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Chapter I
CENERAL COMMENTS ON EQUIPMENT AND INVESTMENT REQUIREMENTS.

In 1959 the Latin American countries produced 61,500 million kWh with
an installed- capacwty of 16 million kW, 42 per cent of which represented
hydraulic capacity. '

Energy requirements for 1970 are estimated at some 200,000 million
kWh, which will require an installed generating capacity of some 46 million
KA. If the expansion programmes now in progress in Latin American countries
are properly carried out - with a few necsssary adjustments - this capacity
will be available at the end of the decade. The predominance of hydro-
electricity in these programmes, especially in the main producing countries,
will reverse the propertion between‘hydraulic and thermal capacity if

" favour of the former (24 million kW) as compared with the latter (22 million).

In order to achieve this expansion, the Latin American countries will
have to invest some 13,000 million dollars, which répresents between 7 and
10 per cent of the total funds reguired for investment in conditions of
normal growth. o ' B

Nearly LO per'eent of the investment in the electricity sector will:
have to be spent abroad. This will absorb about & per cent of ‘the foreign -
exchange that will be available according to the forecasts of the capac1ty

to 1mport duwring the pericd in questlon

71. Analyels of recent experlence 1n Latln Amerlca

In 1959 Latin Americaz consumed 51,000 million kWh which represented
a generating level of 61,500 million KWh. The difference represents losses.
in transmission and distribution, which amcunted to 17 per cent of the total
enargy generated. Consequently, per capita generation was 310 kWh and-ggg

capita consumption was 250 kiWh. ) o
Qutput was based on an installed capac1tv of 16 million kW, of whlch

75 per cent was produced by public utilities and 25 per cent by self-

supplying plants.
t is a well known fact that the electr1c1ty sector develops more

rapidiy than che -rest of -the eccnomy, basically because it is a substitute

/for other
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for other forms of energy. This rate of substitution is measured by the
increase in the electrification coefficient. - _

Thus, in the ten-year pericd 1950-59 Latin America's gross internal
product increased by 50 per cent_(from 48,000 miilion to 72,000 millién
dollars, at 1959 prices), or at an average annual growbh rate.of L.5 per
cent, HElectricity generation, on the other hand, increased at an aﬁnual
rate of 8 per cent, whlch means that net electr1c1ty consumption per unit
of product increased at a Iﬂte of L.3 per cent.

Generally speaking, the increase in Latin Amerlca s elebrlClty sector
can be divided into two more or less equal parts: one follows the increase
in the product while fhe other is linked to the rate of electrification of
the economy. - 7

~ The effort made dﬁrinﬁ the ten—year period to expand the electr1c¢ty
sector, while falling short of requ1rements to judge by the unsatisfied
demand at the end of the per;od and the various restrlctlons on supply‘
which had to be imposed iﬁ many countries, cankby‘no streteh of the imagina-
tion be considered insignificanﬁ. In fact, total output rose from 26,000
miliion kWh to 61,500 million kWh and the installed capacity of publlo'
utilities from 5 milllon to 12 milllon K. These growth multlpllers
- about 2.5 - serve as a basis of comparlson 1n analfslng the roqu1red and
estimated expansion for the next ten years, a subqgct to which the present
study is confined. ' o - '

The past pattern-of clectrieity demand, divided inte consumer sectors,
is of interest from the point of view of the so-called indirect or second
order projection methods - those relating electricity demand to specifie
macroeconomic variables. In this comnexion, the first important fact that
emergaes is that the rate of'electrifiqation of the manufacturing sector in
Latin America has lagged behind that of éﬁé rést_of the economy during the
past few years. This is attributable to the fact that, while the index of
mamifacturing production-velume outstripped that of the gross preduct (62
to 50, both in 1950-59), the manufacturing secter's share of total electric—-
ity consumption dropped from 62 per cent in 1949 .to 55 per cent in 1959;

Industrial consumption of eléctricity rose at an annual rate of 9 per

cent which, with respect to the increase in the manufacturing output index

{an average
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{an average of 5. 57per cent)3 correspbndé to an electrification rate of
3.5 per cent. Thls, as alrbady statcd is belOW'the average for the
economy as 3 whole

On the other hand dom&stlc consumption of electricity — where
electricity is used a5 an end product - 1n;reased during the past ten
years at a rate of 9.8 per céﬁt which, comparéd'with a 4.5 per cent incredsé-
in available income, corresoonds to an annual eloctrlflcatlon rate of some
5.3 per cent for this type of consumytlon (measured in kWh,per unit of

income) .

2. FBlectric energy damand in 1970

Tt has been estimated that 200,000 million KWh of electricity will
have to be generated in 1970 in order adequately to meet reguirements at
that time. The following factors have been taken into consideration in
computing or selecting this figure:

{a) Extrapolation cof the experience of the last decade - which can
be regarded as a good representative average since it inciudes both
prosperous years and years of economic contraction - shows that some -
174,000 million kKWh will have to be generated in 1970. This figure, how-
ever, mist be considered a minimum target, first because the expansion of
supply failed to keep pace with demand as it develeped in the past, and
secondly because the Latin American countries are no doubt seeking to
increase during the next decade the rate of product growth achieved during
the pericd 1950-59. Table 1 shows this extrapclation for 1965 and 1970,
country by ccuntry, including the exiremes of the respective confidence -
interval for = 95 per cent level.

(b} A relatively optimistic estimate of Latin America's economic
development, based on an anzlysis of demand in the main electricity consumer
sectors, gives an output figure of some 200,000 million kWh. In reaching
this total, it was assumed that the gross product and manufacturing output
would increase at a rate of & per cent Y and & per cent respectively. 1t

was further assumed that the latter would be achieved in sgual measure by

;/ A similar analysis, assuming three different rates of product growth, is
made later in this report.

/increased productivity
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increased productivily per employed person and the absorption of surplus
labour. Moreover, use was also made of the experience of the more
developed countries which shows that, as a rule, the rise of output in the
manufacturing sector closely follows the increase in the specific electricity
consumption of the sector. The rate of increase of the latter would there~ .
fore be about 4 per cent which, added to the rise in industrial output,
gives an overall annual rate of increase of 12 per cent for slsctricity
demand by this type of consumer. Applied to a perioed of sleven years, this
corresponds to a growth multiplier factor of 3.55. ,

Thus, industrial demand for clectricity would amount te 10C,000 million
KiWh in 1970. o o T

A relatively similar procedure'was applied for non-industrial
consumption, adding the growth rate of available income to that of the
electrification of this consumer secter. It was assumed that the former
would equal the rate of growth of the gross product (6'per cént) and that -
the latter would maintain the growth rate of the previous ten years (5.3
per cent, as indicated in the previous sedtion). The respective growth
multiplier factor is 3.12 and the electricity demand by this sector in 1970
therefore amounts to 72,000 million kih. |

By adding these two electricity demand figures'and dividing the total
by 0.87 - assuming that lesses in transmission and distribution will drop
from the present level of 17 per cent te 13 per'dent by theﬁend of the
period under consideration - required output will amcunt to 198,000 million kiWh.

(e) A similar form of calewlation was applied specifically to the
five major Latin American electric energy-producing countries, using their
own income and industrial output statistics in order to have some idea of
their respective electrification rates. These were subsequently applied to
three different assumed annual product growth rates, called "minimum",
"average”lahd "maximum", of 3.5 per cent, 4.5 per cent and & per cent
respectively. . ‘

The results, shown in detail in table 2, were then extrapolated to
Latin America as a ﬁhéle, using 0.8 as the coefficient, which indicates

the relative share of these countries in the total output for 1959,

/Table 1
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ITS PROJECTION FPOR THE YTARS 1965 AHD 19%0

(Milliens of WWh)

1965

Total

Country 1959 - - S . Trend.. B -—':""-"' Trord B

Argent ina 9 850 _13-202 1% 866 16 743 18 o1l 20 sly 24 379
Bolivia u26 k31 506 595 L6 583 718
Brazil "21 108 33 5ho 39 056 bg 493 52 743 65 222 B 64e
Colemdls 3 348 5 83 6 u3n 7 038 g 337 11 067 12 437
Coste Rica 383 496 593 n31 683 866 1 099
Cuba, 2 80§ 4 333 I 80 5 091 § 4oz 7 168 7 980
Chile It 598 5 Glh 6 O 4 35l 5 584 % 661 g 778
Zouador 332 500 625 791 803 1 067 1 b3l
El Salvader 235 L2l LG5z L8 ﬁs 18 881
Custemala 243 267 403 ‘s 536 614 687
Faitl 90 82 16 261 89 220 5l1
Eoncuras o5 4 123 145 134 167 209
México 9 800 14 766 15 289 1% 315 21 724 24 ol 26 611
Nicaragua 144 263 42 281 378 393 410
Panana 228 369 I Uls) 596 691 798
Paraguay 5% 133 145 159 198 222 249
Peru 2 212 3 086 L olig 5 312 2 857 % 001 10 285
Dominican Republie "2lé ‘309 501 13 . 386 ViV 1 hos
Uruguay ‘ 1175 1 8a8 1 972 2 148 2 711 3 035 3 3%6
Venezuela L 310 9 Ugy 10 286 11 170 19 103 21 233 23 594
Latin dmerice 61 807 g4 573 107 596 123 B2l 14k 510 173 733 207 515

Sources 1959: Document E/CN ,12/560.

A = Lower extreme of the coni'idence interval,
B = Upper extreme of the confidence intevwrzl.

/The figures
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The figures obtained were 140,000 million kWh for thé'minimum assumed
economic growbh in 197C, 170,000 million kWh for the average assumed growth,

and 220,000 kWh for the maximum assumed growth.

3, Flectriclty capacity: present status and egtimates for 1960-70

The estimated output in any given year can serve as a basis for
estimating the electricity capacity required to obtain that output, assuming
a specific level of utilization. However, it should also be borne in mind
that the capacity must not only meet total energy supply requirements through-
out the year bub because cof the special nature cof the eleciricity industry,
which cannot accumulate stocks for future consumption, it must also ensure
that it can meet maxdimum power demand. In other words, both the ordinates
and the area 5f the load diagram set limits on output capacity.

OCritical periods may thus result from a shortage of capacity or of
energy. In a country where the generating capacity is wholly or predominantly
thermal, only the first of these éhortages is important. On the other hand,
in a country where capacity is wholly or predominantly hydraulic, with large
sterage plants, power is always available to meet peak demand but here
pericds of prolonged drought create critical conditions for the producer
and ultimately for the consumer as well.

‘At the end of 1959, some 16 million kW of installed capacity, of
which 12 million kWh were represented by public utilities, were available
in Latin America both through public utilities and industrial self-suppliers.
Of the 12 million KW, slightly more than half wes in the form of hydro-
electric capscity. This preportion is reduced to 42 per cent as a result of
the‘predominancérﬁf thermal units (in 2 proportion of 6 to 1) in self~supply
plants. o

Of the total of 16 million kW, the five major producers of electric
energy — Brazill, Argentina, Mexdco, Venezusla and Chile - account for 75
per cent (in round figures: Brazil - L milliion kW, Argentina and Mexico
- 3 million ¥W each, Chile and Venezuela - 1 million kW each).

If the electricity projeéts already adopted or currently under
consideration by the Latin American governments, and especially those of

the five major producing countries are properly carried out, some 30 million kW

/Table 2
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Takle 2

ESTIMATES OF THE ELECTRICITY OUTPUT REQUIRED AT VARIOUS
i
RATES QF ZLONOMIC GROUTH

{Thousand millions of k¥Wh)

Minimum rote Average rate Meximum rate
Country .
’ assumed assumed asgumed
1963
Brazil 2Lt . | 2642 3047
Argentina 23.5 25,2 297
Mexico 13.3 1.3 17.0
Venazuela : 9.2 9,8 11.0
Chile 6.l 6.6 9s3
Total 76,8 82,1 95.7
1270
Brazil ' 1.8 35,5 4,8
Argentina ' 37,0 50,1 ‘ 68.9
Mexico ) ] 15f3 . 20,4 27.7
Venezuela 18.2 20,1 25,7
Chile ' B0 o 8.6 10.4
Total T b L : . 134,68 o 177.0

Hote: A few comments about thess figures, scme aspects of which may ralse a fev questions, seem warranteds It
may seem surprising, for instance, that the flgures for Argentine, which elogely follow the 1965 figures
for Brazil, should be so-much higher {han the latter for 1970, The relative difference between the two in
1959 can clearly not be maintained in view ¢f the faet that the disparity in their respective rates of
development during the previous ten-year perlod disappsars in the projection, which iz based on the same
presumed rates of -development in each column, But this dnes nct explain why the order of the two ecruntriss
ap pooduoers of elactric eng:fg shculd be reversed, The explanatlon seems to be that thera ls an ancmaly
in the Brazilian figures pesultlng from an under-estimate by the industry in measuring the extent of self-
generation, oo

If the anmial electrification rate of the industrial secter is assumed to be abeut 3.5 per cent in~
stead of the figure provided by previous data, the adjusted figures in respest of Brazll would be as

follows: -
Minimum rate Average rate Maximum rate
assumed - assumed . assumed
1965 28,7 30,6 36.5
1970 41,2 Ug.3 €1.5

An adjusted figure should alsc be computed for Argemtina. Here, the rate.of electrification of the
industrial sector during the past five years (over 1l per cent},an unduly high figure attributable

basically to the very low rate nf expansison of the mamufasturing sector during that period {less than
4 per cent or one~third the rate in Brazil during the ssme perlod), is reduced to 3.5 per cent, The -

ad justed projection for output 1n Argentina would then be:

Minimum rate Average rate Maximum rete

‘ assumed assumad assumed
1965 16,4 17.7 : 20.5
1970 24,8 27.8 36,0

/of additional
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of additicnal capacity will be available by 1970, for a total available
installed capacity of 46 million ¥W. (See table 3.)

In addition to this net increase of 30 millicn kW, the proper
replacenent of some ex1st1ng equlpment mall huve to be prov1ded for,
amountlng to between 3 and 5 million K.

' The analysis of the region's electricity projects shows that the
proportion of thé total new generating-capaoity that will be nydroelectric
will vary bstween 55 and 62 per cent. Whether the proportion is nearer te
the upper or lower figure will depend esscntially upon the policy of the
Argentine Government with respect to the execution pf the large-~scale
hydroelectric works plamned for that country.

Thus, even if the expansion of Argentine electricity during the
decade 1s purely in the form of thermal capacity, the propertion of hydro-
electric oubput will increase in the next few years.

