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Introduction:- 

The central object of this report will be an exposition of 

the conception, content and advances achieved in the NAFINSA/UNIDO 

Joint Capital Goods Program in Mexico. 

The activities carried out in developing this program are 

indissolubly linked to the specific conditions prevailing in Mexico, 

the fact that the national institution in charge of the program is an 

Industrial Development Bank, and the orientation outlined by the 

government in the Industrial Plan, which establishes the high prio- 

rity placed on the development of the capital goods sector. 

The methodology used for this program was developed 

in response to specific conditions in Mexico; this point is empha- 

sized as a frame of reference for the considerations presented in 

the following section:   Hotuever, it is possible that the experience 

gained in Oiis project may be useful for other countries wishing to 

expand their capital goods sector and it is precisely in that spirit 

that the body of work presented in this seminar by the NAFINSA- 

UNIDO program has been prepared. Apart from the overall outline 

Presented   in   this document,    the other papers ele bor a ted by 

UNIDO   experts covered the following fields: 

Í 
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Demand forecasting for capital goods*, Capital goods 

supply*, Manufacture of heavy equipment *; Development of the machine 

tools industry *; Elaboration and promotion of capital goods projects. * 

This report is divided into 5 parts.  The first part presents 

a schematic view of the role tliat the capital goods sector lias played 

in the industrialization of advanced countries; the second contains an 

identification of some of the factors which explain the sector's lag 

in the industrialization of Latin America ani Mexico; in the third, an 

analysis is made of the specific features found in this sector in rela- 

tion to other industrial branches: features which must be taken into 

account in order to adequately design a development program for the 

sector; the fourth section describes the different pJiases of the project; 

and the fifth section concentrates attention on current activities related 

to the promotion and negotiation of the projects that have thus far been 

prepared.    This last phase represents the culmimtion of work directed 

toward achieving the central objective of the project, in that it will 

result in the expansion of productive capacity through the sliaping of a 

group of inter-related enterprises which will form a central nucleus 

for the production of capital goods in Mexico. 

* Prepared by the experts Alberto Bozzolo and Renzo Trufello 
* Prepared by the expert Juan A y za 
* Prepared by the expert George David Robinson 
* Prepared by the expert Jan Malkus 
* Prepared by the expert Sergio Musa 
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I.  The role of the capital goods industry in the development 

of advanced economies. 

The development of the capital goods industry has played 

an enormously important part in the industrialization of advanced capitalist 

and socialist economies,    In fact, it has been shoivn that the dynamism of 

this sector is significantly greater than that of industrial activities in ge- 

neral.    1/   This is partly due to an apparently structural tendency for 

investment to grow at a faster rate tnan overall economic activity 2/, and, 

in part, to the fact ttmt within investment itself,  the capital goods component 

grows faster tlian total investment, 3/   These two trends are linked with 

both the rapid growth and the intensity of technological innovation experienced 

by the economies of advanced countries in recent decades.  This same dynamism 

has simultaneously allowed c greatly enhanced growth of productivity and 

employment.    In fact, it has been demostrated that in the capital goods sector, 

both productivity a)id employment have a higher rate of growth than that of 

overall industrial activity in those countries,    4/   Moreover, this stimula- 

ting effect on employment has the added advantage of involving skilled labour; 

thus the development of capital goods has become an important source of 

training and specialization of labour whose benefits are eventually spread 

throughout industrial activity as a whole. 

The process of technological innovation in the capital goods 

industry has not only been a source of increased productivity in the sector 
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and greater incorporation of innovatiom in capital goods themselves, but 

has also played an important part in increased productivity in the rest of 

the user sectors.    The orientation of the resulting technical progress has 

unquestiombly been a product of the conditions under which such a process 

has taken place. 5/   There is ample evidence indicating that the path taken 

by technical progress in advanced countries has been associated with a gro- 

wing scarcity of labour and the its increasing relative cost.  The latter con- 

sideration applies particularly   to the advanced capitalist economies ivhere, 

since the sixties, wages have been rising at a much greater rate than pro- 

ductivity.  6/   Another important factor has been the relative scarcity of raw 

materials and, hence,  the imperative need   for stimulating innovations in the 

field of synthetic materials. 7J    The capital goods industry has had to adapt 

itself to the development of new synthetic products,  both in terms of the new 

requirements in materials and in the search for feasible new manufacturing 

processes and diversification of the uses for existing products. 

This process of technological itmovation based on labour 

scarcity and high cost,  shortage of natural resources and, in some cases, 

limited space, has been further stimulated up to 1973 by the use of cheap 

energy.  That is to say, the content and the orienta Hon of the technical 

progress incorporated into capital goods has corresponded not only to factors 

within the industrialization process but also to external conditions that Juive 

had a decisive influence on tliat process. 

m * 
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Finally, it must be mentioned tìiat in the international trade 

of advanced countries, especially capitalist countries, the capital goods 

industry functions as a payment mechanism for financing the acquisition of 

natural resources.    It can be noted ttiat the surplus generated by capital 

goods in these countries roughly corresponds to the deficit they sustain in 

the purchase of natural resources. 8/    In other words, the technological 

advances involved in capital goods production capacity have become a decisive 

factor in neutralizing the lack of local natural resources.  Obviously, these 

generali zations about the developed countries tend to neglect the heteroge- 

neous nature of the group, and after the second world war there was an 

important relative cliange in the international trade of capital goods within 

developed countries which could be characterized by a trend toward specia- 

lization, on one hand, and a modification of the relative position of the 
9/ different countries, on the other. - 

Nevertheless, accepting the general hypothesis that the capital 

goods industry   has a deep involvement with technical progress and that 

it has played a central role in the industrialization of advanced countries, 

it becomes necessary to look into its role in Latin American industrial 

development. 

M^HHH^j 
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11 • " Capital Goods in the industrialization of Latin A merica 

It is evident tliat the capital goods sector is suffering from 

a quantitative lag in the larger countries of the Latin American region, 1JT 

but it should be pointed out that the lag is even more criticai in terms of 

quality; that is, in local capacity for contributing to the basic engineering 

design of complex equipment and installations.  This being the case, some 

questions must be raised about the factors that have been responsible for 

the development of this sector during the rapid industrialization of Latin 

America in recent decades.    At the moment it can be seen that certain 

countries in the region, especially those striving for a more autonomous 

development and a higher "national" component in their projects, have shoum 

a growing concern for reinforcing the development of the capital goods 

sector. 

