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EXPTANATION OF SYHMBOLS

The following -symbols have been used throughout this report:

Two dots (,.) indicate that dnin are not available or are not separately
reported

i dash (=) indicates that the amount is nil or negligible

i minus sign (=300) indicates o deficit or a decrease

i full stop (.) is used for decimals |

4 comma () is ciiployed to distinguish thousands and miilions

Heferences to "tons" indicate metric tons,.and to "doll.rs" United States
- dollars, unless otherwise stated

lMinor discrepanciéé in totals and percentages are due to rounding.
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CHiPT=RR I

THE SETTING OF THE PROBLEM

Energy in its commercial forim is not only a compenent of the productive
process but represents a fundomental element in general welfare, Consequently,
it is very suitable that stthe cutset o distinction should be drawn between
energy which reaches the corxnunity directly ns a cunsuner service and energy
which is used as o factor of'production.

Direct consunption of encrgy by the public devends, as do most other
consumer goods and services, upon available per capita income and the
nature of its distribution. Since cnergy is a vitally important elenent
for which noc substitute can readily be fohnd, its denond is so dynamic that
to some extent it nay be conpared with foodstuffs; the income-elasticity is
low at very reduced levels of donsumpti@n, rising sharply at intermediate
lavels and again contracting at the highest levels, where consuner needs
tend teo reach saturation point,

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

fmong rural population of an under-developed ecénocmy, ruch of the
encrzgy consunption has the character of a self service., The demand for
common services is spall and the utilization of energy in its commercial
form is alsc limited, During the process of d evelopnent, when the rural
population nigrates to the cities, wuch shifts tend to add to the market
for energy, causing n two-feold process: a relative reducticn in the
cbnéumtpion of non-commercial fuels and an-expansion in the demand for
commercial energy. '

Despite its importance as a consumcr service, energy nny be more
profitably studied as a production facteor in the context of developnent,
Briefly, economic developnent represents an increase in the average
pruductivity of the labour force. Such increase is directly influenced by
the ancunt of energy which nan is in o position to incorporate intc the

. productive process and by the ways in which he dces so,

/The volune
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The volune of the energy censumed in the productive process, per
gainfully-enployed person, may previde a first indication of the degree of
development of a given econciyy, Bubt it is much more limited as a measure
of the rate and characteristics of that development, because it ignores the
basic fact thét,as efficiency in the use of energy improves, technical
progress pernits inéreased sroductivity per unit of energy and enables'the
availability cf energy to be expanded through a diversification of the
sources of suuply and their use over ever-increasing distances,

During the.early sta_es of‘devélopment, when mechanization begins to
penctrate agriculture.and trénsporf, and the process of substituting
nanufacturing activities for those of an artisanal nature reaches its
‘greatést intensity, the consunption of energy per.gainfgily-employed rerson
tends to fisq sharply. This increase partially conceals the substitution
of modern forms of connercial energy for animate energy and vegetable fuels,
nct cdm;uted stﬁtisticnlly. The substitution is generally sufficiently
intense to cause zan incrense in the consumption of inanimnte ehergy both
per ﬁnit of product ond on a ner cqgiﬁa.basis. In the subsequent stages,
continued technical prugress enables energy to be used in an increasingly
efficient form, for which reason the - consunpticn of energy per unit of
prbduct tends to decrense, Neverﬁheless, this cffect may be offset by the
81nultaneous 1ndustr1ﬂllzﬂt1)n and ¢1ver51flcutlon of the econuny, which
1mgly a grcater consunptlon of energy per unit of product than in the
previcus stage of development,

Tt is, hcwever, n characteristic of under-uoveloped countrles that
technical progress cnly partially penetrat&s the gconoryy,  In summary, this
phenomenon reflects the shortage of investment resources and, during the
internediate stases of development, leads to a situation whore, rather than
re}lzc1nr cqulpnent which is technlcally out of date, more modern equipment
is added to the old which continues to be operated until its physical

exhaustlon is well ~dvanced, ; The resulting hetercizeneity of techniques

1/ Out-of-date cquiument moy be used in industries which ~re less advanced
or in arcas where develonent has made less progress and where nmarginal
increzses in roduct1v1ty even justify the use of such equimment. In
this way, outwoded equipment can still be useful, although only in
sectors of the cconumy where they represent o relatively maximum efficiency.

/in the .
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in the productive system, in these cases, leads to greatly reduced efficiency
in the final use of eneryy when compared with more advanced economies,

The foregouing conclusion has wide practical scope, since it implies
‘that the demand for energy as o production factaf inereascs more rapicly
for o ziven rate c¢f growth ot the étagc of develomment now reached by the
principal Latin american countries than at the stnge attained by notions
with a nmure mature econony. The relative waste of energy in Latin hnerica,
to which many_referencés are made in this study, should tc scme extent be
considered as a characteristic phenomenon of the stoge of develorment in
the region., Nevertheless, it would be wrong to conclude that such losses
are entirely without a remedy. On the contrary, efficiency in the use of
energy can be improved ~nd losses can be. curtailed by a wide disseninnation
of suitable techniques, ' _

Td suwirarize the preceding-pafagraphs, cnergy consunption as a production
factor tends to expand ﬁoﬁparatively rapidly during the intermediate stages
of economic developnent, {mong the rain céuses'of this greater denand
for energy are: a).the replacenient of animate by inanimate forms of energy,
particularly in transport snd to a lesser degrse in agriculture; b) the way
in which techniques permeate the economy by the juxtapusition of new nnd
technically obsclete equipment, g/cau-sing lower efficiency'in the use of
energy when comparad with economies making use of more up-to-dgate and
homoreneous technclo;ieé; c) the growth of industrialization which involves
the introduction of activitics with a relatively greater consumption of
inaninate energy per unit of‘product. .

Hence, if it is bornme in mind thav at this sane staze of economic
developnent the demand for energy as a consuncr 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 demand. ‘this isAalgo the reason for the high pressure
which the energy sector exercises upon the enpacity for investment during

the stage of developnent now reached by most of the Latin fmerican countries

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

/Three fundamental
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' Three fundamental characteristics are revealed by o more direct -
exmﬁinition of the problen arising from the interdependence of the energy
supply ~nd 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 mnpower - with which energy has nuch in common and
ﬁhich is replaced or whose efficiency is incrensed by use of energy - the
relative prices of energy tend to decline as investment progresses. The
third characteristic is the high density of capitnal per wnit of product.

Taking into nccount these three characteristics - universal use,

‘decline in relative prices and high capitnl density per wnit of product - it
is clear why the energy supply becomes more and rore o public utility.
Furthermore, the availability of inanimate energy is nmore important to the
entrepreneur than its cost, because encrgy becones ~n indispensable element
in production, without its incidence on industrial costs necessarily tending
to rise after a certain stage.

The preceding paragraph distinctly shows the strategic impertance of the
energy supply fof'economic dévelopment. An incrense in its supply is almost
always a pre-requisite fér the'economig use ¢f new investments in the other
productive sectors. On the other hand, if investment in energy lags behind
and the supply of this service becones inelastic, it is alnost certain that

‘;idle capacity wiii-deﬁelop in the other sectors of the economy. The
existence of'reserve capacity in the energy ssctor is thus n pre-recuisite
for development to continue with a minimum waste of capital,'which represents
the scarcest factor,

‘Considefing fhat, at‘the'preseﬁt stage of development of most of the
Latin American countries, the demand for energy prows particularly strongly
and that its supply fills o strategic role in all phases of economie
development, the conclusion is inevitable that a dynamic policy in the energy
sector is of prime importance for accelerating the rate of growth., It is
equally evident that the chronie shortsge of energy which exists in many

countries of the region today represents o deterrent to eccnomic growth.

3/ It would be extreﬁely ihteresting to study in detail the complex process
of substituticn of mechanization for manual labour - a process in which
economic, technologicnl and social factors all play a part,

/To formulate



£/C8.12/373
Page 5

To fornulate an r~dequatedevelopment poliey for the energy sector, it
must be related to the framework of a general policy for ecoromic growth,
In reality there would be little value in drawing up o programme to expand
energy supplies without basing it upon a hypothesis of the available
aggregate resources for all activities of a given country,

In addition to some hypothesis concerning the over-all growth of the
CCUNOMY, EVEery snergy prograrme presupposes an approxinmate knowledge of the
structure of the demand for energy, both as a consuncr service and as a
production factory and must tnke account of probable modifications in that
structure, deterﬁined by its own development., This initial general plan
should be completed by another which pays 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 reference nust be nmade to the location of alternative sources of encrey
which nay exist in the arecs, provided these are of najor inportance fron
the point of view of their possible economic use,

4 study of energy in a national or regicnal econony is thus bound up
with much wider problems, It is nevertheless essential to begin from the
bottom and work upwards, because o general study of econcmic development
demands a prier knowledge of the potentiszlities of the region and of the
conditions in which the system is operating, pnrticularly as regards the
infra-structure. The aim of this repcrkt is to contribute towards a
preliminery statement of the »nossibilities of developing enersy in Latin
fmerica, an indispensable condition for the establishment of an effzctive
development programme for the economies of the region,

Broadly spenking, although at times in a very provisional form, the
report attemnts to cover the following points:

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

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

~ /the level
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the level of inccme, c) insufficient use of productive capacity and d) the
rise in producticn costs,

2. With the experience of the recent past in mind, and in view c¢f the need
to combat under-consunptionond the low efficiency achieved in the utilization
of energy, as revealcd by the diagnosis -~ with the help of certain
assunptions as to future develorment é/and the trend of relations between
the latter and the encrgy sector, as well as within that sector itself - an
attenpt has been made to prepare a few prelimimary projections of the energy
dernand for a number of countries and for the whole region over a relatively
short period {ten years). These projections - presented here for strictly
illustrative purposes = take into account the possibilities of substitution
between the different sources, the relative independence of the demand for
glectricity nnd for certain liquid fuels, etc,

3. Once the potentinl demand is known, tne possible sources of supply
should be studied., The avoailable sources of energy are-known tc be to

some extent a reflection of the pessibility of their ovmn use, because their
expansion demands substantial investment which is not clways justified if
their inmediate use is not in sight. 4An assessment of the sources on the
basis of past expericnce is thus of limited scope; nevertheless, knowledge
gained from this experiéncg noy suffice to indicate the lines of an
exploratory policy ained at developing new sources or at enlarging known
supplies. 4 better utilization of these sources of encrgy is also pertinent
as regards-extraction, processing and transport as well as the finnl use

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

L. On the basis of demand forecasts and of an analysis of the potential of
internal socurces, it rernins to be seen how the cemand can be net through a
combination of greater domestic produetion and imports.‘ While the first is
derived, mainly, from the type and wecalth of national energy reserves, the

second depends upon the anticipated capncity tc 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, Analyses
and Projections of Economic Development, T. Introduction to the
Technique of Programming, - Jthe thres
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the three variable factors - demand, imports cnd the potentialities of
domestic sources. - mny be combined to arrive ot the ncst important point,
nanely wroduction policy, is o problem which nust be resolved in each
specific case and always provisionally, and nust consequently remain a
matter of vcrmanent study, It should not be forgutten that there is always
rore than one possible solution for the problem of the domestic energy ‘
supply and that this will be difficult to attain without n certain degree
of arbitrariness, The advantnge of a study of this nature is that it
enables alternative solutions to be sivanced, while chonges can be made to
the initial decisions without wasting more time or resources.
&, Onece the targets for couestic productions nave been definsd, and once
imports conpatible with forecasts of the capacity to inport, ns well~as the
: perbentage uf the latter which can be used for fuels have been established,
the next step is to evaluate the rescurces regquired for investment in this
séctor,‘ The results of this nsscssnent must then be compared with the
ageregate investrment rescurces for econcmic activities as a whole, Fron
this enalysis a calculation must be made of the share of investment to be
met with foreign exchange. Finally, thesc results provide a neans of
studying the alternstive nethods of finaneing copital investment,

The first point is of particular interest as o method of checking the
changes which would have t¢ be introduced in the channelling of investment.,
For example, 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 be obtained of the effort which must be made
to nodify the composition of the investment. The second point refers to
the share of forelzn exchange in aggrepate investment and roises the
question of substituting naterials and equipment of domestic origin for
similar imports, or of replacing services from abroad with those paid for
in national currency, o problem which requires the framework of an over-all
prograime for its adequate solution,

Finally, the nethods of fineneing investnent must be studied in close
connexion with the costs of the services and with price policy, The basic
problens in an over-all deﬁelopment progromme are the rate of saving and the

magnitude of the available external resources. Bubt in special programmes

/ - such as
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- such os energy for exanple~ the significance lies with the specific
problens of the origin of the resourcesrto.bé'used for investment,'ahd the
contribution of internationnl credit institutions is a subject which is
-often raised, ‘ _ | o
| Price and taxation peclicies both serve to absqrb'investment resources
and te influence the structurce and the level of daomand, ANy neasure
‘affecting the relative costs of the various forns of nurey rust be considered
frem this two-fold aspect. Moreover, such costs alrost alwnys have indirect
repercussions upun the bnlance of payments, _

~ The puints sumnnrized rbuve sugygest the scope nnd the limiﬁatibns of
+ ;this report. = It shuuld be considered as a prelhninary'explorntion in the
complex field of the connecting links between the problen of energy and the
broader question of over=nll econoiaic develorment., The problems presented
here cloarly‘show the need te continue with more detailed resgérch and to
integrate even further the study of the‘vnfied and complicated aééects of
energy with the analysis df thuse uther questions which, in the many different
sectors of economic a@tivity, qriée for the Latin imerican countries at

thelr- present stages of develépmeﬁt.

i
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CHAPTER I
RECENT LEVLOPMANT OF bNERGY CONSUMPTION

1, Relative position of. the regi-n

The shortage of enerygy is among the nzjor obstacles hﬁmpcring econocmic
Jevelopment in Iatin imeriea. The relative under-conswaptlon of energy is
one of the expressions of econonic under-development and is reflected in
the fact that the total per copita consumption is less than one-third of
that of the countries <f the wofld as o whole, Differences are also obscrved,
albeit not so great, in the conswusption of enersy per unit of gross product,
The exclusion of the United States fron the aggregate world figure sonewhat
inproves the relaticnship, which, however, continues te be greatly
unfaveurable to Latin sanericas It is nevertheless werth noting that the
regionts positiocn in energy conswiption is superiir to that of other under-
developed 1reaé.

The significant frct, however, is net so much the relative under-
consurption §/~ a phcnomenoh which is widespread ﬁnd, as nenti.ned above, 1s
linked to general ccuwnonic under-development -~ ns the rates of growth, Thesc
were rclatively intense during recent pericds for commercinl energy and
satisfactory fur the total conswaption, which rose between 1937 and 1952
from 43,7 to 77.1 nillion tons of petrolews equivalent. 6 The cnnual per
capita rate of increasce wns 1.62 per cent, During the sane period the
generation of electricity rose from 11.3 te 32,1 million kWh, representing
an annual per capita growth of 5.0 per cent,

Comparatively specking, the consumpticon of energy in Latin America,
during the pericd under consideration, shows an npprecinble improvement, It
should not be forgotten, however, that ccapariscns of this nnture with

certain other regiins nre adversely affected Ly the direct and indirect

5/ In additicn, in order to measure under-conswistion it is necessary to
select the levels of compnrison nnd to define the quantum of consuntion
considered adequnte., (Sce Lelow in this chapter,)

6/ .t the stage of gross encrgy consurption, (See chapter V.)

/influence of



E/CN,12/373

Page 10

influence of the war on their consumption of energy. However, it may be
shown that per cayita energy consumption ineressed in Latin america at a
rate very similar to that of the United States, thus maintaining the gap in
consuaption which provailed in pre-war days. With due regard to the intense
rate of development which took place in the United States in recent years,
this indicaticn is still favourable to Latin .merica,

Simple numerical compariscn, in addition, often embraces profound

‘differerices in processes, Thus, for example, passage from an agricultural
econumy to one of o more diversified industrial type implies increases in
the cunsumption of cnergy per unit of production, but this becomes staticnary
end later begins to Jiminish when, at a higher level of economic development,
technulogical advances allow o snving of energy grenter thon the increase
resulting from the expansion of production, Nevertheless, it is significant
that, taking fizures for the year 1952, the per enpita encergy consumption

in kilogrammes of petroleunm equivalent wes approxinntely 6,000 in the

United States, 2,500 in Westefn Europe and 500 in Leatin inerica, Per capita
electricity jroduction in the same year amcunted to 2,900, 1,000 and 200

kWh respectively.

