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CHAPTER I
THE SETTING OF THE PROBLEM

Energy in its cormercial form is not only a conponent of the productive
process but represents a fundnmental element in general welfare, Consequently,
it is very suitable that atthe cubset 2 Jdistinetion should be drawn between
energy which reaches the cormwunity directly as a consuner service and energy
which is used as a factor of yrcduction.

Direct consunption of energy by the public depends, as do nost other
consuner goods and services, upon available per capita income and the
nature of its distribution, Since energy is a vitally important element
for which no substitute can readily be found, its demand is so dynamic that
to some extent it nay be econpnred with foodstuffs; the income-elasticity is
low at very reduced levels cf consunption, rising sharply at intermediate
levels and again contracting at the highest levels, where consumer needs
tend to reach saturation point,

In addition to the direct consumption of encrgy by the public,
urbanization increases the indirect demand through services rendered on a
collective basis,

Anmong rural population of an under-developed eccnomy, nuch of the
energy consunption hns the character of a self service. The demand for
cormon services is smaell ancg the utilization of energzy in its commercial
- forn is also limited. During the process of d evelopnment, when the rural
population migrates to the cities, wuch shifts tend tc add to the narket
for energy, causing ~ two-fold process: a relative reduction in the
consuntpion of non-comnmercial fuels and an expansion in the demand for
commercial energy.

Despite its importance as a consuner service, energy ray be more
profitably studied as a production factor in the context of developrient.
Briefly, economic development represents an increase in the average
productivity of the labour force., Such increase is directly influenced by
the amount of energy which man is in a position to incorporate into the

productive process and by the ways in which he dees so,

/The volune
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The volune of the energy consumed in the productive process, per
gainfully-employed person, may provide a first indication of the degree of
developnent of a given econony, But it is much more linited as a neasure
of the rate and characteristics of that development, because it ignores the
basic fact that,as efficiency in the use of energy improves, technical
progress permits increased productivity per unit of energy and enables the
availability of energy to be expanded through a diversification of the
sources of suliply and their use over ever-increasing distances,

During the early stages of developnent, when mechanization begins to
penetrate agriculture and tronsport, and the process of substituting
manufacturing'activities for those of an artisanal nature reaches its
greatest intensity, the consuaption of energy per gainfully-empleyed person
tends to rise sharply. Thi$ increase partially conceals the substitution
of nmodern foms of corrtercial energy for animate energy and vegetable fuels,
nct computed statistically, The substitution is generally sufficiently
intense to cause an incrense in the censwiption of inanimate energy both
per unit of product ~nd on 2 per capita basis., In the subsequent stages,
continued technical prugress ensbles enerygy to be used in an increasingly
efficient form, for which rcason the consumpticn of energy per unit of
product tends to decrensc, Nevertheless, this effect may be offset by the
simultaneous inlustrialization and diversification of the economy, which
- imply a greater consunption of energy per unit of product than in the
previous stage of dgvelo;nunt ,

It is,; however, a chrracteristic ¢f under-developed countries that
technical progress only pnrtially penetrates the econcmy. In summary, this
phencnenon reflects the shortage of investment resources and, during Ehe
intermediate stages of develcpment, leads to a situation where, rather than
replacing equipuent which is technically out of date, more modern equirpment
is added tu the old, which continues to be opernted until its physical
exhaustion is well n~dvanced, 2‘-/-'Tlrn: resulting hetcerugeneity of techniques

;/ Qut-of-date equipment oy be used in industries which nre less advanced
. or in areas wherc develoment has made less progress and where narginal
increases in oroductivity even justify the use of such equiyment. In
this way, outnoded equipnent can still be useful, although only in
sectors of the ceenonly where they represent a relnatively maxinmum efflciency.

/in the
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in the productive systen, in these cases, leads to greatly reduced efficiency
in the final use cf enersy when coupared with nmore advanced economies.

The fureguing conclusion has wide prnctical scope, since it implies
that the demand for energy as a production factor increnses more rapidly
for a given rate cf growth ot the stase of developmment now reached by the
principal Latin anerican countries then at the stage attoined by nations
with a more maturs econory, Thu relative waste of energy in Latin hAmerica,
to which many references are mnie in this study, should to scme extent be
considered as a characteristic phencmenon of the stage of development in
the region, Nevertheless, it would be wrong to conclude that such losses
are entirely without a remedy., On the contrary, efficicncy in the use of
energy can be improved ~nd losses can be curtailed by 2o wide dissenination
of suitable techniques,

To sumnarize the preceding paragraphs, energy consumption as a production
factor tends to expand comparatively rapidly during the intermediate stages
of economic developnent. /[niong the nain causes of this greater demand
for energy are: a) the replacement of aninate by inaninate forms of energy,
particularly in transport ~nd to 2 lesser degree in agriculture; b) the way
in which techniques permeante the economy by the juxtanosition of new nnd
technically obsclete equipment, 2 causing lower efficiency in the use of
energy when compared with economies making use of more up-to~-date and
homogeneous technslo ics; ¢) the growth of industrialization which involves
the intrcluction of activitics with a relatively greater consumption of
inaninate energy per unit of product,

Hence, if it is bornc in nind that at this swie stage of economic
developnment the demand for encregy ns a consumer service presents a
relatively high incone-clasticity (as noted earlier), it will readily be
understood how the combined effect of both factors contributes to substantial
increases in the denand, This is also the reason for the high pressure
which the energy sector exercises upon the capacity for investuent during

the stage of developrient now reached by most of the Latin /merican countries

2/ This is principally because of the desire to use fixed capital intensively,
irrespective of cxcessive surcharges on current expenditure,

/Three fundamental
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Three fundamental characteristics are revealed by ~ more direct
exaaination of the problen arising from the interdependence of the energy
supply and econonic growth, The first of these represents the fact that
energy is a fundamental service, that is, of universal use, The second is
that, in contrast to manpower ~ with which energy has much in éommon and
which is replaced or whose efficiency is increased by use of energy -~ the
relative prices of cnergy tend to decline as investnent progresses. The
third characteristic is the high density of capital per unit of product,

Taking into account these three characteristics - universal use,
decline in relative prices =nd high capital density per unit of product - it
is clear why the energy supply becomes more and more n public utility,
Furthermore, the availability of inanimate energy is more important to the
entreprencur than its cost, because energy becomes an indispensable elenent
in nroductlon, without its incidence on industrial costs necessarily tending
to rise after a certain stage, ,

The preceding paragraph distinctly shows the strategic importance of the
energy Supply for cconomic development, An increase in its supply is almost
always a pre-requisite for the econcmic use of new investments in the other
productive sectors. On the other hand, if investrient in energy lags behind
and the supply of this service becores inelastic, it is alnost certain that
idle capacity will develo) in the other sectors of the economy., The
existence of re-=crve capacity in the energy sector is thus n pre-requisite
for development to continue with a minimum waste of capital, which represents
the scarcest factowr,

Considering tinat, 2t the present stage of development of most of the
Lotin Americen countries, the demand for energy grows particularly strongly
and that its supply fills o strategic‘role in all phases of econgmic
development, the conclusion is inevit%blc that a dynamic policy in the energy
sector is of prime importnnce for accelerating the rate of growth, It is
equally evident thnt the chronic shortage of energy which exists in many

countries of the rezion today represents a deterrent to economic growth,

2/ It would be cxtremely interesting to study in detail the complex process
of substitution of mechanization for manual labcur - o process in which
economic, technological and social factors all play a part,

/To formulate
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To formulate an ndequatedevelopment pclicy for the energy sector, it
must be related to the framework of a general policy for economic growth.
In reclity there would be little value in drawing up a programme to expand
energy supplies without basing it upon a hypothesis of the available
aggregate resources for all activities of 2 given country,

In addition to some hypothesis concerning the over-all growth of the
econony, evgry energy programme presupposes an approxinmate knowledge of the
structure of the demand for energy, both as a consumer service and as a
production factor, and must tnke accountt of proboble modifications in that
structure, determined by its own.development. This initial general plan
should be conpleted by another whieh p2ys due regard, firstly, to the
probable geographic location of the productive activity and of the population,
as well as the latter!s distribution into urban and rural groups. Secondly,
a refercnce must be made to the laocation of alternative sources of encrgy
which may exist in the arez, provided these are of mejor importance from
the point of view of their possible econcmic use,

L study of energy in n national or regicnal econcny is thus bound up
with much wider probleuns, It ié novertheless essential to begin from the
bottom and work upwards, because a meneral study of economic development
demands a prior knowledge of the potentialities of the region and of the
conditions in which ths system is operatirg;, particularly as regards the
infra-structure, The aim of this report is to contribute towards a
preliminary statement of the possibilities of developing energy in latin
America, an indispensable condition for the establishment of an effective
development programme &or the economies of the region.

Broadly speaking, although at times in a very provisional form, the
report attempts to cover the fcllowing peints:

1., i diagnosis of the present situation based on an analysis of the
behaviour of the energy sector during the last few five~year periocds, or
wherever possible over the last quarter-century., One of the main aims of
this diagnosis is to focus attention upon the deficit which exists in the
energy supply and upon the inadequate use of energy in different activities,
and to stress the consequences from various points of view, such as: a) a

reduction in the rate of growth, b) the degree of pfbsperity compatible with

/the level
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the level of income, c¢) insufficient use of productive capacity and d) the
rise in production costs,

2. With the experience of the recent past in nmind, and in view c¢f the need
to combat under-consumptionmmd the low efficiency achieved in the utilization
of energy, as revealcd by the diagnosis - with the help of certain
assunptions as to future development &/and the trend of rclaticns between
the latter and the encrgy sector, as well as within that sector itself - an
attenpt has been made to prepare a few preliminary projections of the energy
demand for a number of countries and for the whole regicn over a relatively
short pericd (ten years)., These projections - presented here for strictly
illustrative purposes « take into account the possibilities of substitution
between the different sources, the relative indepencdence of the demand for
electricity and for eertain liquid fuels, etc,

3. Once the potentinl demand is known, the possible sources of supply
should be studied, The available scurces of cnergy are known to be to

some extent a reflection of the possibility of their own use, because their
expansion demands substantial investment which is not always justified if
their immediate use is not in sight, in assessnent of the sources on the
basis of past experience is thus of linmited scope; nevertheless, knowledge
gained from this experience may suffice to indicate the lines of an
exploratory policy aimed at developing new sources or at enlarging known
supplies, & better utilization of these sources of energy is also pertinent
as regards extraction, processing and transport as well as the final use

for the production of zoods and services, Greater efficiency at any of
these stages is equivalent to raising available energy reserves in the same
proportion as the efficiency is increased,

4L, On the basis of demand forecasts and of an analysis of the potential of
intemal sources, it renains to be seen how the demand can be met through a
combination of greater domestic production and imports, While the first is
derived, mainly, from the type and wealth of national energy reserves, the

second depends upon the anticipated capacity to import. The way in which

4/ In this case and elsewhere in the text, reference is made to hypotheses,
the methodology of which is explained in document- E/CN,12/363, inalyses
and Projections of Econonic Development, I, Introduction to the
Technique of Prograrming, /the three




. E/CN.12/373, "Rev.l
Page 7

the three variable factors - demand, imports and the potentialities of
aomestic sources - nny be combined to arrive at the nost important point,
nanely oroduction policy, is a problem which rust be resolved in each
specific case and always provisionally, and must consequently remain a
natter of rcrmanent study, It should not be forgetten that there is always
more than one possible sclution for the problem of the domestic encrgy
supply and that this will be difficult to atbain without n certain degree
of arbitrariness. The advantage of a study of this nature is that it
enzbles alternative solutions to be sdvanced, while chnnges can be nade to
the initial decisions without wasting more time or resources,
5. Once the targets for Jdaaustic jproductions have been lefined, and once
imports compatible with forecasts of the espacity to inport, as well as the
percentage of the latter which c:n be used for fuels have been established,
the next step is to evaluate the resources requircd for investment in this
sector. The results of this assessnent must then be compared with the
aggregate investnent resources for econcmic activities as a whole, From
this analysis a caleculation nust be made of the share of investment to be
net with foreign exchnnge. Finally, these results provide a neans of
studying the alternative methods of financing capital investment,

The first point is of pnrticular interest ns a method of checking the
changes which would have to be introduced in the channelling of investnent.
For exanple, if the projections show the need for a substantial increase
in the rate of the net investment which is currently being made in the
energy sector, an idea will bLe obtained of the effort which nust be made
to modify the composition of the investment. The second point refers to
the share of foreign exchange in aggregate investment and raises the
question of substituting matcrials and equipment of domestic crigin for
similar imports, or of replacing services from abroad with those paid for
in national currency, a problem which requires the framework of an over-all
programne for its adequate solution,

Finally, the nethods of finoneing investment nust Le studied in close
connexion with the costs of the services and with vrice policy. The basic
problemns in an over-nll developuent prograume are the rate of saving and the

magnitude of the available external resources. But in special programmes

/ - such as
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"~ such as energy for exmaple— the significance lies with the specific
-problens of the origin of the resources to be used for investment, and the
contribution of internationnl credit institutions is a subject which is
often raised.

Price and taxaticn policies both serve to absorb investment resources
and tc influence the structure and the level cf demand., .ny measure
affecting the relative costs of the various forms of en¢rgy'must1be considered
from this two-fold aspect. Moreover, such costs almost alwnys have indirect
repercussions upon the hnlnance of payments,

The-points summarized ~bove sugyest the scupe and the limitations of
this report. It should be considered as a preliminary exploration in the
complex field cf the connecting links between the problen of energy and the
broader question of sver-~ll eccnonic development., The problems presented
here clearly show the necd tc continue with more detailed research and to
integrate evon further the study »f the varied and complicnted aspects of
energy with the analysis of those other duestions which, in the many different
sectors of economic activity, arise for the Latin Anerican cowntries at

their present stages of develdpment,

e -~
i

/CHAPTER II
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CHAPTER II
RECENT DEVELOPMENT OF ENEKGY CONSUMPTION

l. Relnrtive position of the regiun

The shortapge of energy is emong the major obstacles hrnpering cconcmie
‘development in Letin .mericn. The relative under-cunsunption of energy 1s
one of the expressions of econcmic under-development and is reflected in
the fact that the total per capita consumption is less thon one-third of
that of the countries of the world as a whole, Differences are a2lso observed,
albeit not su great, in the consunption of energy per unit of gross product.
The exclusion of the United States from the aggregate world figure scmewhat
improves the relationship, which, however, continues to be greatly
unfavourable to Latin jnericn, It is nevertheless worth noting that the
regiocnts pesition in energy consuapticn is superior to that of other under-
developed arecs. ‘

The significant f-ct, h.w.ver, is n.t so nuch the relotive under-
consunption é/- a phenonenon which is widespread and, as menticned above, is
linked to general economic uncder-develoiment - as the ratcs cf growth, These
were relatively intense during recent pericds for commercinl energy and

satisfactory for the totol ccnsunption, which rosc between 1937 and 1952
fronn 43,7 to 77.1 nillion tons of petrolews equivalent, &/ The annual per
capita rate of inecrease wrs 1,62 por cent., During the same period the
‘generation of electricity ruse fron 11.3 to 32,1 million kWh, representing
an annual per capita srowth of 5.0 pér cent,

Comparatively specking, thce consumption of energy in Latin America,
during the period under consideration, shows an spprecinble improvement, It
should not be forgotten, huwever, that comparisons of this nature with
certain other regions nre adversely affccted by the direct and indirect

5/ In addition, in order to nmeasure under—consungtlon it is necessary to
select the levels of comparison and to define the quantum of consumption
considered adequate, (Sce below in this chapter.) .

6/ it the sbage of gross energy consunption. (Sec chaﬁter v.)

