reduction devise. The fibres pass in a resin bath, laterally moving along the
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rotational mould distributing the wet reinforcement on the mould. The resin bath
is ; wooden support with a throw-away polyethylene sack containing the resin. The
excess of resin is pressed out by the adjustable strips that permit at the same
time to adjust tension on the fibres.

5.2.1 Structural behaviour: It is worth to examine the behaviour of the

structure in sustaining loads. The structure is strengthened at both ends by two
flanges. They have a dual purpose: they are useful in bolting the end walls at
one module to the other. Structurally they act as a diaphragm providing rigidity
to the cylindrical shape.

Beam action in the longitudinal direction is negligible, because the module
does not span between the flanges but is resting and is sustained over its whole
length oa a bed of sand and stones. In that sense strength and rigidity is only
required during tramsport. On the contrary, the membrane action, typical in shell
structures transmit load axially, which is the strongest cross sectional shape in
this respect being the circle. The greater the deviation from the circle the
lesser is the structural strength which the better space demands. The flanges act
in this respect as strengthening elements. Present technology allows to adapt the
quantity of strengthening elements and to improve their design and to augment their
dimensions. Im that way it has been possible to obtain a fantastic increase in
rigidity and to eliminate any sagging after removal of the mould. Using this
design method it has been possible to obtain even rectangular shapes, using of
course more material to obtain the same strength. The cross section can also be
considered as an arch; the lateral stresses of the upper arch are taken over by

the lower arch working as a flying buttress.
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Paper No. 6:
CONCEPTS IN BIOFUELS DEVELOPMENT

1. Agricultural wastes and residues

(a) Wwhat they are

- Field residues which remain after harvesting a crop. Examples: cotton
stalks, cereal straws, corm :obs.

- Food processing residues which are generated as a by-product at a central
location. Examples: coffee husk, bagasse, nutshells, rice husks.

= Organic wastes, usually liquid or high moisture waste streams generated at
household, community and industrial levels. Examples: wastes from
livestock, canneries, dairies, abattoirs, etc.

(b) How they can be used as fuels

= Domestic sector: Use of domestic stoves capable of burning field residues
as a replacement for wood and charcoal. Small "biogas" plants for the
conversion of organic wastes to methane fuel gas and fertilizer.
Small-scale, decentralized charcoal production from field residues.

~ Industrial and agro-industrial sectors: Use of field and food processing
residues in solid fuel burning appliances, boilers, kilns, furnaces, etc.
for process heat steam and power. Industrial-scale manufacture of charcoal
briquettes. Anaerobic digestion of organic wastes producing fertilizer and
methane gas for process heat and steam and also power generation.

. Gasification of field and food processing residues for irrigation pumping

and power generation.

(¢c) Wwhy they should be used as fuels

In many countrie: vood and charcoal have always been the traditional fuels for
domestic cooking and heating. A significant portion of the population of
developing countries are hopelessly dependent on these two fuels. Their

acquisition and use is characterized by primitive and wasteful techniques of
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cnarcoal making and of fuel burning :in domesti: stoves. In former times
regeneration of tree-covered land ensured an adequate, sustained supply of
woodfuel, but rapid population growth in recent years has put such pressure on
forest resources as to cause uncontrolled deforestation and desertification. The
weifare of those people living in regions affeted by this pattern is largely
dependent upon the supply of fuel. Provision must be made to ease the burden of
collecting fuel and to prevent further destruction of remaining forest lands.
Agricultural residues are an alternative to wood and wood charcoal for domestic
fuel. Kerosene and bottled gas have replaced traditional fuel in urban areas of
the more advanced developing countries but they are too expensive for their use to
become widespread.

In net oil importing countries, where the purchase of petroleum—derived fuels
leads to a serious drain of capital resources, substitution witn indigenous fuels,
such as agricultural residues, can result in savings of valuable foreign exchange.
The greatest opportunities for effecting a savings of iqported fuels are to bpe
found in the industrial use of indigenous new and remewable fuels.

(d) What are the problems?

~ Alternative uses for field residues: What, in the first world nations may
be waste material, can fiud uses as livestock feed and, to a lesser extent,
as a building material in developing countries. Some residues are simply
returned to the land and their use as fuel could result in the loss of a
nutrient supply to the soil.

~ Acquisition: Field residues can be scattered over wide areas; their
collection is expensive and logistically difficult. The seasonal nature of
the availability of residues necessitates storage during which organic
materials of this type tend to degrade. The stored material is a fire risk
and potential cause of pest infestation and disease propagation.

- Development and acceptance of new technologies: When burned on an open

fire, residues tend to smoke so new designs of stove are required if wood
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and wood ctharcoal are to be replaced by raw resid> . Some residues can pe
converted to charcoal; this requires the introduction of new but simple
cnarcoal kilns. For tne industrial and agroindustrial sector investment 1in
solid fuel firing capability is expensive since the plant is larger and
more complicated than would be required for gas-oil firing of equivalent
thermal output. Furthermore, greater control of the combustion process is
required to avoid "slagging" ~ fusion of the asn to form a glass-like
material which causes blockage.

= Pollution: Where this is an issue additional problems of cleaning up
solid, liquid and gaseous waste streams need to be contended with,
particularly in industrial applications.

(e) What about densification?

Frequently put forward as a solution to many of the above problems this
involves either pelletizing or briquetting agricultural residues to increase butk
density. Whereas dcasification cin alleviate problems associratea with collectionm,
transport and storage, it can substantialiy increase fuel cost to the user of the
briquettes. Although several densification processes are available and equipment
manufacturers relatively plentiful, equipment field trials have, to date, met with
few successes.

(£) UNIDO's role

Domestic sector

- Support of technical programmes involving the design, fabrication and field
testing of efficient stoves capable of burning agricultural residues.

= Support of technical programmes involving the development of hardware for
the small -scale conversion of agricultural residues to charcoal fuel.

- Demonstration programmes for proven, n2w hardware capable of using
agricultural residue.

-~ Surveys to quantify the resource base and to identify the extent to which

agricultural residues can replace wood and charcoal as household fuels.
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- Assistauce witn the development of fuel suppLy mecnanisms.

- Strengthening infrastructure required for the fabrication of new hardware.

- Design of appropriate hardware production systems.

- Assistance with the development of a marketing strategy for stoves and
charcoal kilas.

Industrial sector

Preparation of technical/economic feasibility studies covering (but not

limited to) the following issues:

- GCollection systems for field residues;

— Upgrading of existing agricultural residue burning facilities. Examples:
cogeneration at sugar mills and other food processing plants, which already
burn residues, leading to export of surplus power;

= Conversion of existing gas/oil-fired facilities to solia fuel combu<tion.
Examples: retrofit of boilers and kilns witn external combusters a.d
gasifiers capable of burning agricultural residues;

- Installation of a new plant. Examples: continuous kilas for tne
production of charcoal with waste heat recovery and briquetting the
cnarcoal product. Anaerobic digesters for the conversion of liquid waste
steams to organic fertilizer with methane recovery for power and process
heat /steam. Gasifiers coupled to engine-generators and engine pumps.

2. Charcoal

ta) Background information and justification

In many countries wood and charcoal nave always been the traditional fuels for
domestic cooking and heating. A significant portion of tne population of
developing countries are hopelessly dependent on these two fuels. Their
acquisition and use is characterized by primitive and wasteful techniques of
charcoal making and of fuel burning in domestic stoves. In former times

regeneration of tree-covered land ensured an adequate, sustained supply of
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woodfuel, out rapid population growch in recent years has put such pressure on
forest resources as to cause uncontrolled deforestation and desertification. The
welfare of tnose people living i1a regions atffected oy this pattern is largely
dependant upon the supply of fuel. Provision must be made to ease the burden of
collecting fuel and to prevent further destruction of remaining forest lands.

UNIDO is supporting charcoal projects which encourage the rational and
efficient use of forest resources. To achieve this goal UNIDO consultants are
assisting Governmerts to introduce kilns to replace traditional, inefficient earth
pits for making wood charcoal, and briquetting techniques to utilize the
unavoidable charcoal "fines", which would otherwise be wasted.

(b) Charcoal or wood?

Charcoal has twice the potential emergy per unit weighi as air—dried wood but
70 to 80 per cent of the energy in the wood is used to produce the charcoal.
Charcoal, however, is cheaper to transport and store; it can be used for cooking
with greater efficiency and more convenience and does not produce so much smoke.

For small-scale use, whether it is better to use charcoal or wood fuel is an
1ssue which depends on several factors including:

- The combined efficiencies of the charcoal making process and charcoal

stoves, compared to the efficiency of the wood stove;

= Whether the fuel is intended for use in rural or urban areas and the

transport distance between source of wood and area of use;

- Whether air qualit* is an issue.

Traditional methods of utilizing wood for fuel either directly or vic charcoal
have evolved over a long period and what has been developed is usually appropriate
to the prevailing cultural and economic conditions. UNIDO's goal is to work within
the existing pattern of wood utilization to make available xnowledge and improved
techniques capable of saving energy and of making fuel available at reasonable cost

to the consumer.
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Charcoal's convenience make it the preferred fuel for rural iadustry such as
biacksmithing but larger industrial fuel users such as boilers can have the
capability of burning wood witn adequate efficiency making 4an intermediate
charcoaling step redundant. Where there is a history of charcoal production and
use and where the forest resource is both adequate and protected by planned
exploitation procedures, the co-production of charcoal ana energy may be an
attractive option. 3Several designs of industrial retorts provide for charcoal
production combined with waste heat or gas recovery for the generation of process
heat or steam and ele.trical nower.

In addition to wood, agricultural residues can be used as feedstocks: coconut
shell charcoal is considered superior in 3 'lity to wood charcoal.

(c) UNIDO's role in improving charcoal production

- Introduction of imprv 1 kilning techniques. Aside from the traditional
earth kilns, charcoal-making kilns fall into one of two categories:
=~ Brickwork or
—~ Steel.

Both can yield up to 20 per cent charrnival (based on dry weight of wood
feeastock) which is double tie yield achievable with ea~th kilms. Brick kilns have
the advantage of using locally available materials. Steel kilns on the other hand
require imported material and tne use of a metal fabrication facility, but they
offer portability and shorter carbonization time.

- Provision of training and laboratory facilities for cnarcoal testing and

determination of kiln efficiencies.

= Introduction of charcoal briquetting technology.

- Feasibilizy studies for industrial charcoal producing facilities covering:

- Investigation of feedstock supply
- Domestic and export markeci surveys

= Site~-specific studies for propcsed new facilities.
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3. Gasification of biofuels

(a) What is gasification?

Gasification is the conversion of a solid fuel to a gaseous fuel. It takes
place inside a "gasifier" or "gas producer”. The resulting gaseous fuel, known as
producer gas or, more frequently now, low-Btugas, can be used as fuel for internal
combustion engines or to replace gas or oil fuel in boilers, kilns and furnaces.

Gasification has recently received attention in association with new and
renewable fuels since gasifiers can convert charcoal and also wastes and residues
from agricultural and forestry activities to a useful fuel gas.

(b) How does gasification work?

Either oxygen or air is§introduced into a bed of sclid fuel contained in the
gasifier. This air supply is controlled so that a partial combustion occurs
producing a fuel gas which is a mixture of carbon monoxide, hydrogen, methane and
also non-combustibie components including nitrogen which, in the case of an
air-blown gasifier, is present in concentrations. of about 50 per cent. Many
different internal configurations of gasifier are available or being experimented
with, which determine how the air supply comes into physical contact wih the fuel
bed. Fixed bed reactors tend to be used for small systems (50 kw and below), fluid
bed reactors have application to larger gas users such as the retrofit of
industrial boilers and kilns.

(c) What are the applications?

Composite gasifier-engine-generators and gasifier-engine-pumps can utilize
agricultural and forest residues and other "biofuels" in irrigation pumping and
. remote power generation applications. Such systems are usually mobile with the
three units mounted on a common skid or trailer. The gasifier requires periodic
refuelling, usually a manual operation which can be accomplished without shutdown,
and ash removal, which may require a daily shutdown.
Industrial gas or oil using appliances such as boilers, kilns and furnaces can

be converted to solid fuel operation (employing biofuels) by retrofitting with
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gasifiers. Where the instalied plant is reiativeiy new, this offers an
economically attractive alternative to the installation of new solid fuel firing
plant. Gasifiers for this type of application tend to be larger (tem million
Btu/hour minimum) and require automatic, continuous fuel feeding and ash removal.

(d)} Wha: are the problems?

Probably the most significant issuc currently inhibiting the widespread
adoption of gasification is the ievel to which the technology has been developed.
Biofuel gasifiers tend to be troublesome in operation and not always capable of
delivering the designed output capacity on a continuous sustained basis.

Satisfactory performance - from both technical and economic standpoints -
depends on careful selection of the equipment giving adequate consideration to the
following issues:

- Type of fuel for use in the gasifier: wood and charcoal (in lumpform) are
ideal fuels but not always available at an acceptable cost. Where the use
of these fuels may lead to or accelerate deforestation it is clearly not
appropriate. Agricultural and food processing residues such as cotton
stalks or rice hulls, particularly where their disposal can incur cost, are
more attractive from an economic standpoint, but they are difficult to
gasify. Gas exiting the gasifier is contaminated with particulate (ash,
soot and tar aerosols) and vapour (steam, hydrocarbon and organic acid
vapours). The level of contamination depends on the design of the gasifier
(internal configuration), tne extent co wnich it is running at or below
design capacity and the type of fuel being gasified. Aside from charcoal,
biofuels tend to generate copius quancities or tars (vapours and aerosols)
when gasified. Removal of this tar and its subsequent disposal can be
major obstacles in the way of satisfactory gasifier performance.

-~ Intended duty: where the task required of the gasifier system is seasonal

or periodic rather than year round, as in the case of irrigation pumping
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and crop drying, the proposed installation may not meet conventional
criteria for economic feasibility, such as pay—back period or returan on
investment. Ultimately this will be largely a function of the cost of the
conventional - "petroleum-derived” - fuel. Gasifier-engine-generator
systems have poor load following characteristics. Slow response Cimes and
are rarely able to meet shetk loads. For these reasons their use tends to
be restricted to a mixed load of lighting and small prime movers wnere
frequency and voltage control - within reasonmable limits - is oot too
critical.

- Operator capability: for guaranteed satisfactory performance, regular
maintenance must be undertaken on the gasifier, the gas cleaning system and
the engine or other gas using device. This activity can require
considerable time and effort on the part éf tne gasifier operator.
Adequate skill levels must be available if these tasks are to be performed
satisfactorily.

(e) UNIDO's role in the application of biofuel gasification

1. Assessment of the role which biofuel gasification can play giving

consideration to:
- Kational pattern of energy production and consumption;
- Availability of potenctial gasifier fuels;
~ Availability of suitable applications.

2. Support of programmes wnich demonstrate the technology to the potential
user:

. -~ Installation of demonstration units;

= In-country training and overseas study COu?s.

3. Assessment of the extent to which gasifier equipment can be manufactured

locally.
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Paper No. 7:
DEVELOPMENT AND MANUFACTURE OF AGRICULTURAL MACHINERY AND IMPLEMENTS
1. Introduction

1.1 The economies of most developing countries are predominantly
agricultural, with little industrialization in general and inadequately developed
metalworking and engineering industries in particular. The changing agricultural
pattern over the past few years has, however, created an increased demand for
industrial inputs for agriculture, necessitating the local production of suitable
agricultural tools and implements and machinery to meet the demand. The
agricultural machinery industry is special, in that it offers a wide choice of
technologies appropriate to local circumstances.

1.2 To cope with the projected population growth till the end of this
centuryv, increased production of agricultural tools, implements, machinery and
allied equipment will help attain more crops and intensified industrial activity,
consequently more employment. Although one of the reasons for local manufacture of
agricultural machinery is to save foreign exchange, a more important reason in
predominantly agricultural countries is to establish a balance between industrial
and agricultural development, with the former providing support to the lstter where
necessary and vice versa. (The recommendations contained in the last chapter will
be based on this opinion.)

1.3 What is needed in mcst developing countries of the world is a full range
of appropriate tools, implements, machinery and equipment that takes into account
the size of holdings, the farm income, the agricultural technology at the present
farming level, etc. The need is for machinery that can be produced locally, i.e.,
simple agricultural tools, animal-drawn implements, manually operated equipment and
low-cost, power~drawn machinery and implements. The following broad-based

categories can be defined:




Category IL:

(simple)

Category I1I:

(incermediate)
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Hand tools: noe, wmachete, spade, weeder, knife, sickle, axe,
pick-axe, shovel, =2tc.

Manually-operated equipment: pedal thresher, hand sprayer, corn
sheller, cassava puller and cnopper, nhaud pump, chaff cutter,
storage bins, etc.

Animal-drawn implements: plough, cultivator, leveller, ridger,
seeder and fertilizer drill, pump, sugar-cane crusner, reaper,
cart, etc.

Tractor—drawn basic implements: plough, cultivator, harrow,
leveller, seed drill, reaper, trailer, etc.

Simple low-cost low-power equipment: power thresher, pump, chaff
cutter, corn sheller, peanut decorticator, rice mill, nammer mill,

power tiller, low-engine, etc.

The following categories apply to the more developed of the developing

countries:.
Category III:
(standard)

Category IV:

Power-operated equipment: tractor, pump, harvest and post-harvest
equipment (may be manufactured in a few developing countries).
Specialized machinery: complex high-power tractor, combine
harvester, special crop machinery (at present not suitable for

manufacturing in most developing countries).

1.4 Requirements for agricultural tools and implements - e.g., hand tools,

animal drawn equipment, hand-operated and intermediate power equipment - will have

to be determined, based on a concrete assessment oi the actual national situation.

Local manufacture of the selected items would be aimed at saving foreign exchange

by reducing imports and also at developing local industrialization and tne

employment potential. However, the following preparatory measures must De taken:

- Ildentification of the required products including tneir specifications;

= Evaluation of the expected demand in numbers;
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- Design development and testing of the appropriate prototype equipment and

machinery; and

= Training in production methods, repair and maintenance of agricultural

tools and implements as well as their quality control.

1.5 Handicrafts and small- or medium—scale industries manufacturing
agricultural machinery and equipment play a dominant role in programmes for rural
development. The promotion of these industries leads to an improvement in social
and economic conditions and an overall balance of rural and urban industrizl
activities whicn retards migration of labour from rural to urban areas. It,
tnerefore, appears advisaple that sucn decentralized production units be linked to
a central urban workshop to form an overall system to carry out efficient
production and local maintenance tasks.

2. Design, development, adaptation, testing and quality control

2.1 The design, development and adaptation activities should be developed
primarily to suit the manufacturing programme and local conditions and to assist
the country to become self-reliant in matters:of engineering, design and
development, both in respect of improving locally available designs and adaptation
of technologies obtained from abroad. Ev2n when a basic design of a machine is
available, it requires to be suitably modified‘and altered to suit the local
conditions, the manufacture and trial of proto pes. All these activities do need
adequate engineering capabilities. Ther-t 2, these activicies should consist of
establishing not only the physicel faciiiries, but also programmes for training
local personnel in engineering tec :.::.S.

2.2 In the beginning, 1t may -= necessary.

(i) To identify items which need manufacture;
(ii) To analyse existing facilities; and

(i1i) To formulate projects for implementation.
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The design, development and adaptation programme may, therefore, be integratea
with a manufacturing plant or treated as an independent activity depending on the
needs of a country.

2.3 Quality control and performance evaluation is another essential part of
any 1industrializatioa programme. It serves both the manufacturer and the customer
by ensuring that the product conforms with design specification and performance
characteristics. Laboratory and field tests show how the designs should be
altered. The quality control activities embrace different aspects of enterprise
development as it involves an engineering approacn to the problems of design,
adaptation and assembly/manufacture.

3. Production units

3.1 Production units in all developing countries can be classified at the
following technological levels:

(1) Family type (1-5 persons) -~ mainly manual operations; products
consisting of simple hand tools and hand-operated and animal-drawn
implements;

(ii) Small- and medium-scale (30-200) persons - manufacture in urban areas is
mecnhanized, wita bateh production of animal-drawn implements, handtools,
pumps, crop protection equipment, sprayers, etc.;

(iii) Large-scale (more than 200 persons) - wachinery and equipment made with
conventional, semi-automatic, automatic and special purpose machine tools
on a high volume, high-precision and high-investment basis. Products
include tractors, tillers, ploughs, power tillers, disc ploughs, pumps,
sprayers, storage bins, etc. Plants are mostly in urban areas,
rural-urban borders or industrial estates.

3.2 For all practical purposes level (iii), the large-scale unit, should
presently not be considered because of the complexity of problems involved. They
range from an expected availability of: large sums of money needed for investment
and working capital; extensive markets to support large volume production which is

frequently based on imports of selected components and special materials; ana a



- 76 -

substantial number of anciliary industries co supply parts that otherwise cannot be
produced economically within the plant.

3.3 For these formerly stated reasons, our study will concentrate on tne
priority needs, e.g. selected hand tools, hand-operated macninery and animal-grawn
equipment. Details on industries operating at the first two technological levels
are given in taoulated form below:

Family type production

Product: Spades, shovels, spading forks, ploughs, digging hooks,
hoes, animal—-drawn equipament.

Design: Mostly for local need either by modifying equipment from a
national supplier or by manufacturing cheap local
replacenénts for conventional equipment.

Investment: Very small, sometimes up to US$100, particularly in

least-developed countries.

Market: Depends solely on local need.

Management: None (family type operation).

Working area: 100 to 300 ftz.

Facilities: In many cases limited supply of water and electricity.
Macerials: Mostly mild steel (MS), ENI series; occasional use or MS

sheets, round and angle sections.

Macninery: Small hand tools, e.g. hammer, anvil, chisel, nacksaw, small
coal-fired furnaces with hand-operated blowers,
pedal-operated grinding wneel, occasional welding, drilling
and bending.

Production technique; Objects and parts produced manually: hand forgings

| predominant; no applicarion of jig tools or batch
production methods.

Quality control: Very limiced.

Employment; One to five persons; sector provides consideradle rural

employment.
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Small and medium-scale production units

Product:

Design:

Investment:

Market:

Management:

Working area:

Facilities needed:

Materials used:

Machinery:

Production technique:

Animal-drawn implements, e.g., plougns, tillers, noes,
diggers, pumps, sprayers, etc.; small hand tools oa batch
production.

Use of local design, adaptation of well-known products,
indigenous design supply from a research and aevelopaent
centre.

Varies from US$5,000 to US$80, 000 or more.

There 1s a greater demand for these products, but little
export opportunity except for pumps and sprayers.

Mostly run on line management; individual ownership or
partnership.

10,000 to 50,000 fr2.

Adequate power and water supply.

Various shapes of grade 17 castings and various steels,
e.g., ENl, EN8, EN16, EN32 and EN42, which are imported or
acquired locally, are commonly used. Use of gaivanized MS
sheet, round, flat, angle and hexagonal secfions is common;
springs, bearings ani hardware axe imported.

Pover-operated hammers, presses drilling machines, milling
machines, electric and gas welding sets, conventional
machine tools and equipment, limited inspection equipment,
electrical-, coal~ and oil-fired furnaces, pneumatic systems
and spray paints usually available; hand-operated flat
roller benders and angle benders also commonly used.
Application of welding jigs and fixtures are commonly used
in manufacturing; production more on & job shop basis with
minimum batch size; assembly and sub-assembly often

introduced to increase production, incentive schemes applied.



- 78 -

Material processing: Proper heat treatment rfacilities avallaole; scileantific
carburizing and hardening.

Wality controi: Inspection system in most firms: microameters, neight
gauges, callipers, etc.

Eaployment: Generally from 30 to 200 persons.

4. Manufacturing profiles

4.1 The following profiles for the manufacture of agricultural handtools at
nandicraft level (re. 4.2) and of animal-drawn implements at rural small-scale
indus:;y level (re. 4.3) cover only a few selected iteas. A more comprehensive
list of products that may be considered for local production and a seiection of
illustrated sketches are appended to this paper as annex I and II.

4.2 Tnis profile covers selected hand tools, e.g., spade, noe, fork and
sickle. These simple tools for agricultural operation are mostly used by small
farmers nolding less than 2 ha or by gardeners. The supply of wooden handles,
nails and ferrules accounts for a linkage with other industries (woodworking or
local carpenters). Material specifications tor handtools are SAE 1078,

carbon 0.72-0.85 per cent, manganese 0.30-0.60 per cent, making it suitable for

forge and heat treatment for which expert advice can improve on product quality.
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Table 1

Product specifications (four selected products)

Product Specification

Spade Blade and shanx size, overall length 20", plade size 8" x o";
weight 1.5 kg.

Hoe (tined) Maximum length of tine 10"; width 6"; tine diameter 1/2; weight
1 kg.
Fork weeding fork, 3 prongs, length 14"; width 7"; diameter of prong
5/8"; tang bore diaceter ! 1/4" (min.) to 2 1/2" (max.); weight
2 xg.
Sickle Length 9", maximum width 1"; handle 5"; weight 1/2 kg.
Table 2

Production volume (8 hr shift)

Shop witnout electricity Shop with electricity
vaily Annual Daily Annual
Product production production production production
Spade 4 1,000 12 3,000
Hoe 4 1,000 i2 3,000
Fork 4 1,000 12 3,000
Sickle 4 1,000 12 3,000
Total 16 4,000 48 12,000
Manpower requirement 4 9
. The required floor area is 300 ft2 (20 ft x 15 ft) for a shop without

electricity; 1,200 ft 2 (40 fr x 30 ft) for a shop with electricity.
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Taole 3

Cstimated cost of macninery and equipment

Hand-operated macnlne tools Electricaily—-operated macnine tools

pescription Quantity Estimatea cost Description Quantity Estimated cost
(uss) (Uss$)
12" hand shear 200 1/4" power shear 1 500
Coal-fired furnace with 200 Uil-fired or coal-fired 1 5 000
nana-bellow-type bplower furnace, 1/2 hp.
24" x 26" x 18" 24" x 24" x 18"
Anvil with pedestal, 200 Mechanical spring 1 4 000
200 kg forge hammer,
lc, 3/4 hp.
Quenching tank 300 Quenching tank 1 500
26" x 24" x 24" 36" x 36" x 36"
Pedal-type grinder 100 Anvils with pedestal, 2 200
12" vheel 200 kg
Pedal-type polishing 100 Double—-ended pedestal 1 400
machine grinder, 1/2 hp.,
12" wheel
Hand nibbler 1/4 200 Jvouble—ended polisning 1 400
machine, 1/2 np.
Bilacksmitn's and 1 set 600 Manual roll pending 1 200
conventional tools machine
Miscellaneous 300 Electric arc welding 1 200
machine, 120A
Blacksmith tools, L/4" 1 set 600
portable drill, paint
can and brushes
Miscellaneous 500
TOTAL 200 12 500

Investment required (US$):

Total fixed capital
Total working capital

Shop without electricity

Total investment (excl. cost of land)

6 1u0
2 100
8 200

21 200
6 500

27 700

Shop with electricity
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4.3 This profile covers the following implements: single-hand wheel hoe,
animal ~drawn disc harrow, animal-drawn mould board plough. These products are
mostly used by farmers with 2-5 ha of land. With che necessary technical know-how,
it 'is possible for the plants producing tools «f this size to export their
products. The viabilicty of these industries in rural areas depunds cn the
evaluation of demand by the farmers at local and national level, backed by proper
feasibility and market studies. Expert assistance may be required for tne
feasibility study, training, product design and development, marketing and neat
treatment. Linkage with other industries: foundry, forge, stockist and nardware
industry. Joint venture is recommended because of the high investuent requirement.

Table 4

Product specifications (three selected products)

Product Specification

Single-hand wneel hoe Weight 12 kg (optional: 3 hoe blades, or 3
cultivator tines, or 3 ploughs

Animal-drawn disc harrow Weight 50 kg; discs 6-12; working widcth 36";
working depth 2 1/2-5"; output 0.25 ha/hr.

Animal-drawn mould-board plough Weight 35 kg; furrow widch 5-8"; furrow depth
21/2-7"

Table 5

Production volume (8 hour shift)

Product description Daily production Annual production
Single-nand wneel hoe 24 6 000
Animal-~drawn disc harrow 8 Z 000
Aniwal-drawn plough 8 2 000
Manpower requirements: Skilled Semi-skilled Unskilled Total
Direct labour (total) 29 14 5 48
Indirect labour (total) 16 2 - 18
Total manpower 66

The required floor area is approximately 40,000 ft2 for the factory building and
2,000 ft2 for the administrative block.
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Taole 6
Estimated cost of machinery and equipment (USS$)

Area Description Number Estimated cost
Cutting shop Power hack saw, round bar, up to maximum
diameter of 3" i 1 000
Abrasive cutier/grinder 1/2 hp. 8" wheel 1 800
Hand shear 12" diameter 1 200
Forge and heat Mechanical hammer forge 50t (for hot forge) 1 14 600
treatment shop Oil-fired furnace with blower 30" x 30" x 15" 1 5 000
Water quenching tank 3 ft x 3 ft x 3 ft 1 5C0
Oil—quenching tank 3 ft x 3 fr x 3 ft 1 300
Anvil 2 200
Blacksmith's tools set 400
Machine shop Pedestal grinder 12" wheel, double-ended 2 800
Upright drill, MS 1" dia. Radial drilling
machine 1 5 000
Radial drilling machine - 3 ft arm,
steel, 1 1/2" dia 1 8 000
Lathe, max. bore 3" swing 18" max., length 36" 1 6 000
Capstan lathe with hex turret and
attachr.ent swing 6", gap 24" i 9 00C
Jigs and fixtures for par:s 6 000
Toolroom and Universal milling machine arbour
maintenance 1" dia., table 3 ft x 1 ft 1 8 000
shop Universal cutter grinder up to 12" i 9 000
Surface plate 1 300
Gauges and tools set 1 500
B Maintenance equipment set 1 500
Inspection Instruments, table, etc. set 2 000
welding and Arc welding 250A 2 1 000
manufacturing Press brake, 10 ft long, 5t 1 5 000
shop Excentric press, 35t, 4" gap 1 8 000
Weldl,g fixtures and jigs set 2 000
Manual roll bending machine, up to 1" rod 1 150
Sub-assembly Drilling machine upright, MS up to 1" dia. 1 2 500
Portable grinder 6" dia. wheel 2 300
Portable drill gun 1/2 hp 2 600
Sub-assembly fixtures set 500
Paint room Pneumatic spray, paini equipment, etc. set 300
Ccmpressor Complete motor compressor set
300 ft3/min: line pressure 80 psi set 10 000
Stores Racks, stillage, pallets set 8 000
Mechanical Fork=lift truck lt 1 8 00V
handling l/2t. hoist
equipment Hydraulic pallet truck 2 800
i 134 150
Investment required (US$):
Total fixed capital 388 200
Total working capital 127 500

Total investment (excl. cost of land) 515 700




3. Impressions of local situationm

3.1 Unfortunately, our short stay in your country did not provide sufficient
time to get better acquainted witn the prevailing concition in the agricultural
machinery manufacturing field and my opinions or suggestions are only based on
certain observations and statements made by relevant managing personnel.