This is primarily dus ﬁo the impact of the Brazilian programme on the
total figures for Latin America since this programme represents more than
ene-third of the region's total proposed electricity‘expansion and nearly
one—half of the addltlonal nydraullc capacity to be instelled, This assess~
ment . is in absolute: uLTMb 51nce in relative terms the proportlon of hydraullc
capac1ty'1s hlghcr in the Chllgan programma, for exumple, 1n whlch 80 per
cent of the now cap301t} is kydruullc, than in bleIl where the prOpOTthD
represented by hydrocloctrlc c%paclty in the ‘goal 'seb for 1966 is somethlng ‘
over 66 per cent ‘ _

1t should be p01nteq out that scme 7 mllllon KW are. currently under
congtruction in Latin Americe, while an additional capacity of 28 million’
KW is in the project study stags, although this does not mean that final
pians have been prepared in each case,

As stated above, account should be ‘taken not only of the new installed
capaclty env1saged for the. next decuue but also of the replacement of
obsolete equlpment both generatlng equlpment and equipment for transm1551on
and distribution. Unlike the provision of additional capacity, the replace-
ment of equipment, particularly of low-yield thermal units, is to some
extent o?tional since it depends on the return that the investment in

replacement will produce compared with the return on other possible uses of

/Table 3
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Table 3

LAPIN AMERICA: ESTIMATED GAPACITY IN EXPANSION PROGRAIMES

(1i411tons of ki)

Country 1959 1965 1970
Brazil ‘ 369 8.0 1.0
tlexiou ' B 2.7 5.5 8.0
Argentina ' ' 3.0 b0 542
Chile 1.1 ’ 1.7 2.6
Venezusla 1.3 2.2 3.8
Colombia ’ 0o9 : 1.6 3.l
Cuba, 0.9 ‘ 1.7 ' 3a2
Peru : ' 0.7 1,2 © 240
Uruguny . 0.3 0.5 T Ca9
Contrel America 0.4 0.6 0.9
Other countries 0.7 ' ' 1.2 _1.8

Total 15.9 28,2 4505

Source: National slectrification programmes aralysed in the text,

/tre funds
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the funds concerned, either in the electriciity sector itself oflin other
sectors of the economy.

Much the same 1ls true wilh respect to lhe gradual eliminaﬁ}qq of.selfﬂ
supplying plants, particularly diesel plants, in countries where, as in.
Argentina, there is a considerable proportion of such installations.

Save for those industries able to install generating plants of
adequate capacity or for which the generation of electric energy is
economically advisable because of their distance from public utility plants
or where the nature of the manufacturing process {usuzlly involving the
use of steam) makes self-supply rational, selfaéupply - a common featuré in
industry in Latin American countries where public utilities impose restrictions
on consumption - 1s antieconomical for two reasons. In the first place, ﬁhe
unit cost per instalied kW is higher than that in a public utility generating
plant, and secordly the direct input required is also higher. Tt is estimated
that the increase in the former (capital investment) may amount tégibo pérﬁ
cent while the latter (direcilcosts) might be f}om 1C per cent toriﬁ pé}réent
higher than for a high-capacity public utility plant. S .T;ﬁ'i

Hence, a rational electiriciiy policy must clearly=seek~towdiscouraggt;
the installation of additional self-supply capacity, except for ths specidi”
cases referred to. The question then arises as to the policy te he adopted
towards self-supply capacity already installed.

From the economic, as opposed to the book-keeping point of view, past
investment expenditure need not be considered. Moreover, the resale value
of this type of installation is very low because of the high cost of removal,
transport and reinstaliation, although its use may still be economically
Justified in remote low-consumption areas. The policy to be applied with
respect to the use of thermal self-supply capacity already installed must
therefore be determined by comparing the fuel savings {direct input) with
the larger investment needed tc replace it by public utility capacity.

Thus, the precblem is analogeus to the replacement of out-of-date equipment
with a high specific consumption by new egquipment at the large public utility
thermal plants.  There are also points of similarity with the choice between
hydro and thermal plants, which wili be further discussed below.

/In all
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In all these cases, the economic merits of present investment must be
balanced against higher opsrating costs in fature.

For all tﬁese reasons, there is a considerable element of uncertainty
in estimating replacement requirements, the more so since the interconnexion
of existing thermal plants with other generating plants, particularily of
the hydfaulic type, increases the economic yield in both cases and thus
alters the degree of relative obsolescence, Thus, a thermal pilant that is
anti-economic when operabing in isclation may well prove Lo be econcmic and
therefore not need to be replaced by a new plant, if used, with a plant
factor appreciablj lower than before, as capacity to supplement a hydraulic
s plant or as a peaking unit ir an integrated electricity system.

Subject to these feservations, it <can be stated purely by way of
indication that the'repiécement'of existing generating plants over the next
decade will amount to between 3 to 5 million Ki.

As the economically useful 1ife of a hydro-electric plant is longer
than that of a thermal plant, and many of the former are of relatively
recent construction, it seems likely thét a higher proportion of thermal
plants will need to be replaced,

The total uap501ty to be installed in the period 1960-70, 1nclud1ng
replacement , would thus be from 33 to 35 million KW. '

Ldmost the whole of this total would represent new installed capacity.
in public utility plants. In fact, tuk1ng into account ail the relevant
factors, the present self-supply caﬁacity of 4 miilion kW is not expected
to increase by more than 50 per cent during the next ten years. It should
be borne in'mind ﬁhat, with respect to consumer industries, many sclf-supply
plants will be ciiminéted; particularly in Argentina and other countries,
as the restrictions on supply which caused them to be built are removed.
Thus the new capacity will be added in the basic industries sector where
high inputs sometimes justify the installation of individual plants or when
the industrial sroccess concerned makes it economical bé preduce joint steam-
electric power, and in the miﬁing'sectdr*ﬁhere an expansion in such fields
aé éoﬁper'and pétréleum is to be expected. However, even in the last case,
‘the excess of exlstlng productlve capacity in the eguipment concerned, and

the unfavourable qutloo& for world demand conduce to the view that this

/increase in
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increase in self-supply capacity is hardly likely to exceed 50 per cent
for the whele decade,

As already stated, the present electrification plans and projects
of the Latin American countries, if properly carried out, will, at the
end of the period under consideration, provide a generating capacity of
about 46 million XW. In order to reach the 200,000 million kWh of energy
egbimated for 1970, the degree'of equipment utilization will have to be
4,350 hours per annum, In 1959 the average degree of utilization was
2,850 hours (61,500 million KWh with an installed capacity of 16 million kKW).

In other words, in order to reccncile these statistics the annual
utilization factor will have tc incrsase by SOd hours, or 13 per cent, in
the next ten years. There are two components of this factor to be analysed,
nemely the leoad factor and the proportion of reserve capacity in generating
plants. Although there are reasons why the load factor should increase, .
the principal reason being the industrialization of the area's economies,
it must be remembered that the removal of the restrictions on supply
contemplated for ﬁajor systems in the reglon in the near future will tend
to reduce the level of the load factor, at least on a short-term basis.

An analysis of the figures and of the situation in the various countries,
and the consideration that the effect of abolishing restrictions will be
less gradual than the advance in industrialization, leads to the conclusion
that generally speaking there is not likely to be a substantial improvement
in the load factor in Latin dmerican electricity systems.

The cutlock is more favourable with respect to reserve capacity,
although it should be emphasized that the present margin is very narrow.
Through the gradual interconnexion of power plants, there 1s a trend towards
an appreciable reduction in reserve capacity requirements, which in the
case of 1solated plants are generally imposed by the need to use the
largest generating unit for this purpose.

The interconnexion of consumer centres alsc tends to lmprove the load
factors of the systems concerhed by making it possible to take advantage
of the differences between the demand diagrams. The extent of this improvement
varies with the hetercgeneity of the consumer csntres that becoms a part of
the network of consumption.

/hccount should
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Acecount should alsc be taken of the fact that current statistices for
Latin America under-estimste the degree of uiiiization of installed capacity,
since they include in this capacity many generating units, especially thermal
units, which are virtuslly out of operation and are nct used even in critical
pericds.

~ For a1l these reasons, it appears that an average utilization level
of 4,350 hours is a reascnable aim to set for the end of the decade,
although it represents a considerable increase compared with the present
level, which is very low. According to the figures that have been worked
out, there would be at that time some 24 million KW of hydraulic and 22
million ¥W of therm&l.capacity. "Necdless to say, 1f this inmercase is not
achicved, a proportional increase in installed capacity would be reguired,
involving additional investment. _

In a normal year the same level of uitilization as for 1959 (4,750 hours)
might be assumed for hydroelecbric power, or perhaps a -slightly higher .
figure by reason of improved planlt design and an increase in relative
storage capacity. In these circumstances, all hydreoelectric plants. could
generéte.some 129,000 million kWh a year. This would leave a balance of
76,000 million kWh to be generated by the thermal plents, which might

require as much as 22 million Tons of petroleun egiivalent.” In relation to

a capacity of 22 million kW) this would Tein =n avirage wiilization of
3,&50.hotrs, and although this figure is fairly higher compared with that
attained in recent years (3,300 hours in 1959), is well within rcach since
much of the thermal capacity would be of recent installation.
. Even if average hydroleogical conditions arc most unfavourdble, or
critical ~ as, for instance, i1f the degree of utilization of hydraulie
capacity is 3,000 hours - a similar caleulation will provide a figure of
5,800 hours as the level of utilizetion required for thermal plants, which
is also within reach in view of the considerations outlined above.
It should be borne in mind, however, that under these conditions

the amount of fuel reguired to generate the 130,000 million kW will be in
the neighbourhood of 35 million tons of potroleum cquivalent, or three
times as much as was used in 1959, This'will constitute a considerableo
drzin on forcign exchanges resources.

JA Few



ST/ECLA/CONF.7/1.1.11
Page 14

A few comments seem warranted on the practical limitations of the
relatively optimistic conclusions which appear to emerge from the above
analysis. In the first place, it will be noted that the primary concern
was to obtain a sufficientiy large total supply of encrgy since the Latin
American resources for geﬁerating electricity will be predominantly |
hydraulic and the critical situations will therefore tend in general to be
caused by a shortage of enecrgy. However, therc will be excepbions, and
even if the proposed expansion plans are fuifilled to the letter, 1t does
not seem likely, especially in relation to the large thermal systems supplying
such urban centres as Greater Buenos Aires, that peak demend requirements
could be fully met, particularly when present restrictions are abolished and
the tempo cf ecconomic development and industrialization of the economic
systems upon which they depend increases.

Secondly, the postulated level of utilizaticn (13 per cent), while a.
reasonablce target, will not be casy tc achicve, especially in view of the
narrow-margin of reserve with which the mejor Labtin Americen systems are
now being operated. Tt is therefore desirable that present expansion
programmes, particularly in the case of.somo countries, should be reviewed

in the near future with a view to their possible broadening or amendment.

L. Cost and financing of an expansion of the

electricity park in latin America 3/

As shown in earlier sections of this report, the Latin Amcrican electric
indusiry will have to inétall 30 million kW of additional capacity'and‘ro~
place between 3 to 5 nllllon W of existing capac1ty in order to meet the
estimated demand for electrlclty in 19?0 The means of flnjnclng this
expansion will be deﬂlt wzth bulow -

Analysis of the exp'ms.lon programmes in the d:Lfferunt countrles reveals
a marked dlfference in their rbSDECthC unit costs, which was to be CXpuCted
in view of the lgck of homoggnblty in the overall Latin American plqture

with respect to availability of water résources, the cost of its.utilization,

g/ See also "Algunos problemas en ¢l financiamiento de la expansidn del
sector eléetrico" (ST/ECLA/CONF.7/L.1.30)

_‘/therlocation
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the location of consumer centres in relatlon to the optlmum position of .
generating centres; ete. . - ) e

As far as generation is conuorned the dlsparlty in unlt ccsts 1is
much grester for hydroeleetric plants than for thermal plants. This
confirms the experlence of other areas. In fact, a study of recent
1nstallmtlon costs in the United States shows that while the per kW cbst
for hydroelectrlc plants varies between 100 and £00 dollars, the range was
considerably narrower for thermal plants, varying between 120 to 250 dollars.
In Latin America the corresponding cost for hydroolectric plants ranges‘
between 200 dollars, in the most favourable dircumstances, and 500 dollars
(availability always being measured in plant bus bars) while the cost for
a thermal plant varies between 150 and 250 dollars. -

Mbreover, not only does the cost vary less in the case of thermal
plants but’ the variation itself is largely explained by the economies of
scale. Thus, while the progr@nme recomuended’ for Argentina by a group of
consultants' sppointed for that purpose provzdes fer an average cost of” 150
dollars per'kW of installed thermal capacity because of the large capa01ty
of most of -{he proposed installations, this figure doubles as the size of
the units is reduced; -as-a result of the -smaller size of the consuner
markets in countries of smAll economic potentlal A

An average figure of 200 dollars per kW has been estimated as the cost
of installation of replacement power, toking inte account the fact that
virtually all of this power will be thermal and that the size of the new
plants will tend to increase,

With respect to the transmission of energy from the generating plant
to the consumcr centre, the relative fixed cost of transport within the
total figure for the electricity programme will, as is natural, depend
upcn the percentage of power generated hydroelectrically and the distance
between the hydraulic plants and the large wban centres in the country
concerned. Here too conditions vary considerably in Latin America both
regarding the proportion of hydraulic output (ranging from expansion
progr&nmes providing essentially for thermal capacity to programmes in
which 75 per cent of the capacity will be hydroelectrlc) and distance from

consumer centres (relatively short in Brazil and long in Argentina).

/Table 4
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Table 4
LATIN AMERICA: PROPORTION OF HYDROELECTRIC ENERGY IN THE RXPANSION
FROGRAIMES OF THE LEIECTRICITY SECTOR 1IN 1960-?0
Net additional Hydrcelectric New hydraulie
Country capacity energy capacity
’ {(m1llioms of kW) {percentage) {millions of XW)
Brazil 10,1 60 61
Mexioco Be3 75 4.0
Argentina 2.2 ' 10 042
Chile | 1.5 67 1,9
Venezuels _ 245 Bl . 2,1
Colombia 2.2 62 B
Cubs 2.3 5 Ol
Peru _ 1.3 84 1,1
Urugusy - 7 0,6 L3 0;25 -
Central Ameriﬁa . ‘ l G.5 50 0.25
Gther counfrias ‘ 1.1 36 [
Total L 29.6 . 57 1649

Source: Netlonal electrification programmes analyzed in the text,

/The cost
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The cost of these transmission lines (including sub-staticns) will
apparently be between 20,000 and 50,0C0 dollars per kilometre, depending
upon the tension adopted, the volﬁme of energy to be carried and the
nature of the terrain,.

An analysis c¢f the expansion programmes adopted or recommended in
the Latin American countries, to which some adjustments have been made,
shows that the average cost per kW will be about 415 dollars, (See table 3 )
To this figure must be added the cost of replacement, estimated at 200
dollars per k. This brings the total funds regquired to about 13,000 miliioen
dollars (30 MW of necw power at 415 dollars per kW plus replacement of 4 MW
at 200 dollars per kW), which represents a unit investment of some 380
dellars per kW. This wowld correspond tc a cost of -about 300 dollars per
kW in respect of: generaticn.and transmission,

Even if due allowance is made for the major technical improvements-
achieved in thermzl generation - which have gradually reduced unit .
installation costs of generating capacity to below 150 dollars per kW in
the case of large high pressures/high teomperature units - and the fact that
much of the area'!s hydraulic potential can still be utilized at relatively
low cost, Y the resulting average flguru seems to be scmewhat low. The
explanation may well lie - wholly or partly - in the omisgion from some
electricity plans of the cosbts represented by electric gnergy distribution
grids.

