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ABSTRACT

Trad i t i o n a 11y the main role of mining in
d e ve lo p in g  countries (DCs) has been the p rovision of 
foreign exchange. The a ss im il at io n of mining to its 
metal and energy components whose outputs are largely

mining image. Most of the industrial m i n er al s are 
abundant and are low value per weight unit commodities.

and do not generate foreign exchange.
For this reason/ there is now a current of opinion 

that the industrial minerals have been negl e ct ed  by the 
DCs because of the lure of the higher value commodities. 
The aim of this study is to test this opinion and/ if 
correct/ to suggest remedial measures.

Because industrial minerals are such a diverse 
group of commodities/ this study first screens them in 
order to d e te rm in e those which could be p o t e nt i al ly  
n e gl ec te d in the D C s . They are identified as the raw 
m at er ia ls  for the g l a s s / c e r a m i c s / and cons t ru ct io n 
industries. Because of the lack of industrial b a s e /
most of the glass and ceramic products are ultimately 
used in the c o ns t ru c ti o n  sector. The c o ns t r u ct i on  sector

ion of this

T h er ef or e they are not traded in markets
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is then the major industrial minerals market in the D C s .
International trade data show that DCs rely more on 

imports of industrial mineral products than do the 
d e v el op ed  countries. More specifically/ the data show 
that c on st ru ct io n m at er ia ls  represent more than half of 
the industrial mineral products imports value for the 
DCs co m pa r ed  to only about 18 percent for the d e v el op ed  
countries. However DCs s e lf - su ff i ci e nc y in industrial 
minerals has been increasing over time. There is not 
enough evidence to show that the industrial m i nerals 
sector is negle ct ed  in the D C s / but there is a need for 
a policy to ensure that the s e l f - s u f fi c ie n c y  is ac hi ev ed 
in an optimal way. In this r e s p e c t / a balance must kept 
between different sizes of p r od uc ti o n plants in order to 
match the g eo graphical d is tr i bu ti on  of demand. Lastly/ 
m e asures are r e c om m en de d to DCs to boost the devel op me nt  
of this s e c t o r .
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C HAP T ER  1 
I N TRODUCTION

H istorically/ the role played by mineral resources 
in world d e ve lo pm en t can hardly be o v eremphasized. There 
i s / h o w e v e r / an uneven recognition of the importance of 
the respec t iv e c omponents of the mineral sector. O f t e n / 
one reads in the literature that the Western industrial 
r evolution was made p os sible by the a v ai la b i l it y  of iron 
and coal. The fluxes used with iron ore and coal in 
steel production# and the con s tr uc ti on  m aterials used in 
building the foundries are seldom mentioned. This
illustrates how industrial m in erals are generally 
o v e r s h a d ow e d by m e t a l li c  and energy minerals.

There seem to be two main reasons for this
situation. First/ industrial min e ra ls  are considered  
a b u n d a n t / and it is taken for granted that w h e re v er  they 
are in d e m a n d / there will be enough supply at a
r e as on a bl e  d i s ta nc e to meet it. S e c o n d / most of the 
industrial minerals have a low value per unit of weight. 
This means that little of it enters i n t e r n a t i o n a1 
markets. T h e r e f or e  the vast literature on
international trade is foreclosed to most of these 
commod i t i e s .
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Data on industrial minerals at the internat i o n a 1 
level are not readily available except for those 
commo d it ie s which enter the international t r a d e . In 
d e v el op ed  countries/- either the national bureau of mines 
or the gov e rn m en t body in charge of mines keeps accurate 
a c counts of industrial mi n er al s production. In
dev el op in g countries (DCs) however/ because of the 
exist e nc e of a large n on mo n et a r y  sector whose
c o ns u mp ti on  is not r e p o r t e d / official pro du ct io n  figures 
are much lower than real production. This is especially 
true for most of the mate r ia ls  used in the self - he lp  or 
informal b ui lding sector.

This study focuses on the role of industrial 
m in e r a l s  in the D C s . Most minerals/ w he ther metals or 
nonmet a 1 s / are used as raw material for industrial 
pr o duction. In most of the D C s / metal fabricating
industries s eldom exist / and metal p r o du c ti o n  is
g en e r a l l y  exported. For this r e a s o n / the role of metal 
mi n in g  a n d / by extension/ of mining in general has been 
to prov i de  foreign exchange. Metal min i ng  direct 
linkages with the rest of the economy are rather minimal 
since met a 1 mining tends to be capital intensive and its
output is not used by the national economy. On the
other hand/ industrial minerals are g en e ra l l y  used by
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local/ regional/ or national industries and therefore 
are more integrated in the domestic e c o n o m y .

The industrial m i n er a ls  are a large group of 
c o m mo di ti es  whose d ef in it i v e  common c h ar a ct e r i st i c is 
that they cannot be c a te go ri ze d  in either the metals 
group or the energy m in erals group . Some of them/ e.g./ 
diamonds/ are mined e s se nt ia ll y  for the export market 
and the subsequent g en e ra t i o n of foreign exchange . Other 
c o m m od it ie s have such a high place value that their 
m ining regul a ti on s should be left to the local 
authorities. There is a group of industrial m i n e r a l s , 
h o w e v e r / which/ when processed/ can be traded 
i n te r n at i on al ly  because the p r oc e ss ed  products are 
essential to the economy. These pro du ct s are vital to 
the c on st ru ct io n s e c t o r / their major end use; if not 
p r o du c e d  domestically/ they must be i m p o r t e d . The raw 
ma t e ri a l s  for these products are g en er al ly  a v ai la bl e in 
v ir t u a ll y  any country. These products include
c o n s t r uc t i o n m at er ia l s such as c e m e n t / glass and 
ceramics. Because of the importance of constru ct io n to 
the e c o n o m y / s ig nificant depend en ce  on imports for these 
p ro d uc ts  is undesirable. In fact/ DCs have been 
s uccessful in increasing their s e lf -s u ff i ci e n c y in 
regard to these materials. This can be illustrated by
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the present shift in the geographical distribution of 
cement production; most of the growth in world cement 
p ro du ct io n is taking place in the DCs ; p roduction in 
d eveloped countries is almost stagnant.

The s e l f- s uf f i c ie n c y  advocated here does not evolve 
from any n a t io n al is ti c view but rather is a logical 
conse q ue nc e of the need for foreign exchange savings. 
Even more important^ it reflects the need to minimize 
the tran sp or ta ti on  distances of vital commodities 
ch a ra ct er iz ed  by a low value per unit of weight. It is 
further suggested that w he never feasible, national,
regional, and even local s el f- su f fi ci en cy  should be 
s o u g h t . Practically, this could be achieved by a 
balance of large-scale and small-scale pro du ct io n  plants 
o p ti ma ll y d i sp er se d throughout the country according to 
the geograp hi ca l d i st r i bu ti on  of d e m a n d . Additional 
benefits of small-scale plants are discussed.
A d m in i s t ra t i v e and fiscal measures are suggested to DCs 
go v ernments to boost production and to optimize the 
d is t ri bu ti on  of cons t ru ct io n m aterials of industrial 
mineral origin. Further research within the group of
cons tr uc ti on  m a te ri al s and the broader field of
industrial minerals is s u g g e s t e d .

Because of the dive r si t y of the industrial mineral
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field# the creation of an institution respo ns ib le  for 
the development of the overall industrial mineral field 
is not recommended. This author believes that 
s pe c ialized institutions dealing with homogeneous groups 
of minerals will be more effective in fostering their 
development than will an overall industrial mineral
institution. For instance# a fertilizer institute 
a tt ached to the m i nistry of agriculture could bring more 
d ev elopment to fertilizer raw m a terials than an
industrial mineral institution. This is in contrast with
other opinions which consider the lack of a unique 
overall supervision of the industrial minerals as an 
impediment to the development of this sector. The 
s p ecialized institutions# however# should maintain a
n ece s sa ry  link with the national geological survey in 
order to identify the sources of the raw materials.
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C HAPTER 2
THE PROCESS OF E CONOMIC G ROWTH IN D E VE L OP I NG  COUNTRIES

N arrowly defined/ the objective of the DC 
p o li cy ma ke r is to implement measures which will lead to 
a rapid increase in the gross national product (G N P ). 
But to effect real economic growth/ the focus must be on 
raising per capita GNP rather than the absolute G N P .

A rise in p opulation growth could offset any gains 
ac h ie ve d by a rise in the absolute G N P . This would 
result in a d e crease in per capita GNP and a 
impoverishment of the society.

Emphasis has long been placed on economic growth 
even though it is only one component of the overall 
d ev elopment process. Per capita GNP has been wi d el y used 
as a d e velopment indicator without considering how the 
gains are distributed. Identifying the recipients of 
national income is now accepted as economi c al ly  
r e l e v a n t . Who receives the income determines what goods 
the incremental income will be spent on and what the 
growing sectors of the economy will be.

Since on equity g r o u n d s / expenditures on basic 
needs are preferred/ there may be a trade off between 
income growth and income distrib ut io n from the point of 
view of the DC policymaker. In this w o r k / h o w e v e r / it
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will be assumed that the o bjective of income growth 
will have pr io ri ty  over income distribution/ and that 
w h enever there is a conflict between the t w o , it will be 
resolved in favor of growth. Also# GNP indicators will 
be expr e ss ed  in real GNP terms/ not in nominal t e r m s .

For convenience/ this study will depart from the 
t r ad it io n of breaking down GNP in the categories of 
consumption/ investment/ goverment spending and net 
exports. The GNP will be defined as follows:

GNP — D«p + D jvj + E % — Ip) ( 1 )

where D*p is the c on t ri bu ti on  of the subsistence
s ubsector of the agric ul tu r e sector towards 
the G N P ,

D m is the part of the con tr ib ut io n of the modern 
d om e s ti c  sector towards the GNP which is 
c o ns u me d w ithin the domestic e c o n o m y /

Ex is the aggre g at e gross export c o n tr ib ut io n 
towards the G N P / and 

IM is the a g gr eg at e ex p e nd it ur e on i m p o r t s .
The four terms in expres si on  (1) suggest four ways 

of increasing the G N P : increasing D T / D M / or Ex / or
d e c r ea s in g  IM . However D M / Ex / and IM may be lumped
together and referred to as the modern sector
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co ntribution to the GNP. With this simplification, one 
can distinguish between a modern or an industrial, and a 
subsistence or non industrial sector. Although the best 
economic growth strategy will be one which does not 
introduce bias in either of the sectors, one can talk of 
two a lt ernative ways of achieving economic growth: the
promotion of agric u lt ur e and industrialization.

2.1 Promotion of Industry as an A pp roach to Economic 
Growt h
The early development economists equated economic 

growth with industrialization. This line of thinking was 
based on the following empirical and historical 
e v i d e n c e .

-Labor p ro du ct iv it y in industry is g enerally higher 
than in agric ul tu re  ; therefore # transfering labor 
from agric u lt ur e to industry increases the G N P .
-In the industrialized countries the share of 

a g ri cu lt ur e in the GNP is much lower than in the
developing countries.
Various strategies have been devised, a n d , 

d epending on where the emphasis is placed, the
literature d i s ti ng ui s he s four different
i n du s tr ia li za t io n strategies:

a) Import substitution
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b) Exports promotion
c) Basic goods pro d uc ti on
d) Further processing of raw materials for export 

Because more than one criterion has been used to
derive t h e m , the four strategies can be reduced usefully
to t w o — import s u bstitution and export promotion.
Increasing the degree of export raw materials processing
could be included in exports promotion.

The industries classi fi ed  in the basic goods
strategy over la p both the import substitution and the
exports p r om ot io n strategies.

The type of industry that falls into this 
c a tegory includes not only c a pi t al - in te ns iv e 
and heavy industries such as iron and steel# 
cement # fertilizers# but also such light and 
labor intensive industries as textile mills and 
fruits canning for which the countries have the 
nece ss ar y raw mater ia ls  (Oduolowu 1977).
Because DC economies were once agrarian#

co n su mp ti on  of the products of those industries were
imported. There is no reason why they could not be
produced d om es t ic a l l y and exported. There f or e  only
import s ub s ti tu ti on  and export prom ot io n  will be
c o ns id e re d  as distinct industrializat ion strategies.

2.1.1 Import Substit ut io n In d u st ri al iz at io n S t rategy
"By d ef inition and intent# import s ubstitution is a
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s ystematic attempt to replace costly imported goods with 
locally pro d uc ed  substitutes " (Oduolowu 1977). Although 
the o b je c ti ve  defined above is highly commendable/ the 
treatment of import substitution in the literature often 
has been a s so ci a te d  with the negative image of 
inefficient operations p rotected from foreign
compe t it io n by high tariffs and q u o t a s . Import 
substitution industries have been equally charged with 
m o n o po li st ic  pricing as a result of the lack of adequate 
competition/ and have resulted in higher costs to the 
consumer. Also because import s u bstitution focuses on 
the domestic m a r k e t / the market's size can prevent the 
r ea l ization of economies of scale. Moreover/ it has been 
o b se r ve d that i n du st ri alization through import
substit ut io n often starts from the final goods and makes 
its way to primary inputs production through backward 
linkages. This means that in the first stage/ 
i ntermediate inputs will have to be imported. If the 
p r o te c ti o n  m ea sures taken to promote the domestic 
p ro d uction result in mass iv e imports of intermediate 
i n p u t s / the objec ti ve  of foreign currency savings/ which 
is always one of those p u r s u e d / may be seriously 
c omprom is e d .

For all these reason s / there has been a lot of
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di s en c h a nt m en t  with the import s u b s ti t ut io n s t r a t e g y . A 
more p e rv as i ve  reason for d is en ch a n t me n t may lie in the 
fact that early d ev e lo p me n t  economists expected too much 
from it and from i n d us tr ia li za ti on  in general. For s o m e / 
import s u b s ti tu ti on  me re ly  pro du ce d g o o d s , although it 
was expected to change the whole social system 
(Hi r schman 1968 ) ; for others, industrializat ion was 
b el ieved to increase p r o d u c t i vi t y in the other sectors 
of the economy by s pillover effects (Hughes 19 8 0 ) .

C hr o no logically, import s u bstitution was the first 
i n d u st r ia l i z at i on  strategy to be e x p e ri m en te d with. 
Without ignoring or m in i mi z i n g the mis ta ke s made in its 
implementation, the author believes it has been the 
target of u n d i f f e r e n t i a t e d  criticisms. Con si de r the 
debate on p r ot ectionism. The argument a d v an ce d  by the 
import s u b st it ut io n strategy pro po ne nt s  was the need for 
p r o t e c t i o n  for the infant industry. The d e tr ac t or s  of 
the strategy rejected it p r omptly because p r ot e c ti on i st 
m e a s u r e s , once t a k e n , tended to be perm a ne nt  rather than 
t e m p or ar y as they ought to be in the case of the infant 
industry c a s e .

Is there a n e c e ss a r y  link between import 
s u b s t i t u ti o n and p ro te ct i on i s m ? A c ce p ti ng  the
p r o p o s i t i o n  implies that the industry born of the import
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su b stitution strategy is not viable without protection. 
While it may be the case for some industries/ it is 
hardly p ro bable that it will be true for all of them; 
this would imply that the country has no comparative 
advan ta ge  in any c ommodity production.