/1nf uence of
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influence of the war on their consumption uf energy. Howevor, &t may be
shown that per capita energy consumption increased in Latin inerica at a
rate very similar to that of the United States, thus naintaining the gap in
consumption which prevailed in pre-war days. With due regard to the intense
rate of development which tock place in the United States in pecent years,
this indication is still favcurable to Latin .imerica,

Simple mumerical comparison, in addition, cften embraces profound
differences in processes, Thus, for example, passago from an ageicultural
economy tou one of a more diversified industrial type implies increasss in
the consumption of cnerzgy per wnit of production, but this becomes stationary
and later begins to Jiminish when, at a higher level «f econonic development,
technulogical advances allow g snving o'r energy grenter thon the increase
resulting from the expansion of production, Nevertheless, it is significant
that, taking figures for the year 1952, the per copiba encryy eonsunption
in kilogramaes uf petroleun equivnlent wos approxinntely 6,000 in the
United States, 2,500 in Westoern Burope and 500 in Latin /merieca. Per ecapita
electricity productiaﬁ in the same year ~ucunted to 2,900, 1,000 and 200
kWh respectively,

The rates of incrense nentisned abuove refer to agzregate consumption
and therefore include both comercial and more primitive forms of energy.,
But,in reality, the statistics dezling with the latter ~re insufficient and
exclude animite forms of energy from the calculation, v which are difficult,
if not impossible, to exsress quantitatively. Their roplacement by commercial
forms may be inferred indiractly, but since ‘this phenomenon appears with
variable, thoush gencrally high, intensity, the increased consumption of
these commercinl forms must be relatively zreater in Latin fAmerica,

7/ The replacemcnt of aninnte cnergy is largely imposed by development
itself, which induces mechanizaticn, bub it may also reflect special
situations caused by exchange policy or other factors. It may result
in a nore entional utilizetion of the factors as a whole, with a more
econunic use of land forerly devoted to the upkeep of andmnls, although
this optigqun result is not ~lways ~chieved, It will De scen how problems
of this nature, if they ~re to be viewed in proper ‘perspective, presuppose
an cver-all analysis of the develo ment ; rocess,

/Toble 1



E/CN.12/373/. Rev.l
Page 11

. Table 1
LAiTIN (MERICA: AGGHEGALTE ENERGY CONSUMFTION, 1929, 1937 AND 1952

Year Petrcleum  Coal Hydro-electricity Vegotable fuels Total Electricity

(Millicns of tuns of ;etruleun equivalent) (Millions of
kWh)
1929 9.3 6.1 1.6 - - 8,230
1937 11.7 6.2 2. 23.3 43.7 11,292

Source: Economic Commission for Latin america, Energy Division,

This may partly be corroborated when it is obLserved that the consum tion
of commercial forms of energy hnas grown in Latin .merica since pre-war days
twice as intensely s nguresete consumition, The ~nnunl rates of growth
were 6.4 and 3.8 per cent res cctively., On a _er capita basis the rates are
4ol nnd 1,62 er cent, In rcl-tion to aggregate consuntion commercial
energy re.resented 47 ver cent in 1937 and 67 per cent in 1952,

Between 1929 ond 1952, the gross consumption of comnercial encrgy grew
at an annual rate of 4.9 per cent, representing nn cnnual cumulative per
cauita rate of 2,8 per cent.

It is interesting to ncte that the difference in relative growth ~nd
the intensi?y of the substitution process appear greater in that zroup of

cuntries g which still show 2 low consunption of energy, both as an
aggregate and on a ger copitn basis, In this group, the consunption of
commercial fuels rose between 1937 and 1952 2t a rate of 8,3 yer cent, while
the total consuﬁption wf fuels increased by 3.6 per cent,

The figures given in this report tnke no acesunt of the degree of
efficiency in the utilization of energy, which varies from one econony to
another or between different development stages. The growth of the gréss
rroduct nay be coupled with voriations in the useful consumption of energy,
depending upon whether efficiency in the use of energy is statie,

increasing or diminishing,

§/ For countries in this group, sce table 3 greup III.
/In the
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In the foregoing paragraphs, reference has been made to inequalities
in the total consunption of energy as between Latin Anerica and the more
developed cuuntries, The sane phenomenon is found in industrial activities,
since these are still mainly light industries in Latin America and their
mechanization is low,

In Latin America's-industry it is-easy to see that mechanical and
electrical power, as well as the use of fuels and electric energy, are much
lower than in the Upnited States and to a smaller extent below those of
Burope; consequently praduction per worker or per nan-hour is-
also low, The varivus coefficients vary between one-~fourth and one-half,

It is clear from the preceding discussion that, despite the existence
of a considerable difference between energy consunption in Latin America and
in more industrialized countries, there are encouraging signs that in recent
poricds the rate in the fomer'has been increasing., Retes of growth during
these‘years, as well as the product=-slasticities fur the consumption of
energy and electricity, are valqable sbartihg points for preparing
projections of future supply needs, which are studied in chapter III, Thus
an analysis of the trend of net eneryy consumption per unit of product in
certain Latin American countries shows that » @s a general rule and with
slight variations of short duration, the tendency is to maintain a constant
ratio, which is around unity, (See charts I, II and III.) hn exception may
be quoted in the case of Chile in the decade from 1923 to 1932, which was
narked by basic changes in the structure of the system - there was a
significant reduction in the relative importance of the export sector,
characterized by a high consumption of energy per unit of product - and the
case of Colombia in recent years, where there has been a strong downward
tendency. With the abuve excéytions ). the gi'ea.ter efficiency apparently
achieved through equipment which is technologically more nudern is being
offset by the greater consumption of new formus of energy and by the reduced
efficiency cf worn-out equipment still in opemtipn.

~ /Chart I
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CHART
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Consequently, there is no indication among the Latin American ccountries

of the tendency typical of the industrialized countries and clearly

displayed in the United States, where the energy input per unit of product
increased up to the First World War and has been regularly decreasing at

dn approximate rate of 1,6 annually in the ensuing decades., The decrease

reflects the progressive incrense in efficiency of encrgy utilization

rendered possible by technical progress, of which full advantage is not
taken in Latin jAnerica,

Interesting conclusions may alsc be drawn fron a study of the relations
between per capita energy ~nd electricity cocnsumption nnd the per capita
product,

High correlaticns nre found for the countries analysed in the case of
electricity with variable elasticities according te the countries, 2/For
net energy consumption the elasticity is arcund unity.for all countries
studied,

To ascertain the relotions beccning established between energy
consunption in varicus forns ond the gross product, the relevant data were
also studied for sume fifty countries within and without Latin America,
taking the average for the years 1949 to 1951, (See charts IV and V.)

The following conclusions were drawn:

a) The unit-consumption of cnergy is linked with the per capita product
and the structure ¢f the economy. There is a satisfactcry correlation
between energy and electricity consumption per capita and the gross
per capita product; it is a correlation which becories even better if
the active populntion only is considered, instead of the total
population, Tor per capita energy consuiption, in particular, the
regression line seens to be a curve, To sinplify in the present study
two straight lines werce calculnted instead: one below and the other
above 250 dollars per capita, It can be scen that the product-elasticity
for countries with low per capita product is much lower than for the
other group (see chart IV),

9/ iirgentina, 2,28; Brazil, 2,77; Chile, 3.76; Colonbil, 3 75; Mexico, 1l.61
(United States 2.60).

/Chort IV
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JRDER OF COUNTRIES CHARTS IV AND V
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b) At one and the same level of per capita product there are strong

c)

a)

e)

2,

variations in per capita energy consumption %under the influence of a
great nunber of factors, such as econcmic strué%gre, inceme distribution,
and so forth, ncne of which by itself is decisive, The nost important,
however, is the conposition of the product and in particular the
proportion of industrial output to the total.

Netwitlsuonding the correlntions found, considerable Cisparities are
obscrved, which are grester in regard to electricity than to total emergy.
Such irregulnfitiés are 1inked with the energy conswiption per unit of
gross product, which varies widely from country to country.

The Latin American countries with the lowest unit consunption of total
energy are Panann, Uruguny ond argentina, with o little less than 1 kg.

of petrsleun equivmlént_for each dollar of gross product, at 1950 prices,.
Peru reaches o vAlue of'ZQO_ang Chile, Cuba and Mexico of 1,50, For
electricity, the unit consunption varies from 0,07 kWh per dollar of
gross product at 1950 prices for Haiti to 1,40 for Chile,

Consunption per unit of product by. countries of low and relatively low
gross product (up to 250 dollars approxinately) is nore uniform than in
those with higher product, The réason is that, so far as total energy
consunption is concerned, differences of cconomic structure carry riore
weight in countries with hizh income levels than in those where income

is low, H ‘,

On the basis of the relation between over=all cnergy and electricity
consunption and the gross product, and of coﬁparisons between the relative
situation in the different ccuntries, projectibns.of future needs may |
be rinde with reasonnble accuracy,

Consunption charccteristics in accordance with types of econonmy

It should not be overlooked that the statistics of energy consumption

comprise twc elements with highly diverse characteristics: energy as a

consuner service, utilized by the populntion, and‘chcrgy incorporated in the

productive process., svailnble data pemit of only sunnary analyses, based on

this distinction. But there is every indication that the demand for cnergy

for direct or indirect consumption is greatly influenced by the development

/of urbanization
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of urbanization (the urban ccnsumptien of electricity per town-dweller in
inportant centres is mhny times grenter than ccnsumptioh in less-urbanized
regions), This phenomenon is especially intense in scme arens, such as Sao
Paulc, Rio de Janeiro, or Grenter Buenos iires, Nevertheless, in the
majority of Latin American countries, rining and transforming industries
absorb a greatly increased shore of tn. total consumption of electricity
(between a half ~nd two-thirds), Consunption per employed person is also
much higher there in comparison with urban (total oinus industrial)
consunption (between 7 and 12 times in countries like argentina, Brazil,
Chile and Mexico).

It is clear from the forcgoing that at the stage of development which,
by and large, has been renched by Latin imericen countries today, the rate of
incresse in the demand for energy is particularly high, The growth of the
populotion in many countries, which in earlier times was absorbed by
-extensive agricultural activities, is now being sbsorbLed by industrial
activities and their connected services, and becoming concentrated in urban
centrcs, thus raising the unit and total consunption of the latter, This new
form of development calls for intensificntion of investrnent per person
employed, and as o result of heavy dennnds for socianl cmpitnl, it brings in
its train n reduction in the nverage productivity of capital. In such cases
it is important that the supply of energy, as a factor in production and
urban consumption,. should grow faster than the product. The need for meeting
the growing demand, together with building capacity in advance of future
expansions of the country!s requirements, is reflected in a reduction in the
gcononic productivity of energy. lQ/

The. anwunt ©f energy which a given eccnony abscrbs to generate cne unit
of product is not correlated sclely with its degree of development, but
depends alsc on the characteristics of thé latter., Ain econony which enjoys
exceptional lond and climatic resources (Group I), provided that it succeeds
in fully using those resources by expanding its foreign trade, may achieve

A very high product per unit of energy consunption as o production factor

10/ Such productivity is the reciprocal of the energy consunpticn per unit
of product, -

/(see table
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(see table 2),

On the other hand, an economy which is rich in nineral or

forest rescurces, of which it nakes intensive use by neans of foreign trade,

will need large nmounts cf energy to develop its production (Group 1I1),

Thus it is the conjunction of the naturcl resources of the regicn whicn,
by determining the best conditions for development, also determines the
intensity of the growth of the emergy demand as a function of the incrense
in the gross preduct,

Table 2 prevides o few exanples of countries with different types of

development., :
Table 2
NET ENERGY CONSUPTION PER UNIT OF PRODUGP, 1951
) . kg, ~f vetroleur equivalent
Countries ver dullapr at 1950 prices

I.
Lrgenting 1.11

] australia ) 1.15
New Zealand 0.97
11,
Canada 2.88
Chile 1.62
Finland 3.56
Peru 2,10
111,
Brazil l.h?
Colcnbia 1.19
Mexica 1.54
1v,
United Kingdom » 2.43
United States . 2.42
Western Geruaany ' 2,72

Source: Eeonomic Comvaission for lLatin iuerica, Lneryy Division,

[Groups I and IT
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Groups I and II are cases of develojment with - differing degree of
ndvancement, on the basis >f ample use of sbundant neturnl resources. These
are all economies which devend or formerly depended to a high degree on
fereign trade: in the one cnse cxpurters of agricultural products, and in
y

the other of forest ~nd miningz products. 7This is why the unit-consumption
- . . 1 .
igh in the second grouy of countries. l—/The third

3

is low in the first -
griup represents under-developed economies in which foreiszn trade Plays a
relatively less importnnt part althouch, from this point of view, ccuntries

of this group may frequently be interchangenble with those of group I, Finally,
the fourth [roup includes highly industrialized economics, where as a
consequence, independently of the diversity of their resources, the input of
energy per unit of product is always wery high,

It will readily be understood that if the ievclopmnnt of a country in
Group I takes place together with a Yeduction in the expert coefficient, it
is nost probable that the unit-consumption of encrgy will increase. The
opposite would be ex ccted in countries of the type of Group II. In this
secvnd cnse, the fall in unit—-consum;tion might first take ploce over a
given periocd, owing to the relative reduction in the imjortance of the
extractive activities, and would then be succeesded by n stage of upswing
resulting from industrinlizaticn, In the countries of the third group,
regardless of the type of their exports, it is nost probable that development
together with a reduction in the export-ccefficient will be rcflected in a
rise in the unit-cconsumption of c¢nergy, on account of their greater
industrinlization. It is therefore clear that both the stnge and the form
of the develoyiment process basically influence the denand for enersy. aon
adequate projecticn of this development presupposes a full knowledge of the
conditions under which general economic development is proceeding and of the
structural readjustnent which may occur in the stage to which the projections

refer,

__/ It is well known that energy consunption per unit of product is rwuch higher
in nining and forest exploitation than in agricultur-l tasks, In reality,
by tnkinb account of aninate energy nnd of solar energy chsorbed in
photosynthesis in the case of agriculture, the differences may well be
only apparent, This, however, is not the case if the commonly used forns
of inaninnte energy 1lon' ~re considered, since these nre the only kinds
of energy lending themsclves to conparisons, as théy can be reduced to
comiacn terms,

/3. inalyses
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3, Analyses by countries

The remarks in the preceding section enable the prollen of energy in
relation to econunic developaent to be stated in its most gencral terms., For
a more prefound study it is essentinl tu consider the national econcmies

separntely.

Study of each country should include the fullest possible assessment of
the conswiption of 211 sources of encrgy, specifying in every cose the shnre
of imports and Jdetailing the forn in which the energy is being utilized,

Such a study has been strrted in regard to those Latin incrican countries for
which the most ample information is available, -nd will constitute the joint

of departure for an adequnte statement of the enmergy problem in each particular
case,

Table 3 gives data concerning gross energy consumption in a number of
countries of the region during three significant years of the last quarter-
century. From the standpoint of this relative consunption nnd degree of
dependence con imports,. the countries nay be grouped as follows:

I, Relatively high consunption v

a) Self-sufficient: Mexico and Venezuele

b) Partly relying on ingorts: .Jrgentina, Brezil and Chile

¢) Largely dependent on imorts: Cuba and Uruguay
II, DModerate consunption

_a) Self-sufficient: Colunbis and Peru
II1I, Low consunption

a) Self-sufficicnt: Bolivia and Ecuador

b) Largely dependent on inports: the remainder

Table L shows gross cnergy and electricity consunption per capita and
per unit of product in Latin /merican countries, The data on consumption
"éxgluding large-scale exports" indicate the influence on unit and per capita
conéumption of certain oxtractive or capital intensive industries connected

12/

with foreign trade, In Venezuela, for instance, per capita consumptlon falls

to half if energy consuncd by the petroleum export industry be onitted.