5.2 During a visit to the Centre Pilot, a UNIDO-spoasored project, I engaged
in long discussioas with Mr. Touré, the centre's national director, and
Mr. Isekon Kante, the technical director of USOA (Usine d'ontils agricoles) in
Mannou. Both of them compl;ined bitterly about the serious shortage of electric
power and raw materials needed for efficient operation. Later that evening, I had
the opportunity to meet aiso Mr. Thennissen, the CTA of the centre, who confirmed
the views expressed. He is here amongst the audience and I shall ask him to tell
you later about the history of the UNIDO project and the shortcomings.

5.3 But, first, I would like to report to you that I was very much impressed
by the centre's facil@ties, i.e., the equipment, and also the work performed 1in it,
which includes prototype machinery (such as a water pump, rice milling machine,
brick compression machine, etc.), electrical repair work (rewinding of motors) and
other miscellaneous jobs ordered by customers. However, I also noticed that the
facilities were underutilized. For those of you who have never seen tnis centre, I
would highly recommend you to pay it a visit in the near future.

5.4 As regards the agricultural machinery plaut at Mannou, I ca 1y convey
the description given to me: the factory has 7,155 m2 of floor space, is located
on 2 ha of ground and employs, at present, only 50 people though the full capacity
would engage 280 workers. They allegedly are producing: hoes, machetes, sickles,
ploughs, harrows, chains, hatchets, pick~axes, spades, shovels, rakes and big
sickles.

5.5 Due to the aforementioned major problems, both the Centre Pilot and the
agriculctural machir-ry factory are operating wiay under their capacity; yet ~-ney

are well equipped and would, through addi:ional strengthening, fit the first two of
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the recommenaations that I am going to present later, providea the responsible
authorities request relevant assistance.

But, now, I should like to ask Mr. Thennissen to come forward and give us his
story about the Centre Pilot.

6. Conclusions and recommendations

6.1 Many countries produce agricultural tools and implements ac the artisan
or small-scale level, but the guality is often poor because of a lack of common
engineering services and basic facilities. Although a few de ng countrias are
assembling or manufacturing standard tractors, engines and pump., there 1s almost a
complete gap in the local development and manufacture of equipment in the
intermediate category, such as improved agricultural implements and simple
low-horse-power machines. Accordingly, UNIDO =2mphasizes che need to develop
seif-sufficiency in the local manufacture of agricultural machinery, tools and
allied equipment, and renders assistance for establishing small workshops with
emphasis being placed on local design and development and maintenance and repair
services.

6.2 Over the past years, UNIDO has undertaken a number of technical
assistance programmes in the agricultural wachinery and implements sector in mat'ly
developing countries. Special attentic. is now being paid to this sector's
technology, including the developmeat and transter ofvappropriate tecnnology,
selective importing, testing and evaluation, and the acceleration of the expansion
of local produciion.

6.3 Technical co-operation activities in the agricultural machinery industry
during 1983-19Y84 wer: concerned witn the improvement of national capabilities in
product design, production, repair and maintenance. In Africa, assistance was
provided to Ethiopia, Somalia, Uganda and the United Republic of Tanzania in the
establishment of development :entres and pilot plants for national design and

production technology. Through the development of national capabilitiegc in product
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design and production technology as well as the subsequent manufacture of low-cost
agricultural machinery and implements, increased output and greater labour
productivity couid be achieved.

6.4 In this connection, the 2stablishment of such a technological centre and
pilot engineering workshop in Guinea could be stroungly recommended. The physical
facilities for the manufacture of agricultural handtools, sheet-metal products and
fabricated items would faciiitate training in engineering production techniques and
management, and also assist in the development of local entrepreneurship at a later
date. The product range is to be limited and volume, initially, on a modest
scale. If this concept is supported by the Government, its implementatioan should
take into account:

(i) Possible expansion of existing facilities;

(i1) Urilization of local raw materials including scrap iron; and
(iii) The desirability of establishing a new unit.

6.5 The opojectives of such a tecnnological centre are as follows:

~ To carry out applied research designed to facilitate the designing,
adaptation and development of machinery and equipment suitable for use in
agricultural and rural development;

- To develop and manufacture approved prototypes, components and required
technologies and evaluate their suitability for local adaptation;

- To adopt foreign designs of agricultural macninery and equipment intended
for use in agricultural and rural development in this country and to
publish rheir ;eSULCS;

- To conduct short training courses designed to provide practical training
and knowledge to village communities in the use and maintenance of
agricultural machinery and other appropriate technology devices;

- To offer consultancy services on the designing, testing and other technical

aspects of agricultural mechanization;
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- To act as the natlonal link with other nacional and iaternational

institutions engaged in activities related to the funcrions of the centre.

6.6 As already mentioned in tne introauction, the nanuicrafts, small-scale
and medium-scale induscries manufacturing agricultural machinery and equipment play
a dominant role in programmes for rural development. The promotion of tnese
industries leads to an improvement in social and economic conditions and an overall
balance of rural and urban industrial activities which, in turn, retards migration
of labour from rural to urban areas. The establishment of manufacturing units
throughout the countryside can create new possibilities for employment.

6.7 1It, therefore, appears appropriate to recommwend the creation of a rural
network of production units in areas of this country, where agricultural activities
are concentrated. To this end, it is suggested t- use the following approach, if
so acceptable to the responsible officials:

(i) The number of family-type production units should be as high as possible,
preferably one in each village, so that farmers could get minor repairs
done and/or purchase new tools within the village;

(ii) Small- and/or medium-scale production units would have to be placed in
some strategic location to be easily approachible from the neighbouring
villages and nave a capacity depending on the demand of the region;

(iii) A central workshop will act as the industrial nucleus, should directly
supervise the other production units apd have the responsibility of
providing raw materials spare parts, technical know-how and training to
medium—~ and fanily-type units; 1in turn, these units may expect to get
some f°ll-in jobs from the central workshop, yet utilizing most of their
capacity for repair work and to meet the local demands for nes products.

6.8 In concluding, it should te stated that, upon request, UNIDO is always
ready to provide assistance to developing countries, either alone or in
co-operation with FAO, in expanding existing agricultural machinery plants or in

establishing new ones. cmphasis will be given to appropriate product lines;
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technology and level of manufacturing; training; and the development of local
engineering and technological capabilities. UNIDO is also able to offer assistance
in developing appropriate projects, including the preparation of the inicial
Proposal so as to obtain funding. Moreover, with the aim of furthering
co-operation and exchange of experience among developing countries and promoting
“twinning" of appropriate programmes between developing and industrialized
countries, UNIDO is involved in proposals for an intermational centre for the
promotion of the agricultural machinery industry in developing countries. It has
Prepared a project proposal for such an international centre to be established in
Beijing, China, which, if approved and finances are made available, could become

one of the most significant projects in this field.
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Paper No. 8:
ROLE OF A SHORE FISHERY COMPLEX
IN FISHERIES DEVELOPMENT
I. Introduction

Fisheries are understood as a complex of many and various kinds of
activities. Basically fisheries' activities can be grouped into the following
areas: 1/

1. Production

2. Supply and services

3. Handling and processing

4, Marketing.

In this paper the author presents general remarks on the shore-based fisheries
activities, which have significant influence on effectiveness of the main sector of
fisheries i.e. production. This topic has also been selected by UNIDO for the
First Consultation on Fisheries to be held in Poland in 1987; the Consultation is

to be co-orgauaized by Central Union of Work Co-operatives of Poland.

II. Some general remarks on fisheries development

Fishing has been a major source og food for man from the early days of his
existence and still plays an important role in human diet. Fisheries are an
important part of the ecoromy of many countries: contribute significantly to
supplies of nutritionally valuable food, to employment of people and to the income
of foreign exchange.

The introduction of a new legal regime over marine resources - establishing
the 200 mile exclusive economic zones (EEZ) - has increased awareness of the role
fisheries may play in the economy of countries which have access to mavine fishery

Tesources.

l/ Some authors also include into fisheries activities credit, savings and
insurance as well as social and community scrvices (Small-scale Fisheries

Co~operatives =~ some lessons for the future, COPAC Secretariat, 1984).
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Fishery products are hignly nutritious. Fish protein is supposed to be the
most beneficial to humans in terms of its easier digestability ard level of
utilization. In countries where tnere are abundant sea-food resources the
developuent of the livestock industry is generally modest for many reasons, the
main one being given above. Besides, with tne same investment, tne total biomass
obtainable rfrom the sea-food production far out-weights that of livestock for the
same period. The cost of producing of animal protein from the sea is significantly
lower than cost on land in terms of energy expeuditure.

In 1982 the world fish production was 75.7 million tons. At the same time
meat of all kinds amounted to 143 million tons. In terms of protein contribution
of fish to the animal intake of humans (direct and indirect human consump’.ion)
accounts for 24 per cent (A. Labon).

According to FAO projections (Prospects of World Fisheries to 2000), food fish
demand will increase to 100 million tons by the year 2000. Developing countries
will require an additional 39 million toans in 2000 and their share in total fish
consumption is expected to increase from 48 per cent in 1980 to 64 per cent in
2000. It is estimated that marine catches from conventional resources will not
fulfil the projected demand for fish by the year 2000. Only a part of this
potential increase in catch may be achieved through increased fishing effort and
substantial part will be achieved only 1if better management of resources takes
place.

I1I. Efforts to increase production through improved utilization of fish

Apart from attempts to increase the total catch through better management of
resources, investment programmes in vessels etc. an important matter requiring
attention is the improvement in utilization of fish being harvested. It is
estimated that about 20 per cent of all fish taken from the sea and fresn waters
never reach the consumer. There are thus considerable possibilities for increasing
the supply of fish througn improved utilization and, it seems, it would also pe the

least costly method of increasing supplies. There are two main situations wher»
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waste can be prevented or reduced, namely in the utiiization of by-catches (of fish
caught by shrimp trawlers) and by reducing losses of cured fish in tropical
countries. Part of the remedy in both cases lies in providing necessary economic
‘ncentives, but the most important element in any programme to avoid waste is
improvement in the on-shore handling, processing and storage facilities.

Improved facilities on shore including especially harbour services and
communications will help to reduce wastage and increase rarketing prospects. ‘lnese
considerations apply first of all to small-scale traditional fisheries, an activity
that not oanly produces one—third of the food fish supplies to the world, but also
represents the livelinood of more than 30 million people. Very cften limited
marketing opportunities waste and poor quality result in low returns and give
little incentive to artisanzl fishermen to increase their catches. The need for
improvement of fisn handling and warketing generally arises from the fact tnat
mostly fish rroducts are perishable and are produced, in case of shore fisheries,
very often in locations far away from the ma;keting centres. Given above factors,
the introduction of improved fish preservation and storage reduces fish losses by
limiting spoilage and makes fisn available in different parts of the country.

Without such improvements to the shore-bzsed infrastructure, attempts to
improve vessels (e.g. through motorization schemes or investment programmes) have
often. failed since, without better marketing opportunities and consequently nigher
prices (for petter quality of fish products), motorization ur investment programmes
merely aud more to costs than to revenues. Requirements to improve the situaticn
are much the same as for more industrialized fisneries, e.g., facilities to nandle
and dispose of the catch and also facilities for repair and maintenance of small
fishing craft. Summing up the aoove considerations it must be recognized that:

(1) possessing fishery resources alone is not enough; the design of fishing
equipment and shore infrastructure is a key factor in fisheries development,
(2) ‘the fish prcduction = processing — marketing system represents an integrated

and ianterdependent relationshi, since no area can be developed in isolation.
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IV. sGeneral functions and scope of a shore fishery compliex

Fishing, as has been mentioned before, is a business encompassing many
differeat aspects and many other groups of people besides the fisnermen. Fishermen
play the essential role in the production side while other groups of people are
involved in handling, processing and marketing of the fish or provide support
services such as boat building, engine repair and maintenance, provision and upkeep
of ice manufacture and cold stores, fish net and gear supply and repair. Even at
the simplest subsistence level, fishing is a complex activity which requires
interaction within the whole community and outside.

Production .

Production is the fundamental sector in the fishing industry and plays an
essential role in fisheries development. The fisnery resources witanin the
exclusive economic zones create appreciable potential opportunity to develop sea
food production in the coastal states. It is obvious ichat the fisheries
development plans must be firmly based on adequate stocks of commercially valuable .
species. A necessary fishery resources survey should estimate the marine resource
potential in the territorial waters and economic zones. This information is
essential to decide on optimum fishing efforts and fleet size, the technique of
fishing and adequate fishing vessels to be introduced - trawlers, purse seiners or
shrimpers. Finally the adequate fishing gears and boat equipment should be
defined. Usually the production sector in fisheries s least effective, basically
because of the capital investment to be involved and still the harvesting costs are
strongly affected by the price of {uel. One of the ways to increase the efficiency
of production and income is to provide required harbour services and improved fish
handling, processing and marketing systems. This is an area where the shore
fishery complex can provide a useful service, the land based back-up organization.

Supply and services

The shore facilicies of the fishery complex brings advantages to the fistermen

through the economies of scale realized tnrough fuel, ice and fishing equipment
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supplies, dockside services, infrastructure for repair and maintenance of vessels.
Supply of fuel and ice are the essential activities of the fishery complex since
tnese lnputs are required daily. Fuel can be bougnt in bulk and then distributed
at the complex to the fishermen whilst ice may be manufactured on site and supplied
to the fishermen as well as to the fish processors and vendors. It is the same
with other necessary dock-side services like water and electricity supply or
berthing services. The other area in which shore fishefy complex can assist
fishing efficiency is the provision of boat yards and repair facilities for craft
and engines. Other activities which might be considered would be supply of fish
nets and gear and fish boxes. The improvement of fish net manufacturing can
significantly increase the catch, while introduction of better fish boxes
construction can facilitate handling operations and improve quality of fishery
products. As with all inputs and services the facilities offered should be
appropriate and adequate to the needs of fishermen, bc 1 at present and the
foreseeable future. Only a Jdetailed survey will provide this information.

Handling and processing

Supply and service activities are examples of horizontal integration of the
fishing industry. Fish handling and processing begins the process of vertical
integration. Handling is an exercise in maintaining the quality and value of
fish. Processing covers up means of adding value to fishery products.

The shore fishery complex can run a variety of handling services providing
landing facilities, boxes, scales, water and ice and stores. This is an area often
neglected by the fishermen.

Fish processing is no doubt the certral link between catching and marketing
and since fish is a per.shable commodity, facilities for processing are important.
In the processing sector a variety of different facilities can be provided
depending upon the type of fish, quantity and markets. Traditional methods of fish
processing - smoking, salting and drying - may be acceptable to local consumers but

it must be recognized that export possibilities for such products will be limited
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since consumers in the countries which at present provide principle export markets
for fishery products increasingly prefer frozem and canned fish. Fish directed for
freezing and /or destined for marketing in fresh condition can be processed (gucted,
headed, filleted and ski:ned as required) by hand using traditioual equipment or
some of the processing operations can be mechanized by introducing specialized
machinery like heading and gutting machines and for some filieting and skinning
machines. The sort of processing equipment should be designed after the type of
fish, quantity and market demand have been carefully recognized. In any case the
washing and grading operations are nighly recommended both from the quality and
marketing point of view. It can be easily dome by hand r by special washing and
de-icing machine and culling table depending upon the quantity of fish whicn has to
be processed. Freezing requires not only equipment for freezing but also
facilities for holding frozen product at uniformly low temperature and has to be
operated under carefully controlled conditions to yield good products. In
recogni;ion of this fact freezing equipment and cold stores should be provided at
the complex.

Fish canning is the best method to obtain a durable food product from fish but
circumstances unaer which canned fish production may be justified are much more
limited and thus not recommended at the initial stage of fish processing
development. A major obstacle to canning is the cost of the container which in
most cases may be more than the value of the contents. Besides the present world
market for canned fish is limited to relatively few species and unless such
products can be produced uniformly, both in quality and form, the opportunity in
fish canning is not promising. In fact considerable technical and economic
research need to be carried out before any decision is made to invest in canning
facilities.

The utilization of fish offal is the last link in the fish processing
activities, and 18 importanr from the economical point of view. The use of the

fish offal can be madc for simple liquid fodder, fish meal for feeding animals as
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well as for oil (from fish liver), glue for paper and wood and peari compounds for
the chemical and cosmetic industries. These above-mentioned possibilities require
differeat technologies to be applied. However fish meal production o¢ liquid
fodder production, depending upon type of fish offal and quantity is recommended.
This should be also surveyed and the proper alternative selected accordingly to
local conditions and requirements.

Summing up the above remarks it can be concluded that fish has always been a
difficult and labour intensive product to process. Improving the fish handling and
processing, introducing new technology and equipment make possible to speed up the
processing operations with an immense saving of labour and fish wastage. Fast fish
handling and processing operations means less time between catching the fish and
marketing; better quality and standard of tne final produccs; it means also more
hygenic provisions in fish processing plants. Additionally, it makes it possiuv.e
to process and market small size species that were previously not adequ
utilized for human consumption{

These are some examples only, because the marketing activities vary in each
country depending upon local traditions, facilities etc. The marketing ._stem then
should be adjusted to lccal conditions and should effectively stimulate €ish
production and the market.

IV.1. General characteristic of a shore fishery complex of the

fisheries co-operative at ¢ fishing village

Swibno in Poland

The co-operative employs about 110 workers of which 65 fishermen, 20 fish
processing workers. The remaining are employed in harbour services, transportation
and administration.

The co-operative runs two kinds of activities, namely:

1., Fisning

2. Fish prccessing.
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The fishing fleet comsist of 26 fishing boats: wmotor-boats 10 meters long,
fitted with slow-speed engines 35-50 HP, and crew oé 2-3 fishermen; wmotor-boats
-7 meters long, fitted with slow-speed engihes 25-30 HP, with crew of
2-3 fishermen; 2 cutters (small trdwlers) 17 meters long.

The navigation range of the boats is 6 nautical miles, the fisning activities
are carried out in lower course of the Vistula river and in Bay of Gdansk (Baltic
Sea area) within 1-2 nautical miles off the coast. Above mentioned poats catch

around 250 tons of fish annually.

The following harbour facilities have been provided for the boat operations:

= Quay 180 m long and 4 m wide;

-~ Basin area 3,000 sqm, draft 2.5-3 m;

= Small dry dock with the area of 150 sqm;

- Mechanical and joinery workshop of about 120 sqm provided with all
necessary machines and equipment for maintenance and repair of boats;

- Fuel filling station;

- Water and electrical outlets;

- Ice plant.

The fish handling and processing complex consists of:

- Handling and so called preliminary fish processing area of about 104 sqm
provided with simple processing equipment for gutting and heading; fish is
processed manually; additionally there is a separate space of about
108 sqm equipped with special tanks used for fish preservation: salting
and pickling;

- Smoking plant of about 100 sqm provided with 15 box-type furnaces for
smoking fish; the co-operative mainly smokes salmon (15 tons per year),
herring and Baltic spratts are smoked successfully as well;

~ Defreezing room of about 56 sqm where the frozen fish is being thawed
before processing in cases where the frozen raw material is used; the

water thawing method is commonly used for this purpose;
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= The refrigeration equipment is installed at the cumplex to preserve and
collect the fish during the harvesting season; this section is provided
with: chill room (about 0°C) with the capacity of 10-12 tons roi short
storing of fresh fish to keep the fish in good quality standard and to
reduce the temperature in fish before freezing, freezing rocm with a
storing capacity of 10-12 tons at minus 13°C, open air compound for storing
boxes, barrels and pallets.

It has to be noted that the fishermen waintain their boats by themselves using
ghe workshop facilities; the fishing equipment is che property of tihe fishermen
and also maintained by themselves. That reduces the time needed for repairing of
boats and tfishing equipment and keeps the equipment at a high operational readiness
ensuring high productivity. The co-operative's final products are of high quality
due to efficient shore facilities which results in the effectiveness of the
co-operative's outputs. The products are being sold to the State-owned ‘marketing
organization. .

IV.2. General characteristic of a fish landing complex

in Nassau, Bahamas

The Fish Landing Complex in Nassau was constructed in 1983. This complex was
established as a centrally located f.ah marketing and related services
infrastructure in New Providence. The wide range of the Fish Landing Complex
activities has been designed to provide much needed services to the fishing
industry in order to improve the landing, handling and marketing of fish as well as
fishing boat operations in Nassau. The Fish Landing Complex is owned by the
Bahamas Government.

Layout plan
The total area of the Fish Landing Complex shore facilities of about 2.0 acres

is divided into two principal parts: landing and marketing area and public area.




Landing and marketing area ) .

Landing quay - lengtn 265 feet, draft 15 feet.

Open fish handling and marketing hall -~ 4,104 sqft.

General! purpose area - 1,390 sqft.

Cold storage (freezing and storage facilities, ice making machine room,
electrical room, ante-room) - 2,838l sqft.

Refrigeration machinery room - 450 sqft.

Office, change and wash-rooms - 972 sqft.

Packages and pallets holding compounds.

Parking area.

Public area

Berthing quay - length 265 feet, draft 1? feet.

Mechanical workshop - 512 sqft.

"Store room and public facilities (wash-rooms, canteen) - 1,120 sqft.

Fishing equipment and vessel supply store - 443 sqft.

Parking area.

The Marine Products Market consists of:

Marketing area - 4,197 sqft.

C-~1d storage and chill-room - 337 sqft.
Aute-roo; ~ 488 sqft.

Dry-storage - 238 sqft.

Boiler-room - 132 sqft.

Labordt;ry area - 772 sqft.

Wash-tooms - 192 sqfc.

Activities of the Fish Landing Complex

These are as follows:

1.

Management, adwinistration and maintenance of the facilities installed at

the Fish Landing Complex.




2. Unloading, loading, marketing, freezing and storing operations, traansport
and other services in the sale of fish delivered to the Fish Landing
Complex.

3. Dockage and dockside services - supply fishing vessels with water,

electricity, ice, fuel, fisning gear and workshop services.

The administration of the Fish Laudiné Complex comprises the terminal
facilities and the Harine.Products Market - retail outlet.

The Fish Landing Complex is designed for landing iced and frozen fishery
products from commercial fishing vessels as well as from cargo vessels Fransporting
fishery products. The selling of fishery products through nggotiated system takes
place between fish owner and buyers on an agreed (negotiated) price. Fisn.which
have not been sold when landed can be stored in ice in a chill-room or frozen in a

‘blast freezer and stored in cold storage until a suitable buyer is found. Fishety>
products landed and marketed at the Fish Landing Cumplex are iéspeciéd by th;
inspectors of the Department of Fisheries in respect of size and quality. Products
not suitable for human consumption are rejected from marketing operatiomns. For
fish handling and internal operations, plastic boxes and pallets are used at the
Complex. The boxes and pallets which are the property of the Fish Landing Complex
~can be used by buy;ts for transporting the fishery produ;ts. All packages and
pallets are returnable.

The Fish Landing Complex facilities were designed at a nominal capacity of
uqloading, handling and marketing 8.0 million pounds of fish & year. The equipment
at the Fish Landing Complex provides for the speedy unloading of fish from vessels
and for efficient fish handling. The Fish Landing Complex has been provided with
chill-room of the capacity of about 5,000 pounds, blast freezer of the capacity of
5,000 pounds a day and cold storage capable of holding of about 150,000 pounds of

fishery products.
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Dockage and dockside services are provided to the fishing Boats through
service and supply facélitiés installed at the Fish Landing Complex. Dockage and
dockside. services 1include berEhing facilities, electrical receptacles, a mecnanical
workshop, ice making and supply equipment, fresh water outlets, fueling facilities
and a fishermen's supply shop, catering to thg specific needs of fishing boats.

To improve the fish landing and fish handling operations, the Government
provided also a number of fish holding facilities on some islands of the
Archipelagos. Each fish holding facility consists basically of -reception -
(processing room, cold store/freezer, a flake ice marker an& 30 kW generator). The
reason for constructing the facilities on the islands was to collect catches from
local artisanal fishermen, provide freezing and storing facilities which in
conjunction with the transport boags could provide a mechanism enabliﬁg fish to be
delivered to central market in Nassau (al:c¢c to the Fish Landing Complex) for’
marketing.

Iv.3. Basic equipment of a typical shore fishery complex .

(General outline as proposed by METALCOOP for Shore Fisheries Co-operative)
Boats
1. Boats 6.9 or 12 m length 10 pcs

Means of local transport

1. Battery-electric truck . 1 pc
2. Fork-lift truck 1 pc

3. Hand operated pallet-lift truck " 4 pcs




Eq.uipment ror productiom hall

10.

11.

i2.

13.

14.

Processing tables

.Packing tables

Machine for comminution of vegetablés
Washing machine for production hall

Plastic tank fer pickling of 5,001 capacity
Metal Caﬁk for pickling of 2,501 capacity
Metal tank for pickling of 10,001 capaciiy
Chamber furnace for smoking

Cutter for fish offals

0°C cold store, 10-12 Mg

Low temperature trefrigerated store, 10-12 Mg
Ice generator

Scales up to 500 kg

'Freezer 12 tons a day

Workshop equipment

A.

B.

Mechanical workshop

1. Lathe

2. Pillar dyill

3. Forge

4. Guillotine

5. Aavil

6. Rectifier for battery charging

Joiners' workshop

1. Circular saw
2. Band saw
3. Thicknessing machine

4. Surfacer

Slip with mechanical or and operated winch

10

10

15

pcs

pc

pc

-pcs

pcs
pcs
pcs
pc
pc
pc

pPc

pc

pc
pc
pc
pe
pcs

pcs

pc
pe
pc
pc

pc
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Power requirementcs

Power consumption: Processing plant approximately 20, 000-30, 000 kWh/year
-Worksnops approximately k 30,000-35,000 kwn/year
Cold stores approximately 10,000 kWh/year.

V. Conclusions and recomrwendations

To sum up, it can be concluded that:

1. Fish has always played and wili continue o play an important role as a
human food.

2. Hany countries have a good gotential for fisheries development within
their exclusive economic zones.

3. The cost of producing fish compares favourably with that of warm-blooded
animals.

4, Fish can be better utilized when new post-harvesting technplogies are
introduced particularly chilling, cold storage and refrigerated
transportation of fish as well as processing by salting, smgking and
other types of fish preservation according to local conditions and
requirements; provision should be made for production of fish meal or
other type of fodder.

5.. It is fundamental that fish pruduction, processing and marketing be
viewed as an integrated and interdependent system.

. 6. Shore fishery complex plays a significant role in improving boat
operations, tish handliug, freezing and>marketinz and in integration of
- fishery activities.
7. The trend of fisheries development should be towards smcller scale

j..e., artisanal and shore fisheries.
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MINI HYDRO-ELECTRIC POWER PLANTS
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TRCHMICAL ADVISORY SERVICPFS SEMINAR
Guines Rissau and Gunea
23 October to 1 Wovember 1985

Development and Application
of

Mini Hydro-power plants

Good-Afternoon! Ladies and Gentlemen,

I wish to thank UMIDO for giviig me an opportunity to visit you and
speak to you on the "Development and Application of Mini Hydro-power Plants”™.
With your permission, what 1 propose to do in this seminar is to concentrate
more on our discussions, solve your technical problems and exchange views than
mere lecturing.

The main objects of the discussions are tc:

3.) emphasize how to initiate the development of mini hydro-electric power
stations and to explain the layout of the plant, technology, technical design,
electro-mechanical equipment, installstion, protection, measuring snd control
equipment, application and importance of these equipment, compactness and
standardisation;

b.) to encourage you, having hydropower potential, to manufacture
indigenously components/electro-mechanical equipment or start producing
equipment with an assembly-line workshops with an eye to d;velop
fhiydro-electric power plants.

To start with, may I request you all to refer to:

Appendix Wo. 1 - Msjor Equipment for a hydro-electric power plant

Appendix No. 2 - Single-line diagram of s hydro-electric power plant
(Ceneral)

Appendix No. 3 - The inside story of "small hydel” sets (An exploded
v.ew of 8 typical Pelton type, hydel set).

Any questions, please!’




I have here on the table a prototype ‘electric-generator’,
wvhich we shall see and discuss in detail after this lecture is over.

1 think by now, you have a fairly good idea of the major equipment
required in a mini/small hydropower stations.

Now, may I show you a few slides to demonstrate further the utilisation
and application of the electro-mechanical equipment and protection systems of
8 hydro power plant:

€lide Ro. 1

An installation of a pez_:stock_

Slide Fo. 2 - Francis turbines of various sizes

Slide Nc. 3 - A Kaplan turbine under inspection

Slide No. 4 - A Pelton turbine under manufacturing process
€lide Ho. 5 - A Powver Plant in Borway showing-a Francis turtine

with Synchronous generator and turtine regulator
1250 KVA( 1000 KW), LOO V, SO Ez, 750 r.p.r.

€lide No. 6 - Switch and Control room
S€lide Ro. T - Machine roor shoving - different sizes of
Francis turbines with Synchronous generators
( 3 slides )
flide No. € - Cubicle Arrangement, Protection for Generator-Transforrer Unit

€lide No. 9 Transmission lines

Any questions, please!

To summarize, what we have done so far in these 20 minutes are a.) seen
the major equipment required and b.) the utilization and epplication of the
electro-mechanical equipment. MNow, in order not to waste too much of time in

speaking, let us see:

Appendix No. 4 - prices of electric generators
Appendix No. § - spproximate estimate prices for 100KW, 250¥W and
S00KW mini hydro power plants




Appendix No. ¢ - 8 sketch showing plant cost breakdown for civil

works, msschanical and electrical parts

Appendix No. 7 - “packaged -unit™ type, - micro mini hydel set,

suitable for power outputs ranging from 5KW to

SOKW. This employs a vertical Francis Turbine,
self-exciting and self-regulating sltermator, oil
pressure governor and control panel. It can be used
for low heads (approximately between 3 to 12 meters).

Pollowing points may be observed for planning purposes:
I. Production

(see Appendix No. 8 - for Implementation Schedule)

8)

b)

Historical development of msnufacture in developing countries

1.

Stage 1: Assembly and completion of electrical equipment
and small control boards for small hydrcpower stations.

Stage 2: Switch-over from assembly and completion to the
manufacture of standard materisl.

Stage 3: Stagewise expansion of manufacturing activities
- to include gradually more complicated and technically
sophisticated electrical products. Limitation of

manufacturing activities.

Problems in connection with manufacturing sctivities

l.

2.

License matters (collaboration), sanctions snd procedures

Availsble production machinery

rav materials, semi-finished products.
sub-supplies (quslity)

quality control of incoming and outgoing products




¢) Specifications and Standards
1. VDE - BSS - ASA - IEC etc.
Preparation of norms and specifications with reference to
local conditioms.

2. Required design slterations resulting from availability
of local msnufasctured standard parts like profiles,
sheets, nuts and bolts.

I1. Project - Blanning
a.) Size snd type of project - Risks involved
b.) Qualification of project planning personnel
c.) Co-operstion sand co-ordinstion between local personnel and
specialists delegated from industrialised countries
4.) Training programmes
Problems connected herewith.