It is p r ob ab ly  against this u n di f fe r e n ti a ti o n  that 
Bela Belas sa a d d r es s ed  when he ca t eg or iz ed  import
s ubstit ut i on  into a "first stage" or "easy stage" and a 
"second stage" (Meier 1984). He defined the first stage 
as "entailing the replacement of the imports of
no n -d ur ab le  consumer good s / such as clothing/ s h o e s / and 
h ou s eh ol d g o o d s / and their inputs ...."(Meier 1984).
These commo d it ie s are ap pr op ri at e to developing 
countries which do not have a substantial industrial 
base. They are u nskilled labor intensive/ and the
optimal size of operations is rather small. The 
d e ve l op in g c ountries are at a relative advantage; little 
protection/ if a n y / is required even in the infancy 
stage. The second stage of import sub st it ut io n as 
d efined by Bela Belassa concerns "the replacement of 
the imports of the intermediate goods and producer and 
consumer durables by domestic p r od uction" (Meier 1984 ) . 
This includes such commo d it ie s as steel products and
p et r o ch e m i ca l  p r o d u c t s . These co m mo di ti es  require large
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initial capital outlays and a market big enough to allow 
the produc t i on  to take place at the optimal size. Yet 
DCs are c h r on i ca ll y short of capital, and the d o mestic  
m arket for these co m mo di ti es  is gene ra ll y  small due to 
the lack of industrial base where they can be used as 
inputs. The second stage of import substitution, as 
referred to by Bela Belassa, is the one which is likely 
to be a f fected by the inefficiencies disc u ss e d above.

2.1.2 Export O r ie n te d I n du st ri al i z a ti o n Strategy
Export o r ie nt ed  i n d us tr ia li za t io n is now the most 

a dv oc at ed  strategy; it refers mainly to m a n u fa ct ur ed  
exports rather than to the mere, raw mater i al s exports. 
This strategy has been c r edited with a vo iding many of 
the s hortcomings of import substit u ti on
industrialization. The s t ra tegy's most salient features 
are as follows:

-B e cause of its n a t u r e , it is not c o ns tr ai ne d  by 
the size of the d o me s ti c market, and industries 
which do show increasing returns to scale are able 
to oper at e at the optimal size.
-Export o r i en te d industries must p roduce goods 

which can c ompete in the international market ; they 
cannot afford the luxury of i ne fficiencies in 
product i o n .
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The latter could occur/ t h o u g h / if those industries 
were benefiting from price subsidization mechanisms 
because of the DC government commitment to export . 
No n etheless / many economists argue that price
s ubsidization could not be extensive because its cost 
wou ld  appear directly in the b u d g e t . This would be less 
sustainable than a same level of protection in the case 
of import substitution.

The success of the strategy was indicated by the 
high growth rates of the export manufactures from the 
DCs which "reached an average annual growth rate of 12.3 
percent from 19 6 0 to 19 7 6/ while the growth rate was 
a p p ro xi ma te ly  8.8 percent for the d e veloped countries" 
(Meier 1984). As is often the case/ relative rates are 
m i sl eading if they are given without reference to the 
relevant absolute v a l u e s . I n d e e d / despite such vigorous 
growth rates/ the value of all m a n u f a c t ur e d exports of 
DCs was $33.2 billion in current U.S. dollars
r ep resenting less than 7 percent of the total world 
trade value/ $498.9 billion in current U.S. dollars 
(Meier 1984). Since about 65 percent of that $33.2 
billion was a t tr ib u te d  to only eight of the leading DCs 
in this s t r a t e g y / the question is whether there is
enough room for every DC to engage in systematic
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m a nu fa c tu r e s  export oriented industries. An examination 
of Table 2-1 shows that this will be rather difficult if 
not impossible. If one assumes that the structure of 
w orld trade in m a n u f a c tu r e  will remain the same with 
about 60 percent of DC exports going to the devel op e d or 
i nd u st ri al iz ed  countries/ the d e veloped countries would 
not be able to absorb the additional capacity. The 
reason is that additional imports by the d e veloped  
c ountries would mean additi o na l loss of jobs in related 
industries in d e ve lo pe d countries. The only way 
de v e lo p e d  countries can a c co mm o d a te  imports from DCs is 
by c r eating new industries where those workers displ ac ed  
from their jobs by the compa ra ti ve  advantage of the DCs 
can be employed. This implies that the e xport-led 
in d u s tr i a l iz a ti o n  in DCs appears to be c o n st ra in e d to 
p ro c e ed  at the same pace at which creation of new 
industries in d ev el o pe d countries takes place.

This is a serious l imitation since adoption of 
existing techno l og y proceeds at a much quicker pace than 
does creation of new technology. Failure to match the 
speeds of the two proc es se s will result in d e veloped  
co u nt ri es  enacting p r ot e c t io n i s t laws and r e gulations as 
is e v id en ce d by the now common practice of "voluntary 
export r e st rictions" on cars and steel products and the
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Table 2-1
Matrix of World Trade in Manufactures

1976
(billion U.S. dollars)

Exports (Part to) Centrally World
F rom/To Devel o pe d Europe Developing Planned_____ T o ta 1

D e v e 1oped
(o f whi ch
W . E u r o p e )
Develop i ng
C e n t r a 1 ly 
Planned
World Total

321 (224)

(226) (193)
28 (10)

9 ( 8 )
358 (242)

121

(61)
14

7
14 2

2 7 4 69

(20) (307)
3 4 5

34 
6 4

50
564

Source : Meier/ G .M . 19 8 4 Leading Issues in Economic
D e v e l o p m e n t / fourth edition/ Oxford : O xford University
P r e s s / 19 8 4/ p. 527.
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w i de s pr e a d  "restraints" on textile imports in the event 
of a "market d isruption." A market d i sr up t io n  is defined 
as "a sharp and s ub stantial increase in imports of a

domestic prices in the importing country and serious 
damage to d o m es ti c "producers" (Meier 19 8 4 ) . It would be 
naive to think that the world is ruled by economists 
w ho s e aim would be to see that trade takes place in an 
efficient way ; cheap m a nu f ac t u r es  imports from DCs are 
w el c o me  in the d ev e lo p e d  countries only if they do not 
result in u ne mp l o y me n t or low wages in D C s . In looking 
at Table 2-1 one wonders why the DCs could not capture 
the share of the d e ve l o p ed  countries exports to the DCs. 
There would not be any unemplo ym en t  p r o b l em  within the 
DC which w o uld replace only a d e ve lo pe d country source 
of import by a DC source of i m p o r t . The $121 billion 
m a nu f a c t u r e s  exports represent more than four times the 
total value of the DCs m an uf a c t ur e s  exports. More of the 
m ar k e t i n g  effort of DC m a nu f ac t u r es  e xporters should be 
di r ec te d towards other D C s . There are, however, some 
pr o bl em s in this d i re ct io n also. On one hand DCs import
cap ac it y is p r e se n tl y  c o ns tr ai ne d  by the debt burden and
stagnant export earnings. On the other hand, a major
p or tion of DCs import capacity is p r o vi d e d  by the

item; import prices s u b s t an t i a ll y  below
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d e ve lo pe d countries aid and export p romotion agencies  
and therefore cannot be used towards the import of goods 
from other D C s .

2.1.3 The Coefficient of Domestic Factors Intensity in 
the I n d us tr i al iz at io n Process 

From the above discuss i o n , it can be seen that 
there is no easy way to industrialization. The 
s h ortcomings of the import s u bstitution s tr ategy have 
been known for a long time/ and the limitations of the 
export o r ie n te d strategy are now starting to a p p e a r .

There should be no false dichotomy between the two 
strategies. There is no reason why a DC could not 
e ncourage the substitution of those c o mmodities it 
imports but can produce more cheaply d o m e st i c a ll y  while 
pr o mo ti ng  the export industries for those commo di t ie s in 
which it has a compa ra ti ve  advantage. M o r e o v e r / some 
industries could be g a in fu ll y designed for both the 
do m es ti c and the foreign m a r k e t / a move which would tend 
to m i ni m i z e the bias towards any of the markets. And 
even for those DCs em ph as iz in g export oriented g r o w t h / 
their greatest potential for growth lies in the 
i n du s t ri a li za ti on  of the other DCs.

The two strategies can be rec on c il ed  as o u tlined 
b e l o w .
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Définit ions :
*Xj is the generic product of the modern domestic

c om po ne nt s of the economy.
Xj is a functional s ubstitute for Xj; emphasis is

*p laced on "functional": Xj does not need to
be the same product as Xj/ it is enough that
it can replace Xj in its uses/ or vice v e r s a /

*d units of Xj being e qu ivalent to f units of 
Xj. M o r e o v e r / Xj need not be imported 
presently/ even though it may be. All that is 
assumed is the freedom for d om estic and

*foreign consumers to switch to either Xj or
Xj in response to their r e lative prices.

* *CXj is the FOB plant cost of Xj
PXj is the GIF price of Xj before imposition of

any tax.
If trans po rt at  ion costs within the DC are i g n o r e d / 

the e f fi ci e nc y  c o n di ti on s for the i nd ustrialization 
imply

dCXj < fPXj or CX* < (f/d)PXj (2)

*The p r o du ct io n function of Xj can be e xpressed in 
general terms as
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Xj = Xj (0^/02' • • / . . *Dm /F^/F2 / • * • F l ' • *Fn )

where the Dĵ  and the F ̂  represent the d o mestic inputs 
and the foreign inputs in the pro d uc ti on  of X j .

By definiti on :

m n
CXj = Idk P D k + I f 1P F 1 (3)

k=l 1=1

where dk is the amount of units of domestic input D k 
used in the pro du ct io n of one unit of X *.

P D k is the c o m pe ti ti ve  price of D k in the
d o me s ti c  economy or what its C I F price would 
be if it was to be imported, 

fi is the amount of units of foreign input F ̂ 
used to produce one unit of X j .

PFi is the CIF price of F ̂ .
The ratio of the e x pe n d it ur es  on the domestic 

factors to the total e x pe n di tu re s  is defined as the 
coeff i ci en t of intensity of use of domestic factors.

m
I d k P D k 

k = 1
P =   (4)

m n
I d k P D k + % flp p lk = 1 1 = 1
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In general
0 < p < 1 

the extreme cases being
P = 0 for an imported good
P = 1 for a good produced with

domestic inputs only 
If one assumes that returns to factors are based 

eq u it ab ly  on the expe n di tu re s on those f a c t o r s , P is 
also a meas u re  of the returns to the domestic f a c t o r s . 
T h e r e f o r e , the aim of the DC polic ym ak er  will be to 
m ax i mi ze  p while s a ti sfying the conditions for 
efficiency/ i.e./ 

m ax i m i z e P
subject to CX* < (f/d)PXj

The proper use of p assumes that there is no bias 
or d is to rt i o n  in the market of p r o d u c ti o n  factors 
b e tween d o me st ic  and foreign inputs. It is better to 
make the a s su m p t io n  in order to keep the model simple 
and to account for the d i st ortion once its m a g ni t ud e and 
d i r ec ti on  are k n o w n . The bias or d i st or t io n occurs 
g e ne r al l y  as a secon da ry  effect of attempts to save some 
foreign c u rrency or in att em pt in g to increase the 
foreign currency earnings.

First consider the bias towards lower costs of
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domestic inputs relative to the costs of foreign inputs. 
The p ro d u c ti o n  function is fixed/ and the prices of the 
foreign inputs are out of the control of the DC

the d i re ct io n of this inequality can be reversed is by 
lowering the costs of the d om estic inputs through a 
price r e gu lation system. This would occur in the case of 
a DC g o v er nm en t trying to promote export or initiating 
an import subs ti tu ti on  industry that it wants to present 
as e co no m ic a l l y attractive. The value of p will move 
towards zero indicating an industrializat ion with less 
than p otential returns to the domestic factor s / and 
dom es ti c resources will have been used w a s t e f u l l y / i.e./
in an unecono m ic al  way.

The reason for the bias towards higher costs of 
d om e s ti c  input compared to foreign inputs costs is less 
evident. At first g l a n c e / it is hard to see why a 
g ov e rn m en t  would embark on a p o licy which results in 
higher costs of p ro d u c ti o n and hence higher costs to 
d o me s ti c  consumers and lower c om pe ti t iv e n e ss  in the

u n d es i ra b l e  side effect of p olicies aimed at other 
goals. One such a p o li cy  is cu rr en cy  o ve rv a l u at i on  in 
order to pay less for the imported g o o d s / the net effect

p olicymakers. If C X * > (f/d)PXj / the only way in which

market . In fact/ this is a rather
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of which is a relative increase in domestic costs as 
com p ar ed  with the costs of imported goods. Another 
policy which may result in the same situation is the 
d i s c r i m i n a t o r y  tariff for imports where some are 
" e n c o u r a g e d ” and others are not. The e ncouraged imports 
are mostly c on ne ct ed  in one way or another to an 
"encouraged" or p r ot e c t ed  i n d u s t r y . This results in an 
a r t i fi c i a l l y  higher value for p. By pre s en ti ng  those 
imports as c h e a p , this policy may delay the s u bstitution 
of imports by products of the dom es ti c economy. 
M o r e o v e r , this policy is likely to be purs ue d in those 
industries where the foreign inputs are a lready a major 
component of the overall product cost/ i.e./ where p is 
already small. T h er e fo r e  this policy is likely to 
mai nt ai n the p r ot e c t ed  industry within the range of the 
low local value added. The a s se mb ly  p lants probably
should be c l a ss i f i ed  in this category.

Before the c o ef fi ci en t p can be used to qualify 
the i n d u s t r i a l i s â t ! on process/ the apparent p os si b il i t y 
of a c o n tr a di c t i on  between the m a x i m i z a ti o n  of p and
the m a x i m iz a ti o n  of GNP (i.e./X* if this is once again
taken as the generic d o me st ic  modern sector o u t p u t ) must 
be c l e a r e d . The c o nt r ad i ct i o n  can be illustrated as
follows :

ARTHUR LAKES " B M R ?«SŜ cSKSo* aT
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It is assumed that under the present supply c o n ­
ditions/ the output is fixed at X * / p = and CX * =
(f / d )P X j .

For m a th e ma ti c al  simplicity/ e xpression (4)
can be rewritten as

P = D/(D + F) (6)

where D is the aggregate cost of domestic inputs
F is the a g gregate cost of foreign inputs

It is assumed that output of the modern sector Q s is
less than its demand Q D by an amount AX* because
foreign capital Fç is in shortage. If an incremental
foreign capital AFç is supplied to the e c o n o m y / the
additional output AX j could be p r oduced at a cost
(AD +AF) at AC X j = (f/d)PXj but with

Ap = D/(D + F) < p . (7)
If the p roduction function of X* displays the usual

d im i ni sh in g returns to scale with respect to the use of
one single f a c t o r / expression (7) is likely to hold.
Then the question i s / which of the two variables p or X *

★should be m a x i mi ze d in priority. O b v i ou sl y Xj within the 
limits of the factors of p roduction is the one to 
m ax i mi ze  in the first place. This can be shown in an
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ab b r e vi a t e d form as
*m a x imiz e X j

subject to D , F (8)
In expression (8) the bar over D and F means that

the supply of factors of p r o d u ct i o n  is fixed. It is easy 
to u nd er st a n d  that dom es ti c factors of production/ with 
the exception of unski ll ed  l a b o r / are limited/ but why 
should the foreign inputs be limited in an open economy? 
On the one hand / DC command over foreign goods is 
limited by its foreign c ur rency export earnings. On the 
other hand the amount of bilat e ra l and m u lt i la te ra l aid 
is fixed on an annual basis or longer. Private 
investment is pro b ab ly  the only foreign input not 
formally fixed; h o w e v e r / c o m pe ti ti o n among DCs for
investment/ and the DCs investment law ensure that the
amount of priv a te  capital flowing to a DC is more or
less fixed.

One may show that conditions (8) have pri o ri ty  over 
those in (5) by g r ouping them/ conditions (8) being the 
outer o n e s / i.e./

max imi ze X * 
ma x i m i z e p
subject to CX* < (f/d)PXj 
subject to D / F
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At each point in time/ the DC policymaker is
a ttempting to m a xi m iz e X* (GNP) by selecting the
c o m b in at io n of inputs yielding the highest attainable 
for each incremental X *. An agg re ga te d p for the whole
GNP will have little application. A coefficient p at a
lower level of a gg re ga ti on  will be more u s e f u l .