The lag in the capital goods industry in Latin America can 

be traced directly back to the pattern of industrialization folloived by the 

region in the last decades. A central element in iiidustrialization policy 

was the quantitative stimulation of investment, especially private investment, 

and to accomplish this it ivas necessary to create conditions under which 

investments would liave the lowest possible cost.  This ivas achieved to a 

great extent by encouraging the importation of capital goods. Stimulus tvas 

provided for the production of non-durable consumer goods, and later on, 

* 
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for durable and intermediate goods, but the local production of machinery 

and equipment, whose initial phase would have raised the cost of invest- 

ment,  was neglected. Empirical evidence shows that the protection level 

granted to the capital goods industry is significantly lower ilian that enjoyed 

by other industrial activités. 11/ To this basic situation other facts must 

be added imving to do with the user industries (i.e.  demand) and the po- 

tential suppliers of capital goods. First, it is useful to distinguish between 

users in terms of public enterprises, transnational affiliates and private 

national enterprises.    For public enterprises, the main restriction in pur- 

chasing capital goods has been financial.    One of the characteristics of 

decentralized public enterprises in Latin "merica is that they consistently 

have a deficit in the capita I account; and this has to do with the fact that 

price policies of such enterprises are designed precisely to subsidize the 

acquisition of those goods and services pro vided by these same enterprises. 

The deficit in capital account is neutralized by access to international fi- 

nancing, ivhich as is well knov n, is associated ivith the importation of 

capital goods. As a result, there is a structural and financial element in 

the functioning of public enterprises which impedes their dymmic partici- 

pation in promoting locally produced capital goods.    There is a marked 

difference between this situation and the role that public enterprises have 

played in the development of the capital goods industry in developed coun- 

tries.  Theret   a close collaboration between public enterprises and natiotial 

producers has been stimulated in both commerce and tecnology, at times in 

response to questions of national interest.    This lias been the case in the 



energy , communications, transport and armament sectors, among others. 

As a result, a good part of the development of these industries has re- 

volved around the central role played by this close connection betiveen 

public enterprise demand and the larger national private firms of those 

countries. 

The affiliates of trasnational enterprises have a policy for 

the purchase of machinery and equipment that is part of the global policy 

of the enterprise at the international level.    In some   cases the equipment 

and machines they use have been specially designed for those enterprises 

and are patented by the user firm.  This is seen more frequently in tìie 

case of the automotive, food and pharmaceutical sectors. 

Moreover, the importation of capital goods is the form in 

which direct investment to the country is expressed - not in the form of 

liquid financial resources but rather embodied in machinery and equipment. 

Also, the division of work established by the affiliates' policies means 

that for some products in the final phase of the "product cycle" certain 

Production activities are transferred and, along with themt there is a 

transference of the necessary equipment and machinery from installations 

in developed countries to affiliates in developing countries. Due to these 

circumstances, even though the demand for capital goods corresponding to 

the transnational affiliates is a substantial portion of total demand, it does 

not really represent much support for local production. 
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Finally, in the case of private national enterprises,  which 

arc mostly medium and small-sized firms,   the problem of the financing 

conditions offered in tic purchase of capital goods is a decisive factor 

and the conditions offered by local producers are notably less attrae tue 

tlian those founu on the international market. 

In considering capital goods suppliers,  a differential ion 

must also be made between national ani foreign producers .    Originally, 

foreign producers had an open market for exporting goods from their 

country of origin. As long as this option was open their motivation for. 

coming to developing countries to install local production centers ;rac 

very low due to Ike lack of technical infraeslrucUire and the idea thai 

local markets iverc small and frac lionized among large numbers of 

international producers. 

Later, however, certain markets began to close because 

prising protection levels   or, in some cases, because some of the 

enterprises belonging to oligopolical structures in different subscctors 

of industry began to take advantage of (heir maintenance and     •/>«/ ;• 

installations to install local production units.   The characteristic imi- 

tative behaviour of markets began to unfold wul the rest of the members 

of the oligopolical simares sought to establish themselves locally, 

but without causing any substantial alteration of the stable export cur- 

rents.     This was accomplished by restricting their local production to 

the simplest sizes and kinds of equipment and by keeping the degree of 

local integration relatively low.    For the foreign producer,  the option 

m 
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of local production only became interesting at the moment in which there 

was a risk of losing the market. 

For national producers,  the capital goods sector was just 

one of many investment opportunities and, for reasons mentioned above, 

was considered   as a somcivhal less attractive option from the point 

ofvieiv of profitability and its greater exposure to international compe- 

tition where buyers were technically more demanding and more inclined 

because of structural factors mentioned before) to satisfy their demand 

abroad.    These considerations along with the apparently greater techno- 

logical complexity of the capital goods sector,   tended to turn national 

private capital toward other sectors, making capital goods production a 

relatively marginal component of enterprises whose moin activities were 

concerned with other industries}^ 

The pattern of industrialization and the sime turai and ins- 

titutional factors  that have been mentioned tended to channel potential 

demand toward foreign sources and to discourage potential suppliers 

of local production.     Together they make up the main factors explaining 

the weak development of the capital goods sector in Latin America. 

Thus,  it must be concluded that the development of the capital goeds 

iiidustry, far from being a simple mailer that can be solved by merelv 

dictating legal dispositions and specific policies, implies the need to 

introduce important modifications in the pattern of industrialization of 

the region's countries. 
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In keeping ivith the hypothesis that technological development 

is to a great extent incorporated into the capital goods industry, it can 

be assumed that the iveakness observed in the technological sphere in Latin 

American is associated with the lag in the capital goods sector.    In addition, 

it becomes evident tliat to overcome this problem ut will not be enough to 

simply create specific norms directed toward stimulating research and 

development activities at tlie enterprise level and to regulate foreign techno- 

logy transfer, as long as all of the factors making up the "industrialization 

style" of Latin American countries remain unchanged.    The solution to this 

problem is a challenge that must be faced if the capital goods sector is to 

be developed and the technology of the region is to be reinforced.    It is 

not just a question of developing an industry that might have fallen behind 

because of technical neglect but rather of introducing well planned, coordi- 

nated modifications in an industrialization pattern which up to now fias tended 

to reject the expansion of this sector. 
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///. - The specific nature of the Capital Goods Project 

The capital goods sector has certain specific characteristics 

ihat   not only distinguish it from other industrial sectors, but 

make it essential that the content of a Development Program   aimed 

at contributing to efficient production expansion, go beyond the simple 

listing of independent projects.    This report will give an indication 

of what some of those specific jharacteristics are and how they form 

the basis for the sequence and content of the capital goods development 

program. 