It should be borne in mind that modernization and expansicon of
electricity lines and grids are not merely an additional current investment
amortized by reduced losses in the future, but that up to a certain point
they are a substitute for alternative investments in generating facilities,
These losses amount, in terms of energy, to an average of 17 per cent
~ including transmission and distributicn losses as well as consumpiion in
the generating plants themselves. Furthermore, as such losses are approx-

imately in proportion to the square of the amperage carried, they reduce -

3/ Thus, the unit costs for the large Brazilian hydroclectric plants under
construction, such as Furnas and Tres Marlas, are estimated at about
20C deollars in plant bus bars.

/the power
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the power available for consumption, as compared with the power avallable

at the plant bus bar by more than 20 per cent during peak hours. It is
therefore obvious that any investment in transmission lines and distribution
grids, whether primary or secondary, which tends to- reduce this figure will
serve also to reduce the investment in new genecrating capacity required for
a given level of consumer demand.

Apart from under-estimation of the cost of Improving and expanding
disfribution grids, which scems to occur in many government electriclity
plants, past experience has shown that the estimated cost of such plans is
usually urnduly optimistic. In fact, an analysis of the frcquency of errors
in estimating future costs shows that undercstimates are mere commeon than
overestimates. '

Thus, even if the gross investment in the electricity sector required
to provide an installed capacity of some 46 million kKW by 1970 is estimated
in round figures at 13,000 million dellars, the actual cost may well exceed
that figure. Moreover, there is always the possibility that the programmes
of some counttries whose recent rate of economic development has been un-
satisfactory may have to be revised upwards towards_thé middlé of the decade,
It is feit, nevertheless, that the amount necded will hardly exceed 15,000
mitlion dellars. _

Az to the breakdown of this total figure into local currency and foreign
exchange costs, the regional average of foreign exchangé.required {based 7
always on the plans concerned) is 38.5 per cent, fluctuaﬁing between one-
third for a country with a greater internal capacity to provide heavy
electrical machinery and cquipment, such as Brazil, to twe-thirds or more
for countrics with a weak industrial siructure. Mention should be made,
incidentally, of the fact that 2 reduction in the relative share of investment
in foreign currency - a favourable development from the peint of view of
overall economic develcpment - sometimes creates difficulty from the financial
standpoint since financing by international agencies, foreign private banks
and the so-called consumer credit, covers only the cost of imported machinery
and equipmént. Hence, the financing of local currency cosbs is at times a
difficult problem, apart from the fact that when funds arc provided by the
State - either directly through the budget or indirectly through government

/investment banks



ST/ECLA/CONF.7/L.1.21
Page 19

investment banks and similar agencies - it is common for such financing to
have an inflationary effect on the national monetary systems.

An anajysis must now be made of the relative importance of.investment
in electricity in relation to the total investment'required to ensure a
satisfactory rate of economic development; a study must alsc be made of
the amount of resources available and what part of them can be devoted to
capital formation which will, on a series of different assumptions, generate
internal savings, both privately and publicly. A comparison of the two
figures will show the deficit - or perhaps the surplus - which will have to
be covered from foreign scources, if the area is to continue to develop at
the desired rate. , - '

In determining these figures, the three basic macroeconcmic varilables
are: (a) the rate of product growth; {(b) the product-capital ratio;
(¢) the internal savings coefficient, Thé'savings to be generated by the
system itself will be the sum of each pair of values of the product growth
rate and the internal savings coéfficient, based on the region's current
gross product. In turn, the area’s‘investmenf requirements are obtained
for each pair of values of the prodﬁct growth rate-and the product-capital
ratio. . L I

Hence, the internal savings deficil or surplus with‘respeétrto the
capital requircements of the Latin Amerdcan economigs can bo.determined
from two values of these. three parameters. ) o

As seen earlier, the plans to ekband electric.output during the next
ten years are roughly consistent both with the extrapolation of past ”
experience and the projection of consumptioh, aésuming a normai rate of
growth, as much with respect to the iﬁqrease_iﬁ évéilable personalrincome
as to the tempo of industrialization‘iﬁ the area (4, 5 and 8 per cent a
year respectively). I

A dynamic approach must be made to trends in the sectoral 1nvestment
coefficient for the electricity industry.. Con51der1ng that the coeff1c1ent
of electrification of the cconomﬁ - 1. Ch sy the number of kWh generated for
each dollar of gross product - 1ncreasos w1th product, a glven rate of
increase in product should be accompanled by a mqre_than‘proportlonal

increase in electricity consumption. This means that unless the coefficient

fof overall



ST/ECLA/CONF.7/L.1.11
Page 20

of overall investment incfeases with product, investment in the‘electricity
sector must represent an increasing percentage of total investment in the
gronomy. '

Even suppcsing that the coefficlent of savings and the ccefficient of
investment increase gradually as is supposed in the majority of development
programes for the afea, it dees not seem likely that this will be sufficient
to compensate for the increase‘in-electfification. It is therefore reascn-
able to conclude that during the forthcoming years, the Latin American
countries will have to devote the inereasing proportlon -~ and doubtless more-
than at present - to investment in the electricity scctor and that thls
proportion W111 be larger the more intense the rate of economic aevelopment
and the rate of -investment in heavy industry. ' |

Experlence in some Latln American countrlee has shown th t when the
sectoral coefflclent of 1nvcstwent was close to 10 per cent thc sltuetlon
as rcgards elecnrlclty sSuUpply was relatlvely satisfactory. ThlS cccurred
fer example,;n_gh;Le,_Mexlco Urupu w and Venhezuela very recently. On the
other haﬁd. in,other countries where the coefficient was much lower than 10
per cent, there were shortages of eloctr1c1ty supply Such was the case in
Argentina and Chile before 1958, ] '

The financial effort requlred in order to expand an electricity system
te allow it adequately to meet demand is considefable because of the high
preoduct-capital ratic and becomes even greater as the rate of growth of the
demand 1t is expected to meet lncreeses.' |

In the case of the electricity 1ndustry,_the product capltel ratlo
depends upon: (a) the initial investment cost of cach kW'of installed
capacity; (b} the unit sales price of the power produced; (c) the level of
utilization of the installed capacity. -

annual investment requirements w1ll esscntlally depend in turn, o1l
the unit cost per kKW and the rate at which the q'stl:L,m expwnds in order to
meet demand. One method by which to finance thls 1nvestment is to use the
operating prof;to:obtalned from the level of rates the perCentage of unlt
profit (per kW eold or produced) on those rates; and the volume of power .
seld. '

is an indication of the size of these respective figures, it should

/be pointed
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be pointed out that, based on Latin America's consumpiion of electricity
in 1959 and assuming en annual increase of 11 per cent in demand, each
tenth of a dollar cent of profit per kWh sold ﬁould produce l,OOO'million
dollars in the period concerned. Thus, the levéi of profit required for
various levels of self-finencing of the total investment required can be

computed easily.

5. Electricity financing and the balance of payments

The effect of the required expansion of the électribity system in
Latin America on the balance of payments is of great importance in relation
to the trade policy both of éountries Inside and outside the'area, and of
international finance agencies.

The two main headings ﬁhder which'electricityrgeneration affects the
balance of payments are the impoft of equipment and material needed in‘ﬁhe'
provision'of electric power - for generation, transmission'and distribution

facilities - and the import = or in the case of prOdquT countries the
decline in exports - of fuels. '

iis has already been seen, the plans of the different countrles and in
particular of the main producers of electric encrgy provmde for gross
investment over the next decade of at 1Dast some 12,000 million dollars,
somewhat less thun 40 pcr cent of whlch, or some 5OO million dollgrs per
year, corresponds to imports. '

The resultlng figure should be compcred with thc current 1mport
capacity of the ¢ area which is equal to the value of bxports plus the net
balance on the services account, whlch was 7,140 million dollars in 1959.

If the capacity to 1mport remﬁlnbd 1nVﬁr1gble in absolute terms, the result
would be that on an average the import of electrical equipment would require
something léss than 7 per cent cf the foreign currency.avdilable in the area. 
This would be an extreme assumption, as it is hlghly'lmprobable that Latln
America would malntaln a satisfactory rate of development if the quantum
and value of its exports, which are thé main components of the capacity to
import, remain 1nv1r1uble. - |

A somewhat less pessimistic assumptlon can be obbained from the recent

trend of exports in Yerms both of the region's gross internal product and

/the total
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the total exports of the western world. In the perdiod 1955-59 the ratio
between the value of exports and the gross product, beth expressed in
current valuss, dropped from 14.5 per cent in 1955 to 11.4 per cent in 1959.
This was attributable less to the smaller percentage of exports in the gross
product, in so far as volume indices are concerned, as to the deterioration
in terms of trade.

Extrapolating to the end of the dﬁcado Doth the recent trend in the
growth rate of the gross product {4. 5 per cont at constant values) and the
contraction in the relative contribution of exports to that product gives
an annual average value of the order of 11,600 millicn dollarsrfor'exports
by the end of the decade. _

I similar figure is obtained by analysing the relative share of Latin
America in fisible international ﬁrade. A-comparison of the region's
exports with total world exports (both at f.o.b. values) shows that this
sharc fell from 11.8 per cent in 1950 té £.1 per cent in 1959.

The similaf procedure of extrapolating the recént trend with respect
both to the expansion of international trade and to the contraction in the
relative share of Lﬁtin Americn gives o figure of 11,200 million dollars as
the total fof the region's exports by thoe end of the decade, |

If it is also assumed that the net deficit in the scrvicestaccount
will gradually increase up to 1,500 million doliars, ﬁarticularly in viéw
of the incrgase.in‘government expenditure on servicing loans, an estimate
of the order of 10,000 million dollars is arrived at for the region's current
capacity'ta.ihport by 1970. .

If 2 linear trend in the growth of capacity to import i1s aSbumed for
the decade, from,about 7 00C to 10,000 million dollars} the total for the
porlod will be 85,000 milllon dollurs, of which 1mport5 of olcctrlcal
equlpment and machlneryg whlch w1ll probably be of the order oi 5,000
million “dellars, would rcprasent slightly less than 6 per cent.

It is also useful to relate for01gn oxchange requlrements for electrical
equipment to thc import component of capital formation in general, and to
examine the effect of both on Latin America's balancé ol payments.

IL@OYJS.Of C&pltal goods during the last five years represented about

a third of total Letin American imports. The moin absolute increase was

/under the
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urder the headihg of industrial equipment and machinery, which at present
accounts for more than half the total.

Gross - internal fixed-capital formation amounted to some 10,000 million
dollars in 1957-58 (at 1950 prices, since in dollars at current values the
figure would be about 12,000 million dollars), which in relaticn to the
gress national producﬁ for the same period gives an investment coefficient
of the order of 1/6.

A comparison of these figures with that for the imports of capital
goods shows that the import component in capital formation in recent years
has been in the region of 25 per cent, This average percentage is appreciably
' loWér'than that estimated for the electricity sector, for which the import
component amounts to 40 per cent.

It should be noted that a given increase in the product implies a more
than'propoftional increasc in electrical capaciity, whereas the capacity to-
import tends to increase less than the product. Consequently the higher
the growth rate in Latin America in the next few years, the greatér will be
the relative effect of electricity development on the region's balance of
payments, unless import substitution for items of electrical equipment
succeeds in compensating for the joint effect of the two phenomena referred to.

With respect to fuels, of the total power generated in 1959 approximately -
half was thermal power, the higher level of thermal installed ecapacity being
counterbalanced by the lower level of utilizationd for this equipment compared
with hydroelectric'installatioﬁs. Specific fuel consumpticn for thermal
generation in 1959 was extremely high, being estimated at 0.5 kg. of petroleum
equivalent per kWh, which is an indication of the low efficiency of . most
existing units. Thus fuel consumption in 1959 was of the order of 12 millioh
tons of petroleum equivalent.

"The analysis of the electricity expansion plans of Latin American
countries indicated that the hydroelectric capacity planned for the end of
the decade is in the region of 24 million kW, It was also stated that in a
normal hydrologic yéar this capacity would generate 115,000 million k#h,
leaving the remaining 85,000 of estimated demand to be provided by thermal -

plants.

/It should
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It shouid be borne in mind that the additional thermal capacity to be
installed during this pericd, and the capacity represcnted by the replacement
of obsolete units, will have a yield much higher than the present yield,
which may be estimated as between 0.24 and 0.27 kg/kWh, Taking into accownt
the existing units which will not be replaced, whose degree of utilization
can be assumed to be less than the average for thermal eguipment, a figure
in the region of 0.3 kg/kWh can be postulated as o reasonable aim by 1970.

On this assumptlon the estimated generation of about 85,000 million
thermal ¥Wh would recquire a fuel consumption of the order of 25.5 million tons.

A unit value of 1% dellars o ton can be postulated for this fuel, a
figure closer te f.o.b, than c.i.f., prices. In this case the total expenditure
(or reduction of income} in the Latin American balance of payments under the
heading of thermal generation in 1970 would be over 380 million dollars.
Assuming a linear shift in fuel consumption from the level of 12 million tonsg
a year alt present £0 25.5 million tons by the end of the periocd, the grand
total of such imports {(or the reduction of potential imports) would be of
the order of 2,800 million dollars.

If the forcign cxchange expenditure for fuel consumption is added to
that for eguipment, the total smounts to § per cent of the capacity to
import estimated for the period on the basis of the assumptions made above.

The dmpact will in fact be less than this. Thus if there is an
increase in the internal production of fuel in the region, the reduction in
income in the balance of payments on account of fuel consumption would be -
calewlated with respect to a potential balance which would include possible
fuel exports,and there would be no real reduction in the present capacity
to import, \

The foregoing analysis naturally applies only to an ideal average
situation for Latin America as & whole. The actual situation in each country
may differ substantially from the average in accordance with a number of
factors, including industrial capacity, volume of internal fuel preduction,
decisions respecting the obtaining of foreign exchange loans, investment of
forelgn capital, and so forth.

How can this foreign exchange component of the investment requirements

for the electricity sector, analysed above, be financed? In view of the

/major role
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major role played by the International Bank for Reconstruction and Development
(IFRD)} and the Export-Import Bank (Fximbank) in this type of financing, it

is appropriate to analyse briefly the part these instituiions have played in
the past and what may be expected of them both, and of the recently established
Inter-American Development Bank (IDB), in the near future.

In the 1950-59 decade, loans from the first two institutions for
electricity development projects in Latin fmerica amounted to about 600
miliion dollars, of which about two-thirds came from the IBRD and one-~third
from the Eximbank. Since during the next ten years about 5,000 million
dollars in foreign exchange will be required for electricity expansion in
the region, it is clear that unless thess two bodies, together with the IDB,
can substantially increase the rate of their electricity loans to Latin
American governments, those govermments must increasingly resort to other
sources of finance, internal or external.