2.2 Growth Through Increased A g ricultural Productivity
An add it io na l way of increasing the GNP is to 

increase the output of the traditional sector. Raising 
the p r o d u c t iv i t y  of the farmers will provide additional 
income which can be spent on industrial goods. For this 
process to h a p p e n / pea s a nt s must produce beyond the 
level of "strict su b s is te nc e / " a surplus of products 
that they can trade for industrial goods. Since in most 
of the DCs / the su bs is te nc e sector D<p constitutes more 
than half of the G N P / a relative increase in DT will 
induce higher relative increases in the other components 
of the G N P . Along the same lines J.W. M e 1 lor estimates 
that "because demand patterns are skewed towards 
nonagr icultural goods and services/ those other s e c t o r s / 
when s t im ul at ed  by a g r i c ul t u r e will a c ce le ra te  to 10-15 
percent growth rates compared to the 4 percent 
c o n si de re d r em ar k ab l e  in agriculture" (Meier 19 8 4 ) .
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Where water is scarce , dam construction would 
improve productivity; els e w h e r e , the introduction of
better seeds and the use of insecticides and fertilizers 
would benefit a gr iculture . The "revolution" calls for a 
dramatic change in the peasant production function. The 
analysis done above on the domestic factors intensity of 
i ndust ri al iz at io n cannot be d u pl icated for agriculture.
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C HA P TE R 3
IMPORTANCE OF INDUSTRIAL MINERALS IN ECONOMIC GROWTH

3.1 Definition, C h a r a c t e r i s t i c s , and C la ss if i ca t i o n of 
Industrial Minerals

3.1.1 D ef i ni ti o n
An industrial mineral is "any r o c k , mineral or

other natur al l y o c c ur ri n g substance of economic value,
exclu s iv e of m e ta l li c  o r e s , mineral f u e l s , and 
gems tones ; one of the nonmet a 1 1 i c s " (Bates 19 8 0) . while 
the d i st in c t i on  between fuel m i n er al s and the other 
minerals is fairly clear, the cutoff between the 
m e t al l i c  and the nonme t a 1lie, non fuel minerals is less 
obvious. Bates in his introduction to
Industrial Minerals and Rocks (1983) gives the examples 
of bauxite (aluminum ore) and ilmenite (titanium ore) as
m in er al s which qual i fy  as metallic ores and also as
industrial mi n er al s (refractory and abr as i ve  for bauxite 
and pigments for ilmenite). Manga ne se  ore and chromite 
are other stra ightforward e x a m p l e s . But in a strictly 
s ci e ntific sense, the rea ct iv e m etals such as calcium or 
sodium, which are more relevant to the "chemical 
industry" than to the "metall ur gi ca l i n d u s t r y # " are 
pr o du ce d from industrial minerals. It appears that the
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end use of the raw m at erial is more important than its 
c o n t e n t . Even if the lack of a clear-cut definition is 
put aside/ industrial minerals are a wide variety of 
commodities. In Industrial Minerals and Rocks which 
appears to be the "bible" on the s u b j e c t / 46 of the most
important commo d it ie s are reviewed and c lassified in 14 
major end uses. Bates had a highly suggest i ve comment: 
"We may say p a r a d o x i c a l l y  that d i versity is about all 
they have in common."

3.1.2 C ha r a c te r i s ti c s
While keeping in mind that there are many 

significant exceptions/ industrial minerals do have some 
common c ha r ac t e r is t i c s . The most important are reviewed 
be low :

a) Abundant C om mo di ti es
Industrial m i ne r al s  are r el atively abundant. In 

this respect it is interesting to note that there are no 
explicit reserve base figures for sand and g r a v e 1/ 
s t o n e / c l a y s / feldspar/ lime/ or g ypsum in the 
Mineral C o m mo d it i es  S ummaries (U.S. Bureau of Mines 
1984). The r es erves are judged adequate for all 
countries. In fact/ the only limitations imposed on the 
m i n e a b l e  r e s e r v e s / in most c a s e s / o r ig in a te  from the 
national/ regional/ or local regul at io ns  such as z o n i n g /
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en v ir on me nt a l restrictions/ and the like. The
theoretical reason underlying this abund a nc y is that 
industrial minerals/ at least those mined in high 
t o n n a g e / are com b in at io ns  of the most abundant chemical 
e lements in the c o mp o si ti on  of the earth's crust as 
shown in Table 3-1. For instance/ sand is composed 
mainly of silicium dioxide thus involving the two most 
abundant elements. Clays are hydrous a l u m in o- s il ic at  e s / 
thus involving the first three most abundant chemical 
elements. Stones are m ostly granitic or basaltic r o c k s / 
the two princ i pa l igneous rocks which form more than 90 
percent of the earth's crust. Caution must be e x ercised 
in ma ki ng  general statements relating to such a diverse 
group of materials. First / even for rel a ti v el y abundant 
elements/ the degree of c o n ce n tr a t i on  required to make a 
deposit e co nomic may be so high that there are few 
e x pl oi te d deposits in the world. This seems to be true 
in the case of potash which is rather scarce even though 
p o t a s s i u m  is quite abundant in common rocks. S e c o n d / 
while chemical c o m po si t io n  is important/ physical 
p ro p er ti es  may be even more i m p o r t a n t . The mater ia ls  
which are m ainly sought because of their special 
physical properties/ ac q ui re d them under very localized 
c onditions and are t h erefore rather scarce. An example
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Table 3-1
Average A b un da nc es  of Elements in the Earth's Crust 

in Three Common R o c k s / and in Seawater 
(in parts per million)

E lement Cr u s t G r a n i te Basalt Shale Seawater
O 46 . 4 x l 0 4 48 .5 x 1 0 4 44 . I x l O 4 4 9.5 x 10 4 880,000
S i 2 8 . 2 x l 0 4 3 2 .3 X 10 4 2 3 . 0 x l 0 4 2 3.8 x 10 4 2
A1 8.1x10 4 7 .7 x 1 0 4 8 . 4 x 10 4 9 . 2 x 1 0 4 0.002
Fe 5 . 4 x 1 0 4 2 .7x 10 4 8 . 6 x 1 0 4 4.7x10 4 0.002
Ca 4. 1x10 4 1 . 6 x 1 0 4 7 . 2 x 10 4 2 . 5 x 1 0 4 4 12
Na 2 . 4 x 1 0 4 2 .8x 10 4 1 . 9 x l 0 4 0 . 9 x l 0 4 10,770
Mg 2 . 3 x 1 0 4 0 . 4x 10 4 4 . 5 x 1 0 4 1 . 4x10 4 1,290
K 2 . 1 x 1 0 4 3 .2 x 1 0 4 0 . 8 x l 0 4 2 . 5x10 4 380
Ti 5,000 2 , 100 9,000 4,500 0.001
H 1,400 — - — 110,000
P 1,100 700 1,400 7 50 0.06
Mn 1,000 500 1,700 850 2 x 1 0 “ 4
F 6 50 80 0 400 600 1 . 3
Ba 500 700 300 600 0.002
Sr 375 300 4 50 400 8 . 0
S 300 300 300 2,500 905
c 220 320 120 1,000 2 8
Zr 165 180 140 180 3 x l 0 - 5
Cl 130 200 60 170 18,800

Source: Krauskopf r K .B . 19 7 9 Introdu ct io n to
G e oc hemistry, second edition. New York: M cGraw
Hill Inc .
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is diamonds, which are sought for the hardness that 
will be more abundant and cheaper. Synthetic material 
carbon a cquired under severe t e mp erature and p r essure 
conditions. Another example is specialty clays, prized
for their p l a st i ci t y  and expandability.

b) Low Value, High Tonnage Commo d it ie s
Since most industrial minerals do not enjoy

scarcity pr em i urns,t he i r prices tend to be rather low, 
and they are used in much larger tonnages than are 
m et a l l i c  ores. Table 3-2 illustrates the 19 7 8 per capita 
c on su mp ti on  in the United States for some important 
commod i t i e s .

c) C om mo di ti es  Which Cannot A fford Long
T r a n s p o r t a t i o n  Distances

In general, the most important factor deter mi ni ng  
the m a x i m u m  t r an s p o rt a t i on  di s ta nc e for a c ommodity is 
its price per unit of weight. Additi on al  constraints on 
t r an s p o r t a t i o n  d i stance are geog ra ph ic al  dis t ri bu ti on  
and the prices of s u b s t i t u t e s . The more g e o g ra ph i ca ly  
w i de s p r e a d  a comm od it y is, the shorter the
t r a n s p or t a t io n  distance. Common industrial minerals, 
e.g., sand and gravel and crushed stone, are so 
w i d e s p r e a d  that the geo gr ap hi c al  factor p r e d o m i n a t e s . At 
going prices of less than US$5/ton, there seem to be no
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Table 3-2
Per Capita C o ns u m pt i on  of Selected Metallic 

and Nonmet a 1 1 i c Commodities in the U.S.A
Nonme t a 1 s

Stone (c r u s h e d ) 9,140 lbs

Sand & Gravel 8,580 lbs
Cemen t 800 lbs
Clays 4 90 lbs
Salt (NaCl) 4 4 0 lbs
P hosphate rock 310 lbs
Others 1070 lbs

Metals 
Steel & Cast
Iron 1,205
A 1 urni num 55
Copper 23
Lead 14
Zinc 12
Manganese 14
Other m e ta Is 19

lbs
lbs
lbs
lbs
lbs
lbs
lbs

Source : Prepared by Rudawsky, O . , 1984 ,
Co l or ad o School of Mines
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possible substitutes. No a l t er n at i ve  natural substitutes 
will likely use a higher cost raw material and will also 
have to bear the cost of processing. Typical truck
haulage d istances are shown below for crushed s t o n e ,
lightweight a g g r e ga te  and sand and gravel.

- crushed stone : about 20 - 30 miles (Schenk and 
T h o r ries 19 8 3)

- lightweight aggre g at e : less than 50 miles (McCarl 
1983 )

- sand and gravel : about 20 miles (Dunn 19 8 3 )1
The short t r an sp o r ta t io n  distances make common

industrial m i n e r al s  local c om modities o r ,at m o s t ,
regional ones. This is illustrated in Figure 3-1 which
shows the r e l a t i o n sh i p  between movement in internat ional
trade and unit value for the United States. A lthough the
unit value scale is somewhat arbitrary# Figure 3-1 shows
that only mo d er at e to high value c o mmodities are
entering the international trade. G y p s u m , which seems to
be s i g n i fi c an t l y  traded even though it is a rather
low-price c o mm od it y (currently about US$ 9 / s t ) , is an
easily expla in ed  exception since almost all U.S. imports
^Typical t r a n s p o r t at i on  distances are not given in 
Industrial Minerals and Rocks. A verage transportât ion 
costs are given : 35 cent s/ton for the first mile and 10
c e nts/ton for each a dd itional mile. These figures will 
exceed the US$ 3 / ton price of sand and gravel at a
d i st an ce  of 2 7.5 miles.
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Source

Figure 3-1
R e l a ti o ns h i p  Between Trade and Unit Value 

for the United States

☆  GROUP I
□  GROUP I I  Quartz c ry tto li <£>
O  group  I I I  Sheet mica<$>
O  GROUP I I
A  GROUP I
O  GROUP I I

+  VALUE OF CONSUMPTION /  VALUE OF IMPORTS
•  VALUE OF PRODUCTION /  VALUE OF EXPORTS

AsbestosA
concentrate^ A F»H«par

, @  Minerals

'ilmenite Sa"  “ * *
concentrate. Corundum A4 *■* ZT'V®  ^  ( • )  Frosch sulfu r

Rofpsh FWosh

L Perlite A B au iile
*  ATolc

©Gypsum 
^ in d u s tr ia l sand

3  Cloy 
—I LCaished stone

r  Limestone for cement 
I Limestone Tor lime 
I  Sand ond grovel

MOVEMENT IN INTERNATIONAL TRADE 
(percent by value, imports of consumption or experts of production)

Fisher, W.L. 196 9 "The N o n m e t a 1lie Industrial 
M inerals : Examples of Diver si ty  and Quantity,"
Mining C on gress Journal, F e b r u a r y , p. 123.
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are from n ei gh bo ri ng  M exico and C a n a d a . These two 
countries acco u nt ed  for about 95 percent of U.S. gy p s um  
imports for the period 1979-1982.

3.1.3 C l a s s if i c a ti o n
Many c l as s if i c a ti o n s  have been pro po se d to cope 

with the variety of industrial minerals; the most 
a c k n o w le d g e d are those by Bates (1960), Wright and 
Burnett ( 19 6 2) , Fisher ( 1969 ), Kline ( 1970 ), and Dunn
(1973). They differ on the relative emphasis pl ac ed  on
economic, geological, and end use criteria. The basis of 
the Bates c la ssification, which splits industrial
mi n erals in two g r o u p s , is shown in Table 3-3.

The most s o ph i st i c a te d  classif icat ion has been
ela bo ra te d by Fisher . He d i st i ng u i s he s  six g r o u p s .

Group I Bulk c o ns t r uc ti on  and b u ilding mater ia l s 
(e.g., sand and g r a v e l ).

Group II Bulk ceramic materials, lime raw
materials, and secondary products (e.g., 
ceramic clay and l i m e s t o n e ) .

Group III S p ecialty building mater i al s and
principal ref ra ct or ie s (e.g., g y ps u m  and 
fire c l a y ).

Gro up  IV Major industrial process, c h e m i c a l , and 
fertilizer raw materials (e.g., sulfur) .
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Table 3-3 
Basis of Bates Classifi c at i on  of 

Industrial Minerals

Aspect Group 1 Group 2
Bulk Large Sma 11
Unit Va lue Low High
Place Value High Low
Imports & Exports Few Many
Distribut ion W idespr ead
Geology S im p le Comp lex
Procès sing S imp1 e C o m p 1ex

Source : Bat e s / R.L. 1969 / Geology of the Industrial Rocks
a nd Minerals , New York: Dover Publications/
I n c . p . 17
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Group V Industrial rocks and minerals ( e . g . , 
fluorspar and talc).

Group VI S p ec ia l ty  grade and precious rocks and 
m in erals (e.g. , industrial crystals).

The list of c o mm od i t ie s included in each group is 
given in Table 3-4. In order to support his 
classi f i c a t i o n , Fisher d e veloped graphs based on 
e mpirical U.S. data relating unit value to such 
va ri a b 1 es as

- ratio of units of ore to units of m a r k e ta b le  
product

- average annual pro du ct io n per mine and mill 
employee

- number of o p er at i ng  mines
- movement in international trade
It is p robably the most extensive c la s si f i c at i o n  

without falling into the excess of being an e nu m er at io n 
o f end uses.

This study will focus on commodities m ee t in g three 
criteria:

- C o mm o di ti es  mined p r i ma r il y for local use as 
oppo se d to those exploited for the export m a r k e t .

- C o mm od it ie s und e rg oi ng  a r ea sonable degree of 
process i n g .
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T 3 h> 1 e 3 — 4
Fisher's C l as si f i ca t io n  of Industrial Minerals

««catMUry product»!

Source: Fisher/ W.L. 19 6 9 "The Nonmet a 1 1 i c
Industrial Minerals: Examples of Diver si ty
and Quantity/" Mining Congress Journal/ 
F e b r u a r y / p. 12 3.
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- Geo g ra ph  i c a 11y w id es pr e ad  commodities.
This study excludes commodities mined p rimarily for 

export because their economic and policy aspects are not 
different from those of metal mining. Export commodities 
call for devising a mean of att r ac ti ng  investment,
especially foreign, while ensuring an adequate rent to 
the DC. Most of the DCs have already enacted 
so p hi s t i ca t ed  mining legislation to fulfill that goal. 
In terms of the Fisher classificat i o n , commodities 
excluded by this c r iterion belong mostly to the Group VI 
and include among others, diamonds, precious s t o n e s , 
rare earth, and high quality asbestos.