__/ Metals in Chile, Bolivin, Peru and Mexico; petruleum in Venezuela and
Colonbia; sugar in Cuba,

/Table 3
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Table 3
LATIN MERICA: BEVOLUTION OF FER CaPIT. GROSS CONSUMPTION OF ENERGY, 1929,
1937 AkD 1952

- Refincd petro- Coal Hydro-  Vege- Total  Electri Coe-
Countries Years Population leun .roducts and  electri- table gross city ffi-

and natural cuke city fuels con- produc- cient
$0.8 : sua-  tion of
tiwn of electri-
CNervy fica-
(Thousands)  (Kilcgrammes of Lctroleun oquivalent b/ (kWh) tion o/
1929 11,600 254, 176 - - - 140 -
.rgentina 1937 13,500 303 152 3 198 655 191 0.303
1952 18,000 493 68 3 161 725 306  0.513
1929 32,900 23 L7 23 - - 61 -
Brazil 1937 38,700 25 37 26 284 373 68 0,193
1952 54,500 110 25 T 194 400 184 0,537
1929 4,228 263 232 47 -~ - 216 -
Chile 1937 4,777 156 265 66 176 663 325 0,630
1952 5,960 260 276 136 1,1 814 550 0.879
: 1929 7,279 33 11 5 - - 21 -
Colombia 1937 8,531 - Ll 30 9 205 268 35 0.136
~ 1952 11,847 113 49 31 139 333 122 0.431
1929 16,200 114 38 29 - - 77 -
Mexico 1937 18,700 160 36 41 55 292 134 0,577
1952 27,200 358 27 45 L6 475 203  0.521
1929 14,002 138 0 5 - - 78 -
Group II & 1937 16,549 126 33 7 192 358 77 0.222
1952 22,366 422 11 31 195 659 223 0,378
1929 14,232 33 2 5 - - 19 -
Group 111V 1937 16,387 29 1 6 170 206 28 0.141
1952 22,692 75 O.4 11 166 252 57  0.236
Latin 1929 100,441 93 61 16 - - 72 -
imerica 1937 117,144 100 53 24 199 373 96  0.275
: 1952 162,565 238 36 45 156 474 197  0.487

source: Hconomic Commission for Latin imerica, based on national statistics and the
United Nations Statistical Paper, J-1.

2/ Total consumition of electricity in kWh divided by total consumption of net
utilizable encrgy obtained from fuels used for purposes other than the generation
of electricity in kileogrammes of petroleun equivalent,

b/ Heat volue of _etroleum = 10,700 calories/kilogrammes.

¢/ Cuba, Peru, Uruguay and Venezuela,

d/ Bolivia, Costa Rica, Dominicon Republic, Ecuador, El Salvador, Guntemala, Haiti,
Henduras, Njcaragua, Panoma ~nd Paraguay. )

'/Table L
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Table 4
LATIN AMERICA: CHARACTERISTICS OF GROSS ENERGY CONSUMPTION
IN 1952, WITH RELATION TO INCOME LEVELS
On a per capita basis Per u{z&gﬁg rgj‘og ction Relation of
Gross - Gross con- Electri-  Gross con- Electri- t?zlzosxx;tn;tggn
. . v product sumption city out- sumption city out-
. (dollars) (petr. ~ (kWhn) (petr. (kWh) (percentage)
a equiv.in equiv.in : :
kgo ) kgo )
Argentina 442 725 306 1.6, 0,692 57.0
Bolivia 100 236 - 108 2.36 ~ 1.080 UL
‘Brazil 207 LI«OO 1814- 1093 00 889 31-0
Colombia 22/, 333 122 1.49 - 0.545 8.4
Costa Rica 2], 368 22 1.67 - 0.959 hR.5
Cuba LOL 779 261 1.93 0,646 L5.6
Dominican | :
. Republic 169 330 49 1.95 04290 25.7
‘E1 Salvador 166 281, L7 1.71 0.283 23.8
-Guatemala 174 231 33 1.33 0.190 32.7
Haiti 114 162 6 1.42 0.052 8.3
Honduras 152 259 40 1.70 0.263 43.1
Mexico 219 475 203 2,17 0,927 3.1
Nicaragua 152 231 L3 1.52 0,383 34.5
 Panama 361 426 152 1.18 0.421 67.6
‘ Paraguay 76 220 26 2.89 O-3£|-2 907
- Peru 138 361 119 2,62 0.862 1.2
Uruguay 391 576" 304 1.47 0.777 72.1
~ Venezuela 625 1,067 320 1.71 0,512 1.0
clu rge-
scale exports o
Chile 298 687 321 - 2,30 1.077 .o
Cuba 300 L1 . 174 1.37 0.580 .
Peru , 115 - 64" - 0.557 ..
Venezuela, 17 528 154 1.27 - 0.369 .

Source: Economic Commission for Latin America, Energy Division. \

" a/ At 1950 prices.

/Wide differences
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Wide differences exist within each country betwecn separate economic
sectors or geographical consumption areas: e.g. industry and mining have
much greater energy and electricity consumption coefficients, both per
capita and in relation to the value of production, than have other sectors.

Thus in recent years encrgy conswation per unit of product in industry
was, in irgentina, double that of the cceonomy as a whole, while in Chile it
was even hizher, Sinilar proportions apply to electricity consumption., Total
encrgy consumption per person in industry was two to threc times higher than
in the econcmy in general. These ratios rise to five and ten in the case of
electricity.

The disyarity in electricity consumption between zones in the same
country (more important urban industrial centres and the rest) becomes clear
from the following figures., In argentina the per capita consumption in
Greater Buenos Aires is 560 k¥h and in the remainder of the country 100 kWh;
in Brazil the Rio-Sao Faulo ~rca has 790 and the remainder 60; in Chile the
figures are 30u for the Central Zone and 140 elsewhere; in Colombia,
consunption is 400 KWh in Bogota, Cali, Barranquidla ~nd Medellin, while in
the rest of the country it is less than 30; in Ecuador, Quito and Guayaquil
show 120 and the remoining areas 25; in Peru, Lima and Callao have 240 and
the rest 15; in Urupuay, ilontcvideo has 560 and remaining distriets 70; and
in Mexico the most important cities have 500 and the remainder 70,

~lthough the rates of increase in gross product and energy consumption
show a high degree of correlation, there have been considerable variations in
the growth rates per capita energy consumption as between different countries,
For this many factors were responsible, and they were not alweys the same
factors, (See charts I to III.)

For example, in ,rgentina the relationship between the growth rates of
the product and of energy consumption rempined very close to unity over the
whole period between 1925 and 1952, Had the supply of encrgy been more
elastic, that relaticnship would praobably have shown an upward trend, thus
covering the deficit in cnergy conswaption - a deficit clenrly reflected in
the low level of per capita cnergy consumpbion in relation to the per capita
income. Since it is to be expected that with a sufficient expansion of the

cnergy supply the deficit will in future be whclly or partinlly absorbed, the

/consunption of
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consumption of enargy may perhaps then tend to increase more strongly than
the product. The intervention of other factors is not thereby excluded,
ih particular a wmore rational utilization of the available energy. A
‘ systematic campaign to this effect might arrest the tendency mentioned
' earlier, which could also be reduced through direct or indirect control
of energy consumption by the population. The latter method may already
have been operative in the past.

in Chile, during a period termlnating in 1932, ‘there was a marked trend
towards a reduction in energy consumption per unit of product, Most probably
this reflected the lowered share in the gross product of large-scale mining
for export. From 1933 to 1952 the ratio was more stable, (with fluctuations
of around 12 per cent) owing to the fact that the export sector succeeded in
maintaining its relative position, largely due to a substantial improvemert
in export prices.i Depending upon whather proSpects for Chilean mineral
exports are gromising or otherwise, it may be assumed that there is not, or
'>is, a tendency for the ratio to fall, In any event, apart from large-scale
mining for export, it is most likely that consumption will tend to grow in
proportion td the product, or even more strongly, owing to increased

industrialization and agricultural mechanization.

| Available data for Brazil (1939-52) and Colombia (1934-52) indicate a
downward tendency in the energy/product ratio; it was less marked in the
case of Brazil, and became_strdnger in Colombia from 1947-52, In all
probability this phenomenon reflects improved terms of trade, resulting from
a high relative increase in coffee prices, obgervéd during the whole post~war
periocd, and other factors which made possible a broad expansion in productive
capacity as‘well’és the rate of utilization, When the gross product thus
increases, other factors remaining constant, the average productivity
of capital improves and the ratio energy consqmption/unit of product
becomes less, because the increase in energy consumption resulting’
from industrial diversification does not succeed in offsetting the
disproportionate rise in the product. In view of the preponderance of
coffee in the Colombian economy, it is understandable that in that country
the ratio will show a stronger tendency to fall, The;prospects'for coffee
prices being unfavourable, it must be expected that the tendency shown by both

/countries will
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countries will be reversed, i.e, thore will be an increase in energy
consuaption per unit of product, This trend will be strengthened if the
intense rate of industrinl growbth and urbanization latterly characterizing
these countries persists,

In Mexico the energy/proiuct r-tic was growing with important
fluctuations, over the period 1925-3&. (See chart III), This nay well not
be a true reflection of the facts, and may well to a great cxtent depend
cn the circumstance that, for lack of deta, the conswaption of vegetable
fuels was token as constant throughout those years, It also nay be connected
with the petroleun boom, 4Lt any rate after 1939 the tendency is practically
horizcental,

cnsideration similar to the foregoing were borne in nmind when
projecting the energy supply needs of Latin lmerica.

L, Petroleum and electricity

Liquid fuels and electric energy should now be examined, It is commen
knowledgze that modern technology tends tuwards the preferentinl use of these
twoe forus of energy, The progressive increase in the use of internal
combustion engines, especinlly for transport, has endowed petroleun products
with a growing predominance over other fuels. ilso, their greater calorific
power per unit of weight, and such technical advantages as ease of
conditioning and greater efficiency in combustion, have nade their use nmore
ecunonical and convenient. The case of electricity is still clearer, since
this is an ndvanced form of energy utilization which is one of the most
important advances of molern technique. Not only h~s it enabled much
greater use to be made of rencwable sources such as hydro-power, but it has
also made possible a vast number of new uses for energy in the productive
process, as well as in the community as a whole, On these grounds the trend
is towards an ever-increasing use «f energy in the form of electricity,
buth hydro and thermal,

But it would be incorrect tc assert thot the coefficient of
glectrificaticn lé/is proporticnate to the degree of development., The fact

that o country possesses abundant and easily hnrnessed hydro resources nay

13/ Ubtained by dividing total electricd ty consumption in kWh by the
censunaption of fuels used fir other purposes, in kg. of petrcleun
equivalent,

/result in
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result in a high cvefficicnt, This phenumenun cnn readily be confirmed in
Latin America. Thus, by}comp;fing data for 1952, in regard to Argentina and
Brazil, it is seen that the gross total energy consumption per capita in the
forner country was 725 kilégrammes of petroleun equivalent and in Brazil
hardly 40U, Nevertheless, the coefficiont of electrification was U537 in
Brazil and 0.513 in argentina.

However, it is everywhcre _bscrved that this coefficient tends to rise
with economic developrment, Thus for all Latin America it rose from UeR79
in 1937 to u.487 in 1952, in other wordsit is not far from double the figure
tefore the Second world War, This is a trend which nny te noted in respect
of each ecunumy, in proportion to its combination of resources and current
stase of development, The growbth of certain industries such as chemicals
and electro-metalluryy impli#s rélatively{grenter pressure on energy supply
in the fum of electricity; the sane applies to mechanization ~nd automatizatiol
in general, as well ~s tu thu process of urbmn development,

L8 regards petroleumvprbducts, the dynamics of the demand for these may
be seen to have points of similarity with that for electricity. For Latin
.nerica as a whole, the pro?értion of petroleum to all scurces of energy
rose from 25 to 50 per cent between 1937 and 1952,  Even in countries like
Brnzii, which 1952‘pruducéd practically no petroleum, its share increased
sharply {see table 6), But it should not be imogined that the great
increase in petrolcum CUnsumption inﬁall the Latin american countries has

- merely resulted frum the progréss_af tochnology. The problem of relative
prices plays a fundamental pert. In those countries wherc petroleum is
imported, anl its price depends much more on exchange policy than on
demestic cost structure, there has frequently been a great relative fall in
‘the prices of liquid fuels owing both to technical progress and to the use
of preferéntinl exchonge rates fuf such products. In other cases 2
considerable influence is also wielded by electricity tariffs and coal
prices, especially in covuntrics which produce the latter mineral and

-consequently tend to stimulnte use of domestic production,”

/Table 5

-

“ o,



LATIN AMERICA:

Table 5

(Annual cumulative rates of growth)

E/CN.12/373/LRevel
Page 31

PER CaPITA GiOSS CONSUMPTION OF ENERGY

Years

Gross total Refined Petroleum Electricity

energy

products
and natural gas

production

Argentina
Brazil
Chile
Colombia
Mexico
Group Ilﬁ/
Group IIIE/

LATIN AMERICA

1929/37
1937/52
1929/52

1929/37
1937/52
1929/52

1929/37
1937/52
1929/52

1929/37
1937/52
1929/52

1929/37
1937/52
1929/52

1929/37
1937/52
1929/52

1929/37
1937/52
1929/52

1929/37
1937/52
1929/52

0. 68
0.53
1.9

1.0
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Source: Economic Commission for Latin America, based on national statistics

and the United Nations, Statistical Paper, J-1.

a/  See footnote ¢/ to table 3,
b/  See footnote d/ to table 3,

/Table 6
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Table 6
LATIN AMBRICA: SVOLUTION OF MINERAL FUEL AND HYDRO-ELECTRIC
CONSUMPTION, 1929, 1937 AND 1952
(As a percentage of gross commercial consumption of energy) g/
. Petroleum Coal _” Hydro~electricity
Argentina 1937 ) 661 . 33.2 0.7
1952 87.4 12,0 0.6
L9 L A9 - 5057 2l
' " Brazil 1937 28.6 42,2 29.2
. 1952 53.4 . 12,2 3h4.4
’ 1929 ).f 1&805 o Lb209 8.6
Chile 1937 32,1 Shoby. 13.5
» 1952 38.6 41,1 20.3
. 1929 66.1 . 22.8 - 11,1
Colombia 1937 52,8 36.04 10.8
. 1952 - 58.4 " 25.5 16.1
o 1929 63.0 20.9 16,1
Mexdico 1937 67.4 15.2 17.4
' 192é ”‘ 67.1 29.2 : 3'7
Group II b/ 1937 5.7 19.8, k.5
1952 - 90.9 2.4 6.7
. 1929 8hol 4ol 1,8
Group III ¢/ 1937 81.0 1.5 17.5
oo 1952 : 86.7 Ouk 12.9
- 1929 5445 35.9 9.6
Total Latin 1937 57.5 30.6- 11.9
T America 2 .4

America 1952+ ([ 1.,

—— 1 A— (" ————————

Source:  Economic Conuniésion for La.t:m America, Energy Division.
g./_"Exéluding fuelwood and other vegetable fuels.
b/ See ‘footnote ¢/ to table 3.

¢/ See footnote d/ to table 3. - o |
B o L /The evolution
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The evolution of the demand for petrcleum should thercfore be regarded
as an autononous sector of the general energy demand, insofar as it
consists of an autonomous sector (gusoline) and another sector with a high
substitution intensity (mediw: and heavy products), In the latter case the
picture is complicated by the interventin of numerous factors, ilthough
there are grounds for asserting as a general principle that the share of
petrolecun, and in some cases that of natural gas, is tending to increase,
the intensity of this relative growth will need to be stuldied in each
individual case., In none of them would there be renson to assume that the
recorded trend is fixed and immwutable,

vver the whole period 1929-~52, the annual growth rate of the per capita
consunption of petroleun products (including natural gns) in Latin .merica
was 4.17 ver cent and that of electricity 4.57. Dividing this period into
two stages, in the first (1929=37) the production of electricity grew more
quickly than petroleum consumption (3.65 per cent annually as against U.92).
In the second stage the trend was reversed: electricity grew ot 5 and
petroleun at 6 per cent, This phenomenon is no doubt closcely linked with
the developnent of foreign trade in the two pericds. Since petroleun is
the source of energy most dependent on the capacity for external payments
for the importer countries the collapse of that capacity in the 'thirties, in
most Latin /merican Republics, must have had s nore direct effect. The
great ubsurge of the demnnd for petroleun in the following period portly
reflects progress in naking up the ground lost during the fthirties,

5e The deficit in conergy consuaption

une of the problens demonding immedinte analysis is that of
nssessing a possible deficit in energy consumption, Various aspects present
thensclves and confusion may ensily arise, The notion of a deficit is, by
its very nature, relative, and presupposes the acceptance of a yard-stick
by which to measure it. If under-consumption is defined in rclation to the
level of per capita income, a glance at charts IV and V will show that some
Latin swerican countrivs are in a position below, while others nre above,
the ieneral trend., It night thus be rcasonably affirmed that those
countries with consunption lower than corrcsponds to their income level,

such as argentina, are subject to under-consumption, Conversely, those

/countries in
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countries’in the opposite situation, e.g. Chile, wculd have a consunption
surplus, But this is only a preliminary indication with almost no. practical
value, since it omits any reference to the structure of production and the
conjuhction of resodrces; In this sense, as has alrendy been seen, argentina
and Chile are in fact examples of two very different situntions unnffected
by the notion of undcr-consunptlon.