1.    Capital goods demand: discontinuities   and desaggregation 

Capital goods requirements are determined by the expansion 

of productive capacity in different sectors, including the capital goods 

sector itself. - Since the time periods needed for the establishment 

of industrial plants and the construction of equipment are relatively 

long, it is necessary to have access to long and medium range viens 

as to the expansion of economic activity in terms of individual sectors. 

tn the case of large, high unit value equipment, whose size and tech- 

nical characteristics often define the industrial plants in which they 
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are used (electricity generators and turbines, turbocompressors, 

boilers, blast furnaces) it is essential to have a knoivledge of not 

only tlie aggregate investment figures for the respective sectors 

(electrical, petroleum, steel sectors) but also the principal para- 

meters of the most important projects to be uttdertaken by those 

user sectors.    In the case of such large equipment destined for 

specific uses, donand forecasts must be carried out in close coor- 

dination with the organizations responsible for the development of 

the user sectors; only in this way can the necessary technical coope- 

ration be achieved and a sequence of periodic evaluation be carried 

out regarding the effect that the frequent modifications in the invest- 

ment programs of user sectors will have on the capital goods sector. 

Due to the magnitude of individual projects in the discontinui- 

ties generated, the characteristics of investments in highly capital- 

intensive user sectors (such as electrical energy generation, traiisport, 

and distribution of petroleum, petrochemicals, steel mining and cement), 

place definite limitations on the possibility of using tie traditional 

forecasting system used in other sectors (i. e.  that of extrapolating and 

projecting past tendencies) and make it necessary to arrive at a specific 

knoivledge of the large user projects. 

In order to produce heavy equipment it is necessary 

to have installations that can carry out the basic processes of casting, 

J 
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forging, plateivork, nmchining and heat treatment to estimate the 

demand for Oiese activities it is necessary to know not only the 

number and technical characteristics of principle umts( turbines, 

generators,   off-highway trucks,  earth moving equipment, large diesel 

engines, and blast furnaces) but also the major parts involved in 

such equipment which will require casting, forging and machining 

operations.     Thus, the development of a heavy machinery and equip- 

ment industry, for which Hie infrastructure projects mentioned 

previously are a necessary condition,  requires a knowledge of the 

investment programs of the major strategic sectors in the economy^, 

the specific projects that make up such investment programs,  the 

main equipment involved in thos", projects and the components,  ma- 

terials and manufacturing processes that enter into the production 

of each kind of equipment.    To illustrate the magnitude and nature 

of the information needed to define the demand for basic infrastructure 

processes,  Table 1 has been presented, which outlines the demand 

estimates for a casting, forging and heavy machining plant requiring 

an investment of approximately 240 million dollars which is in the 

process of negotiation     between Nafinsa and a foreign company. 

In the case of multi-use equipment used in a wide range 

of industrial plants, (moto>_, pumps, valves) which are produced in 

standard sizes tvithin a certain range, the technical differences in 
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users projects are less relevant and coefficients based on historical 

tendencies,  and global future projections may be used to provide 

relatively satisfactory figures for estimating future demand.    Never- 

theless,  the information needed for »identifying demand in terms of 

families of equipment iiaving similar technical characteristics, and range 

within    the technical parameters,  becomes particularly important in 

defining the relation between new projects and existing plants.    In 

fact, if the expansion of productive capacity is to be suitably inte- 

grated with and reinforce existing plants, it is essential that the 

decisions regarding increases in capacity in the aforementioned areas 

(extended production lines in the same plants or in neiv plants, and 

diversification toward new products ) be supported by a relatively 

desaggregated knowledge of requirements in terms of families and 

ranges of present capacities and of the possibilities of interrelating 

both.    It is also evident that these projects can be defined without 

such knowledge,   but in that case there would be a tendency to conso- 

lidate and intensify production frac ¡ionization in inefficient plants whose 

chances for competing on an international scale woidd be reduced to 

a purely riietorical level. 

If the production of capital goods ivere carried out in 

industrial plants defined along the lines of single products and manufac- 

turing processes, using technologies that had reached a high level of 
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maturity and stability, the specific diameter of tfie capital goods 

sector would be limited to the aspects tlvat have been thus far 

indicated.   In Oie following paragraphs, consideration will be 

given to the aspects pertaining to tiie multiproductiue, multi- 

process, technologically dynamic character of the design, man- 

ufacture and, in some sectors, utilization of capital goods. 

2.    Capital goods supply: multiproducts and 
maltiprocesses. 

Having identified specific investment projects, it is 

necessary to go on to   a   definition   of        the kind of productive 

structure that will generate such lines of production. 

This stage is particularly important in the case 

of capital goods whose production involves various different technical 

processes; in some      cases the processes may all be located in 

the same plant, and in outers there may be a horizontal structure 

in which certain technical processes are utilized for the manufacture 

of different kinds of equipment whose final assembly is carried 

out in independent plants.   Althougfi this aspect is often left out 

of the literature on technology transfer, in practice   it is a decisive 

fac tor in terms of the effects of and potential for technological 

dynamism in the plant being considered.    In fact, one of the 
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If 

peculiarities of this sector is the fact that, for some kinds of 

capital goods, plants have a certain degree of flexibility for 

producing different kinds of equipment.    There is not a specific 

relationship bewtween plant and product.    Moreover,  the man- 

ufacture of some kinds of heavy equipment requires different 

manufacturing processes ivhich may or may not be vertically 

integrated in one plant.   ±4/ As a result> the opHms chosen 

for the formation of the productive structure,  both in terms of 

the variety of products to be produced in the plant and the 

degree of vertical and horizontal integration of the productive 

structure, seem to constitute a decisive factor in capacity for 

innovation at the plant level.   From the point of view of foreign 

firms who export to the national market and Itave been induced 

to establish production within the country, the most suitable 

kind of arrangement is that which provides a maximum of auto- 

nomy from local production activities and permits close ties with 

plants established in the country of origin.    This normally leads 

them to design vertically integrated plants which, at the same 

time, have a low degree of national integration; that is, part of 

ttie components used in the production of equipment ivould be im- 

ported and those nwnufactured locally would have to be produced 

in installations set up within their own plant. In developed countries, 

an increasingly accentuated   trend is toward   specialization 
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and "horizontalization";   in other words, firms seek to reach a 

level of excellence in given kinds of machines tvhose main techno- 

logical contribution lies in their design; but for production purposes 

they prefer to use a horizontal structure, acquiring parts and 

components from the local or national plants that manufacture such 

goods in the most technically adequate ivay.    From the point of 

view of government policy,  there are tioo clearly differentiated 

options: to stimulate the kind of plant concept that corresponds to 

the preferences of foreign investors, who are the technology su- 

ppliers and whose proliferation usually results in supply fraction- 

ization and low national content.    This option represents the "path 

of least resistence", conforming to the will of the foreign supplier. 