C om mo di ti es  in Group I, with the exception of
cement raw materials, do not require significant
processing. There is no need to break down doors here; 
g ov ernments and p rivate e nterpreneurs are doing fairly 
well in this field. There is no foreign competition and 
no supply problem. There may be some room for improving 
the m ul t ip l e  land use objective, e specially in densely 
popu la te d areas. Such a purpose would be served by a 
mineral inventory of the area under consideration. The 
identified m i n e ra l iz e d  zones should not be used for 
activi t ie s which w ould result in those zones being lost 
to mining. Worked out mine sites should be reclaimed for
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construction/ or r ec reational purposes
P r o ce s si n g  increases the unit value of the raw material 
and can make it enter the international market. If 
d e v el op in g countries do not pursue adequate policies/ 
they may find themselves importing c o mmodities that they

w i d e s p r e a d  are those found in most countries. This
ubiqui t ou s  c r iterion rules out most/ if not all/ of
G r o u p IV commodities. The core of commo di ti es  on which 
this study focuses is Group II commodities/ cement raw 
m aterials/ and some commo di ti es  from groups III and V of 
the Fisher's classif icat ion.

3.2 The Industrial Minerals in Economic G rowth

3.2.1 The Importance of Industrial Minerals
One c u s to ma ry  way of illustrating the importance of 

a sector in the national economy is to show its 
c o n t ri b ut i o n  to the gross national product or to compare 
its c o n tr ib ut io n with those of the more p u bl ic i ze d 
sectors. In 19 8 2/ the U.S. nonmet a 1/ non fuel mineral 
output was valued at U . S . $14.147 billion/ which is much 
g reater than the U . S . $5 . 544 billion for metal
production. Of that U . S . $14.147 billion/ cement/ sand

could produce d o m e st i ca l l y or even export
compe t i t i vely Industrial minerals c on s id e r e d as
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and grave 1 for c on st r u c ti o n and s t o n e / t o g e t h e r / 
a cc o u n te d  for U.S.$ 7.976 billion; thus showing the 
p r e p o n d e r a n c e  of the c o ns t r u ct i o n  sector as the biggest 
recipient of industrial m i n er al s p r o du c ti o n  (U.S. Bureau 
of Mines 1982) . Other major uses sectors were the 
chemical, fertilizer# m et a ll ur gi ca l # glass # and ceramics 
indu s t r i e s .

The fact that the value of nonmetals# nonfuels 
mining output outwe ig hs  metal mining is not p e culiar to 
the United States. The a v er ag e ratio of n o nm e ta ll ie  mine 
p r o d u c t i o n  value to the met a 1 mine production value for 
the 33 countries for which it could be c a lc ul a te d  was 
2.131# as shown in Table 3-5. The average ratio was 
found to be s t a ti s t i ca l l y  greater than 1 at a 95 percent 
con fi de nc e level. Nonetheless# if nonmet a 1 is the major 
component of the mining sector# one should keep in mind 
that it represents only 5.5 percent of the value in the 
wor ld  e c o n o m y ^ „ This c o n t ri b u t io n  is u ne venly
distributed# 2.6 percent in the d e ve lo p ed  market economy 
countries and 14.2 percent in the develo p i ng  countries 
(C a 1lot 1980).

2As defi ne d  here# mining excludes q uarry p roducts such 
as stone # sand# and gravel; thus in reality the figures 
of the c on tr i bu t i o n of mining to the economy are higher 
than those quoted.
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Table 3-5
Ratio of Value of Non f u e 1- Nonmet a 1 Minerals
P roduction to the V a 1ue of Metal Production

Country Ra t i o Year
Aus tra lia 0.181 1980
Austria 3.207 1980
Canada 0.249 1980
Costa Rica 3.231 1980
Cyprus 5.437 1980
C z e c h os l ov a k i a 0.834 1980
Dominican Republic 0.043 19 77
Ecuador 7.260 1979
Fiji 0.157 197 9
Fin land 0.375 198 0
France 8.789 1980
Greece 4.238 197 9
Hungary 0.638 1980
I nd i a 1.149 1980
Ire land 2.429 1978
Italy 2.217 1980
Japan 1.963 198 0
Korea (S o u t h ) 1.662 1980
M a ur i t i u s 0.447 1980
New Zealand 1.923 1980
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Table 3-5 ( c o n ’d)
Ratio of Value of Non f u e l -Nonme t a 1 Minerais 
P r o du ct io n to the Value of Metal P roduction

Country Rat io Year
Norway 0.886 1980
Peru 0.175 1977
P h i l i pp i ne s 0.054 1977
Poland 3.561 1980
Portugal 2.368 1980
Spa i n 1.568 1980
Sweden 0.154 198 0
Tunisia 9.699 1980
T urkey 0.958 19 79
United R e p . Cameroon 0.083 1980
United States 2.817 1980
Yugoslavi a 0.727 1980
Z imbabwe 0.832 19 78

Source :(a ) World Bank 1980 World T a b l e s , second edition/ 
Baltimore: The Johns Hopkins U n i ve rs it y  Press.
(b) United Nations 19 8 3 Ye a rb oo k of 
Inter n at io na l Trade Statistics/ 1981 edition.
New York: United Nations Publication/ Volume 1.
(c) United Nations 1983 Yearbook of Industrial 
Statistics/ 1981 edition/ New York : United 
Nations Publication/ Volume 1.
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D i s a g r e e me n t exists about whether the value of mine 
output is a fair m e as ur e of the role of the mineral 
industry in the world e c o n o m y . The major c r i ti c i s m is 
that it fails to account for "the c o n si de ra b ly  enhanced 
value that results from b e n e f i c iat i o n , smelting/ 
refining/ and other equivalent d o w n s t re a m  p r oc essing " 
(U.S. Bureau of Mines 1982). All that is needed to end 
the d is a gr ee me nt  is a clear cut-off point between m ining 
and m a n u f a c t u r i n g . But the value of output g e n e ra te d
through further p r oc es s in g  cannot be attrib u te d totally 
to the mining output since there are other factors of 
production. N e v e r t h e l e s s / industrial m i nerals play a 
vital role because they are the raw m a terials for most 
of the m a nu f a c t u r i n g  and the fertilizer industries; 
their market values are a good a p p r o x i m a t ion of the 
value society places on them for fulfilling that role.

3.2.2 S e lf - S u f f i c i e n c y  in Industrial Minerals Products
In the p r evious c h a p t e r / a coefficient p was

d e v el o pe d  to meas ur e  the a d e q ua c y of in d us tr ia li za t io n
in terms of the intensity of d o me s t i c factors use. If 
the inputs are a gg re ga t ed  in capital (K )/ labor (L )/ and 
raw m a t e r ia l s and intermediate inputs (R )/ p can be
r e w r i tt en as
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d lKd + d 2L d + d 3 Rd 
d lK d + d 2 L d + d 3R d + f lK f + f 2L f + f 3Rf

where the subscripts d and f refer to domestic and foreign 
i n p u t s . The c o e ff ic ie nt  can be seen as an a g gr eg at io n  of 
three coefficients:

d lK d d 2L d d 3R d
PK =    PL =   PR = ---------

d lKd + f lK f d 2L d + f 2L f d 3 R d + f 3R f

This suggests three a lt er n at iv es  for increasing the 
o v e r a 11

a) Increasing PK
Practically, this is the least feasible way since 

capital is in rather short supply in the DCs. It is 
d es i ra bl e to lower if the aim is to put more local
labor and raw m at er ia ls  in p r o du c ti o n  which would
o t he r wi s e  have remained idle. The only time that P%
should be increased is when foreign exchange 
r egulations, are lenient causing domestic capital to 
flow out of the c o u n t r y . In that case, government would 
be well a dv i se d to enact more stringent r e gu lations  
p e r ta in in g to foreign exchange . However this seems to
p r oc ee d more from theory than from any known case ; all
DCs having rather restr ic t iv e regulations in this field.

b) Inc re as in g PL
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This is certa i nl y desirable. Pract ic al ly  this will 
be achieved through the replacement of foreign labor by 
national labor. DC g ov ernments are aware of the problem 
and m e asures taken in this respect will bring results 
with time. Unsk il l ed  labor is readily available and 
skilled labor can be trained quickly . D ev eloping 
countries already have such programs. Because of capital 
shortages even skilled labor is sometimes idle,

c) Increasing PR
The most a p p r op ri a te  way of increasing p appears 

to be through a more intensive use of local raw 
mate ri al s and intermediate inputs. It is this author's 
opinion that DCs could benefit more than they do from 
their common industrial minerals resources e n d o w m e n t . In 
the rest of this c h a p t e r , the emphasis will be on the 
m e as u re me nt  of Pr value. If the value of PR is found 
to be s i g ni fi ca nt l y less than 1/ policies will be 
s uggested to increase the PR value.

a) M et ho d ol o gy  for the measurement of PR
A company p urchaser buying from a local dealer 

cannot always d i st in g ui sh  between inputs of foreign 
origin from those of domestic origin. The a pp ropriate  
place to meas u re  the amount of foreign inputs is at the 
country border. The appro p ri a te  points for measu r in g the
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domestic inputs are the d is patching bays of the domestic 
p roducing p l a n t s . S pe cifically ^  is a p p r ox im at ed  by
the ratio of the domestic production to the sum of the 
d om estic pro du ct io n and the net imports of the 
respective commodities. Should the country be a net 
exporter r the net import would be recorded as the 
negative value of the exports/ so that the sum of the 
domestic p roduction and the net imports always measures 
the domestic consumption. Then the coefficient ^
is also a measure of s e lf -s uf fi ci en cy  in the commodities 
in question. Because this study focuses on intermediate 
products m an uf ac tu re d from cheap and ubiquitous raw 
materials# s e lf -s u f f ic i en c y  is certainly desirable/ and 
there is little room for arguing about trade and 
compa r at iv e advantage of certain countries over the 
ot hers.

The data used for estimating domestic p ro d uction 
are those reported by the United Nations under the 
h ead ing s :

- 1 S IC 3 6 1 3 : m a nu fa ct ur e of p o t t e r y / china and
earthenware

31S IC is the a br éviation for the International Standard 
Industrial C l as s i f i c a t ion recommended by the United 
Nations Secretariat and now followed by most of the 
United Nations members.
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— IS IC 362: m an uf a ct u r e  of glass and glass products
-ISIC 3691: m a nu fa c t u re  of structural clay products
-ISIC 3692: m a n u f ac tu re  of cement/ lime/ and

plaster
-ISIC 3699 : m a nu fa c t u re  of nonmet a 1 1 i c mineral 

products not elsewhere classified 
The data used for the calcu la ti on  of the net 

imports are those reported by the United Nations under 
the h ead i ng

—S ITC 6 6 4 : Trade in non me t al li c m an uf a ct u r e s
The s e lf -s u f f ic i en c y  coefficient has been

calculated for 52 countries for which data were 
available in usable form; the results are shown in 
Tables 3-6 and 3-7. T h ir t y- fo ur  countries had a per 
capita GNP inferior to U . S . $3/000 in 19 7 7/ and are
c la s si f ie d  in dev e lo pi ng  countries. Kuwait had a GNP of 
U . S . $12/690 in 19 7 7 but is still a developing country; 
in order to be c onsistent with the GNP criterion for 
class i fy in g countries into devel o pe d and dev e lo p in g 
countries/ Kuwait has not been included in the

4SITC is the a b r év ia ti on  for the S ta ndard International 
C la s s if i c a ti o n recom m en de d by the United Nations
S e cr etariat and now followed by most of the United
Nations members.
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Table 3-6
S el f -S u ff i c i en c y in Industrial Minerals Products in DCs

Per Capita
GNP in Net Imports Production 

Cou n t r y_________ 1977 (million* US$) (million US $ ) %_____ Year
( a ) (b) ( c )

Bangladesh 80 38.889 36.0 54 48.11 1979
E th iopia 110 11.960 18.5 51 60.80 198 0
I nd i a 160 -12 5.657 1495.237 109.17 1978
Sri Lanka 160 14.8 88 46.4 23 75.72 1979
Rwanda 160 5.305 0.312 5 . 56 1977
Madagascar 230 7.290 9.904 57.60 1978
Togo 280 9.135 25.3 38 73.50 1979
Indones ia 3 20 126.362 488.39 3 79.45 1980
U .R . Came roon 420 28.20 4 5.297 13.65 1978
Ph i1 i pp ines 460 20.90 3 583.277 96.54 1979
Nigeria 5 10 554.6 15 331.327 37.40 1978
El Salvador 590 17.810 54.000 7 5.20 1978
Peru 720 -16.783 310.40 3 105.7 2 1980
Mauritius 740 2 7.235 17.227 38.75 1978
Colomb i a 760 -91.946 673.291 115.82 1980
Ecuador 820 98.09 5 132.080 57.38 1979
Gua t emala 8 30 3.543 119.000 97.11 19 78
Domin i can R . 8 40 11.800 88.100 88.19 198 0
T u n i s ia 840 8 3.280 362.291 81.31 1980
Syria 860 104.138 150.06 4 59.03 19 80
N ica ragu a 8 70 12.555 26.3 18 67.70 1980
Jordan 9 40 53.754 157.825 74.59 1980
Ma lays ia 970 101.999 5 8 .664 36.51 197 9
Korea (South ) 9 80 -308.107 2,427.641 114.54 1980
Turkey 1 , 110 -36.762 1,252.427 10 3.02 1980
Me x ico 1 ,160 -39.4 22 4,403.165 100.90 1980
Panama 1 , 200 18.082 59.000 76.54 1979
Chi le 1 , 250 28.75 7 2 20.353 88.46 1978
Fiji 1 , 3 30 7.505 12.593 6 2.66 1980
Cost a Rica 1 ,390 15.4 42 84 . 597 84.57 1980
C y p r u s 1 , 8 30 -9.385 99.3 70 110.43 1980
Portugal 1 ,840 -58.3 66 996.04 1 106.25 198 0
Ma 11 a 1 , 870 2 9.680 18.780 38.75 1980
S ingapor e 2 ,820 288.710 309.603 51.75 1980

Source : (a ) World Bank 19 8 0 World T a b l e s , second edition, 
Baltimore: The Johns Hopkins U niversity P r e s s .