III. Service snd Maintenance
s8.) Seslection and trasining of msintenace personnel
b.) Spare-parts stocking
¢.) Operating and maintenance instructions

Shall we take a case study of a mini hydropower project in the
Philippines.

Before coming here, I had the opportunity of visiting Agua Grande,
small hydro pcwer ststion in the Philippines and made some interesting slides
snd pictures which I will be showing you shortly. I would, therefore, like to
take this up as & case study and discuss briefly so that in case you have a
similar project in mind, you may clarify any questions you have. I shall give
8 brief description of the Project snd show you some slides after which you
may wish to ask me some questions.

Slide No. 1 - shows S units of 910KW each

Slide No. 2 - one unit of 910KW with Control Panel
Slide ¥Wo. 3

Slide No. 4

- Protection for a generator directly connected with network
- Protection for Generator Transformer Unit




Slide Wo. 5 - Static Generator Protection

Slide No. 6 - Static Generator Protection - Rear side of the cubicle

Slide No. 7 - Signal Flow in Static Cenerator Protection

Slide No. 8 - Stator BRarth Fsult Protection with 100% protection
range-Principle

Slide No. 9 -

Slide ¥o. 10-

Slide ¥o. 11-

Slide ¥Wo. 12-

The project, Agus Grande, generates hydro-electric power from the head
svailable between the forebay and the power station. Technical details and
financial aspect of the plant sre shown in a separaste sheet attached with this
paper. (see Appendix No. 9).

Appendix No. 10 shows two photographs of the power plant. The first
photograph shows a synchronous type generator, a turbine, bearings, flywheel
and measuring devices. The second photograph shows control panel with
protective relay system.

One can talk for hours on the subject of mini hydro development, but I
think it’'s time I must stop h2re and throw the subject open for discussion -
and answer your questions.

1 would like to distribute two separate sheets of demonstration models,
namely:

1. Demonstration model for generator protection;

2. Demonstration model for system protection.

These models are designed for training engineers, which can be employed
to demonstrste the use of various generator/systeam protection relays, how they
function and their mutusl tripping discrimination capacity.

I thank you all - Ladies and GCentlemen! for joining me in this Seminar
and I sincerely hope that this hss helped you to some extent in building up
some ideas ss to how a mini hydro-electric power plant can be developed. 1In
case you have any inquiries and if I can be of further assistance, please feel
free and do not hesitate to ask any questions.
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-0 - ’ APPENDIX NO. 2

SINGLE-LINE DIAGRAM OF A HYDRO-ELECTRIC POWER STATION
( GENERAL)

— o
\L \ ISOLATOR

CIRCUIT BSREAKER

-

) CORE 1 : MEASURING
o CCRE 2 : RESERVE (PROTECTION )
) CORE 3 : PROTECTION [ OIFF .)

[) MEASURING . SYNCHRONIZATION

EARTHING RESISTOR
PR

TRANSFORMER
MVA . &V . cps. Y@

LIGHTNING AIIESI'EIL

TO AUXILIARY TRANSF.
RVA . &V .

o VOLVAGE REGULATION

METERING . MEASURING ,PROTECTION | OVERVOLT )

(@) PROTECTION [STATOR EARTH FAULT)

VOLTAGE REGULATION

ALTERNATOR (GENERATOR)
MVA. kV. Cps. om.

O <CORE 1 MEASURING . WETERING
O CORE 12 : PROTECTION [ OVERCURRENT .OVERLOAD)
Q) comel- PROTECTION [ OIFF .)
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Prices of Electric Generators

For estimation purposes, herebelow are the prices of three phase,
eleciric generators, brushless type, 4 polot‘lsoo rpa),380-415 Volt,50 c/s.

APPENDIX NO. 4

Iten 50 ¢/s,1500 rpa Prices in US §
no. KVA Kv .
1 15 12 2,060. -
2 -20 16 2,185.-
3 25 20 2,500.-
4 31.25 | 25 o
5 31.50 [ 30 3350,
6 40 32 3,800, -
7 50 40 1,185, -
8 65 52 k,500. - 1
9 15 60 5,025.-
10 90 12 5,385.-
11 100 80 5,800.-
12 125 100 6,500, -
13 150 120 8,200. -
14 115 140 £,800. -
15 200 160 9,500, -
16 250 200 10,900. -
17 300 240 11,850.-
18 330 264 12,500 =
19 400 320 1k LS0° -
20 450 360 16.500,-
21 215 412 19,350. -
22 550 440 21,000, - _.___1
23 600 480 22,L85. - |
24 630 504 23,235~




APPENDIX NO. 5

page |
Frice cf a comnrlete Synchronized Power Plant
-A'

Teking into consideration the availability of the followirg
technical data, a rough price has been calculeted to give an

idea of a complete synchronized hydro-electrie pover plant.

Coerating Conditions-

. H (Height) - 20 m
Q (Water flow) = 730 1lit/sec.
NT (Turbine capacity) = 156 HP

NG (Generator output)

125_KVA (eoprox.100 1

Comprises of-

- Suitzble turbine to match the above datas

- Fundament base frame

- Pipeline connections - between the turtine and pressure
pipe line ( pen stock )

- Gezr with couplings

- Automatic speed regulation with control drives

= Steel fly-wheel

- Three-phase Generator brushless, self-exciter, with
-constant voltage regulator and safety switch.

- Control panel with measuring instruments and protection
equipment

....... ESTIMATE PRICE.... US $ 90,500.-

The above price does not include, engineering, planning and
designing, civil and construction work, penstock, mechanical
part, transformer, rables, transmission overheadlines, etc.etc.




APPENDIX NO. 5

page 2
Price of a comnlete Synchrornized Power Plant

| ] B »
“Teking into consideration the aveilability of the following
technical data, & rough price has been calculeted to give an

idea of a complete synchronized hydro-electriec powver plant.

Overatineg Conditions-

H (Height) - 20 m
Q (Weter flow) = 1790 1it/sec.
NT (Turbine cepacity) = 380 HP

NG (Generator output)

313 _KVA {approx.250 KW)

Comorices of-

- Suitable turbine to match the above datas
- Fundament base frame

- Pipeline connections - tetween the turbine and pressure
pipe line ( pen stock )
---Gear with couplings

- Automatic speed regulation with contirol drives
- Steel fly-vheel

- Three-phase Generator brushless, self-exciter, with
constant voltage regulator and safety switch.

- Control panel with measuring instruments and protection
eouipoent

coverrenns ESTIMATE PRICE....UZ $ 130,500.

The 2bove price does not include, engineering, planning and
designing, civil and construction work, penstock, mechanical
part, transforzmer, cables, transmission overheadlines, etc.etc.
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 page 3
Price of a ccmnlete Synchrorized Power Plant
'c.

Tzking into consideration the 2vailability of the following
technical data, a rough price has been calculated to give an

ide2 of a complete svnchronized hydro-electric power plant.

Overatine Conditions-

H (Height) = 20 m
Q (Vater flow) = 3540 1it/sec.
NT (Turbine capacity) = 750 HP

NG (Generator output)

625 KVA (aporox.500 KW

Cororicses of-

- Suitzble turtine to match the above datas

- Pundament base frame _

- Pipeline connections - tetween the tdfﬁihe and pressure
pipe line ( pen stock )

-~ Gezr with couplings.

- Automatic speed regulation with control drives

- Steel fly-wheel

- Three-phase Generator brushless, self-exciter, with
constant voltage regulator and safety switch.

- Cohtrolipanel with measuring instruments end protection
ecuipment

vevo.ESTIMATE PRICE....US $ 248,600.-

The above price does not include, engineering, planning and
designing, civil and construction work, penstock, mechenicai
part, transformer, czbles, transmission overheadlines, etc.etc.
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APPENDIX NO. 6

Sketches shoving plant cost dreakdown

Herebelov are the two figures shoving typicel relation
of the.plant cost breakdown for lov-head and
medium-heal power stations.

Fig.1 -~ Low-head power station

N B =26%

N

~—I

Pig.2 - Medium-head power station

A = Civil construction

A s Civil engineering,
planning, design &
supervision

B = Mechanical part
31- Penstock, gates

32- Turbize part,
machinery,valves,
sheet metal work,
and etec, ete.

C = Electrical pa
Generator,
control panel
other electri
work involved
miscellaneous
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5 KW to 50 KW

- 119 -
PACKAGED-UNIT TYPE HYDEL SET

SUITABLE FOR POWER OUTPUTS RANGING FROM
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- 101 APPENDIX NO. 9

AGUA GRANDE
SMALL HYDRO-POWER PROJECT
JLOCOS NORTE, PHILIPPINES

Agua Grande lies near the northern most tip of the Cordillera
mountains of Luzon in the town of Pagudpud, Ilocos Norte, some 120 kilometers
north of Laoag City (approximetely 500km from Manila).

START OF CONSTRUCTION : November 2, 1981

DATE OF COMMISSIONING : June 1983
Technical Data

Total Capacity .ccccovevecsncccaces. 5550 KW

: 5 units of 910 KW each
Average Annusl Energy Generation ... 19,508,000 KWH
Availability Factor .....cceceecsee.. 492
Net Head ...ccccvceccrercccscronenss 180 M
Designed FIow .vecececcscovcosnscae. 3.23 CMS
Drainage Area ........cc00000vveveee 5 8. kam.

Turbine

TyPe ceeevecccrccecicnrnncenceceeess 21" Turgo Impulse
Capacity ....ccoer0evvceencncccccess 5 x 1340 HP

Rated Flow Per Unit .....cc0e0000.... 0.646 CMS

Speed ....ccccceccenccrerrevecnnncss. 900 RPM

Generator

TYPE cevevercccncccsecsececescnesee. Synchronous Type
Rated Capacity ....cceceevcecvcesees 5 x 910 KW

Voltage ..ccoccvcecenvnccscscccsecace 4160 V
Power FaCtOT ce.veccoscvvvrovcascces .80
Phase ...cocvevvesencccocrccccocenes 30
Speed ....ccicvevccncrcrrscceccensss 900 RPM
Frequency ...cceeeeeeececcevceeceess 60HZ
Efficiency at Full Load ....cc000e.. 94.52

Financial

Total Project CoSt ....cco00000..... Pesos (P) 80.092 M
Mini-Hydro Equipment COoSt .ceceececevrccess 36.89 ¥
Engineering Services ....coc000cceevensn 2,147 M
Civil & Electro-Mechanical Works ....... 41.055 M
Total Investment COSt/KWHR ..oocccvecvccocs 4.11
Total Investment CH8t/KW ...co0cvvvvooes.. 17,602.00
Ceneration COSt/KWH ....cococevrverccsecse 0.64
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AGUA GRANLE
SMALL HYDRO-POWER PROJECT
TLOCOS NORTE, PHILIPPINES

- 122 -

BEARINGS, FLYWHEEL AND MEASURING DEVICES

SYNCHRONOUS TYPE GENE#STOR WITH A TURGO IMPULSE TURBINE,

e o,
f..v.n f.‘.‘n.. f.ﬂf.

ot ’o» Ir
e ,
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10:

Detailed notes on utilization of bentonites

for soil conservation

I. INTRODUCTION

The problem of mankind's nourishment and improvement of living standard call
for still more urgent solution. The necessity of reserving basic living meauns
arises mainly in developing and the least developed countries. Some of them are
situated on the African continent and it is natural that the United Nations within
their Industrial Development Decade for Africa are of the greatest interest to
solve these problems using reliable, economically reasonable and prompt
technologies.

The agricultural production has been on a low level in many countries of the
African continent. The greatest share on this fact has a number of objective
conditions, such as climate, lack of irrigating water, humus, soil type, etc. One-
of the most negative factors is the existence of pure sandy soils in the most of
African regions. The structure of these soils as substrates for plant growing is
deeply unfavourable -~ such soils are not able to keep back the irrigating water,
they contain a small amount of humus and have a light character and the -ajotity of
nutrients is washed out. But there exists a real and many-times approved method of
influencing this alarming state to the better one.

Bentonite as an easy accessible and inexpensive raw material is able to
improve the soil substrate quality to the fair extent. Being a clay inert rock
with high sorptive, ioﬁ-exchango and swelling properties, it loads the soil and
prevents it from nutrient and water escape.

The active role of bentonite in agriculture has been proved to a great extent
by laboratory, pilot-plant and greenhouse experiments and by long~term applications
in various soil types resulting into convincing return enhancements of man’
important agricultural products. The application of bentonites for soil
reclamation was performéd not only in Czechoslovakia and in other developed
countries but also in some developing countries, e.g. Egypt. Czechoslovakia has

been experienced in bentonite application for soil reclamstion for more than
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20 years with demonstrable outstanding results abroad. That is why this technology
has been offered by the UNIDO—Czechoslovakia Joint Prograsme for International
Co—operation as an active relief for industrialization and intemsification of
agriculture in developing countries. The reliability of soil reclamation by
bentonites has been appreciated many times and many developing countries express .
their deep interest -in this technology and contact the UNIDO-Czechoslovakia Joint
Prograsme in Pilsen (e.g. China, Argentine, Algeria, Jordam, Ethiopia, India,
Tunis, etc.). The application of local bentonites to pure sandy soil reclamation
in Egypt has been very successful resulting into a2 more-than-100 per cent increase
of crop yield and reduction of irrigation water by up to 50 per cent. Owing to the
fact that there are localites of bentonites with sufficient properties for

agriculture exploitation in many African countries, it is possible (through the

mediation of UNIDO) to broaden the co-operation in this region as well.

Bentonite itself is a clay rock with a wide spectrum of applications, there
are tens of industrial and other branches in which it has-successfully been
utilized. In addition to the traditional exploitation of bentonite (foundries,
geology, ceramics, etc.), it can be utilized in a "non-traditional” way as well. ]
For example, its utilization for environmental protection is one of these important
applications in which the UNIDO-Czechoslovakia Joint Programme has reached
excellent results. It is to point out that UNIDO Vienna gives attention to
bentonites in the complex sense including their agricultural applications. It is
able to reserve complex exploitation of bentonites with the outlook of the widest
industrial and agricultural applications and evaluation of this mineral raw
material.

The UNIDO-Czechoslovakia Joint Programme for International Co-operation in the
Field of Ceramics, Building Materials and Non-metallic Minerals Based Industries is
ready to assist the developing and least developed countries in consultations,
training programues and evaluation of selected non-metallic minersls and rocks in
order to promote not only the industrial exploitation of local non-metallic natural
resources but also the intensification of agricultural production and to contribute

to solving environmental problems.

e e
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The goal oé the following lecture is to make you familiar not only with the
industrial exploitation of bentonite but also with applying it in soil reclamation
technologies, with results reached in Czechoslovakia and other countries.

Other non-metallic minerals and rocks exploitable in agriculture will be
mentioned only briefly. Some economic aspects of bentomnite application to
agriculture will be introduced as well stressing both the entrepreneurial econowy
and influence on the national economy.

II. CONCLUSIONS AND RECOMMENDATIONS

1. @Hon-metallic minerals and rocks play an important role in agricultural as
fertilizers, sorbents and carrie}s of chemical and biological matters.

2. The application of non-wmetallic sorbents both for plant growing and animal
breeding has very f;voutable results,

3. The wost important nommetallic sorbents for agriculture are bentonites,
zeolites, perlites, tuffs and tuffites, marls and some others.

6.. Some of non-metallic sorbents are represented in the.-ajority of developing
and developed countries.

5. Depending on the conditions of application, soil, climate, quality and
quantity of dosage, the non-metallic sorbents being applied show the following
increase in the yield in comparison with original conditions without sorbent dosing
(see the following review below).

6. Aside from the direct economic influence on the agriculture the non-metallic
sorbents affect the national economy by decreasing the imports of food and fodder
for animals and by increasing the chance of each country to accelerate the
production of food for its own population.

7. The exploitation of bentonite in environmental protection (mainly in
vastevster trestment) enables to combine advantageous properties of sorbent and
manure. This mixture is applied directly in agriculture.

8. In order to exchange experience in the field of non-metallic sorbent

aoplication in agriculture, it is recommended to arrange an ad-hoc experts' group

meeting for participants both from developing and developed countries.
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(a) Application under Middle—European conditions

Applied Type of soil (2 grain Dosage Tested Increase of
sorbent 0.01 mm/2Z humus)  (t.ha’l) plant output (Z)
bentonite 9.2/1.3 20 potato 3 18.6
bentonite 9.2/1.3 20 rye 16.7
bentonite 11.1/1.7 20 barley 11.5
bentonite 11.1/1.7 20 maize 8.8
bentounite 6.4/0.4 20 barley & rye 22.2
bentounite 6.4/0.4 20 pulses 39
bentonite 6.4/0.4 20 maize 39.2
beatonite sandy sa:l 10 maize 80-90
zeolite 601/ ) N.A.2/ 4 potatoes 30
zeolite 50 N.A. 10 capsicum &

tomatoes 16
zeolite 50 N.A 16 capsicum &

tomatoes 33
zeolite 80 N.A. 16 paddy 40
tuff N.A. 20 maize 32.4
tuffites3/ turt 20 waize from 7.9-80.6

(b) Application in Egypt

Applied Type of soil Dosage Tested Increase of
sorbent : (t.ha™l) plant output (2)
bentonite pure soil 20 maize 90-100
bentonite -" - 20 barley,

vegetables 90-100
bentonite -" - 18 citrus,

orange trees
bentonite - - 18 barley
bentonite -" - 18 beans

Note: 1/ Zeolite index marks the percentage of clinoptilolite.
2/ Not available.

3/ Tuffites of different carbonate content and different sorption capacity.
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9. Such experts' group meeting will be the necessary basis for organizing an
international seminar as the wmeans of the transfer of technology and evaluation of
important questions conceruning various territories and countries, such as

(a) evaluation of geological reserves of different non—metallic sorbents,

(b) testing, evaluation and classification of non-metallic sorbents in
comnection with local conditions in agriculture,

(c) determination of necessary refining and up-grading of existing
non—metallics for the application in agriculture,

(d) evaluation of local conditions in agriculture from the point of view of
plant growing;

(e) conducting pilot tests on the application of non-metallic sorbents in
agriculture of selected developing countries,

(f) preparation of feasibility studies on commercial and economic evaluation
of the application of selected non-metallic sorbents in selected countries and
evaluation of projects from the point of view of envirommental protection.

10. The presented lecture brings forward the information necessary not only for
the preparation of experts' group meetings but also for the start on practical
applications of non—metallic sorbents in agriculture.

11. The UNIDO-Czechoslovakia Joint Programme for International Co-operation in the
Field of Ceramics, Building Materials and Non-metallic Minerals Based Industries,
being experienced in the extraction, up-grading and application of non-metallic
sorbencs in agriculture, is ready to extend and transfer the wide know-how
developed in Czechoslovakia during the past two decades to‘the developing and least
developed countries.

I1I. DEFINITION AND INTEGRATED APPLICATION OF BENTONITE

1. Bentonite Character

Origin and depositing

Bentonite as a clay rozk is characterized by dominating share of mineral

montmorillonite which is chemically defined
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vi OzoIOH/a, vhere M's either Mg, Fe3+, Li,

(5ig)" (AL yyheq ¢)
etc. * Its origin is linked with the weathering of volcanic rocks, such as basalt
and greenstone. However, the principal parental materials are volcanic ashes,
namely tuffs and tuffites. It is on the transformation of volcanic materials that
the origin of-other clay materials also hinges. Bentonite make-up (bentonization
is a frequent term) is confined to humid and incontrovertibly alkaline enviromnments

which is important for geological prospection programmes.

Accompanying minerals

The process of bentonization of volcanic activity products was irregular as
far as time and interaction space are concerned which resulted into a wide scale of
by-products and minerals accompanying bentonite in a deposit. The most frequent
ones are illie, beidellite, montronite, kaolinite and clastic minerals represented
by feldspar, quartz, limestone, gypsum, for instance. Also organic matters and
other admixtures, such as coal substances and diatomites, are present in bentonite
deposits.

Colour and propensity to disintegrate

The en&itonnent of origin and accompanying matters determine all the
substantial properties of bentonite as rock. The colours and ti#ts of bentonite
are various; light-beige, yellow, red, brown, grey-blue and grey-black colours are
frequent which change if bentonite is subject to the open air effect, especiallv in
humid climates. Alterations of cold and warm and deviations of humidity result
into disintegration of clay blocks in the deposit or dumping ground. The
disintegration follows the original texture which extraction and beneficiation take
advantage of. This disintegration is also appreciated in case of soil reclamation

by bentonite as it helps ameliorating the soil structure.

* Iccording to Ross C.S. each mineral having ratio between Si and Al 5:2

sand this idealized formula can be conceived as "the very montmorillonite”.




Texture and appearance

The extracted fresh bentonite is of friable as far as ronchoidal fracture
which looks greasy. Bentonite is persistent as far as plastic and it swells and
blunges if dipped into water. The properties of bentonite cannot be judged from
its appearance exactly unless an extraordinary homogenous deposit is in question.
Usually, there are considerable differences of the decisive properties among
Yentonites coming not only from particular deposits but from different parts of the
sase deposit.

Nomenclature

In accordance with the variability of properties, versatile nomenclatures have
come into being both petrographic and commercial ones. Generally, bentonite owing
to its properties is read among so called mineral sorbents and dispersive minerals
which differentiates it from other materials of sorbent properties that are without
the dispersive power, such as zeolite.

Applicability and quality

Whether a certain bentonite is utilizable in practice or not depends on the
content of montmorillonite that is a bearer of most of desirable bentonite
properties, especially, binding and sorption capacities, dispersion power and ’
others.

Even though other accompanying minerals share in the bentonite overall
quality, they have only minor effects on switching particular effects leaving aside
the complex efficiency which is a function of montmorillonite. It is most distinct
in case of sorption and ion exchange capacities and, therefore, in order to assess
the quality of a bentonite it is sufficient to determine total exchange capacity
set out in milliequivalents. Approximately one per cent of montmorillonite in the
matter corresponds to the 1 mval/l100 g of dry matter. (Usual abbreviations of the
milliequivalent are "mval” or "meq").

Special uses
In case of some special uses, for instance for catalyses in petrochemistry,

other properties are looked for which result from chemical composition and physical
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structure under ccnditions of catalysis and the significance of montmorillonite

content is rather subdued., Other process, such as bleaching oil, requires also

special experiments for the optimal run of the process to be determined. In

general, nowever, it is valid that the less montmorillounite the lower total

exchange capacity and the lower quality of bentonite. .

2. Bentonite properties

The below properties of bentcnite are based on both the content of clay
minerals and their structure, especially on the montmorillonite content. It is
necessary to mention here that fixing montmorillonite and other clay minerals in
bentonite is not an easy work. Their crystals are tiny having dimensions of
microns or less and are observable only under electron microscopes with unreliable
results as the appearance and behaviour of the observed crystals depend on the
preparation of sample, contents and kind of exchangeable cations. Consequently,
the determination of bentonite applicability is not easy and infallible without
carrying out specialized tests and experiments.

(a) Fundamental structural properties

Owing to its content of clay minerals, bentonite is defined among so called
hydrosilicates or aluminium silicates, if need be, that are of the laminated
structure of crystals consisting of tetrahedral and octahedral formations of oxygen
anions which are tied up with cations inside these spatial formations. The most

be 3*, M12+, Pe2+, Fe3+. The ratio between

frequent ones are Si , Al
tetrahedrons and octahedrons is 2:1. There are situated molecular water and ions

of alkali or alkaline soils in inter-layer spaces. These spaces, similarly to y
crystal edges, are source of such properties as the exchange and absorption of

ions, sorption of anorganic and organic matters accompanied by swelling in water

and other solvents. The lamination of atoms affects also macroscopically the

behaviour of thin leaf crystals in the way by which a “card packet” is

characterized. The crystals, depending on ions and quantity of bound water, can

mutually shift their faces. They are oriented "edge to face” or "edge to edge"”.

It is obvious that this system makes possible to create spatial formations of




- 131 -

honeycombed structure which are very solid ir - .>ension and, vice versa, sediments
taking up comparatively small room having arrangement "face to face"™. By the above
mechanism, changes of rheological behaviour and binding power are caused. For
instance, the viscosity can change substantially without any change of the content
of dry matter in the suspension. The area of the iater-layer surface amounts up to
800 sq.m/g and influences principally the sorption of vapour and gases. There are
many modifications of the principal properties which affect the industrial
applications of bentonite. These modific “ions have their origin in different
structures and arrangements of clay mineral crystals, especially those of
montmorillonite which can be influenced in many ways, and in the fact that the
evolution of crystals is not uniform throughout a deposit.

(b) Review of applicable bentonite properties

The looked-for properties of bentonite can be broken down into two groups. In
the first one, there are properties resulting from crystallography of raw material
whereas the second one comprises properties resulting from physical-chemical
composition.

Properties resulting from structure of crystals

- Binding power

= Sorption c:pacity both physical and chemical ones
- Dispersion power

- Filling properties

=~ Electrostatic properties

Properties resulting from physical-chemical composition

- Ion exchange capacity

- Catalytic properties

= Possibility to produce special chemical matters and building materials

- Capacity to create organo~derivates

- Capacity to create new crystalline phases (for firing in ceramics)

The above properties of bentonite make it very useful material applicable in
almost all industries, agriculture and construction industry. The below review

lists larger comsumers of bentonite:
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Review of principal bentonite applications

Sector Sought-for property Application instance

Foundries Binding capacity Moulds for casting
(bonding agent)

Coustruction Binding capacity Bonding agent,

industry (filler, aggregate) insulations, grouting

) and jetting

Building materials Chemical compozition Cement clinker additive

metallurgy Binding capacity, Pelletization of ore
creation of new for blast furnaces
crystalline phases

Ceramics Binding capacity, Enhancing compression

Pharmaceutical and
cosmetic industry

Food industry
Geological drilling

Textile industry

Chemical industries,
0il refineries

Paper industry

Waterwvorks

Vegotal production

Animal husbandry

Fertilizer preparation

Dye industry

Nuclear industry

creation of new
crystalline phases
Binding capacity,
sorption, filler

Selective sorption
Dispersion capacity,
filler, sorption

Sorption, filler,
Electrostatic properties

All properties

Binding power, sorptiom,
filler
Sorption and filler

All properties

Sorption, ion exchange
bonding agent

Sorption, chemical
composition, dispersion
Sorption and dispersion

Sorption

strength of green
Bodies, plasticizing
Drug sorbent and binding
agent of ointments and
pills

Bleaching edible oils,
refining wine and sugar
Suspensions for drilling
muds

Textile thickeners,
fuller's earth,
antistatic finish
Cracking catalysts,
refining oil and grease,
pesticide carrier,
plastics filler,
dessication of gases and
vapours

Paper for special prints
and copying

Burdening flocculation
clouds, cleaning sewage
water

Reclaiming arenaceous
soils, improving
ecological balance
Bonding agent and
envelope of granulated
feed stuffs, mineral
feed stuff additives
Additive to composts

and liquid fertilizers
thixotropic varnishes and
lutes

Decontamination of
radioactive water and
other matters
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IV. BENTONITE APPLICATION FOR SOIL RECLAMATION

(a) Classification of ron-metallic minerals and rocks applied in agriculture

Non-metallic minerals and rocks owing to their properties are widely applied
in agriculture. There are many view points of their classification and they are
usually classified according to their fundamental functions and the field of
utilization on:

Industrial minerals and rocks as fertilizer minerals

which are the direct condition of farm output. They are divided into:

1. Primary minerals (nitrogen, phosphorus and potassium)

2. Secondary minerals (calcium, magnesium, sulphur)

3. Micro and trace minerals (boron, iron, manganese, copper, zinc, nol&bdene,
chlorine and cobalt)

Industrial minersls and rocks as sorbents

which are not fertilizers but their presence in the soil is indispensatle. They
are divided according to their activity in the soil and the field of  .’lization as
follows:

1. Sorbents in vegetal production where they are applied for

- sgandy soils (bentonites and marls)
- argillo-arenaceous soils (tuffs, tuffites, expanded perlite and zeolites)

2. Sorbents in animal husbandry (bentonites and some of zeolites)

Industrial minerals and rocks as carriers

Diatomaceous earth is among others suitable raw material for carrying
chemicals to protect plants against insects.

(b) Properties of bentonites important for soil reclamation

Bentonite is a clay rock of high content of montmorillonite. From the point
of view of practical industrial apnlication it is (together with zeolites, tuffs,
tuffites, marls, etc.) so called non-metallic sorbent. In the line of sorbents,

bentonite is of prior economic importance.
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Mair properties of mon*—orillonite

1. Large specific surface of particles (about 800 sq.m/g)
2. Particles have electric charge
3. Particles have chip-like shape

. The first two properties influence the perfect sorption capacity. It is on
the electric charge that the mineral acts as ion-exchanger. The third property
influences especially good physical and mechanical properties of suspensions and
pastes.

In harmony with montmorillonite contents bentonite displays the above
properties. There is soil, bentomnite affects especially water retention of soil,
soil capacity of reversible change of micro~ and macrc-nutrients, generatiom of
organic-anorganic sorption complexes and eventually bentonite improves whole the
soil profile. This is valid for soils that lack mineral sorbents (clay colloids),
i.e. sandy soils.

Dispersion capacity and surface acrivity of particles are those agents that
make bentonite be a perfect means of efficient carrier of pesticides to protect
plants.

Applying bentonites the objective of fertilization of sandy soils by
generating a sorption complex of bound sandy grains and organic colloids is
followed which prevents water to percolate quickly. 1 g of bentonite can bind as
far as 20 g of water creating so a stable gel which has perfect binding properties,
the fact on which, e.g. the application of bentonite to foundry sands is based.
The comprehensive quantity of reversibly bound water is a reservoir of humidity of
soil utilized by plants. Reversibility of water affects porosity of soil as the
drying gel shrinks and generates hair cracks. Hydrophilia of bentonites which is
represented by liberating as far as 88 J of hydration heat per 1 g of bentonite
receiving water affects positively assimilation processes in planct and controls, to
a certain degree, temperature of soil.

The mineral sorbent affects temperatures of sandy soil both direct and through
enhanced contents of water in soil. This theoretical hypothesis was proven by

exact field tests, bentonite reduced daily alterations of temperatures during the
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radiation type of climace which is of importance for limitaticn of detrimentally
overheating surface. Bentonite enhances both heat conductivity and heat capacity
of soil, organic matters assist jointly.

However, the principal improving effect on soil is attached to volume
changes. As a consequence of expansion during water reception the number of
capillary pores grows to the detriment of non-capillary omes resulting into
considerably enhanced quantity of acceptable water for plants. It results
eventually into better water regime and dynamics of microbial processes in soil
even at comparatively small dosages of bentonite.

Beneficiation of bentonite for ggriculture

The process differs according to the further use of bentonite. The bentounite
for fertilization of sandy soils can be used without industrial upgrading, whilst
'the bentonite for application in animal husbandry and in industrial production of
granulated fodder needs the industrial upgrading to reach perfect homogenization.
Mining of bentonite without industrial upgrading

The way and technological process of mining depends on local conditions and on
geological situation of strata deposition, i.e. overburden and layer proper of
mineral sorbent.

The mining of bentonite for the fertilization of sandy soils must be efficient
and simple in order to reach favourable economic relations. The important
precondition is a low thickness of overburden. The deposits of bentonite for
fertilization of sandy soils are suitable only in cases of easy surface mining.