The rates of incrense nenticned abuve refer to aggregate conswiption
and therefure include both commereinl and more prinitive forns of cnergy.
But,in reality, .the stntistics denling with the latfer are insufficient -~nd
exclude animate forms of energy from the caleulation, Z/which are difficult,.
if not impossible, ‘to exuress guantitatively., Their replacement by commercial
forms nmny be inferred indirecetly, bubt since this phenocmenon appears with
variable, though gencrally high;'intqnéity,‘the increased consumption of

these commercial forms must be relatively greater in Latin lmerica,

7/ The replacencnt of aninnte cnergy is largely imposed by development
itself, which induces niechanizaticn, but it may ~lso reflect special
situaticns causecd by exchonge policy or other factors., It moy result
in a nwre rrtional utilization of the factors as a whole, with a more
gconuriie use of land furmerly devoted to the ugkeep of sninals, although
this optimwa result is not ~iways achieved, It will be scen how problems
v this nature, if they are to be vicwed in proper perspective, presuppose
an cver-all analysis of the develo,ment ;.rocess,

/Table 1
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Table 1
LiTIN oMeRICa: AGGREGATE ENERGY CONSUMPTION, 1929, 1937 AlD 1952

Year Petroleun Coal Hydrow-clectricity Vepctalle fuels Total  IZlectricity

 (¥illions of tuns of - ctrolews equivalont) (Millions of
Kkih )
1929 9.3 6,1 1.6 - - - 8,230
1937 11.7 6.2 2.4 23.3 43.7 11,292
1952 38.6 5.8 7.3 25.3 77.1 32,060

Scurce: Economic Commission for Latin america, Energy Division,

This may Lartly be corroborated when it is observed that the consum tion
of commercial ferms of energy hns grown in Lotin Jnmerica since pre-war doys
twice ns intcensely s sgnresete consunition. The ~nnunl raies of growth
were 6.4 and 3,8 Ler cent res.cctively, On a _er cavitn basis the rates are
4,1 and 1,62 [ er cent, In relation to aggregaterconsum;tion comriercinl
enersy re,resented 47 rer cont in 1937 and 67 per cent in 1952,

Between 1929 ond 1952, the gross consumption ¢f comercinrl encrgy grew
ot an annunl rate of 4,9 per cent, representing on onnunl cumulntive per
ca:ita rate of 2.8 per cent, }

It is interestin; to ncte that the difference in relative growth and
the intensity of the substitution process appear greater in that grou of
ccuntries §/which still show o lew consunption of energy, both as an
aggregate and on a per copdts basis. In this group, the conswaiption of
commercial fuels rose between 1937 and 1952 ot a rate of 8,3 er cent, while
the total consumtion of fuels increased by 3.6 per cent,

The figures given in this report t-ke no account of the degree of
efficiency in the utilization of energy, which varies from one econony to
ancther or between different development stages. The growbth of the gross
rroduct nay be coupled with voriations in the useful consumption of energy,
depending upon whether efficiency in the use of energy is static,

increasing or diminishing.

8/ For countries in this groug, sce table 3 group ITI.
" /In the
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In the foregoing prragrenhs, reference has been made to inequalities
in the total consunption of energy as between Lotin America and the more
déveloped countries. The sane phencnenon is found in industrial acti#ities,
since these are still mcinly light industries in Latin America and their
| mechanizdtign”is low,
| In Latin fmerica’s industiry it is easy to see that mechonical and
electrical power, as well as the use of fuels and electric energy, are rmch
lower than in the United States and to a smaller extent below those of
Europe; comsequently production motor power pcf worker or per nman-hour are
" also low. THelvafiuus.coéffiéients vﬁry between one~fourth and one-hzlf,

Tt is clear from the preceding discussion that, despite the existence
of a cunsiderable difference between energy consunption in Latin America and
in nore indgstrialized countries, there are encouraging signs thit in recent
periods the rate in the former has been increasing. Retes of growbth during
these years, as well as the produet-elasticities for the consumption of
energy and electricity, arc valuable starting points for preparing

‘projections of future'suﬁply needs, which are stﬁdied_in_chapter ITI, Thus
an analysis of the trend of net energy conswaption per unit of product in
certain Latin dAmerican countries shows thaﬁ, as a genernl 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.) in excepﬁion nay
be guoted 'iﬁ the case of Chile in thé decade from 1923 to 1932, whiech was
narked by basic changes in the structure of the system - there was a
significant reduction in the reiative inportance of the export sector,
characterized by a high consumptioﬁ of energy per unit of product - and the
case of Colombic in recent years, where there hns been o strong downward
tendency. With the abuve excertions, the greater efficiency apparently
achieved thr@ﬁgh equipment which is technologically more nmodern is being
offset by the greater conswption of new forms of cnerzy and by the reduced

efficiency ¢f worn-out equipment still in gperation,

/Chart T
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Consequently, there is ﬁbﬂindication'among the Latin Anmerican ccuntries
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 W@r_ahd hos been regularly decreasing at
an approximate rate of 1,6 annually in the ensuing decades, The decrease:
reflects the progressive incrense in efficiency of encrgy utilization
rendered possible by technicel progress, of which full adventage is not
token in Lotin dmerica, o

Interesting conclusions ney also béldrawn fron a study of the relations
between per capita energy and electricity consunption and the per capita
product, '

High correlnticns are found for the countries analysed in the case of
clectricity with variable elasticitics nccording to the countries. 2/FOI'
net energy consumptlon thc eln stlcltv is arcund wnity for all countries
stulied, o '

To ascertain the relations becoming established between energy
consunption in various forms nnd the gross product, the relevant data were
also studied for sume fifty countries within and without Latin linerica,
taking the average for the years 1949 to 1951, (See charts IV and V,)

The following conclusions were drawn: |
2)  The uwnit-consumption of cnergy is linked with the per capita product

ond the structure of the ecvnony.  There is a satisfactory correlation

between energy and electricity cunsumption per capita and the gross

per capita product; it 'is a correlation which becones even better if -

the active population only is considered, instecd of the total
population., For per ggg;_g energy conswiption, in particular, the’
regression line seens. to be a curve, To simplify in the present study
two straight lines werc calculnted instead: .. one below and the other
above 250 dollars Egg capita, It can be scen that the preduct-elasticity
for ccuntries with lew per capita product is much lower than for the

other group (see chart IV),

9/ urgontlnw, 2, 28; Brazil, 2 7?, Chile, 3.76; Colonbla, 3.75; Mexico, 1,61
(United States 2,60).

/Chart IV
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CORRELAT ION BETWEEN PER CAPITA NET CONSUMPTION OF ENERGY
AND PER CAPITA GROSS PRODUCT
AVERAGE 1649 - 5I
(LogaRITHMIC ScaLE)

PER_CAPLTA NET CONSUMPTION OF ENERGY
(kG. PETROLEUM EQUIVALENT)

PER CAPITA GRCSS PRODUCT

t FOR THE ORDER OF THE COUNTRIES SEE (DDLLARS AT |950 PRICES)

SEPARATE LIST,

THE COUNTRIES NUMBERED 5,26,41,45,50,
51,52 anp lay!B,lcyIp,lE,ARE EXCLUDED
FROM THE CALCULATION OF THE CORRELATION

LATIN AMERICAN COUNTRIES /ORDFR OoF
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1 United States
2 hustralia
3 Canada
L New Zezland
5 Israel
6  Switzerland
7 Sweden
8 United Kingdon
9. Denuark .
10  Norway -
11  France
12 Belgivm and Luxemburg
13  Netherlands
14  Venezueln
15 Argentina |
16 Western Gernany
17  Ircland
18  Urupuay
19  Cuba
20 Spain .
21 Finland
22 Panama
23  Italy
2L, Lustria
25  Chile
26  Union of South nfrica:

1A United States

1B
1C
1D
1E

"

o

.27

ey

Yu;ioslavin

28 Costa Rica

29 Colonbia
30 Mexico

31 Brazil

22 - Turkey

33 Greece

34 Portugel

35  Egypt

36 Guatennla

37 Dominican Republic
38 Honduras

3% Nicaragun

Lo Bl Salvador

41  Jopan

L Feru

43 Bouador

L4, Ceylon

L5  Southern Rhodesia
46 Bolivia

47 Parasuay

48  Thailand

49  Hniti

50  India

51 Wourthern Rhcdesia
52  Belgian Congo

(1889/98

{1902)

(1918)

(1930)

(1940)

~ JChort V
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b)

c)

d)

e)

2,

At one and the sanme level of per capita product there nre strong
variations in per capita energy consumpticn under the influence of a
great nunber of factors, such as econumic structure, incene 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,

Notwithstanding the correlrtions found, considerable disparities are
observed, which are grenter in regard to electricity than to totnl energy.
Such irreguln~rities are linked with the energy consunption per unit of
gross product, which varies widely from country to country.

The Latin .imeriecan ccuntries with the lowest unit consunption of total
energy are Panamn, Uruguny and argentina, with o little less than 1 kg,
of petrsleun equivalent for each dollar of gross product, at 1950 prices.
Peru reaches o volue of 2;O_nnd 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 hy countries of low and rel~tively low
rross product (up to 250 dollars approxinately)‘is nore uniforin than in
those with hizher product, The reason is that, so far as totel energy
consunption is concerned, differences of cconormic structure carry riore
weight in ccuntries with hish income levels than in those where income

is low,

On the basis of the relation between over-all enérgy and electricity
consuaption and the gross préduct, and of conprrisons betwecn the relative
situation in the different countries, projections of future needs nay

be nnde with reasonnble nccuracy.

Conswapbion chnrncteristics in accordance with types of econony

It should not be overlocked that the statistiecs of energy consumption

comprise two elements with highly diverse cheorncteristics: energy as a

consuier scrvice, utilized by the population, nnd encrgy incorporated in the

vruductive preeess, nvallable data pemit of only swmary analyses, based on

this distineticn, But there is every indication that the denond for energy

fur direct or indirect consunption is greatly influenced by the development

/of urbanization
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of urbanization (the urben censumption of electricity per town-cweller in
important centres is many times greater thon consumption in less-urbanized
regions). This phenomenon-is especially intense in séme arens, such as 3a0
Paule, Ric de Janeiro, or Greater Buenos .ires, Nevértheless,”in the
majority of Latin American countries, mining ~nd transforming industries
absorb a greatly increased shoare of the total consunption of clectricity
(Letween a half and two-thirds), Comsumption per employed péfson is also
much higher there in comparison with urban (total minus industrial)
consunption (between 7 =nd 12 times in countries like .rgentifn, Brazil,
Chile and Mexico),

It is clear from the foregoing that at the strge of development which,
by and large, has been renched by latin imerican ccunt}ies“toddy, the rate of
increase in the demand for encrgy is particularly high, _The‘growth of the
vepulotion in many countrics, which in earlier times was absorbed by
extensive agricwdtural activities, is now being absorbed by industrinl
activities and their connected services, and becoming concentrnted in urben
-centres, thus raising the unit rnd total censuniption of the latter, This new
form of development calls for intensificotion of investnent per persoﬁ
einployed, and as a result of heavy dencnds for social capital, it brings in
its train a reduction in the nverage productivity of capital, In such cases
it is important that the supply of energy, o5 a factor in production and
urban consumption, should grow faster than the product., The need for meetine
the growing demand, together with building cagacity in advance of future
cxpansiong of the country's requirements, is reflected in a reduction in the
- econenile productivity of cnergy. lQ/

The amount of energy which a given eccncay absurbs to generate one unit
of product is nct correlated sclely with its degree of development, but
depends olse on the characteristics of the lntter. An ecqnqmy‘which erjoys
exceptional lond and climatic resdurces (Group I), provided that it succeeds
in fully using those resources by expanding its foreign trnde, moy achieve
n very high product per unit of energy conswaption as o production factor

10/ Such productivity is the reciprecal of the encrgy consuastion per unit
of product, X

/(see table
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{see table 2)., On the other hand, nn ccununy which is rich in ninernl or
forest resources, uf which it nokes intensive use by means of foreign trade,
will need large amounts of eneryy to develop its production (Group II),

Thus it is the conjunction of the naturcl rescurces of the region which,
" by determining the best conditions for development, also determines the
intensity of the growbh of the energy desend as a2 function of the incrense
in the gross product,

Table 2 provides o few exanples of countries with different types of
develornent o 7

Table 2
NET ENERGY CONSWPTION PER UNIT OF FRODUCT, 1951

koo of netroleun equivalent

Countries .
ver cullar at 1950 prices

1. ‘

.rientina ‘ - 1.1l
australin . L.15
New Zealand . . 0.97
11,

Cnnzda 2,88
Chile 1.62
Finland 3.56
Peru 2,10
ITI.

BI‘C,Z ll l . Z@?
Colonbia 1.19
Mexico 1.54
Iv,

United Kingdom 2.43
United States 2.42
Western Geranny 2,72

Source: Economic Cormission for Latin itnerica, tmergy Division.

/Groups I and I
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Groups I and I are coses of developnent with o differing degrse of
nivancerent, on the bnsis :f ample use of nbundant asturel rescurces, These
cre all economies which deend or formerly depended to a hizh degree on
foreign trade: din the one cose exourters of agricultural products, and in
the other of forsst and mining products. This is why the unit-consuaption
is low in the first ~nd high in the seccond group of countries, l'1/The third
sroup represents under=develoled economies in which foreign trade plays o
relatively less impertnnt unrt althoush, from this point of view, countries
of this sroup mny frequently be interchrngeable with these of group I, Finelly,
the fourth :roup includes highly industrisiized cecononles, where as a
consequence, independently of the diversity of their rescurces, the input of
enersy per unit of product is always very high. .

It will readily be understcod that if the developnent »f 2 country in
Group I takes place together with a reduction in thse exiert cocefficlent, it
is most probable thot the unit-consuapticn of encrgy will incrense, The
opnosite would be exected in cuuntries of the type of Group II. In this
second crse, the foll in unit-consumption might first tnke plnce over a
glven period, owing to the relotive reduction in the injertance of the
extractive nctivities, and would then be succeeded by ~ stnge of upswing
resulbing from industrinlization, In the ccuntries of the third group,
regariless of the type of their exports, it is nost probable that development
tosether with a reduction in the export—-cocefficient will be reoflected in a
rise in the unit—consumptién of energy, on account of their greater
industrinlization, It is thercfore clear that both the stope nnd the form
of the developnent vrocess basically influcnee the demand for energy, .n
ndequate projection of this development presunposes a full knowledge of the
conditions under which general economic develoiment is proceeding and of the
structural readjusiment which mny cceunr in the stage bo which the urojections

[E7E)

refer,

;;/ It is well known that enerpy consuuption per unit of product is much higher
in nining and forest exploitation tinan in agriculturel tasks, In reality,
by taking account of animate enercy ~nd of soloar energy absorbead in
photosynthesis in the case of pariculture, the differcnces nny well be
only spparent. This, however, is not the case if the comnonly used forms
of inenimate energy alone nre considered, since these nre the only kinds
of cnergy lending themselves to comparisons, ns they crn be reduced to

common ternms,
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3. inalyses by countries

The romarks in the preceding section enable the provlen of enersy in
relation to econunic development to be stated in its most general terms, For
o nore prefound study it 1s essemtinl to counsider the nationnl econcnies
seuarntely,

Study of ench country should include the fullest possible assessment of
the cunswiption of 211 scurces of energy, specifying in every case the shanre
of imports and detniling the form in which the energy is beihg utilized.
ouch a study has been stnrted in regard to those Latin imerican countries for
which the most ample information is aveilable, ~nd will constitute the jeint
of departure for an adequate statement of the enerszy problem in each particular
-case, |

Table 3 giveé data concerning gross energy consuaption in a number of
countrie§ of the region during three significnnt years of the last quarter-
century, From the standpoint of this relntive consunption nnd degree of
dependence on imports,, the countrics nny be grouped ns follows:

I. Helatively high consunption

a) Sclf-sufficient: Mexico and Vénezuela

b) Partly relying on imports: Argentina, Brozil and Chile

¢) Largely dependent on imorts: Cuba and Uruguay
1T, lModerate consumption

~a) Sclf-sufficient: Colombia and Peru
ITI, Low cunsumption ‘

a) Self-sufficicnt: Bolivia and Ecuador

b) Lorgely dependent on imports: the renginder

Table 4 shows gross encrgy and electricity consunption per cajita and
per unit of Lroduct in Latin fimerican countries. The data on consunption
"excluding large-scale exports" indicate the influence on unit nnd per capita
consunption of certain extractive or capital intensive industries coﬁnected
with foreign trade, 12/ In Venezuela, for -instance, peor capita consumption falls

to half if energy consuned by the petroleum export industry be cmitted.