(b) United Nations 19 8 3 Yearbook of International
Trade Statistics, 1981 e d . New Y o r k , V olume 1.
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Table 3-7
S e l f - S u f f i c i e n c y  in Industrial Minerals Products 

in D e ve l o p e d  C o untries

Per Capita
GNP in Net Imports P ro duction

Count ry_________ 1977 (million US $ ) ( m i 11 i on US $ )__%_____ Year
( a ) ( b ) ( c )

Ireland 3 ,0 60 49 .795 64 2.276 9 2 .80 1980
Italy 3 f5 30 -2 , 190 .2 34 12 ,9 36.056 120 .38 1980
New Zealand 4 /480 4 5 .23 4 4 62.945 91 .10 1980
U . K i ngdom 4 $ 540 -311 .197 15 ,250.59 7 102 .08 1980
Fin land 6 t 190 5 1 .814 1 ,114.583 95 .56 1980
Au s t r i a 6 9 4 50 -136 .84 0 2 ,601.202 105 .55 1980
Japan 6 9 5 10 -7 14 .4 12 41 ,6 25.616 10 1 .75 1980
Au st r a lia 7 ,2 90 277 .79 2 3 ,3 73.082 92 .3 9 1978
France 7 /500 357 .63 2 1 2 ,090.34 5 97 .13 1980
Iceland 7 9 6 90 17 .767 3 ,634.392 9 9 .51 1980
Nether lands 7 9 7 10 450 .130 2 ,7 61.155 85 .7 8 1979
Canada 8 /3 50 490 .39 5 3 ,991.6 32 89 .0 6 1980
Norway 8 /5 70 16 1 .64 3 901.544 84 .80 1980
G e r m a n y  (FR) 8 9 620 -270 .87 3 1 9 ,397.65 2 101 .4 2 1980
U . S . A . 8 9 7 50 2 , 233 .27 4 4 6 ,400.000 9 5 .4 1 1980
De nmar k 9 9 160 -3 9 .070 1 ,153.782 103 .50 1980
Sweden 9 9 340 135 4 4 3 1 , 82 9.408 9 3 11 1980

Source :(a ) World Bank 198 0 WorId T a b l e s , second edition# 
Baltimore: The Johns Hopkins U n iv er s it y  Press.
(b)United N ations 1983 Y e ar b oo k  of I nternational 
Trade Statistics, 1981 edition. New York : United 
Nations Publication, Volume 1.
(c) United Nations 1983 Yearbook of Industrial 
S t a t i st i c s , 19 8 1 edition. New York : United
Nations Publication, Volume 1.
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estimation of the coefficient PR for the two groups of 
countries d i sc us s ed  below^.

b ) C al c u l at e d  values for PR
For the group of developed countries/ the average 

value for the c o e fficient PR ( PR ) was 97.137 percent 
with a standard deviation of 8.541 percent; at a 95 
percent c onfidence level/ it was not different from 
100 percent/ i . e . / self-sufficiency.

For the D C s / the average value for the coefficient 
PR ( ^ ) is 73.31 percent with a standard deviation

of 2 8.63 percent ; at a 95 percent confidence level/ it 
was s i gn if ic an tl y  less than 100 percent. At the same 
c o n fi de nc e level/ the DCs are less s el f -s ufficient than 
the d e veloped countries. The high values for the 
coefficient in both groups confirm that industrial 
m i n e r a l s / even when processed/ are still rel a ti ve ly  low 
unit value c om modities of which only a small portion 
enter the international trade.

The s hortcomings of the coefficient PR c a lc ulated 
above lie e s s e nt ia ll y  in the level of a g gregation of the 
data used. First they encompass the p r od uction and trade 
of intermediate goods (c e m e n t / glass ) as well as final

5The GNP figures used here are derived from the WorId 
Tables p ub li sh ed  for the World Bank by The Johns Hopkins 
U n i v e r si t y Press / 19 8 0 edition.
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goods (i.e./ glass r e c i p i e n t s ) . Second/ while the aim 
was to measure PR for the common and p r oc es se d
industrial minerals/ the way the data are p r es e n t ed  does 
not allow the exclusion of such rare industrial min er al s 
as d i amonds and precious and s e mi -p re ci ou s s t o n e s . 
Fortunately/ among the countries studied/ only India and 
Indonesia r e ported a rather minimal diamond produc ti on 
for the years in which the coefficient was calculated. 
If India's trade in diamonds is taken into account/ the 
value of for India would change from 109.17 percent
to 109.58 percent/ assuming all the diamond p ro d uc ti on 
was consumed domestically. Under the same assumptions/ 
the value of PR for Indonesia will fall from 79.45 to
77.41 percent. If one makes the more realistic 
a ss um pt io n that at least part of the p r od u ct i o n  was 
exported/ the impact would be even smaller/ so that the 
c o nc lu si on s reached above remain valid.

In the next chapter/ al t er na ti v e measures a v ailable 
to the DCs for increasing the pro du ct io n of industrial 
m i n er al s p r oducts will be examined.
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C HA P TE R 4
M EASURES TO PROMOTE THE INDUSTRIAL MINERALS SECTOR 

IN THE D E VE L O P I N G  C O UNTRIES - THE SPECIAL 
CASE OF C O N S T R U C T I O N  MIN E RA LS

4.1 The Importance of the Con s tr uc ti on  Sector to 
the Industrial Minerals 
In the previous c h a p t e r / the construction/ glass, 

and ceramics industries were found to be the major 
mark et s for the industrial m inerals on which this study 
f o c u s e s . They were defined by three c ha r ac t e r is t ic s  , 
u n de rg o in g  a reasonable degree of processing,
g e o g r a p h i c a l l y  w i d e s p r e a d  and the local end use. When 
one realizes that most of the glass and ceramic products 
find their ultimate uses in the c on st ru ct i on  s e c t o r , 
this sector becomes the major market for the common 
industrial mineral of interest to this study. In 
addition, the c o n s t r u ct i on  sector is also the end use of 
a variety of industrial minerals ranging from the common 
sand and gravel to less abundant mater ia ls  like gypsum 
and pumicite. T he re fo re  the choice of the c o n st r uc t i o n 
sector as the market the most relevant to the industrial 
mi n erals is amply justified.

The c o ns t r uc ti on  sector is vital not only for the 
industrial minerals for which it provides a market but
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also for the national e c o n o m y . This is the ultimate 
justification of the importance of these industrial 
minerals. Until recently/ the construction sector did 
not attract much attention from the development  
economists. The Athens Symposium on Industrial 
Development sponsored by the United Nations Industrial 
Devel o pm en t O r g a n i z a ti o n (UNIDO) identified among others 
the following causes for this apparent neglect.

- the small size of production units which 
complicates the collection of d a t a .

- the extensive degree of subcontracting with the 
a cc o mp an yi ng  risk of double counting and
om i s s i on s .

- the existence of a large n on monetary component in 
the c o nstruction sector whose output is difficult 
to measure n u m e ri ca ll y and more importantly to
va lue.

- the dilution of the construction component in 
other sectors of the economy.

However those accoun ti n g problems were not 
insoluble and the con s tr uc ti o n sector is now reported 
separately in national statistical data. M o r e o v e r / the 
importance of the constru c ti on  sector has been finally 
a c k n o w l ed g ed  in national and international forums on
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devel o pm en t issues. One major step in this dire ct io n was 
the United Nations Lima Declaration. T h e r e , it was 
rec og ni ze d that the DCs o b j e ct iv e of bringing their 
share of world m a nu f a c tu r e d  goods output to 25 percent 
by the year 2 0 0 0 would be difficult, if not impossible, 
to achieve without a substantial increase in the 
c on s t r uc t i o n output. Another step forward was the high 
p riority given to the constru ct i on  sector, second to 
only food production, by the O r g a n i z a t i o n  of African 
Unity action plan e l ab or at ed  by the Council of Ministers 
in Lagos in 19 8 0. With the e xception of repair and
m a i n te n a n ce  w o r k , the output of c on s tr uc ti on  constitutes
an integral part of the gross d om estic investment in the 
national accounts.

In order to illustrate the importance of the
c on s tr uc ti on  sector in the economy, the ratio of the
c on s tr uc ti on  output value to the gross domestic
investment as well as its share in the gross do m es ti c
product have been calcul at ed  for 97 countries. The
average ratio of the c o ns tr uc ti on  output to the gross
d om e st ic  investment was 25.98 percent with a standard
devia ti on  of 11.04 percent (see Appendix 1 for
details). This ratio has been plotted against the GNP in 
Figure 4-1 and, s ur pr is in gl y there is no apparent
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Figure 4-1
Ratios of the Cons tr u ct io n Output to the 

Gross D o me st ic  Investment
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rela ti on sh i p between the two variables. One would have 
e x pe ct ed  the ratio to be greater in countries in the 
early stage of the d ev elopment procès s , i.e./ at lower
GNP figures. Most of the infrastructure is being 
established/ and it has a high component of civil 
engineering. The average share of the c onstruction
output in the gross domestic product was 6.01 percent 
with a standard devia ti on  of 2.54 percent. This
statistic has been also plotted against the GNP in 
Figure 4-2 and once again there is no apparent 
r e la t i o ns h i p  between the two variables.

In the countries examined/ the c on struction sector 
accounts for about 25 percent of the gross domestic 
investment. Any significant improvement in that sector 
will spillover on the whole investment component of the 
G N P . This study focuses on improvement caused by a
better supply of the industrial mineral products. Table 
4-1 displays a r ep r e s en t at i v e  c o mp osition of c o n ­
struction inputs in a typical DC in the 1960s (UNIDOa 
1969 ) . In Table 4-1/ agriculture/ m i n i n g / and 
m an u f a c t u r i n g  inputs are lumped together and account for 
about 40 percent of the total gross value of production. 
Out of that 40 percent/ 60 percent was i m p o r t e d . Even 
though DCs have s e nsibly increased their d o mestic



T-2975

Figure 4-2
Ratios of the C o ns t ru c t i on  O utput to the 

Gross D om e st i c  Product
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Table 4-1 
Profile of Construction Inputs in a 

Typical DC in the 1960s

(fmsa valut of production tgualt 1QQ unit»)

I» d in r t D in t t
Dmmm ie i mpart* impart*

Inputs from agriculture, forestry, mining, quarrying and manufacturing ...Fuel, power, electricity, gas, water .........................Other service inputs, including transport.....................
Terr xi. value or intcreeoiate nrruraWages end salaries and associated expenditure......... .......Amortisation of plant and equipment and rentals paid............Indirect taxes less subsidies..............................Other gross business income.............................

T o t a l  o b o s s  v a l u e  o r  r a o o u c r t o i #

16 8 16 40
1 1 _ t
8 4 1 IS
25 13 17 55
28 — 3 21
— — 2 2

2 — — 2
8 . — 2 10

63 13 24 100

Source: UNIDO 19 6 9 Indust ri al iz at io n of D e v e loping
Countries : Problems and P r o s p e c t s . New York :
United Nations Publication# Volume 2, p. 19.
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pr o du ct i o n  of industrial minerals p r o d u c t s , they still 
have a greater d e pe ndence on imports of these m a terials 
than the deve lo pe d  countries. The p r ep o nd e ra nc e of the 
c o n s tr uc ti on  sector in DCs imports of industrial
minerals p r oducts is marked. As a matter of f a c t , the
average ratio of the building materials imports value 
(SITC 661 and SITC 662) to the value of all industrial
minerals imports (SITC 66) was cal c ul at ed  for 122
countries and territories and was equal to 50.29 percent 
with a standard deviation of 23.37 percent. However the 
ratio was unevenly distributed. For the 39 African  
countries and the Reunion Island included in the survey# 
the average ratio was 60 percent while it was only 18 
percent for the eight d eveloped countries considered 
(see Appendix 2 for details). Actually# the value of the 
ratio would be greater if the glass imports were
included. The industrial m i nerals products for
c on st ru ct io n  represent a major component of the
industrial min er al s import and a policy should be
des ig ne d in order to reduce reliance on imports for 
these materials.

A policy for s e l f- s u f fi c i e nc y  is justified not only 
because of the foreign currency savings that can be 
achieved# but also because of the additional beneficial
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impacts on the rema in de r of the e c o n o m y . Cheap local 
building m a t e ri al s are e specially critical to the 
success of the rural d ev el o pm en t p o l ic ie s being pursued 
by almost all the D C s . The objec t iv e of these policies 
is to meet the basic needs of the rural p o pu la t io ns  and 
to bring them some of the amenities a v a il a bl e to urbans 
but lacking in the rural areas ; this would permit the 
control of urban m i gr a ti o n  and cam pa ig n depopulation. 
Practical o b j e c t iv e s  include the c on st r uc t i o n of
schools/ hospitals/ water w e 1 1 s / irrigation channels/
e le c tr if ic at io n/  e t c . The c on st r uc t i o n of these 
in f ra structures are co n di ti on al  to the a v ai l a b i l i t y  of 
cheap building materials; other wi se  they would become 
u n af fo rd ab le  for the rurals they were intended for.

4.2 Major C o n s i d e r a t i o n s  for the Prom o ti on  of 
Local P roduction of Building Minerals

4.2.1 A v a i l a b i l i t y  of Raw Materials
The first duty of w ho ever is e n tr u st ed  with the 

r es p o n s i b i l i t y  of d e v el op in g the local building
m at er ia ls  industry will be the estab l is hm en t of a sound 
inventory of the raw m at e ri a ls  occurrences. It may sound 
p ar a do x ic a l  to stress this r eq uirement for commodities 
w hich are c o ns id er ed  widespread. But planning would not
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be possible without d e t ai le d enough information on the 
raw m aterials avail a bl e in terms of q u al it y and 
quantity. However# a c o m pr om is e must be reached between 
the quality of the requested information and the 
r eason ab le  cost of o b ta in in g it. While a thorough and 
d e ta il ed  inventory of high value minerals occur re nc es  in 
the country is w a r r a n t e d , it is not feasible to have 
lime# clays or sand deposits investigated in the same 
degree of detail. Fortunately# most of the DCs have 
launched or c ompleted the produc ti on  of the country 
g e o lo gi ca l map. As a side benefit of this mapping# all 
the e c o n om i c a ll y  significant o c cu rr en ce s  e n co un t er ed  
during the mapping process will be r e ported on the m a p . 
By e co n om ic al ly  significant it is meant that on a 
p r e l im i na r y  basis# the reserves are worth further 
studying in order to dete rm i ne  their suita bi li ty  to 
sustain an economical operation.

This is c er ta in ly  a good starting point but very 
rarely will these data be adequate as far as m in im um  
proven reserves and raw materials behavior during 
p r oc es s in g  are concerned. Very likely# further drilling 
and testing will be n ec es sa ry  before the feasibility 
study can be u n d e r t a k e n . Most of the lime# clay # and 
sand deposits# being sedim en ta ry  rocks will be found
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close to the surface and the drilling and sampling will 
be r e l at i ve ly  c h e a p . For the same r e a s o n , e xp loitation  
is gener al ly  carried out by open pit methods which are 
cheaper than u n de rg ro un d o n e s . Small deposits which 
cannot sustain a large o peration may find uses on a 
s m a l 1 1e v e l .

L o ca li ze d outcrops or oc cu r re nc es  of very 
little economic significance/ and too small to 
be m arked on avail ab le  geological m a p s / may 
neverth el es s yield sufficient q u an ti ty  of 
material to supply a vi ll ag e- sc al e industry 
for many years. There are many such 
o c c ur re nc es  still to be d escribed (Spence 
1978 ) .
It is safe to assume that increasing the 

e x ploration efforts will lead to new discoveries; 
however/ these d is coveries will be more likely on virgin 
lands. For those areas which have been already explored 
in some detail/ DC governmentS/ within the limits 
imposed by their meager budgets / are quick in taking the 
adequate measures to bring into p r od uc ti on  those 
deposits which appear to be technically and econ o mi ca ll y  
feasible on the basis of estab l is he d technology.

Add it io na l pro d uc ti on  of building materials of 
industrial mineral origin will be achieved by bringing 
into p r od uc ti on  those known deposits which are judged 
too small to be usable by a conventional size plant. 
This is more easily said than d o n e . The fact that these
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deposits are not curr en tl y exploited suggests that a 
significant p ro bl em  exist and must be dealt with. 
Solutions must be found and the government role must be 
d e t e r m i n e d .

4.2.2 Choice of the P r od uc t io n  Scale
Since these commo d it ie s are c h ar ac te ri ze d by an 

u nf av or ab le  value to weight ratio# it is always 
p re f er a bl e  to set the pro du c ti on  plants as close to the 
markets as poss i b le . Ge o g ra ph ic al l y c o n c en t ra te d demands # 
such as urban areas# should be served by large scale 
plants which m i n im iz e the transportât ion distances and 
take advantage of the economies of scale . Scattered 
rural demand should be met by a de quately sited small 
scale plants w hich minimize the t ra ns po rt at io n
distances. Depen di ng  on the avail ab le  means of
transportation# its costs can o ut weigh potential
economies of scale benefits at distances as small as 100 
m i l e s .