It does not appear either practicable or appropriate for these
institutions to divert to thi cleckricity sector funds that are now going
to other sectors, since for the mdgg'feééht'pefiod loans for electricity
development'fepresented nearly 60'per cent of =1l loans to Latin Americé by
the IBRD' and although for the Eximbank the correspondiﬁg figure was only..
10 per cent, it was 57 per cent of the total fer electrlclty loans through—
out the world made by that bank. '

Thus the best hope lies not in a change in the structure of the loan
portfolibs of these instituticns, but in an extension of their funds to
enable them to provide more adequatély fbr ﬁhe needs of the various economic
sectors,'inéludihg in particular'the electridity sector. |

The contribution of these intéfneﬂidﬁal financial institutions represented
approxlmately a third of the imports for capltal formaticn in the electrlclty
sector during the last decade. I this proportlon is to be maintained, the
loans concerned should increase durlng the next decade to an average of over
150 million dollars a yoar; which in view of the rate at which these loans
have been grénted during the last 18 months‘sogms a reasonable target.

Thet would still leave o substantial peréentagé to be covefed either
by the céuntryfs current foreign exchange earnings or by foreign’brivateA

capital. As previously stated, there has been a steady decline in the

/centribution of
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contribution of foreign private capital to installed capacity in Latin
fmerica. Coﬁéequéntly it cannct be expécted to finance foreign payments

in excess of its present contribution, which is of the order of 20 per cent.
On this assumptiori, which is rather optimistic, foreign private capital
would provide the region with capital goods of foreign origin for the
electricity sector to the value of about 100 million dollars a year.

Credit will of course also be available from the suppliers of machinery
and equipment, who are in turn usually financed by government bodies for the
promotion of experis in the large industrial centres of the northern
hemispherce. However, these credits, although they are of temporary help
in alleviating critical situations in external financing, do not provide
a basic solution, since they generally relate to short or medium term
transactions which are unsuitable for industrics with a high capital density

and long amortization pericds like the electricity industry.

6. Scme observations concerning decisicns in the

ciectricilty sector

The failure tc uwndertake a thorough study of present conditions in the
electricity sector, including plans for future action, has for many years
constituted. a sericus impediment to an adequate development of the sector.

The situation has improved considerably cver the past few years and there is
scarcely a country today that has not carried out this kind of study, conducted
either by experts in govermment agencies responsible for electricity programmes,
by international orgenizations or by foreilgn consultants.

A distinction should nevertheless be made between studles which are also
plans for acticn, decided upon by the govermments concerned and the national
agencies responsible for the electricity sector, and those that are merely .
reports prepared by experts whose adviee has been sought, without the govern-
ment concerned having yet taken a specific decision te adopt the recommended.
programme, or any other plan, and to entrust its execution, or at least its
supervision and co-ordination, te a given government agency.with the legal
powers and practical means of carrying out this function. In the absence of
any clear-cut decision by the government the programme, howsver thoroughly
studied and prepared, can obviously be only an expression of opinion by its

authors.
/Even in
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Bven in cases where the government hes decided upon a specific
programme of acticn in a lLatin American coﬁntﬁy subsequent, developments
very often differ cons lderably from the estimates and the policy formulated
in the plan. The reason for thls is cither a lack of funds to finante the
preposed projects, lack of co-ordinaticn with private concerns also
providing public utility services or, again, the absence of an instituticnal
structuré for the electricity sector which would be compatible with the
implementation of the programme decided upon.

For example, plans usually include provisions for an increase in the
installed capacity of nrivate companies, bui this increase is in fact
subJect to prlor conditions -~ such as udJUSthHtS in rates, amendments to
leglslatlon regulatlng public utilities, and provisions to attract domestlc
and foreign capltal - which are not always fulfilled as Jmpllcltly or
explicitly provmdod in the plans.

Another detrimental factor can be delay in deciding on one of several
widely Vﬂrying‘alte?natives when whatever decision is taken will have
conslderable economic repsrcu551ons This upplles, fox examplo, to Argentlna
with respect to the execution or postponement of projects such as Chocdn and
Salto Grande, and to Mexico and Wenezuela with respect to standardlzlng the -
frequency of their networks and connecting the nbtworks in their magcr
cities with the grld for the rest of the country.’

It is approprlate to review brlefly the role ofiérivateAenierprise in
programming the‘exﬁansion of the elgctricity sector and‘torstréss the need
for adequate co—ordlnﬁtlon if such expan51on is to be on a ratlonal basis.

At thc end Of 1959 the share of prlvate companies in the 1nstalled
capacity qf the publ¢c service was about 54 per cent of the totdl. Dur&ng
1960 this share dropped to 42 per cent as a result of the expropriation of
the Cuban company and the purchase by fhe'Méxicaﬁ Govefhment of the two
major electricity companies financed by forelgn private ca pltal " These
two measures combined rcpresentgd an addition of scme 1.4 mllllon W to the
capacity of State-owned plantu ard a correspondlng reductlon in tho share -
of private companies. _

The role of private enterprise in the distribution of electric power

to the consumer and its reSulting responsibilitj.in the modernization and

/expansion of
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expansion of fhe netwerks concernéd are much greater than in the'cése of
power generatioﬁ In fact, some Sﬁate—bwned companies engnge purély or
cnlefly in power guneratlon and sell large quantities of power en bloc to
perth conceasiona wires - particularly in the mLJor urban ccntrbs in the
arca - which supply it to the consumer. _ o '

This creates a problém with respect to the programming‘of investment
in the eledtricity sector, Eecause thoese privately finenced companies, for
reasons which necd not be gone into here, often fail £o modernlze or expand
the distribution néfwork at a rate consistent with that for generation or
transmissioh; - ' | o

Lastly, the variety of services prbvidod by thé‘comnohent“sectors at
the Vgrious stages of gencration, carrying and dlstrlbutlon of power requires
the establlshment of cconomic tariff systams which fully reflcctg at each
level, the capital as well as the current costs essential to the provision
of an eff1c1ent service, | - o ‘ C

Onc of uhb chief problems in thg formulation of any progrnmmc to'
expand the LGCtFlCltJ seotor is the selection of the type of ULneratlng
plant to be 1nstalled, particularly thu choice between thermal and hydro-
eicctric piunts o few observations migkt be made herc 1n view of the
considerable dlscusslon to which thls p01nt has glven rise.

It should first be borne in mlnd that very seldom nust a choicé be
made between a separﬂte thermel and njdroelectrlc plant. It 15 usually a
question of oxpandlng an 1ntbrconnucted systbm of generatlon and consumption.
ConSLquently what is needed is an economic study of thp original system as
supplcm»ntcd in cne case by a hydroelectrlc plant and in the other by a
thermal plant, " The question is even more compllautbd whcn Programme s 1nqludc
a series of'suCCGssive stages over a period of time, because the inelusion
of each mew generating plént in the system alters the conditions in which
the systam,operﬂtgs and therefore affects the rclatlvu ylpld of the plants
already in operaticn. '

The problem is simiiar to the analyﬁis of alternative investment _
programmes in rglatlon to the economic system as a whole, The existence of
external cconomies means that each slngle an“Sthﬂt affects the yield of

the others. Hence, it would be wrong to analyse prOJects individually or

/to cheose
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1o choose one rather than ancther by comparlng thelr advantages The
theoretically correct solutién is to compare the advantages of the various
alternatiﬁe programmes considered together.

Similarly, it is usually meaningless to say that any particulaf
hydroelectric plaht is more or less suitable than the equivalent thermal
plant. The préper course is to compare, inter alia, the overall electricity
expansion programme with the hydroelectric plant and, as‘dn alternative,
with a therm=l plant,

Secondly, in analysing the relative adfantages of two different
investment programmes in the cleciricity sector, another problém is that
of the rate of intérest and the pericde of amortizgtion decided upon. A
plan. providing for a greater proportion of hydroelectric capacity will
usually have. a higher investment cost and a lower operating cost than an
alternative plan providing for a greater proportion of thermal capa01ty
In the final analysis, this means that a compariscn must bp made of the
expense involved at various peints over the period of tlme concerned, which
must therefore-be converted into a standard unit by applying the rate of
interest_dn the capital, a proceduré by which the economic‘yieid‘of gither
programme throughout 1ts useful llfL can be determined. A lower rate of
1nterest means lessﬂabgtbntlon in future consumptlon_due to present investment,
and ihus favours high capital density investments,,.ﬁccordingly,‘this effect
of the interést rate means that hydroelectric power is comparatively dis-
advantagecus in the lesé develo@ed economies, where the rate is higher
because of the relatively greater shortage éf capital.

It should nevertheless be noted that in under-developed countrles the
higher interest rate is partly counterbalanced by the longer amortization.
periods‘ﬁhich.may be used in compuﬁing the overall éapital cost_coefficient;
this is because, in view of the price structure in those countries, equipment
does ﬁot become obsolete as quickly as it_does in more advanced economies.
Consequently the Cifference in the capital cost coefficient will be less
than in the 1nterast rate.

While the selection of the interest rﬁtb to be adopted in comparing
the relative advant&ges of two or morc electric- power investment programmes

is most d’fflfult, and cannot be made on a merely guantitative basis, it is

/clear that



DL BGLEY GUNE . ff e Lot
Page 30

clear that in any event the factors mentioned sbove must be taken intoe
consideration; and that over-simplificd and ill-conceived formulas, such
as using the bank rate 2t which external funds are obtained or the bank
rate predomln tlng'ln thc 1ntnrnﬂl monmtary system, should be avoided.

4 distinction should bb made bptwuen the nominal cost of capital - either
for the State or for private enterprise - and the actual cost to the
economy as a'Whole, taking particularly into considsration the fact that
alternative investments wibthin or outsidec the electricity sector itself
will have to be sacrificed. The yielc of these alternative investments,
such as other major public works to be underteken by the State ~ is ons
suitable Criterion for determining the interest rate to be used in the
caleulations. |

In the case of nmultiple purpese projects such as hydroelectric projects,
it should alss be remembered that the investment corresponding to the
production of electricity will be lower becauss of the cther benefits to be
derived from such projccts.

in analysis of existing plans for electricity expansion in Latin
smerice shows that calculatiors of this kind are not usually made. In some
cases there are practical reasons for this. One is that governments are

handicapped in presenting a case Lo international financial agencies for
the other investment prejects that weuld absorb the additional funds for a
mainly hydraulic project, compared with a thermal nroject, because studics
similar to those made for the elsciricity projects arc not available for
the other public investment projscts.

Even if it is assumed thw. an adeguate interesi rate has been selected
which reprebents the marginal jlcld of investment funds at the level prov1ded
for, it should nct be orgot‘ﬁn that in making o comparative analysis based
on average'annual costs, the problem cf prloritios over the period of time
concerncé is largely ignored. Beth in Latin imerica and in many cther parts
cf the world, the neod for a high short-term increase in the output growth
rate is stresscd. In the present situvation, estimated investment réQuirements
exceed the prescnt level of savings less because of the low savings cocfficient
than becausé of the low cutput coefficient, In these conditions, capital

funds might well be zoncentrated cn investments which contribute to a more

/rapid increase
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rapid increase in the total output, which are not always those producing
the ‘highest y:Leld over the long term.

This illustrates a fundamental point in chooslng between hydroelectrlc
and thermal plants in an electricity expansion plan. While there has been
much disc¢ussion on the subject, the pesition of the comtending schools of
thought has net always been clear with respect to the assumptions made,
The fundamental distinction, from the standpoint stressed here, is that aﬁ
investment plan to raise output as much as possible by 1965 may be very -
different (although in excepticnal cases it might.be,identical).from a
plan to do the same by 1985. _

Hence if for various reasons the government's main concern is the
short-term yield on invesiment, a compariscn of the annual cost of net
profits at present values during the lifetimc of the plants in quest;onr

would not be a2 valid criteriocir for the decision.

7. Analysis of the cost of expansion and of the

sectoral coefficient of investment

(a) Argentine . | -

The. relevant section of bhaptér‘II of the present papér analysed the
conclusions of the conswltants' report on electficity develobmént in
Argentina, and established the need to enlafge the goals set thefe with
respect to electricity expansicn. ) 7 . |

A study of the finanéial aspects of the pfogramme'innquestion leads
to the same conelusion. Thus, for oxanple, the total investhént pro?osed
by the consultents for the 1940-70 decade (735 million dollars) is lower:
then the investment thgt it is p“oposed to make in Mexico durlng the first
half of that perlod,r As therc is no substantlal dlfference between the
product of the two countries, this two—to-ono proportlon between thc K
investment in the electrical sector hardly seems Justlfled even 1f no
accotnt is taken of the hlgher unit investment values for the Mexlcan
expansion programme because it is mainly hydraullc )

The 1nadequacy of the tmrgebg set is also shown by rolctlng 1nvostmentwru
'1n the electrlclty sector 1o the total gross fixed invéstment for the decade,

“assuming an annual growbh rate of 4.5 per ‘cent and a coefflclent of

/1nvestmeqt of
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investment of 21 per cent (the latter being the 1959 figure). On thesc
assumptions, the investment of 735 millicn dollars would amount.to 3.3 per
cent of total investment, an extremely low percentage compared with that
calculated for other countries in the region (see eclscwherc in this section,
and table 5), and not much higher than that for the 1945-55 decade, when it
was 2.33 per cent, with results that are common knowledge. '

From the standpoint of government decisicon, it seecms necessary to
adopt as soon as possible a definite stend with respect to the El Chocon
and Salto Grande projects L and, if approval is glven, tc establish an
order of priority. OCnce this prior decision has been taken, it is essential
to concentrate efferts on the strict fulfilment of the targets set for the
programme chosen. An increase of rot less than 50 per cent in these torgets
seems required compared with those set forth in the programme recommended by
the consultants.

Table 5 accordingly shows & net addition of 3.3 million kW of installed
capacity for the decade, representing a total investment of 1,250 dollars.
This sum includes an extra investment of 150 million dollars, compared with
the equivalent thermal plant, for the execution of one of the two great
hydro projechts referred to. Thus the unit investment cost would be 380°
dollars per KW and the sectoral coefficient for electricity investment 5.6
per cent. The table alsc shows that degpite the proposed increasc in the
targets of the electricity programme, the relative investment in the sector
in frgentina would still be lower than in most other Latin imerican countries.