But if an analysis by scctors is undertaken, the idea of a s deficit
gains greater sm'nlilc.nce. In sone ccuntries, for instance, approxinate
estinates exist of the outstanding demnnd for electricity for industrial
purpcses, In such cases 2 distinction must be drawn between denand with
a'viéw‘to enldrgement of productive cnpacity and demand with o view t0 better
- utilization of capacity slrendy instnlled. Fron both aspects there is a
deficit, though its imflications ~re differsnt. The absence of any
5u°r1ntce that future sufply will exprnd is sufficient to honper the
development of n.ny jindustries. - In some perts of Latin Jmerica this type of
- defieit hns been nccentu~ted in recent yeérrs and in others a direct deficit
has develoPed foreing certnin industries into under-utilization of
installed capacity, Mony pnterprlocs in Sco Paulo and -Buenos iires, for
example? had tq intfuduce very irregular timetables and eut down daily
hours of work because of clectricity shortages, while rationing was very
widéSpread in nlmost all countries ~nd still continues in sone,

In other ClSuS the deficit in cnergy ccnsunption is o nere corollary
of the ueflC1t in sone other sector, a typical example is the shortage of
means of transport, ﬁlthaugh it-is not comnonly»bbserVed thnt the primary
factor detenninlng this situation is the inelasticity of energy supply.

- Referencc should fin~lly be made to the possible existence of a deficit
iﬁ the use of encrgy for Jirect consunption purposes. In such a case the
denand for energy is mainly o reflection of the income available for
consunvtién. When there is rationing of censumpticn or an outstanding
denand, the deficit is exp1101t. In other cases it may tend to express

1tself 1n some indirect wry.

/The demand
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The demand for consumer ;cods or services is elastic not only in

relation tu average consumer income but also to rel-tive prices, In actual
fact, electric energy consumption by urban populntions for non-industrial
purposes is high in some Iatin .merican countries in proportion to the
average income level of the prrticulsr populntion, This is one aspect of
the gener~l phenomenon of the ranid sssinmilation of advanced forms of
consurption which is noted among higher and cven middle income groups in
the under-developed countries, and it may be reflected in part in an
artificial cheapening of electric energy brought abeut by factors such as
as inflation. In scome of these cases the increase in encrgy consumption is
a c.nseQuence of econcmic development, to which it subsequently becomes a

deterrent,

JCH.PTER III
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CHAPTER III

PROJECTION OF THE NEEDS IN 1965

Having examined the historic evolution of energy, the characteristics
of its use, the substitution which took place between types of fuels and
those other factors which determine the nature of energy consumption in
the course of economic development, the following questions logically arise:

a) Given an arbitrary rate of growth for the product, what should be
the aggregate energy supplyfto achieve this rate?

b) What will be its composition by principal sources, allowing for
the development of the economy and substitution between the various sources?

¢) How will the demand be met by the contribution of domestic output
and imports?

d) What levels will be reached by the capacities to generate
electricity and to refine petroleum?

e) What will be the aggregate requirements for investment and foreign
exchange and how will they be calculated?

1, Aggregate demand for fuels and electricity

Any estimate of the future demand for energy must be based on a
knowledge of the possible rate of growth of the per capita gross product
during the period under consideration, In the absence of complete national
studies for programming or forecasting economic development, this
calculation could not be made., Instead, the possibilities were examined
of a greater energy supply in the next decade (1955-65), based upon an
arbitrary rate of growth in the per capita gross product of 2.5 per cent
annually, The size of the supply thus reached is purely illustrative and
merely expresses the energy which would be necessary to attain the
hypothetical rate of 2.5 per cent., Both for the whole region and for some
individual countries and selected groups of countries in Latin America,
this rate of growth has been used without in any way implying that it

represents a real forecast of national economic development,

/At once
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At once follows the problem of estimating the energy supply in the
aggregate and by the individual sectors of the economy, This preliminary
report only deals with the aggregate estimates for the following reasons:

a) The information on energy consumption by sectors of economic
activity (industry, mining, agriculture, transport and residential use)
is at present very scanty and incomplete, so that it was only possible in
a few isolated cases to make this type of calculation;

b) Detailed data on economic growth by sectors is lacking;

¢) Strictly speaking, this type of calculation can only be made as
part of a general effort for national programming,

In any case, since the concern here is only that of establishing the
size of the supply requirements, for Latin America as a whole and by
countries, and not of a detailed and itemized calculation, the aggregate
method is perfectly acceptable, (See table 7.,) Moreover, it should be
borne in mind that, wherever possible, outstanding future consumption of
energy has been included (the establishment, for example, of heavy

industries with a large energy consumption such as iron and steel plants);

/Table 7
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Table 7

LATIN AMERICA:® PROJECTION OF NET AGGREGATE ENERGY CONSUMPTION IN 1965

Country ~ ~ Total net = Net enerzy Percentage Net energy Total Per capit.
i -anevey s consumption amaal consuaption net net energ
conSumgx;c:r/

per unit of E/ variation per unit  energy conigyp—
gross product: of g?n§9§/ consymp- tio

- , ‘ procuce= < tior

1952:. . +.1952 . 1965 1965 1952 196
Argentina 10,185 - 01,282 0.5 1,324 17,890 566 778
Brazil = 16,528 L 1,468 - 1,475 31,100 303 424
Chile. . . . 3,212 1,637 - 0.5 1,642 4,800 539 652
Colombia 2,972 1,121 L - 1,188 6,200 251 394
Mexico - = . 9,696 - . 1,630 - 0.5 1,692 19,141 356 483
Sub-group I 42,593 = 1,433 - 1,464 79,131 362 498
Sub-group II 11,578 =~ 1,483 - - = 1,483 19,230 518 658
Sub-group ITI - 4,623 : : . 1,497 - 1.0 1,314 7,733 204 245

Latin America 58,794 Ll,m8 - 1,455 106,094 ~ 362 48

yon

Seurce: Economic Commission for Latin America, Energy Division.

a/ Theusand of tons of petroleum equivalent.

b/ Tons of petroleum equivalent required to produce one million dollars at 1950
prices of the gross product,

¢/ The 1e% erergy consurption per unit of preduct in 1965 is obtained by
appliicg the pereentige arval variation to the unit consurption in 1952
correnonaing tu bon covsleies on the line of certral trend and not to the
actual figure for 1952 which is indicated in the table.

d/ Kilogrammes of petroleum equivalent,

/The projections
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The projections of the supply needs of aggregate energy and of
electricity for 1965 have been computed on the basis of detailed analyses
of five countries (Argentina, Brazil, Chile, Colombia and Mexico) and a
general survey of the remainde:r, in two combined sub-groupsl&/(see tables
8 and 9). In calculating these projections, the following factors have been
taken into account:

a) The historic preduct-elasticity i) of the per capita consumption
of all energy, and ii) the per capita output of electricity;

b) Trends of energy consumption and of electricity output, per unit
of the gross product;

¢) Historic trend of aggregate energy consumption and of electricity
output, excluding variation in the gross product;

d) Relative position of the countries as compared with the rest of the
world,

It was felt that by pooling these four concepts and attaching relative
significance to them, more prudent and authentic results are obtained than
by considering each of them separately, Thd use of historic trends and
elasticities alone, for instance, would cause the anomalies of past growth -
such as shortages or surplus - to be prolonged, instead of being corrected.
The elasticity, the comparison with other countries and the application of
the coefficients thus obtained, enable approximate estimates to be made of
the present deficits and the projections for 1965 to be corrected,

The calculation for aggregate energy consumption was made first, because
it is an element closely linked with economic development in general, while
its composition is a subsequent problem in the distribution of the total,
The calculation of electricity output, however, may be made separately but
in a similar manner to that of aggregate energy, by following specific basic
relations and trends., This was the method used here, without overlooking the
fact that in this case, more than in any other form of energy, strictly

economic causes are modified by decisions of energy policy.

14/ Despite this grouping, the outstanding characteristics of each
individual country and its influence upon the whole have been borne
in mind.

/Table 8
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Projections of over-all energy consumption and of electricity output
for 1965 are given in tables 8 and 9, It will be séen from them that
aggregate energy consumption in Latin America could reach 144.9 million
tons of petroleum equivalent by 1965, providing a per capita consumption
of 661 kg, of petroleum and 2,0 kg. for each dollar (at 1950 prices) of
the gross product, Per capita consumption represents a rise of 39 per cert
in relation to 1952, or an annual increment of 2.6 per cent, Electricity
output would increase to 86 thousand million kWh, with an annual rate of
7.8 per cent, representing 5.5 per cent on a per capita basis, Hydro-
electric energy might grow at a more rapid rate than thermic electricity.
These figures are not exaggerated and are compatible with both historie
trends and the future requiremehts of Latin America,

It should be.noted that during development the efficiency in the use
of energy increases because modern equipment replaces or is added to out-
of-date equipment., Higher efficiency is also obtained from improved
technological research, from planning and from supervision of industrial
and transport opefations. Such éffects are implicit in the rates of growth
adopted for the projections,

2, Composition of future consumption

To estimate the composition of consumption by sources of energy in
1965, the following bases have been used: ' ,

a) There will always be a certain consumption of mineral coal, coke,
vegetable fuels and hydro-electricity, depending on the possibilities of
national output and the imperative economic need to save foreign exchahge
used for im@ort. Coke, moreover, will depend on the volume of consumption
for which no substitute can be fqund, for technical reasons;

b) The remainder of the demand will be absorbed by petroleum and
‘natural gas derivatives, given the strong trend for substitution of this
type of energy. . |

It has been assumed that vegetable fuels wiil, in general, maintain
their level or suffer a gradﬁal decrease (around one per cent annually),
tempered by the growing use of sugar-cane bagasse in countries which produce
it and often by that of charcoal. Consumption of mineral coal will not vary
substantially, or will increase according to specific demands in its sector,

/which is
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which is relatively small. For some courtries - particularly Brazil, Chile
and Colombia - the consumption of domestic coal in generating thermo-
electricity has been assumed, Hydro-electric energy responds to forecasts
for its output which vary from one country to another,

In this way the two principal elements of aggregate energy are
separated; that which will be utilized as electricity, whether thermal
or hydraulic; and that which is consumed as fuel, The relation between
the two parts sets the pattern for the electrification of Latin America
and is measured by what may be termed the coefficient of electrification.l
It is expected that by 1965 this coefficient will reach a value of 0,729,
varying greatly between different countries and depending on various factors,
the paramount among them being the hydraulic potential utilized and the
problems raised by fuel imports, The resulting coefficients of
electrification were compared with the present situation in countries
outside the region, with which an additional adjustment of the values was
made.

The coefficients of electrification obtained for 1965 are high in
relation to those of 1949-51., But, since the whole world's output of
electricity increases more rapidly than total energy consumption, it is
clear that the Latin American countries, as well as those elsewhere, will
raise their coefficient of electrification for 1965.

When the composition of the future demand by sources of energy is
examined, the problem of substitution, among others, naturally appears.
The present position of consumption is not similar to the past and very
probably will not remain constant during the next ten years, The variations
will be dependent upon a series of factors, some arising from the energy
sector itself, others from particular demands of the economy, and others
still from financial or foreign exchange considerations.

For this reason, the accepted composition can only be regarded as an
alternative, perhaps even a plausible one, but not necessarily the most
suitable for the economy, To arrive at such a solution more detailed
studies would have been required, which are outside the scope of this
report,

15/ See chapter II, /3. Substitution
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3., Substitution possibilities
It is known that, in general, substitution between different forms of

. energy depends upon a series of factors which may be classified principally
.. .as technologlcal and of prices. A combination of both will determine the
elasticlty of substitution whlch will be reflected by the shifts from one
form of energy to another, at a more or less rapid rates

~ In theory, the substitution possibilities betweqn the different forms
... of energy are very considerable, but in pragtlcg concrete conditions impose
moré rigid frontiers upon them in each case. These possibilities must be
borne in mind, and have been taken into account wherever possible in this
»,report when determining the final ccmp031t10n;§/of the supply projection
J for a future date; .
_ Substitution malnly takes place between heavy fuels, such as coal,
_luheavy oils ‘and some medlum oils, fuelwood and in many cases electricity,
The increase in the coefflcient of electrification in Tatin America, to
whlch reference was made above, expresses numerically the phenomenon of
‘the substitution of fuels by electricity. The scarce statistical data and
technical information on the use of fuelwood in the region makes it extremely
dlfflcult in this report to account for its partlclpatlon. A study of the

substltutiOn between the different forms of energy is thus limited to
| commerc1al fuels and electric energy. This circumstance undoubtedly makes
a calculation of possible future substitution more hazardous, but with
better data the required revision can be made at a later. date,
L AR examination.of the characteristics of substitutlon between the
_ Dprinc1pal separate commer rcial forms of energy in Latin America, enables it
. to be said ‘that for mest, the short-term.trend has been largely for coal
and fuel oil to be inter-changeable, but over the ionger term, fuel oil,

1

__/ It should be recalled that substitution generally .appears in most of
: the practlcal applications (transport, generation of electricity,
industries, resideptial use) where the use by types of energy is
indifferent, characterizing a substantial economic elasticity of
substitution, However, there also exist situations of preferential
use, where the advantage of one form over others may be appreciable
or exceptional, in which case the high econouic elasticities of
.,:substltutlon may be modified by varlable technical elasticities,

/and even
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and even more so, natural gas, tend to displace coal., Substitution takes
place at a differemt rate according to the type of usage and depends
essentially upon national or regional conditions, as well as upon relative
prices and degree of'scarcity or availability,

Thus, in Argentina, refined petroleum products, which in 1935 amounted
to 40 per cent of the consumption of heavy fuels, declined during the war
(1943) to about 35 per cent, returning lster to become an even greater
factor in consumption and to constitute 71 per cent in 1952, In contrast,
coal in 1952 stood at only 12 per cent of the consumption, after reaching
30 per cent in 1935, It may also be noted how fuelwood occﬁpied an
important position durihg war periods when mineral fuels were in short
supply.

A similar situation occurred in Brazil, Before the middle of the

'forties coal contributed more than petroleum to the market for heavy
commercial producté, but later the shift from coal to petroleum is evident
and by 1952 petroleum comprised 70 per cent of the total, Fuelwood weighs
heavily in the aggregate, generally in years of shortage.

In Chile, coal has always represented a larger share in the éOnsumption
of heavy fuels than petroleum, even so a tendency towards substitution is
apparent and petroleum from 25 per cent in 1935 had risen to 40 per cent
in 1952,

In Latin America as a whole, coal has dropped from one-third of the
commercial consumption of energy to one-sixth, while refined petroleum
products already absorbed three-quarters of that consumption at the end
of the period,

A comparison of the composition of the petroleum sector shows that
while European countries use an increasingly greater share of heavy
- petroleum products, in Latin America light oils are expanding at a faster
rate.lZ/This situation in the region apparently reflects the greater
relative influence of light road transport than of heavy transport and

industrialization,

17/ The light oils comprise petrol and kerosene, while the heavy oils
consist of fuel, gas and diesel oils, The first group shows the
absolute predominance of petrol and represents the specific
consumption of cars and aeroplanes., The second group combines all
the products which compete with coal and fuelwood. The lack of
detailed statistics often prevents a distinction between medium and
heavy oils, a distinction which would have been most useful because
the rate of evolution of each subwgroup is different,

/The proportion



- -conclusions:

'E/CN.12/373 /: Revel
Page 46
 The proportion of petrol in aggregate energy consumptlon in Latin
America- is-about 15 per cent,; not very different from the pos:.t:.on in
 the United States but three times that of the share of Europe, In terms
of per capita pstrol consumption, however,. Latln America shows rOughly
the same figure as for Europe (75 litres annually) and about 7 per cent
of that in the United States,
* Whenever technical factors do not obllge a definite choice to be
made for -one form of energy, the price wmll be the decisive factor. The
"“establishment and maintenance of a relative price structure between energy
ahd the general level on the one hand, and in pa;ticular betwegnﬂﬁhe
' various forms of energy on the other, in the final analysis ﬁeéide‘the
extent and share of consumption of each form of energy, | ‘:
Herein lies the great importance of a careful study of all the
‘factors, whether technical, financial or relating to prices, which affect
"~ a decision of the volume of consumption of esach form of energy. As stated
elsewhere in this report, an over-all and aimulﬁaneous examination of
these factors can only be conceived as the result of an intégrét?d‘policy'
- of co-ordination in the energy and economic spheres, R
A certain amount of material has been collected on the relative
" prices of ‘the various forms of energy.and their varlation .among themselves -
and in-relation to the general price level in some Latin Amerlcan countries
“for -certain years, An analy31s of this data suggests the-following
. a) -For equal.final energy‘conbent, electricity ‘is cheaper than the
"~other- forms. - This is a phenomenon common to other parts of the world _
.and is ‘especially evident in many European countries. The relatlve
:advantage in the use of electricity has been increaslpg~dur1ng the .last- 3
" quarter of a century, although it is unlikely that this trend will contimue
-at'the same pace in the future, .Furthermore, electricity‘for industrial
- :-use, apart from exceptional cases, is.cheaper than its resideﬁtial use,
Consequently, apart from examples where electricity cannot be replaced, .
«motlve power for example, the price incentive seems to be the.special
inducement for its preferentlal use-in industry.