The other option is one which seeks to shape a productive structure 

that is adequate for the internal expansion of capital goods man- 

ufacturing bid at the same time attempts to raise efficiency through 

horizontalization of production.    The technological element of each 

of these options can be a decisive factor in the long range results 

obtained from the development of the capital goods industry.    In 

(he specific case of heavy equipment manufacture in México, a 

systematic comparison of these ttoo alternative conceptsof productive 

structure was made, including economic factors (investment, employ- 

ment, foreign exchange) and strictly technological factors.-5// 
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It was concluded that the option implying a group of independent 

plants with higjier in-plant integration and lou>er national integra- 

tion required less investmctu than the "iiorizontalized" and spe- 

cialized production structure with its lower degree of in-plant 

integration and higher proportion of tmtional integration.    Never- 

theless,  it was found that the difference in the amount of invest- 

ment could be recovered in two years through savings in imports 

generated by the possibility of "internal interrelation". Significant 

technological advantages can also be obtained in terms of potential 

for developing design capacity, improved ejjiciency in the utilization 

of installations and an enhanced degree of specialization in produc- 

tion processes.AU of this logically ivould result in lower costs and 

a greater capacity for competing on the international level. 

3.    The capital goods sector:   an agent for transmitting 

technological progress. 

One of the specific characteristics of this sector is 

precisely the fact that within the development   of the industry an 

important objective is the strengthening of the country's reserves 

of technological data; and this is explicitely expressed in the In- 

dustrial Plan.    Since the sector is a transmittor of technological 

progress, its expansion implies a greater probability of partici- 

pating in the process of technological innovation on an international 

scale.    This is, however, by no means a self-evident implication 
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in fact,  it cannot be assumed tlmt national technological capacity 

can be strengthened by the development of just any capital goods 

industry regardless of the conditions of its development,    (i.e. 

which economic agent is responsable,  what the manufacturing 

conditions are and the degree of national par icipation in dzsign) 

Likewise, not just any methodology used in developing the capital 

goods industry will automatically result in the achievment of the 

goal of local technological development.    On the other hand, it 

is quite evident that the absence of the capital goods sector ivoidd 

make it very unlikely tliat the technological level of the country 

could be strengthened.    In other words,  the development of the ca- 

pital goods industry seems to be a necessary but by no means 

sufficient condition   for the strengthening of national technology. 

The specific decisions regarding technology, made during the various 

stages of planning,are the factors that will determine whether or 

not the final results of the planning process will lead to the desired 

goal.    There is no doubt of the importance of including technological 

development in the industrial strategy as one of its primary goals. 

This can provide a necessary (thougii not sufficient) catalyzing 

element to stimulate the mobilization of the various levels entering 

into such development and makes it more possible to move toward 

the objective.    The step of moving beyond theoretical scientific and 
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technological formulations to actually recognizing the priority 

of developing of a sector that acts as a transmutar of technical 

progress,  is, in itself, a significant advance. 

Within the selected sabsectors, there are some 

lines of production that are in a semi-experimental pliase; these 

will probably shoiv a rapid increase in technological innovatimi 

in the future but at the same time are not devoid of certain 

risks of failure. 

There is another group of lines of production that 

are in a pitase of technological refinement with a relatively rapid 

process of technical innovation in production growth and diversifi- 

cation.    These are categories tint face intense competition, ivhose 

appeal lies precisely in their high degree of dynamism.    A third 

group of products consists of those in which technology has reached 

a stable and terminal stage in the technological cycle, where the 

rhythm of innovation has subsided and where international competition 

has probably increased due to free access to established techno- 

logies and excess use of installed capacity.    In this category, the 

risk of future substitution by new products being developed must 

always be taken into consideration. 
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The selection of products suitable and desirable for 

local production becomes a complex process of considering all of 

the elements described previously,  together ivith technological 
W 

trends ivithin the different subsectors. ~     To illustrate, a few 

paragraphs about trends in the machine tools sector are included 

-"The latest designs in machine tools are based on 

the building-block principle.    In numerically controlled machines 

a greater degree of automation is achieved by adding modules, 

andconversely,  machines can be simplified in the same wa.  and 

controlled by programs, cams or even left without any control 

element. 

-There is a growing trend toward the use of display 

ttnits to facilitate manual job control for both automatic and me- 

chanical machines 

17/ 

-There is a growing use of stepping or stepless DC 

motors in order to realize rapid traverse speeds,  short positioning 

times and high positioning accuracy.    Spindle and slide drives are 

increasingly driven by motors tvhich can be controlled directly by 

the electrical inputs.    This presents possibilities for simplifying 

or even eliminating gearboxes, clutches, etc. 
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There is a remarkable increase in rapid traverse 

spL3ds.    The present level is 10 to 16 m/min. and the trend 

is to increase up to 20 m/min.  to minimize the time for 

positioning atid idle running. 

- Numerical control systems will no longer be 

used only for directing the tools or the relative motion between 

tools and ivorkpieces but will be used for directing whole sub - 

systems (e.g.  in electronically generated coupling for gear 

hobbing machines of V/MW) 

- Soft-ware system s will be simplified more and 

more, due to advances in micro-processors tint will be used 

increasingly for numerical control systems. 

- Machine tools will have two central systems for 

lubrication and cooling.    Improvements in this area will be 

mainly focussed on thermal control of coolants and hydraidic 

fluid in order to allow functioning close to the thermal-stable 

points of the machine tool.    Automatic chip removal systems will 

be incorporated also. 

- The manufacture of machine  elements, mountable 

subunits and units, etc. will become more precise so that the 

time for assembly will drop to about 25 to 30% of total manufacturing 
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time.    This will also be a result of increased use of handling 

systems,  industrial "robc'.s"   (often used for dangerous or 

unhealthy work siu:h as spruy painting) and assembly equipment". 

These   technological trends provide a basic frame of 

reference which must be kept in mind when it comes to selecting 

(he products most suitable for development and also for nego- 

tiations with technology suppliers. 

Most recommendations concerning technology transfer 

place empimsis on the "conditions" of the transfer and the need 

for developing countries to avoid restrictive clauses and excessive 

costs.    Hoiuever it is equally or even more important to consider 

the "content" or "quality" of the infonnation that is being acquired 

and this is to a large degree determined by the extent to ivhich 

the user makes an effort to study and compare his technical re- 

quirements and the available technologies on the international level, 

before entering into negotiations with a specific supplier. 