12/ Metals in Chile, Bolivisa, Peru and Mexico; petroleun in Venezuela nnd
Colombia; sugar in Cuba, ‘ -

. ' /Takle 3
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LATIN .M<RICA: BVOLUTION CF FER CAFIT. GROSS CONSUMPTION OF ENERGY, 1929,
1937 ..ND 1952

Refined wetro- Coal Hydro-  Vege-~ Total  Electri Coe-
Countries Years Populntion leun Lruducts and electri~ table gruss city ffi-
and natural  coke city fuels con= produc- cient
gos ‘ swip~  tion  of
tin of electri~
cnersy fiea-

{Thousands). (Kilogrammes of otroleurn oquivalent b/ (kWh) ticn 2

1929 11,400 25, 176 - - - 140 -
.rgenting 1937 13,500 303 152 3 198 655 191 0,303
1952 18,000 493 68 3 16l 725 306 0.513

1929 32,500 23 K723 - - 61 -
Brozil 1937 38,700 25 37 26 284 373 68 0.193
1952 54,500 110 25 71 194 400 184 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 1356 141 8lh 550 0.879

1929 7,279 33 1l 5 - - <l -
Colombia 1937 8,531 - bl 09 205 288 35 0.136
1952 11,847 113 49 31 139 323 122 0,431

1929 16,200 114 38 29 - - 77 -
Mexico 1937 18,700 160 36 41 55 292 134 0.577
S 1952 27,200 358 27 45 46 475 203 0.521

1929 14,002 138 €O 5 - - 78 -
Group IT & 1937 16,549 126 33 7 192 358 77 6,222
1952 22,366 1,22 11 3L 195 659 223 0,378

1929 14,232 33 2 5 - - 19 -
Growp 111/ 1937 16,387 29 1 6 170 206 28 0,14
1952 22,692 75 0.4 11 166 252 57 0.236

Latin 1929 100,441 93 6L 16 - - 72 -
america 1937 117,144 100 53 21 199 373 96 0,275
1952 162,565 238 36 45 156 L7 197 0.487

Source: Lconomic Commission for Latin .merica, based on n-itionnl statistics and the
United Nations Statistical Paper, J-1.

a/ Totnl consumption of electricity in kWh divided by total consumption of net
utilizable energy obtained from fuels used for purposes other than the generation
of electricity in kilogrammes of petrolewa equivalent,

E/ Heat velue of “etroleum = 10,700 calories/kilogrammes.,

¢/ Cuba, Peru, Uruguay snd Venezuela, _

d/ Bolivia, Costa Rica, Dominicon Republic, Ecuador, El Selvador, Guatemala, Haiti,
Honduras, Njcaragua, Panamn ~nd Paraguay. '

/Table 4
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. Table 4 .
LATIN aMARIC.: CHARLCTERISTICS OF GRS ENERGY CUNSUMPTICN
IN 1952, WITH REL.TION TU INCUME LEVISLS
in o ner godtn basis o Por un%&oifmggaug?tlon i?lizig?ts
Country . Gross Gross Con- Electricity Gross Cun— Zlectricity to con-
CProduct sumption - Qutiut sumption  Cutput sumption
(dollars)é/(petr.equiv. (kWh) (vetro,equiv, (kWh)  (Percentage)
in ky. ) in k. )

argenting Li2 725 - 306 1.64 0.692 57.0
Rolivia 1ou 236 108 2.36 1,080 144
Brazil 207 LOG 184 1.93 0,889 31.0
Colombia 224 333 122 1.49 Cl.545 8.4
Costa Rica 221 368 212 1.67 C.959 L2.,5
Cuba, 401, 779 261 1,93 0,646 4£5.6
Dominican

Hepublic 169 330 L9 1.95 0,290 25,7
Chile 319 814 554 2,55 1737 31.9
GLeuntor 130 250 53 1.92 UL L08 2.1
&1 Salvador 166 281, L7 1.71 C,283 23.8
Gurtenala 174 231 33 1.33 o190 32.7
Hoiti 11, 162 5 1,42 U.u52 8.3
Honduras 152 259 L0 1,70 C.263 43,1
Mexico 219 h75 203 2,17 G.927 3.1
Hicaragua 152 231 L3 Le52 Ua383 3L.5
Panmné 361 426 152 1,18 U421 67,0
Parnguay 76 220 26 .39 0,342 9,7
Feru 138 361 119 2,62 ¢, 862 1.2
Uruguay 391 _ 576 304 L.47 0777 -72.1
Venszuela 625 - 1,067 220 1.71 U.512 1,0
Excluding large—

scole ex,orts
Chile 298 - 687 321 2430 1.U77
Cubn. L300, BAL 1T 1,37 UL.580°
Peru | 115 - & - ULB5T
Venczucla 417 528 154 .27

U.369

Source: Economic Commission for Lotin .merica, Znersy Division.

o/ it 1950 urices,

/Wide differences
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Wide Jdifferences exist within eoch country between separate economic
sectors or geographical cunsumption areas: e.s. industry nnd mining have
much greater energy ond elcctricity consumption coefficients, both per
crita and in relation to the wvalue of preduction, than have other sectors.

Thus in recent years encrgy consumsbion per unit of product in industry
was, in srgentina, double that of the economy ns a whole, while in Chile it
was even higher, Similar proportidns apply to slectricity consumption. Total
energy consumption per person in industry was two to thrce times higher than
in the econcmy in general., These ratios rise to five n~nd ten in the case of
electricity. |

The disparity in eleétricity consumption between zones in the same
country (rcre important urban industrial centres and the rest) becomes clear
from the following figures, In argentina the per capita consumption in
Greater Buencs Aires is 560 kth and in the remainder of the country 100 kWh;
in Brazil the Rio=-Sac Paulo ~roa hds,??b and the remainder 60; in Chile the
figures are 30u for the Centrel Zene and 140 elsewhere; in Celombia,
consunption is 400 KWh in Bogota, Calil, Barranguills ond Medellin, while in
the rest of the country it is less than 303 in Ecundor, Quito and Guayaquil
show 120 and the remoining areas 25;'in Peru, Lima and Callao have 240 and
the rest 15; in Urupguay, dontovides haé.56b and renaining districts 7C; and
in Mexico the most importont cities have 50 and the remainder'70,

although the rates of dncrease in gross product and energy consunption
show a high degrec of correlation, thers have been considerable variations in
the growth ratos-ggz_cxpita energy consuaption as between different countries,
For this many factors were responsible, and they were not always the some
frctors. (See charts I to IIIL.)

for example, in .rgentina the relaticnship between the growth rates of
the product and of encrgy consunption remsined very close to unity over the
whole pericd between 1925 and 1952, Had the supply of encrgy been nore
elastiec, tﬁnt relnti&nship would probably have shown nn upward trend, thus
covering the deficit in enerpgy consunaption = a deficit c¢lenrly reflected in
the low level of gg;_cauita cnergy consungtion in relation to the per capdta
inceme, Since it is to be expected thot with o sufficient expansion of the

cnerpy supply the deficit will in fubure be whelly or' pertinally abscrbed, the

/conswiption of
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consumption of energy may perhaps tﬁeﬁ tend to increase more strongly than
the product, The intérvention of other factors is not thereby excluded,
in particular a more rational utilization of the available energy. A
systematic campaign to this effect might arrest the tendency menticned
earlier, which could also be reduced through direct or indirect control

of energy consumption by the populdtion. The latter method may already
have been operative in the past. ;

In Chile, during a period terminating in 1932, there was a marked trend
towards a feduction 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 thé 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, - Depending upon whether prospects for Chilean mineral
exports are promising or otherwise, it may be assumed that there is not, or
is, a tendency for tha 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 to 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 ratioc; it was less marked in the
case of Brazil, and became stronger in Colombia from 1947-52, In all
probability this phenomenon refiects improved terms of trade, resulting from
a high relative increase in coffee prices, observed during the whole post-war
- period, and other factors which made ﬁossible & broad expansion in productive
capacity as well as the rate of utilization., When the gross product thus
increases, other factors remaining constant, the average productivity
of capital improves and the ratio energy consumption/unit of product
becomes less, because the increase in energy consumption resulting
from industrial diversification does not succeed in of fsetting 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

Jeountries will
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countries will be reversed, i.s,. there will be an increase in Cneryy
consunption per unit of product. This trend will be strengthened if the
intense rate of industrinl growth and urbrnization latterly characterizing
thesec countries persists.

In Mexico the energy/product ratie was growing with inmportant
fiuctuntions, over the period 1925-38, (Sce chart III;, This may well not
be a true reflection of the facts, and may well to a great cxtent depend
on the circunstance that, for lack of data, the consumption of vegetable
fuels was taken as censtant throughout those years. It also nay be connected
with the petroleun boom, 4t any rate after 1939 the tendency is practically
horizental,

Consideration similar to the furegoing were borne in mind when
projecting the energy supply needs of Latin fmerica.

L, Petroleuwn and electricity

Liguid fuels and electric energy should now be exemined, 1t is common
knowledge that medern technelogy tends towards the preferential use of these
two forus of energy, AThe progressive increase in the use of internal
combuétion engines, especinlly for transport, has endowed petrolewn products
with a growing predominance over other fuels, 4lso, their greater calorific
power per unit of weight, and such technical advantages o5 easce of
conditioning and greater efficiency in cembustion, have nade their use more
gconomical and convenient, The case of electricity is still clearer, since
this is an ~dvanced form of energy utilizaticn which is one of the most
inportant advances of nmodern technique. Not only h-s it ensbled much
greater usc t¢ be mnde of rencwable svurces such ns hydro-power, but it has
also made possible a vast number of new uses for encrgy in the productive
precess, as well as in the community as a whole, Un these srounds the trend
is tuwnrds an cver-increasing use «~f cnerpy in the form of electricity,
both hydro anl thermal. o

But it would be incorrect tc mssert that the coefficient of
electrification l'-3-/15 proportionate to the degree of devclopmént. The fact

that a country possesses abundant :nd easily hornessed hydro resources nay

13/ Ubtained by dividing tobtsl electricity conswmption in kiWh by the
consumption of fuels used fur osther purposes, in kg, of petroleun
equivalent.

/result in
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result in a hizh ceefficicent., This phenomenen chn readdly be confirmed in
Latin America. Thus, by comparing data for 1952, in regard to Argentina and
Brazil, it is seen thal the gross totnl energy concumption per capita in the
former country wns 725 kilogrommes of petrsleun couivalent and in Brazil
rardly 40U, Nevertheless, the coefficient of electrification was L.537 in
Brazil and C,513 in argentina,
However, it is cverywhere observed that this coefficient tends to risc

with economic development, Thus for all Latin fmerice it rose froum U.263

in 1937 to vl 485 in 1952, in ether wordsit is not far from double the figure
_ before.the Second World Wnr, This is a trend which may be noted in respect
of each ecunumy, in proportion to its combination of rescurces anl current
stnge-of development, The growth of certnin industries such as chemlcals
and electro-metallursy impliss relatively grecter pressure on energy supply
in the furm of electricity; the Same applics to nechanization and automatization
in general, ns well ns to the pricess of urban develoiment, '
| L8 regards petrolews products, the dynanics of the demnnd for these nay
be seen to have points of similority with that for electricity. For Latin
inerica as a whole, the-yr&ﬁértion of petroleum to all sources of energy
rose f;um.Qs-to éo per cent between 1937 and 1952, Even in countries like
Brazil, which 1952 priduced proctically no petroleum, its shore incrensed
sharply {(sec table 6)., But it should not Ve imagined that the great
ingrease in petroleum eonsumption in all the Latin imerican countries has
merely rcsulted from the progress of technology, The preblem of relative
prices plays, a fundamentel pert. In those countries where petroleum is
importec, and its price Jepends much more un exchange policy than on
cdemestic 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 preferential exchonge rabes fur such products. In other cascs a
considerable influence is also wielded by electricity tariffs and ccal
prices, especially in countrics whiech produce the latter mineral and

consequently tend to stimulnte use of domestic vroduction,

. /Tablg.s o
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Table 5

LATIN AMERICA: PER CAPITA GRUSS CONSUMFTION OF ENERGY

(Annual cumulative rates of growth)

Years Gross total Refined Petroleum Electricity
energy products production
- and natural gas-

1929/37 .o 2.2 4eO

Argentina 1937/52 0, 68 3.3 3.2
1929/52 LI 3!0 305

1929/37 ' e 1.0 L4

Brazil 1937/52 0.53 10.4 6.9
1929/52 i~ 9.3 4§

1929/37 . - 6.3 5,2

Chile : 1937/52 1.9 3.5 3.6
' 1929/52 e b 2
: 1929/37 . 3.7 7.0

Colombia 1937/52 1.0 a5 8,7
1929/52 ‘e 565 8.0

. 1929/37 - he3 742
Mexico 1937/52 3.3 5.5 2.9
1929/52 . 5.1 a3

o/ 1929/37. . - 1.1 - 0.2

Group II 1937/52 . 4.2 8ol 7.3
1929/52 - 5.0 Le7

o/ 1929/37 .. - 1.6 £a9

Group III 1937/52 L4 6.9 4e9
1929/52 . 3.7 4.9

. 1929/37 g Ol 9 . 307

LATIN AMERICA 1937/52 1,6 6.0 5.0
1929/52 . Le? L6

Scurce: FEconomic Commission for Latin America, based on national statistics
and the United Nations, Statistical Paper, J-l.

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

/Table 6
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Table 6

LATIN AMERICA: EVOLUTION OF HINERAL FUZL. AND HYDRO-ELECTRIC
CONSUMPTION, 1929, 1937 AND 1952

(As a percentage of gross commercial consumption of energy)é/

Petrolewn . Coal Hydro-electricity

- “.i§29 . 59'iA., 0.9 .
Argentina 1937 66,1 33.2 0.7
. 1952 Bk 12,0 .~ -+ . 0.6
192G - 2. ? 50.7 e dy
Brazil - 1937 SRR 28,6 _ 42,2 2542
o 1952 e 5344 o 12,2 G Ty
' 1929 4845 42,9 8.6
Chile L1937 321 - Skl 13.5
- | - 1952 386 i1 20,3
1929 66,1 : 22,8 11.1
Colombia 1937 ' 52.8 36,4 - 10.8
.+ 1952 58,4 25,5 16,1
. 1929 63.0 20,9 16.1
Mexico - 1937 : 67.4 15.2 17.4
B . 1952 . 833 6.3 10,4
é/ 1929 ’ 67.1 29,2 3.7
Group 11 = 1937 75,7 19.8 L5
- 1952 90.9 2edy 6.7
‘ o/ ;1929 8l 1 bl 1.8
Group III - 1937 .. 8.0 1.5 17.5
e 1952 : 86,7 Quly 12,9
1929 5445 35.9 9.6
Total Latin America ' 1937 - 57.5 30,6 '11.9
: 11,2 14k

- 1952 - Theh

Séﬁréé Teonomic Comm1551on for Latin Amer¢ca, Enerby D1v151on.
a/ Excludlng fuelwood and other vegetable fuels,
b/ See footnote g/ to table 3.
¢/ See footnote d/ to table 3,

' / he ev;lutlon
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The evolution of the demand for petroleum should thercfore be regarded
a5 an autonenous sector of the general energy demanj, ingofrr 2s it
gensists of an autonomous sector (gasoline) ana another sector with a hizgh
substitution intcensity (medium nnd heavy products). In the latter case the
picturc is complicated by the interventim of numerous factors, hlthbugh
there are grounds for asserting as a general principle that the share of
petroleum, and in some cases that of natural gas, is tending to increase,
the intensity of this relative growth will need to be studied in each
individunl case, In none of them would there be reason to assume that the
recorded trend is fixed and immubable.

Jver the whole period 1929-52, the annual growth rate of the per capita
consumption of petroleun products (includiﬂg natural gos) in Latin america
wns 4.17 per cent and that of olectriéity'h.57. Dividing this pericd intc
two stages, in the first (1929—3?j the production of electricity grew more
quickly than petroleum consumption (3.65 per cent annually as ogainst Ue92),
In the second stage the trend wos reversed: electricity grow at 5 and
petroleun at 6 per cent, This phenomenon is no doubt cluscly linked with
the developnent of foreign trade in the two periods, Since petroleum is
the source of energy most dependent on the cnﬁacity for cxternal poyments
for the importer countries the collapse of that capacity in the 'thirties, in
most Latin jmericon Republics, must have had n more direct effect., The
great upsurge of the demand for petrelewt in the following period partly
reflects progress in mnking up the ground lost during the 'thirties.