Small scale p r od u c ti o n mines and p r o ce ss in g plants 
should be set up to complement those large scale ones 
which are being installed in most of the D C s . The idea 
proceeds from the broader concept of small scale 
industry. The Athens UNIDO S ymposium outlined the
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problems and promises of the small scale industry as 
well as the government role in its development. The 
o bj e ct i ve s  pursued by DC g ov ernments in p romoting the
small scale industry fall in two categories: the
economic ones and the social ones (UNIDO^ 1969) .

a) Economic O b je c t i ve s  of Promoting Small Scale 
Industry

- Industry D e c e n t r a li z at i o n
En t re pr en eu r s are natur a ll y inclined to locate 

their industrial facilities in urban areas for two
r e a s o n s . First/ even though i nf rastructure may be judged 
limited in absolute t e r m s / it is the most available in 
urban areas.

S e c o n d , for most i n d u s t r i e s / urban areas represent 
both a market for the products and a source of labor and 
most of the financial institutions are located
there. T h e r e f o r e / small-scale industry may be the only
one suited to the g eo gr ap h ic a l l y scattered market of 
rural commodities and their limited infrastructure . 
A 1s o / this industry dispersal a lleviates the burden on 
the urban areas infrastructure and their utilities 
facilities.

— Industry D i v e r s if i ca t i o n Through Backward 
Linkages
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In some situations/ a limited market may exist for 
the supply of parts and components to a large-scale 
industry a n d / if e c o n o mi ca ll y feasible/ the small scale 
factory is the only a l te r na ti ve  to imports.

- U t il iz a ti o n of Resources
Small e n te rp ri se s are s pecially suited to process 

those raw m at er ia l s which are not avail ab l e in enough 
q u an t it y to justify the cons t ru ct io n of a large plant. 
This is the o b j e ct i ve  the most relevant to the mining 
case.

b) Social O b j e c t i v e s  of Promoting Small - Sc al e 
Industry

- Trans forma t i on of Tradi t io na l Industry
In those areas where an industry tradition exists/ 

the introduction of a competing m odern t ec hn ol o gy  often 
renders those traditional industries o b s ol et e and 
uneconomic. Small- scale d e v e l o p m e n t pr o g r am s  can bring 
po s it iv e s olutions to the p roblems of those crafts
te c hn i ca l l y  d i s p l a ce d  by the more efficient modern
technology. Emphasis should be p laced on the word 
p os itive since there would be no j u st ification for
extending the life of m o ri b u n d crafts through
subsidization. Here the o bj ec ti ve  would be to identify 
those skills which can be adapted and t r ansformed in
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modern m a nu f ac t ur in g activities A success f u 1
illustration is the case of village potters in India 
(G a r g 1976). Of the 3 million village potters existing 
in India in 1901, only about 1.2 million were left in 
1971 and half of them were only part time employed. The 
red color unglazed product of the traditional pottery 
were used for cooking, eating, fetching water, storage, 
and structural purposes. These products were driven out 
of the market by the w hiteware pottery, metal

p r od u ct io n of w h it ew ar e were set up in 4 places in the 
state of Uttar Pradesh (Kurja, Chinhat, Gaura, and 
Phoolpur). In the first place, craftsmen bought the raw 
material from the d e mo n s tr at io n plant, shaped it at 
their houses and brought it back to the factory for 
firing. Later on they were e ncouraged to build their own 
kilns and be independent of the d e m on st r at io n plant. It 
was reported that U . S . $1.9 million (of 1975) worth of 
w hite w ar e products were m an u fa ct ur ed  and employment for 
10,000 people had been created by the p ro gram which was 
still expanding.

- Employment generation
Very often, small -s ca le  industries tend to be more

and concrete products in the relevant
ma r ke t s Small scale d e mo n s tr at io n plants for the
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labor intensive than larger industries and employment 
per output tend to be higher also. H o w e v e r / in pursuing 
employment generation, one should not forget to ensure 
that the sm al l- sc al e e n t er pr is e c o mp e t i ti v en e s s  with the 
larger scale one is p r es er ve d since that is the 
g ua r an te e of per enn i a 1ty of the emp lo ym en t generated.

- S t im u l at i on  of Local E n t r e p re n e u rs h i p  
The small e nterprise is the best s pr ingboard for 

e n t r e p r e n e u r s h i p  in larger ones and m i sm a na g e m en t 
c on s eq u e n ce s  are smaller in a b solute terms.

As far as minerals are concerned, the topic was 
r ecently h i gh li g h t ed  by the First International 
C o n fe re nc e on the Future of Small Scale Mining o rg an iz ed 
by the United Nations Institute for Training and 
Research, and held in Me x ic o in 1978. Even though most 
of the papers p r es e n t ed  at the con f er en ce  focused on 
metal mining, some of the issues a d dr es se d and the 
r ec o mm e nd a t i on s  which were made can be extended to the 
industrial m i nerals s e c t o r .

First the adv a nt ag es  a s s oc i a t ed  with small scale 
m ining were identified. They were found more or less 
identical to the ones o u t li n e d  above on small scale 
industry in g e n e r a l . In addition, small scale mines do 
not lend the m se lv es  "to the cr e at io n of mining towns
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which later on become ghost t o w n s " (Barnea 1978 ) . In 
most of the p a p e r s , ample room was devoted to the 
p ro b l em  faced by the industry and the remedies that 
gov e rn me nt  could provide.

The main problems facing the small scale miner were 
identified as follows.

1) The lack of sound geological data which results 
in the e x ploitation of visible v e i n s , high g r a d i n g , and 
e ve n tually waste of the reserves not mined.

2) The lack of financial resources put the small- 
scale mining in a situation where it cannot afford the 
cost of infrastructure, if the mine is located in a 
place where infr as tr uc tu re  is lacking or inadequate. 
Likewise, the small miner cannot afford the cost of 
certain p ro du ct io n tools ; very often he will settle for 
less efficient mining and be ne fi ci a ti on  equipment. This 
is of concern not only to the miner himself but also to 
the DC government which is the ultimate g uarantor of the 
co n se r v a ti o n of natural resources. The very sad 
situation about the small scale mining financing 
position is that even when credit facilities are set up, 
the small scale miner will not be able to meet the 
minimal bank loan guarantees.

Because of its inherent w eakness that
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the small scale mining cannot overcome by i t s e l f , it has 
been r e co m me nd ed  that the government intervene in the 
following areas (Barnea 19 7 8) .

- Regional Ex pl or at io n Program and Infrastr u ct ur e
The concept of regional e x ploration was pres en te d

as a way of ove r co mi ng  the p r oblem of infrastructure 
a v a i la bi li ty  to the small m i n e r . If he cannot afford it 
on economical g r o u n d s / the government cannot afford it 
either. It was p roposed then that the government engage 
in systematic e xp lo ra ti on  in view of discovering many 
small d eposits which together will justify the 
c o ns t ru ct io n of the requisite i n f r a s t r u c t u r e . H o w e v e r , a 
thorough ex pl or at io n techno lo g y which would be able to 
locate small hidden deposits without being cost 
p ro hi bi ti ve  has yet to be devised. And even in the event 
such an e x pl or at io n t e c hn ol og y would be available/ it is 
improbable that nature would have grace fully arr an ge d  
the g e ographical distrib ut io n of the small deposits so 
that they can share a common infrastructure. But the 
n o na rg ua bl e point is the need for an ex p lo ra ti on  as 
thorough as po s si bl e to which the g overnment should 
commit ade qu at e r e s o u r c e s .

- Technical A s si st an ce
Since it is widely a c k n ow le dg e d that the small
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miner lacks technical and managerial s k i l l s , the 
government should make provisions for helping in 
assessing ore reserves , mine plan, process selection, 
and plant design. These services should be rendered at a 
price just covering the costs incurred by the 
government. It was reported that this rec om me nd at io n had 
been already put in o peration in India (Bhargava and 
Balagopal 19 8 0 ) , in Mexico (Salas 1980) and in the 
P hi lippines (Corns t i and R e lova 19 8 0 ) .

- Financial A ss istance
In order to supplement the limited financial 

resources of the small scale miner# it was proposed that 
the government provide facilities to provide him with 
credit at less than the market interest rate. This could 
be a c co m p li sh ed  through the e s ta blishment of mining 
banks or the c reation of a mining w indow in the existing 
de v elopment banks. In order to channel the credit to the 
intended recipient, a legal definition of a small scale 
mine is mandatory. However no general agreement can be 
foundon a d ef i ni t i o n which could be app li ca bl e to all 
countries. One must take into account various factors 
such as the stage of industrializat ion, conditions of 
ore occurrence, and institutional factors (Meyer 19 8 0) .

Accor d in g to the Peruvian Mining L a w , a small
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mining company is one with less than 1000 hectares in 
e x p l or at io n or whose p r od uc ti on  is less than

- 200 metric t on s -p er -d ay  for metal mining
- 4 0 0 metric t o n s -p er - da y for c arboniferous

m i n e r a 1s
- 4 0 0 cubic meters for constru c ti on  m aterials
In India the d i s ti n ct iv e features of small scale 

m i ning are the "absence of the use of deep blast hole 
drilling/ heavy blasting/ or heavy earth moving
equipment" and a number of employees of less than 4 0 0 in 
open pit mines and 14 0 in underground mines (Ba rg ha va 
and Balagopal 19 8 0).

In Mexico# the small mine is defined as any mine
making less than 20 million pesos of gross income (Salas
1980). The Indian and the Peruvian definitions are more
a tt r ac t iv e  in the sense that they are based on physical
m e a s u r em e n t s rather than on m o n et ar y  ones. With the 
Mexican definition/ because of inflation/ many of the 
small mines o ri gi n a l ly  included in the "small mines
category" will g r adually reach the threshold of 20 
m il l io n pesos and will lose the benefits a s so ciated with 
the small mine status. This is not only important for 
the q u a l if i c a t i o n  for a soft loan but also for the 
el i gi bi li ty  to the fiscal entitlements.
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- Fiscal Incentives
In d ra fting l e gislation to s t imulate small scale 

mining, taxation is one of the most important 
provisions, if not the most i m p o r t a n t . The taxes 
assessed per unit of p ro du ct i o n  are esp e ci al ly  burdening 
for the small miner and their substantial reduction or 
el i mi na ti on  would impact

By and large, from the dis c us si on  above, it should 
appear that small scale, mining will gener al ly  be 
att r ac ti ve  to the p r iv at e sector for high value 
commodities. The p r os pe c to r  who is seeking the gold vein 
o u tc ro p or panning alluvial sand is driven by the hope 
of hitting the gold bonanza and b e coming rich all at 
o n c e . On the other end, low value commo d it ie s which do 
not require p ro ce ss i ng  can be att r ac ti ve  to the small 
scale miner ; he knows that his take home pay will be 
higher the higher the tonnage extracted. For products 
requiring r e l at i ve l y  complex processing, e sp ec i al l y in 
countries without m ining tradition, the government may 
find itself the only party interested in and which has 
the c a pa ci ty  of b r inging them in production. And that 
seems to be the case for the c o mm od i ti es  this study 
fo c u s es o n .

With p ar ti c u l ar  r eference to the industrial
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minerals/ the g overnment of Mexico has to be 
com pl im en te d for dev i s in g a policy specifically for that 
sector and creating an institution responsible for the 
implementation of that policy/ the Fide i com iso Minérales 
No Meta 1 i cos M e xicanos (Kolteniuk 19 8 0 ) . Its disti n c ti ve  
objectives/ i.e./ not redundant with those already 
me n t io n e d  a b o v e / are

— the prom o ti on  of industries using industrial 
minerals in order to achieve import substitutions 
and boost exports/ and

- conduc ti ng  research on processes which will 
result in a greater utilization of the 
nonmeta 1 1 ic minerals.

The economic problems associated with the choice of 
p ro d uc t io n  scale in achieving an adequate supply of 
cement t hroughout a DC are reviewed in order to 
illustrate the above general discussion.

4-2.3 Plant Size C o ns i d er at io ns  in Cement Production in 
Developing Countries

Among the c o ns tr u c t io n  inputs of industrial mineral 
origins/ cement or some kind of cementing material is a 
n ecessary ingredient in v i rtually any type of durable 
construction. Cement is therefore a basic commodity for 
which significant reliance on imports is a serious
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matter of concern to devel o pm en t planners in D C s . In 
c ountries where cement is e s se nt i al l y  import e d , the 
speed of the c o ns tr uc t io n activity is dictated by the 
a v a i l a bi l i t y of foreign exchange ; major projects are 
dela ye d for m onths resulting in large capital costs 
ove rr un s which may turn into a failure a project which 
wo uld have been o t he rw i se  profitable.

DCs efforts in order to increase their domestic  
cement p r o d u ct i o n  have been remarkable. The world
pattern of cement p ro du c t io n  over the last decade is
d ep icted in Table 4— 2. Driven by the expanding cement 
co n su mp ti on  of the d ev el op i n g  countries/ world 
pro d uc ti on  increased from 567/232 thousand metric tons 
in 19 7 0 to 867/720 thousand m etric tons in 1980. However 
DCs own share of pro d uc ti on  increased at a higher rate 
than that e x p e r ie n ce d  by the group of developed  
countries. P a r t i c ul a r l y o u ts ta n d i ng  was the Asian
pro du ct io n (excluding J a p a n ) which increased more than
three times from 6 0/587 thousand metric tons to 190/099 
thousand me t ri c tons. South Ameri ca 's  p roduction more 
than doubled while Africa's p r o du ct io n increased by 64 
percent. In contrast/ E u r o p e a n / North American/ and USSR 
p ro d uc t io n  increased by 25 p e r c e n t / 19 p e r c e n t / and 31
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Table 4-2
Geo gr ap hi ca l D i st ri b ut io n of World Cement P r o du ct i on

(in thousands metric t o n s )

Year 19 70 1972 1974 1976 19 78 1980
Country/ 
Ar ea
Wor 1 d 567,232 6 6 4 , 2 4 6 700,539 74 3,948 835,995 867 , 720
A f r ica 18,012 20,84 4 22,883 22,97 3 24,956 2 9 ,59 3
Nor t h 
Amer ica 86,794 99,825 102,4 96 96,889 10 7,661 103 , 620
Sou t h 
Amer i ca 22,521 26,988 32,164 36,176 4 1,456 48 ,7 16
As i a 117,776 147,699 16 5,861 201,520 256,80 9 278 ,057
As i a 
(w i t hou t 
J a p a n ) 60,587 81,366 9 3,177 132,808 171,927 190 , 099
Europe 2 20,892 258,662 255,315 255,982 272,205 27 6 ,63 1
Ocean i a 5,989 5,929 6,675 6,162 5,952 6 ,057
USSR 95,248 10 4,299 115,145 124,246 126,956 125 ,04 9

Source : Uni t ed Nat i ons 198 3 Stat Y e a r b o o k , 198
edition^ New York : United Nations Publication/
p . 6 8 9.
J a p a n ’s p r o du ct io n derived from US Bureau of 
M i ne s / Mineral Y e a r b o o k / issues from 19 7 0 to 
19 8 2/ Was h in gt on  D .C .: G.P.O.

JiRTffufl LAKES LIBRARY 
COLORADO SCHOOL of MINES 
GOLDEN, COLORADO 80401
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There was a lot of q u e s ti on in g on whether the current
trend towards higher and higher kiln capacity was
suitable to the DCs needs (Spence 19 7 8) . Al th ou gh  there
are other points of comparison/ the query arose
e s se nt ia ll y because of the t r an sp or t a t io n  distance.
Because of cement level of demand and its geographical
d is t ri bu ti on  in D C s / any large scale plant must serve a 
very large geog ra ph ic al  region. For instance in 19 7 8, 
India, a country of about 3-2 million square kilometers, 
was served by 53 plants; about the same number as the 
United K in gd o m with about 230,000 square kilometers. 
Sub-S ah ar a n Africa (excluding South Africa), an area 
over 16 million square kilometers w as se rv ed  by 25 plants 
(Spence 19 78). There is no doubt then that
transportât ion costs represent a major portion of the 
price users pay for cement in DCs.