This preliminary act of reflection on the part of the 

user should be expressed in terms of a definition of the technical 

nature of the project to be undertaken and will serve, in spite of 

its preliminary nature, as a guide for negotiations witft the foreign 
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technology supplier.    It is often the case in Latin America that 

negotiations are begun without having invested the time and re- 

sources necessary to formulate such a preliminary conception 

Under such conditions,  the technology supplier, interested in 

consolidating his position and avoiding competition,  often takes 

the lead in proposing the technical conception of the project that 

will later result in a contract for technology transfer.    And it 

is precisely this phase 0f technical realization that determines to a 

large extent the nature of the technological contributioti, in terms 

of design, process and manufacturing   engineering,  that the project 

will make to the country.    This pirase, along with the definition 

of training programs, will ultimately define the "content and quality" 

of the technology transfer.     - 

There is no doubt that the "conditions" under which 

the transfer is made should not be punitive, but it must be 

emphasized that no matter how favourable the conditions may be, 

they cannot offset the defects that might restdt from an inadequate 

project definition (e.g. use of unsuitable manufacturing design, 

process and techniques,  over-sizing of certain lateral equipment, 

inadequate definition of product lines, unfavourable proportion of 

in-plant and national integration, absence of supporting technical 

infrastructure and weakness of training programs.) 
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/n the ligìit of these consideration, it ivas decided 

that before entering into any negotiation, a prefeasibility study ivotdd 

be prepared on the basis of information on the design and techniques 

being used in leading international enterprises, compiled through 

visits to their respective plants.    This does not mean that the most 

advanced technologies will necessarily be adopted in every case,  but 

at least it provides the possibility of undertaking negotiations aith a 

good knowledge of the available alternatives. 

Orf of the factors determining the possibility for channeling 

capital goods demand toward national suppliers is the degree of techno- 

logical development attained by the large user enterprises in the public 

and private sectors particularly in the fields of basic and detailed engineering. 

This is especially true in the case of custom-designed capital goods 

and installations that have complex systems        which include several 

kinds of capital goods.    To the extent that the user enterprise delegates 

the responsability for the technical conception of the projects to either 

national engineering consultants or to foreign consultants, it is co- 

rrespondingly probable Ont local capital goods manufacturers will be 

limited to acting as sub-contractors for the simplest parts and equipment, 

leaving the nmnufacture and technical conception of the more important 

equipment in the hands of foreign enterprises. 
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The development of the technological level of the 

major user enterprises is a decisive factor in the potential development 

of the national capital goods sector.    This has been empirically proven 

in the case of Mexico, through a study which atwlyzes the effect that 

the development of engineering capacity in the Mexican Petroleum 

Institute ( Instituto Mexicano del Petróleo ) has had on the situation 

of national    capital goods manufacturers.1^ 

The above c onsiderations tend to confirm that the development of 

the capital goods industry must be approached on the basis of an 

integrated program of actions Stat can influence the complex decision- 

making system made up of national and foreign producers, public 

and private users, engineering firms, financial and commercial inter- 

mediaries and the whole of the supporting technological infrastructure. 

The modification of the htemal working of this system, 

in which technology plays an important role, necessarily implies 

altering,  to some degree,  the industrialization pattern which forms 

the common framework of these economic agents and the relationships 

through which they are linked. 
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IV.   The Progress of the Capital Goods Program 

If 

In 1976 a strategy proposal for the development of the capital 
20/ 

goods industry was formulated. —   A series of conferences for both public 

and private sectors was organized and gradually a political climate favour- 

able toa higìi priority for the program was formed. —    The strategy pro- 

posal contained an analysis, of the role of the capital goods sector in some 

Latin America countries, ¡he international framework within ivhich the capital 

good industry functions, the present and future demand of this sector in 

Mexico, the economic, technological and financial characteristics of industry 

and its present market and supply conditions.   On the basis of this analysis, 

subsectors worthy of priority attention were identified, using the following 

criteria.   Size of present and future demand; extent of development of present 

supply; potential for international competitivity; share of public sector demand; 

technological importance. Also in view of the high priority status of agri- 

culture and energy within the global development strategy it was considered, 

desirable to achieve a degree of relative autonomy in the investment process 

of these sectors ivhich implied giving priority to the manufacture of the ca- 

pital goods required by them.   This set of criteria, some of which were quan 

tifiable and others involving qualitative descriptions and evaluations, resulted 

in the identification of the following subsectors. Agricultural machinery, equip_ 

ment for the petroleum and electrical energy sectors and equipment for the 

steel industry.   Widely used equipment such as valves, compressors, and deisel 

engines, infrastructure goods for use within the capital goods industry itself, 
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work was begun on a deeper and more detailed amlysis of each of the 

subsectors defined as having priority; estimating the demand for tfie next 
. 2?)/ 
ten years,—   and identifying the production lines which ivoidd provide 

concrete investment opportunities and permit the design of political instru- 

ments suitable for particular sectorial needs.    At the same time, proposed 

political instruments began to be put into effect,  resulting in the modifica- 

tion of the operating rules of existing financial meclianisms, ^ design 

and implementation of fiscul incentives, -'and formulation of norms for 

channeling part of public sector demand totvard local suppliers —/.    In 

the sphere of protection measures, new criteria were designed to provide 

protection for existing industry, eslimidating an increase in their compe- 

titiveness, and to promote the development of new capital goods through 

selective and gradually diminishing protection.    Greater freedom ivas given 

to the importation of those capital goods that,  within the frameivork, of 

the strategy, were not considered to have priority importance during the 
26/ 

next few years. —     In 1978, based on a backlog of information which 

now included estimated demand figures for the next ten years,  knoidedge 

of supply obstacles and identification of investment opportunities,  together 

Witti a set of instruments for modifying the behaviour of users and potential 

producers, work was begun on the elaboration of prefeasibilily studies for 

capital goods in the branches that had been defined as having priority. -/' 

In 1979 work is continuing on new prefeasibility studies and the systematic 

promotion of the previously prepared projects has been initiated. —' 
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suchas  machine tools, foundry, forge and thermal treatment and the techno- 

logically important subsector of professional electronics, were also identified. 

One of the major conclusions of the development strategy 

proposal tvas the need for specialization in categories which coidd sliape 

a productive structure capable of dynamic self-stimula ted groivth through 

industrial inter-relations within the capital goods industry. 

Another important part of the development strategy was con- 

cerned with the political instruments that would be needed to cluinge to 

behaviour of public and private economic agents ivhich had been reluctant 

to participate in the development of this sector in the past.    It was ne- 

cessary to influence both the demand sectors,  taking into consideration the 

different beliaviour of the public (and private foreign and national) enterprises 

described previously, and the supply sectors with their particular reasons 

for lack of interest in entering into capital goods production in the past. 