5. The deficit in cnergy consumption

vne of the problens demdnding irnedinate analysis is that of
nssessing a possible deficit in energy consunption, Various sspects present
themsclves and confusion may easily arise., The notion of & deficit is, by
its wvery nature, relative, and presupposes the accepbtance of a yard—stick
by which te measure it., If under-consuaption is defined in rclation to the
level -of per capitz income, a glance at charts IV and V will show that scme
Latin imerican countrics are in a position below, while others nre above,
the isenernl trend, It night thus be rensonzbly affirmed that those
countries with consumption lower than corrcspoxdls to their incume level,

such as .irgentina, are subject to under-consumption, Conversely, those

/countries in
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countries in the opposite situnticn, e.g. Chile, would have a consumption
surplus. But this is only o prelinminary indication with almost no proctical
value, since it omits any reference to the structure of production ahd the
conjunction of rescurces, In this sense, as has alre~dy been seen, urgentina
and Chile are in fact examples of two very different situntions unnffected

by the notion of under-consunption,

But if nn onalysis by scctors is undertoken, the iden of 2 deficit
findns greater sipnificonce, In scpne counbries, for instanée, approxinate
estinates exist of thce oulstanding demand for electricity for industrial
purpeses. In such cases o distinction must be drown Letween demand  with
a view to enl-rgement of productive copneity and dennnd with o view to better
ubtilization of capncity ~lready instrlled, Fron both aspects there is a
deficit, fhoﬁgh its implications nre different, The alLsence of any |
sunrantue that future supply will sxpond is sufficlent to honjer the
cdeveloprient of maony industries., In some perts of Latin dmericn this type of
deficit.has been nccentunted in recent years and in othHers o dircet deficit
has developed, foreing certnin industrics into under-utilization of
instnlled copacity. Mony cnterprises in Sco Faulo -nd Buenhos aires, for
exanple, had to intruduce very irregular himetables and cut dewn daily
hours of work because of clectricity shwrbages, while rotioning was very
widespread in olmost oll countries and still conbinues in soue,

Ih obher cascs the Jdeficit in enersy conswrption-is o nere eorollary
of the deficit in sone other scetor., & typicel exonple is the shortage of
means of transport, anlthough it is net commonly observed that the primary
factor deternmining this situstion is-the inelnsticity of enérgywsupply-

Reference should finnlly Be mnde to the possible existence of a deficit
in the use of encrry for Jdirect consumption purposes, In such a cnase the
dencnd for energy is nainly o reflicetion of the incone available for
conswiption, When there is rotioning of consumpticn cr an outstanding
denand, the deficit is explicit., In other cases 1t nay tend to express

itself in some indirect woy. : .

~ /The denand
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The denand fur consuner jcods ¢r scrvices is elastic not conly in
relation to avefage consuner income but also to relative prices, In nctunl
faet, electric energy consumption by urban populntions for non-industrial
purpuses is high in seme Latin jmerican cocuntries in proportion fo the
avernge inceme level cf the warticular pepulation, This is one d5pcct of
the gener-l phenomnenon of the rapid assinilation of advanced forms of
consuripbion which is noted rmong higher and even nmiddle income grouns in
the under-developed countries, ond it may be reflected in part in an
artificial cheapening of electric encrgy orousht about by factors such as
as inflation, In some of these cases the increase in energy consumption is
a consequence of econcmic development, to which it subsequently becoices a

dctérrent.

JCHL TR TET
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CHAPTER III
PROJECTION OF THE NEEDS IN 1965

Haﬁing examined the historic evolution of enefgy, the characteristics
of its use, the substitution which took placé_betwéen tyﬁes'of‘fﬁelsiand
those other factors_which determine the natufe of energy consﬁmption'in
the #ourse of economic devélopmént! the following questioﬂs ldgically arise:

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

b) What will be its composition by principal socurces, 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) bkhat will be the aggregate reqpirements 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 preduct
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
aggregete and by the individual sectors of the econony. This preliminary
report only deals with the aggregate estimates for the following reasons:
a) The informafioﬂ 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 ixn
a few isolated cases to maxe 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 nétional programming.
in any case, since the concern here is only that of establishing the
size of the.suppl§'requirements, for Latin America as a wihole and by
countries, and not 6f a detailed and itemized calculation, the aggregate
methed is perfectly acceptable, .{See table'T.) Moreover; it should be
borne in mind that, wherever possible, outstanding future consumption of
_eﬁergy has been included (the esﬁablishment,‘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 NFT AGGREGATE ENERGY CONSUMPTION IN 1965 .

P

Country “Total net Net-enérgy Percentage Net enérgy: Total Per capits
energy consumption annual - consumption. net . met suerg

consumptlon—/ per unit of variation per unit ‘energy  consym-

gross product= o of’gr027*/ cons p; tion~
T . R product ,

1952 o . 19520 .o 1965 . -1965' 1952 1965

Argentina = 10,185 1,282 05 it 132 17,890 © 566 778
Brazil 16,528 - . . 1,468, =~ L475. . 31,100 303 42l
Chile 3,212 1,687 = - G.5 1,642 a,eoo 539 652
Colombia 2,972 0 0 1,121 R - '71 188 6,200 281 394
Mexi.co 0696 . 1.630 - 0,5. 1,692 . -19,141.. 356 . 183
Sub-group I 42,593 1,433 - 1,464 79,131 362 498
Sub-group II 11,578 - 1,483 - = .1 ,483-' v19,230'- 518 658
Sub-group III h,623 . E l1497 ~ 1.0 Loy 33e 7,733 204 249
Latin America 58,794  1l,M8 = - 1,455 106,09 362 48k

Scurce: Economic Commission for Latin America, Energy Division.

a/ Thousand of tons of petroleum eguivalent,

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

¢/ The net energy corsumption per unit of product in 1965 is obtained by
applying the percentage annual variation Lo the unit consumption in 1942
corresponding to the countries on the line of certral trend and not to the
actual figure for 1952 which is indicated in the table.

g/ Kilogrammes of petroleum equivalent,

/The projections
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The projectibns of the supply needs of aggregate energy and of
electricity for 1965 have been computed on the basis of detailed analysos
of five countries (Argeutina, Brazil, Chile, Colombia and lMexico) and a
general survey of the remainder, in two combined sub—groupséé/(SEe tables
8 and 9), In calculating these projections, the following factors have been
taken into account:

a) The historic product-elasticity i) of the per capita consumption
of all energy, and 1i) the per capita output of electricity;

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

¢c) 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
werld, ‘

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 separateiy, Tiae 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 countriss and the application of
the coefficients thus obtained, enable approximate estimates to be made of
the present deficits and the projections for 1965 tb be corrected,

The calculation for aggregate energy consumption was made first, because
it is an element closely .iinked with economic devslopment in general, while
its composition is a subsequent problem in the distribution of the total,
The calculation of electricity output, howeﬁer, 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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LATIN AMERICA: PROJECTION OF GROSS ENERGY CONSUMFTION IN 1965

¢/ Thousands of tons, of pe’ roleum 0qu1valent

d/ Percentage., -

- &/ Kilogrammes of petrolewn equlvalent.

s : | Group. Group Total
_Argentina  Brazil Chile Colombia Wméxico S Latin
SR - g 112/ ~ IIIb/ 5%
: : : = = America
Refined netroleum products and ! _
" npatural gas’ | s - L DS
Total consumptlon, 1965 c/ _ 19,130 21,380 -2,892- 4,095 20, 900 18,710 .. 5,055 = 92,127
finnual rate..of growth, 195265 4/ 6 103 - L9 9.0 | &.1 C BW - 8T 6.9
Per_capita consumptlon, 1965. e/_ ‘ T 832 292 1 393 260 i 528 . 6 <163 7 L20
innual rate of grouth, 195265 a/ LG 78 - 3.2 646 - 3.0+ 3.2 - 6.2 La5
Import-consumption ratio,- 1952 d/ o 57 .2 -G8 997 25 .0 . 314 79.0 L6.8
Import*00nqumptlon, ratlo, 1965 4a/. 29,8 ‘L3.2° 57.3 0 - 0 28.2 767 28.0
h?-? 73-3 - " ' 38.6
Coal and coke ' P . T
Total consumption, 1965 o/ ,h?S -2, ?20 2, 08 2,090° . 3,337 - 520 " 10 10,234
innual rate. of growth, 1952—65 d/ S T, P .1 1.8 10,3 LT 5,9 : 0 Ls5
me01t-consumptlon ratio, 1952.4/ - 92.9 T47.000 0 7.2 b3 3.5 - 367 0 100.0 35.2
Imnort~c0ﬂsmngt10n ratlo, 106) d/ 42,0 33.8 8a7 0 0. 23.0 1C0.0 14,1
Uydro-electricity f/ ' S ﬁ ' - : o
Total production, 1965 c/ P 940" 9 770 1,570 1,600 - 2,290 .. 1,270 628  18.088
Annual rate of growth i9b2—65 d/ >23;5 - 7 Lo 5.2 11.9 5000 Lot 2.2 7.0
Vegetable fuels ’ T S . : S
Total consumption, 1955 c/ | 12,560 T10,L00 : 765 1,130 1, 200 . 4,620, 3,760 . 2h,435
snnual ra+e of growth 1952—65 d/ ~0.9 . . =0.1 . =0L7 T =29 =0, 3 Ok =~ 0 -0.3
Gross COHSVWPth of total energv - . e N : -
Total consuaption, 1965 ' ¢/. 2h,085 ‘L5200 . 7,309 8,911 25 727 25,120 9, a53 14a,88a
amual rate of growth, 1952-65 d/ , LeB - 56 T 3.2 - 6.5 1 o5 ka2 7 346 240
Per capita consumption, 1965 e/ C1087 - 603 I;000 566 650 - 860 30k 661
amual rite of growth, 1952-65 3/ 29 3.2 1.6 rﬁ 2. ‘ zvq 1.9, 1.1 - 2:6
Source: Economie Commission for Latin lLmerica, anrgy Division. : '
a/ See footnote ¢/to- table 3 ' : f/ To -convert hﬂd“oelectrlcity'lnto aetrolemn equzvaient the
b/ See footnote d/ to table 3 . following rates were adopted: 1652: 4,500 ‘calfKuh; A,bB 2,500

cal/Kwh oxcept for-Brazil (4,100} -and Chile (A,CUO)

';nnual rates of growth aprearing here are different. Tror the
-corrcspondlrv oncs in table 97due to these conversion factors.
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Table 9

AMERICA: ~PROJECTICN OF ELECTRICITY PRODUCTICN IN 1965
‘ . ‘ Total
Argentina Brazil Chile Colombia Mexico OtoWR  UGYOWP 1o iin
- 11 &/ Il n/ TR
. - e r1ca
Thermo—electri¢ity ' C : ' o E
Total preduction, 1965 g/ 11,060 © 4,500 2,000 1,550 7,000 -8,060 1,46C 35,630
annual rate of growth, 1952-65 d/ 5.7 13.6 2.9 8.2 7e8 7.0 - 6.0 740
Percentage of total, 1952 4/ 973 8.-_5 - L1 38,8 L7.6 66.8 1 53.3 L6.1
Percentage of total, 1965 4/ 79.0 15.0 3203 24.0 50.0 676 4342 Ll.gy
Hyvdro-electricity . '
Total production, 1965 ¢/ 2,940 25,500 4,200 Ly 200 7,000 3,870 1,920 50,330
finnual rate of growth, 1952-65 d/ C25.8 8.2 1hel 7.1 6.7 9.3 8.7
Percentapge of total, 1952 4/ 2.7 91.4 58.3 61.2 52.4 3342 L6,7 53.6
Percentage of total, 1965 d/ 21.,0 25.0 67477 75,0 50.0 3244 56.8 58.6.
Total electricity ' : T
Total production, 1965 of 14,000 30,000 64200 6,050 1L, GO0 11,930 3,380 854960
nnnual rate of growth, 1952-65 Q/ Teb 8.8 5.0 ‘12.2 7Tk 6.9 7.7 7.8
Fer capita production, 1952 e/ - 306 18 554 122 203 223 57 196
Per capita production, 1965 e/ 609 LC9 843 L10 354 LOB 109 - 392
hnruzl rate of growth, 1952-65 4/ 5k bk 343 9.8 ol Le8 5.1 5.5
Coefficient of electrification . .
1952 £/ - | 0.513 0,537 0879  C.A3L 0.522  0.277  0e236 04485
1965 £/ 0.703 045853 1,205 - 04723 0,655 0.551 0.383 0.727

Soutrce! Beonomic Commission for Latin america, Energy Division.

a/ See footnote ¢/ to table 3
b/ See footnote d/ to table 3
o/ Millions of Kuh

d/ Percentage

g/ Kwh ’

£/ Kwh/kg of petroleum

Th oded
N S e

.,
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Projections of over-all energy consumption and of electrlclty output
for 1965 are given in tables 8 and 9. It will be seen from them that
apgregate energy consumptlon in Latin America could reach 144 9 mllllon
tons of petroleum equlvalent by 1965, providlng a per _§E£E§ consumption :
of 661 kg. of petroleum and 2.0 kg. for each dollar (at 1950 prlces) of'
the gross preduct, . Per capita consumptlon represents a rlse of 39 per cert.
in relation to 1952, or an annual 1ncrement of 2.6 per cent Wlectrlc;ty
output would 1ncrease to 86 thousand mllllon kWh, with an annual rate of -
7.8 per cent, representing 5.5 per cent on a per capita basis. Hydro-
electric energy migh;:grow at a more'rapid rate than thermic electricity.
These figures are not exaogerated and are compatible with-both,hdstoﬂic
trends and the future requlrements of Latin America, :

It should be noted that during. development the efficiency in the use
of energy increases because medern’ equlpment replaces or is added to: out-
of-date equipment., ngher efficiency is also obtained from lmprOVEd
technological research, from planning and from supervision of 1ndustr1al
and transport opefaﬁions. Such effects are implicit in the rates of growth
adopted for the projections, ' ‘

2, Comp031tion of future consumptLon

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

a) There will‘elweys 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 exchange
used for import, Ccke, moreover, will depend on the volume of consnmption '
for which no substitute can bé found for technical reasons} - '

b) The remalnder of the demand will be absorbed by petroleum and
natural gas derlvatlves, glven the- sfrong trend for substltutlon of . thlS
type of energy. . . e | R : ‘

It has been assumed that vegetable fuels w1ll in general maintain -
their level or suffer a gradual decrease (around one per cent annually), -
tempered by the gr0w1ng use of sugar—cane bagaSSe mn countries whlch produce
it and often by thet of charcoal. Consumptlon of m;neral coal will not vary

substantlal y, or will 1ncrease accordxng to SpeCiflC demands 1n 1cs Sector,

i ,ﬁlz ; ? 5 /whlch ls
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which is relatively small., For some countries - particularly Brazil, Crile
and Colombia - the consumption of domestic coal in generating thermo-
electri¢ity has been assumed. Hydro-electric energy fespondS'to forecasts
for its output which vary from one country to¢ another,

In this way the two principal elements .of aggregaté'enefgy are
separated; that which will be utilized as electricity,.wheﬁher thermal
or hydraulic; and that whiéh is csnsumed as fuel, The relation between
the two parts sets-the'patferﬁ for the electrification of Latin America
and is measured by what may be termed the coefficient of electfificatiOna;é/
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
eélectrification 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
;aiée 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 posifion of consumption is - not similar to the past and very
probably will not remain constant during the next ten years, The Qariations
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 considérations°

For this reason, the accepted composition can onlj 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. ' - :
15/ p A /3. Substitution
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3. Subst:tutlon p0581b111t1es : ‘ ,
It is known that, 1n general substitution.between different forms of .