The longwall method is the most suitable, especially in regions with occurrence of
sandy soils which need the amelioration by bentonite.

Deeper deposits of agricultural bentonites are acceptable only as interlayers
or underlayers of more valuable industrial bentonites, quartzites, etc. and they
must be mined out anyhow.

The next sources of agricultural bentonites are so called dumped earths -

remainders of bentonites which don't satisfy the standard of industriasl

bentonites. This material is usually contaminated by carbonates which is
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favourable for agricultural bentonites. The admixtures of bivalent iron and other
toxic elements are undesirable. Indecomposed volcanic admixtures and coal
particles are not injurants.

It is necessary to solve the shortest possible transport from mining cent-es
to ameliorations in regions with sandy soils to lower the transport cost.

Opening of a deposit is preceded by geological prospecting and determination
of technological process of mining, from which the type of used mining machinery
results. Before the stripping starts, the preventive water drainage (drains,
severs, etc.) should have been done.

Mining process

The stripping of overlaying waste rocks is conducted by bulldozers and mobile
excavators with direct loading on lorries and transportation to a dump. The wmining
proper is then conducted by the same machinery.

Technological process of mining must be accordant with regulation for raw
material mining in open bearing and is controlled by mining inspection. Tke
extracted bentonite is transported by lorries to a depot, established on the open
area with solid subgrade. The lump bentonite can be stored up to the height
0.7-1 m. It is mixed roughly and levelled by the shovel loader and then left to
weather effect.

A natural disintegration of a lump bentonite occurs as an effect of the
weather - precipitation, frost and sunshine. Considerable homogenization of
bentonite is reached by its stratification and mixing on the open-air depot. Thus
the fluctuating quality of bentonite from various places of the deposit is
eliminated.

The natural disintegration and drying of bentonites can be used in areas of
mining with occurrence of sandy soils as we'l as for the preparation of composts in
these areas.

Basic properties of bentonite for fertilization of sandy soils:

1. The most important property of bentonites, used in agriculture, is the
svelling, i.e. volume expansion in contact wtih water which must be higher than

10 per cent.
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2. Complete sorption capacity should be in the range from 20 milligremequivalents
per 100 grams to 40 milligramequivalents per 100 grams.

3. The disintegration of lump bentonite on the open area lasts in average from
several months to one year. It can be intensified by mechanical turning
upside-down during the period.

Mining and industrial upgrading of bentonite for agriculture

The mining is similar to that of bentonite used without industrial upgrading
(points 1 to 6 in Figure 1). The extracted bentoniie is transported by lorries to
dumping grounds and to homogenization stocks. The raw bentonite is transported
from stocks to a feeding hopper (7) which is the beginning of techmological lime.
Rav material is transported by inclined belt coanveyor (8) thrqugh the feeder (9)
and by another conveyor (10) to the pug mill (11) of raw bentonite. At the same
time, the precise dosage (1 to 3 per cent) of pulverized soda (uazco3) is added
to the mill by the turnstile from the storage tank of soda (12). The activated
mixture from the pug mill enters the worm blender (13) where the next mixing and
heating by the steam is carried out. The mixture of bentonite and soda enters by
the inclined belt conveyor (14) the parallel-flow rotary drier (15). The parallel
flow is used to avoid breaking of material structure by overheating.

Dried bentonite from the drier falls to the set (16), consisting of elevator,
crusher and belt conveyor, leading into the fine-grinding will (17). The wmill is
equipped with screens, efficient air technique, cyclons, separation filter,
magnetic filter of the grist and belt conveyor which transports finally upgraded
bentonite to the storage bin (18). The ground and dried bentonite is discharged
from the storage bin through the set of belt conveyor + packing machine (19) into
bags or through special filling equipment to a tank waggon (20) (See Figure 1).

(d) Results obtained from bentonite application

The practical effectiveness of known theoretical regularities of the effect of
artificially introduced sorbents in soil was verified by precise operation

experiments in field conditions.
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Field experiments with bentonite took their course in 1964-1967 and 1973 in
five main areas of light soils in Czechoslovakia and comprised soil sorts ranging
from sandy to earthy soils. The precise field experiments were carried out on the
surface of more hectares, they were based on and evaluated according to statistical
principles and they helped to solve the forthcoming practical problems.

1. Optimal dosage

The information on the dosage is various. The initial attempts used very
small quantities of bentonites, e.g. 0.5 ton per ha. Later, the dosage was
gradually enhanced and many reports reveal quantities of 10-20, 50, 100 and
900 tons per ha in case of recultivation of dumped waste after coal mining for
example. The Czechoslovak long-run experiments with bentounite reclamations are
concluded into an assess of production curve which accounts for its maximum at the
dosage of 25 tons per ha. Since the maximm of unit increment curve lies in the
point marking 9-ton dosage,the economical optimm is assessed to be in the interval
between 10 and 20 tons per hectare (Figure 2). Beyond this interval, the law of
diminishing return starts performing. The upper limit of the interval was also
verified to be a limit of agricultural applications for locally available sorbents
in Czechoslovakia from the point of view of costs in transport as far as distances
about 100 km were concerned.

For more information on ths experiments, the reader is referred to the Joint
Programme's publication "Production and Application of Non-metallics in
Agriculture”, JP/149/83, February 1983,

2. Influence of bentonite on other intensification factors

The following dependences ensued from the interaction of effects of mineral
sorbent bentonite with other intensification factors in polyfactorial field
_ experiments:
= The effect of bentonite increases at higher level of fertilization. The
sorbent also increases the exploitability of mineral fertilizers and

prolongs their subsequent action.
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— The simultaneous aonlicatibn of organic manures jointly with bentonite
raises the effectiveness of both cowponents. This correlation is direct
and is limited (according to the results of model experiments) by the upper
limit of the dosaze of organic manures amounting o 3 per cent of matter
(i.e. about 90 tons per ha) treated soil. A higher dosage of orgamic
manures exceeds the effect of mineral sorbent. Bentonite prolongs the
effectiveness and subsequent action of organic marcures.

- The reclaiming application of mineral sorbents is demonstrated relatively
movre expressively without watering than with wvatering which veils to a
certain extent the effect of bentonite on physical properties of soil. If
bentonite is applied with watering, its sorption effect is applied to the
limitation of leaching of nutrients.

As it is apparent that bentonite effect is enhanced in coincidence with the

application of fertilizers, identically, a hypothesis can be drawn that bentonite
conserves the fertilizers and irrigation water by their better exploitation.

3. Reaction of different crops on bentonite (Table 1)

The return on bentonite application depends also on price of marketed
productions and the actual increase of yield of a crop. It was experienced that
the highest increases were reached in case of root crops anl that in case of
cereals there was a series of best results as follows: (from the best results to
the worst ones) maize, rye, wheat, barley, oats (Table 1). Hcwever, the yield is
very dependent on accompanying circumstances. For example, winter crops reacted
more readily than spring crops. The effect of bentonite on the yield of straw was
in general lower than on the yield of grain in case of winter crops while in case
of spring crops these results were opposite.

This differentiated reaction of crops is very well explainable by theoretical
finding of the influence of added sorbent on equilibria in soil and to dynamics of

nutrients, especially on the ratios N:P and K:Ca and ecological demands of

particular crops in relation to the effect of bentonite on equilibria in soils.
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&, Influence of the other accompanying circumstances on the effectiveness of

reclamation by bentonite (Table 2)

The wost significant remaining circumstances that were followed in relation to
the effectiveness of bentonite are the methods of introducing bentonite into soil
and the character of vegetation period. The most suitable method of this transfer
appeared to be the basic autummn ploughing which spreads the sorbent in the whole
layer of arable land and enables the stabilization of equilibria in the period of
rest before the beginning of vegetation. The sorbent introduced by basic ploughing
is thus made available by curreat periodical soil treatment and its contingent
migration into the lower soils is eliminated.

The character of the vegetation period will contribute to the effectiveness of
sorbent or to the relctioﬁ of plants under cultivation. A more expressive effect
of bentonite was found in dry vegetation period in the application of a higher
dosage while in moist vegetation period the effectiveness was lower and it was
applied also in the zone of lower dosages. The action of sorbent in wet vegetation
period is analogous to the action of sorbent in the participation of an exceeding
factor, e.g. the watering. Table 2 demonstrates results of bentonite applications
in dependence on humidity.

S. Experiments carried out under desert conditions

The experiments that were carried out in Czechoslovakia with bentonites
yielded a conclusion that the efficiency of bentonite application would be very
impressive under desert conditions, i.e. on sandy soils and in drought. This has
been confirmed by experiments conducted in Egypt recently which have led to the
conclusions that mixing sandy soil with local bentonite will improve mechanical,
hydrophysical and chemical properties of sandy soil. Consequently, yield and water
use efficiency by plants are increased.

(a) The optimal dosage of bentonites was experienced to be 20 tons per ha or
9 per cent rate bentonite in soil,

(b) The reaction of different tested plants was positive, beans yielded twice

in comwparison with control field.
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(c) Bentonite influenced positively the period of germination, growth of
stalks, nutrients uptake, water efficiency.

{d) At the optimum dosage the consumption of irrigation water was cut by a
half.

The results obtained permit considerations to apply local bentonites
economically in a large scale.

Results of bentonite application tests are summed in Table 3.

(e) Application of bentonites to the soil

Bentonite has been verified to be an excellent amelioration means which
affects positively fertility of arenaceous-argillaceous soils considerably.
Czechoslovakia has put effort in researching the bentonite effecfs in last
20 years. The results were published in world's literature. Principally,
behaviour of bentounite applied to indigent arenaceous soils has been researched and
results obtained are very good since bentonite enriches soils by argillaceous
components and enhances sorption of water and nutrients. Another sought-for effect
is the improvement of soil structure since bentonite swells and its enh;;ced volume
makes soil air so that the soil permeability is higher. The sorption capacity of
bentonite brings about even a certain protection of underground water from leached
industrial and organic fertilizers, however, this is not without a reservation
since it is a question of equilibrium and concentrations of respective matters
according to the specific conditions.

For bentonite to be efficient as much as possible, the following principles
are to be kept:

(a) Bentonite should be applied to the indigent arenaceous or argillaceous-
arenaceous soil containing maximally 2 per cent of huwmus when the re?lliming effect
is optimal. (Figure 3).

(b) The content of clay mineral montmorillonite is important. The minimal

ion-exchange of 30-35 aval per 100 g is recommended. Enhanced share of Caco3 is

not detrimental.
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{c) Natural crude bentonite is to be applied. Neither acidic nor alkaline
activations are needed, suffice it to introduce crushing or coarse grinding,
artificial drying is not recommended since it brings about reduced sorptiom and
high costs. The lump bentonite is required to disintegrate spontaneously into
smaller pieces.

(d) Bentonite is recommended to be spread as regularly as possible oun the
field, e.g. by means of manure spreaders, industrial explosives or simply
manually. The proper method is to be chosen according to local conditions. The
dosage varigs between 10 and 50 tons per ha, usually 20 tons per ha. The material
is recommended to be applied during autumm fitting as the ploughing is deepest at
that time. »

(e) To obtain the optimum effect, al' the principles of proper ggrotechniques
are to be kept, first of all, sufficient fertilizing by both mineral and organic
fertilizers.

(f) Service life of the bentonite application is verified to be 7 years, at
least, and during this period the output is higher by 20 per cent in average while,
in individual cases according to the plant and enviromment, this number is as far
as 100 per cent.

(g) Bentonite applied in this way enhances vegetable crops and affects as an
accumulator of nutrients which are kept for further crops.

Among other bentonite effects in soils, the following is worth mentioning:
enhanced accumulation of organic matters in the area of application, reduced
mineralization of the organic matters preferentially, enhanced occurrence of bulb
bacteria including their more intensive activity, better water regime and proper
regulation of soil pH. The results obtained by bentonite reclaiming tests in
Czechoslovakia in last two decades have been summed up to be presented in
Figures 2 - 4.

v. EXPLOITATION OF BENTONITES IN ENVIRONMENTAL PROTECTION

Another area of wide bentonite exploitation is that of environmental

protection, mainly in water technologies. The problem of wastewaters is one of the

most concerning symptoms at present.
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The application of bentonite for wastewater treatment depends on many factors,
such as properties of bentonite, its activation, pollution characteristics and
content of suspended matter in the treated water. Bentonite is a very suitable
agent especially for wastewater polluted with a higher amount of insoluble,
suspended or floated substances. On the contrary, when soluble substances are
predominating contaminants, sorption and flocculation processes are less effective.

Bentonites are utilized for the wastewater treatment either without other
agents or more often in various compositions with other chemical or natural
substances. As for bentonite proper, it serves as an excellent sorbent for ammonia
and ammonium ion removai particularly after its acid activation by means of
hydrochloric or sulphuric acid as well as after heat treatme.. up to
200 - 300°c. It is suggested that during heating the inner crystalline structure
undergoes a change irrespective of the dehydration effect.

Interesting results were obtained by purification cf water polluted by polymer
flocculants of anionic, cationic and nonionic type (their content being in the

. . . . -2
range of 1 - 100 ppm). By using various types of bentonite (in Naf, K*, Mg *,

CaZ+, Baz’ cycle) all the pollutants were reliably removed with a high
efficiency. In this process, the strong selectivity of removing organic substances
with regard to the activation conditions was observed.

Bentonite itself has been used as a flocculating and clarifying agent for
various types of wastewaters. As a hizhly colloidal clay it produces readily
filtered flocs having an apparent volume greater than that produced with other
substances (e.g. alum), and in addition it has good base-exchange properties. The
coagulation properties are largely independent of pH-value.

In case of wool industry the optimized amount of added bentonite was 3 g per
litre of wastewater; the COD value (chemical oxygen demand) decreased to one third
of the original value.

The exploitation of bentonites for wastewater treatment is most familiar in

case of compositions with other substances. Thus, wastewater from soya processing

industry was treated with bentonite together with FeCl3 and
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Ca(OB)zlratio 750:600:400 ppm/. This mixture is able to remove -~ollutants from
more than 90 per cent. Another composition has been used for purification of dye
industry polluted waters. For this purpose, a mixture of bentonite, aluminium
sulphate and various organic substances proved to be efficient. Similarly, from
experiments concerning removing of turbidity from wastewaters, the exploitation of
bentonite and aluminium sulphate resulted as the best clearing agent. The most of
these compositions have been used for the purification of waters polluted by crude
oil and products of its rafination. Two-step treatment has commonly been used for
emulsions removal. In the first step, the emulsion has been broken into the
nonstable system using a flocculating mixture (e.g. aluminium sulphate and sodium
dedocylbenzensulphonate). Secondly, some adsorbing materials, such as bentonite
and/or activated carbon with coagulant (polyacrylamid) are added. By this method,
the decrease of COD from 3760 to 5 ppm in clarified water was observed.

Organobentonites are exploited mainly for removal of organic contaminants of
oily nature from the water surface. Bentonites impregnated by organosilicon
compounds (methyl - and phenylchlorosilanes) are of great use as well. This type
of hydrophobization is based or hysical sorption of the agent on the surface of
bentonite. After impregnation, bentonite is dried im vacuum in ordér to remove tha2
solvent carrying the active organic substance. Such treated bentonites absorb oily
substances very readily and nearly quantitatively.

The treatment of industrial wastewaters from yeast and vinegar production,
slaughter houses, meat processing, chemical industry and pig-fattening stations
(representing different types of pollutions) by bentonites proved to be very
efficient, inexpensive and fast. Results of laboratory and pilot-plant
avplications showed lowering of chemical and biological contamination down to
10 per cent of the original value.

Sludge originating in the process of wastewater purification by bentonites
contains many nutritionally valuable compounds and can successfully be exploited as

fertilizing agent.
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VI. OTHER NON METALLIC MINERALS AND ROCKS APPLIED IN AGRICULTURE
1. Perlite

Perlite is most suitable for vegetative propagation, for plants cultivated
from cuttings, for cultivation and root taking of wine cuttings. It is also used
for transport of young seedlings. Experiments were conducted to apply perlite to
arable soil for monocotyledonous, dicotolyledonous and hybrid sorts of plants, also
for pot plants, for root-taking purposes in nurseries and cultivation of
vegetables. The results of laboratory and pilot tests have proved among others for
tobacco, that if perlite is applied 15 - 20 cm into the soil layer of the tobacco
seedling beds (cultivation area of 25 sq.m and 140 - 200 litres of perlite) the
sprouting occurs 4 — 5 days earlier, there are less weeds, root-taking is more
active, uprooting plants is not detrimental and after bedding out a larger amount
of seedlings develops — 20 - 28 per cent com, ared to those cultivated in soil
without perlite application.

Field tests have shown that the complex effect of the perlite application is
best utilized if perlite is applied during the autumn soil fitting. The depth of
the ploughed layer is bigger at this time and the soil utilizes winter rains best.
Perlite used in any cultivation branch yields better results when its grain sizes
are larger (2 - 3 mm diameter). This perlite type should be used for cultivating
ornamental plants, horticulture, etc.

2. Zeolites

Zeolite tuffs and tuffites cause neutralization of acid soils and regulate
delivering amoniak and other cations from fertilizers. First attempts with
clinoptilolite in paddy cultivation were conducted already in 1943. Rice seedlings
are cultivated in a blend of soil, clinoptilolite and fertilizer for a certain
time. Then they are planted in fields. Five per cent higher crop was a result of
attempts with zeolite containing 60 -~ 90 per cent of clinoptilolite. In case of

wheat, zeolite containing 80 per cent of clinoptilolite causes enhancing output by

10 = 15 per cent.
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Very successful results were reached with cultivation of potatoes and tomatoes
in Sachalin. Two-year tests of zeolite with 50 - 80 per cent of clinoptilolite
demonstrated increased output of potatoes by 30 per cent (400 kg/ha added to
standard dosage of fertilizer). When dosage of fertilizer was lowered to
50 per cent and the dosage of zeolite remained the same (400 kg/ha), the output of
potatoes was 120 per cent. As well, green-house output of tomatoes was higher by
20 per cent when 58 g of zeolite per sq.m were applied.

The results reached in cultivating tomatoes in fhe USSR prove that zeolites
considerably influence yield potential if they are used in optimal dosage with
fertilizers according to the specific conditions. When tomatoes had been planted
in zeolite only, yield was 33 pieces of tomatoes per 1 bush. When blend 1l:1 of
zeolite and black soil had been applied, yield was 23 pieces per 1 bush while
bushes planted in black soil only bore 18 pieces. Dosage of 5 tons of zeolite per
hectare resulted into 190 kg per hectare higher output of wheat, 20 t/ha showed
276 kg higher output. The optimal dosage was 10 t/ha resulting in 440 kg higher
output.

3. Tuffs, tuffites

Tuffogenous rocks as tuffs and tuffites of basalt rocks that have become
sufficiently clayey have the effectiveness as bentonite. Their montmorillonitic
clayey component is very effective. Besides, they contain a higher percentage of
carbonates, macronutrients and trace elements.

The tuffaceous structure contributes to better disintegration and consequently
to an easier processing and dispersion in soil. These properties make the tuffs
and tuffites very suitable as reclaiming matters even for the poorest soils.

4. Marls

The application of marls can be considered for very permeable soils with
acidic soil reaction as marls contain a considerable percentage of Ca - Mg
component., The effective application of marls will be favourable for sandy soils
(terrace sands - average grain size above 0.45 mm) by st~  thening the sorption

complex with concurrent application of fundamental nutrie .. *+ soil.
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VI¥, ECONOMIC ASPECTS

Utilization of bentonite for light sandy soils reclamation is generally widely
spread in many countries with developed agriculture. Bentonite acts as a soil
sorbent mainly during the process of humification of sandy soils for originating
sorption complex by bonding .and grains and orgenic colloids and for protection
against fast percolation of water tﬁrough the soil. The research results proved
that bentonite reduced wash—out of water, affected as a stimulator of assimilation
process, increased fertilizing efficiency and regulated soil temperature to a
certain extent.

1. Social benefit - cost analysis of bentonite application in developing countries

During evaluation of any projéct of soil reclamation by bentonites in
developing countries, impacts of such a project realization on social-economic
conditions in the country are to be taken into consideration. These impacts may oe
expected to affect decisions about project realizationm:

(a) Increase of the food production on existing soil area may influence the market
prices of food and thus result into increasing consumption Ly the poorest.

(b) The area of agricultural land may be ex -nded by bentonite reclamation and
thus a favourable development within the given region can be promoted.

(¢) In countries where foods beiong to tradables, enhancement of their production
will influence favourably their foreign currency exchange.

(d) Reduction of irrigating water consumption (application of bentonite in Egypt
proved reduction by 50 per cent) may conserve the capital which would have to be
spent on irrigation systems, otherwise. The yield of agriculture is 2 times higher
per unit of irrigation water.

(e) Bentonite increases significantly the efficiency of fertilizers (by

30 - 40 pe cent) which may stop their soaring consumption and contingent imports.

The reduced wash—out of fertilizers and chemical matters, which means a reduced

pollution of environment is the acompanying effect.
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2. Financisl analysis of bentonite application

(a) Toncrease of agriculture enterprise's revenues

Reactions of particular plants on bentonite in different climate and soil
conditions are listed in Table 1. These results may be summarized into the
conclusion that within the Middle-European conditions the average increment yield
ranges between 20 - 40 per cent. The arid condition experiments proved higher
increments of yields amounting to more than 100 per cent. It has been proved by
bentonite application to oranges, lemons, vegetables vine growing under assistance
of the UNIDO-Czechoslovakia Joint Programme. The favourable effect of bentonite is
evident in case of old and young cultures (bentonite introduction amounting to
7.5 wt per cent into desert soils increases yield of 0ld citrus cultures by
100 per cent, young cultures yielded already 2 years after bentonite application.
From Table 2 it is apparent that different plants exhibit different increase of the
yield under otherwise identical conditions, the lowest effect being in the case of
cereals in the following order: oats, barley, rye, wheat, maize (from the worst to
the best). Potatoes, tomatoes, pulse and capsicum showed about c¢wo-fold higher
effect.

From the revenues point of view the relative increase in per cent is not
decisive but the absolute market price realized for the increment (on world
markets, wheat and maize have two-fold price roughly than other cereals).

(b) Decrease of production costs

Results of experiments and practical applications showed that bentonite
application to soil results in increasing of fertilizing and irrigation
efficiency. In Egypt conditions, the need of irrigating water was lowered to one
half conclusively. The increase of fertilizing efficiency by 30 - 40 per cent was
proved by precision experiments in Czechoslovakia. Although these data cannot be
simply economically interpreted (e.g. 40 per cent of costs savings for purchase of
fertilizers) they are significant for financial analysis in special cases, e.g.

larger areas will be able to be irrigated from one reservoir, etc.
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(c) Costs of bentonite application

(1) Optimal dosage

All the field experiments aim at finding bentonite optimal dosage, the
criterion being maximum yield. Most of available information sets out the optimal
dosage in range between 15 and 25 toms per hectare (1 hectare = 10,000 sq.m =
2,471 acres). In Egypt, the UNIDO-Czechoslovakia Joint Programme proved 20 tons
per hectare as optimum (in pure-sands soils). This dosage will be taken into
account for economic calculations, the service life of application being 7 years.
(2) Costs of optimal dosage applicationm.

Cost of bentonite - as it is mentioned in part 3B, non-prepared naturally
disintegrated bentonite with the exchange capacit& from 20 to 40 mval/100 g is used
in agriculture. Since this bentonite is supposed to be mined in the open pit mines
(the stock piles are considered for one year period only), relatively low price can
be expected. Such raw bentonite is cca five times cheaper than the beneficiated
one and the average yield per 1 ha is approximately sixty times higher than the
price of 1 ton of bentonite (in Czechoslovakia). ’

Transpor’. costs — manipulation and transport costs may exceed the price of
bentonite in some cases. It is recommended to optimize the transport of bentonite
since this can be the deciding factor in accomplishing a given project.

Costs of bentonite application into soil - in case of shrub plants or trees
bentonite is simply heaped up to the plant, If corm is provided with bentonite
homogenous strewing over the whole field surface will do. Distribution by means of
various types of distributors or by blasting is also usual. In case of manual work
the costs are equivalent approximately to the wages of 1 tractor driver and
2 wvorkers + tractor operation within one day work.

Weathering costs - in this analysis the presumption of existence of the
one-year storage dump is taken into consideration. Within this period necessary
natural disintegration of bentonite takes place. The costs will ccrrespond to the

interest taken from that one year stock (roughly 10 per cent of bentonite price).
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(3) Service life of the application

Service life of the bentonite application has been estimated at 7 years. The

bentonite effect is decreased after 5 years of application, after 7 years new

introduction of bentonite into the soil is necessary.

(4) Simplified model of bentonization economy

SR +a) T =20 +J+Tx)+N

t=1

where R ... value of increase in yield per 1 ha after bentonite

utilization, depending on the soil type, plant, climatic

conditions, it ranges between 20 - 100 per cent

For rough assessment of revenues also prices of cereals as roughly indicated

on wvorld markets in July 1985 can serve:

Chicago
Chicago
Winnipeg
Chicago

Winnipeg

wheat US $§ / bushel = 2.99
maize US $§ / bushel = 2.80
rye Can § / bushel = 1.19
oats US $§ / bushel = 1.41
barley Can $ / bushel = 1,237

(Bushel equals approx. to 48 pounds = 21.8 kg)

8 ... required rate of return

The dosage of bentonite is considered 20 tons per ha.

P ... price of bentonite (1 ton)

J ... weathering costs per 1 t of bentonite (assessed at 10 per cent of
bentonite price)

Tx"' transport costs of 1 t of bentonite from the mine to the place of
utilization

N ... Costs of application per 1 ha, estimated as the equivalent of
1 day wage of tractor driver and two workers together with 1 day

tractor operation
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2, Experiments concerning application of bentonite

The wmodel mentioned above can serve for the coarse assessment of economic
effect connected with the application of bentonite in an agricultural enterprise or
farm without further experiments.

Precise answer with respect to effectiveness of bentonization projects can be
made after long term observation tests and investment analysis (erection of mining
and preparation equipment, irrigation, etc.).

The first phase of experimental work is aimed at gaining the information about
technological data (optimum dosage of bentonite, water consumption, reaction of
plants, effectiveness of fertilization, ecological influences, etc.) It cam be
carried out as a small-scale experiment (ca 1 ha of s0il) at a relatively low cost.

The second phase of these experiments ought to be done at real working
conditions (20 - 40 ha area) at the basis of mathematical statistical evaluation of
experiments. For this phase, representative samples of soils are to be chosen for
the relevant area. This phase is to generate data for exact economic evaluatious.
3. Conclusions
(1) Experiences show that bentonite reclaiming will be profitable in all
probabilities when local deposits of bentonites are exploited.

(2) Applications of bentonite for reclaiming purposes enable erection of

economically effective mining and upgrading plants making thus possible the

utilization of bentonite also for other purposes (fodder additives, foundry
materials, ceramic raw materials, chemical products, etc.).

(3) Utilization of bentonites in case of soil reclaiming belongs to the cheapest
technologies in this respect. For comparison, increasing the humus content in the
soil by 0.5 per cent requires application of organic sorbents for 15 years period.
Bentonite application must be accompanied by other agrotechnical measures and
appropriate fertilizing since bentonite does not function as s replacement of other
inputs but as the sorbent serves rather as a catalyst of their effects.

(4) Spreading of utilization of non-metallic minerals in agriculture can increase

the production of food-stuffs. This task is topical especially in Africa and has

significant social and political implications,
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(5) The presence of bentonite in the soil substantially decreases the specific

water consumption in case of irrigation, vhich often represents the liaiting factor

in the development of agriculture within the arid areas.
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Table 1. Increments of Yield by Sorbent Application

Applied Type of soil Dosagf Tested Increase of Application
sorbent (X grain 0.01 mm/X humus) (t.ha™*) plant output (%) in
bentonite 9.2/1.3 20 potatos 18.6 Czecoslovakia
bentonite 9.2/1.3 20 rye 16.7 "
bentonite 11.1/1.7 20 barley 11.5 "
bentonite 11.1/1.7 20 maize 8.8 "
bentonite 6.4/0.4 20 barley & rye 22.2 "
bentonite 6.4/0.4 20 pulses 39 "
bentonite 6.4/0.4 20 maize 39,2 . "
zeolite 601/ N.A.2/ 4 * potatoes 30 "
zeolite 50 N.A. 10 capiscum &
tomatoes 16 USSR
zeolite 50 N.A. 16 capiscum & '
tomatoes 33 " [
zeolite 80 N.A, 16 . paddy 40 Japan w
beantonite sandy soil 20 maize 80 -~ 90 Hungary l
bentonite desert soil
(pure sand) _ 20 barley 90 - 100 Egypt
bentonite . " : 20 vegetables 90 - 100 "
tuff N.A. 20 maize 32.4 Hungary
tuffites 3/ turf 20 maize from 7.9 -~ 80.6 Hungary

Notes: 1/ Zeolite index marks the percentage of clinoptilolite,
2/ Not available.

3/ Tuffites of different carbonate content and different sorption capacity.
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Table 2. Bentonite Effctiveness with Respect to Watering

Experimental Character of Index of bentonite effectiveness
year vegetation period at the dosage

S5t/ha 20t /ha
1964 dry 122.6 131.7
1965 moist 126.6 126.2
1966 moist 107.8 113.6
1967 dry 113.1 132.9
Comment :

According to the results obtained in Egypt with applicaton of bentonites to
citrus and orange trees, barley, beans and grapes field, the water demand has
dropped down to 50 per cent of the original value.

Table 3. Desert Bentonite Application Results with Barley

Bentontite Germination Growth of Relative cont Water use
content in stalks (%) of dry matter efficiency (2)
soil/wt (%)

after after after after
90 days 4.5 months 90 days 4.5 months

0 78.7 100.0 100.0 100.0 100.0 100.0
3 83.3 105.8 114.40 125.58 114.1 129.8
6 86.8 110.3 139.18 127.84 137.9 125.9
9 93.3 118.6 141.24 141.22 139.8 138.6
12 90.7 115.2 104.12 123.26 102.2 120.9
15 87.3 110.9 93.81 118.89 91.9 116.3
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Figure 2 Dependance of Yield Increases (sandy and
argillo-arenaceous soils) on Bentonite Dosage .
including Marked Interval of Optimum

b ,
254 Y proth.ctorn cirve
20 -
.”-
10 -
5 -
. JP. x—
. — e e
D2 § 10 2 Tt _PK =0
Leée'\d: !

x - tons per hectare

y - yield increase

P¥. - production curve

Pt.' - first derivative of PK
JP - unit increase of yield




Figure 3° Relation between Reclaiming Efficiency

of Bentonite and Type of Soil and Huﬁus
Content in Soil
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Figure 4 EFFECT OF BENTONITE ON HUMUS RETENTION
IN ARENACEOUS SOIL AFTER FOUR YEARS
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Figure 5 '~ EFFECT OF BENTONITE ON PORE DISTRIBUTION

IN ARENACEOUS SOIL
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THE INFORIANCE OF FIT IN DREVELOPING A TELECOMMUNICATIONS

MANUFACTURING INDUSTRY, PORTUGUESE EXFERIENCE.