Some of tiie most out-standing elements of this set of instruments were 

financial support mechanisms for the production and purchase of capital 

goods, norms for changing the pattern of behaviour of users in the public 

sector, fiscal incentives needed for stimulating private sector interest in 

the manufacture and acquisition of locally produced capital goods, instru- 

ments designed to reinforce the internationally competitive position of lo- 

cally produced capital goods and instruments oriented toward promoting 

research and development both by manitfacturers and by users.    In 1977 
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V.    Promotional Program 

J.  Specific criteria. 

Since 1978,   work has been carried out on prefeasibilily 

studies and promotion of 38 specific projects; this work is expected to be 

finished during 1980.     These projects form an interrelated nucleus which, 

together with the spontaneous expansion of existing enterprises,   could 

create the conditions necessary for the establishment and 

functioning of a group of enterprises whose cotnbined activities would 

create significcmtcJtange s in the productive profile of the capital goods 

industry.     It is expected that this will be accomplished within the duration 

of the present Administration.     The new profile ivHl include important 

increases in production capacity for machinery and equipment that is 

already manufactured in the country,   development of productive capacity 

in product families similar to those already being produced but in higher 

ranges of size and technological complexity,   and the appearance in Mexico 

of new products whose manufacture implies significant technological 

advances in the national industry. 

The main criteria for this investment program are the 

following: 

- It is essential that simultaneous progress be made in the 

expansion of existing capacity,  increase in ranges and technological 

complexity and development of substantially new production lines. 

mm é 
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Expansion in these three directions must be selective and 

must work toward the rationalization of existing inoustry,  its growing 

interrelatedness and the smooth incorporation of the new productive 

capacities. 

- Production will,at first, mainly be    directed to taking care 

of internal demand,   but the sizing of plants and definition of their 

technical and economic     parameters should allow for the development 

of a growing participation in the international market.    Only in special 

situations,   such as for training purposes or supply security,  will support 

be given for the establishment of plants on a smaller scale than thai 

needed for participation in the internatioial market. 

- The public sector will have direct participation principally 

in projects involving the development of new product lines,  including both 

those which are radically different from existing products and those that 

involve greater sizes or technical complexity than goods already being 

produced locally.    In regard to the present production lines of established 

plants,  the public sector will tend to provide financial support and only in 

special cases enter into direct participation. 

2. Characterization of specific projects. 

The group of projects currently being elaborated by 

NAFINSA reflect the application of the aforementioned criteria; the most 
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important objective sought throughout this series of projects is the 

initiation of heavy machinery and equipment production in Mexico. 

It is evident that in order to arrive at this stage, advances 

must be made in the quality of product and manufacturing engineering and 

a basic link must be forged between the technological requirements of the 

users(pctroleum.   electricity,   steel,   mining and cement) and the manufacturing 

technology of the metalworking industry.     Since the heavy machinery and 

equipment to be produced is mainly used in branches ivhere      public sector 

enterprises often play a strategic role,   the development of heavy machinery 

implies bringing together the large public sector firms and the major capital 

goods manufacturers who normally exercise a kind of technological leadership 

over the manufacturing industry as a whole.     This combination of interrelation 

and leadership has   played a crucial role in the technological development 

of the capital goods industry in advanced countries.    Another important 

effect will be that of increasing the element of autonomy in the investment 

process for sectors whose development is considered to be of strategic 

importance.     The principal projects being elaborated and promoted at the 

present with a view to forming a production  rtadeus of heavy machinery 

in Mexico,  are the following: 

Electricity turbogenerators 150 to 300 MW 

Turbocompressors 

Large-diameter welded piping (oilducts) 
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Motor scrapers,  cranes and excavators 

Front loaders 

Crushing and grinding equipment 

Large capacity pumps 

Cement equipment 

Steel equipment 

Shears,   benders and rollers 

Boring machines 

Vertical lathes 

Radial drills 

Grinding machines 

The last categories of "heavy machine tools" are capital 

goods that are used for producting other capital goods and constitute the 

most important source of training for technical personnel for the 

metalworking sector. 

The production of all of these classes of equipment requires 

installations equipped for carrying out casting, forging and machining 

operations on very large,   very heavy pieces,  as ivell as the manipulation 

of heavy plate.    Such installations,  at present not available in the country, 

are the concern of infrastructure projects whose main users would be 

the projects listed above.      In this sense it can be seen that the group 
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of projects  make up an integrated whole, formed by independent   but 

technologically interrelated enterprises.    In advanced countries production 

capacity for heavy machinery and equipment lias usually developed gradually 

over many decades through a process in which the equipment producers 

stimulated the development of basic infrastructure and,   in turn,   the 

development of infrastructure provided encouragement for finished product 

manufacturers ;and all within a close working relationship with the user 

enterprises,   whether public or private.     The challenge faced by Mexico 

is that of integrating a system of mutually supporting projects    within a 

very short period of time.     Thus,   one of the central objectives of this 

program is to achieve,  during the three years left in this six-year 

Administrative period,   the development of a quantitatively significant 

heavy machinery production capacity that at the same time will be 

technologically competitive. 

For this first group of projects,  the strong participation 

of the public sector will be necessary in promoting and furnishing capital 

for the new enterprises to be established. 

A second important objective of the promotional program is 

concerned with the need to enhance the technical and industrial interrelations 

within the capital goods sector,  promoting the manufacture of multi-use 

equipment and components,   which are normally mass produced and up 

until now have been locally produced only in low ranges of size and 

technical complexity with a low degree of integration.    Within this group 

of projects would be included: 
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Diesel engines from 1000 to 6000 HP for locomotives and 

ships. 

Diesel engine turbochargers 

Crankshafts for engines 

Control valves over 2" 

Hydraulic oil-pressure pumps 

Within this group of projects related to general use inputs 

and components,   there are enterprises already established that produce 

such products in smaller ranges,and with a low integration level.   For this 

reason,   this group of projects would be generally linked to the expansion 

of existing enterprises,  many of which are foreign.     The need for direct 

public sector participation should be analyzed on a case-by-case basis. 

The third grotcp of projects involves activities which could 

be described as "technologically intensive",  without necessarily requiring 

large investments.     They are: 

Hydraulic pumps for motive and control systems 

Digital multimeters,   osciloscopes, frequency meters and 

wave generators 

Accessory equipment for computers and terminals 

Control and process panel instruments 

Gear manufacture 

Various families of equipment pertaining to the professional 

electronics field 
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Apart from pumps and gears,  this group of projects belongs 

to the field called professional electronics: an industry that will have an 

increasingly decisive influence on the technological development of the 

capital goods industry in coming years.     The most concrete expression 

of such  influence will be the groiving use of microprocessors for 

the control and regulation of equipment and whole plants.     This group of 

projects initiates,   in a modest way,   Mexico's entry into a demanding field 

whose level of internal development can be a determining factor in defining 

not only the international competitiveness of the capital goods industry but 

also that of a wide range of other goods. 