energy depends upon a series of factors which may be classified prlnc1pa11y:
as teqhnploglcal‘and of prices, “A combination of both will determine the |
elasticity of substitutibn which will be reflected by the shifts from one
form of. .energy ©a another, ‘at a more or less rapid rate, N ”_
in theory, the substitutior p0551b111+1es between the different formsA
of energy are very c0n51derabls, but in practice concrete conditions impose
more rigid frontiers upon them in each case., These. possibilities mist be
borne in min&, and have been taken into acsount wherever. possible in this
report, when determining the final‘compositidnéé/of the supply'projsction
for a future date. . _
aubstitutlon malnly takes place between heavy fuels, - such as coal
heavy oils and some ‘medium oils, fuelwood and in many cases‘electr1c1ty, ,
The increase in ;hs coefficient of electrification in Latin America, %o
which reference was made above; éxpresses“numerically the phenomenon of
the subst iﬁution of fuels by electriﬂity; The scarce statistical data and
technlcal 1nformat10n on the use of fuelwood in the region: makes it extremely
dlfflCult in thls report to account for its participation, A study of the
substltutjon between the alfferent forms of energy is thus limited to
commercial fuels and electrlc energy. This circumstance undoubt edly makes
a calculation of p0551b1e future substltutlon more hazardous, but with
better data the requlred rev151on can be made at a later date,
- An eyamlnatlon of the charactsrlstlcs of substltutlon between the
principal separate commerc1al forms of energy in Latin' imerica,  enables 1t
to be said that for most, the short—term trend -has been largely for .coal

-and fuel oil to be 1ntsr—changeable, but over the longer term, fuel oil,’

16/ 1t should be rscalled that substitution generally appears in most of
the practical applications (transport, generation of electrlclty, '
industries, residential use) where the use by types of energy is- -
indifferent, characterizing a substantial economic elasticity of
substitution. However, there also exist situations of prefsrentlal
use, where the advantage of one form over others may be appre¢iable

- or exceptional, in which case the high economic elasticities. of
substitution may be modified by variabie technical elasticities, |

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

Thus, in Argzentina, refined petroleum products, which in 1935 amounted
to 40 per cent of the consumption of heavy fuels,'decliﬁed dufing the war
{1943} to about 35 per cent, returning later te become an eveﬁ 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 reeching
30 per cent in 1935, It may also be noted how fuelwood occupied an
important position during war periods when mineral fuels were in short'r
supply. | -

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

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

In Chile, coal has always represented a larger share in the consumption
of heavy fuels than petroleum, even so a tendency towards substitﬂtiqn.is
apparent and petroleum‘from-QS per cent in 1935 had risen to 4O per cent
in 1952, ' | | S

In Latin America as a.whole, coal has dropped from one-third df'the
commercial consumption of energy to one-sixth, while refined petroleum
products already absorbed three-guarters of that consumptlon 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 0ils are expandlng at a faster |
rate.——/”hls situation in the region apparently reflects the greater
relative influence -of light road transport than of heavy transnort and

industrialization, .

17/ The light oils comprise petrol and kerosene, while the héavy 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 preducts 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 evelution of each sub-group is different,

/The proportion



E/CN.12/373 .,
Page ué

" The proportion of petrol in aggregateyenefgé cousumbeion in Latin
America is about 15 per cent, not very different,f:omethe position in
the United States but three times that of the share of Europe; In terms
of "per. capitd -petrol. consumpt:on, however, latin Amerlca 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 oblige a deflnlte ch01ce to be
made for one form of energy, the price w111 be the ue0131ve factor. The
establishment and maintenance of a relative prloe.stpuoture between energy'
and the general level on the one hand, and in paftioular between the
various forms of energy on the other, in the final analysis decide the
extent and share of consumption of each form of ehergy.

Herein lies the great importance of a careful study of all the
factors, whether technical, firancial or relating to prioee, which affect
a decision of the volume of -consumpt tion of sach form of ehergy. As stated
~ elsewhere in this report, an over-all and slmultaneous examlnatlon of
these factors can only be.conceived as the resul of an 1ntegrated pollqy
of co~ordination in the. energy. and economic spheres.

A certain amount of material has been collected on the relative i
prices of the-wvarious forms of energy and thelr varlatlon among thenselves
and in relation.to the general price. level in some uatln Amerlcan countrles
for -certain years. An. analy51s of thnis caua suggests the follow1ng
conclusions:

©a) For equal final energy content, electricity is cheaper thanzthe
other forms.  This is a phenomenon common to other parts of the world
and: is especially evident. in many European countrles. The relatlve
advantage in the use of electricity has been 1ncrea51ng durlng the last
quarter cf a century, althoughjlt”;sﬁunllkely that thls trend.w1ll‘cont1nue
at the same pace in the future, Fufthermore; eleetrloity for iuduseriall
use, apart from exceptional cases, is cheaper than its residential ﬁse;
Consequently, apart from examples where electricity cannot be replaced
motive power for example, the price, 1ncent1ve seems to be the spec1al

inducement for 1ts preferentlal use. in; 1nduetry. o

e /v) Broadly 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 whére it 1is produced far from any other source of supply, The use
of coal, in similar circumstances, can also be justified on an economic
basis, but for the final consumer it is almost always more expensive than
fuel oil. In both cases the cost of transporting coal ard fuelwood play
.the decisive part.

| ¢) 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, cthers are concerned with the establishment of
prices and rates, while others depend upon decisions of over-all economic

policy.lg/

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 IV .
A SURVEY ‘OF ENERGY HLSGJRFES

1. A concept of energy reserves

An estlmete once made of the demand for the VnTlOUS times of Luela
and for hydro~electr1c energy, the possibility o;.meetln these rﬂqul rements
from domestic production must be investigated, ) _

In responsé to this need, a survey of what is imown éboﬁt Latisi ‘Americats
CNergy resources was undertaken. D

It should be noted at the outset that the concept of energy reserves
is emlnentlj dvnamlc, and Jrone to vary with the passage of t:me. The
determination of energj availabilities not only 03175 or 1nvestment which’
can be justified only when the nesd is imperative, but is zlso affected by
technical and economic factors which are undergoing = constant procéss of
evolution, The concept of a reserve:is dependent upon existing knowledge
of the natural resources of the several ceuntries, and upon technological
developments concerning prospecting, exploitation end mining, transport,
processing and refining of fuels, dezvelopment of sites for hydro~electric
plants, and generation and long-distance transmission of electricity. At
the same time, such a concept is partly governed by economic factors
relating to the ocost of the various operations, as also by the final
relative prices of the differsnt kinds of energy per thermal or elecirical
uriit, 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 whether there
is, sufficient justification for incurring the outlay involved in identifying
and locatlng uuch sources of energy as could bes exp 101ted on a scale
compatlble with economic costs. L o L

At present Knowledge of Lntln AmerACQ's resches of* mlneral fuels
and’ hydro»electrlc.resources is very frabmentary and Gf?itlc, Tut it will
prestmably gain in comprehens 1veness, thoroughﬂess and erecmslon as gach
country's need to make full use of its energy reqources becomes mere and
more pressing.

/The foregoing



E/CN.12/373
Page 49

The foregoing considerations combine to suggest that the energy
reserves shown in the tables accompaﬁyiné the present report represent
‘2 somewhat conservatlve estlmate which will undoubtedly be exceeded as
prospectlng for petroleum and natural gas expands, and as th_ determination
of hydro-electrlc potential becomes more accurate, FUrthermore, the
increasing needs of economic develcepment will givé“ah jmpulse to such
studies and render them indispensable. .

Neither does the éoncept of reserves remain static with respect to
the requirements of deomestic consunption, Reserves may be abundant or -
limited, adequate or inadequate, according to the demands of the national
EConNony. ’If the amual consumption of such reserves ié very‘low, gven
an extremely modest potential will suffice te maintain a country's économic
activity over z long period of yzars. '

For this reascn, it has been considered necessary to draw up tables
assessing the volume of available energy reserves in relation to possible
consumption. (See tables 10 and 11,) Clearly, firal and definite figures
cannct be established, since demand expands as population increases and
the process of industrialization is accelerated. However, by taking as
a basis the projections of consumption for 1965, it was possible to express
this capacity in very approximate terms, within the limitations imposed by
the unreliability of existing knowledge of reserves and future demand. The
forms chosen are, in one case, the number of years in ﬁhich requirements
could be met, "and, in the other, a gualitative 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 dif fer
widely frem one country to ancther; and it should be pointed out that
changes easily take place, for the worse or for the better according to
whether real consumptian exceeds or falls below the projcction made, or
whether knowledge of available reserves does or does not inercease. - It -is
more than probable that the statistics given constitute a sizeable under-

estimate of Latin America's future enérzy capacity.

/ Table 10.
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& Table 10
LATIN AMERICA ADEQUACY‘OR INADEQUACY OF NA&ATURAL
RESOURCES OF LNERGY TO MEET THE DEMhND PPOJJCT D UNTIL 1965
Comnercial fuels ~/ ~/ : Hydro-el@ctricity E/
Teehnico~Economic  Potential
Petroleum . Petroleum .- .
and natural and natural . Econ- Tech~ Poten-
Country gas _ Coal pgas © 7 Coal omic = nical tial

I, Countries with abundant fuels and. hudro-electricity:..

Venezuela - xx X CXXX XX X X b 8
Colombia . xx X XX XXX x - | xx
Mexico xx X XX X - - x
" Brazil - X x? 4/ X x X XX .
IT. Countries with adequate fuels and hudr-electricity:
Perd - x? x X X XX xxx
Bolivia ,. x = xx? - X XX b o
Ecuador - - - x? - x Cox Xx
Chile - x - oxi/ x XX . xx
Argentina -? - X7 xf/ x X x

III. Countries with a shortage of fuels end abundant {or adequate) hydrbhéiectf et

Uruguay - -~ - ) - % x .
El Salvador - T - S SR w % X
Costa Rica - =~ . Cx x x
Guatemala - ‘ - - - X X .
NiCéragua . : L Ly - .

IV. Countries with a shortqgc of bofh fuels and hydro-electricity: -

Paraguay - - ~ L. %

x
Honduras T P S x .
Cuba, - - X - - - -
Dominican Re- o Coe s e 0 T
public - - e e e o 3
Panama - - . - - - % x
Haiti o~ o= T - X

el -

-

Source: ' Economic Commission for Latin  imerica, Energy Division,
Key to symbolss: XXX +.s - Very abundant -
XX ens %Hundant

.}E IS X

Tte (either an absolute dearth, or what -
may be cmsidered a shortage, in view of the
demand over the next decade)

7 .eve 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 expsnding exploitation. it
shauld be noted that the position of countries as regards their capacity to
zbsorb the demand for energy may change radically with the possible develop-
ment of nuclear fission and other non-cenventional sources of ensrgy.

a/

*Q"&

Technico~economic rescurces are those which ¢edn be utilized on a
competitive basis, given the state of the energy market at present,
or within the next decade,

Pctential resources are thosé whose econouic exploitation is not
considered fessible over the shert torm,

Most of the Latin fmerican countries possgss forsstad areas which, if
well managed, might well salisfy their fuelwood reguirements for the
next 50 years. Fxceptions are Cuba, El Salvador, Hﬂltl, Mexico,
Nicaragua, Panama and Uruguay.

Economic hydraulic rescurces are those which can be advantageously exploit-
ed at the present moment, given the structure of prices (investment
and competitive fuel costs) and of dvmand and in vlew of ‘balance-of-

payment. problems.

Techinical hydraulic rescurces are those which can be explcited with
technicue as it is at prosent, or what it would foreseeably be during

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

the present time, or dcmand in the area 1nadequat~ to justify the
investment rﬂqulred

Potential hydraulic resdurces are those of which little is known as to real
capacity, hydrological conditions, works reqiired, etc,, and which are
located too far from possible cinsuner centres, '

Ne claim is made that a rigid classification of this type has been
established, since this would be pussible only on the basis of very
comprehen51ve field studies. The grouping of hydioelectric rescurces
is more an indication than an enumeration,

Also possesses sizeabl2 shale oil deposits which have not yet been
worked.

Possesses a certain gquantity of brown coal,

Possesses large depesits of brown coal (lignites and peat), which do not
have great economic significence at the present time.,
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Table 11
- LATIN MMERICA:  POTENTIAL ENERGY RISOURCES T
PRESENT KNOWN
(Years of duration)
" Fuels’ Q/ , Hydroceleectricity
Calculated to maintain an © Until full utilization
arnual consumption equivalent to: of the resources frum
. -, b
1950~55 L. 1985 -/ o 1934 o/
Latin America 20 - . 111 30
Argentina 'd/ 23 13 50
Brazil ¢/ 34 : 18 _ | 25
Chile £/ 225 _ 156 : 22
- Colombia - 2,020 1.800 32
Mexice ¢ 114 - 62 . 20
Source: FBoonomic Commission for Latin Americz, mhergy Division.

=Y

b/

e e

N

Excludlng vegetable fuels. The approximate condition in 1954-55 has
been taken of proven rescurces of COul and petroleunm, assuming that
”one-thlrd cannot be recovared

It has been assumed that the insta lled hydro-electiric c“psc1ty doubles
each 8 years, a reasonable pericd, but which cobviocusly varies in terms
of different factors, ameng them the possible replacement of fuesls and
hydreel ectricity which had to be divided to draw up the table, In
addition, the number of ycars calculated is influenced by the under-
estimathn of hydraullc resources existing in Latin .merica.

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

Excluding shale oil; w1th their inciusion the duration should be
multiplied by 50.

Excluding peut and coal d°9051ts in the Magallanes zone which are both
little known, :

2. Energy resources
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2. PEnergy resources
Iatin Amsrica as a whole is rich in petroleum deposits and in

hydro-electric and forest rescurces, althcugh its proven reserves of cocl
are small, and knowledge of its possible natural gas availability is

very scanty zs yet. However, a table has been prepared te show that the
sources of energy are very unevenly distributed throughcut the various
countries (see taﬁle 10).‘ This disparity becomes even more striking

when instead of total resérves‘of each country its per capita reserves are
taken (both in tons of petroléum equivalent ). -

Despite the wealth of certain sources of energy, the fact is that the
volume of reserves provided by all Latin dmerica's sources of energy
surveyed to date is approximately only cne-fifth of the world per capita

average, largely because its full potential hes not been discovered, The
region possesses only 3 per cént'éf the world's installed capacity for

the genefation of electricity, and 7 per cent of’ its petroleum refining
capacity. About 7 per cent of known hydro-electric pctential is exﬁloited
in Latin fmerica, whereas in the worid as a whole the corresponding figure
stands at 17 per cent;

It sheould also be recalled that Llatin fmerica, as a group of countries,
is an economic abstracticen, and tb assess the real extent to which it is
under-endowed with rescurces, a more thorough study of the features peculiar
to each country must be carried ocut. 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 also within each cne. This latter circumstance is
particularly important where sources must necessarily be exploited in situ
and where their radius of influence is limited for technical and economic
reasons, as in the case of hydro-electric petential.,

While some countries own substantial matural swrces of energy within
their territories, others are virtually devoid of rescurces of this kind.
For instance, Venezuela possesseslm@re than three-fourths of the proven
reserves of petroleum, Colombia over half those of coal, and Brazil more than
cne-fourth of the hydro-electric rescurces of the region, Of latin America's
aggregate energy reserves, including shale cil, more than three-quarters

belong to Brazil.
/ Considerable differences
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Considerable differences alsc exist with regard tOfﬁechnicbl;reéources
for conversion of engrgy; although, comparativeiﬁ'Spéaking, tﬁese are more
evenly distributed. ‘Veﬁezuela comnands almosi one-third of Latin fLmerica's
tetal petroleum refiﬁing capacity, Mexico coming second with ong-sixth,
Brazil, Mexico and Argentina, in that order, possess in each mse between
cne-fourth and cne-fifth of the aggregate capa01ty fer the generatlwn of :
electricity. The extent to whlch the various scurces are utilized also
differs con31derably from one country to mnother, luaVlng wlde mdrglns for
improvement as a general rul Numerous cases may be cited of substant11l and
cenveniently situated rescurces which are only'very rucently beglnnlng to
be explolted or studied, o

Even so, Latin Amer¢ca as a whole pcsoesses abundant thOUgh not cxcessive, .
reserves of petroleum, considerable hydro-e*bctrlc putentlul and vast forest
areas, but, broadly speaking, there is an app¢runt sburtage of coal dep031ts.

’Knowledge‘of the locatien and pct ntlal wealth of their energy reserves
is rather incenplete in.almbst all the countries of the region, especially |
as regards netural gas, mineral caai and,hydroﬁeiectric éﬁefgy.' Petroleun
resdurces are mere ful}y ascertained, although their feal'péssibiliﬁies

“are still far from having been conpletely éééessed,'sincélthié industry's
method of operation dees not call for the inmcdiate.détcrminéticnvcf‘all:
the reserves existing in a deﬁowlt but rather for thelr bradual dlscovery.