/o) B}oadlf speaking .
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b) Broadly speaking, fuel oil is cheaper than other fuels, while
fuelwood is the most expensive among them all, except in very exceptional
cases where it is produced far from ony other source of supply. The use
of coal, in similar circumstances, can also be justified on an economic
basis, but for the final consuwer it is almost always more expensive than
fuel oil. In both cases the cost of transporting coal and fuelwood play
the decisive part,

c) Without doubt, the future price evolution of the different sources
of energy and their relative variations depend upon a series of inter-
related circumstances which are difficult to foresee, Some of them are
of a technical nature, others are concerned with the establishment of
prices and rates, while others depend upon decisions of over-all economic

policy.18

18/ It is possible that the unit price of electric energy might increase
more than in the immediate past. It is also conceivable that the
price of some fuels might decrease because their production became
geared to other basic operations of industrialization, Finally,
the wider use of natural gas, already being developed in some
countries of Latin America, principally Argentina and Mexico, may
allow it to compete very actively with other fuels as a result of
lower prices,
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CHAPTER 1V '
A" SURVEY, OF ENERGY RUSOJRCES

l. A concept of energy reserves

" .An estimate onrc medn of the demand for the various tvﬁes of fuéis
'and for hydro—elpc,r“c energy, the possibility of meeting these roquirements
from domestic rrodubtlon must be 1nveo+1gated. i

In response to this need, a sarvev of what is known about Latin America’s
f:“energy resources was undertakern. ,
N A shouldAbe noted at the outsnt that the concept of energy reserves
'‘is-eminently dynamic, and prone to vary with the passage of time, The
determlnatlon of energy ava1¢nb¢11t1es rot only calls for investment which
" can be justified only when the. need is imperative, tut is also ‘affected by
technical and economic factors which zre undergoing a constant process of
evolution, The concept of a reserveals depenaent upon existing knowledge
of the natural resources of the several countries, and upon teéhnological
developments concerning prospecting, exploitation and miniﬂé, transport,
processing and refining of fuels, development of sites for hydro-electric
plants, and generation and long-distance transmission of eleetricity. At
the same time, such a concept is partly governed by economic factors
relating to the cost of the various operations, as also by the final
relative prices of the different kinds of energy per thermal or electrical
unit, And, finally, it is also influenced by the stage of economic
development reached by the country, and by the volume, structure and
characteristics of the energy demand, which will determine vhether there
is sufficient justification for incurring the outlay involved in identifying
and locating such sources of cnergy as could be eyv101ted on a scale
compatlble with economic costs.

- At present, knowledge of Latﬂn Americats reserves of mineral fuels
and hydro—electrlc resources is very frwgmentary and’erratlc, ut it will
presumably galn in comprehen51vene°s, thoroughnesc ‘and precision as each
country’s need: to make full-use of lu% energy resources becomes more and
more pressing. '

/The foregoing
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The foregoing considerations combine to suggest that the energy
reserves shown in the tables accompanying the present report represent
a somewhat conservative estimate, which will undoubtedly be exceeded as
prospecting for petroleum and natural gas expands, and as the determination
of hydro-electric potential becomss wmere accurate, Furthermore, the
increasing needs of economic development will give an impulse to such
studies and render them indispensable,

Neither does the concept of reserves remain static with respect to
the requirements of domestic consumption. Reservaes may be abundant er
limited, adequate or inadequate, according to the demands of the national
economy. If the annual consumption of such reserves is very low, even
an extremely modest potential will suffice to maintain a country's economic
activity over a leng period of years.

For this reason, it has been considered necessary to draw up tables
assessing the volume of available energy reserves in relation to possible
consumptien, (See tables 10 and 11.) Clearly, final and definite figures
cannot be established, since demand expands as population increases and
the process of industrialization is accelerated. However, by taking as
a basis the projections of consumptien for 1965, it was possible te express
this capacity in very apprnximate terms, within the limitations imposed by
the unreliability ef existing knowledge of reserves and future demand. The
forms chosen are, in one case, the number ef years in which requirements
could be met, and, in the other, a qualitative indication of potential,
always providing that demand were to develop in accordance with the assumed
rates of per capita consumption. The situation may be seen to differ
widely frem one country to another; and it should be pointed out that
changes easily take place, for the worse or for the better according to
whether real consumptien exceeds er falls below the projection made, or
whether knowledge of available reserves does or does not increase. It is
more than probable that the statistics given constitute a sizeable under-

estimate of Latin America's future energy capacity.

/ Tawle 10.
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Table 10

LATIN AMERICA: ADEQUACY..OR - INADEQUACY. OF NATURAL:
RESOURCES OF ENFRGY TO MEET. THE DEMAND PROJECTED UNTIL 1965
Comercial fuels & ¥ - H'ygxro-e;ectricity o/
Technico=Economic Potentia;; -
Petroleum Petroleum _ “
: and natural and natural " Econ-~  Tech- Poten-
Country gas Ccal gas .. Coal  omic nical tial

I. Countrles with abundant fuels and hudro-electr1c1ty‘

Venezuela 30X
XX
xx

-Colombia
Mexico
Brazil

VRV - IV

II. Countries with adequate fuels and hudr-electricity:

Perd
_Bolivia -
Ecuador
‘Chile ’
Argentina

III. Countries with a

Uruguay - .
El Salvador
Costa Rica
Guatemala
Nlcaragua

x?
x-

-7

- -
~

I S I W

XX xx x x xx
£ > SRS+ - S x - xx
XX ‘ X - - X
x? 4/ X X X xx
? x b3 xx XXX
xx? - x xx b'e'd
x? -¢f b'd X XX
- x £/ x xx xx
x? - xfE/ x *x x

shortage of fuels énd abundant (or adequate) hydro-electr .:

- - b b 4 X
by - X X X
- - b’ X b’
- - X X b’
- - «X. b’y b'e

IV. Countries ﬁlth a shortﬂge of both fuels and hydro-electricity:

Paraguay

<Honduras

Cuba :

Dominican Re-~
public

Panema

Haiti

g -

- - - X x
X? - : x x
- - - ..‘ 2
e %

- . =& - - -

Source: Economic

Kei to symbols:

Commission for

Ty 5

=3

*e® e
[N 1

| & B4
s

. * . . »
Latin imerica, Energy Division.
Veny abundant
%x?e Ete
e Gun (elthur an absolute dearth, or what
may be cmsidered a shortage, in view of the

demand over the next decade)
Doubtful or unknown

The combination
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The combination of two symbols indicates that the situation might change
in the near future as a result either of the intensive prospection which is
now being carried on, or of the prospects for expanding exploitation. It
shauld be noted that the position of countries as regards their capacity to
absorb the demand for energy mey chenge radically with the possible develop-
ment of nuclear fission and other pou-cenventional sources of energy.

a/ Technico-economic resources ari those which can be utilized on a
competitive basis, given the state of the energy market at present,
or within the next decade.

Potentizl resources are those whose =conomic 2xploitation is not
considered feasible over the short term.

b/ Most of the Latin /merican countries possess forested areas which, if
well managed, might well satisfy their fuelwood requirements for the
next 50 years, Exceptions are Cuba, El Salvador, Haiti, Mexico,
Nicaragua, Panama and Uruguay.

g/ Eccnomic hydraulic resources are thosg which can be advantageously exploit-
¢d at tne present moment, given the structure of prices (investment
and competitive fuel costs) and of demand and in view of balance-of -
payment problems.

Technical hydraulic resources are those which can be exploited with
technique as it is at present, or what it would foreseeably be during

the next decade (developments in construction, generation and transmission),
However, either the cost of their exploitation would be prohibitive at

the present time, or demand in the area inadequate to justify the
investment required,

Potential hydraulic resources are those of which little is known as to real
capacity, hydrological conditions, works reaquired, etc., and which are
located too far from possible ccnsumer centres.

No claim is made that a rigld classification of this type has ®een
established, since this would be possible only on the basis of very '
comprehensive field studies. The grouping of hydroelectric resources
is more an indication than an enumeration.

&

Also possesses sizeabls shale oil deposits which have not yet been
worked.

Possesses a certain gquantity of brown coal.

NS

Possesses large deposits of brown coal (lignites and peat), which do not
have great sconomic significance at the present time.
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- LATIN fMERICA: - 'POTENTIAL ENERGY RESOURCES'LT;
‘ : PRESENT KNOWN
(Years of duration)
Fuels_ ¥ Hydroelectricity
‘Calculated to maintain an | f Until full utilizatin
amual consumption equivalent to: of the resources from
1950-55 1965 Y | 195 Y/
Latin fmerica * 200 111 - 30
Argentina 4/ 23 - o 13 50
Brazil e/ 34 . 18 .25
Chile £/ 225 . 156 o )
- Colombia 2,020 - 1.000 S 32
. Mexico ERTAR . 62 20

Source: Economic Comission for Latin America, fnergy Division.

_g/ Exclﬁaing vegetable fuels. The approXimate condition in 1954-55 has
. béen taken of proven resources of coal and petroleum, assuming that
one-third cannot be recovered. B

b/ It has been assumed that the instelled hydro-electric capacity doubles
each 8 years, a reasonable period, but which obviously varies in terms
of different factors, among them the possible replacement of fuels and
_hydroelectricity which had to be divided to draw up the table. In
addition, the number of years calculated is influenced by the under-
estimation of hydraulic resources existing in Latin .merica.

Projected consumption (see chapter III). .
Excluding peat and asphalt, with which the duration might double.

Excluding shale oil; with their inclusion. the duration should be
‘multiplied by 50.

Excluding peat and coal depcsits in the Mégallahes zone which.are both
little known. o o

e g

<

2. Energy resources



E/CN.12/373/.Revid
Page 53

2. Energy resources

Latin America as a whols is rich in petroleum deposits and in
hydro-electric and forest resources, although its proven reserves of coal
are small, and knowledge of its possible natural gas availability is
very scanty as yet. However, a table has been prepared to show that the
sources of energy are very unevenly cdistributed throughout the various
countries (see table 10). This disparity becomcs even more striking
when instead of total reserves of each ccuntry its per capita reserves are
taken (both in tons of petroleum equivalent).

Despite the wealth of certain sources of energy, the fact is that the
volume of reserves provided by all Latin America's scurces of energy
surveycd tc date is approximately only one-fifth of the world per capita
average, largely because its full potential has not been discovered. The
region pcssesses only 3 per cent of the world's installed capacity for
the generation of electricity, and 7 per ecent of its petroleum refining
capacity. About 7 per cent of known hydro-electric potential is exploited
in Latin America, whereas in the world as a whole the corresponding figure
stands at 17 per cent,

It should also be recalled that Latin imerica, as a group of countries,
is an econoamic abstraction, and tc assess the real extent to which it is
under-endowed with resources, a more thorough study of the features peculiar
to each country must be carried out. Thus, the very unequal distribution
of energy reserves among the countries of the region still further accentuates
the relative deficiency noted above,

These resources are unevenly divided not only among the countries
themselves, but alsc within each one, This latter circumstance is
particularly important where sources must necessarily be exploited in situ
and where their radius of influence is limited for technlcal and econumic
reasons, as in the case of hydro-electric potential.

While some countries own substantial natural scurces of energy within
their territories, others are virtually devoid of rescurces of this kind.
For instance, Venezuela possesses mbre than three-fourths of the proven
reserves of petroleum, Coleombia over half those of coal, and Brazil more than
cne-fourth of the hydro-electric resources of the region. Of Latin fmerica's
aggregate energy reserves, irncluding shale cil, more than three-quarters

belong tc Brazil. .
/ Considerable differences
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Considerable differences also exist with regard to techxﬂ.cal regosurces
for conversion of-energy, although, comparatlvely speaking, these are more
‘evenly distributed, Venemela con_mands almost one-third of Latin /merica's
total ’petroleum refinirig ‘c'epacity ’ Me:tico coming second with one-sixth.
Brazil, Mexico and Argentina, in that order, possess in each mse between

one-fourth and one-fifth of the aggegate capacity for the generation of
electricity. The extent to which the varmus sources are utilized also
differs considerably from one country to another, leanng wide margins for
improvement as a general rule, Numercus cases may be cited of substantial and
conveniently situated resources which are only very rccently beginning to
be exploited or studied,
. Even so, Latin America ‘'as a whole pcssesses abundant, though not excessiv
- reserves of petroleum, 'consider:able hjdm—electric potential and vast forest
areas, but, broadly speaking, there is an apparent shortage of coal deposits.
' "Knowledge of the location and potential wealth of their energy reserves °
is rather inccmplete in almost 2;11 the countries of the ,rvegion, especially
as regards natural gas, mineral coal and hydro-electric energy. Petroleum
resources are mcre fully ascertained, although their real possibilities
‘are -still far from haviﬁg‘been"completely assessed, since this industry's
method of operation does not call for the immediate deternn’.nation of all
" the reserves existing in a deoosn, but rather for their gradual discovery.
. The deficiencies described assume their mest serious form in the case
of hydro-electric rescurces; most of the countries in the region are
unaware of their real heritage in this connexicn. The ascertaining of
hydro~electric potential is the locngest, slowest and perhaps the most
costly cf all"the tasks involved in prospecting for(energy, as it has to.
be cirried ocut over a very wide area and necessitates. observation and
the keeping of records over a 1ong perl ,d of years. Needless to say, as
requirements are mteﬂni‘ied, mder, more thorough and more accurate
knowledge will become an mperatlve neccssn,y in tl’lls fleld. Thus it may
be hoped that hydraulic rescurces w111 be exploited in accordance with
the possibilities implicit in each caSc, both from the point cof view of

energy and multiple water resource utlllzatl on.

/ Chile has a
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Chile has a geascnably accurate notion of its real hydro-electric
potential, and Uruguay has carried cut a survey of its most important
resources. Brazil possesses a very advanced catalocgue of the hydfo~
electric resources that cculd be exploited in the more highly developed
areas of the country, and in Argentina rapid progress is being made with a
similar inventory. But it much more frequ.ntly happens that knowledge
of this kini, whether for countries or for entire river basins, is definitely
rudimentary and inadequate. A table has been drawn up to show how the
hydro-eleetric energy exploited in each country relates to the hydro-electric
rescurces estimated to date. (See table 12,) This estimate takes into
account the potential on the basis of the minimum flow, both with developed
and undeveloped sites, In this latter case, only the natural conditions
of possible locations are teken intc accaunt, and these can be considerably
modified by hydro-electric works, such as reservoirs, diverting of water-
courses, etc,

It is interesting tc note that these rescurces do not always belong
exclusively to cne glven country, but in many cases are the common property
of two or more Republics, in which case their development depends upon the
agreement reached on the subject by the governments concerned. Various
cases deserving of study exist both in South and in Central America,

Besides the traditional swurces of energy, some Latin American
countries have at their disposal other specific energy rescurces which
might be exploited on a fairly large scale. Examples of this are provided
by oil shale in Brazil, the geothermic sources in Chile and Mexico, and
the Patagonien tides in Argentina,

If such scurces are to mean “a real contribution to the energy system
of some cf the countries of the regicn, certain prerequisites must be
fulfilled. These sometimes comprise the solving of particular technical
preblems which still prevent such rescurces from being used on any
considerable scale, In other cases present costs are prohibitive, so that
mere eccnomical technigues must be developed for their utilization.