For this group of projects,   the main objective of public 

sector actions (essentially promotional) should be the stimulation of 

national groups which have the capacity to enter into the design activities 

that make up      the central pivot of professional electronics development. 

The actual manufacturing of components   requires techniques and a scale 

of manufacture which, for reasons of volume,   may be unsuitable for 

undertaking in Mexico at this time.     Nevertheless,   design and assembly 

activities for components using locally designed circuits is well within 

the reach of national electronics engineers.     The most important work 

will be to identify and stimulate the formation and development of groups 

which, apart from having the necessary technical competence,   are willing 

to take on the challenge of initiating activities in this new field. 
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The last group to be considered is a special category of 

projects for machinery to be used in the agricultural sector.    The importance 

of these projects is not found so much in its investment volume or 

technological impact,   as in the significance of generating productive 

capacity for machinery and equipment needed in a strategically essential 

sector.     The experience of other countries indicates that the development 

of design capacity for machinery and equipment suitable to local agricultural 

conditions can play a significant part in increasing productivity and the 

ability to take advantage      of the country's natural conditions.    It is evident 

that these projects do mt pretend to face the whole agrarian problem of 

Mexico but,   within the scope of capital goods,   they can make a contribution 

to its solution.    The specific projects include: 

Equipment for the dairy industry 

Packing equipment 

Refrigeration equipmoit 

The public sector should basically act in a promotional 

capacity for this group of projects,   stimulating established national and 

foreign enterprises to expand their production.    Only under exceptional 

circumstances would the direct intervention of the public sector in 

new enterprises be justified. 
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3.   Economic effects of the program. 

In order to envisizn the economic implications of the proposed 

capital goods program,   it is useful to refer to a synoptic view of the role 

that this sector has played in the advanced countries,   such as was presented 

in the first part of this report.     In fact, the technological impact of the 

capital goods sector goes far beyond the direct impact of investment, 

employment or import substitutions,   no matter how important they may be. 

According to information provided bv the Industrial Plan,   the 

trade deficit of the capital goods sector in 1970 represented precisely 54% 

of the deficit in the manufacturing industry; by 1975 this percentage had 

risen to 56%,   reaching 68% by 1978. 

It is important to point out that in 1978 the capital goods 

trade deficit was similar in size to the total trade balance deficit. 

When the encouraging prospects of Mexican petroleum 

supplies are considered,   an image could be created of the practical 

disappearance of foreign trade problems,  which would make the development 

of the capital goods sector seem much less important.     The Industrial Plan 

itself takes care to correct this erroneous idea by emphasizing the high 

priority given to this sector for reasons linked with technological 

development.    It is increasingly clear that a stable capacity to compete 

in the international market is,   to a large extent,  determined by technological 

advances    and personnel training. 

£.» 
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In fact, according to the forecasts published in the Industrial 

Plan,  in spite of the high goals fixed for natioml capital goods production, 

the capital goods sector's deficit by 1982 would be comparable to the 

petroleum sector's surplus and uould practically double the national trade 

deficit.    By 1990,   the capital goods sector deficit would almost triple the 

surplus generated by the petroleum sector and would be four limes the 

deficit of the agricultural sector. 

On analyzing these figures it is also necessary to take into 

account (hat Mexico,   unlike other petroleum producing countries whose 

surplus is the exclusive result of price increases,   will have to establish 

its export industry during this Administration,   and that will absorb a good 

portion of the surpluses generated during that period.     This explains the 

fact that PEMEX demand for capital goods for the next ten years 

represents approximately 10% of the total world demand for this type of 

equipment duri>ig that same period. 

The balance of payments projections for the period following 

1982 clearly show that if significant changes are not brought about in the 

agricultural and capital goods sectors,  the relative "financial self determi- 

nation" produced by petroleum surpluses will quickly erode.     Thus,   it 

is essential that during this Administration an effort must be made to face 

the challenge of simultaneously creating a petroleum export industry and 

a capital goods industry that will be ina position to.operate fully during 

the following Administrative period. 
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The group of 38 projects contained in the NAFINSA Capital 

Goods Program requires an investment of approximately 18,000 million 

pesos and is estimated to generate direct employment for 27, 000 people. 

The investment per employee represents approximately one-ninth of the 

investment per man in the steel program.     This gives an idea of the 

potential which this sector presents in terms of skilled labour. 

It is estimated that the projects for expansion of existing 

enterprises,  which are mainly designed to satisfy increases in demand 

for capital goods already being produced,   will reach a level comparable 

to that of the NAFINSA investment program. 

The investment to be carried out over the period from 

1979-1982 represents a significant challenge because of its size,   complexity, 

aspects of interrelation and the brief lapse of lime available; it should 

not,  however,   be considered as an exhaustive effort that will cover all 

of the necessities for the future.    It is,   rather,  a primary phase of 

construction of the capital goods industry:    a process which will be realized 

over a period of not less than ten years.     During the three years left in 

this Administration,   the industrial goods program will be simply providing 

the basis for activities ivhich ivill bring about a transformation in the 

industrial profite of the country.    The true importarne of this task resides 

precisely in the fact tluit this primary effort must establish a solid 

foundation for tlte vigou>-ous groivth of the capital good industry in the 

future. 
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4.   Technological implications of the program. 

An analysis of the group of projects under consideration 

reveals the following technological implications:   29/ 

- In terms of the basic infrastructure needed for satisfying 

all branches of industry,   the program will create casting and forging 

capacities for pieces with unit weights over 50 tons.    At the present time, 

open forge work barely covers half-ton pieces,   and even then on a small 

scale.    In some cases 15 ton steel castings have been produced but only 

for specialized products andt in general,   it is difficult to obtain steel 

castings over JO tons. 

- The availability of large castings and forgings will mean 

an improvement in metallurgical quality and will ensure a supply of key 

Parts required for achieving a truly adequate degree of integration in 

equipment used in the electrical energy industry, such as hydraulic and 

steam turbines and turbogenerators; moreover,   it will establish the bases 

for interiially supplying a series of products and components for which 

there is a large demand but which have had to be imported and often 

create difficulties in the manufacture of the products in which they are used: 

i.   e. forged rolls for steel rolling, forged shafts for the sugar industry, 

ends and trunnions for ball mills,   tires for cement mills,   cast housings 

for turbines etc.   \n addition U prepares the way for establishing solid 

naval or locomotive manufacturing industries    when they may be needed 
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and supplying those components for the petroleum and petrochemical 

industries which are,   at present,  imported. 