" The deflclenc1csﬂde°c ibed assuue thelr mcst SerlQUS form in the case
cf hydro-electric rescurces; most of the countrles 1n the reglon are
unaware of their real heritage in thls connexion, ‘The asccrtqlnlng of
hydro-electric potential is the longcst slowest cnd perhgpq the most

. coqth'pf all the tasks anOlVLd in prospectlng for energy, as it has to
be carried out over a very wide area and nccesultates observatlrn and
the keeplng of rechds over & lcmg p@rlod of years, Neudless to say, as
,requlrements are 1nton51f1ed w1der, mere thorough and more ﬂccurate
knowledge will become an imperative n@chSLty in thls field. Thus it may
be hoped that hydraulic rescurces will be explolted in accordance w1th
the possibilities 1mp11c1t in each case, both from the p01nt of view of

energy and multiple water resource utlllzatlon.

-/ Chile has a
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Chile has a reasocnably accurate:notiéh'bf‘its real hydro-glectric
potential, and Uruguay has carried out'é survey cf its most important
resoUrces. Brazil possesses a vefy advanced catalogue of the hyiro-
electric resoufées that cculd be exploited in the more highly develeped
areas of the country, and in Argentina rapid progress 1s being made with e
similar inventory. But it much more ffequently happens that knowledge
of this kind, whether for countries or for entire river basins, is definitely
rudmentary and inadequate. =& table hés been drawn up to show how the
hydro—eiectrié enargy éxploiﬁed in each country relates to the hydro-eleciric
resources estimated to date, (See table 12,) This estimate takes into
account the potential on ﬁhe basis of the minimm flow, beth with developed
and undeveioped sites, In this latter case, only the natural conditions
of possible lecations are taken inte acciunt, and these can be considerably
medd.fied by‘hydroﬁelectric works, such as reserveirs, diverting cf water-
courses, etc,

It is intercsting to ncte thzt these rescurces do not always belong
exclusively to one given counbtry, but in many cases are the cammon property
cf twec or more Republics, in which case their development depends upon the
agreement feached on the sﬁbject by the governments concerned. Various -
cases deserving of stuldy exist both in South and in Centrel Americ=,

Besides the traditional sources of energy, some Latin fmeriecan
countries have at their disposal cther speci fic energy resources 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 Patagonian - -tides in Argentina.

If such scurces are £o mean “a real centribution to the energy system
cf some cf the couniries of the region, certain prerequisites rust be
fulfilled. These sometimes comprise the scolving of particular technical
problems which still provent such rescurces from being used on any
consilderable scale, In other cases present cosfs are prohibitive, so that
more eccnomical technigues must be developed for their utilizaticn,

The exploitation of nueclear energy for imdustrial purposes is
undoubtedly feasible, since the mest sericus technical problems have been
eliminated, end from the economic point of view it seems that costs have

already been brought down to competitive levels, . It is reascnsble to

/Table 12
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Table 12
LATIN /MERICA:  PROPORTION OF HYDR.ULIC - .
POTENTIAL .USED, 1954 Q/
Present Hydraulié
. estimate installed Percentage
Countries potential capacity used
(thausands of kW)
hrgentina 6,500 80 1.2
Bolivia 3,680 73 _ 2.0
Brazil 16,200 1,791 11,6
Chile 6,600 L24 C 644
Colombia . 4,020 258 6.4y
Ecuador 970 .25 2.6
Mexico 6,030 863 14,3
Pareguzy 3,150 - -
Peru 5,8C0 220 3.8
Uruguay 1,000 . 128 12.8
Venezuela 3,200 70 2,2
Central America b/ 5,200 52 e/ 1.0 o

Scutce: Economic Commission for Latin iAmerica, Znergy Division

a/ The hydraulic potential of Cuba, Dominiczn Republic and Haiti is not
available, '

b/ Includes Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua and
Panama.

¢/ Provisicnzl estimates,

assume that they
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assume that th?y will cortinue to fall as nuclear installations on a
cermercial scale increase and greoter experience is acquired, The
contribution of nuclear sources to the energy system may attain very
impertent preportions, both in the generaticn cf electricity and for
purposes of heating and motor power, althouéh no sensaticnal superseding
of the traditional sources can be expected within the next few years.
TaBlés have beéﬁ prepared wﬁich offer in outline an approximete repdy
to the question és_to how far enérgy rescurces can meet the volume of
future demand. {See again tables 10 and 11.) It may be noted that
except in a few,spécial cases liks those of Venezuela and Colombia,’and
some other countries with respect to spedific types of energy, the
satisfactioh of this demand will czll for an organic and sustained effort
on the part of all the countries of the zresn, aimed at the discevery of

additional sources in the immediate future.

/ CHAPTER V
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CHAFTER ¥V

THE BALLNCE CF ENERGY ..JND ITS UTTILIZALTION

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

so that a general aggregate is reached which represents, at the various
levels of its utilization, the total of all energy 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 eguivzlent of 10.7 millicn caleries, to which
other fuels and hydro-electric energy'are rcduced by conversion based on
.their respective thermal equivalents, in ofder to arrive. at the aggrerate
energy used; thesc components expressed in equivalent tons of petroleum
are added together, The figures must, however, be taken at & level where
the state of processing, or the degreeto which the different forms of
energy sre utilized, exactly correspond, 19/

In assessing these totals sericus difficulties cre encountered, The
different physico-chemieal and technological characteristics of the forms
of energy, the spheres in which they are used, their efficiency and the
technical processes throush which they pass « both in their preparation
and their use ~ are all handicaps making it difficult to present a single
composite figure, based on such heterogenecus compeonents, 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 fipure all the forms of
energy at pr-sent used lies in electricity, since it is the least suitable
for reduction to a cormen unit, The sciution selected as the most
appropriate is that of computing nydre-electric energy at the stage of
gross energy, in terms of the calories which would have been necessary
to penerate it thermally and which to some degree it replaces, it the
stage of net energy, all electricity (therro and hydro) has been considered
as having a theoretical thermal equivalent of 880 cal/kith, 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 elone 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 therefcre 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), '

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

sources of energy before they have been incorporated in the
econcmy {potential thermal enerpy);
ii) Net energy expresses potential energy in a form suitable for
utilization and in the places where it is to be used;
iii) Energy used is the mechanieal work, heating or light into which

| part of the net energy is transformed for absorption in a process,gg/

Each one of these levels has its value, Gross energy represents
potential theoretical eﬁergy end as such measures national production needs
and in part import requirements, Net energy will measure the real demandc at
the consumption pnints, Dnergy used expreéses 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 excludedl~ penuinely measures the energy available to the economy
and is subsequently reflected in the production of goods or executicn of
services, .It is also the stage which, in the absence of complete anl
reliable figures on the quantity of energy actually utilized, comes closest
to values representative gf end consumption, This is the reason why it is

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

20/ Some examples will help tc clarify the differcnces between stages ii) and
iii), The fuel consumed by roilway 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 agsregate energy consunption and its characteristics,

The breakdown of energy consunption at stage iii) will be & neasure of
the degree of technical sdvancement and of the econcmic structure, 2L/

By presenting energy balmnce-sheets based on the foregoin); concepts
and sequénce, it is possible to express in clear and coherent form the
najority of the technical and economic facteors affecting energy utilization.
hccounting by this method is also important bécause it permits:

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

functions in the econony; and '

b) a definition of operation involving a major cxpenditure of energy,
in which efficiency is abnormally low by‘coﬁparison with the use
nade of sinmilor functions in other countries,

An analysis of this kind is, of course, particularly interesting when
the figures for the cefficiency at exch stnge exnetly correspond to the
countryts situation, This position can arise only as a result of direct
studies in this shpere, pdrticularly in industry and trnnsport.

2. Losses and efficlency

The passage fron one stage to the next is marked by intrinsic
consunption and losses of energy. Scne of these are an-inherent feature of
the process, while others con be aveided. Nevertheless, they all tend te
dinminish as teclinolegy advances and depend both uvon the structufe of
production and conswiption and upon the characteristics of the equipnent
used. Thus, between stages 1) ond ii) losses occur due to the extraction,
preparation, transfornation, processing and conversion of'energy fron its
sources to the consuniption centres. Betwcen ii) and iii) the efficiency

that affects the finnl consuapticn of energy, in the form of work or

21/ It should be renenmbered that, strictly speaking, the solc stage at which
equivalence between the different forms of energy can properly be said
to exist is stage i1ii), or cnersy used. Only when this peint has been
reached, when an cconoildcally useful function hns been fulfilled and
when energy 2s such has disappesred and beccne incorpornted in final
operations or products, do all the differences betwecn such forms, as
re;zards their cherncteristics and efficiency, becume blurred and
indistinguishable, ‘

Calculation at this stage, however, requires o fairly exact knowledse of
the efficiency afforded by the various fuels nnd by clectricity in the
course of their utilization in the principal econordic wrocesses, By and
large the efficiency has not been neasured in Latin snmerica and information
about then is extronely varue even in nony industrinl countries.

/industrial heat
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industrial heat, transport, residential heatihg; étc.g must be considerad.
Losses betwecn étages ii) and iii) are considerably gfeater than those which
take place Betweenhi) and ii). |

Broadly spéaking, snergy losses are.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.g'The efficiency achieved at the passage from one stage to
another is‘conséquently iow, being on an over-all average not less than 50
per cent, in Latin Americe, below those of countries at a more advanced
technological level "“/Thlb fact is explained by the heterogeneous nature
of the cquipment used, much of which consists of anthuated me chlnery,w
mentioned in Chapter I, .

It should be emphasized that individual consumers may not be particularly
_anxious to save enérgy, from the financial standpoint, since the incidence
of the cost of energy upon production costs is low, ﬁsually about. 5 per
cent, aé/dovepnments, however, are supremely interesfcd_in the efficient use
of energy, siﬁce it enables them without great effort to save from lO'to-Qé‘
per cont of current consumption, with conseguent advantages whlch often
include a congluerablo saving of foreign cxchange, ‘

The over-all nverage efficiency ~ expressed as a ratiec of 111) i) ~
is not very indicative. Its mere size is insufficient to permit the .
chardcteristics of the encrgy-economy peoculiar té the system to be defined
and to interpret them correetly the camponents must be known and the
efficiency rccorded within cach of the main sectors, The efficicncy is
found to vary considerably in wccordmnco with the type of “ct1v1ty, pvocess,

equipment utlllzed, cte,. 24/

22/ The size ‘of the problem is clear when it is stated that, with a very
similar composition of consumption, the efficiency of the use of energy
in Argentina is at lenst €0 per cent lower thon that of the United States,

23/ Admittedly this figure is much greater in certain intensive activities
of energy, such as metaliurgy, electro~-chemistry, ectc,

24/ Thus, since the residential use of fuels generally takes place with a
final efficiency which is higher than that of the remnining 10ﬁ1v1t105,
the relative predominance.of this type of consumption wou;d improve the
cover-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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Table 13
APPROZIMATE BFFICIENCY CF DIFFERENT FORMS OF ENERGY, BY UTILIZATIONS
(STAGSS i - iii), IN THE GRCUF OF LaTIN SGERICLN COUNTRIES WITH
JORE_ADV.NCED TECHIIGUES, 1950

z9 23ded

gLE/eT ND/d

Form of energy Efficiency in passage from gross cnergy to nct cnergy(i-ii) :
bxtraction Preparation  Generation Trans- Over-all Efficiency in Over-all
and of port efficiency passage from net efficiency
conversion electricity energy. o energy (1 -~ iii)
' used (i-iii)

Hydro-electricity: 1C0O 100 93 g5 79 Residential heat 100 79

) Mechanical work S0 71

Industrial heat 80 63
Transport 15 11.8
Lighting 10 7.9
Commercial fuels: a/ 96 92 - 97 85.6 Residential heat 50 43.8
- Industrial heat 25 21.9
, - A Transport, . 4?/ 3.4

Thermo-electricity: g6 92 16 - 18,5 92 15 Residentizl heat 100 15
: : : Mechanical work  §O 13.5

Industrial heat 80 iz
Transport ©18¢/ 2.3
Lighting 10 1.5

Fuelwood ard other -

vegetable fuels: d/ 90 75 - 90 60.8 Residential heat 50 30.3
: : Industrial heat 20 12.2
1.8

- - ‘ Transport 3
Source: Ecoromic Commissien for Latin fmerica, Energy Division. - ‘
a/ Refined pretroleum productos, mineral cecal and gas, but excluding the generation of electricity.
b/ Including diesel-electric, though very scarce in Latin America.
¢/ Excluding diesel-electric.
d/ Including charcoal.
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Between the stages of gross energy and net enorgy,'tﬁe s&stam suffers
con31dur1b1e losscs, resulting from the extrrctlon, reflnlng, conversion
and tranSport of fuels and the generatlon and transmission of lectrICltJ.
Such losses are varLable, depending upcen the breakdown of consumbtlon by
S0UTCeS 1nd they 1ncrense proportionately to the sccondﬂry or derlv”d ehergy
employad. Calculatlons for latin Aner101 1nd1cate that oetmebn 25 to 30 per
cent of the groas energy consumption is used in tho aforenmcntloned operatLUns.
The principal losses result from thc genvration of electrlclty'by thernal
means, from the cqrbonlzatlon of fuelwood unﬁ frem the extraction of
nineral coul . ' | ‘
' In Latin Anerlca, not more than 15 per cent - and often less - of the
aggrogate energy designed to generite electrlclty beco nes ﬂvallable to
consuners in the form of electrlc current t, wherens the same ratio in ‘countries
which are technlcally ~hd eC)nom¢cm¢ly well devoloped generullj exceeds an
average of 21 to 22 per cent, It is thus an expensive oper tlon from the
point of view ‘of heot utilization, o5 well as from that of physical and
finaneial resaurces.:

It is in this nct1v1tj, then, that tho nost attrqctlvc prospects exist
for dininishing the losscs which thc bnergy gystom suffefs betwaen stages

i) and ii).

The backw:\rd condltd_on of almost Lli the La.tin Amc -rican éountries in
the natter of energy arises both from the "go of the gcnerﬂtlng equipment
- w1th 1ts consequently grenter consumytlon of colorific encergy per unit
of eloctrlclty - and from the greater conaumptlon of the nﬂznts themselves,
s well ns from losses in the dlstrlbutlon network., Chrrocteristic features
of consumpticn, including small-lecad and diversity factors and the iack of
hydro-thermal 1nturconnbx10n, are also rcapon51ble for this 51tuﬂ+1on. By
taking-sultable steps to remedy 2ll these ﬂCflCIGnCluS, it is possible to
obtain very marked imprbvements in the efficiency of the electricity system,
which in many countries have beoome worse durihg recent periods.,

The collecticn of fuelwood and its conversion into charcoal is generally
subject, inh Latin Amecrica, to very low efficiency, owing to the cut-cf~date
processes which are still populs r ~nd to the la vck of dntegration in the

operations, In view of the high proportion of fuelwood and its derivatives

/to the
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to the‘total'consumption of almost 21l the coﬁntries of the rcgiﬁn, such
losses have o very pronounced effect upon the total, ' |

losses in coal mining are also very high, owing tb the uneconomical
methods frequently adopted and to the zbsence c¢f crganization in the
industry, ' )

As regnrds the extranction, traﬁsport and refining of'potroleum, these
arc operations which in letin America show an efficiency similar to that
of more advanced countries. ) | |

Once they have besn adequatelyprepared" to make tham avaiiable'for
use, the various forms of energy proceed to fulfill their functions in
nany economic activities connected with production, traonspert and cohsumptioh.
It is at these stages that the greatest lossecs ariée, and it is here that
there are the best prospects of effecting considerable savings., While the
losses between the sta_es of Jross and net cneryy stand at cbout 25 pef
cent, those which take place at this point re?resent ROTC thah double that
proporticn,’ |

The fijures Jiven in the present report are provisicncl, but it is
considered that they reprcsent an acceptoble approxirnation of the Latin
American situation, Table 13 shows, step by step, each of the operations
mentioned. The final efficiency swmarizes the coumbined nvercge effect of
all the fuels used in the different Operations.' (See table lﬁ).