(Fresented 3t a3 UNIDO Seminar in Harare, Zimbabwe,

612 Jsnusry 19236)

1. INTRODUCT ION

When industrislizing a country come steps have to te
taken, following 3 consistent plan. '

Trying to burn off some intermediste st3gecs m3y lead tao
unsuccessfull actions, therefcre delaying the proacess much to the
contrary of accelerating it.

On the other hand, FTT policy quidelines will have, in
some c3ases, an important impact in the way the process Jevelops,

Another important issue is related to the typical
situstion of esch individual courtry.

In trying to illustrate thece issues, some experiences in
Portugal can be interesting.




Therefore, the most sianificant were selected 1in order to
help us to situate the problem of industrialization in the field

of Telecommunications.

It 1is however important to say soaething abtout the
Fortuquese Telecommunications so that we understand the kind of

enviromment where the experience wac developed.

Portuqal has today 10 million inhatitants and occupies the
Western fagade of the Iberian Peninsula, facing the Atlantic
Ocean with an 3res of 100.000 =q km including the Archipelagos of

Azores and Madeira.

Fig. 1 showe Portuqal in European terms, the conclusion
being that it has a lower GNP than the other Western European

Countries 3and also less telephones per hundred inhabitants.

Fig. 2 shows how many hours FPortuguese subscriberc have
to work, on 3average, to pay for the telephone service in various
European Countries. Agaiﬁ we see that, when comparing Portugai
with other European Countries, a3 bigqer effort is required to the

common citizen in order to have 3ccess to the telephone service.

Finally Table I shows the differences in the number of
telephones in various reqions of Portugal. It is to be noted the
disproportion of the number of telephones per hundred inhsbitants
whern we compa3re the main cities with predominantly rural areas,
As we see in Table I there are still areas in FPortwgal with a3
rate of telephones per hundred inhabitants very far from 2aversge
European etandards.,

2. THE. INELUENCE OF POLICY GUIDELINES

Industriaslizing 2 country in the field of

Telecommunications requires a3 stronmg will, rnamely within the FPT1T
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TABLc I

Number of telephone lines per 100 inhabitants
in various regions (situation in 1983)

Population Tegggh?gg :;:fbfate Main activities
Lisboa 2 317 189 25.68 Industry,Services,
Government
Porto 1 122 344 17.96 Industry, Services
Aveiro 247 434 9.54 Industry
Braga 571 244 5.62 Industry ,Agric.
Coimbra 259 469 10.22 Industry,Services
F.Foz 59 948 12.00 Industry
Guarda 121 984 5.35 Agriculture
Setubal 130 283 12.1 Industry
Faro 146 468 12.5 Tourism,
Industry
Odemira 29 257 3.90 Agriculture
Portimao 125 107 10.47 Tourism,
Industry




oraanlzation, sole customer in the area. Particularly when, 3s
today, we are living in 3 period when technological development,
tozether with economical recession, 3re creating Jifficulties +to

the Telecommunications Manufacturing Industry.

Therefore 3 fiercy competition, characterizes the present
sitestion in  the world., More 3and more finmnance resources are
required in order to develop new products so that an industryv can
be kept competitive; less and less people are necessary to
operate 3 plant leadinq to 13bour probklems not easy to solve in
n3ny countries. On the other hand electromechanical systems were
characterizesd by a high percentage of personrnel dJdevoted to
manufacturing whereas about 10Z were desiqning new equipment;
electronic industry also reverts the equation leading to about
80Z of staff composed by highly <ckilled people devoted to
designing including software erngineering.

As a consequence, 3 new marnuficturing industry has to be
baced upon 2 well krnown and controlied msrket, the larqe majority
being the domestic FTT network,

It is 3lso important to ncte trtat 3 new born manufscturing
irdustry in 3 developing country will inevitably lead to delavs
in swupplying the equipment, qu3';* problems 3and probably more
expensive equipment, in most o:. v, 3t 1le3st in 3an early stajge.
It will however create new jnb ., incressinqg the independence of
the country and allowing “:r » higher degree of intervention of
local technicians,

As 3 consequence, it is obvioue that FTT are an important
agent in industrial development.

Therefore, if FPTT are not prepared +tc give up some deqgree
of freedom in selecting equipment there will never be 3 local

manufacturing industry.
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Due to the importance of PIT in the process, it is also
1nteresting to say a few words about tre present trends in
Telecommunications management, and how they can affect the birth

of an industry in developping countries.

Very triefly we can say that there sre today two important
issyes in the world of Telecommunicatiors, in terms of the basic

philosophy of the service itself.

First of 3ll some ccuntries are adopting 3 Jderequlstion
philosophy, allowing for competition in some areas, and trying to
offer tariffs to the public strictly linked to the cost of each
single service. Secondly, there is 3lso 3 certain trend towards
the separation of the traditional activities of Posts and
Telecommunicstions,

I will not develop the an3lysis of these two issues as rnot
directly related to the subject of this conference. It is

however important to comment briefly on their possible resulte,

As we know, the concept of cross-subsidization is part of
Telecommunications tariffs in the large majority of countriec.
Farticulsrly in developing countries cross-subsidization is 3
fundamental principle, as to m3intain the service in faraway
places. Tariffs in straight accordance with costs will inevitably
lead to difficulties in developing countries.

let us 3nalyse the problem 3 bit more in deep.
Normaly there are two important subsidizing flows:

- Within telephony, mainly from intermational but 3lso from
long-lines towards the local retworks




- From telephony, 2as a total, to other services, namely

teleqgraphy

Derequlation, tends to reduce cross-subcsidication effects,
therefore leaving less room for strateqic Jdecisions towards the
irmjustrialization. As 3 matter of fact, industrializsation will
te miinly Jdependent upon the development of local networks 3s
they reprecent the are3a wnere larqe series of equipment 3re

utilized. .

On the other hand, dJerequlation of internstionsl
Telecommunications will lead to tariff reductions and incressed
costs which can only be covered with large quantitiec of traffic.
A3 a consequence, the Telecommunications revenue of developing
countries will be seriously 3ffected, in particular 3s
internatjonal Telecommunications represent an importsnt

percentsge in their total revenue.

Cross-csubsidization aleo occurs from Telecommunications
towards the Posts. Therefore it may seem interesting, for the
Telecommunications, to have separate org3nizations for Gboth
activities.

The first problem will however be the definition of how
the national budget will subsidize the Fosts. We may conclude
that this will rnot bke 3 protlem of Telecommunications.
Nevertheless Telecommunications also take rormaly some 3advantages
for being inteqrated with Posts in the same orasnization, namely

in developing countries:

- first of 311, in sm3ll villages, Fosts and
Telecommunic3tions use the same i1nfrastructure, including
the staff; separation me3nc that Telecommunications wm3y

have incre3sed costs 11f proper a3reements are not

concluded




- secondly, FPosts have norm3aly an important financial
activity related to money orders which leads to a
permanent finance capability without interests, which is

teneficial for Telecommunications

As 3 conclusion, 3 policy gquide-line towards separation of
Posts 3nd Teleccmmunications, has some risks which may affect the
industrialization of 3 .developing country in the

lelecommunications ares.

In short, we can conclude that PIT policy decisions
represent 3 m3ajor issue as they can contribute or 3affect the will
that may exist towards an industrialization in the

Telecommunications area.

3. THE PORTUGUESE EXPEKRIENCE_IN THE_FPAST

3.1. The introduction of the telephone service in Portunqal

The first telephone conmmunication in Portugal w3s
established in 1877, in the city of Liston, using Bell telephorne
sets. Immediately after another trial was cirried out by two
telegraph operators (Hermann of the Portujguese Kailways and
Bram3n of the State Telearaph System) who, later in 1879, applied

to tre Government in order to build the first telephone network.

In 1881, the Portuquese Government decided to open an
international request for proposals, ir order that the public
telephone service should be introduced in the Country.

The Edison fGower Bell Telephome Company of Europe was the
only bidder. Therefore, in January 1382 it w3s qgranted 3




franchise authorizing the estatlishment of 3 PFPortujuece
subsidiary, The Angqlo Portugquese Telephone, that would build and
operate the telephone networks of Lishkorn and Oporto, the two main
cities in the country. The Company still exists 3s a State owned
Corporation named Telefories de Lisboa e Porto (TILP). The first
putlic telephone network was in3wuaqurated in Liston, the 26 of
Apral 1882. It consicsted of 3 wmannual cwitching centre a3nd 22
subrscriters. During the same year of 1882 the Oporto network wuas

inaugurated.

In 1890 the Company had 2.151 telephones in service; 3.051
in 1990; 6.263 in 1910.

In 1926 the Govermment 3lso decided to agramt 3 further
franchise to amother Company, row in order to introduce the new
radio technology 1in PFortugal. The objective w3as to start
international service on 3 world wide basis including also the
communications with overseas territories and the Archipelsajos of
Azores and Madeiras. The franchise w3s 9granted to Marconi
Wireless and Catle Teleqraph Company which set up 3 subceidiary
c3lled CFPEM - Companhia Portuguesa Radio Marconi. The Company
still exicte with the same name arnd responsibility, the
difference being that the stock has been entirely Portugquese for
over twenty years.

3.2. The birth of a3 real telephone network on 3 national basis

Im 1930 Portuqal had 6.802.429 inhabitants snd 3 total of
37.334 telephone lines lea3ding to 0.49 telephome lines per 100
inhabitants. A high concentration existed in Lisbon and Oporto
with 28.963 telephone 1lirnes 2aq3inst 8.412 1in the rest of the

country.




In 1933 the Government Jdecided to appoint 3 new Post
Naster General, Mr. Couto dos S3ntos, with the main objective of

promoting the installation of 3 national telephone network.

It is wvery important to anslyse what happerned in the
Portuquese Administraticn of PFPosts and Telearaphs from 1933 or,
3s the basic guidelines set up by the new Fost Master General
have lead ultimately to 3 Portugquese Marufacturing Industry in
the field of Telecommunications.

It is 3lso very important to anmalyse the steps taken as
rost of them still represent today basic issues ir the process of
indjustrial development.

When Mr. Couto dos S3ntos was appointed Post Master

General the Administration of Posts and Telegraphs only had five

University level technicians:

- one w3as responsible for the operation of the n3tionsl

telephone network management
- one w3s responsible for ernqineerirg

- one w3s responsible for buildings and other
infrastructures in general

- one w3s responsible for tele3raphy
- one was responsible for various other technical tasks

A few other technicians with wminor education tackground
formed the staff, most of them traired by the Admnistration.

Ihe development of 3 telephone retwork wousld require three
basic 3ctions:
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- A Development Flan

- The reorganization of the service towards a more dynamic

philosophy
- Trairing in order to increace the number and skills of the

new staff required to perform the two imitial sctions

3.2.1. IrsininA

In 1933 Portuqal had two Colleges teaching the so calied
Electrotechnical Engineering:

- Faculdade de Engenharis do Porto, in Oporto

- Instituto Superior lécnico, in Lisbon

Amony the best studentes, three were chosen in each Colleae
arid hired by the Admimistration.

Whern they were hired, their tr3iming proqramme had already
teen Jefined.

By them, in Europe ithere were three countries with

si1qnificant manufacturing companies in the telephone area: -
- Engqland with ATE of Liverpool

- Germany with SIEMENS of Eerlin

- Sweden with ERICSON of Stockholm
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After a short period in the Partugquese Administration, the
six new-hired staff were Jivided in three groups of two and sent
for 3 training programme of six months in each of the three
mentioned countries (England, Germany and Swaden). The training
prajrimmes were bhasicaly carried out in the Admiristrations of
those countries including 3lco some parts in the referred

sarufscturing companies.

When the six came back to Portugal, they were inteqrated
1 various areas of the Administration in order to start the

implementation of the three basic actions above referred.

In terms of training, an extensive programme was defined
directed to other newnired staff but rnow including all kinds of

technicians.,

Later on, in 1939, when ATE w3s chosen 3s the supplier of
strowjer equipment for the new automatic networks of Eraga and
Coimbra, the Administration was 3lready able to defime an

ori-plant training programme for 3 tesm of:

-~ one six-ye3r Collegz technician (MSz level)

- four three~year College technicians (ESC level)

- ten high-school level electricians
that would spend six months in the ATE plant in Liverpool.

Training w3s therefore 3 tbasic and essential action

towards the implementation of a telephore network, and as we will
see later on, it ultimately lesd to high-skilled technicians at
various levels, 2llowing for the birtn of 3 telephore

manufacturing industry in Portusgal. 1In fact the results of the

training prosrammes were such that the atove mentiored




technicians already oparticipated in the 1installation of the

Coimbra network inauqurated in 1742.

3.2.2. keorganization of the Administration of Posts and

Carzful selecticn of new staff and their training hsad
created the basic conditions to start the two other actions,

namely recrqanization.

However, that would not be encugh to =modernize the

Administration of Posts and Telegraphs.

In 1933, msnagement wae much eacsier tham today Gbut,
nevertheless, 3 4qrcup of young, well trained staff, covld not
have the experience to reorganize the service.

- Therefore, later in 1936 Mr. Couto dos Santos alsoc agreed
with the Swicss Administration om 3 consultancy provided by 3
Swisc expert who spent two years in Portugal performing the task
of Managing Direccor of Telecommunications. The six newhired

staff were their deputies in various 3ress.

The riecessary conditions were so created in order to start
the reorsanization of the Administration particular care being
taken with:

- maintensnce stamdards arnd procedures
- traffic ststistics sri forecasts

- acceptance tests of rei =quipment

- intervention of Portur o stafl .me irstallation of

new equipment
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3.2.3. The Plan

In July 1934 3s 3 consequernce of the actions described in
3.2.1 3nd 3.2.2, the Administration of Post and Teleqraph could
define the specifications for an internationsal request for
proposals concerning the definition of a kasic pre-develecpment

plarn.

fs 3 result a tasic develupment plan was concluded by the
ernd of 1936. It was then completed with some supplemental plans

regsrding buildings and accessory equipment.

An externsive economical and financial analysis 3allowed for
a final Flan approval by the Government, in Ausust 1937, leading
to 3n over-all development programme to be implemented in fifteen
years, from 1938 through 1952.

The Plan w3s a very important document in the procecs of
iredustriaslication and included the following chapters, which we
will analyse very shortly:

3) Basic scheme of the tzleshone network

For the first time we could speak of 3 netwerk 3u =hown in

figq. 3, including tnre2e types of switching certres:

(T) for terminal centres

(D) for distributing centres

(P) for main transit centres

The ncept of "group of network® was 3lso introduced fo.

the first time a3s shown in fig, 4, defining 3 number of small
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switching centres directiy connected to the terminal centres of

the lonq-lines network.

54 groups of networks were defined 1n order to ensure the
total coverage of the country. Automatic csrvice was Jdefined 13s
desiratle in order to offer 3 24 hour per day serwvice. Howesver
due to the costs involved with a fully-sutomatic network,
semi-3utomatic service was 3ssumed for emall and rursl areas as

an acceptsble alternative.

k) Forecssts
Foreciasts were estabtlished for various years 3nd for every

singie network.

It is intéresting to note that the Plan approved im 1937
referred 3 forecast of a total of 18.700 telephore lines in 1940

and 41.700 in 1950, not including Lisborn andg Oportoc areas.
The results of the actions undertaken were very positive
3s the 3ctual fiqures were 20.668 telephore lines im 1940 ard

52.929 in 1950,

c) Layout of the lon3 lines network

A layout was defined following the international standards
set wup by the ITU, with interrnational automatic service on 3
direct dialling philosophy.

d) Modification of the existing network

.............................................

A rumber of studies were carried out and their results
included inm the Flan in order to allow for the intearation of the

existing network with the one to he Jeveloped. Extensive
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C - Group Cantre (Tarminal Centrs in the long-lines netwerk
N - Nadal Cantre

$ - Sateilite Cantre

$S- Subsateilite Centre

Oiagram of a Group of Network
Fig. 4




modifications were 3lso Jdescriked in order to adapt the exicsting

network to the new standards.

e) New specification_in order to improve the quality of the

network

New specifications were set up in order to improve the

guality of the network.

They regarded electrical and mechanical a3spects, burying

technigues, new technologies to be introduced, etc.
£) New routes

The Flan included a detailed description of every new
route to be implemented in order to offer telephonre service in

some fara3w3y areas where it did not exist.

q) Circuit forecasts for the intern3ational 3rd lona-lines

networks,

The plan included an extensive 3snalysis of 3 cet of
parameters trying to forecast circuit requirements for the future
irn order to make transparent the interconnection between the
various 3roups of networks,

h) Liston-0porto connections

The influerce of Lisbon 3nd Oporte. not only by being the
two 1larger cities in the country but 23lso due to their
3eo3raphical location, lead the planners to pay particular
attention to the intercornection betweer the two cities where 3

sep3srste urqanization operated the telephore networke,




Ther=fore, the interconnection of the two c:itiec
represented a separate plan included in the general plan with

specific financial and technical analysis.

i) Iransmission Plan

Carefull attention w3as paid to the transmicssion
characteristice of the network in order to 3llow for the
communications between any two points in the country and also the
interconnection with other countries through the new-born

international network.

i) Type of telephone system to te adopted

Arn extensive 3n3lysis of the service characteristics was
carried out.

For rural aress , semi-3automstic 3nd 3utomatic cservice
were 3lternatives ansalised in the Plan. Heowever no definitive
conclusions were presented due to the difficulties in defining

the pratical implications of the two alternatives.
It w3e however 3csumed that:

- automatic service wss desirable inm the totality of the

rmetwork

- manu3al service wouwld rot allow for 2 24 hour per day

service due to personnel costs

- in 3 first step, it would bte acceptable to offer manual
services in some areas with 3 small number of subscriters,
particularly whernever the telephorne service could be
imitiated by using equipment tsken from other 3reas where

1t w3s to be replaced by modern fully 3utom3tic systems




Capital requirements 3and tariffs were also extensively

arnalysed in the Plan.

1) Friorities

Frioritiee were 23lso establiched in implementing the Plan
p3yinq particular attention to the needs of qener3ting the

necescsary funds to allow for the high snnual invecstment reguired.,

®) Egquipment characteristics

Stsrdards were set up in order to allow for harmonizing

the various networks to ke installed.

Local and trunk switching equipment were carefuly

specified 3s well 3s transmission equipment.

r) Maintensnce

Particular attention w3s paid to the mainternance

procedures including tests and measurements specifications.

o) Feorqanization, staff and qeneral specifications

Ihe Flan also described the actiorns to we undertakern
re3z3rding the necesesary reorqanization of services, personnel
requirements and extensive specifications of various types of
mirnor 3ccescories essential for the rnetwork.

p) Eudnet
Budgeting procedures were 23lso defired in order to
fsacilitate the estabtlishment of annual tudgete and 3lso its

distribution among the various proja2cts to be implemerted,




3.2.4. General coaments on_the actions undertsken in 1933

The Plan was undoubtely the most important dJdocument
produced in order to allow for the modernization of the
Fortuguese Telepnone Network. For the first time it was poscible
to hsve 3 forecast on the quantitiec of equipment to be installed

during 23 lons term period.
It is however important tc stress that:

-~ on one hand the Flan had bLeen entirely produced by the
staff of the Administration, therefore they were

intimateiy linked to its recommendations

— on the other hand it was possible to develop the Plan 3s 3
result of an extensive training programme of newly hired
carefuly chosen staff

As we will see, shortly after the beqining of iis
implementation, it w3as then possible to start manufacturing
equipment in Portugal 3s 3 result of the volume required for the
various components, but also 3s 3 result of the deep krnowledge of
the technical characteristics of the equipment. Ard I think
these were the twvo basi. injredients favouring the birth of 3
manufacturing industry in Portugal: - Lr3ining enhancing the
cap-oility of kpowing well the reauirements in  their wvarious
aspects,

It is 3lso important to rote the length of the period of
tim2 elapsed since Mr. Couto dos 3antos w3s appoirted Fost
Mazter Gerneral wuniil the (first results were showr. He was
appcintea in Auqust 1933; the request for propesals creqarding 2
pre-plan was issued ore year later inm July 19343 the firal Flar
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was approved in Auqust 1937; the first contract was si3ned :n
1939; the first network was opened to the service in Coimbkra 1in

October 1942. Nine years in totsl.

3.3. INDUSTRIAL DEVELOFMENT

3.3.1. First problems in implementina  the Plan. Manufscturing

some basic i1tems

From 1941 on the big effort hac been pointed at the

implementation of the Plan.

The Administration w33 no longer the Administration of
Posts and Telegraphs Gbtut its name w3as chanqed 1into the
Administration of Posts, Telegraphs and T. ephones, krnown 3¢ CTT

like today.

In Figq. S we can show the pratical result of the actions
uridertaken from 1933 on, by taking a3 look 3t the number of
telepnone 1lines existing during the various years from 1915
throuqh 1965.

After 1941, when the first strowqer equipment was
installed, the main concern of the CTIT’s senior staff was
directed at the orqanization of maintemance, Particular care w3as
therefore taken in setting rules and procedures ensuring the
timely trouble shooting, repair and 3ll the necessary preventive

mainter3nce.

Trese concerns allowed for 3nother step in training also
lea3ding to some difficulities with tihe suppliers due to the rcare
put in the a3cceptance tests. .owever, the resolution of those

difficulties was another way of training more staff.
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During the inctallation works a relevant fact occurred
leading to important troutles in carrying out the complet:ion of
new networks: I 3m referring to World War II.

In fact, most of the raw materials were imported from or
through other countries highly disturbed by the war; on the
other hand, ATE of Liverpool was the main supplier of switching
equipment, obviously g0ing through some difficulties due to the

W3r.

High inflation, also caused by the war, wics another factor

disturbing the rythm of development.

Finaly, as wore telephone lines were offered to the
public, 3 boom of applications for new telephones occurred
further Jifficulting the progress of worke, .

Obviously, the traffic was 3lso 3rowing very fast creating
more Jifficulties in recponding to the demand, particularly in
the 1long lines 3rea where service did not exist in scceptatble
corditions before 1933.

This citustion lead to ceveral decicions:

- 3 sm3ll work-shop was installed ty ATE in Lisbon,

assembling telephone sets

- there was already a small factory - CEL-CAT, nearby
Lisbon, marnufacturing electrical wires and cables for
building installations; due to the exicstarce of 3 FPlanm to
be implemerted during an important number of yesrs, CTT

"m3anaged to convirce the owrer to manufacture various types
of telephone wires and cables; later arnother company -

Avila, was set up manufacturing telephore cables




- most of the networks used open-wire lines, particularly 1n
rural area3s; it was therefore necessary to draw copper
wire, what was done in 3ncther factory already driawing
copper wire for electrical cakles and steel cabkles -

Companhia Nacional de Trefilaria

- ceramic 1insulators were 3lso manufactured in 3nother
existing factory specialized 1imn ceramics and porcelain -

Vista Alegre

- 3 lot of other small 3acecscsories were 3lso manufact, =4

either in CTT workshop or in small factories

Seen from today all these actions may look simple. We »n
however remember that 3ll this happened roughly fifty y» < ago

whern the telephone network represented the high techno. . .of

- .

those bygorne days.

Fifty years 230 the simple manufacturing of a ramic
insulator was 3 problem Jifficult to solve even using the cskills
of a wellkriown company in the field of ceramics. T first
insulators were rejected as not complying with the CTT
specification. And that means that there w3as 3 specification 3nd

a labtoratory capable of testing the imnsulztors!

Therefore those were very dJifficult decisions requiring 3
lot of skill and so it is very important to stress the importance
of the previous three basic actions undertaken: traiming,

orq3anization, plamning.

As 3 conclusiorn we can ¢3y that the problemes ariser fronm
World War Il comtributed to the birth of 3 manufacturing
industry. However that was possitle dJue to the skills scquired by
CTT Zrom 1933 throuqh the beqining of the war in 1939,




3.3.2. The manufacturing of switching €quipment

In 1944 snother important fact occurred. .

[ue to the traffic growth, the two old long-lines manwal
switchin3y centres in Liston and Oporto were unable to carry 31l
traffic. For various reasons it was not possitle to inctall 3
completely new long lines network. Therefore the solution showuld
be 3 new long-lines switching centre in Lisbon interconnected
with the existing one. 1In Oporto the solution was easier as the

existing switching centre could yet be en’3rged.

The difficultyv in operating the same traffic through two
different switching centres together with the difficulties due te
the war lead jointl} to 3 solution designed and installed by CTT.
As 3 consequence, in 1946 the first switching centre entirely
deéigned by CIT was put in service, using components imported
from ATE in England. In 1947 the rew switching equipment was
3lso put in service in Oporto using the same Jesigqn and concept. -

Meanwhile, during the period from 1946 through 1948 1lornqg
discussions took place in order to solve basic issues which were
rnot clearly defined in the plan approved in 1937.

Im f3ct, the Flan approved in 1937 pointed towards the
full automatic service 3s 3 main quideline. However it had left
open the problem of sm3ll rural retworks assuming that they cowuld
bte designed as to provide semi-automatic service should » 100%
automatic philosophy not be possible due to the lack of furds to
cope with the investmert needs,

The first choice was to inst3ll semi-automatic stations
with capacities rarging from tern to fifty subscribers. Mainly
because of investment constraints, due to the fact that the




suppliers did not manufacture automatic stations smaller than 200

subscribers.

This situation lead CTIT to use the expefience acquired in
order to desién smaller snd cheaper stations that could offer an
2dequate response to the demand 3llowing to develop 3 109 %
zatomatic philosophy within the annual budgets approved by the

Government.

Irn January 1950 the first studies were initiated leadinag
to the foundation of CIT’s KResesarch and Development Centre in
Aveiro, 3 city in the North of the Country. Later in the 70’s
this same centre gave birth to 3 College of Telecommunications
that started in the same premises 3nd was 1later inserted in

Aveiro University.

Erom 1950 through 1955 the Research 3and Development
€entre, Centro de Estudos de Telecomunicagdes, CET, designed and
dJeveloped party 1line equipment and sm3all switchere which were
very economical rot only by its cost but also due to the fact
that they used rooms smaller than the ores required by imported
equipment. They 3lso required 1little maintensnce which was an
important feature in rural areas. Those were the ATU cseries, 3
step-by-step system using uniselectors. L3ater the following were
manufactured, some of them bLeing still in service in the network:

- ATU-52 for 42 subscriber lines

- ATU-54 for 200 subscriber lines expandable to 400
subscriber lirne

- ATU-61 3 revised version of the ATU-54

buring the 1960 decade CET was 3ble to design the first
lorg3-lines fully automatic switching equipment wusing four wire




switching and aultifrequency code sigraling. Those were ths

IUA-57, the first in Europe using four-wire switching.

In 1962 a more elatorate switcning equipment to be uced in
sm3ll rural areas was desiqned wusing a3 basic philosophy <imilar
to the strowser system, taking advantage of the experience 2s1ined
by CTT staff in that kind of technolosgy. It wacs the SASC-1,
replaced by SASC-2 in 1970, this later one wueing cross-bar

techrology, prepared for capacities 3tov?2 1.009 subccribers.

New rursl exchances we.e developed after 1970 with
c3pacities ranging from 80 to 800 subscribers which are still
today the basic equipment installed in rursl networks.

It is also important to refer some other important
projects carried out at CET during the 70’s:

- New numbering plan and desiagn of new long-lines switchers

- Internations]l switchers using CCITT signaling systeme nr.

4, nr. 5 and k2
- PABX’s 3and line concéntrators

Ac 3 result, in 1979 the Portuguese Telephone Network used
two types cf switching equipment:

- imported technolosy, manufactured in FPortugal for the
networks of Listion and Oporto

- national techrolo3y, manufactured in Fortugal for the rest
nf the country

The referred actions taken by CIT from 1946 or lesad to
setting wup a national irdustry manufacuring switehing equipment
which was based upon two foreign manufacturers:




- Standard Eléctrica, 3 subsidiary of ITT

- Automitica Eléctrica Portuquesa, 3 subsidiary of ATE later
bougqht by Plessey
Standard Eléctrica, still todasy a subsidary of IIT,
started manufacturing loading coils and switching equipment using
ITT technoloqy. Later on they enlargqed .these line of products
with several electronic components and equipments (HF and VHF
equipment, TV sets and UCk’s, MUX, etc.). They also manufacture
switching equipment dJdesigned by CTIT according to the SASC
concept.

Automatica Electrica Portugquesa started as a3 smz2ll ATE
workshop assembling telephone sets. It was recently bought by 3
Fortuquese Company, CENTREL. The merqge is today known 3as CENTEEL
Austomstica Eléctricas FPortuguesa - CAEP. IThey have 3 line of
products similar to Standard Eléctrica plus an entire plant
d=2voted to manufacturing telephone sets. They also supply

coinboxes, sutomation systeme, etc.

It can be seen from thie cshort dJdecscription the importance
of CIT <kills in promoting the loeal manufacturing inducstries,
m3inly due to an extensive training pro3ramme with 3 pre-training
in .another countries but also through the design and maintenance
of the Portuquese Networtk.,

On the other hand these qguidelines allcwed for 2 1002
3utomstic philosophy in the network as they have made possible
the installation of small capacity switching equipment, cheaper
and 3dequate to the local traffic conditions,

It is 3also important to nrnote the impact of these
industrialization actions in the telephore rnetworks of Listor amd
Oporto as shown in fi149. 3 although wusing imported techroloay.
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Finaly, we -cannot forget the birth of University of
Aveiro, during the 70‘s, intimately linked to CET. Actually the
Colleqe of Telecommunications was born using CET brenises and

sost of its experience.

4, THE MOSEENIZATION OF THE PbRTUGUESE NETWOEK
The decade of 1970 was characterized bty the 1introduction
of new techrologies m3inly in the field of the telephcne and

telex services.

Generaly spe3aking we can s3y that the philesophy adopted

Buring the thirties, was 3gain quiding the basic decisions.

As significant examples, it ic therefore. important to
refer some steps taken in two areas:

- the most important ore related with the introduction of

digqital equipment and computer controlled switchers

= 3nother one is related to building satellite earth
stations for domectic and international service

The first shows an example in an ares where Fortuquese
techrnolo3y exists; the second how to maximize 3 project with
imported technolosgy favouring the participation of 1local
industries,

4.1, Dinital egnipment and computer controlled switchers

bttt ditan s ale it C LA b DOt R A AP O A e AW A ERS 8 W

During the decade of 1970 very important actions were
taken towards the introduction of digital equipment.




When we deal with digital eqdipnent in 3 telephone netuwork
people tend to think of computer controlled switchers using PCM

techniques.

Hcwever, we must not forqet the importance of the
transmission network, rot only because it represents roughly 50
of the over-311 investment, but a3also bec3use the efficiency of a

digital network is related to its Jdearee of digital@zation.