Figure 4-3 represents a dramatic illustration of 
this regre tt a bl e situation in S u d a n , Botswana, and
Honduras (Parry 19 78); at Malakil in S u d a n , delivered 
price of cement is about 3.5 times the plant F.O.B.
price. The p ro bl e m  is actually a g gr avated by the lack of
adequate t ra n sp or ta t io n facilities: bad roads cause the
haulage trucks to wear off quicker and contribute to 
higher tran s po rt at io n costs because of the need for
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higher truck amort i zat i o n .
Additi o na l  a dv antages credited to the small scale

plants are as follows (Spence 1978).
- They can be erected and brought on st re am  quickly
- They make only a small localized additional 

burden on the ex is ti ng  i nf rastructure
- The r eq uired raw m a te r ia ls  reserve base is much 

smaller than for larger plants
- They could be m a n u f a c t u r e d  locally/ at least in 

the most i nd us tr ia li ze d DCs
T h ro ug h ou t  the world/ most of cement is produced in

large plants equ ip pe d with rotary kilns. The
d i s a d v a n t ag e s of large plants are e s se n t ia l ly  the
o p po s it e  of those small scale advantages out li ne d above. 
On the other h a n d / h o w e v e r / large plants exhibit
i ncreasing returns to scale both in fixed costs and
variable costs. In cement p l a n t s / the major equipment
are vessel types viz. the kiln itself/ the grinding
ball mill or the storage silos. When one wants to 
increase the capacity of such p l a n t s / the volume/
and hence the pro d uc ti on  capacity increase p r o ­
p o r t i o n a l l y  to the cube of the linear d im en s io n while
the surface will increase at the square of the linear
dimension. Since the thick n es s of the vessel will remain
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Figure 4-3
Examples of T r a n s po r ta t i o n D is tance Effects 

on Price of D e livered Cement

Delivered Price 
Index

400

,Malakil (Sudan)

300

Kang (Botswana)
Paso Real (Honduras)

200

100
400 miles300200100

Works Warehouse at: Kosti (Sudan)
Lobatse (Botswana)
San Pedro Sula (Honduras)

S o u r c e i Parry t J.P.M. 1978 "Building Materials and 
C o m p o n e n t s /" paper pres e nt ed  at the 
Internati o n a 1 Forurn on A p pr op r ia te  Technology# 
New Delh i/Anand# 2 0-30 November# p . 16
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almost c o n s t a n t , the volume of the m a te ri a l used to 
build the vessel# and its cost also# will vary according 
to the surface. This is the theoretical fact u nderlying 
the empirical six tenths rule used in e stimating the 
capital costs of a plant of known capacity# when the 
capital costs of a similar plant of a different size are 
k n o w n . In addition to the decline in capital costs per 
unit of output when plant capacity is increased# fuel 
c o n s um p t i on  per unit of output is also expected to 
de c rease for the same reason. As a matter of fact # heat 
losses occur through the surface; then the kiln thermal 
e f fi c ie nc y will improve with increases in capacity 
resul ti ng  in lower specific energy consumption.

With such d ec isive factors acting in favor of the 
large scale p r o du c t i on  a pp a r e nt l y  there is no argument 
for going to lower scales of production. However at 
small scale# it becomes p o ssible to build the vertical 
shaft kiln which has a much lower specific energy 
co n su m pt i o n  than the rotary kiln as shown by Table 4-3. 
Earlier por tland cement kilns were bottle shaped 
vertical shaft of a batch type of operation. They could 
not be scaled up because their c o n s tr uc ti on  would have 
been problematic# and the h om og e ne i t y  of the prod uc t was 
not always s a t isf a c t o r y . It was r ep orted that vertical
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Table 4-3
Average Specific Energy C on su mp ti on  (Fossil Fuel) 

by European Cement Industry

Process Kcal/Kg cement

Wet (Long kiln) 1300
Dry (Long kiln) 860
Semidry (Great preheat e r ,

Lepol type) 850
Dry (Suspension preheater) 790
Shaft kiln 750

Source: S p e n c e , R.J.S. 1978 "Appropriate
T ec h no l o g ie s  for S m all-Scale P roduction of 
Cement and Cement i t ious Materials." Paper 
p re se nt ed  at the Internat ional For urn on 
A p p r op ri at e T e c h n o l o g y , New Delh i / A n a n d ,
2 0-30 N o v e m b e r / p. 11.
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shaft kiln plants a c c ou nt e d for about 5 percent of the 
world pro du ct io n  in 19 7 8 (Spence 19 7 8) . Because of its 
low specific energy consumption/ there have been 
n um erous attempts to adapt and revive the shaft kiln 
t e ch n ol og y both in the DCs and the d ev e lo p ed  countries. 
In India/ designs for 2/ 30 and 100 metric tons per day
(mtpd) were developed; pilot plants for 2 and 30 mtpd 
were installed. The product was a p p a r e nt l y  s a t i sf a ct or y 
and the economics were comparable with those of the
larger rotary plants being installed in India at that
time (Spence 1978). In West G e r m a n y / Karl Beckenbach 
d e v e lo pe d an annular shaft kiln in 1962/ and since then 
16 0 units have been reported o p er at i on a l m ainly in 
Europe and in Japan (Cohen and Greef 19 8 2). Its ability 
to burn p u l v er i ze d  coal is making it a cc e pt a b l e to U.S. 
lime producers. C o mp a r at i ve  fuel con s um pt io ns  for 
various kilns shows that the annular shaft kiln has the 
lowest specific energy c o ns um pt io n when c alcining high 
grade limestone as shown in Table 4-4 (Cohen and Greef). 
The ranking would be ex p ec te d to remain the same when
produ c in g clinker.

The average size of the cement plants recently 
built/ in c o n s tr uc ti on  or planned in DCs is rather
large; for instance it was about 1/650 mtpd in India/
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Table 4-4
Range of Specific Energy R e quirements for 

Lime Calcinations for Various Systems

Approximate

Long Rotary Kiln**(with no heat-exchang­ing internals)Rotary Kiln (with heat-exchanging internals)Rotary Kilns with Stone Preheater Vertical Shaft Kiln (Mixed-Feed System)Annular Shaft Kiln Double inclined Shaft KilnFlash Calciner Fluidized Bed
‘All equipment listed here are for calcination of dry high-grade limestone (95%-98% CaCO,). Fuller also offers rotary and fluidized-bed equipment for lime sludge, a wet feed with a size of 100% minus 325 mesh.
**When lower-sized material is not screened out in advance, most — 1mm fraction is lost in exhaust system.

Approximate Feed Size Fuel Consul (10' Btu/st
2" x0 7.5-9.0

2" x 3/16* 5.5-7.0

2*x3/8" 4.5-5.S
8"x 1/2" 3.G-4.3
8"x7/8" 3.1-3.4
1-1/2* x 3/8* 3.6-4.1
-20 mesh 4.2-5.04 x 65 mesh 4.2-5.0

Source: C o h e n , S .M . and G r e e f , E .B . 1982 "Coal Firing
C ap a bility May Lead to Rebirth of Shaft Kiln 
T e c h n o l o g y ," Pit and Q u a r r y , M a y , pp. 75-78.
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2/250 mtpd in Brazil/ 3/040 mtpd in Indonesia/ and 3/480
mtpd in Saudi A rabia (Levine 19 8 3). There are two main
reasons which hinder the d ev elopment of small scale
cement plants (about 200 mtpd or l e s s ) : the growing
u r b an iz at io n and the cement price control by
governments. Since cement is c o n s i d er e d  a basic
commodity/ many g ov er nm e n t s set the price which will be 
valid all over the country in fairness for remote areas. 
For i n s t a n c e / in India there is a freight e qu al iz at io n 
which amounts to 15 percent of the d e li ve r ed  price to 
users (Spence 19 7 8)/ and in Indonesia/ price is also
rep or te d c o n tr ol le d by the government (Roeslan 1980).
Since the t ra ns po r ta t i o n costs were the major reason for 
d ev e lo pi ng  the small scale production/ a price
r egulation t hroughout the country removes that 
advantage. The g r ow in g u rb a ni za ti on  in the DCs tends to 
c o n ce n tr a t e  the demand for cement in urban areas. This 
tendency is r ei nf or ce d by the fact that per capita
demand for cement is higher in urban areas than in rural 
o n e s . Not only the urban p o pu lation needs more common 
i nf r as tr uc tu r e but also the dwellings are most cement 
i nt ens i v e .

W hether small scale cement p r od uc ti on  will play a 
s i gnificant role in the overall pro d uc ti o n will be
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largely d e t e rm i ne d  by p o litical decisions. In China 
where the number of small plants (less than 10 0 mtpd) 
increased from 2 0 0 in 19 6 5 to 2/800 in 1975/ such a 
de v el op me nt  was believed to be the result of a p olitical 
choice rather than an economic o n e . Indeed this was 
a tt r ib u te d  to the ideology of rural comm un it y 
s e l f - s u f f i c i e n c y  p re v ai l i n g in China at that time. Large 
plants have been reported built in this country in 
recent years (Levine 1983). Likewise/ in Indonesia the 
mea s ur es  a d v oc a te d for increasing cement pro d uc ti on  
c om prise the c on s tr uc ti on  of new plants of 500/000 mtpy 
m in i m u m  c a pa c it y and the setting up of small scale 
cement plants in those remote areas which are beyond the 
d i s t r i b u ti o n areas of larger p l a n t s .

This seems to be the most r e a so na b le  a p p r o a c h . 
Where adequate reserves are avai l ab le  and s ufficiently  
large d emand exists/ large plants should be built to 
take a d va nt ag e of the economies of scale; h o w e v e r / 
a p pr o pr ia te  measures should be taken to bring into 
production the smaller deposits which could result in 
overall t r an s p o rt a ti o n  costs savings.
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CH A PT E R  5 
C O N C L U S IO N S AND R EC OM ME N DA T I O NS

5 . 1 Cone 1u s i on s
The c o ns tr uc ti o n sector plays a critical role in 

the national economy of any c o u n t r y . C o n s tr u ct i o n  raw 
m a t e ri al s of industrial min e ra ls  origin represent a 
major component of the overall raw materials  
r equirements. It is the r e s p o n si b il i t y  of the 
g ov e rn m en t s to ensure that those raw mater i al s are 
a va i l a bl e  and as cheap as possible. DCs efforts to 
increase the local p r od uc t i o n of these mate ri al s have 
been both e x tensive and s u c c e s s f u l . However f in order to 
bring further d e ve lo p me n t  of this s e c t o r , the DCs 
g o ve r n m en t s  should consider the me a su re s p r o po se d below.

- A gov e rn me nt  institution should be set up in 
order to p romote the d e ve lo pm e nt  of industries using the 
avail a bl e raw materials. The institution should maintain 
a team of c o mpetent geo lo gi st s who will work in close 
c o l la b o r at i o n  with the national g eo logical survey in 
order to provide a sound data base of the raw mate ri a ls  
occurrences. It should be provided with adequate 
r es earch facilities. Its technical o bj ec ti v e s  would be:

a) the study of the local raw mate r ia ls  behavior
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b) the de ve l op me nt  of processes adapted to the 
local c onditions and raw materials

c) the establ is hm e nt  of standards; sometimes they
are u nn e c es s ar i l y  too stringent for the end use of the
produc t

Upon r e q u e s t , the institution would prepare the 
n e cessary f ea sibility reports to secure the soft term 
credits disc u ss ed  below. It would also act as an
advisory body to the government for properties the
g o v er nm en t wants to exploit on its own a c c o u n t .

- Credit facilities should be established/ if not
a lready available/ which will provide loans at
c on ce ss io na ry  terms to potential developers.

- There should be no price regulation throughout 
the country. Such a policy is detrimental to the
de v elopment of small deposits located in remote areas 
and may result in shortages in areas not close to the 
p r od u ct io n p l a n t s . If the price equalization is
maintained/ h o w e v e r / the government should be prepared 
to bring in p r od uc t io n  on its own those deposits
rendered u na t tr ac ti ve  by the policy. This will lower the 
transportât ion p re mi u m users closer to production plants 
pay in sol i d ar it y with the more remote o n e s .

- Special atten ti on  should be given to the pro-
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m otion of small - sc al e p r o d uc t io n  of industrial min er al s 
bui ld in g in rural areas. In some count ries, special 
l eg i sl at io n has been enacted favoring in small -s ca le  
mining. It is sugge s te d that every DC enact this kind of 
legis la ti on  covering small -s ca le  p r o du c ti o n  of
industrial m i ne ra ls  for the c o n s tr uc ti o n sector. As a
m e a su r e  of e n c o u r a g e m e n t , small -s c al e enter p ri se s in
this field should pay only p r o f it - b a se d  taxes and should 
be g r an te d a waiver of per unit taxes.

5 .2 S u gg es t io n s for Further Research
Any creative research in the field of industrial 

minerals must start by b r eaking it down in more 
h om og en eo us  compon e nt s and p o s si bl y down to the 
c o mm od it y level. The criteria used in this
d i sa g g r e g a t i o n  will depend on the p a rt icular research 
aim but should not be limited to the end use criterion.

The design of a research p r og r am  must take into 
c o n s i d e r a ti o n the lack of i n t e r n a t i o n a 1 prices for most 
of the industrial m i n e r a l s . In order to obtain specific
results# the g e og r ap h i c al  scope of research should be
r e st ri c te d  to the price validity areas.

This par ti cu la r study focused on cons t ru ct io n  
m a t e r i a ls  because a h ealthy con st ru ct io n sector is vital
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to any growing economy r and the nece s sa ry  raw materials

h o w e v e r , there are other important sectors in the 
economy in which industrial m in erals play a key role. 
Among these m i n e r a l s , raw materials for the fertilizer 
and the chemical industries are the most acknowledged. 
Further research efforts should be chann e le d essentially 
towards the construct i o n , fertilizer/ and chemical 
industries at national or regional levels.