A combination of the efficiency of ench uctivity with the share taken
by the latter in aggreznte energy cnnsumption indicateé-the chardcteristics
zoverning the use of energy by the various countries, The principal sectors

are: Iindustry, transport nnd residential use, 22/

25/ Tt is well known that inereassed industrial diversifiention tends to
raise the impertance of the power, blast furnnce and damp-hsat sectors,
and to reduce the importance of dry heat which, to a very large extent,
is intended for the manufacture of building meterials ond other industries
“which satisfy basic nceds., These effects may ve observed from o study
of the energy balnnce-shcets at the stage of the energy used in several
Latin American countries, : ‘

/Table 14
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Table 14

AVARAGE ENERGY EFFICIENCY BETWEEN STAGES ii AND iii IN THS VARIOUS LCOWCHI

SwCTURS OF THREE GRCUPS OF COUNTRIES

Latin Ssnerica

L Industrinl ¢ ' Countries with Cowrtries mith
! : ~ countries nore advanced - less advanecs
' technigues tuchnﬂouus
Generation of electricity 25 ' 19 - 15 af
Stationary mechanical worlk - o 90 Q0 80 p/
Industrial heat: ‘ ' .
Metallurgical furnoces o - 35 25230 g/ | 15<20 g/_
Cther types of dry hect. o300 22-28 15-20
Wet heat Lo 2’0 N 20-25 - 15~20
Residencind use: o
Heating ¢/ I € 5055 30-35 £/
Lighting ' - 15 10 10 g/
Transport: - .
Railways 3,6 2.9 2.0
Motor vehicles . 5.0 5.0 b/ Loif

»

S0

urce: ESconomic Comniséioh for Latin America, Enurgy Divisinn,

_/ Efficiency undcr benerﬂtlng conditions sinilar to those provailing in the

b/

QE'

rest of Latin americn. The avernge is not lower becrsue of the diesel
plants existing in these countries which work with higher efficicncy.

For this group of countries, it hns besn assuned thot electric iotors are
not utilized under coptinum 0und1t10ns, whlch would give 90 per. cent
efficiency.,

" The efficiency hns been reduced be01uau Jf the incidence of sr.all-scale

industries, whose efficicney is lower tkqn that ©f nanufacturing industry
with higher {cchniques,

The absence of he vy industry is respons;ble for the lower v~lue of this
coefficient,

Includes heating, cookin& znd hot—whtev supply. The varlntlon AmonNg
countries is very groat,

£/ The poor quality of the fuels, comb;neu with the current hcusing conultlons,

necessitates a re*uer exJendlturb of celories to vbtnin a xiven rise in
room temperrture, '

&/ Kerosene or carbide lamps - althuubh inferior to electricity for lighting

purposes - give a rei~tively good theraic efliciency.

h/ The some efficiency has been assuned as f,r inZustrialized countries,
~ owing to the fhct ‘that the number of oub~of-d-te models is, COﬂpOnS&ted by

the lonber distances travelled W motor vekhicles with cne passenger only
and by the great traffic congestion, |

i/ Very poor roads, together w1th ouhcr fmctors, sre responsible for lower

efficiency.

/The apparent



E/CN.12/373
Page 66

The appa arent approximate efficiency of ag ggregate industrinl activity
in the technol“"lcﬂllv advanced countries of Latin Ancrica is about 25 per
cent, This figure nay be 1nproved by taking action dlr cted =t various
aspects, such as: introducing technical improvements in the use of fuels,
or adapting that form of utilization which gives the best efficiency at
each utilization. The efficiency in the final use of electricity is, as a
general rule, adequate, since the cperations herc take place in ~ccordance
with universally accepted practices, Nevertheless, 2 oergin renains which
is eapable of improvenent by means of the modernization of the electrieal
installations and the moru rotiocnal use of direct drive, '

But the use of industrinl heat~ save in exceptional cases éﬁch ns
integrated irom ond steel indusiries, metallurgy for cxport and isolated
large-scale establishments in a number of industries - invelves heavy losses
- and lends itself to the introducticn of much hizher utilization than at
present.,

It is perhaps in the tronsport sector thut the greatest losses arise
:in use, This is due to the exceedingly low energy efficiency in such
operations, averaging not more thon 3.5 per cent in Latin imerica, Rail
transport . in particular shows much scope for very considerable improﬁement,
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 basically from the
inadequate state of the locomotive cquipment and the fuels used for traction,
There is no doubt, however, that o rationalization of railway transport would
lcad to pronounced improvenments in efficlency and therufore to a savinv of
fuels, Since a guarter and even more cf the aggregate onﬁrgy 1n nany Latin
Amcrican countries is intended for transport purnoses, the rusult represents
very high losses for the economy. It is obvicus that for rail transport,

more than for sny other econonic activity, the necessity of the best pessible
utilization of available capital goods must always be borne in mind, The
solutions adopted must fulfill the requirements of the maximum cconony of
enefgy together with the lowest additionai investnent.

Although the residential sactor uses energy with comparatively
satisfactory efficiency, the 1ntroduct10n of certaln technieal methods (applied
to the rationalization of building, the choice of fuels and central heating)

would all result in considernble economies,
Vo VO N ¢ &
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'CHAPTER VI
PROJECTION OF DOMESTIC PRCDUCTION

Onceé the demand for the different types of fuel and hydro-electric
energy -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 point are complicated by the fact that,
particularly in the case of petroleum; many.countries have embarked upon
far-reaching plans for developing productioﬁ, the targets for which bear
no relation to-past experiencé. Recént 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 thé 0il shale deposiis in
Brazil,

lastly, there is always the possibility that, before the ten-year
periced set for the demand projections in this report has expired, scme
nuclear energy plants may have been established in Latin America., If this
occurs, it will considerabiy lessen the pressure of demand for other fuels,
in particular petreleum, '

Ls Projection of;production

-

In estimating the possible contribution of national production, the
"plans alpeady 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 consistency, Consideration was also given to
demand reguirements with little elasticity for substitution, especially in
the face of an urgent need to economise forsign exchange or to safeguard the
supply in the event of an international émergency. 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 almost all the countries
are planning to use this form of energy more.intensively,

| The increase in national productioﬂ‘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. Aeéording to these estimates, total
output, of energy would be approximately: 85,000 million kWh, representing
accumulative annual rate of increase of' 7.8 per cent, Hydro-electric energy
would expand more rapidly (8,5 per cent annually), representing almost 60 per
cent of the aggregate in 1965. The production of petroleum for domestic
consumption would also rise at a rate of 10.7 per cent, exceeding 66 million
tons at the end of the peridd, while that of coal would éurpass 12 million

tons, with a yearly rate of 5.7 per cent.

/Table 15
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Table 15

LATIN AWERICA: PROJECTIONS OF PETROLEUM PRODUCTION, 195465

(¥illions of tons amually)

Real Production " Production for domestic consumpt ion
1954 1954 1965 Difference~
| 1954/65

 Argentina L.23 L.23 ‘ lZ.lhE/ 7‘?1
Bolivia 0.22 0,22 0.52 ~0.30
Brazil 0,13. °~ . 0,13 ‘12.822/ 12.69
Chile 0.23 0.23 1.20 _ 1.07
Colombia 5.66 0 L.32 4.30 -
Cuba - - 1.00 ‘ 1,00
Ecuador 0.41 | 0.30 - 0.72 0.31
Mexico 11,98 - 8.65 22,00 . 10,02
Peru 2.29 1.51 3.24 0,95
‘Venezuela 98,00 490 - 8.00 -

Total 12315 21,49 66,04 25

Source: Economic Commission for Latin America, Energy Division,

a/ To calculate the daily productive capacity in barrels, 1 million tons
annually has been considered the equivalent of 19,000 barrels daily,
This assumes an average density of crude at 0.9.

The additional preduction is the result of subtracting the real
production in 1954 from the projected output in 1965 and corresponds
to the share of which the financing has been estimated in this report.
In examples such as Colombia and Venezuela, where present output will
exceed domestic reguirements in 1965, no additional capacity was
considered necessary, This is equivalent to assuming that supplies
for the domestic demand will be financed from the export industry, and,
given the size of the examples, is not significant.

g/ A more moderate production alternative in 1965 has been assumed for
these two countries, which would be: Argentina, 8,5 million tons;
and Brazil, 6 million tons (see the relevant section of the text),

'{

/Only Venezuela
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Cnly Venezuela and Colombia, aﬁd“possibly Bolivia, would have important
sxportable surpluses 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'heve to be supplemented by
imports (Argentina, Brazil, Chile).. In general, these projections have.
taken into accourt previous ylelds from such resources, since, for the most .
part, expan51on of known- supply zones- is contemplated On the other hand,
when forecasts were based on new areas,‘ab was the case to some extent in
' Argentina and wholly in Brazil and Cuba, the estimate had to be deduced from
general considerations,” ‘For the first two countries, recourse was had to
an indirect method, taking as the point of departure certain hypotheses of
maximum imports of fuels, compatible with the countrieS"capacity'for“
external payment, ‘ J
In the case of Argentina, for example, it was assumed that imborts 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 expansiod 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, whlch would mean a 10 per
cent annual rate of 1ncrease. This is falrly hlgh in comparison with past
trends, -and could only be achieved through heavy investment in the development
of new 01lf1elde. There is another less ambltlous alternatlve, acoordlng
to which, Cutput would grow at an annual rate of 6.5 per cent, affording
at the end of the per1od an annual productlon of 8, 5 mllllOH tons. (See
table 15 ) L _ _
In the case ‘of Br321l a 51m11ar procedure was followed The first
step was to determlne a volume of fuel imports which would represent 18 per
cent of the over~all 1mports est1mated for 1965, 4 ‘proportion Whlch is’
glightly larger than that prevalllng 1n recent years, but which is considered

26
acceptable.—H/In this way the figure of 12.8 mllllon tons was. arrlved at

26/ Analyses and Projections of Economic Development, 1T, The Economlc
Development of Brazil, document, No. E/CN,12/364,

/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 Qill be met from the probable
output of the present o0ilfields, 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 exportéble surpluséé in Bolivia should extraction continue to increase
at the rapid rate now prevailing.

2e Installed capacitj reguired

From the calculation of the anmual demand for the different fuels and
for electrie energy, together with the share expected from national
production, an estimate was made as to the size of the installations neéessary
to meet these requifements. 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 anmual totals; thus the size of installations
can bé only approkimately estimated, For this purpose, use has been made of
coefficients reflecting domestic averages for the different 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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the aggregate energyAwhichlweuld‘heee'to be generated in that year was
deduced. This estimate of generation and the pattern and characteristics
of consumption - above all, the load factorgZ/* make‘it possible to
determine the minimum number of installations needed to satisfy the estimated
consumption, By adding to the foregoing a reserve capac1ty~—/ the total
-capacity which should be installed by 1965 was calculated, and thereafter
distributed between hydro- and thermo—electrlc energy, according to the
avallability of hydraullc resources, and serv1c1ng requirements.

A table was drawn up to show total installed capacity divided between
the requirements for hydro— and thermo—electric energy in 1965, Current
installed capacity for 1954 is alse given, making it possible to determine
what additional equipment for the generation of energy must be installed
in the intervening period, (See table 16.)

-Strictly speaking, for the additional capacity in the period under
‘review there shonld be a marginal allowance to covér inevitable and possibly
extensive replacements of worn-out plant. A5 it is extremely difficult to

determine such requlrenents from availlable 1nformat10n, this figure has been
omltted although in many cases it may reach 25 per cent of the 1954
installed capacity, or more,

It should be- remarked that in the hyuothe51s of growth adopted for the
gross nationel product, whlch assumes an annual increase of 2.5 per cent,

- total capacity is more than doubled in the period, rising from 9.5 to 21.6

million k" (7.8 per cent annually). Thi.s implies a substantial building

3;/ It is assumed that- through the natural diversification of consumptlon
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 approx1mately 50 per cent,

§§/ For this reserve capacity, which has generally been lacking in nearly
all the great consumer cenbtres of Latin America in recent years,

slowing down industrial 'and urban expansion, a provisional estimate
{ 20 per cent has been adopted,

/programme,
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programme, Some countries, for example, Brazil and Colombia, would
manage to treble their installed-capacity. In the interim, the proportion
of hydro-electric plants varies from 42 to 56 per cent, thus pointing the

. 2
way to a better utilization of this renewable resource.—g/

Table 16

LATIN AMERICA: RECUIREMENTS FOR ZL2CTRIC GENRRATING CAPACITY, 195&-65
(Thousands of kW)

Installed 1954 Projected 1965 Addition 1965

Hydro Thermal Total Hydre Thermal Total Hydro Thermal Tota
Argentina g0 1,805 | 1,885 7&07 2,740 3,480 660 935 1,59
Brazil 1,791 621 2,412 6,050 1,300 7,350 4,259 679 4,93
Chile L2l LOL . 828 1,005 607 1,612 581 203 78
Colombia 260 220 4807 1,200 410 1,610 940 190 1,13
Vexico 863 998 1,861 1,700 1,800 3,500 837 802 1,62
Total 3,418 4,048 7,466 10,695 6,857 17,552 7,227 2,809 10,C€
Group 1%/ 420 1,147 1,567 928 2,206 3,134 508 1,059  1,5¢
Group IIIE/ 137 344 L81 476 Lbyly 920 339 160 L2
Grand total 3,975 5,539 9,514 12,099 9,507 21,606 8,124 3,968 12,0¢

Source: Economic Commission for Latin America, Energy Division.
a/ See footnote ¢/ to table 3.
b/ See footnote d/ to table 3,

It must be remembered that the problem of estimated generated capacity
is 2llied to that of transporting electric energy over greater or lesser

distances, according to circumstances, to the consumer centres which is

29/ The use of hydro-electric energy means a saving of coal and heavy oils
in the following percentages of such fuels: 1937 - Brazil 51, Chile
16 and Mexico 25; 1952 ~ Brazil 85, Chile 30 and Mexico 1é.

/followed by
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fallowed 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:proportion 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 ih'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.) 1In the caée of the refineries, possible
irregularities in the work during the yeér 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 requiremen@s'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 refiﬁing capacity wbuld be doubled, rising by
6.8 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 assuﬁed that such development would take
place only in those countries producing crude {with the exception of Uruguay),
and in some countries not enough crude to satisfy domestic demarnd would be
refined locally (75 per cent of requirements in Brazil and Chile).

/Table 17
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Table 17

LATIYN Alt»ICA: RECUIREMiNTS FOR FOTROLRUM 2 GFINING CAPACITY
(Installed capacity in thousands of barrels of petroleum/day)é/

Existing 1954  Total 1965 ¥ addition 1965

Argentina - 208,0 ¢/ 385 - 7T
Bolivia . 12,3 11 -

Brazil 109.8 4/ | 368 . . 258
Chile _ 21.1 ¢/ _ 3 - R
Colambia 38.0 Q0 - 53
Cuba 6.1 99 : 93
Zcuador 5.7 18 12
Mexico 256.5 380 §VAA
Peru 46,9 : G 22
Uruguay 28,0 40 12

Grand total T32.4 1,494 784

Scurce: Tconomic Commission for Latin America, inergy Division,

Y

K

UL

Gross consumption of liguid fuels, equivalent to 1 million tons annually,
requires a daily refining capacity of 22,300 barrels., This figure was
calculated by establishing an average gravity of 0.9 for crude petroleum;
by adding 5 per cent to fuel demand to cover non~fuel derivatives of
petroleum (0il, grease, etc,); and by ensuring a 90 per cent utilization
factor for the refinery. (This last presupposes a working year of only
330 days.)

Assuming total domestic refining of consumer needs amd excluding the
consumption of importamt export activities, except in Brazil and in
Chile, three-quarters,

Includes the Presidente Perdn refinery which entered operation in early
1955,
Includes the Cubatao refinery which entered operation in April 1955.