The exploitation of nuclear energy for industrial purposes is
undoubtedly feasible, since the most serious technical problems have been
eliminated, and from the economic point of view it seems that costs have

already been brought down to competitive levels, It is reaspnable to

/ Table 12
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. Table 12 .
LATIN :MERICA:  PROFCRTION OF HYDR:ULIC - .
N POTENTIAL USED, 1954 &/
Present - Hydraulic
estimte installed Percentage
Countries S pot ential capacity used
(thoasands of kW)

Argentina : ‘ 6,500 80 1.2
Bolivia 3,680 73 2.0
‘Brazil ‘ 16,200 1,791 11,0
Chile 6,600 424 WA

~ Colombia 4,020 258 6ok
Ecuador | 970 25 2.6
Mexico 6,030 63 1k 3
Paraguay .. 3,156 . - -
Peru - " 5,800 220 3.8
Urugusy . 1,000 . 128 12,8
Venezuela - 3,200 70 . | S22
Central America Y. sla00 s - 1.0Y

Source: Econamic. Commission for Latin America, Energy Division

£

The hydraulic potentia-l of Cuba, Dominican Republic and Haiti is not
available,, e .

Includes Costa Rica, El Salvador, Guatemala, Honduras, Njcaragua and
Panama.

S

Provisional estimates,

1o

agssume that they
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assume that they will continue to fall as nuclear installations on a
cammercial seale increase and greater experience is acquired. The
contribution of nuclear socurces tc the energy system may attain very
important proportions, both in the suneration of electricity and for
purposes of heating and motor power, althcugh no sensaticnal superseding
of the traditional sources can be expccted within the next few years,
Tables have been prepared which offer in cutline an approximate reply
to the question as to how far ensrgy resources can meet the volume of
future demand. (See again tables 10 and 11,) It may be noted that
except in a few special cases like those of Venezuela and Colombia, and
scme other countries with respect to specific types of energy, the
satisfaction of this demand will call for an crganic and sustained effort
on the part of all the ccuntries of the area, aimed at the discovery of

additional sources in the immediate future,

/ CHAPTER V
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CHAPTER V

»

THE BALLNCE OF ENERGY ..ND ITS UTILIZATION

~ When studying a country's energy consumption over a given period, it is
customary to draw up energy balance~sheets, These consist of the sum
total vaenergy in its different forms (thermal, electric, mechanical),

so that a general agprepate is reached which represents, at the various
levels of its utilization, the total of all encrgy consumed by the economy,
expressed in a common unit,

The common unit adopted in this report is a ton of "normal" crude
petroleum with a celorific equivelcnt of 10,7 million calories, to which
other fuels and hydro-electric. cnergy are reduced by conversion based on
their respective thermal equivelents, in order to arrive at the aggregate
energy used; these components exprsssed in equivalent tons of petroleum |
are added together., The figures must, however, be taken at z level where
the state of processing, or the degrecto which the different forms of
energy are utilized, exactly correspond, 19/

In assessing these totals serious difficulties are encountered, The
different physico-chemical and teehnological characteristics of the forms
of energy, the spheres in which they are used, their efficiency and the
technical processes throuch which they pass = both in their preparation
and their use - are all handicaps making it difficult to present a single
composite fipure, based on such heterogeneous components, without giving a
false picture of the relative importance of the latter or introducing factors

which alter the economic significance of their composition,

19/ The major difficulty of including in a single figure all the forms of
energy at pr-sent used lies in electricity, since it is the least suitable
for reduction to a cormon unit, The solution selected as the most
appropriate is thaet of computing hydro-electric energy at the stage of
gross energy, in terms of the calories which would have been necessary
to generate it thermally and which to some degree it replaces, At the
stage of net energy, all electricity (thermo and hydro) has been considere
as having a theoretical thermal equivalent of 860 cal/kWh, at the same
time deducting the fuels actually used for thermal generation from the
total,

/1. Stages
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1, Stages of utilization

Since it is clear that there is no one stage which alone represents
the complex process of the use of energy, it was decided that these
difficulties could be avoided, or at least reduced, if that process were
studied at various points from the stage of a natural resource up to final
utilization,

Three stages were therefore chosen, both for their importance as a
means of interpreting the process and for their economic significance, These
three stages are: i) gross energy; ii) net energy (or useful energy) ;
iii)energy used (or effective energy),

i) Gross energy is that which is contained in the sum total of all

sources of energy before they have been incorpcrated in the
econcmy (potential thermal energy);
ii) Net gnergy expresses potential energy in a form suitable for
utilization and in the places where it is to be used;
iii) Energy used is the mechanical work, heating or light into which
part of the net energy is transformed for absorption in a process.gg/

Eech one of these levels has its value, Gross energy represents
potential theoretical energy and as such neasures national production needs
and in part import requirements, Net ‘energy will measure the real demand at
the consumption points, Energy used expresses the final use,

Net energy is thus seen to represent the stage of intermediate use; and
it is the only one which - if specific consumption by the energy sector
itself be excluded - genuinely measures the energy available to the economy
and is subsequently reflected in the production of goods or execution of
services, It is also the stage which, in the absence of complete an!
reliable ficures on the quantity of energy actually utilized, comes closest
to values representative of end consumption, This is the reason why it is

the concept most widely employed in the present report, It should, however,

20/ Some examples will help to clarify the differcnces between stages ii) and
iii), The fuel consumed by railway locomotives represents net energy,
while the ton/kilometres cover:d by the train - and expressed in calories -
are energy used, In a blast furnace, the net energy is fuel burnt, while
energy used is that part of the heat which is absorbed by the materials
and equipment,

/be emphasized
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be emphasized that the three stages must be jointly considered in order to
arrive at conclusions on aggregate energy‘consumptiéhqahd-iﬁshéhafaéteristics.

The breakdown of energy consumption at stage iii)rwill be a measure of
the degree of technical adVanceQent and of thgteconomic,structure, 2l/

By presenting energy. balance-sheets b&sed on the foregoing concepts
and sequence, it is possible to express in clear and coherent fom the
najority of the technical and ecqnomic facters affecting energy utilization.
Accounting by this method is also inportant because it permits: v

a) an interpretation of the process by which encrgy fulfills its

functions in the econony; :nd ‘ _

b) a definition of operrticn involving a major expenditure of energy,

.in which efficiency is abnorually low by cdﬁb&rison with the use
nade of sinilsar functions in other countries,

An analysis of this kind is, of course, particularly .interesting when
the figures for the cfficicncy at ench stnge exactly é&rféspcnd to the
country!s situation., This position can arise only as a result of direct
studies in this shpere, particularly in industry and ﬁransport.

2, Losses and efficiency

The passage from one stage to the next is narked by.intrinsic |
consunption and losses of energy, Soue of these are an inherent feature of
the process, while others can be avoided; Nevertheless, they all tend to
dininish as technology advances and.depend both upon the structure of
production snd consumption and upon the characteristics of the equipnent
used, . Thus, between stages i) and ii) losses oceur due to the extraction,
.preparation, transfornation, processing and conversion of energy from its
sources to the consunption centres. Between ii) and 3ii) the eﬁficiency

that affects the final consuytion cf cnergy, in the fom of work or

21/ It should be remembercd that, strictly speaking, the sole stage at which
equivalence between the different forms of energy can properly be said
to exist is stage iii), or energy used. Only when this point has been
.reached, when an economicelly useful Iunction has been fulfilled and
when energy ns such has disappeared and becone incorporated in final
_operations. or products, do all the Jdifferences between such forms, as
regards their cheracteristies and efficiency, become blurred and
.indistinguishable, - o - ,

Galculation at this stage, however, requires o fairly exact knewledge of
the efficiency afforded by the various fuels ond by electricity in the
course of their utilization in the principal economic processes. By and
large the efficiency has not been measured in Latin uanmerica and infornatic
about then is extremely vasue even in many industrial countries,

/industrial heat
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industrial heat, tranSport; residential heating, etc., must be considered,
Losses between stages ii) and iii) are considerably greater than those which
take place between i) and ii), ,

Broadly speaking, sncrgy losses ~re fairly considerable in all parts
of the world, but in the Latin American countries they reach greater
dimensions than the world averages, Table 13 gives an idea of the magnitude
of such losses, The efficiency achieved ot the passage {rom one stage to
another is consequently low, being on an over-all average not less than 50
per cent, in Latin America, below those of countries at a more advanced
technological level. gg/This fact is explained by the heterogeneous nature
of the equipment used, much of which consists of antiquated machinery, as
mentioned in Chapter I,

It should be emphasized that individual consumers may not be particularly
anxious to save energy, from the financial standpoint, since the incidence
of the cost of energy upon production costs is low, usually about 5 per
cent. gé/GOVGrnments, however, are supremely interested in the efficient use
of energy, since it cnables them without great effort to save from 10 to 20
per cent of current consumption, with consequent advantages which often
include a considerable saving of forecign exchange,

The over-all average cfficicncy - cxpressed ns a ratio of iii) : i) -
is not very indicative. Its mers sizec is insufficient to permit the
characteristies of the energy-~cconomy peculiar to the system to be defined
and to intcrpret thom correctly the components must be known and the
efficiency recorded within each of the main sectors, The efficiency is
found to vary considerably in accordance with the type of activity, process,

equipment utilized, etc, 24/

22/ The size of the problem is clear when it is stated that, with a very
similar composition of consumption, the efficiency of thc use of cnergy
in Argentina is at lenst 60 per cent lower than that of the United States,

23/ Adnittedly this figure is much greater in certain intensive activities
ol cnergy, such as metallurgy, elcctro-chemistry, ete,

gg/ Thus, since the rcsidential use of fuels generally takes place with a
final efficiency which is higher than that of the remaining acfivities,
the relative predominance of this type of consumption would improve the
over-all efficiency of the system, while concealing the fact - if such
were the case - of the small or deficient use of energy by industry,

/Table 13
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Between the stages of gross encrgy and net energy, the system suffers
considerable losses, resulting from the extraction, refining, conversion
and transport of fuels and the generation and transmission of electricity.
Such‘losses are veriable, depending upon the breskdown of consumption by
sources and they increase pro,ortionatcly to the secondary or derived energy
employed, Calculations for Latin America indicate that between 25 to 30 per
cent of the gross energy consumption is uscd in the aforc-mentioned operations,
The principal losses result from the gencration of electricity by themal
‘means, from the carbonization of fuelwood and from the extraction of
mineral coal,

In Latin Amcrica, not morc than 15 per cent - and often less - of the
aggregate energy designed to generate electricity becomes nvailable to
consuners in the form of electric current, wherens the same ratio in countries
which are technically and economically well developed generally exceeds an
average of 21 to 22 per cent, It is thus an expensive operation from the
peint of view of heat wtilization, ns well as from that of physical and
financial resources,

It is in this activity, then, that the nost attractive prospects exist
for diminishing the losses which the energy system suffers betwsen stages
i) and ii).

The backward condition of almost all the Latin American countries in
the matter of energy arises both from the age of the generating equipment
- with its consequently grenter consumption of calorific energy per unit
of electricity - and from the greater consumption of the vlants themselves,
as well ns from losses in the distribution network, Characteristic features
of consumption, including small-load and diversity factcrs and the lack of
hydro-thermal interconnexion, are also responsible for this situation, By
taking suitable steps to remedy 211 thesc deficiencies, it is possible to
obtain very marked improvements in the efficiency of the electricity system,
which in many countries have become worse. during recent periods,

The collection of fuclwood and its conversion into charcoal is generally
subject, in Latin Amcrica, to very low efficiency, owing to the out-of-date
processcs which are still popular énd to the lack of integration in the
operations, In view of the high proportion of fuelwood and its derivatives

/to the
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t6 the total consumption of almost 211 the countries of the region, such
losses have a very pronounced effect upon the total,

Losses in coal mining are also very high, owing to the uneconomical
mcthods frequently adopted and to the absence cf orgenization in the
industry, ‘

As regards the extraction, transport and refining of petroleum, these
are operations which in Iatin America show an efficiency similar to that
of more advanced countries, N ,

Once they have becn'adeqnatehy"prepared" to nake them available for
use, the various forms of energy proceed to fulfill their functions in
many econcmic activities connected with production, transport and consumption,
It is at these stages‘that>the greatest losses arise, and it is here that
there are the best prospéctsAof effecting ccnsiderable savings. While the
losses between the stages of jross znd net eneryy stand at about “5 per
cent, those which take place at this point represent more than double that
proportion, ) o

. The figures jiven in the present report are provisioncl, but it is
considered that they repfesent an acceptable approxination of the Latin
American situstion, Table 13 shows, step by step, cach of the operntions
mentioned. The final efficicncy summarizes the combined average effect of
 all the fuels used in the different operations. (Seec table 14).

A combination of the efficiency of each activity with the share taken

"~ by the latter in aggregnte energy consunption indicates the characteristics
governing the use of energy by the various countries, The principal sectors
are: industny,_tranéport and residential use, 2

25/ It is well knovn that increzsed industrial diversification tends to
raise the importance of the power, blast furnnce and domp-heat sectors,
and to reduce the importance of dry heat which, tc a very large extent,
is intended for the manufacture of building materials and other industries
which satisfy basic needs. These effects nay be observed from a study
 of the energy balance-sheets at the stage of the energy used in several
Latin Americen countries, ’

/Table 14
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Table 14

AVERAGE ENERGY EFFICIENCY BETWEEN STAGES ii 4ND iii IN THE VARIOUS HCONOMI
SuCTURS OF THREE GROUPS OF COUNTRIES

Latin america

Industrial Countries with Counmtries with

4 countries nore advanced  less advanced
technigques tcchniques
Generation of electricity 25 19 15 o/
Stationary mechanical work 90 90 80 b/
Industrial heat:
Metallurgical furnaces 35 25-30 ¢/ 15-20 4/
Other types of dry heat 30 22-28 15«20
Wet heat ’ ‘ 20 20-25 15-20
Resideneinl pse:
Heating ¢/ - €0 50-55 30-35 £/
Lighting 15 10 10 g/
Transport:
Railways 3.6 29 - 2.0
Motor vehicles 5.0 5.0 b/ 4L if

Source: Economic Commission for Latin America, Energy Division,

a/ Efficiency under generating conditions sinilar to those prevailing in the
rest of Latin america. The average is not lower becasuec of the diesel
rlants existing in these countries which work with higher efficiency,

b/ For this group of countries, it hns been assumed that electric motors are
not -utilized under optimum conditions, which would give 90 per cent
efficiency,

¢/ The efficieney has been reduced because uf the incidence of small-scale
industries, whose efficiency is lower than that of nanufacturing industry
with higher techniques.

g/ The absence of heavy industry is responsible for the lower value of this
coefficient, :

e/ Includes heating, cooking and hot-water supply. The variation among.
countries is very great,

£/ The poor quality of the fuels, combined with the current housing conditions,
necessitates a greater expenditure of calories to ubtain a given rise in
room tenpernture, .

g/ Kerosene or carbide lamps - although inferior to electricity for lighting
purposes ~ give a relntively good thermic efficiency.,

h/ The same efficiency has been assumed as for industrialized countries,
owing tc the fact that the number of out-of-dnte models is compensated by
the longer distnnces tinvellcd by motor wvehicles with one passenger only
and by the great traffic congestion,

i/ Very poor roads, together with other factors, are responsible for lower
efficiency. ' '

/The apparent
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The apparent upproxiﬁate efficiency of aggregate industrial activity
in the technologically advanced countries of Latin Amcrica is about 25 per
cent, This figure may be improved by taking action directed ot various
aspects, such as: introducing technical improvements in the use of fuels,
or adapting that fonn of utilluatlon which gives the best efflclency at

each utlllzatlon. The eff1c1ency in the final use of electrlclty is, as a
general rule, adequate, since the operations here take plqce in accordance
with universally accepted practices, Neverthelcss, a, ﬂprgln renains which
is capable of improvenent by mcans of the modernization of the electrical
installatiohs and the nore rntional use of direct drive.