The consultants! report rejects the Salto Grande and Choedn constructions
for the period ending in 1569, because of the larger investment that these
projects would reguire.  The annusl cost eriterion gives favourable results
for El Chocdn where the interest rate is up to 6.2 per cent, without multiple
use, and where the rate 1s up to 10 per cent if the benefits of flood wmntrol
and irrigation are included., TFor Saltoc Grande the annual cost criterion

gives favourable results for the hydroelectric alternative if the interest
rate is up to 13,2 per cent,

4/ The irgentine authorities are still studying the possibilities of developing
the water resources of the Rio Negro system. They are considering sibmit-
ting a request for a loan for this purpose to the Inter-imerican Development
Bank, &nd obtaining other external financial assistance,

/Trble 5
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LATIN AMERICA: INVESTMENT REQUIRED TC FULFILL TiE

ELECTRICITY EQUIFMENT
PROGRAMME T2 1970

Investment ‘ ’ " Unit " Sgctoral
Additional
Country (thousands of snracity investment copfficient
millions of (%) {dollars of investment
dollars) per K} {percentage)
Brazil TR 10.1 Yo €44
Mexico = - 2,0 - 5.3 38n 09,0
Argentina : 1.25 ) 3.3 380 5.6
Chile 0.65 1.5 435 10,0
Venszuela ' : 1.1 ‘ 2.5 Luo ' 5.5
Colombia 0.7 . S 2,2 o 743
Cuba ' ' 0,55 2,3 370 7.5
Paru ‘ AFe 1.3 310 745
Uruguay - ) . 0.3 0.6 5C9 -
Central Americe 0.3 0.5 &on
Sther ccuntries : £.5 : o1 Lss - ass
Total o 12,49 oo 30.7 syl
Sourcat Nptional_elqctrifioation programnes sdjusted as indicailed in

Note: The unit investment costs cbtained by shalysing the programmes
reasonably close to the velues given in Precics vy costos en la

the tEXtuﬂ .

of the variocus countries are

industria de la energfn eléstrica

de Andrics Laetine, (ST/ZCLA/CONF.%/L.1,51), but somevhat lower

than thoss ealculated by R. Salazar
in Fabrisacidn de equipc y materiales pare generacién y distribucién de enevgfa eléotrica en

imfprica Letina (ST/ECLA/CONF,7/L.6,1). The difference arises mainly frcm the costs assigned to

the improvement and expansion of distribution netwarks, which for most govermnent prograrmes are

of the order of 100 dollars. per k¥, vherees in the last-named document they are essumed to be over
370 dellars, slthough this also includes high tension transmissicne As has repeatedly been stated,
there are grounds for believing that the Latin American programmes tend 10 underestimate investment
in digg;ibution. Even L2 it seame hardly likely that th§ averaga for ths generation, transmission
ard distribution secters together could exceed 500 dollars per kif,

/The investment----
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The investment required for hydro generation secms to have been some-
vhat ovcrestimated, The firm capacity used in moking the comparison is =
that estimated as s avallable for 99 per ccni of the time, whereas the practice
in many countries is to regard ss firm capacity that:availqble for 95 per
cent of the time, ‘ )

With respect to the projects under consiééfétion the use of the 99
per cent critcrion mainly affects Salto Grande, reduc1n5 its available
capacity from 607 MW {on the 95 per cent definition) to'521 MW (99 per cent
definition). The more regular flow of the river at El Chocdn reduces the
difference in available capacity (in this case 715 MW compared with 761 MW).

The overestimation of investment is also partly due to the characteristics
of the transmission lines. Here again'what seems to be an unduly large
safety margin increases the cost, since two circuits are used, with a capaéify
of 93,5 per cent each for El Choedn and 95 per cent each for Salte Grande,

As both prOJects are regarded as integral parts of a systom w1th a reserve:
capacity amounting to 15 per cent of max1mum demund 1t seems clear that in
both cases the capacity of each 01rcu1t could bc rcduced to 50 pcr cent of
the total ' -

Thirdly, the investment required for the thbrmJl alterﬁative may haVo
been underestimated, since the capitﬂl cost of producing thc fuel is not
taken into account. _ o '”' ';'.

In general it secms clear that restrictlng thu pariod in - quustian %o .
that ending in 1969 nevertheless zllows a suff1c1ent pCrlOd to dLCldO upon
large-scale projects with a lengthy construction pericd such,as Sglto &rande
and E1 Chocdn.

The decision recommended in the consultants' report, to postpone Salto
Grande and El Chocdn until the following decade, is based mainly on the wish
to attain the objective in supplying the demand for slectricity with the
minimum capital investment.

This procedure is a clear cxample of the serious disadvantages of

drawing up a scetoral expansion programme in isolation instead of as a

5/ Consultaonts! report, Vol, I, p.1l5.

/harmonious elsment
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harmenious element in the general development of the economy, taking due
account of the interdependence of its various sectors. The truth of this
can be demonstrated by taking the extreme example of a series of isolated
programmes all based on the criterion of minimum investment uith the a2im of
economizing capital; this would lead to an wder-utilization of total
resources and to a development programme that would nct make the best use
of the country's potential with respect to capital formation.

If, as usually happens, increasing the proportion of hydroelectric
capacity in the net additicnal capacity required by a given rate of develop~-
ment means incroasing the unit investment, the appreoach should be to compare
the marginal productivity of cach successive capital input for the variocus .
propertions of hydroclectric capacity in the total with the marginal
productivity of the same inputs in other alternative investments within
the sector, in generation, transmission or distribution, cr in other sectors.

Thls is all the morc necessary becausc, as in Argentlna the unfortunate
exporlonco of oertaln countries in Latin nmerlca und elscwhere shows that
the relative stugnatlon of ‘the areas known as under—developed is due as
much or even more to the lack of rational distribution of capital omong

the various.oectoro as it is to the lack of capital,

(b) Brazil

The estimated cost of expanding installed capacity by 5.3 million kW
during the period 1957-66 is 2,340 million dollars, giving a unit cost of
140 dollaro per kW. This estimate is based on calculations by the Banco
de Desonvolv1mento Economloo, with scome adgustmonts, oartlcul?rly w1th
respect to network distribution oosts

Two—thlrds of this total represents expendlture in eruzeircs and a B
thlrd forc1gn exchange expendlture , Thls dlstrlbutlon is 31m11ar to that
for Chlle, where the larger hydroelcctrlc contrlbutlon to the progrumne,
involving a smaller import con.ponentJ counterbalances the lower level of
self-sufficiency in capitgl goods in the electricity industry compared With"
Brazil. _ | o

-On the ba51s of tho 1otual Eross product for the flrst three years of _
the perlod and a.ssumlnEr a development rate of > per cent for the rest of '

the periocd and an 1nvmstmont coefficient of 15 per cent {as in 1959),

/investment in
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investment in electricity would represent 6 per cent of the total. This
sectoral coefficient for the period is lower than that for 1957-59, which
was 8 per cent. This seems to show that unlike the other Latin imerican
countries Brazil has already made a concentrated cffort in electricity
expansion, and this is demonstrated by the fact that at the end of 1959

projects under construction represcnted a total capacity of 4 million KW.

(¢) Colombia

The investment required for the five-year pericd in order tc attain an
installed capacity of 1.6 million ¥W by 1965 is about 1,700 million pesos,
of which 53 .per cent represents the four main public service enterprises,

32 per. cent Electrospguas and other gevernment snterprises, and the rest
self-suppliers. |

Of the totalramount, 55 per cent represents cxpenditure in lccal -
currency ard the remainder forelgn exchange expenditure.

If the gross national product, which in 1959 amounted to 23,000 million.
pescs, increases at the annual rate of 5 per cent, as postulated in the
Four-Year Plan, the product for the five-year period 1961-65 would amount to
140,000 miilion pescs. If the coefficient of total gress investment remains
at the 1959 levei, glectricity investment would constitute 7.3 per'ceﬁt of

total investment .

(4)  Guba |

The investment enfisaged in tﬁe clectrificatidn programme for the five
years amounts to about 303 million pesos, of which 2), per cent represents
generation, 31 per cent distribution and the rest substations and transmission
lines, Two-thirds of the tot;l'cost represents imported materials.

With respect to unit costs, a fiéufe‘of 35,500 pesos per kilometre is
given for 110 kV transmission lines, and 109'pesos per KW for the gencrating
plants. The last figure isllow, even in view of the fact that it rclates to
fairly large thermal plents.

Tq apprecigte'the size of this sectoral investment in relative terms,
it should be borne in mind that in order to achiove the annual growth rate
of 13 per cent in the gréss national product (excludirig the sugar industry)

assumed in the programme, the total product for thc five years ending in 1965

/would amount
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would amount te 17,300 million pescs. To this must be added the contribution
of the sugar sector, with an estimated annual average production of 6 million -
tons at a price of 100 pesos a ton. Of the total of 20,300 million pesos,
electricity investment would represent about 1.5 per cent of the product

and, 1T the coefficient of total gross investment were 20 per cent, 7.5 per

cent of that investment.

{e) Chile

Estimates by the Empresa Nacional de Electricidad, S.i. (ENDESA);E/
put its total investment for the decade, required to raise capacity from
its present level to 1.4 million kW by 1970, at about 343 miliion dollars.
Of this total cne-third represents foreign exchonge expenditure. It is
envisaged that the Compafifa Chilena de Flectricidad (CCE), a subsidiary of
dmerican and Foreign Power, will invest betwecn 200 and 250 million dollars,
half of which would be in forcign currency. This investment represents the
installation of the thermal plant at Renca, and another to be built some-
where in the coastal zone thait lics between Valparaise and Santiago, fogether
with the expansion of the primary and éecondary distribution networks. It
should be noted that the CCE distributes and sells not only its own power,
but also a sizowle proportion of the power generated by EMDESA's hydro
plants, which is transferred to CCE in block form.

The difference between ENDESA and CCE with respect to the import
component of investment is mainly due to the fact that the ENDESL programme
is over 95 pcr cent hydraulic, and the loral currency elcment in such plants
is naturally much higher because the civil engineering works constitute the
major part of the total investment. 7

Thus the total cost of expanding the public service during the next
decadé will be aboub 543 million dollars, to increasc installed capacity
by 1.2 million kW, which represents a unit investment of 455 dollars per KW.

To this must be added the investment by the self-suppliers, particularly

in copper mining, amounting to approximately 100 million dollars, at an

é/ Sce the Electrification Plan approved by the ENDESA Board of Directors
at their meeting on 2G Novamber 1958.

/estimated unit
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estimated unit cost of 300 dollars per kW {since these plants are mainly
thermal plants with short trensmission lines and little investment in
distribution).

Consequently total investment in the electricity sector would be about
650 million dollars, or 10 per cent of total investment, which has been
estimeted by the Corporacién de Fomento de la Produccidn (CORFG) as 6,500
million dollars for the period under consideration. The total average‘coét
would be 435 deollars per kW, and electricity investment would amount to at
least two-thirds of investment under the heading of energy and fuel, which
CORFO has estimated as 1,080 million dollars.

The high scctoral coefficient of investment for electricity in Chile
compared with the average in the programmes of other Latin american countries
{usually between 6 and § per cent) is due to the fact that the Chilean
economy is characterized by its high specific consumption of electricity in
relation to the gross product, and also, to a lesser extent, to the major.
part alloted to hydroelectric generation in the expansion programmes,

fAs in most Latin jmerican countries, the responsibility of the
government enterprise (in this case ENDES:) in the expansion of the public
service capacity is greater than its actual share in that capacity.
Consequently for a given rate of growth in total capacity, ENDESA must
plan its future budget for a higher growth rate in its cwn capacity. The
financial needs are thus out of proportion to real income, even on the
assumption that the original rates were rcalistic and in line with costs.

fis in the case of the Brazilian enterprises estabiished in receﬁt
years, ENDES4, although in theory a mixed capital enterprise, is in practice
a government body, although with a high degree of autonomy, since more than
99 per cent of ithe shares issued are-cwned by CCRFO. This has the advantage
of making possible the reinvestment of all profits, since the main share-
holder is more interested in increasing the generating plant than in receiving -
dividends. On the other hand, this situation considerably reduces the
possibilities of rescrting to the private capital market for the purpose of
attracting savings that are not being absorbed by other government bodies or
by the national budget.

/{£) Mexico
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(£) Mexico'

The project'ﬁrogrammé of the Comisidn Federal de Electrici&ad (CFE)
enviscges an addition of 3.3 million kW within tbernext five or six years,
representing an investment of the order of 1,000 million dollérs. To this
must be added: (i) the investment proposed by the Compafifa Mexicana de Luz
y Fuerza (CMLF), estimated at 250 million dollars for the deecade, which
includes the improvements and expansions in the Sistema Centrai distribution
networks; (ii) what CFE will invest in the years folléwing on the cbmpletionl
of the aforcmentioned plan, and (iii) the expansion of the ex-Impulsora
system, which will cost at least 100 million dollars for the decade; all
this will add up to a total investment of the order of 2;000 million dollars,
of which 75 per cent will represent generation and transmission, and the
remaining 25 per cent distribution. &s this investment represents a net
additional capacity of 5.3 million kW, the unit cost of the expansion will .
be 380 dollars per K.

The coefficient of investment in the Mexican economy, which averaged
14 per cent during the 1946-55 decade, has been slowly increasing in recent
years, and in 1960 reached the level of about 16.5 per cent.

The gross national product szt market prices amounted to 114,000 million
resos in. 1958. On the assumption that the snnual inerement during the next
ten years will be 5 per cent and the investment coefficient 17 per cent
- slightly higher than that of 1960 -, total investment during the coming
decade should reach 22,000 million dollars., Out of this tctal, investment
in the clectricity sector would account for ¢ per cent. This sectoral
coefficient confirms an observation applieable to all Latin smerican countries;
the electricity cxpansion pregramme for the next ten years will cntail a
greater relative investment effort in the scctor in question. It must be
borne in mind that in fact, during 1946-55, Mexico invested no more than
5 pef éent‘of its'reéources.iﬁ electricity, althbugh by the last three years

of that peribd fhe propoftion in question had attained £.5 per cent.

(g} - Peru . . .
The investment contemplated in the 20-year plan formulated by the

Electricité de France mission amourts te 14,300 million soles at the‘p}iééé .-
cubrent on 1 January 1956; 45 por cent of this sum is allocated to the
' /installation of
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installation of gcnerﬂtlng plants, 18 per cent to hlgh tenolon transm1551on

and the remaining 37 per cent to primary and secondary dlstrlbutlon nctworks
Thus, the average cost per 1nstallod kKW would work out at about 6, GOO solbs,
i.e. - at the rate of exchango in force at the same date (19.3 soles to the
dollar) -, some 310 dollars por K. quf this investment corresponds to
expenditure abroad.

If the level of the gross national product in 1955 is taken as a base
and an annual‘rqte of inercase of 5 per cent is assumed, together with =
fixed gross investment coefficicnt of 20 per cont, the above-mentioned
inveétment iﬁ.théfclectricity sactor representé, for the 20-year poriod

under conSidefation, 7.5 per cent of Total investment.

(r) HUruguay

4L programue recently drawn up in Uruguay for clectricity develcopment .
during the next ten years Z/ recommends the investment of aboub 150 million. .
dollars over that periocd, of which sum about two thirds would reproesent
foreign exchange expenditure. Within this total, 63 per cent would be
allocated to'generabion,‘l2 per cent.to transmission and 25 per cent to
distribution. It must be borne in mind that the perecentage assigned to
generation is relatively high in Uruguny, owing to the preponderance of
hydroelectric energy and the cost of installing the odfreSpondihgtplaht,
which is in the neighbourhood of. 300 dollars per KW.of guaranteed capacity.