Includes the Concdén refirery which entered operation in early 1955.
Excluding Venezuela,

/The marketing
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The marketing of finished products, whether of local origin or
imported, ¢alls for investment-in dockyard warehouses, distribution

centres sefﬁibé~sellihghétations, etc,’, which have been scaled in line

—-With over=-all -consumption, -

©o.. As coal plays a lesser part in aggregate future 1nvestment a
detailed estimate in relatlon to other types of energy was pnot made,
““Estlmated 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 1ndustry were proportlonate, when determining thls annual productive’
capa01ty. This increases from 7 million tons a year to 12,8, within the
perlod in other words, by 83 per cent (5.7 per cert annually). As can
be’ seen, such - expan51on is alsc comparable with that projected for
petroleum and electr1c1ty, and will allow this industry to develop
normally within the framework of the energy market
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THE TNVESTMENT AND TFOREIGN EXCHINGE REQUIRED FOR ENERGY

Once the approximate size of the installations which will be -

‘required to meet the need for energy in Latin America cver the next. decade
has been determined, a caleulation can be made .of the capital and fereign
exchange requirements it will involve wit hin the investment budget and
the balance of payments-of the countries ccncerned,

With the sole aim of providing an idea of the size of the figures
involved, an approximate estimate 'was made, in which all installations
were divided, for each type and energy sector, into groups of similar
types and characteristics and, insofar as pcssible, by geographic
lecation, Costs cculd thus be estimated by a comparisbn with typical
examples of installations rccently carried out, or planned, in the region,
the accuracy of which th been checked with many cther examples within

the region and elsewhere;

1. Unit costs

These wnit cests 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 fbnestablish that the difference in costs for large groups
of insiailations and equipment:on a national scale is fairly narrow, The
validity of the figures rests ﬁpoﬁ this éverége statistical behaviour.

' These calculatians similarly include the share of investment which must
be spent abroad, fof which eomparative and suitably aljusted examples have
also been used. |

A In the case of electricity, cost per installed kW, including
transmission and distribution, workéﬁiout‘tb an gverage according to the
country of between L8O and 560 dollars (at l95ﬁ.prices) for hydraulic
plants and cof 425 to 475 dollars for thermic plants; The margins of
viriation between imdividual cases are naturally very broad and depend -
ameng other factors - upon the size, type snd complexity of hydraulic

works, transmiésioninetworks, planned expansion in‘thé‘future,'characteristics
of the plants and the type of fuel; eﬁc; " The variations are less in

thermic plants, but are still relatively large.

/In adopting standards
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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, Colcmbia, Beuador, etg. in whiéh are included a variety of plants
and services linked with planning, inter-connexiocns, frequency unification,
etc., thus resulting in suitably weighted averages.

For petrcleum, the unit costs of the plants required to obtain a
given exbtractive capacity vary considerabiy according tc conditions of
the rescurces, Consequently, projections in this sphere are subject to
much uncertainty. Fairly high ccefficients were adopted, which allow
a wide range of possibilities tc be covered, They represent from 2,900
- 3,000 dollars per barrel/day of production capacity (including the cost
of transporting crude) in countries with relatively rich deposits that
have been workeld for a long time, such as Colombia and Mexico; to 3,600
dollars under average conditioms, in countries such as Bolivia, Cuba,
Hecuador and Peru; and as high as 3,800 and 4,100 dollars in little-known
or mere distent areas, such as Brazil and Chile. These values were also
checked with experieﬁée in the United States, where the ccefficient stood
at 2,800 dollafs in 1950.

Refining can be mere accurately estimated, and the instzllation cost
to refine cne barrel/day of crude resulted between 1,000 and 1,200 dollars
according to the size of the refinery and diversity of products, Some
recent instances in the region appear to be slightly belov this figure,
although this is because they correspond - on the whole -~ to a more simple
type of installation,

By adding the transport cof refined products (300-400 dollars) and
marketing of finished produets (1,1C0 dcllars), the unit cost for the
over-all development of the industry represents between 5,600 anﬁé,SOO
dellars per barrel/day capacity, according 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 in
the region and the informaticn is indefinite, a single representative
velue of 20 dellars a ton was calculated., This value, although it excludes
regional differences, provides a sufficient approximation since the total

fipures for Latin America are in any case relatively low.

/2. Aggregate investment
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2. Aggregate imvestment

Having established the unit cost of the different installations
for production and distribution of energy, the‘aggregate investment
wntil 1965 was calculated by multiplying the unit cost by the previously

calculated capacities, (See chapter Vlﬁ)

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 milliens of dclldrs at 1954 prices, to satisfy the needs for
energy arising out of development proceeding at an arbitrary annual rate
39 o the 1,022 millicn dellars

which are required for such investinent every year, 57 per cent represents

of 2,5 per cent during this period.

electricity, over 4l per cent petroleum and close to 2 per cent cecal., Of
 the total, 56 per ¢ent would have to be spent abroad,

: If, instead of the preceding assumption, the question had been

raised as to the required irwestment total to cause growth in the given
eccnomy at a rate of 1 and 4 per cent respectively, the totals would be

590 million dellars and 1,740 millions annually. The proportions mentioned
above wtu ld not fundamentally alter for the 4 per cent growth rate assumed,
althazgh the share of electricity would diminish considerably for the 1

per cent hypcthesis,

The rercentage of the total to be spent abroad represents, as noted, an
appraisal of what national production and techniques cannot supply.,  This
is very ﬁafiable and the values only express a general average. in
example may be given of a large transmission line., In Brazil it was
recently estimted that for a 60 thousand kW project, the power line could
be entirely financed in the country mainly on the basis of domestic
aluninium apd steel. In smaller countries, El Salvador for instance,
where no such output is available, only 25 per cent of such an installation

cculd be finarced in lecal CUrTEncy .

3¢/ See chapter III,

/Table 18
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" LATIN AMERICA: INVESTMENT OF CAPIT.L FOR THE SUPPLY
OF TOTAL EMERGY 1954~65
(Milliens of 1954 dollars)
l | Energy sector
Electricity Petrolewn. Coal . as a whole
Total - fbroad Total  Abroad Total  ibroad Total  Abroad
Lrgentina 777 70 993 a/  6L46 26 13 1,796 1,129
Brazil 2,350 1,088 1,577 a/ 945 20 10 3,947 2,043
Chile 353 - 141 12 - - .78 40 20 505 239
Colombia 565 287 121 85 ko 15 716 387
Mexico 820 L5 958 575 14 7 1,792 1,033
Sub-total 4,865 2,437 3.761 2,329 130 65 8,75 4,831
Group II a/ 756 463 3M5 21,2 6 3 1,107 708
n Il b/ 231 122 130 91 - - 361 213
Totals 5,852 3,022 4,236 2,622 1% 68 ° 10,224 5,752

a/ With the more modest assumpticn for domestie cutput of cil the figures for
total investments and foreign exchange requirements woull be,respectively,
for irgentina 755 and 491 millions and for frazil 1,042 and 625 millions.
This would lawer the grand total for the wheole of the energy sector te 9,451
millicns of which 5,277 millions would be in forsign exchange; but it would
on the other hand, 1mply higher imports of fuel (qee text)

b/ See footnote ¢/ to table 3.
¢/ See foctnote 4/ to table 3,

NOTES: The investments required for the replacement of worn—out eguipment
are not included, It is assumed that the figures for the projected
period will be the same as 1954 productive. capacity, Investments
are also exciuded, which,at the end of the period will be essential
for the preparation of post~1965 programmes, but on tue other hand
they do not take into account the projiccts under way at the
present time,

/3. Energy in the
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3. Energylin the national capital ocutlay

To estimate the share of total natiomal irvestment which might be
requlree for energy, the gross anmual investnent expected during the
: perlod must be known. For* a rate of growth such as that assumed this
investment would represent ap] -ro}ca_fmtely 18 per cont of the gross product,
In other words, scme 9,000 millicn dcllars (at 1951+ prlces) would be
needed at the begmnlng of the perioed end arou.nd_ rlh,hOO millions at its
close. The energy éeetcr, with its average'quota of 1,022 million dollars
‘annually would thus abscrb from 11,3 to 7.1 per cent of the total capital
available,respectively. | - -

If petroleunm cutput in ﬁ,réentina and Brazil wefe to ¢cenform to the cother
.essumption referred to in Chapter VI, the energly investment needs fer the
' whole of Latin America wauld decline to 945 milliorﬁ annﬁally, corresponding to
‘ 10,5 per cent and to 6.6 per cent respectively of the investmert needs for the
" region, within this period. o : ' |

It remains to analyse whether these percentages represent efforts
campatible with the possibilities and traditions of the cwntries in the
region, Historical data on this peint is available only for Chile and
Mexico, In these countries, during the period 1540-52 gnergy absorbed
percentages of the ~gross amual investment whlch varied in j:he cagse of
Chile from 6 per cent at the teginning of the .per‘fio:i‘_‘ 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 ¢n electrification plans
and on the develepment of State petroleum ccncerns, It may be said they
constitute situaticons comparable to those anticipated for the future in
the hypothesis assumed here, which would demand from 15,3 to 10.3 per cent in
the case of Chile, and from 14.9 to 8.6 per cent in that of Mexico, at the
teginning and end of the next decade respectively,

Nc assunptions are made of the sources for financing the capital
needs in the energy supply of the region, because this is largely dependent
upon many factors which are difficult to forecast and the analysis of which
is outside the scope of this report. Nevertheless, it may be of value to
show that intermaticral credit institutions have actively co-operated in
financing electrificaticn projects in Latin America. Such loans have been
granted both to officlal coneerns as well as to priva.te enterprise with a

government guarantee, Aavle 19
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Table l9
LATIN AMERICA:. PROPOR’I'ION OF .LNNUfL GROSS INVEST\ILNT
IN ENERGY .TO NATIQN/L GROSS ANNUAL INVESTMENT
National-:grcss Gross investment in energy
amual iwestment Millions of - - . Percentage -
Millions - . 1954 dollars  in pational gross
of 195, dollars '’ per anmum ‘°__ annual investment
1955 - 1960 1965 1958 1960 1965
Argentina a/ 1,897 2,353 2,912 © 1803/ 9.5 = 7.6 6.2
CoBrnail g/ 2,697 3409 4,310 3958/ .6 116 9,2
~ Chile 326 399 487 50  15.3 12.5 10,3
:_Col"ombia 651 . €19 1,039 72 1.1 8.8 6.9
7 Mexico 1,186 1,550 " 2,047 179 16,1 1.5 8.7
" Gthers 2,280 2,949 3,618 146 6l a9 - 4.0
Latin | S : '
Amerdca 9,037 11,479 .. 14,413 1,022 113 8.9 7.1

_/ Considering the other alt ermmative assumpticn fer the production of
petrclewn, the overall annual investments would be 156 miliicnsinstead
of 180 for ifrgentina and 343 ‘instead of 395 millionsfor Brazil.
This would bring the total for Latin Ameriea to 945 milliorsper

annum(see table 18), This figure wouvld reprusént 10.5 per cent, 8.2 per
cent and 6,6 per cent-of the gross annual investments for 1955, 1960 and

1965 respectively,

/Up to the
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ﬁp to the beginningof 1955 such institutions have loaned a total of
46C million dollars for the development of electric energy in the region,
of which 55 per cent was granted to State entérprises. 2;/ The total
loans were composed as follows:

a) International Bank for Reconstruction and Development
Millicns of dollars

to State t=)n’t:AeI'pIr:i.ses"j R 178.76

to . private companies 134,69
Total . 313445

This total, consisting of loans since 1948, reﬁresents 63 per cent of
‘the aggregate credit extended to Latin America and 57 per cent of
81l loans for electric energy made by‘thé Bank.

b) Export-Import Bank

Millions of dollars

tb Stéte enterprises The L7
' ;d private companies 72,80
‘ Total 146,97

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

some. 20 per cent of 211 credit extended to Latin America.

For distribution c¢f over-nil 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 ccmpanies, whose joint output
represents more than 90 per cent of fhe national tctal, were financed in the

following way:

é}/ The contribution of State enterprises at present represents 14 per
cent of the generating capacity for electricity in the region, In
the over-all tctal 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 remainder mainly consists
of private mining and industrial companlcs awned lccally or by
foreign 1nterests.

/Government contributions
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o - : Percentage

‘Government contributions _ o L3

~ Private foreign funds - R 7
Reinvestments SRR 17

Domestic credits . é

Foreign credits S 27

: 100

” 45 Enengv in the forelgﬁ‘exnhange budget

e ks

i+ From the preceding sections it would appear thatlthe capltal
requlrements for energy. investment are compatible with the resources
whieh the countries can and should devete to their energy supply.
' But it is quite clear that for éoms of the countries the investment would
"be higher than the capital devoted to energyi{h the recent past.
Tt is alsc of interest tc ncte how far éﬁch energy requirements will
welgh in the foreign exchange budgets of thuse ‘¢countries, Such needs
| comprlse the equipmnent and services reguired Thp the national energy
svstem which cannct be obtained lccally, and the fuels which must be
'- 1mpgrted to cover deficits in domestic output. For this purpose the
;éapébity to import for the whole of Latin fmerica and for some selected
cJuntr:Les has been projected until 1965.

With the assumptionscof table 18, fuel 1mports weuld reach 945 million
| dollars (at 1954 prices) -at the end of the perlou and would represent 10.3
per cent of the forel gn exchange Qvallablllty c.c'.c:rulng from exports,

The 575 million dollars representing the purchases abroad redquired by
investment are equivalent to anofher 6.3 pefféent.

In the assumpticn of lcwer demestic outﬁﬁt of petroleum for argentina
and Brazil, the imports of fuels for Latin hmerica as a whole would increase
‘to 1,270 million qollars, cerresponding to close on 14 per cent of the
total i

It is difficult to COmparv these figures with past records because

' "dqta are lacking., As an g;ample, percentages which fuels have represented

in the imports of some countries may be cited. They have of course
varied substantially according to the availability of natural resources
and have beeh meximum in thcese countries which have been affected by

. the shcrtage of national output ir relation teo the growing demard.

32/ Wwith the working hypothesis the proporticns would ber 7.9 per cent
for Latin America as a whole, 9.4 per cent for Brazil, 12.5 per cent .
for Chile, 8.8 per cent for Colombia and 1l.4 per cent for Mexico.

/ The principal
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The principal countries concerned are Argentina, Brazll, Chile, Cuba and
Uruguay. In Argentine, 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 arcund 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 vears, 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 hiéhest for the region as a whole. Some other
countries, such as thrse of Central America, of the Carlbkean area and Paraguay,
which must import almost 211 their requirements of commercial fuels, have
devoted only 3 to 6 or 7 per cent of their fereign exchange to this purpose
and perhaps slightly mcre during the last few years,

Tt can thus be apprecisted that the Latin Zmerican average.for fuel
impoerts in 1965 is relatively high and includes some individual cases where
the situation may bhe more serious.

For Brazil, for example, assuming that .petroleun cutput would reach only
6 million tons (see chapter VI), the imports of fuels would absorb 28 per
cent of the national totél, posing a sericus balance of payments problem.

Colombla is a representative example where the abundance of natural
resources meets all energy requirements and purchases abread for the energy
sector only represent eguipment needs, so that only 6als per cent of the
. payments capacity in 1965 ~ estimated at 610 millicn decliars - would be

required for investment in electriec power, petroleum and ccal industries,
| Reliable figures for the equipment purchased for the energy sector
in the past could not be obtained, although a basis fcr thelr approximate
estimation at from 4 to 6 per cent is available for ccuntries such as
- Argentina, Brazil, Chile and Mexico during the last ten or fifteen years,
Figures projected for 1965 thus seem to conform to this pattern,

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

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

/ i. will be
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it will be dlfflcult to 1ncrease the contrlbutlon ef naticnal energy to a
level well above that whlch Was estlmated

Doubtless special efforts mlght 1; some qeses pé:mit a more intensive
use of the natiormal soﬁrces of energy, but in ofher cases such possibilities
are physically limited by an abseneelor shortage_of resourceé, or sven by
the high cost of exploiting, - o

Since the pr1n01pal deflclt of energy is founq in petroleum, the
imports of this fuel will serlously drain available foreign exchange.
In countries where there are good_proepects for petroleﬁm'ébtivities, mere
active prospection - accompanied.by the corresponding investment to
exploit the reserves to be drllled - may help to cover the deficit, 33/
Finally, as stated earller, 1t 1s qulte possible that towards the end of the

pericd under con51derat1un Some nuclear enervy plants may be installed in

the region, tut it cannot be 1gnozed that, for the moment the unit-cost is
‘high and that such planta could only supply reqplrements for electricity.

Other metheds for decreasing fbreign exchange expenditure consist of
- reising the natiomal output of some Eapital goods which must now be imported
and in reducing technical services frem abroad. Both depend upon the
industriai development of each ccuntry'and upon the future struetural
changes which weuld justify the producﬁion of a pumber'of elements

indispensable for carrying out the projects.

Qﬁ/ Tt is as well to note that the critical situations mentioned above may
improve considerably in countries which have natural gas deposits,
ready for exploitation and at economic distences from consumption
centres. To market netural 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 pcssibility was
considered with cauticn, because the scanty knowlesdge of natural gas

reserves in the region at presentdpcantallow disproportionate projects
-to be made,