But the use of industrinl hent- save in exceptional cases such a
integrated iron and steel industries, netallurgy for export and isolated
large-scale establishments in a number of industries - involves heavy losses
and lends itself to the introduction of much higher utilization than at
present. '

It is perhaps in the trwnsport sector that the greatest losses arise
in'ﬁse. ?h;s is due to the exccedingly low energy efficiency-in such
operations, averaging not nore than 3.5 per cent in Latin /merica. Rail
transport in particuiar shows ruch scope for very considerable improvement,

“since the efficiency in Latin imerica is only half or one-third of that

obtained in more developed countries. '

The fact that these fizures are so low results bagically from the
inadequate state of the locomotive equlpnent and the fuels used for t raction,
There is no doubt, however, that a rationullzation of railway transport would
lead to pronounced improvements in eff1c1ency and therefore to a sav:.nu of
fuels. Since a quarter ~nd even more of the .gbregatc energy in nany Latin
Merican countries is intended for transpont purposcs,'the result represents
very high losses for the econony. It is obvious that for rail transport,

more than for any other econoniie activity, the necessmty of the best p0551b1e

;utlllzatlon of aVallable capital goods must always be borne in mind. The

solutions =zdopted must fulfill the requirenents of the maximum ecenony of
energy together with the lowest additional investnent, '

Ailthough the residential sector uses energy with comparatively
satisfactory efficiency, the introduction of certajn technical nethods (applie
to the ratlonalizatlon of building, the choice of fuels and central heating)

would all result in considernble economies,
/Chapter VI
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CHAPTER V1
PROJECTION OF DOMESTIC PRODUCTION

Once the demand for the different types of fuel and hydro-electric
snergy has been estimated, and the existing resources of energy in Latin
America have been examined, the problem arises of projecting production in
1965,

Any future estimates at this poimt are complicated by the fact that,
particularly in the case of petroleum, many countries have embarked upon
far-reaching plans for developing production, the targets for which bear
no relation to past experience, Recent discoveries in some cases, or
increases in the extraction rates of hydrocarbons in others, appear to
suggest further expansion, but nothing definitive can be stated. Still
more doubtful is a forecast for the production of natural gas, or for
certain promising new sources of energy such as the oil shale deposits in
Brazil,

Lastly, there is always the possibility that, before the ten-year
period set for the demand projections in this repert has expired, some
nuclear energy plants may have been established in Latin America, If this
occurs, it will considerably lessen the pressure of demand for other fuels,
in particular petreleum. ‘

1. Projection of production

In estimating the possible contribution of national production, the
plans already suggested or in the process of being realized in some countries
were analysed, as well as their possibilities, according to the nature of the
resource in question, and their cqnsistency, Consideration was also given to
demand requirements with little elasticity for substitution, especially in
the face of an urgent need to economise foreign exchange or to safeguard the
supply in the event of an international emergency, For example, prospective
iron and steel industries will require the prospection and use of coking
coals in the area where they are established, The growing demand for
petroleum derivatives impels countries to redouble their efforts to increase

Joutput and
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output and lessen imports of a product which weighs heavily in the balance
of payments, On the same principle, the development of hydro-electric
resources is receiving a considerable stimulus, and almést all the countries
are planning to use this form of energy more intensively,
“The increase in national production of energy for domestic consumption

- {excluding- exportable surpluses) which is anticipated for 1965 for Latin
America as a whole, on the basis of: arbitrary assumptions of development set
forth in this study, is very great., According to these estimates,.totel

. output ofenergy would be approximately 86,000 million kiWh, representing
accumlative annual rate of increase of 7.8 per cent, Hydro-electric -energy
“would  expand more rapidly (8.9 per cent annually), representing almost 60 per
cent of the 9ggregate-in 1965, The. production of petroleum for demestic
consumption would also rise at a rate of 10,7 per cent, exceeding 65 million
tons at.the end of the period, while that of coal would surpass 12 million
tons, with a yearly rate of 5.7 per cent. :

/Table 15
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Table 15

LATIN AMERICA: PROJECTIONS OF FETROLZUM PRODUCTION, 1954-65
(Millions of tons annually)

Real Production Production for domestic consumption
1954 1954 1965 Difference Y/
. 1954/65
Argentine 4,23 4e 2B 12.142/ 7.91
Bolivia 0.22 0,22 0.52 0.30
Eragil 0.13 0.13 2.823/ 12,69
Chile 0.2 | 0. 2% 1.30 1.07
Colombiza 5.66 1.32 1430 -
Cuba - T - 1,00 1,00
Beuador 0,41 0.30 0.72 0.31
Mexico 11.98 8, 65 19.5 7.52
Peru 2.29 1.51 3.24 0,95
Venezuela 98.00 4.90 2.8 -
Total 123,15 21.49 65434 31.75

Source:Eéononie Commiesipn for Latin America, Inergy Divieion,

g/ To calculate the daily productive capacity in barrels, 1 million tone
annually has been considered the equivalent 0f:19,000-berrele daily.
This assumes an average density of crude at 0.9.

_19/ The additional production is the reetlt of subtracting the real
productin in 1954 from the projected output in 1965 and corresponds
to the share of which the financing has been estimzted in thie report.
In examples swmch as Colohbia and:Venewutla, where: precont.ovtmit will
exceed domestic requirements in 1965, no additional capacity was
considered necessary, This is equivalent to assuming that supplies
for the domestic demond will be financed fromithe.exportiindustyy, and,
given the size of the examples, is not significant.

2/ L more moderate production clternctive in 1965 hae been assumed for
these two countries, which would be: Jfrgentina, 8,5 willion tonsj;
and Bragzil, 6 million tons (see the revelant section of the text).

/only Venemela
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Only Venezuela and Colombia, and possibly Bolivia, would have important
exportable surplﬁées of locally-produced petroleum, In some countries,
such as Ecuador, Peru and Mexico, the extraction of crude would barely meet
the projected demand, while in others it would have to be supplemenped by
imports (Argentina, Brazil, Chile). In general, these projections have
taken into account previous yields from such resources, since, for the most
part, expansion of known supply zones is contemplated, On the other hand,
when forecasts were based on new areas, as was the case to saome extent in
Argentina and wholly in Brazil and Cuba, the estimate had to be deduced from
generél considerations, For the first two countries, fecourse was had to
an indirect method;.taking as the point of departure cértain hypotheses of
maximum imports of fuels, compatiblg with the countries! capacity for |
external payment, -

In the case of Argentina, for example, it was assumed that imports of
petroleum and coal in 1965 would be maintained at the average level reached
in 1948/49 - 1953 (6 million tons), a figure which seems reasonable bearing
in mind the characteristics of the period and the expapsioﬁ of foreign trade
predicted, Thus, it appeared that it would be necessary to reach a domestic
output of 12 million tons of petroleum in 1965, which would mean a 10 per
cent annual rate of increase, This is fairly high in comparison with past
trends; and could only be achieved through heavy investment in the-development
of new oilfields. There is another less ambitious alternative, according
to which cutput would grow at an annual rate of 6,5 per cent, affording
at the end of the period an annual production of 8,5 million tons, (See
table 15,) L

In the case of Brazil a similar procedure was followed, The first
step was to determine a volume of fuel imports which would represernt 18 per
cent of the over-all imports estimated for 1965, a proportion which is
slightly: larger than that prevailing in recent ysars, but which is considered
acceptable,2 In this way the figure of 12,8 million tons was arrived at

26/ Analyses and Projections of Fconomic Development, II, The Ecopomic
Development of Brazil, document No. E7CN.12536A.

/for the
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for the domestic output of petroleum needed to complement the above imports,
Despite the favourable conditions prevailing in vast zones in the Amazon
area, and its probable potentiality, official statements as to the physical
and financial possibilities available seem to indicate that it is doubtful
whether work on such a large scale could be undertaken, Hence it was deemed
advisable to consider, as an alternative, a domestic output of only 6 million
tons in 1965, (See table 15,)

In the case of Peru, domestic supply will be met from the probable
output of the present oilfields, Should the Sechura field, which at present
is being actively investigated, produce positive results, this would
invigorate exports without materially altering the present hypothesis. There
might be exportable surpluses in Bolivia should extraction continue to increase
at the rapid rate now prevailing.

2. Installed capatity reguired

From the calculation of the annual demand for the different fuels and

for electric energy, together with the share expected from national

production, an estimate was made as to the size of the installations necessary
to meet these requirements. That is to say, operating capacities were
calculated for power stations, oil-wells, coal mines, petroleum refineries,
transport and distribution of over-all requirements, For a prompt and
adequate servicing of demand, its seasonal and regional distribution would
have to be taken into consideration. However, the scope of this study does
not allow a projection of needs in such detail, as it has been carried out
merely on a national scale and in annual totals; thus the size of installations
can be only approximately estimated, For this purpose, use has been made of
coefficients reflecting domestic averages for the differert elements that
enter into the calculations, These coefficients have been adopted on the
grounds of the actual experience of the different countries and of the changes
that may be envisaged as a result of new rates of economic growth, or of the
new levels reached in the supply of energy.

a) Electricity. The probable consumption of electricity in 1965 was
taken as a point of reference, and by adding the unavoidable losses in

transmission and distribution and the energy used by the plants themselves,

/the aggregate
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vthe aggregate energy which would have to be generated in that'year was
deduced, - This estimate of géneratiOp and the pattefn and characteristics
of consumption - above all, the load factorgz, -~ make it possible to
 determine the minimum number of installations needed to satisfy the estimated
consumptibn. By.addiné go the foregoing a reserve capacitygéé the tptai
capacity which should be installed by 1965 was calculated, and thereafter
distributed between hydro- and thermo—elect}ic energy, according to the
availability of hydrauiic resources, and;servicing:requirements;

A table w@é drawn up io show total installed. capacity @ivided between
the requirements-for hydro- and‘thermo~eiectric energy in 1965, Current
installed capacity for 1954 is also given, making it poséible to determine
what additional equipment for the generation of energy must be installed
in the intervening peried, (See table 16,) ‘

Strictly speaking, for the additional capacity in the period unde
review there should be a marginal allowance to cove:,inevitablé and possibly
extensivg.feplacements of worn-out plant. As it is extremely difficult to
detegmine.such requiréments from available information, this figure has been
omitted, although in many'cases it may reach 25 per cent of the 1954
installed capacity, or more, :

. It should be remarked that in.the hypothesis of growth adopted for the
- gross national pfoduct, which assumes an annual increase of 2.5 per cent,
total capacity is more than doubled in the period, rising from 9.9 to 21. 7
million kW (7.4 per cent annually). This implies a substantial building

27/ It is a¥sumed that through the natural diversification of consumption

‘ resulting from a greater development of electrification, and through
the efforts made towards this goal, almost all countries will be able
to achieve a load factor of 55 per cent at the end of the ten years,
based on the current figure of approximately 5O per cent. B

28/ .For this reserve capacity, which has generally been lacking in nearly
all the great consumer centres of Latin America in recent years,
slowing down industrial and urban expansion, a provisional estimate
of 20 per cent has been adopted, ‘

/progrémme.
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progrémme. Some countries, for example, Bragzil and Colombia, would manage
to tredletheir installed capacity. Tn the interim, the proportion of hydro-
electric plamte varies from 44 to 57 yer cent, thue pointing the way :to a
better utilization of thie renewable reséurce, 2
\
Table 16

LATIN AMERICA: REQUIREMENTS FOR ELECTRIC GENERATING CAPACITY, 1954-65

(Thousands of KW)

Installed 1954 Projeected 1965 Lddition 1965

Hydro Thermal Total Hydro Themnl W Total Hydro Thermal To#sll

Argentina 80 - - 1,805 - 1,885 740 2,740~ 3,480 660 935 1,595

Brozil 2,136 642 2,778 6,050 1,300 7,350 3,914 658 4,572
Chile 424 404 828 1,005 1,605 1,610 1,581 201 782
Colombis 260 220 480 1,200 410 1,610 940 190 1,130

Mexico 845 1,005 1,850 1,900 1,600 3,500 1,055 595 1,650

Total 3,745 4,076 7,821 10,895 6,655 17,550 7,150 2,579 9,729

Gréupull?é{ 426 1,148 1,574 980 2,200 3,180 554 1,052 1,606
6roup 111/ 195 314 509 490 440 930 295 126 421

Grand Totel 7,366 5,538  9.904 12,365 9,295 21,660 7,999 3,757 11,756

Source: onomic Commiesion for Latin tmerica, Energy. Pivisson,

g/’ See footnose 3/ to table 3,
b/ See footnote 4/ to table:3.

It muet be remembered that the problem of estimated generated capacity.
ie allied to thuet of transporting eletrie enexrgy over greater or lesser

distonece, nccording toedrcumstancee, to the sonepumpreceptres, which-is

29/ Thc use of hydro-electric energy means 2 gaying of cénl And h¥avyidils
in the follOWing percentages of such fuels: 1937 - Bragil 51, hile 16
ard Mexico 25; 1952 -~ Brazil 85, Chile 30 and Mexico 16,

/followed by
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£3llowed by that of rural and urban distribution to the end consumer. A
separate estimate of this additional equipment has not been made, although
its cost is known to be in proportlon to generating capacity and to the
different types of transmission which have been taken into account in view
of the varying geographical location of hydro-electric resources, This
latter point has been considered in the calculation of the unit-coefficient
of capital,

b) Petroleum and coal. It is simple to calculate the installed
production capacity per day required to obtain the projected annual volumes

of petroleum, since operations are as a rule carried out in a uniform and
continuous manner. (See table 15,) In the case of the refineries, possible
irregularities in the work during the year are forecast, and the structure
of demand for refined products has been analysed so as to ascertain the
type of plants that would be needed, . :

Another table gives the installed refining capacity needed for 1965,
as well as requirements additional to'those installations which are now in
operation. (See table 17.)

While national output of petroleum would be trebled in 1965, increasing
by 10.7 per cent annually refining capacity would be doubled, rising by

6.9 per cert annually, These rates of growth, although they reveal

substantial efforts at expansion, are not very high in the aggregate
compared with those experienced by the industry in recent years, In the
case of refining capacity it was assumed that such development would take
place only in those countries producing crude (w1th the exception of Uruguay),
and in some countries not enough crude to satisfy domestic demand would be

refined locally (75 per cemt of requirements in Brazil and Chile).

/Table 17
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‘REQUIREMENTS FOR PLTROLEUM REFINING CAPACITY

(Installed capacity in thousands of barrele of petroleum/day 2

Argentina 208,0 3/
Bolivia 11233
Brazil 109.8 4/
thile 21,1 e
Colombia 38,0
Cuba 6.1
Teuador 57
Mexico 256,5
Peru 46,9
Uruguay 28.0
Grand total 732.4

Txisting 1954

Total 1965 Y

Addition 1965

—t—

1,528

-

177

258
13
52
93
12

157
22
12

796

Source:

Economic Commiesion for Latin America, Energy Division.

a/ Crude processing capaeity equivalent to 1 million tens ennudlly,
requires 2 daily refining capacity of:2],200 berrele. ""his figure-wae
calculated by establiching-an everage grevity 0f.0,9 forceride pebrolepm

- and by ensuring a 90 per cent utiligation factor for the refinery.
(Thie last precupposcs & working year of only 330 days.)

&

Aseuming total domestic refining of consumer neede and excluding the

concumption of important export aectivities, except in Brazil and in
Chile, three-quarters,

e

early 1955,

S

Excluding Venezuela,

Tneludes the Presidente Perdn refinery which entered operation in

Includes the "Cubatao refinery which entered operaticn in April 1955,

Includes the Conedén refinery which entered operation in early 1955.

/The marketing
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" The mﬁrketiné of finished products, whether of local origin or
imported, calls for investment in dockyard warehouses, distribution
centres, service selling-stations, etc,, which have been scaled in line
with over-all cénsumption.