In these circumstances, investmaont in the clectrieity sector would -
represent 8 per cent of the total investment required for Uruguay's cconomic
development during the coming decade, estimated on the basis ¢f a cundlative
annual increment of 2 per cent in the gross per capita product and a popula~-
ticn growth rate of 1.5 per cent. - '

(i) Venesuels

VcnezutiéWS'FouréY:ar Plan céhtemplatcs'gn annual increaée‘inlthé gross
product of about 7 per coht - hlghgr rate than thgt rbglsterbd 1n 1958~6O
(5 per cent), but lower than in the period prior to 1958, If, as is
presupposed, the rapid rate of growbh of the pOpulatlon decreases by iO pof

74 Sce Hugo R. Giavi et al., La cconomicided en 1o produseidn de eieQEEJCidad
(8T/ECL../CONF. 7/L 1.49). |

/cent in
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cent in relstion to the level of 3 per cent at which it stood in the past
two years, this would allow for a 4-per-cent annunl risc in the per capita
product. It is cstimated that the mining and petroleum sector (iron mining
in particular) will develop more slowly than the rest of thz cconomy, so
that its contributicn to the gross product will fall from 29 per cent in
1958 to 24 per cent in 1964.

s regards the menufacturing sccior, the increment projected is 12
per cent per annum.

In order to cnable the Venczuelan ccenomy to develop at this distincily
rapid rate, the intention is to invest 21,000 million bolivarcs during the
four years covered by the Plan. If this net investment is added to the
allocaticns covering depreciation of fixed capital, which rcpresent something
like 10 per cent of the total product, the resulting figure for total gross
investment in the period in question {June 1960 - June 1964) is 36,600 million
bolivares, or 23..4 per cent of the product during that lapse of time.

If the preduct is to increasc at a rate of 7 per cent, an investment
coefficient of 23 per cent ocught to be attained. The projected product-
capital ratio is, therefore, C.3, or less than that estimated for other
Latin Jimerican countrics.

The possibility of. raising thc investment ccefficient to so high a
figure, completely out of reach of most of the countrices of the region, is
attributablc to what has come to be callcd the policy of "sowing petroloum
income". Thus, the following statement cccurs in a message from the President
of thc Republic to the National Congress on 29 4pril 1960: "The State must
shoulder the major rcsponsibility for the satisfactory investment of
petroleoum income, which, characterized as it 1s by the. exhaustibility of -
the source from which it derives, must be mainly used for the creation of -
new sourccs of revenue ... In the effort to securc better programming and:
an increcascd yicld in the public sector, every cndeavour has becn made to
see that the fiscal reveonue aceruing from petrolecum-is devoted, entircly to
development expenditure, so that the cutlays reolating to administration proper
are covered by other income!,

It is assumed that the investment level postuleted in the Plan will be

atteined partly by mcans of a foreign capital contribution equivalent to

/2,400 million
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2,400 million bolivares for the four years concerned, 1.e., a 1ittlie over
10 per cent.of total capital fdrmation reguirements. The remainder will
presumably be covercd by public and private demestic saving.  In view of.
import nceds and the level of cxports projected, approximatcly the same
sum will probably be required to achicve balance-of-payments equilibrium
in the pericd under consideration. Consequently, tho limits to the rate
of development set by the level of demestic saving and by the capacity  for
externsal payments arc identical. ‘

Stich, in broad cutline, arc the basic objectives and hypothcses
embodlied in the Plan. The investment programmed in the clectricity sccetor
amounts to 1,050 millicn bolivarcs for the whole of the public scrvice, twoe
thirds of this sum representing the contribution of the 3tate agencles,  IT
the gencrating capaclty installed by sclf-supplicrs during the same period
is approximately estimated to be o further 100 MW at an avorage cost of
300 dellars per kKW, total investment in the scctor should work out at 1,150
million bolivarces - & sun which, in relation to a total net investment of
21,00C million, implics a scectoral coefficient of 5.5 per cent.

The fact that this value is lower than the corresponding figure for
other programmes is cxplicable in view of the magnitude of - the total invest-
ment cocfficient. Even so, it is deouble the historiesl cocfficient registered
for 1950-59, when electricity investment accounted for only 2.8 per cent of
total investment and- 0.75 per cent of the gross national product.

Ls regards the publie sector's investment, it is cstimated that up to
1964 C.DAFE will lay cut some 420 million bolivercs, one third of which will
be spent on generating cquipment, giving 254 additicnal MW (132 at Guanta,
75 at the Puerto Cabclle expansion works and L7 MW at smellor plants). The
remaining public investment will probably bce allocated to the Laroni, where
250 million bolivares arc to be carmarked for the Guri construction works,
The final eost of thc dam is provisionzlly estimated at 600 million bolivares,
and would rcpresent onc third of that of the whole project, which, as was
pointed out above, will perrdit the installation of about 4 million KiW.

The cost of expanding installed capacity from the 1.3 million KW
existing at the end of 1959 to the 3.8 million projscted for 1970 may be

estimated as in the neighbourhood of 1,100 million dollars. This calculation

/is fundamentally
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is fundamentally based on the projections formulated by Electricité de
France, for the C.DAFE and Caronl programme, cn the hypothesis that Guri
and Caracas will be interconnected before the end of the decade; to the
values thus obtained is added that of the expansicn of the Carocas plant
wp Lo the date of dintercomnexion znd the estimated investment of self-
supplicrs.

If the foregeing figure is comparcd with that corresponding to the
period covered by the Four-Year Plan, the reosulting inference would seem
te be that the financial effort will be greater in the second hall of the
decade and that the coeffieicnt of the scctoral distribution of investment
for the electricity scector will possibly have to be increased. This is
logical cnough, since the projects for the said peried comprisc the biggest
hydrcelectric engincering works and the integration of the national network,

all of which calls for relatively substentdal investment,

/Chapter II
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Chapter II
CRITICAL ANALYSIS OF ELECTRICITY EXPANSICN PROGRAMMES

There now follows a fairly detailed analysis, based. on-the data available
in each case, of a series of fifteen countries comprising 96lper cent ofdﬁ
insfalled capacity and 98 per cent of electric power production in 1959.

Special attention is devoted to the group consti‘uted by the five
lehﬁing-producers (Brazil, Argentina, Mexico, Venezuela and Chile, in descending
order of installed capacity at the end of 1959), which account for three fourths
of Latin America?s installed capacity and four fifths of the energf generated

in thezfegioho' The following is a detailed bresk-~down:

Country _- Iqstalled caeaclty - Generation in . Degres of -
o in 1959. 1955 utilization
(Millions of kW) (Thousands of millions (Hours/year)
of ki) : 3
"Brazil 3,9 SR 2 B 5,400
Argentina 3,0 - o %8 3 200
MEXied'- . 2.7 S 9.8 L 3, 600”
Venezuela' I 13 ko3 . - 35300

Chlle R [ A hob . 4,200

It will be noted that, owingito.the marked disparities between degrecs:-
of utilization, the order of the installed capacity column differs from that
--of the- generaﬁion column;; Thus, Mexico, although its installed capacity
- is less than Argentina?s, generated the same smouat of electricity, and Chile's
imferiority. to Venezue]a 1n resnect of 1nstalJed capaclty'was easlly cffset’
by its nlgher level ol productlcn,

+.in order to compare , even 1f only approxlmately, the exparnsion programmes
adopted. or recommended in the maln countrles 6f the reglcn with the installed
capagity requﬂrererts der1v1ng from the varicus prOJeLtlonS and forecasts
formylated, table 6 wes p”epared on the followlng basis LoLen e
/1, Columm® “ i
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1. Column.P (1959) gives each country!s total installed capacity
at the end of 1959; L | :

2¢ Column Pi represents the 1nstalJed capeclty needed if the generatlon .
requirements resulting from extrapolation of the 1950~59 trend are to be
satisfied in 1965. - The same. degrees of utlllzatlon as in 1959 were adopted
:as -1t was -felt that possible improvements might be offset by the necessary
increases in the present narrow margins of reserve; ; .

3. Columns P, - fé and . Fh indicate the 1nstslled capaclty determlned :'
by these countries! generation requlrements in accordance with different
economic development hypotheses. P2 - PB represent the two extremes corres~"”f
pondlng to the "mlnlmum" and Nmasi mum hypotheses, and Ih the "intermediate® - -
hypothesls- ' . - . S

= b -GRlumn P5 presents .the projection of installed capacity for the year
in questioh which is adopted in the relevant electrlclty development programme.

Anattempt will now be made to summarize the 1n¢erest1ng 1nferences o
which may be drawn from an analysis of the figures appearing in table b iip_ :
the first place, as regerds the third and fourth colums, the anomalies, j;"f”*
already discussed in connexion with the projections of -energy generatlon |
for various rates of economlc development reappear in the cases of Argentlna

and Bragil, as is t° be EXPECtGd n°thlng further'wlll therefore be said 7T

on thls polnt

-

To Judge from.a comparlson of‘the second and flfth columns, ‘two of
the countrles apparently have expan51on programmes that would prove relatively:
:1nadequate to satlsfy & rate of electrlclty development such as that registered
in the past five years, w hlch in general would seem to be a minimum requisite,
This is not so, however, in the cese of Venezuela, since the rate of growth
oﬁ"deﬁehd,in:thelfive-year period 1955-59 (like that of the gross product)
wes"exceptionally high'and is unlikely to recur, as the experience of 1960
and 1961 is already testlfylngu The fact that the same'argument is not
valid for Argentlna reaffirms the conclusion reached when that countryts
individual case was discussed, i.e., that an attempt should be made to
tackle 2 more ambitious electricity programme, better suited te the level of
development that needs to be resached during the next few years,

/Table 6
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Table §

LATIN AMERICA: COMPARISON (F INSTALLED CAPACITY
IN SELECTED COUNTRIES o

' (1H)lions “of kilowatts)

b

Country : o P(I959) S ‘ PE-le- : Pn ' PS -

]
ral

Brazil . ¥ S - 20 B s 25 BEELURRGL - DU U 7 . 8
Argentina - ;. o o T D B0 0 he W Fa2=9,1 «o T . .9 -
Mexico 2.7 bok 3.7-4.8 . Y0 C o Bab
Venezuela - e T R ¥5 BRI T | C 73.2 0 2 22
Chile - - : : . .1 b 1.5-1.,7 S L Y
e .

Brazil; - : - I 75 S 12,0 - ‘6;2;8,7 C Tl 1,0 .
drgentina - - . BRI N T 6.6 - 11.6-721.2 154 .- 5B
Mexico 2.y 5,7 L Balegez., o 57 oo B0
3.8
Chile “.:0° .y NPT ST Y% SR 1,8 oo Ae9=2.5 - 26d 246,

Yepezwela:- - = 5o o S 13 6at P Beliegel o 6D,

T i - R : L e

/According to
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According to the programmesHEﬁélfsed for the various countries, about
60 per cent of the additional capa01ty w111 be hydroelectrlc. _. The present.
slight preponderance of hydroelectrlclty w1ll thus be intensified, The .. |
extent to which this preponderance increases will depend principally. upon
.the-decisions taken by"Afgeﬁﬁiﬁa‘iﬁ“feiatienrte‘£he El Chocén project and
by Argentina and Uruguay with respect to Salto Grande; developments in
this connexion will determlne what proportion of the total, within a range
of 55 to 62 per cent will be represented by .hydroelectric capacity at the™ "~
end of the next decade. . e

Tt is of interest, in view of the change or evolution signified thereby )
in recent years, to note the absence of nuclear power stations in the expan51on
prOgramme for the decade, except in the case of Brazil, Latin America is =
thus no exceptlon @o the almost universal rule that in practice the constriction
of'bower ste{iens 6f this type is falling short of the over-optimistic
forecasts of five or six years bac&. .o

" This does not mean that the study of such possibilities has been abandOned'
on 'the contrary, most State agencies dealing with electricity planning avail
"themselves of the services of technical specialists in this field, who
carefully follow the course of events in the developed countries, especially
with respeet to trends in installation costs and the comparative advantages
of the different types of reactors. At the same time, tentative projects
are being prepared, as well as a programme for the training of techmical
personnel, especially at the higher levels,

In Latin America there are many places and areas where the prevalence of
high fuel o0il supply costs and either heavy hydroelectricity costs or shortage
of water resources might mean that the generation of nuclear energy would
prove an economic proposition, even though it might not be so in areas which
are easy of access or rich in water resources. Again, the fact that in
serveral compact areas the volume of demand is already very large permits
the inclusion of nuclear units of 150,200 Md, or even more, in some systems,
with the certainty of their optimum utilization,

/In this
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In this context, it may be remarked that while nuclear power more
clearly fasémblas'thé conventional thermal type as regards technical
generation characteristics and occupation of the centre of the load diagram,
it also displays analogies with hydro power in respect of the heavier unit
investment required and its slighter reperaussion on the balance of payments,
since in both cases the high initial investment needed is offset by low '
operatlonal costs and in partlcular, a saving of 1nputs from external
sources lf fuel has to be imported,

In the annex, certain considerations are aormulated with respect to
the comparatlve analysis of a nuclear power station and anotker of the con~
ventional thermal type, which illustrates the influence of the ‘main parameters

of the problem.
1. Argentina

IR 1959, genération of electric energy amounted to 9,800 million kWh,
Wwith an installed capacity of 3 million Kil, three fourths of which represented
the share of the public service, The high percentage of generation by self—
suppliers is not warranted, as it is in other countries, by the geographical
distribution and the structure of the production system. - On the contrary,
the generation of electricity by self-supplisrs is split up among a large
number bf small‘plants ‘scattered over the salf-same area as 1s served by the
publié utility installations, with the consequent anti-economic situation
deriving from the extra cost of current inputs and capital formaticn,
Consequently, the transfér to the public service sector of a substantial
'paft of the demand at present met by self-suppliers ocucht -to constitute one
ofpthe“ahiéf targets of any electricity programme deviced for- Argentines
some of the problems involved in respect of cnalysis and the sdoption of
de¢isions have already been touched upen in-the.first part of the present
study. ‘ o ’ S T A TSR E A

4 second and equally importarnt organic defect in Argentirats elechbricity
system is thé“iow-propoftion of hydroelectricity (7.5 per cent of total
installed capacity), despite the availability of sufficient water resources not
oﬁij?for the generation of electricity but also for muitiple—purpose projects,

/A third
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A third target must be the modernization of total installed thermal
capacity, with a view to the reduction of the present highrspeeific’
consumption.’of fuels and the improvement. and.expansion of the distribution. -
networks so as to lower. the current.level.of losses, which is.as:high as sbout
19-per cent of the plant load. o R O P A G

;7 dn connexion with the second point, it 'should be pointed out that, as: -
regards ‘the structure of Argentinals aggregate. generating capacity, the -
Greater Buenos Aires ~Litoral and Resistencila’~ Gorrientes areas differ - :u
substantially from the rest of the country, inasmuch as their generating.. -
plants are ‘all thermal, whereas elsewhere in Argentina 60 per-cent of"
installed capacity is hydroelectrie,:

~The three main targets mentioned above were ‘incorporated in the : -
programme prepared by ECLA for 1955-67; but the projections on which it was -
based, so far at any rate, have not came very near the truth, partly because
the hypotheses adopted with respect to the rate of development of the product
and the’ tempo of industrialization have not been borne out by the facts, and
' partly because the recommended programme of works has not” been put into
'effect. In,contrast 1nvestment in the electrlolty sector has contlnued o
£o be 1nsuff1c1ent not merely to support a pollcy almlng ‘at the’ promotlon
of consumptlon or the gradual llmltatlon of generatlon by self-suppllers,'*'
but even to reduce the conslderable 1nstalled capaclty deflClt Whlch alread&
exlsted at the date when the’ progectlons were formulatedg """ S

With respect to the inadequacy of the development which’ actually took
place in the flveﬁyear perlod 1955— 59 as compared'w1th the targets establlshed
in the" study referred to, sufflce it to say that ‘the gross product 1ncreased
at’a rate equlvalent to the growth rate of the populatlon (in other words, o
the gross' er caplta product remained statlonary), which meant that 1t rose'
by about 2.8 per cent yearly, whereas “the target proposed was ‘6.5 per Centy
For the exparsion of the industrial sector the’ target wis 8 per cent theu';
real 1ncrement durlng the qulnquennlum repreeented less than half that o
'flgure. g oo o | o

' /s egard
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As regards the extent to which the projects have fallen bqﬁ}p@m§g@edﬁlé,

the present status-of those recommended by ECLA in 1955 may be analysed
as follows: (a) it was assumed that the CADE and CIABE expansion works;.
totalling 370 Md, would be ceampleted by 1961, whereas only ore third of that
capacity will have been brought into service at the date contemplated;
(b) another assumption was that the 600 MM at Dock Sud would be ready by
196162, vhereas this will only just be possible by 1964-65, always providing
that a solution is found for financial difficulties that are still pending;
(¢) it was teken for granted that construction of the Chocédn hydroelectric
power station would begin in 1959 and that the piant would enter operation
in 1963, but the works in question have in fact not sven been contracted
for; (d) in the case of Salto Grande, it was assumed that construction
would begin in 1960 erd end in 196%, it 1s actually only a few monbhs
since the contract wes drawn up for the preéparation of a preliminary project
with a view to inviting tenders, and ncthing is known of how the project is
to be finarced. It seems reasohsble to assume, therefore, that even if
the goverrmsrts of' ihe two countries concerned are determined to procezd
with ﬁhé'éxecﬁtichrof‘the'project {there are important problems. .comnected
with the distribution of the energy generated during the first few Jyears,
ot which negotiations will have to be conducted), construction -cannct begin
earlier than 1963 nor the plant be brought into scrvice before 1968, - -

' An analogous example is afforded by the Elecirification Programme

(Programa de Equipsmiento Elfarico) for 1$55-65, which was prepared by

the National Power Departncit {Direceidn Nacional de la Fnergfa) .and
contemplated the installation of 3,500 MW hy 1$65. Barely one third of
thiS'additiOnal“capéciﬁy will be attainzd, Pricr to. Januvary 1963, the
entry into operation of the additional 140 M{ at ‘Puerto Nuevo (SEGBA) and
of the first group (120 M) at the Nveva Dock Sud plant iz all that can

be ekpected. To sum up, then, the programmes suggested for Argentina
have been imﬁlemented"ohly to a minimum extent,

/(a) The
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(a). The consultants! report

In June 1960 the United Kingdom and United States firms of consultants
contracted by the Government of Argentina and the International Bank for
Reconstruction and Develcpment, with assistance from the United Nations
Special Fund, to carry out a study of the electricity situation in Argehtina,
presented a report whose substance will be analysed here because it has so
direct a bearing upon the theme of the present study,’ ol

The report in question relates to electric power requirements in six

- areas. in Argentina during 1960-69, These areas are the following:
- I, Greater Buencs Aires-Litoral
II. (drdoba '
11T. - Mendouza
IV, Tucuman
VYo Upper Valley of the Rfo Negro : ' D ST
: VI. Resistencia-@orrientes ‘ ' '

Out of ‘the total energy generated by the public service in 1959 (7;5C0
million kWh) these six areas accounted for 92 per cent; ‘the proportion of
total installed capacity which they represented was somewhat smallér — 82
per cent. The Greater Buenos Aires-Litoral area alore absorbed £0 per cent

of total demand for power, which was equivalent to 86 per cent of aggregite
demand in the areas covered by the study. R '
:*The coticlusions formulated in the report may be summed up ds follows:
(i) :Generation of energy by the public service [in'the six ardas will
ihcrease during the eleven-year period 1958-69 from 6,300 to -
S 14,000 million Kdh; o o '
. (11) - An- additional  generating capacity of 2.2 million kW will need

R .. to-be installed in!the areas in question;-of which 84 per cént
+ " will have to be thermal and the rémainder hydreelectric, In '~
- areas I and VI:the systems will continue to be purely thermal and
the major additiar in respect of hydroélectricity (128 M4} will
correspond to the Mendoza area. The aim will be to double existing
génefaﬁihg capacity in the next nine yearss
/(1) As
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(i11) As regards transmission, it is proposed to construct some
1,700 kilometres of lines at 132 kV and 1,200 kilometres of lines
.- -at 66-kV;. :
-{iv) Total investment will probably be as follews'

Value :"Percentage of total
_ (Millions of dollars) B .-
Generation o I = h5.8 7
Transmission : S L 126 Do 17.2
Distribution : o 272 . 37.0°
Total . 735 100.0

The relatlvely small allocatlon for transmission llnes is explalned
by the fact that the programme excludes large—scale hydroelectrlc works
llke Chocén and. Salto Grande, the postponement of whlch is reﬂommended,
although for dlfferent reasons in each case,

The rate adopted for the conversion of local expendlture into forelgn
currency 1s 80 Argentine pesos to the dollar, As far as’ generatlon and
transm1551on are concerned, funds in foreign ourrency are estimated to
represent 55 per cent of the total, For investment in distribution
networks “the proportlon falls to 23 per cent., Hence total foreign
exchange requirements will work out at 318 million dollars, o

The Salto Grande power statlon, with 770 installed MW‘(l en, Argentlna‘s
share, whlch is half of the total), would cost - with the inclusion of
the transmlsslon llnes to the Buenos Alres-latoral system - G7.5 mrlllon B
dollars more than the equivalent thermal capaclty. According to estlmates.
the gross annua'I proflt on this additional 1nvestment would average 13 2 '
per cent Even if it is recognized that the average cost of capltal 1n |
real terms, w111 be 1ess than this figure and that consequently the progect
is economlcally Justlflable, the consultants adv1se its postponement
because of the scarcity of short—term capltal -

Chocon, with 900 FW’of 1nstalled capa01ty, would cost 134 mllllon
'dollars more than the equlvalent thermal capaclty, and the average annuai -
profit on that investment would only ‘be 6.2 per cent, If Chocén is to'

_ /produce lower=cost
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produce lower-cost power, according to the report in question, part of the
cost of the works will have to be allocated to other benefits such as flood
control and 1“r1gat10n,l/

If Salto Grande and Chocon were to supersade the equlvalent thermal
plants (715 M in the case of Chocon and 600 in that of Salto Grande), the
capacity to be 1nstalled in 1960-—69 would total 2,584 MW (1, 863 hydroelectrlc
Mg plus 721 thermal) The fotal cost of this programme would be 966 willion
dollars, IR N .

It should be noted that ﬁﬁile'this*aitérnﬂtive programme would solve
Argentina‘éiéléctricity problem for 1969-70, it does not, on the other hand,
represent airéél alternative for the intervening years, since, even in the’
most favouréﬁie'circumstances, neither of the two big hydroelectric projects
could begin to deliver power to the Greater Buenos Aires area earlier than
the winter of 1968, and, obviously, more than 721 M will need to be added
to the inadequate existing capacity some long while before that. date.

It would therefore seem advisable, if the dec151on is ;taken to 1ncrease
hydroelectric capacity, for only one of the two projects to. be undertaken -
straight away as- a substitute for the equivalent thermal capacity in the
programme recommended by the consultants,

To judge from their analysis,the Salte Grande project seems to be
considered preferable. It should be pointedﬁout-in,this:coﬁtexi that given
Uruguay's lower lgvel of consumption, it would be several years before this
latter country could absorb its production quota, and in that case it would
- 'sgem reasonable for Argentina to purchase the available surplus on fLerms
agreed upon between the two countries,. , )

- While this consideration mekes.the project more attractlve from _
.Argentlna's point-of -view, it might have disadvantageous implications for
Urugueay, since this country would have to invest a great deal of capital
that would begin to yield profits only on a long—~term basls. This inequality

in the position of the two countries. (apart from the problems which would

1/ According to an ECLA study, the Chocén,projéct:already included these
benefits, ' o
B /derive from
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_hdgfiQe;from the possible substitution - even if it-were-partial and-.
temporary -~ of the hydro power generated by the Salto Grande plant -for the
thermal generation of the Buenos Alres power stations, in view of the
complicated .institutional structure of Argentinals aggregate installed
capagityjrwould necessitate a careful study .of the financial aspects of
the project, another factor which would tend to lengthen the period
reguired for its execution. |

(b) Critical analysis of hvpotheses -and projections

Comparisons between hydroelectric and thermal projects were based,
logically enough, on the systems studied in each case, since, there would
have beeano.paint in making a separate analysis of each power station,

.: For the purpose wof calculatiﬁgwthe-initial;cqst of. the projects,
interest payable up to the end of the period estimated for construction was
added to the -capital required.. Thecinterest in question was:computed at
rates of 4 per cent on foreigngegﬁhange.expenditure and. 9 per .cent on expen-
diture in local currency. .- S S Fy

Depr901at10n charges were estimated by the linear method. and -on, the‘;r~

ba51slof the following table of useful lifesz

. fears -

Civil engirieering works at hvdroelectrlc ‘power
stations . .. . . . Lo R . 100
Mechanical and electrlcal 1nstallatlons at hydro- . :
electric power stations , i 35
Thermal power statlons, 1nclud1ng civil englneerlng

VU works T - 25
Transmission lines- T L - 30

'35ubqstations,iiﬁcluding civil engineering works 25

As regaﬂjs fuel 1nputs, at uhe suggestlon of the commlttee under whose
dlrectlon the study was carrled out, the consultants adopted the follow1ng

local currency prices per willion calories for fuel delivered at Buenos Aires:

Argentine currenecy Dollars
: (at 80 Argentine pesos to
, the dollar)
Coal o , 190-198 2,38 - 2,45
Tuel oil 155.3 1.94
Natural gas ' 145,.6 1.81

/As regards
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As regards'démand for power in the market areas studied, projéctions were
formulated on the following bases: (a) research on past consumpticn trerds,
as indicated by available statistics and an estimate of gereration by self-
suppliers; (b) analysis of the possible future trend of consumption, = -
classified under four main heads: household, commercial, industrial and
official (street lighting;"transpo}t _ete, )y - SThis analysis was-bdsed on -
an extrapolatlon of historical trends with the néecessary adjustments for
the estlmate of unsatlsfled demand and for annual growth rates of Lo5
per cerit in the case of the gross-produce and 7 per cent in that of Ilndustry;
(c) where circumstances rendered ‘it advisable, spécial studies were carried
ouﬁ‘oh'%hé'pfobable*démand'Of selected activities, such as irrigation by
pumplng, petroleum productlon and 1ndustr1es wlth a hlgh level of electricity
consumption, - B

It was thus calculated that by 1969 the generation of electricity -~
requirad in the areas in guestion would amount to 14,000 million KWhj if
the proportion in relation to the rest of the country remained “the same,”
total public'utiiity generation requirements would reach 15,200 million kWh,

Without detailed consideratien of the bases on which the consultants
prepared their estimates, it would seem that this aggregate result sériously
underrates the country's real reéquirements. It should be nioted that the
generation of 15 200 mllllon kih 31gn1f1es a lOO—perbcent 1ncrement in the
ten years subsequent to 1959, when, as was stated at the outset the corres—
pondlng figure was 7,500 million,.. U

Can a growth rate of barely:7 per:cent be considered. satlsfactory for
publlc utlllty generatlon, when the gross product would 1ncrease by h 5 per cent,.
when there 15 at the present tlme a great deal of unsatlsfled demand ow1ng

‘to supply restrlctlons extendlng over. several years, and when most of the

programmes for the other Latln Amerlcan countrles estimate that generatlon o
and 1nstalle

-;capaclty will be TibFe than doubled and in many instances
trebled 1n the'course of the comlng decade9

How can 1t ‘be supposed, moreover, that so low a rate of expanslon of
publlc~ut111ty generation would sufflce not only to meet the growth of demand
but also to permit the gradual replecement of generation by self—suppllers,

which at present constitutes an economic burden?
/This is
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‘This is of course reflected in an unduly modest target for the

2/

Despite the more efficient plant utilization thus contemplated, the 70—per~cevt

exapnsion of capacity, which the consultants sstimate at 2 2 mllllon L

increase’referred to is from every point of view lower than real requlremente,
vhich will possibly entail at. least the duplication of existing installedJ‘t:
capacity, Such an addition, for the reasons already given;.will.have to
be effected almost entirely in the public utility sector., -

< An increment in the neighbourhood of 2 million kW would be compatible
only with = prolongation of the economic stagnation of recent years, or with
the persisternce and even the intensification of the tendency‘for selfwuuppliers
to install generating plant that represents a heavy burden on the natlonal ’
econtmy, since the:'lack of suitable reserves . in the existing pub1;c—ut11¢ty
gysten in the malin "consumer centres leaves but a narrow marg&n fc; the

absorptlon of new demand,

‘2 "Brazil -

De tmte Br27 l's 1mportance wlthln the economic system of Latin Ametica
and, 1n pert*culer, 1ts electr1c1ty secuor, which represents on¢ fourth of
the region's total installed capaclty, only brlet reference will be made to:
its exaan51cn programmes for the comlng decade, sihce several other etLd’es

submitied for consideration at the present Semlnar deal with the same tcptc,é/

... In the Programme of Targets (Programa de Metau), formnlated for thé
flrJt time 1n 1656, the obgecelve indicated was that the’ exlstlng 3 T4 en

ki %hpuld be encreased to 5 million by 1960, an aim which has gradualL; been

[y

'.2/ %> should be noted .that according to the report under consideraticn the

' percentace increase would work out at a higher figure for genseraticn -than
‘for capacity, which seems unlikely in view. of the fact that with tbe -
:regerve. projected ~ approximately 15° per cefit, — restriections would™
d1eeppear~ this would mean that the load factor would tend to diminish-

« ‘Féther than to increases e : :

§/ See Carles Berenhauser Jr., 4 Energia Pletrlca no Bresil.— Acpectos Gerals
- (ST/ECLA/GONF,7/L,1.03); Mario Perna Behring, Financing the—expansion-of

-, gleetric power surply in the State of Minas Gerais (ST/ECLA/CONE., {/LO.L,SS),

rinbonin desé Alves- GG_Souza, Comggnnla Hld'" Eistrice do °ao Francisco
~fST,chLMONr /L 26203 3} - G

/ fﬁl‘fm;‘éd__.ﬁ,; 41though
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__fulfilieo ‘altﬁougﬁ ﬁith a oertaiﬁ timemlag (by the end of 1959.there-ﬁere
| about 4 million ki), If the implementation of the programme were to _
'oontlnue on relatlvely normal llnes up to 1965 ~ which seems fea51ble 1n to
view of the favourable experlence of the flrat four years and the works h
already in the advanced or 1n1t1al stages of constructlon ~y by the end of
that year 1nstalled capaclty wlll sllghtly'exceed g mllllonlﬂh

. Should the demand trend reglstered in the past decade be malntalned
_.supply requlrements for 1970 will amount to 14 million kW; in other words,
6 million kW will have to be 1ncorporated into the system between 1965 and
1970, thus doubllng the 1ncrease progected for the preceding flvadyear
period, i “€ay 1960-65. ‘ B :

Among the new power statlons (or slgnlflcant expansions of plants
already in existence) which will presumably be brought into service by
1966, the following are of outstanding impertence: Furnas (1,200 MW), Tres
Marias (520 MW), Peixoto (400 MA) and Paulo 4lfonseo. (390 My), all hydro-
electric; and Cubatao: (390 M#) and, Piratininga (250 M{}, both thermal.