/ future work should be formulated as
case studies. With respect to the cons t r uc ti on  sector t 
cement has been pub l ic i ze d more than has glass and 
ceramics. The two last commodities have a market beyond 
the c on s tr uc ti on  sector. As a typical case study/ it is 
suggested that the glass situation be investigated in a

this assignment/ it will be n ecessary to analyze the 
pattern of glass consu m pt io n over a recent period/ 
perhaps the last ten years. Both the compo s it io n and the 
geograp hi ca l d is t ri bu ti on  of glass c o ns umption will have 
to be scrut i ni ze d in order to identify the glass end 
user sectors in the economy and their location within 
the country. This will enable the investigator to make 
reasonably accurate p re dictions of future consumption.

are found almost e v e r y w h e r e . Besides construction/

DC. As part of the "terms of reference" for
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In ad di ti on  to this glass demand study, sand of adequate 
q ual i ty  and other raw m a terials sources will have to be 
identified. Pro du ct io n facilities sites will then be 
d et e rm i ne d  according to the given constraints on raw 
m ater i al s and demand locations. Potential supply from 
foreign s o u r c e s , specially n e ig hboring countries, will 
have to be taken into a c c o u n t . Whether the creation of a 
glass research institute is justified will depend upon 
the d i ve r si ty  and the expected growth of the glass 
c on su mp ti on  and will have to be d etermined for the

c o u n t r y .
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APPENDIX 1
Ratios of C o ns t r u c t i o n  Output Value to the

Gross Domestic Product and the Gross Domestic Investment

(1) (2) (3) (4)
Per

C o untry capita 
GNP 
197 7

G D P / $ 1977 
(mill i o n )

GD Invest 
(m i1 1 i on 

us$ ) (
. Cons t .
GDP 

mill ion 
US$ )

Rat io 
( 4) 
(3)

Ratio 
( 4 )
( 2 )

Algeria 1140 19416.31 95 94 . 79 2604.92 27.15 13.42
Argen t in a 1870 508 72.0 0 9732.63 17 19.73 17.67 3.38
Bang la de sh 80 6160.66 606 . 2 6 2 38.77 39.38 3 . 88
Ba rbados 17 70 4 37.54 96.06 2 4.11 25.10 5.51
Belize 750 102.35 31.45 6.30 20.03 6.16
Ben i n 2 10 583.71 118.04 21.17 17.93 3.63
B o 1 i v i a 480 34 26.60 758.85 169.20 22.30 4.94
Bo tswana 540 380.5 5 143.15 2 4.86 17.37 6.53
Bra s i1 1410 166,344.4 3 36 ,473.29 7698.6 4 21.11 4.63
Bu rma 140 4,229.54 59 5.35 4 3.29 7.27 1.02
Burundi 130 290.19 3 3.47 28.23 84.34 9.73
Cameroon 
Cent ra 1

420 2,712.08 589.2 3 165.47 28.08 6 . 10
A frican R . 24 0 4 35.14 98.10 22.39 22.82 5.15
Chad 130 5 32.42 88.33 16.28 18.43 3.06
Ch i le 1250 14,918.84 1 ,339.13 29 3.37 21.91 1.97
Colombi a 7 60 19,378.65 3 ,973.26 747.49 18.81 3.86
Congo 
Cost a

500 739.61 13 3.51 57.35 4 2.96 7.75
Rica 1390 3,065.65 764.18 170.60 22.32 5.56
C y p r u s 
Domi ni can

18 30 1,10 1.72 254.41 62.99 2 4.76 5.72
Rep . 840 4,466.60 1 ,008.50 29 7.70 29.52 6.67
Ecuador 
E g y p t ,

820 6,152.44 1 ,772.00 386.84 2 1.83 6.29
Arab R . of 
E 1

340 12,822.92 3 ,435.31 48 3.87 14.09 3.77
Salvador 590 2,841.4 6 34.96 115.44 18.18 4.06
Et h i opi a 110 3,297.73 292.7 1 115.31 39.39 3 . 50
Fiji 1330 77 1.10 163.25 29.15 17.86 3 . 78
Gabon 3 190 2,767.94 1 ,876.50 4 17.27 2 2.24 15.07
Greece 2950 26,239.13 7 ,173.91 1872.28 2 6.10 7.14



T-2975 96

( 1 ) 
Per

Coun tr y capita 
GNP 
1977

APP EN DI X 
( 2 )

GDP/6 1971 
(mill i o n )

1 (c o n t i n u e d )
(3) (4)

’ GD I n v e s t . Const. 
(m i1 1 ion GDP

U S $ ) (mill ion 
US$ )

Ra tic 
( 4 ) 
(3)

Rat io 
( 4 )
( 2 )

Gui nea 200 1 ,075.12 217.86 156.29 7 1.74 14.54
Guy an a 5 20 4 38.04 123.53 30.16 2 4.42 6.89
Honduras 420 1 ,521.50 334.00 6 7.00 20.06 4.40
Hong Kong 2620 11 ,762.33 2,769.84 455.38 16.44 3.87
India 160 101 ,740.04 21,651.29 5371.95 24.81 5 . 28
Indonesia 320 4 5 ,896.39 8,667.47 2 19 7.59 25.35 4.79
I s r a e 1 3 76 0 1 4 ,703.32 3,277.75 1152.50 3 5.16 7.84
Ivory 
Coa s t 770 6 ,441.57 1,758.86 4 64.85 26.43 7.22
Jamai ca 1060 3 ,262.38 343.67 191.7 5 55.79 5 . 88
Jordan 94 0 1 ,496.05 7 69.60 8 2.07 10.66 5.49
Kenya 290 4 ,428.95 9 37.65 188.0 4 20.05 4 . 25
Korea 
R e p . o f 980 34 ,614.88 9,598.14 2200.83 22.93 6.36
L esot ho 250 203.3 4 60.76 15.07 2 4.80 7.41
L i be r i a 4 10 86 1.20 214.70 4 3.90 20.45 5 . 10
Madaga scar 230 1 ,803.42 282.87 6 5.53 23.17 3.63
M a l aw i 150 85 2.88 179.16 53.33 29.77 6 . 25
Ma lays ia 970 1 3 ,109.71 3,052.01 46 0.79 15.10 3.51
Mal i 120 69 6.26 10 2.58 34.19 3 3.33 4.91
Ma u ri t an i a 270 4 ,444.14 2 30.08 37.21 16.17 8.38
Mexi co 1160 7 4 ,251.29 15,257.84 4 390.66 28.78 5.91
M or occo 610 10 ,397.51 3,315.12 9 2 7.16 27.97 8.92
Nepal 110 1 ,387.52 137.28 23.12 16.84 1.67
N i caragua 870 2 ,217.90 5 4 3.55 102.70 18.89 4.63
Niger 190 911.79 212.89 34.60 16.25 3.79
Nigeria 5 10 40 ,148.14 12,504.66 2 3 4 0.06 18.71 5.83
Pa k i stan 200 1 4 ,788.14 2,786.93 74 2.72 26.65 5.02
Panama 1200 2 ,254.40 4 90.20 110.10 2 2.46 4 . 88
Papua
New Gui nea 510 1 ,515.76 284.99 120.55 4 2.30 7 . 95
Pa raguay 750 2 ,092.16 5 16.44 8 3.81 16.23 4.01
P h i l ip p i n es 4 6 0 20 ,797.08 5,986.77 1533.14 2 5.61 7.37
Port u g a 1 18 40 16 ,255.19 4,125.19 9 4 5.74 2 2.93 5 . 82
Z i mbabwe 
(Rhodesi a ) 460 3 ,023.11 573.40 135.32 2 3.60 4 . 48
Rwanda 160 761.3 3 113.10 31.63 27.97 4.15
Senegal 380 1 ,931.05 3 26.86 97.28 29.76 5.04
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Country

A P P E N DI X
(1) ( 2 )
Per

capita G D P /$ 1977 
GNP (m i1 1 i o n ) 
1977

1 (con t i nu e d )
(3) (4)

1 GD Invest. Const, 
(mill ion GDP

US $) (m i1 1 i on 
US$ )

Rat io 
( 4 )
( 3 )

Rat io 
( 4 ) 
(2)

Sierra 
L eone 200 643.37 8 5.51 19.28 22.55 3 . 00
S i ngapor e 2820 6,549.41 2,179.99 4 92.21 2 2.58 7.52
S o m a lia 120 4 3 1.02 152.50 26.81 17.58 6.22
Spa i n 3 260 115,614.67 26,324.59 7681.18 29.18 6.64
Sr i-Lanka 160 2,351.72 387.79 84.59 21.81 3 . 60
Su da n 3 30 6,008.62 916.67 18 2.18 19.87 3.03
Syrian 
A r a b . Rep . 860 6,615.70 2,600.00 4 55.44 17.52 6 . 88
Ta iwan 1180 19,847.37 4,936.84 1000.00 20.26 5.04
Tan zan i a 2 10 3,416.73 585.21 91.73 15.67 2 . 68
Tha iland 430 18,779.41 4,926.47 990.19 20.10 5.27
Togo 280 668.78 214.92 33.38 15.53 4.99
Tr i n i dad 
T o b a go

and 
2 620 2,968.04 7 46.13 205.50 27.54 6.92

Tu n i s 1 a 8 40 4,981.35 1,503.50 4 3 5.90 28.99 8.75
T urkey 1110 4 7,789.14 12,198.65 2394.17 19.63 5.01
Upper 
Vo 11 a 140 68 3.84 17 1.78 25.64 14.93 3.75
U ruguay 1450 4,194.11 5 98.34 148.00 2 4.74 3.53
Vene z u e 1a 2630 3 5,600.19 14,113.23 2 4 9 0.45 17.65 7.00
Yougos- 
1 a v i a 2 100 4 4,130.51 14,602.69 4786.12 32.78 10.85
Zaire 2 10 4,955.78 920.42 23 2.21 25.23 4.69
Z amb i a 4 60 2,435.11 630.29 19 5.18 30.97 8.02
Libyan Arab 
Rep. 6520 19,425.68 4,729.73 2033.78 4 3.00 10.47
Oma n 2 510 2,531.88 6 57.39 2 56.23 38.98 10.12
Saudi 
Ar ab i a 72 30 56,869.97 16,392.92 7140.79 4 3.56 12.56
Austria 64 50 47,951.84 14,067.89 4241.54 30.51 8.85
Be 1g i urn 8 280 79,205.38 17,030.78 5 998.72 35.22 7.57
Canada 8 350 2 00,337.72 4 5,667.92 1276 6.70 27.96 6.37
Fin land 6190 30,170.51 8,182.92 2477.04 30.27 8.21
France 7 500 380,683.9 0 89,497.25 28536.54 25.54 7 .50
G er m an y 
F e d . R e p . 
of 86 20 5 16,372.25 112,624 37139.16 32.98 7 . 19
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A P PE N DI X  1 (continued)
(1) (2) (3) (4)
Per

Coun tr y capita 
GNP 
197 7

GDP/$ 1977 
(million)

GD I n v e s t . Const, 
(mill!on GDP

u s $) (mill ion 
US$ )

Rat i o 
( 4 )
( 3 )

Rat io 
( 4 )
( 2 )

Italy 3 530 196 ,044.83 4 1,459 14652.48 35.34 7.47
Japa n 
N e t h e r ­

6 510 691 ,139.99 212,037 55 184.94 2 6.03 7.98
lands 
Sou t h

7710 102 ,601.18 23,202 5868.34 25.29 5.72
Africa 1400 39 ,838.90 9,795 17 27.34 17.63 4.34
Swed en 
U n it ed

93 40 78 ,276.72 15,445 5 324.03 34.47 6.80
Ki n gdom 
U nited

4 5 40 24 4 ,884.62 46,708 15429.58 33.03 6.30
States 8750 1878 ,800.00 34 6, 90 0 84900.00 2 4.47 4.52

Source : World Bank 1980 World T a b 1es, second edition,
Baltimore: The Johns Hopkins U ni ve rs i t y  Press
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A P PE N DI X 2
P e r ce nt ag e Share of Cons t ru ct io n Mater i al s in the

Value of Industrial Minerals Products Imports
C o u n t r y P ercen ta ge Year

A f g h a ni s ta n 2 8.05 19 77
Algeria 3 9.51 19 80
Antigua and
Ba rbuda 2 6.60 19 78
A r g e nt in a 36.97 1980
Au s t ra 1 i a 2 2.73 19 80
A ustria 2 9.65 19 8 1
Ba hr a in 64.08 19 80
Ba ng lade sh 85.15 197 9
Bar bados 2 5.04 19 78
B e lg iu m -
Lu xembourg 5 . 29 19 81
Belize 42.33 1978
Benin 79.81 197 4
B ermu da 17.11 198 0
Bolivia 40.11 197 8
B r a z i 1 4 7 . 8 0 19 8 1
Br itish Virgin
Islands 69.59 197 6
Brunei 79.59 1980
Bu rma 9.23 1977
Burundi 48.45 197 9
Cape Verde 10 0.00 1978
Central African
Rep . 70.13 1980
Chad 6 4.24 19 7 5
Ch i le 28.56 1978
Congo 58.42 1979
Costa Rica 14.88 19 80
Cypr u s 35.01 198 1
C z ec h o s l o v a k i a 2.80 1980
D j i bouti 4 6.03 1979
D o m i n i ca 39.42 1978
Do m in ic an  Rep. 32.01 1981
Ecuador 62.48 1980
Egypt 77.86 198 1
Eth iopia 4 1.12 1980
Faeroe Islands 4 4.40 1981
Fiji 13.18 1980
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A P P EN DI X 2 (continued)
Per ce nt ag e Share of C o n s t r uc t io n  Materials in the 

Value of Industrial Minerals Products Imports
Cou ntry Percentage Year

France 2 4.98 1981
French Guyana 75.58 198 1
French Polyn e si a 74.55 1981
Gabon 72.72 1977
G am b  i a 6 7.66 1977
G erman D e m . R e p . 20.87 198 1
Ge r ma n y  r F . Rep.of 2 2.27 1981
Ghana 72.30 1978
Greece 27.62 198 1
G r e e n land 38.76 198 1
G ua d e l o u p e 70.61 1981
Guat e m a 1a 5 5.94 1979
Guinea Bissau 61.46 1977
Guy an a 4 1.27 1979
Haiti 13.88 1978
Hong Kong 15.71 198 1
I nd i a 14.55 197 9
I n d o n es ia 53.29 198 1
Iran 74.93 1977
I r aq 50.81 197 6
Irlande 13.06 198 1
I s r a e 1 4.91 1981
Ivory Coast 7 2.08 1979
Jordan 66.31 1980
K uw a it 79.14 19 80
Laos 70.33 1974
L ebanon 58.16 1977
Liberia 67.64 1981
L i b y a n J a m a h i r i y a 7 3.40 1980
Macau 4 3.27 1980
Madagascar 54.72 1980
M a l aw i 57.66 1980
Ma l ay s ia 32.16 1980
Mal i 8 5.10 1977
Ma 11 a 4 3.36 1980
M ar t in iq ue 68.41 198 1
Maur i t i us 52.25 1978
M on t se rr at 80.83 1978
M orocco 13.79 1980
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A P P EN DI X 2 (continued)
P e rc entage Share of Constru c ti on  Materials in the

Value of Industrial Minerals Products Imports
Coun try P ercentage Year

Nepal 9 5.54 1977
N ethe r la nd s 21.82 1981
New C a ledonia 71.37 1981
Niger 32.27 1976
N i ger i a 70.64 1979
Oman 91.97 198 1
P a k i s tan 75.12 1981
Papua New Guinea 58.71 1976
P ar aguay 39.39 1979
Peru 19.35 1980
Qatar 90.26 1980
Reunion 67.64 198 1
Rwanda 83.32 1976
Saint Lucia 36.01 1980
Saint Pi erre
et Miquelon 69.40 198 1
St. Vincent
Grenadi n e s 6 5.96 19 76
Samoa 62.18 1979
S a udi Arab i a 69.66 1981
Senega 1 35.23 1981
S e y c h e 1les 56.11 1980
Sierra Leone 80 . 4 9 197 6
S i ngapore 27.20 1981
Solomon Islands 5 4.67 1977
Soma lia 7 7.83 1979
Sri Lanka 30.68 1981
Sudan 47.47 1980
S u r i name 3 5.59 19 74
Sw itzerland 6.04 198 1
Syrian Arab R e p . 8 3.21 19 79
Tha iland 46.28 1980
Togo 58.73 1979
Tonga 6 4.38 1980
Tr i n i dad and
To b ag o 4 5.07 1981
T u n i s i a 4 4.93 1980
Turkey 46.61 1981
Uganda 19.31 1976
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A P PENDIX 2 (continued)
Per ce nt ag e Share of C on st r uc t i o n M a terials in the

Value of Industrial Minerals Products Imports
Count ry Percentage Year

Uni ted Arab
Emi rats 56.70 1979
Un. R e p . of Cameroon 67.57 198 0
Un. R e p . of Tanzania 62.94 1980
U.S. Virgin Islands 47.68 1978
Upper Volta 85.18 1980
Uruguay 4 4.68 19 80
V e n e z u e 1a 4 7.09 1980
Yemen 7 3.64 1980
Y o u g o s l a v i a 2 2.08 1981
Zaire 2 5.61 1978
Z amb i a 52.21 197 8
Z imbabwe 5 5.74 1979

Source : U nited Nations 1983 Yearbook of Internat ional
Trade Statistics/ 19 81 Edition/
New York; United Nations Publication/
Volume 1.