As coal plays a lesser part in aggregate future investment, a
detailed estimate in relation to other types of energy was not made,
Estimated production in tons per annum was taken as a point of departure,
and it was assumed that all the installations in the various aspects of
the industry were proportionate, when determining this annual productive
capacity. This increases from 7 million tons a year to 12,8, within the
period; in other words, by 83 per cent (5.7 per cent anmially), As can
be seen, such expansion is also comparable with that projected for
petroleum and electricity, and will allow this industry to develop

normally within the framework of the energy market.
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THE INVESTMENT AND FOREIGN EXCHANGE REQUIRED FOR ENERGY

Once the approximate size of the installations which will be
required to meet the need for energy in Latin America over the next decade
has be¢n determined, a calculaticn can be made of the capital and foreign
exchange requirements it will involve within the investment budget and
the balance of payments of the countries concerned,

With the sole aim of providing an idea of the size of the figures
involved, an apprbximate estiﬁate was made, in which‘all iﬁstallaticns
were divided, for each type and energy sector, into groups of similar
types and characteristics and, insofar as possible, by geographiﬁ
location, Costs eculd thus be estimated by a comparison with typieal
examples of installations rscently carried out, or planned, in the region,
the accuracy of which had been checked with many other examples within

the region and elsewhere,

1. Unit costs

These unit ccstq‘represent average situations which, although similar;
vary substantially according to the country, region, size of the project,
specific characteristics, etc. However, despite these wide disparities,
it is possible to establish that the difference in costs for large groups
of instaliations and equipment on a national scale is fairly narrow. The
validity of the figures rests upon this average statistical behaviour,

These calculations similarly include the share of investment which must
be spent abroad, for which comparative and sultably adjusted examples have
also been used,

In the case of electricity, cost per installed kW, including
transmission and distribution, worked out to an average according to the
country of between 480 and 560 dollars (at 1954 prices) for hydraulic
plants and of 425 to 475 dollars for thermic plants. The margins of
variation between individual cases are ngturally very broad and depend -
among other factors - upon the sizey type and complexity of hydraulic
works, transmission networks, planned expansion in the future, characteristics
of the plants and the type of fuel, etc, The variations are less in
thermic plants, but are still relatively large.

/In adopting stendards
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In adopting standards of unit cost, averages reached on the basis
of organic plans were consulted, such as those carried out in Argentina,
Chile, Colombia, Ecuador, etc., in which are incladed a variety of plants
and services linked with planning, inter-connexions, frequency unification,
ete., thus resulting in suitably weighted averages.

For pétr‘oleum, the unit costs of the plants required to obtain a
given extractive capaclty vary ccnslderably according to conditions of
the rescurces. Consequently, projections in this sphere are subject to
much unc;ertalnty. Fairly high coefficients were adepted, which allow
a wide range of possibilities to be covered. They represent from 2,900
- 3,000 decllars per barrel/day of preducti on capacity (including the cost
of transperting crude) in countries with relatively rich deposits that
have been worked for a long time, such as Colombia znd Mexico; to 3,600
dcllars under average conditions, in countries such as Bolivia, Cuba,
Ecuador and Peru; and as high as 3,800 and 4,100 dollars in little-known
or more distant areas, such as Brazil and Chile. These values were also
checked with e:qberienée in the United Statcs, where the coefficient stood
at 2,800 dollars in 1950,

Reflnlng can be more accurately estlmated and tke installation cost
to refine one barrel/day of crude resulted between 1,000 and 1,200 dollars
acc'ording to the size of the refinery and diversity of products. Some
recent instances in the region ap‘pear to be slightly belos this figure,
although this is because they correspond - on the mQLe - to a more simple
type of installation. '

By adding the transport of refined products (300-400 dollars) and
imarketing of finished proiucts (1,100 dollars), the unit cost for the
over-all development ‘of the industry represents between 5,600 ard 6,800
dellars per bérref/da,y capacity, acccerding to the country.

Coal has installation costs which vary a great deal. However,

because there are only a few countries which are developing coal mines it
the region and the information is indefinite, a single representative
value of 20 dollars a ton was caleculated. This value, although it excludes
regional differences, provides a sufficient approximation since the total

figures for Latin America are in any case relatively lowe

/2. Aggregate investment
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2 Aggregate investment

Having established the unit cost of the different installations for
production and distribution of energy, the aggregate investment until 1965
was calculated by multiplying the unit cost by the previously calculated
capacities. (See chapter VI.)

These figures are shown in table 18, They express the annual average
investment needed for the whole of Latin America during the period 1954-65,
in millions of dollars at 1954 prices, to satisfy the needs for energy
arising out of development proceeding at an arbitrary annual rate of 2.5
per cent during this period.ig/ Of the 1,046 million dollars which are
required for such investment every year, 5, per cent represents electricity,
over L4l per cent petroleum and close to 2 per cent coal. Of the total,

57 per cent would have to be spent abroad.

If, instead of the preceding assunption, the question had been raised
as to the required investment total to cause growth in the given economy
st a rate of 1 and 4 per cent respectively, the totals would be 600
million dollars and 1,655 millions arnually. The proportions mentioned
above would change; the share of petroleum would diminish for the 4 per
cent growth rate assumed and it would increase for the 1 per cent
hypothesis.

The percentage of the total to be spent abroad represents, as noted,
an appraisal of what national production and techniques cannot supply.
This is very variable and the values only express a general average. An
example may be given of a large transmission line. In Brazil it was
recently estimated that for a €0 thousand kW project, the power line could
be entirely financed in the country mainly on the basis of domestic
aluninium and steel. In smaller countries, Fl Salvador for instance,
where no such output is available, only 25 per cent of such an

installation could be financed in local currency.

.30/ See chapter IIL.
/Table 18
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Table 18
TATIN AMERICA: TINVESTMENT OF CAPITAL FOR THE SUPPLY
OF TOTAL ENERGY 1954-65
(Millions of 1954 dollars)
.. Coal Energy sector
Blectricity Petroleun 0 as & whole
" Potal  Abrosa Total Abroad Totd  Abroad Total  Abroad
Argentina 777 470 1,089 a/ 705 26 135 1,892 ° 1,191
Brazil 2,175 1,099 1,736 g/ 1,042 20 10 3931 2,061
Chile 352 141 119 84 40 20 511 245
Colombia 565 287 125 88 30 15 720 39(
Mexico 825 - 454 974 585 14 7 1,813 1,04
Sub-total 4,694 2,361 4,043 2,507 130 65 8,867 4,93
Group II &/ 775 . . 475 456 219 6. 3 1,237 79"
"moIIT b/ 223 . 122 135 94 - - 358 21
Totals: 5,692 2,954 4,634 2,920 136 68 10,462 5,94

——

8/ Witl the more wodest assumption for domestic output of oil the figures for
total investments and foreign exchange requirements would be, respectively
- for Argentina 1,626 and 1,018 millions and for Brazil 3,335 and 1,703 mill:
" This would lowef the gran total for the whole of the energy sector to 9,60
millions of which 5,411 millions would be in foreign exchange; but it woul

on the other hand, imply higher iuports of fuel (see text).

b/ See footnote o/ to table 3.
¢/ See footnote 4/ to table 3.

NOTES: The investments required for the replacement of worn-out equipment
are not ineludeds It is assumed that the figures for the projected
period will be the same as 1954 productive capacity. Investuents
are also excluded, which, at the end of the period will be essential
for the preparation of post-1965 programmes, but on the gther hand
they do not take into account the projects under way at the
present timea

/3. Energy in the
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3+ Energy in the national capital outlay

To estimate the share of total notiosnal investment which might be required
for energy, the gross anmual invesinent expected during the period must be known.
For a rate of growth such as that assural, this investment would represent ap-
proximately 17 per cent of the gross prolucts. Ia other words, some 8,700 million
dellars (at 1954 prices ) would be neeced at the beginning of the period and
around 1%.900 millions at its clgse. Tre crexgy scctor, with its average quota
of 1.046 million dollars annuelly would thus absorb from 12 to 7,5 per cent of
the total capital available, respectively,

If petroleum output in Argentina and Brazil were to conform to the other
assunption referred to in Chapter VI, the energy investment needs for the whole
of Latin America would decline to 945 willions anmially, corresponding to 10.5
per cent and to 6.6 per cent respectively of the investment needs for the region,
within this period,

It remains to analyse whether these percentages represent efforts compatible
with the possibilities aﬁd‘traditions of the countries in the region. Historical
data on this point is available only for Chile and.Mexiéo. In these countries,
during the period 1940-52, energy sbsorbed percentages of the gross annual in-
vestment which varied in the case of Chile from 6 per cent at the beginning
of the period to 11 per cent at the end; and from 5.5 to 14 per cent in the case
of Mexico. The high figures during the later years include expenditure on
electrification plans and on fhe development of State petroleum concerns. It may
be said they constitute situations cowmparable to those antiéipated for the future i
the hypothesis assumed here, which would demand from 17.0 to 1ll.4 per cent in the
cese of Chile, and from 15.3 to 8.8 per cent in that of Mexico, at the beginning
and end of the next decade respectively.

No assumptions arec made of the sources for financing the capital nceds
in the energy supply of the region, because this largely dependent upon many
factors which are diffieult to forecast and the analysis of which is outside the’
scope of this report. Nevertheless, it may be of value to show that international
credit institutions have actively co-operated in financing electrification pro-
jects in Latin America. Such loans have been granted both to official concerms

as well as to private enterprise with a government guarantee.

/Table 19
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Table 19
LATIN AMERICA: PROPORTION OF ANNUAL GROSS INVESTMENT
IN ENERGY TO NATIONAL GROSS ARNUAL INVESTMENT
Natioral gross Gross investment in energy
annval investment Miiilons of Percentage
T e oot
of 1954 dollers
1955 1960 1965 1955 1960 1965
Argentina a/ 1,897 2,353 2,912 189 10,0 8.0 645
Brezil a/ 2,196 2,776 3,509 393 17.9 14,2 11.2
Chile 300 367 446 - 51 17,0 13.9 1.4
Colombia 694 874 1,108 72 10.4 842 6¢5
Mexico 1,186 1,550 2,047 181 15.3 11.7 8.8
Others 2,457 3,170 3,900 160 6.5 5.0 4.1
Latin ’ '
America 8,730 11,090 13,922 1,046 12,0 9.4 Te5

g/ Considering the other altermative assumption for the production of

petroleum, the overall anrmal investmentswould be 163 millions instegd
of 189 for Argentina and 351 instead of 393 millions for Brazil.

This would bring the total for Latin Ameriea to 960 millions per

anmun (see table 18), This figure would represent 11.0 per cent,8.7 per
cent and 6.9 per cent of the gross anmizl investments for 1955, 1960 and
1965 respectively.

/ Up to the
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Up to the beginning of 1955 such institutions have loans authorized for
a total of 424 million dollars for tha development of electric energy in the
region, of which 53 per cent was granted to State enterpriseséi/ The total

loans were composed as follows:

a) International Bank for Reconstruction and Development
- Millions of dollars

to State enterprises 172,53
to private companies 117.39
Total 289,92

This total, consisting of loans since 1948, represents 63 per cent of
the aggregate credit extended to Latin Ameriea and 57 per cent of
all loans for electric energy made by the Bank.

b) Export-Import Bank

Millions of dollars

to State enterprises 55.84
to private companies 78441
Total 134.25

The first of these loans was granted in 1939. The total represents some

Be3 per cent of all credit extended to Latin America.

For distribution of over-all investments in electricity on a national
scale the example of Mexico may be given. In the period 1939 to 1950 the
investments of the four major utility companies, whose joint output

represents more than 90 per cent of the national total, were financed in the

following way;

2}/ The contribution of State enterprises at present represents 15 per
cent of the generating capacity for electricity in the region. In
the over-all total of capacity installed between 1946 and 1953, the
share of public bodies represents 35 per cent and that of foreign
public utility companies 27 Per cent. The reminder mainly consists
of private mining and incustrial coupanies owned locally or by
foreign interests.

/Government contributions
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Percentage
Domestic financing: private 14
public 57
private 6
Foreign financing: publie 23
100

4, Energy in the foreign exchange budget

From the preceding sections it would appear that the capital
requirements for energy investment are compatible with the resources
which the countries can and should devnte to their energy supply.

But it ic quite clear that for some of the countries the invetment would
be higher then the capital deveted to energy in the recent past.

It is also of interest to note how far sucn energy requirements will
weigh in the foreign exchange budgets of these countriee., Such needs
comprise the equipment and services regired for the national energy
eystem which cannot be obtained locally, and the fiele which muet be
imported “to cover deficits in domestic output. TFor this purpose the
cépacity to import for the whole of Latin America and for some selected
countries has been projected until 1S65.

With the aesumptions of table 18, fuel imports would reach 941 million
dollers (at 1954 pricee) at the end of the period and would represent 9.4
per cent of the foreign exchange availability accruing from exports,

The 594 million dollars representing the purchaces abroad reouired by
investment are equivalent to ancther 5.9 per cent.

In the assumption of lower domestic output of petroleum £ or Argentlna 4
and Bragzil, the importe of fuels for Latin America as a whole would increas
to 1,268 million dollars, corresponding to close on 13 per cent of the
total.

Tt ig difficult to compare these figures with past records because
data are lacking, A4e an example, percentages which fuelse have represented
in the importe of some countries may be cited. They have of course
verial ewbstntially according to the availability of natural resources
and have been maximum in those countries which have been affected by

the shortage of national output in relation to the growing demand.

/The principal
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The principal countries concerned are Argentina, Brazil, Chile, Cuba and
Uruguay. In Argentina, fuels represented 15 per cent of the total of all
imports in 1950~51, 21 per cent in 1952 and 24 per cent in 1953« In the
case of Brazil, the proportion varied around 10 per cent in 1946-52, but
reached 16.5 per cent in 1953. Both Chile and Uruguay have shown a proportion
of some 10 per cent during recent years, while Cuba's, from an average of 5
per cent during the immediate post-war years, had risen to more than 9 per
cent in 1952,

These percentages are the highest for the region as a whole., Some other
countries, such as these of Central Ameriea, of the Caribbean area and Paraguay,
which must import almost all their requirements of commercial fuels, have
devoted only 3 to 6 or 7 per cent of their foreign exchange to this purpose
ard perhaps slightly more during the last few years,

It can thus be appreciated that the Latin lmerican average for fuel
imports in 1965 is relatively‘high and includes some individual cases where
the situation may be more serious.

For Brazil, for example, assuming thati petrolewn output would reach only
6 pillion tons (see chapter VI), the imports of fuels would absorb 28 per
cent of the natiomal total, posing a serious balance of payments problem.

Colombia is a representative example where the abundance of natural
resources meets all energy requirements and purchases abroad for the energy
sector only represent equipment needs, so that only 6.4 per cent of the
payments capacity in 1965 - estimated at 610 million dcllars - would be
required for investment in electric power, petroleum and coal industries.

Reliable figures for the equipment purcha'sed for the energy sector
in the past could not be obtained, although a basis fcr their approximate
estimation at from 4 to 6 per cent is available for cauntries such as
Argentina, Brazil, Chile and Mexico diring the last ten or fifteen years.
Figures projected for 1965 thus seem to conform to this pattern.

To ease the balance of payments of the strong pressure which is
exercised by the current needs for fuel imports, it weuld be necessary =
without endangering the projected rate of development - to raise national
energy output. The assumptions given of natiocmal output in this report
are based on an actual knowledge of the available resources and, unless they

are much greater, or can be developed more rapidly than had been expected,

/i; will be
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it wile be difficult to incneéée_ the contribution of naticnal energy‘to a
level well above that which was estimated. o R
Doubtless Spec1al efforts might in some cases permlt a more intensive
use of the national sources of energy, but in other cases such pcssibilities
are physically limlted by an absence or shortage of resources, or even by
the high cost of exploiting, | |
Since the principal deficit of energy is fourd in pet.roleum, the
imports of this fuel will sericusly drain available foreign exchange.
In countries where therec are good prospeéts f¢r4petrovlewn activities, more
. active prospectlon - accompanied by the corresponding investment to
. exploit the reserves to be r‘m.lled - may help to cover the deficit, 32/
Finally, as st at.ea earller, it is quite possible that towards the end of the
period under consideratlon scme nuclear energy plant,s may be 1nstalled in y
the region, tut it cannot be ignored that, for the moment, the unit-cost is
high and that such plants cculcd cnly supply requirements for electricity.
Other methcds for decreasing féreig'n exchange expenditure consist of
raising the national cutput of some capital gocds which must now be imported
cand in reducing technical services from ébroad. Both depend upon the
industfial development of each cauntry and upon the future 'structural
changes which weuld justify the pi‘o duct{i on of a number of elements
-indispensable for carrying out £he projects.

32/ It is as well to note that the critical s:u.tuatlons mentioned above may
improve considerably in ccuntries which have natural gas deposits,
ready for exploitation and at economic distances from consumption
centres, To market natural gas requires far smaller investments
than petroleum, since ‘almost no refining is required,and it could meet
some of the needs. In the previcus calculations, this possibility was

considered with caution, Lecause the scanty knowledge of natural gas
- reserves in the region at present cdoes néb allow disproportionate projects
to be made, . .
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