Therefore, dJduring the 70}5 some important decisions were

taken in Portugal:

- the l:rger capacity systems to ke installed in the urban
areas of Lisbon and Oporto should usé imported technology
like in the electromechanical era; the equipment should be
sanufactured in Portugal in the two existing plants and so
Standard Eléctrica and CAEF had to find adequate partners

- some individusl decisions should be taken in order that
the Fortuguese technicians could start dJdesling with
coxputer controlled switchers, but rot interfering with
the neqotiations towards the selection of adequate
partners for Standard Eléctrica and CAEP V

- the experience in Jesigning small switchers should be used
in order to try to adopt the same philosophy used during
the 30’s in small rural networks; CET should also Jevelop

some digqit2l transmission equipment

- the wmanufacturing industry could 3lso take some steps
towards the fibrication of digital equipment rot
interfering with the Jecisions to be taken regarding
switching systems




4.1.1. Selection of adequate partrners for the existing industries

The process of selection of two partners for CAEP and
Standaryg Eléctrica is not vet finished.

As it is well knouwn, when a telephone industry switches
from electromechanical to electronic equipment, there sre 3
rnusber of problems to te solved namely reélated to the leczcer

number of people required by the electronic industry.

The ﬁegatiations are therefore very Jdifficult ae they do
not regard only the quality of the techrology to be adopted but 3
larqge nusber of other important issues, namely those related to
13tkour problems.

For the time being there haes been 3 predecision, selectinqg
the partner to be associatéd with CAEP. fhe partnership for
Standard Eléétrica shall be sutmitted to the Governwent in six
sonths time.

In any event we may s3y that the krnow-how of the
Portuquese technicians, 3cquired during the process decscribed ir
3, is largely contributing to the 3n3lysis which is being carried
out in this field.

4.1.2. _Ilt_!

ermediate

Two important decisions were taken during the 70’s
3llowing for the training of Telecommunications staff. ILP
installed 3 computer controlled electromechanical tramsit
switcher in the Liston network. The s3me happeried with CPEM for
the international service.




These two computer controlled switchers allowed for the
training of some technicians without interfering with the
3ajoption of an electronic technology for the switching equipment,
3s they represented individusl eguipment that would not te

manufactured in larqe quantities.

The same happeﬁed in 1378 with a decision taken by CFEM 1
order to install 3 fully diqital switcher for the international
network. .

¢,1.3. Decian _3nd dJevelopment of diqital equipment

3) Iransmission equipment

The manufacturing industry developed digqital tranmsmicssion

equipment namely modems for data circuits.

As back in the 30’s CET 3lso stsrted the approsch to
dijqital technique by designing transmission equipment due to the
need of expanding some networks at the lowest possible cost. The
first Jdiqital equipment desiqned by CET 3nd m3nufactured by
Standard Eléctrica 3nd CAEP w3as FCM equipment to be inctalled in
low frequency telephorne cables. They started by 30 channel, 2
Mbit/s first hierarchy terminals, immediately followed by the 120
channel, 8 Mbit/s second hierarchy and then the third hierarchy,
34 Mbit/s transmission rate. The (first hierarchy equipments are
now widely wused in Portugal 3llowing for the expansion of
convention3l low frequency telephone ¢ “es in local rietworks. In
1990 it 1is expected to achieve 3 50X digitalization in the
Fortuquese Reqional transmission network.




b) Switiching equipment

[lue to its important role in CTT, CET is currently taking
part in negotiations in order to choose the type of digitasl
technoloqy to ke imported 3nd manufactured in the two existing

plants.

This task has lead to thorough discussivns and visits to
plants all over the worly and a consequent extensive knowlegde of
the wvarious systems manufactured by Jifferent Companies. As 23

result CET was lead to some impertant conclusions:

= wsu3aly the multinationsl manufacturers dJesign and develop
large switching equipment which can be used efficiently in
the very large majority of cases; 3 wmaximum c3p3city
ranging from 50.000 to 100.000 subscriber lires arnd

central computers are therefore common characteristics

= the utilization of such large switching equipments in the
m3jority of the Portuguese groups of networks outside
Lisbon and Oporto would 1lead to Some inconveniebces,
rnamely concentrating 311 main supervision and control
tunctions in 3 few long-lines transit centres, due to the

sm3ll amount of traffic flowing within reqional rmetworks

- using the psst experience CET came to the conclusion that
they could develop small digital transit switchers, using
distributed wmicroprocessors for capacities rarqing from
1.000 to 15.000 trunks, thus avoiding the concentratior of
control 3and networt supervision

As we have seern in Faiqg. 4, the ba3sic lay-out of the
Portuquese network uses the 3roup of networks_ corncept, leading to
3 Group Centre which is also 3 lorng-liries Terminal Certre.
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In 3 new fully Jagqital environment, the Group of Netwcrbs
will be 3a star network 3s represented in fig. 6. Nc13l

satellite and subsatellite centres will therefore disappesr.

If we now look at typical importamt Groups of Networks in
Fortugsl, the regional trunk linec requirements are on the order
of 1.000 to 3.002. Br23a snd Viseu, two important Groups of
Networks, represent 3 need of 2.520 regional trunks and -240
rejional trunks, respectively. As 3 result CETI decided to desian
and develop digital. transit switchers capacle of operating 23
maximum of 12.500 trunk lines. Braga and Viseu were chosen for
the first field +trials as having some probleme dué to an

expansion of local industries.

v

The problem ther was to develop 3 switching equipment with
a minimum of circuit boards in order to m2ke economical 3 email
seriec manufacturing. Another problem w3s to try +to wuse

microprocessors easy to find and projramme.
Let us see how CET tackled these questions.

Usualy, digital switchers 3re instslled in 23 wmixed
3an3log-dijital environment with 3 large majority of analoq inputs
3t least in 3 first staqe. Therefore, the largqe manufacturers use
digital switchers with analog inputs. Orice the environment
becomes totaly dijgital the analog-digital interfaces will be by
p3ssed 3s nseless,

In order to reduce the number of circwit boards, CET
desiqned an entirely diqital switcher what leads to euxternsl
interfaces wheriever intercornecting with -an analog line. This
philosophy is normaly more expensive., However it 3llows for the
wtilization of PCM equipment alresdy developed arnn used 1n
rejional and local networks,




L - Local svitchar

C - Group Centre (Terminal Contre in the long-lines remole)

Diagram of a digital Group of Networks

Fig. 6




Fia. 7 shows this concept wusing twoe Jifferent types of

interfaces dJdepernding on the sigraling sycstem used in the aralog
switchers. 1In the case of 3 PCM interface with EIM signaling 3t
can bte used in the same premises where the transit switcher is
installed or in the premices where the local switcher is

installed, in this case allowing for expanding old csbles.

The first prototype of this eguipmer:t w3e 3lread tested
and the first two operating cswitchers are slready being
manufactured and 3are expec'2d to be in service by middle 1986 in
the referred atove Groups of Networks of Br3aa and Viseu. It is
important to note that the prototype only had 11 different
circuit boards and 3 cost/trunk lower than the one normaly
presented by larqe manufacturers, i.e. a3pproximately 160 $US in
2 totaly digqgilal environment. Roughly 300 $US shall be
conicidered if 3n3log/digital interfaces are to be added a3s it is
the case in the two reqional networks of Br3ga and Viseu. This
later cost is still very low 3s it refers to 3 transit switcher
including PCHM transmission equipment. CET is row developing
subscribere switchers using 3 stand 3lone philosophy, 3¢ oppocite
to the concentrator philosophy wusualy wused by the 1large
msnufacturers for the <cize to be wused 1n Portu3al’s rurzl

networks.

c) Other diqital equipment related to metwork maraqjement

Ariother important digital development 1in progress is
desiqnated as OSCAR and refers to 3 centralized control system.
OSCAR stands for ‘QObcervagSo de 3Servigo Centralizado para Apoio 3
Fede®, which can be translated 3s Cerntralized Service Control in
Support To Networ¥ Supervision. 0SCARK will 23lso be used as O8N
centres for the “uture J13ital - rnetwork 3lthough designed for
electromechanical techrioclosy.
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Basic Design of a digital switching centre
as developed by CET
Fig. 7




Other acessory equipment has teen developed by CET, namely

a traffic 3an3alyser named REDACO.

3.2. Other relevant experiences in Jeqlob3lizing prejects

4.2.1. The renewal of CPEM’s Concession. Iraining, Orq3niczcation

and Planninq ecsenti2l for succecs

In 1967 ended the concession of CPRkM, the Interrationsl

Telecommunications operator of FPortugal.

By then CPEM was already entirely Portuguese but still a
small Company. About 800 people wmainly operating services

through HF circuits for overseas 3nd European communications.

Teleqgraphy waes an important activity due to difficulties
in HE telephony. Telex w3as 3 Aqrowing activity with the recent

desiqn of error correctors.
Satellite communic3tione were 3 juet born technology.
Ihe same happened with telephonic submarine cables.

According to the qerner3l trend in the World of
Ielecommunications ,CPRM should be integrated in CIT and therefore
CET h3d already developed +the (first intercontinental switcher

vsing CCITT nr. S signaling system, later installed and used by
CPRM,

However, the Government decided to rernew the franchise and

heep CPKM 3s a private indeperdent corporation.
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As a consequence, all of 3 sudden, CPRM was involved in =

number of international projects using new technologies:

- 3 submarine catle linking Portugal to the Canary Islsande,

Cape Verde, Ascension and Cipe Town
= 3 submarine cable to the United Kingdom
- 3 domestic submarine cable to Madeira

- the participation as 3 co-owner in new submarine cables in
various places namely in North Atlantic, between North
America and Europe

- the neqotiation of the Intelsat Agreements

- building three earth stations in Angola, Mozambique andg
Fortugal
- installing rnew modern switchers for the three .main
services:
- telephony
- telex
- teleqgraphy

The Company followed exactly the <came approach as CTT in
the 30’s. In CFEM’s staff there were 3 number of teachers in
specialized High-Schools and Universities. It was therefore easy
to select carefully rew highly educated staff. And ajain, like
in the 30’s training was 2 m3jor concern of the management.

Therefore, some newhired staft underewent training
pro3rammes in Enqland, in the field of submarine cables, for
months. Others went to the United States underqoing 3 training
pro3ramme in satellite communications. Cthers in Erance followed




training programmes in CNET (The Centre Nationale d‘ftudes Jes

Iélécommunications of the French PIT).

As 3 result, in 1972, the first electronic telex switcher
in Europe was 1installed im Lisbon, CPRM‘s staff having

participating in its design and development.

In 1974, the first three s3tellite earth stations were in-
service 3s well 3s the first computer controlled telegram routing
system. In 1976 the first computer controlled telephone switcher

was put in service, still using electromechanical technology.

It 1s interesting to riote that the lead time for the first
pratical results to appear was roughly the same as during the
30’s, i.e., approximately seven years. Arnd the main ingredients

for succecs were 3493in the same!
- A Development Flan

~ Reorqganization of the service with particular care in
mainternance

- New staff and tr3ining

In f3ct, during the referred seven years period the staff
v3s rou3hly doubled, particular care beinqg paid to hiring highly
educsted people. As 3 wminimum, hiash school technical
quslifications were required for new staff. On the other hsnd

the percentige of University level staff was largely incressed.

However, CFPKM’s experience in modernizing the access of
Fortu33l to the interrnational telecommunications rnetwork is rnot
very relevsnt in terms of creating 3 new industry in the country.
As 3 matter of fact, only buying one equipment of each type frow
time to time, does not allow for developing 3 local marmufacturing
philosophy.




The experience in btwildina sstellite stations is houwever
very significant to the scope of this contribution as an example
of project dJdeqlotalization. Therefore it will be used 3s to
1llustrate the way of increasing national product in high
techriology for small series of equipment, helping other by-side
cimple industries 1like civil works, air conditioning, small
electronic devices used 1in power systems, etc.

4.2.2. Building satellite earth stations in Fortuqal

a) Sintra 1, Boane and Cacuaco Stations

In 1972 CPKM decided to build three Intelsat Standsrd A
esrth stations in An3ola, Mozsmbique and Anaola. BEeing the firet
earth stations built by the Company, it was dz2cided to hire 3
foreiqgn consultant. The stations were beught 'turn;key' although
according to the contract signed with the supplier it was
' compulsory to use Fortuguese suppliers for buildings and other
infrastructures. It was therefore possible to incorporate 262 of
n3ational product in the project, withouti land plots.

b) Ponta Delgada Station

In 1976 another Standard A Intelsat station should be
built in the Azores.

The experience with the three first stations was not
considered 3s 3 900d one. Therefore it was decided to have 3

higher intervention in designing the station 3nd controlling the
works, .

As 3 result the project w33 divided in three subprojects:




- Telecommunications equipment Jdirectly related with

satellite communications

- Building including all specislized i1nfrastuctures and
telecommunicatione equipment interconnecting with the
terrestrial! network

- Antenn3a structure

(i) Telecommunications equipment Jirectly related with

satellite communications

Portugal does not manufacture satellite communications
equipment.

As 3 consequence this equipment was carefuly specified by
the Company including the lay-out of the main telecommunications
room,

Then, 3 number of reliable potential suppliers were
selected arnd invited to tender, The offers should include the
basic desiqn of the antenns structure and 3 quotstion for a
structure built in Portuqal as a3 result of a joint-venture with a

Portuquese supplier.
A supplier was therefore selected in order to supply 3nd
install the satellite telecommunications equipment including the

supervision of the antenna structure marnufacturing and mounting.

{1i) Buildings and other infrastructures

In this case CFkM decided to hire 3 Fortugquese Consultant
who wowld plan, coordinate and control the pro3ress of works
tejinning with the desian a3nd finishing with the completior.
IThis to avoid 3 heavy building department within the Company.
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As 3 result of these guide-lines the quality of the eartn
station was muych higher and the national product could bte
incressed to 42X, an important percentage if we take into account
that Fonta Delgada is 3 domestic station. 0On the other hand it
cenly took 12 months to build the station against 24 months in the

fircst case.

c) Fefurbishement of Sintra I

After the e:xperience of Fonta Delgada CPEM decided to
correct the Jefficiencies found in Sintra I particularly
regardirq the size and lavout of the building, power 2a3nd air
conditiening equipment, that would not allow any expansion. All
electrical installations including UPS and pover qenerators were

also clearly underdesigned.

EFollowing the same philocophy 3adopted in Ponta DPelgada,
the corrections cost almost 23s much 3s the station itselft
(2.787.000 USD initial cost for 3 contract sianed in 1972 and RFS
irn 1974 3g93inst 2.494.000 USD for a3 contract sigqned in 1977 3and
RES in 1978).

As 3 result we ca3n conclude that the ‘turn-key” initial
solution was not 3 45004 one 3s the contractor w3s wmainly
concerned with the supply of his product not paying careful
attention to local and byside works. In fact the national
product shall be taken as something in between the initisl 267
arnd S6%, final result 3fter refurbishement. Frobably something
closer to S0% as 3 percentage around 40% w3s Ister found in 311
other ststions built there on by CKFM which were amuch smaller in
the size of infrastructures (Sintra II, III and IV 3nd Funch3al).




d) Extrapolation to loc3]l netuorks

I 3 local network, buildings and other infrastructures
represent 3 lower percentaje of the total investment, the precise
value depending on the psrticular characteristics of each

network.

We ca3n however say that in an urban ares, ducte represent
abk-out 40X of the external network of cables. Taking the overall
investment, i.e. including buildings and switching equipment the
investment in non telecommunications equipment represents atout
152 of total investment.

Therefore the experience described in this section leads
to the conclusion that dejlobalizing local network’s projects can

3also help developing mz2nufacturing industries rnot only in

telecommunications but also in byside areas. It also helps 3
higher intervention of 1local cts3ff therefore representing an
itmportant source of training. Finaly it will result in cheaper

systems mnre 3dequate to local requirements.

5. CONCLUSION

We have briefly analysed the industrialization process in
Fortugal, in the field of the TIelecommunications manufacturing
industry, and also how to incresse participation of local staff
arnd domestic products,' whenever know-how does not exist irn

high-technology systems.

A few relevant examples that ocurred in Fortuqal from 1933
through 1985 were shortly described in order to illustrate »
basic philosophy adopted in the country. Most of the steps taken
are however common to any industrialization process in Jeveloping
countries. Nevertheless care must te taken in trying to 3sdopt




some of the experience described without adequate corrections,

due to the fact that each country represents 3 particular case,
and 3lso btecause the present environment is not the same ac 3t
was tack in 1933. Hore sophisticated technoleqgy, hiaher
competition any 3 werld-wide Telecomeunicaticne network are bazic

characteristics not existing in the 30’s.

In order to cummarize the dJescription 3bove Jone, we will

try to list some important conclusions of the Fortuquese
xperience, 3iving after a few comments on each one. Ir: short we
can conclude that the m2in issues in the Portuauese procese were

the following:
(i) The most important one was undousbtely the role of PTT in:
- training and selecting new staff

- planning as to define the potential wmarket for 3 new
s3nufactyring industry

- oraanising the service itself taking particular care with
s3intenance, 3cceptance tests, technical specifications,
etc.

- setting appropriate policy aquidelines in order to 3void

following trends that can block industrializing
initiatives

- using maintenance workenops 3s to promote

A

industrizlization

(ii) A manufacturing industry in the field of

Telecommunications can start with simple items,




(111) In trying to incorporate 1local products and stsff,
turn-key projects are not a 4good solution whenever an
organization is willing to acquire the necessary skill to

lead future works.

Let us comment on each of them.

S5.1. The role of PIT

FIT or <cimilar organizatione are wusualy the bhub of a
nation’s Telecommunications, namely in what concerns the Jdomestic
network. Therefore FIT, as it happerned in Portugal during the
30’s, will have 3 very 1important role in the procesc of
industrialization. PIT role is not easy as industrialization will
rervier Telecommunic3ations management more difficult at 3ll levels

of the hierarchy.

PTT are 2also The Cucstomer of 3 Telecommnuications

industry.

Let wus comment briefly on the issues related with PIT’s
importance:

a) Iraining and selecting new staff

I would say that training and selecting new staff is the
very b3sic issue in the process. Nothimg will happer wi%thout
skilled staff.

Going throush the Fortujuese process we 3lso conclude that
tra3ining is rot only sending people to attend ccurses in schools
or training programmes in plante or Administrations. This is only
the very beaining., Training is 3lso putting people to work in an




erasnized manner, so that they can Jevelop their skille by

performing various tasks in the oraganization:

= installing and maintaining equipment
- specifying new systems
- planning

- 6rqaniczingq services

Therefore, training qualified staff takes some years after

they acquire bacic kriowledqge in school or through basic training

proa3rammmes.
b) Planning

PIT Planning _is another important issue for launching 3

manuf3cturing industry. As we have seen, in Portugal, the
industrialization process realy started in 1937, with 3 Plan to
be implemented in 15 years 3llowing for the forecast of equipment
gusntities to be installed in the network during 3 long period.

c) Orqsnization

Orgq3nization has 3also been 3n important ingredient in

developing the Fortuguese Telecommunications,

In terms of industrialization, org3anization largely
contributed to the process of 3cquiring the necessary know-how,

namely through setting up wmaintenance procedurec. equipment

d) Setting appropriate policy auidelirne

............................................ -

As ve have seen, FTT have to be committed to the

industrialization ————process as it interferes with

Telecommurnications management. It many times cost morey, delays
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and quality. And these paramelers are normaly watched carefuly by
PTT officers, 3s responsible for the provision of 3 Public
Service. Therefore PTT have to t-e fully commited tao

industrialization no matter what it may cost.

Gn the other hand some basic policy gquidelines regsardinag
deregqulation trends, separation of Posts and Telecommunications,
new tariffing philosophies, etc. mucst be carefuly analysed before
tinal approval, 2as they may have 3an indirect impact on an

inducstrialization process,

e) Using PIT maintenance workshops 3s manufacturing premices

Finaly, we cannot forget that PIT can themselves start an

industrialization process. It happened in Portuqal back im the

30’s with sm3ll items that could be wanufsctured wusing FIT
maintenance workshops. It can be done today for emall
accessoriec like terminal boxes, connecting bars, etc. Frobakly
even to more sophisticated equipment like a3csewmbling telephorne
sets.

On the other hand, mainmtenance workceshops are eassily turned
into testing laboratories for acceptance tests. Arnd that will
inevitsbly 1lead to knowing better the equipment to be instslled
in the network, so that the skills start qrowing towards a higher
intervention of local cstaff. '

5.2, How to start 3 marnufacturing industry

...... T arw

As we c3n see by 3an3lysing the Fortuquese experiernce
during the 30’s industrialization started by very simple items:

- installation accescories manufactured in CIT workehops or
ir small existing factories that could be e3si1ly
reconverted
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- Jdrz2wing  copper wire wusing an existing plant already

drawing other types of catbles

- 2ssembling telephone sets 1n 3 small workshop that turned
into the tiggest minufacturing industry in the country;

now entirely Portujguese

However, we must rot forget that, in a3 locsal network,
c3bles, poles and accessories represent roughly S0X of the
investment. Therefore, <starting manufacturing small items may

reprecsent 3 relevant intervention of local product.

Switching systems were only manufactured in Portuqal much
.3ter 3s they represent highly sophisticated equipment requiring
larqe fabrication series.

It is also important to draw your attention to the fact
that wherever new technology waes introduced in Fortugal, there
hae beern 3 deep corncern in inteqgrating it with exicsting ore. We
can see that concern in the Plan approved in 1937 and 293in when
developing digitsl switchers for rural networks.

This mears thst cld systems will continue to operate as
long 3s it is ecormomicaly and technicaly acceptabtle. Therefore
industriaslization can 3lso start by some parts of simple existing

equipment in order to maintsin the stocks of spares.

9.3, Incressing local participation in hish technoloqy projects

EBeyond the experience related with .3 new manufacturing
induztry we h- /e 3also 3nalysed how to manage system’s
implementation in higher techroloqy 3reas where local market does

not 3llow for local fabtricatior.




CFRM’s experience in buildina satellite communications
earth stations can be 3lso applied to other areas. As 3 matter of
fact, a local network is normaly compesed of several items, going

from very simple to very sophisticated ones.

Therefore, in implementing 3 lccal network projects can te
deqlobalized, thus avoiding turn-key colutions which are not

3lvays the most appropriate ones.

It may look simpler and cheaper to use 3
Telecommunicstions contractor to look 3fter 3ll infrastructures,

supplying 3 turn-key system.

There ic however another solution which is the one briefly
descrited in 4.2, namely 4.2.2 b) dealing separately with
Telecommunications equipment and the list of items in pag. 35 in
4.2.2°b) (ii)..l could tell you abtout other similar experiernces I
have gone through even in 3nother a3areas like inst3lling linesr
accelerators 1in hospitals. Or as simple a3as installing elevators
in Government Department Headquarters.

My experience tells me that 3 turn-key project, looked on
3 long-term basis leads to more expensive solutions (if not in
investment in running costs), 1less quality and most of the times
less 3dequate to the objectives.

Deglobalizing 3 project requires, however, 3 very accurate
planning of projects ~nd works. In particular, works shall never
start before every single detail has been carefully analysed by
the contractors, a33reed upon 3and inteqrated in 3 plan. Most of
the times it is preferable to have a delay in starting the worke,
than starting them on schedule before 3 carefull plan has bteen
worked out and agreed among 3l]l irmterverors.
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This is 3lso the case in deqlotalizing the implementation
of a3 local network. Many times the switching equipment is there
in 1ts wooden box covered with a canvas and the building is not
ready; other times the trunk cables were buried, everything is
re3dy, arnd 3 small piece of interconnecting cshble is misszing for
months. Pla2nning is therefore 3 major issue in dealobkalizing 2
project.

Nevertheless as we can see from what is described in 4.2
1t is however preferatle to deglobalize a3 project hiring externral
consultants and Jdifferent contractors, rather than adopting a

turri-key project philosophy.
In fact, 3 deglobalized project allows for:

- higher integration of Jdomestic products, therefore helping
marmfacturing industry in other areas (wood treatment for

poles; civil works for buildinge; steel works for towerse,
structures, etc.)

= higher participation of local stsff, therefore

representing an important contribution for training
=~ systems closer to local requirements

~ chesper solutions if looked on 3 long-term basis

As 23 final comment I would say that training is a wm3jor
issue in Telecommunications development; FTI have 3 fundamenrtal
role in launching a Telecommunicaticns manufacturing industry;
turn-key projects do rnot favour the development of 1local
industries in developing countries.
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DBEGLOBALISTION OR SELF RELIANCE IN TELEOOMMUNICATIONS WITH

A VIEW TO DEVELOPING THE LOCAL MANUFACTURE OF CERTAIN
SUD-SYSTEMS, OOMPONENTS ETC.

INTRODUCTION

Self sufficiency and self-reliance have different comnotations
in different circumstances and for different countries. FPor
an economically strong country whether developed or
developing, this would mean capability to pzoaxre material
requirements for itself from anywhere in the world at
reasonable rates. For an economically weaker country, it would
mean ability to produce/manufacture certain amount of
equipment and materials within the country or within the
region so as to muster strength to negotiate reasonable rates
for the materials required by it. BEven if it is not possible
to manufacture the equipment to become self reliant, the
country should have the capacity and capability not to became
dependent on any other country for the essential items of its
infrastructure. One of the essential items is

Telecommmunications.




2.

3.

DIFFERENT OOMPONENTS OF TELEPHONE NETWORK/TELEPHONE PROJECT

pefore, deglobalisation or self reliance is discussed, it

would be useful to study the different aspects of a

telecosmnication project. These are,

- Demand assessment and formulation of requirements,

- Survey, planning, feasibility study engineering and
drawing up of specifications,

- Procurement of materials and equipments (indigenously
manufactured or ilpt;tted).

- Installation, testing and commissioning
- Operation and maintenance.

- - Training

For self reliance in a telecommmication project, not only the
indigenous mamuufacture of telecommmnication eguipments is
necessary, but also the capability to instal and comnission
the equipments as well as operate and maintain them is
important, because some of these project camponents takes a

large percentage of the investments.

BASIC COMPONENTS

There are four basic sub-systems in a telecommunication

network as are shown in figure - 1.




iii)

The different items in each of these sub-systens are as

. follows:~

SWITCHING SYSTEM

- Exchange Terminations
- Fuses heat coils

- Switching equipments
- Power plant

EXTERNAL PLANT

=  Primary cables

-  Ducts

- Cabinets

- Distribution points
- Secondary cables

TRANSMISSION SYSTEMS

Multiplexing

i) Multiplexing equipment
frequency generation.

(PFOM or Digital)

including




Line Systens

ii)

Overhead Lines

Poles and accessories
Overhead wires and cables
iii) - Coaxial Cable

- Line eguipwents

iv) Radio Systems

- VHF/UHF equipments
= Microwave Equipments

- Tower, Antennae, Feeder cable

Optical Fibre Systems

v) = Optical Fibre Cables

- Optical Fibre system equipments

vi) Satellite Communication Systems

= Satellite Ground station equipment

- Ground station Antennae & Towers
vii) Power Plant

SUBSCRIBERS PLANT

- Drop-wire
- Window terminal

- Subscriber house wiring
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- Subscribers plug and socket

- Telephone instruments, non-voice service teminals

such as facsimile & data modem.

PERCENTAGE INVESTMENTS IN MAJOR OOMPONENTS OF A TELEPHONE
PROJECT

The precentage investment in each of the major component of a
telephone btoject in an urban network is given in Table - 1.

TABLE - 1
S.NO. ITEM PERCENTAGE
1. Switching System - 30-33%
2. External Plant including 30-40%

subscribers plant

3. Transmission systems including 30-33s
long distance switching

TOTAL 100%

The approximate percentage break up of these three major
camponents in material and installation costs is as given in

Table - 2.




TABLE - 2
100%
ITEM BQUIPMENT/MATERIAL INSTALLATION, TESTING AND
COMMISSIONING
SWITCHING 80% 20%
EXTERNAL PLANT (Cables and jointing 60%
Material
ducts material Installallation
40% & commissioning
. 20% 40%
TRANSMISSION
{ TERRESTRIAL) MIX Tower Radio
RADIO Antennae &
Power plant
20% 40% 1
(50% : 23t
equipped)
COAXIAL MUX Power plant LINE
25% 20% 25% 30%

These are broad percentages which may vary from country to
country depending upon several factors such as initial
equipped capacity, space and frequency diversity for radio
systems etc. However, it would be noticed from these
percentages that in switching and transmission projects the
material and equipment costs are high, but in external plant

the installation costs which include the cost of duct material




are higher than the cable costs. This is an important aspect
which each country may like to consider in its persuit to

became self-reliant.

5. EXISTING NUMBER OF TELEPHONES IN THE CONTINENT OF AFRICA

The number of total telephones in 33 countries of the

continent of Africa are given in Table - 3. (1982 figures)

TABLE - 3

TOTAL TELEPHONES IN A FEW AFRICAN COUUNTRIES

S.NO.  COUNTRIES GoP TOTAL TELEPHONE POPULATION .
US$  IN THOUSAND IN MILLION
1. Chad 80 ' 6.5 4.0
2. Ethopia 140 100.8 32.8
3. Mali 180 8.5 7.2
4. Zaive 190 31.2 29.2
5. Malavi 210 29.0 5.9
] 6. Upper Volta 210 8.6 5.9
7. Uganda 230 61.6 13.4
. 8. Rivanda 260 4.6 4.9

9. Burundi 280 5.6 4.0

Tanzania 96.5 19.2




S.NO.

COUNTRIES
11. Benin
12. Central Africa
Republic
13. Guiena
14. Niger
15A. Togo
16. Ghana
17. Kenya
18. Sierra Leone
19. Mozambique
20. Sudan
21. Senegal
22. Zambia
23. Egypt
24. Z imbabwe
25. Nigeria
26. Morocco
27. Ivory Coast
28. Guatamala
29, Congo
30. Costa Rica
1. Tunisia
32. Angola
33, Algeria

a8

310

310

310
310
340
360
390

390

440
© 490
640
690
850
860
870
950
1130
1180
1430
1390

2350
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TOTAL TELEPHONE

POPULATION
IN THOUSAND IN MILLION

16.2 3.5
5.0 2.5
9.5 5.1
9.8 5.8
9.8 2.5
70.7 11.5
216.7 17.4
11.5 3.1
57.4 12.9
68.5 19.4
20.0 5.9
67.2 5.6
477.4 43.7
236.2 7.5
708.4 100.0
265.7 ' 20.7
87.7 8.0
97.7 7.1
17.3 1.6
282.8 2.4
218;8 6.8
36.7 ‘5,7
408.2 19.5
3752.1 444.7




LOCAL PARTICIPATION IN TELECOMMUNICATION PROJECTS

To became self-reliant or even to increase local participation
in telecommunication projects will depend upon the following
aspects,

Capability to choose the appropriate technology,

Capability to desigh, develop and manufacture,

Financial resources,

Capability for installation, testing and cammissioning,
Capability for operation and maintenance,

Capability to train the staff in new technologies..