- In platework,   a traditional industry that   enjoys a high 

degree of natural protection,   the relevant projects will enable manufacturing 

of products of up to 300 tons (as opposed to the present limit of 100/75 

tons) and plate thicknesses of up to 6 to 8 inches (in contrast to the 

current 4 inch maximun,   under equivalent conditions). 

- Higher-power ed pumps will be available in new models 

and greater volume of national production.     With more modern manufacturing 

machinery and higher-powered testing equipment,  it can be realistically 

proposed that powerful multi-stage pumps will be produced for oilducts 

and boiler feeding,  as well as large capacity pumps for supplying cities, 

industrial plants and large boilers. 

- In the area of machine tools,   there will be production 

of modern lathes for 80 ton pieces, with 18 or more meters between 

centers.    Also,   modern,  floor-type boring and milling machines,  with 

tables 3 meters wide, for large pieces. 

- In addition, it is expected that there will be an integrated 

production of high quality, large-sized gears which would help to overcome 

one of the chief bottlenecks in the metalworking industry of today. 
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- Heat treatments, with all of their complexity,  will be 

available on a large scale for large pieces,   thus covering another of the 

industry's present deficiencies. 

- For the mining industry,  projects are directed toward pro 

viding heavy equipment with suitable quality and integration levels, so as 

to overcome the industry's problems of low integration and inadequate 

equipment whose limited size makes it unfit for mining and only useful 

for supplying the aggregates industry. 

- Electrical equipment projects will be entering into an 

area that up until now has been non-existent in Mexico: turbines and 

turbogenerators.     The challenge will be not only to establish such new 

production but also to achieve adequate levels of integration. 

The non-existence of this kind of energy-producing equipment 

has been a key symbol of the lag in Mexican industry.     The turbine and 

turbogenerator industry began during the latter part of the last cetitury and 

the beginning of this century,   in the advanced countries.     Today,   turbomachi- 

nes are widely used not only for generating energy bat also as primary 

motors for aviation,  air and gas compression,  as turboexpenders,   etc. 

Since Mexico has undertaken the goal of creating,  during this Administration, 

a nucleus of projects designed for shaping an industrial structure adapted 

to the demands of the modern world,   it must enter into this field but not 

in terms of assembly or sub-contrac ting plants.    It must integrally absorb 
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the technology involved and thus,  also,  the equipment needed for production, 

in much the same way that India has done and Brazil is doing at this lime. 

The manufacture of turbogenerators,   in both medium and 

large sizes,   implies creating the necessary conditions for resolving the 

technological problems presented by high-speed rotary parts.     This techno- 

logical advance is common to all turbomachines,  such as axial and 

centrifugal turbocompressors,   vertical water pumps, gas,  turbines,  etc. 

Control of fluids at high pressure requires cast stee I   casings. 

- In order to satisfy the high pressure and hermetic qualities 

required in the large castings used in this field,  it will be necessary to 

count on the highest quality foundry work possible; th is will ensure an 

adequate and stable supply of the inputs needed for all of the products 

within the field of turbomachinery. 

- The industrial branch receiving a preferential treatment 

at the present time    because of the high degree of technological innovation 

involved in it.   is the microelectronics industry.    It is a branch that some 

authors include in what has been called "information technology" where all 

of the advances in electronics,   computation and telecommunications come 

together to make the work of information organization,   processing and 

transmission possible at a cost,   speed,   reliability and energy use that 

would not have been dreamed of in past years. 30/    The wide possibilities 

for application of microelectronics and its most typical clement,  the 

-^ 
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microprocessor,  have lead some authors to claim that the world is on the 

threashold of a second industrial revolution which will usher in a new 

"era of information" to replace the "era of power".   31/ 

Reference to this industrial sector is parficulary significant 

because it not only illustrates   the importance of keeping abreast of 

technological trends in specific branches,   but is also underlined by the 

strong support that the governments of advanced countries provide for 

the most up-to-date technological advances. 

It seems evident from the above,   that the recommendations 

of "laissez faire" are not applied in the developed countries,  or at least 

not in the area of the leading technologies,   and this has a direct 

influence on their capacity for competing in the internatiotml market.    In 

the specific case of microelectronics,  there is no doubt that the industry 

will have a decisive influence on computing,   telecommunications, 

measurement and control instruments,  machine tools and processing plants; 

in integrated systems for health and education; and,  naturally,   in the 

military and aerospace industries.   32/ 

- In the area of design technology it must be pointed out 

that the research and development departments of the plants to be 

established will be made up of technicians whose capabilities range from 

the theoretical concepts of basic sciences to the empirical aspects of 

applied science.    Turbogenerator design implies a thorough theoretical 
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and practical knowledge of design for units or machines that function 

partially on the basis of thermodynamic fluid processes,  hydraulic,  high- 

pressure viscous fluid processes,   etc.    Although each kind of equipment 

has its own design parameters, the technological advances achieved in the 

production of one of them is to some extent applicable to many others. 

- The technological contributions that the program will 

provide in terms of manufacturing techniques will also be considerable: 

high quality vacuum degasified steels will be available in the alloys that 

may be needed for forgings and castings.    These kinds of steel-making 

techniques    together with those for forging large ingots,  are,   strictly 

speaking,   a product of the post-war years (Second World War).     The 

vacuum degasification of steel originated in Germany in the 1950's while 

argon refining was developed somewhat later on in the United States. 

Advances in forging techniques were made in England and other countries 

around the same time.    Large ingots for forging used to be called 

"metallurgical monstrosities". 

In short,  the proposed projects will be creating an "era" 

of development for the capital goods industry,   within an integrated,   organic 

plan,  and will attack also the major areas of limitations in technology. 

- It is not assumed,  however,   that this group of investments 

will place Mexico's capital goods industry in a pre-eminent position; there 

is much yet to be done.    Countries such as Spain, Brazil,   and even South 
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Korea and Argentina still have a considerable lead,  not only becnuse of 

the activities that the list of projects does not include,   such as equipment 

for nuclear plants,   naval industry,  locomotives,   aviation equipment and 

others,   but also because of the magnitude of the industrial imdcrtakittgs 

of those countries. 

One advantage that Mexico will have is that of learning 

from the experience of other countries and avoiding a repetition of the 

same errors; this should result in the formation of a more selective, 

integrated and, eventually,   internationally competitive production structure. 

This situation,  together with      strong political support, 

availability of resources and the systematic knowledge acquired in the 

sector,   could turn what has been a relative lag into a future operational 

advantage. 
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