Several of these aspects are e§sentia11y same as the different

camponents of a project given in para 2.
CHOICE OF APPROPRIATE TECHNOLOGY

In the electronics and telecamunication field, the
obsolescence is very fast. Technology now changes almost
every five years. This was not so earlier as we could see

about the switching technology:

- Step by step systems 50 years
- Carmon control systems 20 years
- SPC Analogue systems " 10 years

- SPC Digital systems 5 years




The telecammunication administration, therefore, in each
developing country has to make a decision about the technology
for their network. The decision has tar reaching effect and
the consequences of such a decision will be felt for many
years. The new technologies now utilise very large scale
Integrated Techniques having computer controlled exchanges
with time divisions switching and the transmission of
information in digital form makes it possible to transmit
voice, text and huge quantities of visual information. 1t is
also possible to connect telephone subscribers to large data
banks through videotex service and display economic, financial
and scientific information as text or grapics on a television
screen., Video Conferencing and electronic mail service is
also sbreading in some of the developed countries. Te.anology
has advanced to the extent that it is possible to provide them
services over a single network known as Integrated Services
Digital Network (ISDN) and comprising of digital switching,
computer control and large capacity optical fibres and
Sattelite channels, Keeping in view the above trends,
existing systems and capacity to absord new technologies, a
country’s administration has to choose a proven technology.
It should also be capable to sustaiii the new technology
especially to operate and maintain the systems, It may also
be useful to share experiences and seek advice in choosing the

technology before final decision is made.
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DESIGN, DEVELOPMENT AND MANUFACTURE

At present only a few advanced developing countries have
design capabilities of their own and a majority of developing
countries are dependent on the designs undertaken in the
industrialised @nttxes. This inhibits equipments designed
and developed in industralised countries to always meet the
full requirement of the developing coﬁntries. There is also
no incentive to develop equipment tc; suit the markets of
developing countries due to limited requirements, For
de;reloping countries, the pressing need is to _provide service
to a widely scattered population as the existing means are
costly. It is, therefore, beneficial to set up design and
development institutes either individually or in groups or on
regional basis. This has been beautifully summed up in the

Majitland Report.

"The first objective of the R&D establishment in the developing
world should, therefore, be to develop equipment which is not
avajilable elsewhere. An example would be equipment capable of
providing service at more reasonable cost in remote areas
which would be suitable for manufacture either on local or on
regional basis. There is also a wide range of devices, tools

and aids that are not pure telecommunications equipment but

whose development & manufacture locally would reduce
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construction and operation costs. These establishments could
adapt designs from the industrialised world to the needs of
the count-ies they serve. In other words, we do not envisage
the institutes developing major new telecammunication systems
but rather modifying available systems to their own
requirements using modules and camponents available in the
world market.”

These institutes could cooperate wi.th each other and with
other institutes in the developing countries. They could
take up subsequently technical and operational problems and
develop installation and maintenance needs of the

telecommunication administrations in the region.

This would mean that initially the.design and development
strategies in developing countries either individually or
collectively should be to adapt the equipments of the
industrialised countries to suit their requirements. An
example of developmental efforts required to develop switching

and transmission systems in India is given in Table - 4.




B.

SYSTEMS

Indigenous Digital
Switching System

7 GHz 34 MBit/s
MM system

Secona Generation
FDM MUX
CTE to 12 MRz MJX

(including Frequ-
ency generation)

TABLE - 4

MAN MONTHS DURATION INVESTMENTS

9000 3 years 36 Million S
25% experienced
Rest qualified
engineers

(250 engineers)

240 2 years 0.75 Million $
50% experienced

50% qualified

engineers

(10 engineers)

750 4 years 1 Million §
mostly qualified

personnel

(14 qualified

engineers + two techs.

The Indian digital switching system would be capable of

working in

countries,

rural environment existing in developing

STAGES IN LOCAL DESIGN AND DEVELOPMENT

The local design and development cycle of a telecommuunication

equipment broadly consists of eight stages as shown in Figure-

2.

- Assessment of the needs and project formulation,

- Peasibility,

system engineering and preparation of

developmental specifications,
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- Development of units and sub-systems,

- Integration of sub-systems, system testing, raliability
and envirommental testing,

- Preparation of factory prototypes ard intensive testing,

- Trial production for field trial systems,

- Field trial, analysis of feed back information, -

- Freezin1 of drawings and regular production and.

The design and development cycle takes 3-5 years depending
upon the camplexity of the project and the time spent in

£121d trials and envirommental testing.
HAMJFACIURE

Manufacture of the required telecommunication equipment by a
developing country makes itself self-reliant in that product
besides savings in the foreign exchange. !baever,' indigenous
manufacture of telecommunication equipment requires three

primary inputs,

manpower,

material,

and financial resources.

Developing countries which have a fairly developed industrial

infrastructure and skilled manpower and which have large
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requi_ranents of telecammmications equipment can absorb the
indigencusly manufactured equipment but the requirements of
most of the countries in Africa may be small and as such
manufacturing projects may not be economically viable. Such
countries will have to set up mamufacturing facilities as
joint/collective ventures at regional level, sub-regional
level and the ancillary units can be set up in the
participating countries. Keeping this-in view, let us examine

the suitable items, sub-systems for manufacture.

In para 3 earlier different items comprising of the four sub-
systems of telecommmication network have been given. It
would be noticed that a large number of camponents are simple
hardware items which can be manufactured in most Of the
developing countries. A look on Table - 2 which gives
approximate percentage investments in different sub-systems
and cawponents of a telecawmmication network will indicate
that there are several other important sub-systems of a
telecommmication network which can be manuufactured in a

developing country and these are,

- Telephone cables,

- Telephone instruments,

Multiplexing equipment.
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Setting up manufacturing facilities for switching equipments
and large capacity radio and line transmission systems is also
possible if a large mmber of countries in the African
continent come together otherwise the projects may not be
viable for low capacities. As regards Telephone Cables and
Telephone Instruments are concerned, there would be a large
mmber of manufacturers who would be willing to pass on the
technology for manufacturing these items. The viable plant
capacity for a cable plant is about 500,000 ckm and for
telephone instruuments about 200,000 pieces.

The stages involved in establishing mamufacturing facilities
for the telecommmication cable or telephone instruments

consists of the following :-

- Assessment of the needs and requirement projections for
10-15 years,

- Peasibility studies and econamic viability,

- Preparation of technical specifications of the product
required to be manufactured and finalisation of Product
mix,

- Discussions with reputed manufacturers of the product
with regard to technical and financial conditions for
setting up the manufacturing E.'aciiities,

- Calling for bids for foreign collaborator for setting up

the manufacturing facilities,




- Contract negotiations and finalisation of the Foreign
Collaborator,

- Selection of site keeping in view the availability of
water, electricity and land,

- Preparation of technical specifications for the
manuufacturing machinery and release of tender papers,
evaluation of bids, negotiations and order placement,

- Start of civil construction work,

- Receipt of the machinery, installation, testing and
comissioning of the Factory and trial production,

-  Testing of the indigenously produced product within the
country as well as at the premises of the collaborator,
to ensure cowliance with the specifications,

- Regular Production.

wWhile establishing a manufacturing factory, two important
points would have to be kept in mind, one, that the price of
the equipment or material indigenously manufactured should not
be higher than the landed price of the imported goods and
second, it is useful to have equity participation of the
foreign collaborator. It would also be desirable that there
should be more than one source of all the raw materials
required for the manufacture of a product as well as the
machinery should be available from more than once source to

get competitive prices.
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STANDARDISATION

We have seen in the previous paragraphs that for setting up
manufacturing industries in the African continent for the
telecommmicaion systems it would be necessary that a muumber
of countries come together and use the same systems in their
network. This would require standardisation of the
specifications of the equipments and cables used in the
country. This is one aspect in which lot of work is yet to be
done in the developing ocountries. Standardisation of
equipment, materials and cables by a number of countries will
enable the equipment suppliers and manufacturers to produce
equipment as per the required specifications even if they are
not manufactured indigenously by these countries. The
Standardisation thus provides strength to the developing
countries not only for the indigenous manufacture of the
equipment but also in procurement of equipments from abroad.
No doubt, there are a number of Intermaticnal agencies such as
CCITr, CCIR, OCMIT, IBC, 1ISO etc. which lay down
recommendations for different types of telecaommnication
systems but it is left to individual countries or regions to
translate these recommendaions into specifications. Once the
specifications are laid down then the methods of measurement

and even the list of instrumentation with which the

measurements are taken have to be specified. Stand.rdisation,
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thus, at every stage is essential especially for the
developing countries which have limited requirements of
equipment and materials. The work of standardisation could be
left to the Design and Development Organisation which can also
keep standards for calibration of the test instrumentation in

the region.
TRAINING

One of the first and fcremost task for the developing
countries is to train their manpower to enable them to take
over not only operation and maintenance but to involve
themselves in Design, Development, Inéttallation, Testing and
Caommisioning of the Systems. 1In fact there are mmerous
instances when equipments in developing countries is not used
to its full capacity or remains out of order for long
durations due to the staff being not fully trained in the
technology. For getting fully trained the technical staff
should not only be fully qualified but should have good field
and practical experience as well as should get involved in the
new technology right from the initial stage. Such Training

Institutes like the Design and Development Institutes can be

situated on sub-regional/regional basis.
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2.

3.
4.

CONCLUSION

We have noticed that the existing telephone density is very
low in most of the African countries and for setting up
manufacturing entities it would be essential that the
countries come together through a common organissation such as
l;an African Telecammunication Union, SADACC, ECOWAS and set
up oollective manufacturing and training facilities. This
collective effort will give urmatched strengtl: not only in
setting up manufacturing entities but even in procurement of

equipent and materials.

"The Missing Link" - Report of the Independent Commission for
world wide Telecammunications Development.

Appropriate Modern Telfecommunications Technology for
Integrated Rural Develcopment in Africa. ITU study 1981.
Teleconmunications in member states - ECOWAS situation.

The World Telephones ~ ATST long lines.
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manufacture telecormrmunicaticns eguipment in Africa?
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1. CHEANGING TTLECCMMUNICATICHD =M1 SCCRCMIC G=C.TH

1.1 Introduction

Life in society and eccromic exchenres are both impossible without
comrunications, That was thes case even at the dawn of human historr. It

will continue to be so in the future,

Fistory has always been preatly mar-ked by chances in comruricaticans
techniques and by the systems of comrunication within society. The crocess
cf change first led from verbal comrunicaticn to the introcductior of wrilting.
Gutenbers's inventicrn of the printing press ushered in the modern are, aré
the bases for the modern mass media (films, radio, televisions) were lzid
in trte nineteenth century. =zach step in the development of communicatizns
technigues was linked to nrofound changes in the politiczl and culturzl

structures of society. And the time between revolutions in communicaticrs

teckrigues is becoming shorter anc shorter.

Today, we are once again in tte midst of one cf these processers of

rost-irdustrial ones,

It must, of course, be admitted that we still know only very little atout
the future of society, about the way it will evolve. And we know even less
about what this society should or should not be like. There is, hovever, ro
doubt that i+ will be s society of information, a society of communicaticn.
Tris means that information, knowledse 2nd communication will become the
dorminant fzctors of production arc the cuality of life. First complementing
tre traditional factors of rroduction - energy, raw materials, carpital ard
latour, they will gradually reduce their importance., This pattern is valid
fer all the highly industrialized countries and is increasingly arclicable to the
develoring countries as well,

s 8 result, the technological anc economic battle for the best places in this

R

orretition aimec st change is becoming more intense. Therefore, thre
telecormunicaticns companies in every developing country must maie the pisrt
decisions atcu*t *Fe *eschnolery to be used in treir systems, The effects ¢ their
decisions vill be felt over many cears and will radically influence

orerations =2nd their vizbilit.,
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Telecomrunications decision maiers must therefore make use of “he bes*
vessitle sources of advice when they make such decisicns. The ovrrpose o this
contribution is ‘o present to some decree the technological ortions ard their

charzcteristics as seen today.

& fresh surge of growth in communications technology could act as a
stimulus for rroduction, exports and consumption, as did the post—war bcem
in machines, motor cars, construction and electronic entertainsert ecuiprment,
which culminated in the video recorier, 1In addition to the euphoria of growtik,
trere ir alsc a cecree of scevticism prevailing in Zurope. This scepticisk
derives as much from sociologic:l as from economic sources. Is there a real
derand in the home - ard, 2bove 211, do sufficient financial resources exist =

fer new items, such as pay TV or Teletext?
Are the new possibilities for office uses not greatly exaggerated:
(a) Because the equipment anc crogramres are still not perfect;

(b) Because insufficient acccunt has been taken of psychological, social

and ergonomic cencéitions,

shat of the speed with which these techniques g2in ground, especially when
we consider that this depends to a great extent on a comtined strategy, on a
co-ordinated mobilization of invesiment and public and rrivate orerators?
The finest railway carriages are useless if there are no tracks or railway
stations or if the gauge is not right. Is it still possitle to close the gap

>

in comrunications technolories which some have opened up on others? asnd to

what extent does the introduction of possible new media uses , which are expe~‘eg
to stimula*te economic growth, derend itself on the rrospects for growth? Lo

we not have here a case of the serpent eating its tail? 'we all seek the

soundest possible information on the subject im orcer allay fears, to find a
reason for hope or even to provide the basis for certain decisions. +t the
moment, noeone can supply 2 firm long-term analysis of the development and

impact of new communication technologies. This does not, however, mean that

we know nothing. Therefore, in this paper, we will try only to answer tre

following cuestions:=

(a) :hat economic sirnificance should be at'ached to communica‘icn

as a factor of growth and innovation?
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{(b) *hat are the rrospects cf chanfes in the infrasiructure 2ng uses

of comrunications technigues?

(¢} *“hat are *he bottlenecks impeding the sovreacd cf potential

zrplicaticens?

\ N - - - - + -
(d} =ahat can be szid vwith some accuracy about the economic

. effects?

(e} 'hat are tre a2reas in vkich action is most urgently required?

1.2 THE CEANGING ROLZ Or TELECOMFUNITATICNS IN TEE ECONCMY

Communication, that is, the exchange of oral information, texts, irages
and data, is becoming more and mcre important, in view of the growing nurter
o human beings on our planet and increasing economic interdependence Tne
technical infrastructures for telecommunicaticrns have become essentizl.

Indeed:

- in private life, families ard friends can ccntact one anotker at any

time (within a country or across borders);
- comrunication is provided everywhere in emergencies;

- means of communication account for a large proportion of the available

ways of spending leisure-time;

- - economic services, the division of labour, ard tre exchanre of gocds
on 2 world-wide scale would be un*hinkable without telecommunica‘icns.
- Just as economic advances in the past were closely linked first to thre
transport infrastructure 2nc¢ then to the communications infrastructures
(for examrle, telegraphs 2and telerhones), the importance of
telecorrunication for international exchanges today cannot te

under sstimated:

- telecommunication increases the transparency of the market &rc

azcelerates economic activity (information is passed on more rapidly

and decisions are mcde somewhat more gquickly), leading to a bet'er




alloccetior of resources;

- telecommunication increases tre flow of infsr=eztisn t¥ providing
a larse numter of forms of corrunicati-n and “nucs contrikutes *o a

gualitative imrrovemen® in decisions;

- by reducinz the need for physical marerials, *elecorruricztior 2lc9o

saves raterizl resources.

Consicering the exporential growth of the volume of knowled-e z=d
inforzmation which each individuzl ané each enterprise must grocess, the servizes

cffered by telecormunicaticn will become even more irportant in the future,
rgairst the background of the problers of flow 2nd adiustrmert facirs
n:tional econories, two sets of zrguments can te identified in sugvor:t cf :t

idea of making rreater use of new information ard comrunicatiosns techrolcries.

The first concerns the economic uce of these technologies in the office ang
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ation, while the second involves their arziicaticn in the field cof

industry, infrastructures 2rd the consumer rarket.

1y
[
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st set of arguments

1. «hen a society makes the transition from the rre-industrial to the
industrial phase, information, and thus knowledge, gains in importance
as a8 factor of production over other factors, such as raw materials and energy.
This means that an even greater amount of huran carital must be invested to
rroduce *he know~how necessary for the productinn of technolegically advancec

Fnods.

2. »ith specializaticn and growing differentizti-n ar a result of the ficws
c¢ivision of labour, irnformation thus are goinz to grow. In the future, ‘Fe need
to exchanre informarion will continue to rrow. 7The need for information ard

comrunication on the rart cf all socizl entilies grows cxronentially,

3. In the African domestic econories, the proportion cf the leabour ferce
errloyed in the informat:on sector iz goiag to grow, from the current figure of

t rer cent to more than 5C per cent i- the future,




&, A growing protortion of the to:2l costs of proguctior in *ke ecorcrx

1 come from office 2ng adminicirative costs. In enterrnrises, oifice cos-s

5

alreadr account for almost 5C per ceat of the *ot2l costs of production, rbout

~C per cent of office costs consist of personnel costs, which have incresser r~cre
*kan the averare in recent Yyears.,
S. In contrast with the rapidly rfrowing quantities of infor=siicen

ard the increased tasks of comrunication, 2s well 2s increased persornrel ccs's,
there h2s far been only a very slight rise ir productivity in the cflice =ecior,
wnile industrial srocuctivity is increasing more ragidly.

6. These facts alone show the economic importance of informaticn ~nd
comrunication technologies, in :hat hey corntribute to a better utiliz:=tion
of resources by enabling information to be collected, transmitted and

rrocessed more efficiently, thus reducing its cost.

The secord set of argurents crzcerns the cecrtribution that can be exrectec

of cormunication technologies ir. tacklinz the structural adjustrent troblers

of developing econonies,

Second set ¢ arzuments:

1. Movement from traditional market structures to 2 more industriel

econormic model which requires a rapid co-ordination c¢f inforwation.

2. This situation entails an obligaticn to innovate in orcer to cut cect

ard rationalize production.

2. The agplication of communicaticn technigues in the tusiness world
-akes for innovation at ‘he processing level involving a reduction in irterral
expenditure on production, organization ard corrunization (effects of

rationalization, increased productivity).

L, VMany innovations are possible with manufactured goods both in their
rroduction and in the aprlicaticn of comrunicaticns techniques, particular!

alonr the following lines:

Reduced prices a~d for improvements in existins gcods or gervices;

-~
»
~

-~
o
~-

Sunrly of new gnods and services;
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(c; New ways of rresariings and distributine goods or services.

5. Ir acgdition, com—unicaticns technicues reguire orly a s=211 a-ount
cf energy and raw ma‘erials and have virtually ro ha-=ful e-fects on *>c

envirenm>n:. COn “he conirary, iZer helr save ererry ard ra. caterials =

s

recuce volliution.

&, Communications technicues therefcre rmake it possible, through 2 tetter
use of ecoromic resources, to offer products that are more variec, of a hisner
cuzlity, *echnically wore moderm, 2nd less expensive., _.ney thus telr %o

erkzrce the capacity cf rationil eccnories.

Similar ~rotlems fazce all rations, whether industrialized or not. -Zut
the hores placed on new inform2iion and comrunicaticn technologies are 2lso
alivke, Ir particular, much is expected of telecommunicaticn as a stimuiant

of investment and growth,

- The total volume of the world telecom~unications market in 1SEL was
atout 3CC billicrn dollars, wrhick correspords to arproxicately ¢ rer cernt

of the gross global product.

- Sirnce 19%C, this market nas been growing by approximately 15 per- cert 2
year.
- There is general agreement that a minimum annual growth rate cf zbout

S per cent can be exrected in this area over the next 1% years.

- In the developin: countries embarkirg upon industrialization, the growtn
will ecsentially be the result of the establishmert and excarsicn of
national telephone systems. + huge rotential market thsrefore evis's,
anc will develop in thris area, for communications technology equiprent
and for the ensineerines ard advisory know=-how.

At the momen*, in Africa, despite the investment programmes trzt countries

hzve carried out in *te past two cdecades, the situation has hardly evolved.2nd
the annual telerhone growth rate in the continen* is less than 7 per cent, a

level considered to be too lo- for new netwo:~~that are being set up.
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In rany countries, this sectoral weakness is fel: in other secters which
use cor—unicaions,such as industry, transport and services. sccsriins zo

- v opoe

{270 estimates, the picture is as follows:-

total installed cagpacity : 2,31 ,CCC lines

- rpricary linesconnected Z,£10,00C

- urter of telephone st=tions of all types : & 17C,0C0O

- waitine list (dema2nd exrressed and satified):
2,168,000, 25 per cent of which, or 52,CCC,fall into the business

calesory.

sccording to FATU, 2,000,00C additicnal lines (pessiristic assurption) will

te resuired, 85 per cent of which will be extensions.

- Cn the one hand, this situaticn is expected to give a majcr impetus

to home production ir Africa, improved services and econcric growth,

~ The countries which succeed most quickly in setting ur a
teleccmmunications infrastructure at the technical arnd organizational level
will have a significant competitive lead (greater export potential for their

products and gereral reduction of production costs).

Such are the hopes. In view of the study by the International Telecommunicati
Uaion on the relationship between a country's gross national rroduct anc thre
cdensity of telephone stations, these hopes have a good chance of being fulfilled
as long as the telecormunicaticns infrastructure is developed according to
needs, In all countries with a Sta*e telecomcunications monopoly, the m2in
resvonsibility for the fulfilmernt of these hopes, which are bound up with the
development of a modern telecommunications infrastructure, lies with their
nstionel osis and elecomrunications orporaticns. Their volume of business,
investment and employment makes up 2n essential part of the economic data in this

area,

The development strategy and the investment policy of telecommunications
services have major consequerczs on related areas., Since telecommunications
systems are inter-connected . there is a2 neec to co-ordinate nationzl ard
international development strategies an¢ to establish the maximum degree of

transparency, in both the supply and utilizaticn of equipment.
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3  COMTARISCE OF INTZHUSTICNAL TRZIDC In TELEZCRNTLILNIINS

Telecommunication mzy de defined in a very generzl way as the nen-=aterijal
transfer of informatien ne'ecrn two or more ceorle {individuzl telecomrurnicaticrns
or arons many reorle (mass cor-uriz2*ion) over long distarces with the aié of
acoustic ani/or optical signals. In the first case (individual cor-unicaiicrs;,
each persor in comrtunication c2n at the sare time transeit and receive

information.
Thus conceived, telecorunication is suited only to a formalized tygpe
of commuricaticn limited to the visuzl and 2uditory senses. It cannot irvolve

cther senses such as taste, touch, radiaticn, smell, heat, or any mental factor.

hctual telecormunications srstems reguire four elemerts in order ‘o

operate:-
ta) The distribution or transmission network (with or without wires);
(b} Exchanges for switching and transmission;
(c) Terminals;

(d) CServices.

Information technology is closely relatec to the concept of

telecommunication. It includes:=~
(a) Input/retrieval;
(b) Storare;
(¢} Erocessing;
(d) Transmission of information.
4hile all transmission systems are, by definition, part of telecomrunications

technology, information irrut, retrieval, storage and rrocessing devices are

so only in that they can be 27~ are connected to a transmission system, even 2

local one. In such cases, these devices are also termed peripheral comrunication

devices,




Market estimates ma2y vary accerding to the category to whick “he perirherals
telorns. The basic technologies cf micro-elecironics, octical electrorics

(glass fibre techniaues) ard storare techriaues - data processing, viewing
rrocecures and senscrs, are the basis for both fields (information arsd comzunicz*icr

In tris conrecticn, *he groving imcortance of software should also ce merntiored,

Freeress in information ard corrunicztion techknoclosies is marked ty greazt
- diversity, as well by the synergic effect of diflerent developrexnts. The

frontiers of traditional teckrical fields are becoming increasingly rcorous.
The main patterns of chanre r2y be summzrized as follovs:-

(a) Semiconductor technicues, including micro-electronics, corputer
tecknelogy, including storage arc transmission, are based to an ever grea:zer

extent on information and communication tecknigues;

(b)  The basic area of inrovation is still micro-electronics. Thre
essential feature remains the grcdual imcrovement of the cost/verformance

ratio of all componerts of micro-electironic aprliances Semiconductors ard
Microrrocesscrss; : .

(c) ~s for storage techniques, the main trend is an improvement of known
technclogies and the develorment of new vrocessors offering a large capacity and

increasinrly short access time with a rositive overall cost/perforrance ratio;
(d) In the software field, the following trends can be seen:

(i} The share of software costs (developmert and maintenance. is

showing a disproportionate increase;

(ii) Constraints or ragid innovation will be increasingly due to the

software development staff (rrogrammer productivity);

(iii) These constraints can be eliminated only partially by"software

tools” (development of softw~re with the help of comguters);

(e) Information (telecommunicaticn) technolory is marked cy the followinr

trends:

(i} Transition from elec’romechanical transmission and switching

to dirital means, wrich :re entirely electronic and controlled by computer;
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ii, Increased arpearance on the market of glass fidbres, includins

(
crtical transmission fibres;
(1ii} Improved cost/per-formance of sarellite transmission.

These techrological develonments create a2 huge potential for arplications
including innovations to improve the telecommunications infrastructure. In this

respect, the following should be noted:

(a) The introduction of new services on existinc networks, for eramrle,

teletext, telefax, videotext, etc.

(v) The digFitizaticn and intergraticn of existing narrow-bang

telecomrunications systems (transmission and switching);

(c) ine creation of new broadband transmission systems (glass fitres)

arc tre establishment of new broadband dialogue services.

These three stages of innovation are being carried out, or at least
corterrlated in tkis or a sizilar form, by virtually all public services in tre

world .

The end product of all these efforts and conceivable potential is tre
creation of a country-wide telecommunications network, with integrated services,
first supplied on a narrow band (I3DK), that is both swiiched services such as
telephones, telefax, telex, videotext, telepac, etc., and broadcast services,
television, radio programres, teletext, etc. The transmission lines will te
mzde of optical fibres and supplemented by comrunications satellites. CDigital
conrection fields will make up the switching centres o ithis comrunicarticns

system of the next millenium,

The develorment strategies acopted by various countries to modernize their

telecommunications infrastructure are characterized:

(a) By the political ard legal environment considered most likely o
rromote the development of the market. Demonopolization or literalization, as
in the United States, Great Britain anc Japan, contrasts with the maintenance

of monopolies in all other ccuniries of the world;

(b) By the intensity with which a pclicy for and the systeratic olanprins

[+ 34 - - . s A wiie * . p . ’




with which it is applied arg the rela2tec measures imrlemented. As 2 result,
the tire taker to introjuce tkese services often varies a sreat cezl ‘rer
country to country. For example, wkile iz the United Stares, Great Zritairn znd
Japan, the development ol telecomrunications derends essertially on merie:
forces anc the State simply establishes a favouratle environmernt, in otrer
countries suprliers and users wait for their Sovernments to develor racicly

2 modern telecomrunications infrastructure ard to arrly a liberal rolicy,
making limited use of the telecomruni-ations moropoly and to pursue

standardization, especially with terzinals.

The similarity in the time taken for ~“evelopment in differen: ccuntries
rerardless of who they are, depends atove all on the fact that the
establishmert of a country-wide broadband telecommunications netwcrk usirnf
ortical fibres still recguires the solution of many technical arc standardizatiorn
croblems, Tnat will not be possitle before the start of the next decade. Unt:
then, the focus will be on preliminary work (the use of glas~ fibre in trun<« lines,
the establishment of arn overlay system to meet the most urgent needs for rerid
data transmission and video communication ir businesses, the imrlementaticn of
pilot projects, anc standardizaticn work within international orearizat*icns,

etc.).

As a further example, on 21 March 1685, the EX Commissicn launched a
joint telecommunications research ard development project in Europe, thre
FACE programre (Research and Developmert in Advance Commurications Technoleries

for Lurope). The aims of the progre-rme are as follows:

(a) To introduce into the Community as a whole broadband integrated

communication as of 1995, taking account of the ISDN network;

(b} To create a competitive common market in telecommunications ecuirment

and services.

These aims should be achieved primarily throurh internmational co-operation
in research and development, the solution of outstanding problems, the removal
of problems of standardizatiocn, and the developrent of reference models for
networks, terminals and applicationse.

1.6 PROBIEMG REG.ININC CUTURT TECENCIQNITAL LEVEICIVENTS
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ectnical problems tr2t still have to be solved.
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Delays rust bhe tzken inte acccurnt in the sam:« .=r as chanres, either
because the technical rroblems are not solved in ‘ime cor because the zerminsl

devices are no: rrocuced orn schkedule or are pronititively priced,

For national telecormunizatizns services, the rroevlem of financins tre
considerable arcunt c’ investrent recuired to estatlishk these networks is,
in general, less importznt than that of gueranteeing the long-terz crefiizbility
of this investment, it being difficult to estimate the long-term changes irn

demand.

The economic effects of the various network development stratecies
derend essen*ially on the way in which the telecommunicaticns services offered

are accepted and deranded by thc office and household users.

A nurber of reasons that could cause demand to develor more slowly than
desired have already been menticned (technical difficulties, standardizaticn
rroblems, inadequate availability of eguipment)}, In addition, there are such
factors as a lack of iransrarency in planrning or in the merket or the ever
decreasing lifespan of goods., These difficulties must be overcome by

greater efforts on the suprly side.

Other factors mignt act directly on the demand side. The main causes
of a rate of acceptance and demand on the part of business users (enterprises,

adrinistrative services, non-profit-making organizaticns) could be:

(2) Lack of infermation on the current surply of goods and services
TP

arc¢ future develorments;

(b} Lack of knowledze of the ecoromic utility of new corrunications
teckniques, as office and communicaticns costs will be an uniknown guarntity

especially in small and mediumesized businesses;

(¢) The 'value' at-acned to existins organizational structurer which
are challenred tr the introductior of new communicatione technicues
(the need for training ard re-organization). fThese recuirements often
evceed the ability and willingre s to learn of oboth manarers ard workers;
(d) The fears, justifiezd cr ctherwise, of many managers or rerscns
concerned about the nerative impact of telecommunications on the labour

market or on the ocuality of work (skills, reduction of social contacts,




increased contrel over the cuality of work, concentraticn of decisicn-marins
rower, off-site worik);

(e} Finaily, the very slow adjustment of tke skilled labour marie- o
Teet the rew dec2nds for skills. In the upcoming =ecters, it is very hzrs, i7
rot impossible, todar *o Jind the necessary skilled staff on the labour

rarket (rrorramrers, cormputer specialists, media exrerts).

1l these factors, rerardless of whether c¢r rot they are raticnally
zotivated, have an impact and a decisive influence on th rrocess cf accertarnce

and on the developrernt of economic demand.

ir the domestic settin~-, the acceptance of anc demand for new infor=at*icn

technologies is subiect to two variables:

(a) The fact that the buying power of households for the purchzse of

information ecuipment and new means of communications is limited and,

(o) The fact that leisure time and the time available for the use cf

information techknologies is a2lso lizited.

An estimate of potential household cemand carried out in Europe has
shown that, ever going by an optimistic economic forecast, the money available

to households will not be even nearly enough to help ensure the profitability

of the developments foreseen on the suprly side.
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1.5  FCRSZT-3LE ZCCRCMIT PRCIESTTS

o - - - - . .

his heading usu2lly covers the impect of telecommuricatiorns on eccromic
growth, its effects on the empicyment rate and the lzbour market, zni its regicnel
econoric effects. Growth prospects have aireacy been mentioned in the rnrevious

sections. They are based con the theory of cyclical growth of the fmerican

econoriists Simon KUZNET and nCLIRATIESF.

&21though it shoulsd be said that these theories are fairly speculative -

ans that they can be surported empirically only in a rather unsatisfactory way,

it can be szid that these phenomena are cycliczl by nature, periods of econoric

growth and decline in growth being intensified by radial innovations, which include

the new comrunications technicues. The csutious ortimism towards eccnoric growth

in the world in genera2l and in ~frica in perticular, for this decade 2rd the next,

is justified, among other thinss, by the fact that, though technical co-oreration

in the ffricar region and throuchout the world, national economies will ragidly

assimilate the new technologies that emerge.

It can be said that the future eccnomic health of the ccuntries of that
region will depend on the rzrid and effective aprlication of a number of new
information and communications technologies. For that to be achieved, many
measures that must be taken. If these measures are taken, particularly in the
field of research and development, production, training, and business management
and organization, it is possible to count on an upsurge in the annual growth of

the gross national product.

As for employment, one of the most controversial guestions is how and to
what extent do new communications technologies and new information methocs

influence the labour market.

The introduction of digital technicues into telecommunications means that
where four units of manpcwer have so far teen needed ver unit of preduction in
the manufacture of electromechanical systems, only one will be recuired in the

the future.

Furthermore, it may be 2llowed that arproximately 25 per cent of all
office and administrative jobs can be autometed through the use of information
and communizatirns technologies, vhich implies a potential locs of jobs. There
are, however, estimates from serious institutions predicting a significant

increase in the number of joos in the very same office sector.

Kow can this contradiction be explained?
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There is no denying that communic2tions techniques co contain 2 huse rctenti
for rationalization and the reclacement of many occupations, jobs and skills

varticularly in the office and administrative services, but also in manufacturins.

it the same tire, however, telecommunications techniques centain a roterntial
for innovation which, if exrloited, will oren up mary new markets, anc new
orrortunities for joes and occupational skills. This sort of shift in job
opvortunities and skills as a result of technical progress is by no means unusual
in a dynamic economy and can easily be absorbed when the economy is moving z2lonc
prosperously (that is, when it is exganding). In this event, the main effect of
the new technigues will not be rationalization but the develooment c¢f production

{the cevelcrment of existing markeis or the opening up the new ones).

Cn the other hand, the uresec it economic situvation is marked by two deminarnt
factors: a c:unsistently low rate of growth and a huge rise in populaticn.
In view of these two fac ¢. 3, the new information and communications tecknclocies

are of but rminor importance.

Rather :st prospects of crowth form the back-cloth to the 158Cs. It must
therefore b: reckonez that, in the medium term (up to the year 199C), informa . a
and corrunicaticns *echnologies will have a rationalizing impact that will exceed

its innovative. job-generating effects.
Is it possible to identify specific regionzl effects?

Y

(a) Access to information and the possibilites of communication will be
a decisive factor for the competitivity of regions and the competitivity of
businesses established there. Decisions on the building of networks are therefore

of overriding importance for regional policies and planning;

(b) It is not just the possibility of access to these new technologies tut
also the costs they generate that will determine the level of industry
established. In a communications society, tax and pricing policy will therefore

also be imrortant as an tool of regional policy.

On the other hand, there is no denying the fact that decentralized
geograchical areas will %e less disadvantaged in the future, because of available
technology. The physizzl transport of information could be replaced by its
electronic transrort. The travelling theatre will give way to broadcast televisio
That is why the ans. .r to the following two questions is of overriding imrortarce

for regional policies and rplanning:

(a) Should “he develorment of the network infrastructure be viewed first
and fo-emost in terms of current needs at the risk of aggravating regional
differences, or should preferential preliminary investment be required in line

with a regional or social policy?
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(b} Should tax pclicy be arrlied to the disacdvantaged regions in the sara
way as to the most well-off, or should the principle behind it be to cover cos:s or

even to accord favourable treatment in order to make up for other disadvantares?

These questions were asked in ruch the same way when the railways were
beirgz built and are still beins asked with regard to their fare policy. 1n .
cornection with the regional effects, it woulc also be interesting, in the context
of another discussion, to address the aquestion of jobs at home made possiktle y
through new generation peripherals. To conclude this brief overview of the
chanres in telecommunications that car be foreseen today, it may be noted that tkre
flood of new telecommunications technologies is going to overwhelm the econoric,
incdustrial and social structures in both the industrialized and the industrializing
countries. The shock in harsh for everyone, and the task at hand is to negotiate

intelligently this new turning point in history.

2. TECHNCLOGY CPTIONS

We have just completed 2 brief review of the changes in telecommunications

and their impact on economic activity.

To ecto the report of. the inderendent commission, telecommunications companies
in each developing country must make their own decisions on the technclogy to be
aprlied in their system. The conseguences of their decisions will felt for many
years and will have a radical influ-nce on the operation of the national

telecommunications service.

Bearing in mind the promise and uncertainities that the future holds for
them, decision makers must consider the options open to them today, without
forgetting that the technology most arpropriate for a country is the one which
enables its human, material and financial resources to be used to their full extent.

This is as true for the industrialized countries as it is for developing ones.

The elements of telecommunications

All public telecommunications systems include: -
- subscriber terminals

- subscriber lines

- 1local exchances

- trunk transit exchanges

~ circuits between exchances.

Subscriver terminals

Subscriber terminals have come 2 long way since the simple telephone set

croviding basic vocal telephony. The current trend favours increased terminal

intelligence to allow subscribers to perform different tasks which make the




telechone more useful. Ter-3inals ccrnected to such other services as facsizile

anc data transfer have become both versatile anc more refined.

Ze can already seen the emergence of the concert of a single tiece cf

equipment that can act as a terminal for text transrission, cata trensfer zar

€.

other non-vocal services as well as being used as a2 telephone. An orcéinzary
teleghcne line can provide 2 large nucber of such services and, with this sert of
ecuipment, non-vocal services in rural and isolated areas might be provided more

easily and more cheapl;.

Subscriber lines (local distribviion)

Subscriber terzinals are ncrmzlly connected to local exchanges by a pair cf
metal conducting wires. These physical connections are cumberscme ané on
average account for 3C per cent of the total equipment cost in urban areas.
Eowever, in highly populated areas, it is possible to plan and set up a local
distribution system that may be augmented economically. Local networks use
overhead of underground cables of different sizes and connection points with
flexible conductors oifering erough availatle capacity for new subscriber terminzl
connections to be added. There are various electronic ways of concentratirng

traffic so that several subscrivers can share the same pair of physical concductors.

Local distribution is the main prcblem in setting up telerhone services in
rural and isolated areas. It carn harven that some subscribers are far from the
exchange -- distances of 50 kilometres are not uncommon -- while the terrair and

the environment may be inhospitable.

The costs of a local network can represent up to &C per cent of initizl
equirment costs, while the latter are generally five times greater than urban costs.
Connections using physical conduztors still dominate with the extend2ble use of
overhead open wiere systems., In some corditions, open~wire lines are suitatle,
perticularly in supplying rural areas without amplification units and can use
small carrier systems tnat supply a number of subscribers from the same vair of
physical conductors. However, they are subject to electrical interference and

rhysical damage, which means high repair and maintenance costs.

Instead of physical ccnductors, ecpecially in rural areas, it is rossible to
opt for radiotelephones. Microwave systems on 30 to 30C VHz (VEF), 3CC teo 3,0C Mz
(U¥F) and 3,000 to 3C,000 ¥Ez (SHF) operate along line-of-sight radio pachs,
the maximum distance from transmitter to receiver being between €0 and 7C
kilometres: in practice, environmental and typograrhical conditions sometimes

reduce their range. It is possible to improve the efficiency of the freaguency

spectrum by making use of the cellular concept and other methods of dynaric

frequency assignment.
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Decametric wave systems have been used only on a limited scale “ecause
there are few freauencies in the IF band and the risks of interference are high.
~ithouz EF frequencies are beinc used less for intercontinental services from
one ccuniry tc another, new domestic users have introduced them, wiih the
result that the EF berd continues tc be crcwded. Novever, with suitable antennae
and a proper selection of freguencies, =T systems can be used effectively aver

long distances.

Satellite systerms are already suitsble for a large number of circuits and *
are becoming an attractive sclution for rural systems with a low traffic vclume,

carticularly w

ier: there are lorng distances to be covered or in cases wrere

it proves difficult, if not ircpossivtle, to instzll 2 radic reopeater. The zczt
of satellite communications service i: zludes the investment in 2 satellite
rereater and in earth stations. At the moment, earth stations are exrensi® btut

their cost is falling.

wchanre systems (local and transit or trunk)

karual or operator circuits in which connections are made by means of jacks
and pluzs are still widely used. 4#As long as sta2ff are available around thke clock,
these systems can rrovide a reasonzble service with allow level of investment,
low energy consumption and moderate maintenance. Eowever, in rural areas, it
often happens that they are manned only during the day and that operating costs

sre high.

In all automatic analog systems, voice frecuencies are converted irnto an
electrical signal of variable frequency and amrlitude, and the communicatlons sare
connected by means of a separate switch within the system. The oldest automatic
system is the step-by-step system including electromechanical switches. Although
it is still widely used, it is now obsolete. NMaintenance costs are high, the
system has a large number of moving parts, and its capacity is limited, but it can
rrovide a reliable service and a rreat many maintenance engineers are familiar
with it, It is almost no longer rossible to buy a new step-by-ster switch, but
such eqguivment can be obtained in reccncditioned form and perfect working order on the
worlc market. Crossbar systems orerate at higher sreeds, are less exrensive to
maintain and have more to offer subscrivers. Fowever, these systems are also
obsolete and it is expected that their zroduction will continue only for thre

exransive of existing systems,

The most recent generaztion ~f analog systems includes stored rrogramme
contirol (S¥C). In these systems, the control functions are rerformed ty a comruter
and the switching matrix can employ solid-state electronic cross-cver noints. The

advantages include extensive possibilites for rerote operation and maintenance,
integratad test signal units,

and an almost total absence of unzrotected cerntact
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points, which makes these systems less vulnerable to dust. Xormally, S:C
exchances are produced in campact form so that air-conditioringz is reguired,
particularly in hot and/or tropical couniries. These srstexs are nct rat
obsclete, but xmaost marufacturers tond tc be concentrating more apd more or the

crocucticn of digital systems.

In 2 digital switching systez, telephone conversations are cornverted iror

an a2nalog signal into a2 code consisting of a high speed go/stop pulse.

- The oulses from different conversations are separated i{rom one ancther by
discrete time intervals and a2re swiiched in turn by t-e system (time switchking!
g5 *hat mz2ny conversations can be handled by the same switch. Digital exchanges
are cheager to irstall and mairntain than analog exchanges particulzrly in the
larger sizes, and they will probably become even less expensive. The advanlarges
of this type of switching include is computer outprut compatibility and tre
votential for savings where it is operated ir ccnjuction with digitzl traznsrissiecn

systers.

Junctions and trunk circuits

Comrunications can be transmitied between exchanges along taired syrrmetrical
star nuad, coaxial, or opticzl fibre cables, or by means of microwave radio system
overland or via satellite. Trc choice of medium depends on the bandwidth or thre
volume of traffic to be transmitted, the distance and terrain to be covered,

the cuality recuired, the traffic distribution and the cost.

In the past, trunk transmission systemrs were analog, bt they are now

being gradually replaced by Figital systems.

Technological rrogress reduces the cost and imrrove . the cuality of
service. The optical fibre cable is particularly suited to high caracity rcutes
with longer distances between the sicnal regeneration roints, which reduces
costs even more winile increasing reliability. Cptical fibre systems are going

- to reriaca star auad and coaxial systers as the prefered medium, Micrewave
sys*ems are rarticularly suitzbls for medium or high caracity routes in tre

- cevelorir; countries and over difficult terrain., Submerine optical fibre cr
coazial cables can yprovide an economic solution in many cases for lonr “is’ance

cr internstional transmiesicr. ZSatellite svstems, rarticularly low traffic

svstere, are becoring more and more comretitive when there are long distances tc

te covered or where the toposrranty voses groblers,

™he Tnterrrated lZervices Jirital letwork

The advantares of digital exchanges and transrission systems have =2lready

teen noted. These svstems car been istalied piece by piece as needed within an.




existing aralog network. -However, tne full pctential will not be realized

until they 2re uszed to create a toizlly gigital network consiructed 2oce-2in- to

set of integrated =taniards.

=

% network of this tyve transmils data as ezsily as it does voice signals
ard may therefore be used for many trres of service. This results in
econocies of scale and an eaze = aderiability to traffic flow on srecial
services. Computers instzlied in the exchanges can monitor and corntrcl the
behaviour of the network as a2 whole and offsr further possibilities and
tecknicues for operation. The easy adaptatility of digital systems zlso
simplifies the physical design of networks -- for exarple, there zre fewer

restrictions in surplying larze arezs from one exchange.

~-e consider that overall an entirely digital network offers great
advantages and that all telecommunications planning decisions should be race
with the establishment of this tyre of network in mind. This argurent may be

exvressed as follows:

“Although the data or even brozdband communicatiocns are not at the moment
2s important for the third as the trznsrmission of telephone signals, we feel
nevertheless that it is extremely imvortant, vhen adorting the rrinciple of
digitization from the moment a telephone system is stalled, to rrerare the ground

for exransion in that direction at 2 f{uture date,"

However, when telecommunications networis are expanded in develoring
countries, in order to install advanced cata communications equirment, the
corranies from the industrialized countries who would normally orerate such
ecuipment could derive imrrogper advantages by collecting informationm on world
markets and trade. For this to be 2voided, there m:5t be closer co-oreration
between the industrialized and the develorinz countries in the fieldof data

communications.,

The choice

The increased speed of technolorical zrogress has, as we have seen, widened
the range of options and complicated the rroblems facing developing countries
when they proceed to a choize. The ca2se of each developing country must be
considered individually. /dvanced technology has not always been the best
solution., Eowever, the introduction of cigital cystems would be justified in
several networks, esnecially these where the existing infrastructures 2re rot

scphisticated. Ir any event, the shift from an analog to a digital network will

take many years in both the dev:loring and the industrialized countries,

2
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There are varicus considerations that should svicde the overat:

cozranies when they choose & tecknology. Cne major 2im snould be ic cope witk
current and vredicted cemand. To co so eccnemically, there is a2 need far
orudent long-term rlanning in order to select the most aprropriate tecknolesv.
Ixisting analog equirment should be used ur to the end of its econcric life
rather than beinr rerlaced wrematurely by digi*al ecuipment. It is vossible to
introduce digital eauiprent alongzicde of analog, tut the céifficuities invoived

in operzting =z network comprising toc many different systems must be recognized.

“etwork rlanners should also take accourt cf the czapital availatle the
effects of investment on finances, adainisiration, telecommunicaticas and

staZfing the space necessary ior construction, 2n¢ otner non-tecknical iretlers.

The formulation realization anc imrlerentation of long-ierm strzieg:ic rlans
are very difficult processes. In laying down the mein lines for the develcpmert
of the network and providinzs a basis for financial, personnel and cther ncn-
technical decisions, the plans must be sufficiently versatile to be capzble of

incerroratinz technological advarces.

0.

There are nct ercuch ccmvetent network rleznners, even in the incustrialize
- = 3 R : ’
ccuntries. S3pecial efforts musi ve rade to develop these skills, while using

those that already exist.

nlthough suitable equipmen§ does exist for the provision of service to

isolated areas with a scattered the porulation, equirment and operating costs
are higk compared tc the numﬁervbf—subscribers served, 1In urban areas, a
closer relationship will exist between needs and ejuipment since the environrent
user reauvirerments corresrond mc—e clogely to those of the incdustrialized
countries where the ecuioms. 1z cesigned and manufactured. Eut this is not sc
in isolated rural areas v =~ . the dis%arces are long and population density low,
where the terrain and the physical surroundings zre difficult, and where there

is possibly no eie -1 .y or even roads.

There is a neec tc develor systems that sre specially designed to rrovide
service to tne most isolated areas, and at a lower cost. Frcm the peint of view
of tre manufacturzre of teleccmmunicatione systems, including satellite
systems, there is a large ro‘ential market here for cost-effective equiprent.
The developins ccun‘ries have 2 rcle to play by creating 3 telecommunications
centre capatle of anzlysing thiz nced and iniroducing the necessary charces

into stansard eguirment, in cclleboration with the manufacturers.

Cie example of a study that ghould immediately undertaken woculs be the

precaration of a.schedule for a small capacity pudlic switchinr exchange
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(5CC to 1,0CC lines) for rural arclications, based on 2 modified versicn of tre

stapdard PA3YL systems on the merket.

hpart from carrying out stucdies, the telecorrunications centre wouid also
have to develor the ecuipment and installation and maintenance techricues to

satisfy the specific needs of the telecommunications services of thre region.

Q,

Such an arproach would allow techrology to be transferred in 2 practical zn
rrofitatle way, on a scientific anc technological basis from which all would

denefit.

3. THE TZLECCMMUNICATICHNS INDUSTRY IN ZFRICA

3.1 Recessary conditions

The establishment of local manufacturing centres for teiecommunications
equipment in developing countries reguires at the outset three types of rescurces:
manpower, materials and finance. Some developing countries have a relztively
developed industrial infrastructure and a sufficiently skilled work-force, aad
their telecommunications ecuiprent needs are also considerable as their networks
are to extensive. These countries can, ané some already do, set up fairly large
manufacturing centres. Kowever, for many smaller ccuntries, the creation of

enterprises is not justified economically.

Such countries car establish manufacturing centres as joint or collective
operating ventures at the regional or subregional level. Secondary cenires
may be established in different member countries in order to improve gradually
their industrial base and to consolidate the collective effort while ensuring a
locel source of supply for 2 given piece of equipment and thus its long-term

maintenance.

It must be recognized that only the large developing countries can find
enough capital to set up or even have sufficient demand to justify, factories on
their territory, even if they rroduce only the simprlest types of ecuipment.

It is common knowledgze that the viability of an industrial enterrrice derends on
*ne producticn of enough units to offer econormies of scale. It is generaliy
considered that the annuzl minimum output needed to justify the production of

telecormunications equipment is arnroximately as follows:=-

25C,00C telechones P
20C public switching exchanges (5co,ccclxnos)

1,C00 privete switching exchanzes (IABX units with an averare caracity of
20 lires)
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1,0€0,0CC telephone relays (components)
The reason for inciudine velays in the ranze of rreducts is that zeth
Africa and industrialized countries are finzZing it more 2rd more difficult *o
maintain their surcly of such comronents, which are the basic elerents cf
electrorechanical swiiching systems. This is reiated to the increzsing and
irreversitle introduction of céigital tecknolories, towards which rroduction
. lines 2re being increasincly converted., The inecrease in unit costs caused ¢
these chances in the telecomrunications sub-sector in the incdustrialized
countries could promote the Development in countries with 2 plentiful andg
inexpensive surrly of lahour, of vrocuction urits maxing comretitively ctriced

stares.

This would, morecver, helr prclong the operatiocnzl life of existing

electromechanical exchances in African countries.

African production units would thus become exporters to the technologzicelly

more advanced countries.

It is also conceivatble that the modification of standard FA3X svstems to rake

public exchanges for use in rural areas could be done in srecial viorksrops.

It is also possible to imagire an externsion of this process with the
production of complete or parts for switching ~entres, in collatorztior with the
Suropean suprlier on the basis of two- or three-year management cantracts and

a mutually acceptable profit-sharing scheme.

Before going into detailed examples of industrial production in :frica,
and taking account of the limited financial resources available to industrialization
projects, it should be said that the imrortance of a hLigh rate of oreration
cannot be stressed enough if a low level of profitability is to be avoided. The
objectives of perfeét matching of the product to neecs and of high quality standarcds
. should be achieved through rational rlanning, construction, operztion and

raintenance, which should observe the following concditions:

(a) Zelection of a seriouc mpartner eand 2 co-creration contract that

berefits all pariies;

(b) Froject studies and a coherent and comrrehensive plarning

grocrammes

(¢) Froper project imrlementation and exrzerienced management;

(d) Intensive technical trainin- for junior staff,

There are also other criteria that could be mentioned, such as the size

of tre enterprise, grograrhical location, originality of the product,:etc.




In order to introduce the desired ccrsistency into these sketchy argurernts,
I wguld like to refer by way of conclusion tc a number of rrojects carried cut
in the following countries:

- Turkey

- Zzyct

- Iraq

- AZAlgeria

- XNigeria

- ZSanglacdesh

- Saudi srabia.

All these rrojects were successfully completed by observing the essential
conditions that have just been mentioned.

The cormon features of 211 trese naticnzl projects were:

(a) A management contract of at least two years;

(b) Equitable profit-sharing on the successful completion of the project;

(c! A licence for use of the registered trade-mark,

The introductory procramme czn be summarized a2s follows:
¥ prog

- 1973 to 1375: BSasic discussions withk the Governments concerned,

submission of an initial project, revision and chenges:

- 1976: Agreement on final rroject and formal signature;

- 1977: Xegotiaticns on the site and construction of the factory;

- 1578: Amendrent of contract to include 2 new project;

- 1079: Start of construction, arrival of srecialists and recruitment

of work-force; beginning cf training:

- 1980: Training of specialists in Switzerland:

- 16f1: 1Installaticn of mackines anc ecuipment. Start of production
of parts and esuirment.

- So far, results have exceecec the forecasts for the initial rrolect,
ard an additional project aimed at increasing production is uncer review. Zere

are some facts atout these rproduction units:

- lumser of employres: 32C, for rrocuction zt 7CG per cent of carecity;
- (n-site prcduction of corronents;

- Cn-site assembly of éom;oncnts;

- Cne=site final in:pec£ion of equipment.
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in addition tc the film I am going to show you in a moment, I also have

sore background slices, together with 2 corplete record, of cre of these

projects, which are at your disrosal.
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CCRCLUZION

At a N

There have been many studies rublished on the theory and practice of
regional economic integration, and many practical irials have been congucied

over the last thirty years.

Some of these have achievec only limited success because not 21l i

prereaduisities the conditions fer the nlanning of a regional telecommurnicztions

industry were fulfilled, a2t all levels, political, economic an: technical, .
These conditions are:
(a) Favourable socio-economic climate;
(b) xesclution of institutionzl and organizational cuestions:
(c) Prucent selection of products;
(d) Choice of factory site;
(e) Guaranteed funding.
It may be noted that the choice of eguipment for manufacture is oniy one
of a number of technical factors.
The nature of the political agreerment will detergine the choice of
materials for manufacture and make it easier or more difficult.
Electronic switching
‘e have shown that according to ITU statistics, it might not be possible
to preduce electronic switching equipment at a profit for some time yet.
Fowever, the prorduction and modificaticn for rublic uce of small
rrivate exchanres seems to me to be reasonable, for caracities of between
1CC and 1,C00 lines. The purpose oi these exchanges would be ‘o satisfy rurzl
puclic svi‘ching needs. *
On the other hand, the model adopted should be modular and adartetle .

s0 as to satisfy +ABX needs an< with a capacity of 10 to 50 lines.

Thus, fhe same model would be zuizatle for t ¢ applications subiect to

adarstation,

Slectromechanical switching

The rroduction of electromrchanical esuipment, limited mainly to
asser 1y, an+ rezuirine the rurcheze of rarts, wculd de possitle but micht
27/0...'




Tun comnter to the nelwork develotmsnt ctiectives set by the ccuniries cercerrned,
If we amsume *hzt eleciromechanical exchanres will canmtinue to te
uses {or arother 30 *to 5C years, it would be rezsonzdle o0 consicer the
rroduction of electromechanicsl ecuirnment.
Ncte should te mace of eniciinz rroduction in Alreriza and Zsyrte.

T

Telerhore seis

The mznufacture of felervhone stzticns could be r-ofitznle &t the resionzl

The rroduction in Alreria, Zgrpt, Zudan, Tunisie ard w2mbia should

be nctedg.

Yultivlex transmission

The limited production of multiplex equipment, preferzbly ccmbinec witn the

rroduction of sincle chanrel radio ecuipment, is possithle at the regionzl level,

It should be noted that zu:ch prodfuction does exizt irn =Zsvpt,

Cormronents
e ]

The large cuantities involved ar< the short time factor vprevent the

rroduction of sorphisticated comvonents in the region.

However, basic components, such as relays, could be suitable for
nroduction in the region, toth for the main‘tenance of exisrinz ecuipment
and for export, since thic tyre of production reruires 2 larre surply of labour

and raw materials.

Finally, and¢ riven *the corplexi*y of my subject, tre fact that ] am

~Wiss, ever neutral, otliges me to reminé you of the importance of the

sririt of mutual compromice [or iihe developme-t of a viable rerion~l indus+ry,
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Services used in ILZL

Basic services

Transpvarect circuit switching linvs for speech and Lata
Transmission at ¢4 kbit/s

Packet switched linxs for access to pacret switched network

Telerkone service

Eigh speed {acsimile =zervice

Teletex service

Service Videotex

Tata moder service




100 %

EFLACEYERT OF TLFCTRC

Al

. . om—

SY HCLIZN ZXCHALGES

Electromechanical

WICEINICAL EACHANGES

acer

100 %

time




-27% <

Bigital exchange
in tandem

..@ analcg links
- = Digital 1.'{:?.5
&

™, X ‘a/T esuitrmen

O
Structure of network with overlay
:analog links
~ === Cigital links
X A/D equipment
Ligital
segrent
~ —1 JL
\,
/ 1“ \\
\ ~
\

Structure with digital sesment




&

11

LA ESend

A T R R




- 276 -~

ESTINATZD TZALD AND MINIEDE YOLGLE OF FrCOUCTICH

-
. Annual dermiand (1980-129C) f
ECTIFRaNT , Zast Afr} ECC.:3 | |
! ; Groupe |[Groupe | Total
] | ' '
L. - ! | :
- , .
i Electromechanicel Switching !50-100 |20-60 |35-150| 55-210 !
—| ‘Main lines . —
klectronic Switching - 100-500{ 20-60 35-150} 55-210
PABX Internal lines [10-20 | 3-6 5-15 | 8-21
Telephones Sets . 250 50-150 } 75-3751125-525
Multiplex transmissions lt Circuits 1-5 2-4 2-8 - 4-12 i
|

( in thousands)
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car.
Cumulative volume of $430

production

4
\‘..
Illustretion of the “rrogress factor"
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Sy way of iliustrztion, the tables below shows the percentage distribution of

labour anc carital resources, according to CCITT studies:

LiBCUR 2TLUISTNINTS - Electronic .
Telephones Switehing Transmissicn
Stations ejuirzent etunioment

Nanufacture of components 40 20 10

scsembly and tests 60 80 90

CAPLTAL RETIRZNIUTS ,?ele?hone Vlectromic Transmissicn
Stations Svitenin ‘eouipmen+

aqui~man
hanufacture of components 90 70 40
.hsserbly and tests 10 30 60




S O IBCITTTICH

A prelimirary survey carried out oy :TU in 1922 showed thzt a srail
nucber of couniries do have production uniis, geared essentiailv towaris

coverine scme of the couniry's needs in respect of a iimited rarse of

items:

ITEM Cables and Telerhone Switching Transmissicn
vires sets ecuiprent ecuinrert

CCUNTRY

1 Algeria x x x

2 Camerogn X

3 Egypt X x b 4 x

4 3vdar x

5 Tunisia x x i

6 Zambia x x

7 2aire x
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THE INDIRECT EMPLOYMINT-GENERATING EFFECTS OF TELEPHONES
AS A FUNCTiON OF PER CAPITA IRCOME

TOTAL NUMBER
CF NEW TELEPHCONES

:C3.000 +

10.000 -

10 1

1 TOTAL NUMBE
OF NEW JOBS

-

e

¥

10 100 1000 10,000 100.000 1 miLL1oN
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NUMBER OF STUDIES ON TH{ SOCT1O0-ECONOMIC EFFECIS OF TELECOMMUNICAT [ONS

PUBL ESHED WORLD-WIDE BETWEEN 1963 and 19377

(Three-year averages)

Total number
of studies

T

35 -

30+

20+

15+4.

5T

1 |

1963 1965 1970 1975 1977

Year
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Classification ¢ 12leczrmrmunizaticns esuli-sent

=% - = * gum mms = + - - - —_— - - - - -~

~ne telaeccrmurnications etulrmant zarufacturins industry sunriles
* - —_—— gane & .- -7 - & &< P =
the esuirnrent necessarr (o orovize 211 {rves of talecommunications zervices

Setween 321 localities.

The arrnuzl exvendiiure cn tihe rurchase of telecormmunicziions eguirrernt

refiects dermand for the zcods rrocuced oy the induzsiry. This esulinzent®

(]

accounts for atout twe-thircs c¢f the zotal investrent in the telecorrunicetions
netwerk. The remaining one-thirgé covers m2inly experses -elztins to

. - .-

instzliatizn, lané ané buiidinrs.,

In recert years, exrenciture on telecormunications ecuinment has Leen

divided arrroximately as foilows:

Switching eguipmernt fcr putlic exchanses: e
Local catles and networics: skl

Tranemission equipment: 17
Telerhone stations, including :A3X stations: 7

Total: 1006

b




[R%)

(¢ 4]

-3
[}

- ~ - TS =% R W s i - L - &« 3 P
wxamzie of a list of erticles o ve taxern inritc zcecsurt in <he
. -2

rreraration of 2 tlechinical co-crerztiion asreenant

[

with 2 technelory surc

sescrirtion of articles ic ze -roduced

Detailed study, even b

Zxzct Sescrirtion, inci:

ocunertation

Tealizaticn an< finalizzation of dccumernts
Transfer according to re* schecule, with latenezs menzlties

Surmary list

Frcduction

~¢antation of technolozy

list anc sgecifications of macliires, tools and cther eguinmernt

procucts to be rurchased

®ight to purchase from exclusive surrliers

Transfer of technical know-now accerding to zet schedule,

with due account taken of progre:zs inm traziring

Right to use information ot:ained, with a2 ressitle res*rictions
on tirme, volume and area

-

lales

Co-cneration in sales
Licensing acreemerts, includin: exclusive marketing and other

agreerments

Ctrer activities (as resuired,

rlenrnine and imrlermencation

Studies

L

ngineering

Zzasallation, otc




rrovisicn by the sucvvlier of raw materials, comronernis and naris

-
» -

trice list with fixed .crices (and rrice adiustment Iormula

Sheori~ and iong-term conuiticnz of sale

Trairing ans technical assisience

'Y

Frovision for systematic training, given on the suprlier's crecises,

‘0

and on-the-job training

~ccess to all necessary inforzztion

iinguistic ability

adaptation of training materials to suit local conditions

Continuing technical assistance to m2intzin a stable level of rrcductiion

Level of access to computer softwere <.d used of computer for recuired

)

arplications

Conditions for technological enhancecents

-~ - -

—~

+ 7o enbale the recirieni to adart new models to khis domestic and errort

market

Conditions for the iniroduction of enhancements to transferred tecknolczy

. .-
.

Protection of the surplier's customers

Right to (or prohibition onj the use of the supplier's name or
£
registered trade-marks, trade-rnames of roods etc.

Possibility of right to inspect nroduct quality

Zaxes
Arrangements for payment

Fosting of quantities produced where pro rata rates are agreed

-

L o]

o