Thus, more than two thirds of the capacity to be installed will be
hydroelectric so. that the present predominance of hydraulic generation in -
Brazil will be maintained, _ ,

Of salient importance in the electricity map of Brazil is the area
known as the Reglas CentoﬂSul.-/ Comprising as it does the States of Sao
Paulo and Rio de Janeiro, the Federal District, the north—eastern part of
the State of Paranf, the centre~south of the State of Minas Gerais and the
southern zone of the State of Espiritu Santo, it represents 8. éuter-oeoti e
of the whole area of the country and contalns h2 per cent of the total
population, But in the electrlclty sector 1ts 51gn1flcance is much greater,
inaemﬁoh as 1t reflects a per capita income and product;v;ty which are a

- good deal‘higher than the average for the countryj the';ﬁetelled electricityr
‘potential is in thé neiphbourhood of four fifths of the total for Brazil,

4/ For a more detailed analysis of some of the points:referred to. here, see
... Marlo Lopes leao, G suprimento de energia elétrica a Regiac Centro-Sul e
- o problema da interligagao dos grandes sistemas elétricos existentes, an
address delivered at the Instituto Eletrotecnico de Itajub4d, on 12 October,
1958.

/The accompanying
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The accémpanying diagram shows the relative geographicel position of
the three major consumer centres in the area, namely; S30 Panlo, Rio de
Janeiro and Belo Horizonte, with their respective pezk loads in 1959, The
diagram also indicates the pcsiticn of the secondary centre (centre of
gravity) of the said main load triangle, as well as the situation of the
Furnas and Tres Marias hydroelectric power staticns, which will serve the
area in the future,

In the Regiao Centro-Sul the following systems operate:

() The Gruvo Light (Erazilizn Traction), cecnsisting of the SZo Paulo

‘Light Servigo de Eletricidade and its associate the Compaahia Carris Luz

e Forga do Rio de Janeiro, which, although operating with differeni
frequencies (60 and 50 cycles respectively), are interconnected by a 230-kV
line whose transmission capacityiié_iimitéaﬁfc 200 M, owing to stebility
problems. . ‘ o

The Srupce Light accounted for three fourths of the areals installed
capacity in 1959, but this proporiion will gracunlly decresse with the
entry into service of ths three big hydroclectric power stations in the

: zoneqé/ R :

Rio Light is the only important system of those operating in the Hegiao:'
Centro-Sul which has a generation frequency of 50 cycles.

(b) The Empresas Electricas Brasileircs groupr(Américan and Foreign
Power), which comprises the Compenhie Paulista de I'orge e Luzy inthe Stote
of S&o Paulo, the Companhia Forca e Luz de Minas Gereis, cperating in Belo
Horizonte, and others of less significance., = Tho Cempanhia Paulista system
is somewhat unsatisfactorily interconnccted with the Cuomvpinas Light System,

This latter comprises sbout 220 IW of installed cepacity, which will be
"“f{pebled with the addition of the Peixcto plentts 400 MW,

5/ It is of interest to note that the hydroelectric potential in the Reglao
Centro-Sul. is ostimated at 60 per cent of Brazil!s total resources of
this kind, although this estimate is presumcbly somewhat distorted,
understandably enough, cinze ruch wmere attentica has been devoted o
research on resolureces relatively near to the large consumer:cetitres.

/ 5T4ZI1: PRINCIPAL
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{c¢) The Centrais Eletricas de Minas Gerais (CEMIG):system,” {fhich  i-
operates in the State of the same name, at - present ‘possésses- 250 MW and’io
has expansion plans which will bring this figure up to 1;350 M{ in the course
of“the coming decade. ' CEMIG:was organized in 1951 as a joint stock company
with a preponderance of State capital but open to the participation of
private capital, although the proportion of shares held by this latter 1g
extremszly small, ] .

(&) The USELPA-~CHERP system,.in the State of SZo Paulo, which -cowers
the areas served by the hydroelectric plants on the rivers Paranapsanema and
Pard»,  According.to estimates, by 1965 the aggregate installed capacity
of ‘the two systems will amount to about 700 MG, although only the first has
a potential of.more than a million kW, The policy of ‘the State authorities
consists:in comstructing a system of power stations on the basis ¢f integrated
utilization of water resources and delivering the energy en bloc for distribu—
itioa by the concessionaries operating in the State. -

" To these four groups or systems wili be added, in the course of the
next five years, a separate joint stock company -~ already formed bud not
-Fet producing energy’~ called the Central Eletrica de-Furnas SiA,,-controlled
by.the: Federal Gévernment and including among its principal sharehdlders the
Sdo Paulo Light. the State of S3o Paulo through the Companhia-ﬂidroeletrica
do:Rio Pardo ' (CHERP) and the State of Minas Gerais through CEMIG, ~The
construction of :the Furnas works was begun in 1958, and’ it is expected that
the first stage,.which consists of four units of 137 Mi each, will be -
brought into service by the end of 1963, Power will be delivered at ~:-°
at. 138 kV in the reducer substations which will interconnect the Furnas™
high=voltage network with the networks of SZo Paulo Light, CHERP and :-CEMIG,
Half:the: ‘output of Furnas will be delivéred en bloc to CEMIG for distribition
within-its-fiétwork, and the other half:to S¥Ho Paulo Light and CHERP, = =7

From this. briefianalysis it can:be clearly seer: that the Regiso Centro-—
Sul offers particiularly:suitable conditions:for:exploiting the benefits of
an interconnected. network ‘of generator and. consumer centres with s ¢ehtral
load distributing plants - - This will mean-that optimum advantags witlibe -
taken of the diversity of the consumer load diagrams, the heteregeneity i

e /of tha
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ﬁof the rlver réglmes and the economles of scale der1v1ng from the concentra—
‘tlon of capacxty in large unlts, _ ‘

7 In thls respect, the creation of the Furnas company is'a con51derable
step forward for it combines the main electrrclty groups Whlch w1ll have '
to co—ordlnate the 1nterconnccted system in such a way as to ensure 1ts '
optlmum.operatlon. o
l_h In 1966 ‘the area w11_ have some 6 mllllon kW out of the estlmated ,
totel of 8 milllon for the whole COUntry, Operatlon w1ll be the respon51b1—
.lity of: the Grupo Ilght (whlch will have to standardize 1ts frequenqy) ]
Tuitn eome 2.5 million K, Furnas with 1,2, CEMIG hlth 0.8 mllllon (1nclud1ng

:Jthe 520 Md of Tres Marias), and the Grupos EEB (Amerlcan and Forelgn Power
“Inc.) and USELPA-CHERP (State of SZo Paulo) with 700 M{ each.
Other projects on which constructlon work has been started and whlch
are worthy of mention, 1nclude- _
N _' (a) The nuclear power statlon of Mambucaba at the mouth of the rlver )
:.of the same name whlch will have between 150 and 200 NW Thls rower
. statlon w1ll be 1nte connected w1th the system of the Gentre-South area
whlch already has more than four million KW of 1nstalled capaclty, and thls
will mean that the Mambucaba plant can be used w1th a hlgh plant factor. ;
(See the annex,) . b o
(b) The hydroelectrlc utlllzatlon of Urubupungé on the Parané rlver
where the constructlon of the first stage has already begun. This flret_:
stage w111 be the Juplé powel station wlth 1.3 million kw,r For the":"
‘ constructlon of these hydroelectrlc works a publlc company has been formed
" named Centrais Eletricas 46" “Urubupungé 5.4, (CELUSA),  The shares in the
Company are JOlntly owned by the States of Séb Paulo ~ the largest slngle
‘“shareholder and consumer of electrlc power - Parané Santa Catarlna, Golés
Mato Grosso, Minas Gerals and Rlo Grande do Sul | The 1nstalled capac1ty
to be flnally establlshed at Urubupungé w1ll be 3 million kw..‘_ ) .

. The flrst stage of Juplé lnvolves an 1nvestment estlmated at 15,600
milllon cruzelros at 1961 prlces. ‘The plant will operate with twelve
generator groups of 100 M4 each and the first groups will start producing
in 1966~67,

/{c) The
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(¢) The electrlflcatlon plan for the north east ‘prepared by the
Companhia Hidro Eletrlca doSao Francisco (CHESF'), in co~operation with the
Conselho de Desenvolv1mento do Nordeste (CODENQO). Tne first stage wlll“ﬁ
be the hydroelectric plant of Paule Alfonso which wili by 1965 have an |
installed capacity of 390 MW,

(d) The electrification plan of Rio Grande do Sul which, if completed
normally, will make it pessible to triple present installed capacity of
about 200 M4 by 1966, - - o

.In Brazil as in the rest of Latin America, there has been a fall in
the percentage of pcwer generated by private companies and in'bartioular
by foreiga companies, In 1955, the Grupo Light with 1 6 million KW and the
Brazilian subsidiaries .of the fmerican and Foreign Power Company Inc. with
Ond mllrlon k¥ together accounted for about two thirds of total 1nstalled
capaclty in the country, On the basis of events cver the last flve years
and proposals fer the nPXb five years, this share Wlll 1n 1965 hame been
reduced to. scarcvly more than a third, The proporu;ons_as regards power”
dlspauched for final consumption will, however, ‘be somewhat different from
those just mentioned and closer to the flgures for 1960, since . some of the
largest publlbly financed power statlons in. the Centre~South area w1ll
supply power in block and at hlgh ten51on to the prlvately-owned companies,
who w1ll bs responsible for flnal dlstrlbutlono - _

Staue finaneing in the l955~6: decade w111 lead to 1ncreases three
times greater than for prlvute companles, 51nce durlng +hat perlod totally
or predomlnantly State—owned undertaklngs wmll 1nsta¢l 3ek mllllon KW
"~ while prlvate companies will install only 1,2 mllllon lﬂ;r o -

Thls e ans uhat the flnan01al ple iems of the Statewonned concerns are
much more serlous..for whlle thelr present share in the total amount of T!
power. sold is ness than nalf they must in the next flve years 1nstall o
three quarters of the total amount of new capa01ty.._ The result 1s that )
a rates system which might give prlvate concerns adequate returns to flnance
thelr own, expan51on programmes,lwlll prove totally 1nsufflclent for the f
State concerns which will, accordlngly have to turn to other sources of ’
finance, . o
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3. ,Central America and Panama

At the end of 1959, the total installed ‘ecapacity of these six
countries was 430 Mid, four fifths of which were in the hands of public
service undertaklngs. The public service for its part with half
its capac1t; con51st1ng of hydroeleetric facilities (which, however,
owing to a more efficient degree of utilization generated three quarters
of total power)oroduced in 1959, 1 135 million KiWh which were sold in
the area for 32 mllllon dollars. '

It should not be forgotten that although these countries have been
groupeq together for reasons of statistical convenience and geographical
proximity, fhere exist profound differénces between them. - In the
eleqtricity sectoré as in other sectors, heterogeneity is very great,: _
both as.reéerdepgépéretiOn'and'consunotion and as regards the. structure -
of the generatlng plant or the various tariffs in force, For. example, ...
per. caplta publlc service installed capzcity in Costa Rica, with a |
per oaglta flgure of 90 watts, is ten times ‘higher than-in Honduras, -
In F1 Salvador and.Costa Rica more than 90 per cemt:of power is generated_
hydroelectrlcally, the exact opposlte occurs in Nicaragua and Panami.

The relatlonshlp Petween Costa Rica and Honduras as regards fotal
1nstalled capac1ty is reversed’ for average sales tariffs. - Honduras,
which charges 8 cents of a dollar per KWwh, applies rates five times
hlgher than does Costa Rlca. ' -

In estlmatlng generatlng capac1ty and the investments reguired -
for the next ten years, we have 'in some cases Used as a basis for the
programmes drawn up by OfflClal agencies in the countries concerned.

This is. what occurred in Costa Rica, while in Honduras and El1 Selvador

for exampie, recourse was had to prlvate cocnsulting agencies,

o These progranmes show that the satisfactory development of electricity
serv1ces 1n the area w1ll requlre the addition over the next ten years . .
of some 500 w. It is éssimed that 90 per cent of the additional
capa01ty will be operated by'publlc service undertakings and these will
thus increase their participation in the electricity sector, thereby
continuiﬁégiﬁe:trend of the previous decade and following the course

of events in the rest of Latin America.
/L. Colombia
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b Célombié” - ,‘-’

Total geéneration in 1959 was 3, 300 mllllon kWh 8l per cent of whlch
was provided by public service undertakings. At the end of 1959, the o
installed capacity available for generating that amount of power was
865 MW, 58 per cent of which was hydroelectric, 22 per cent thermal or-.
stean ind the remaining 20 per cent was produced by iﬁtefnal combustion -
units, - ' S | - R
The public service had. an installed capac1ty of 635 Mw 72 per .
cent of which was hydroelectric, ’
The four main public service undertakings &/ repreééﬁted 70 per
cent of installed public service capacity and €0 per cent of the power
generated by the public ‘service sector, their respéptive share of
installed capacity being 22 per cent, 20 per éent, 14 per cent and
14 per cent, - ‘ | -
We shall now ansglyse the demand pTOJectlonS and expansxon programmes .
of the ¢lectricity sector using as a basis the 1nfomnatlon contdlned a
in the Colombian Government's Four-Year National Publlc_lnvestment o
Plan (1961-64), | | ) h o
For reasons of simplicity we shall lelde electrlcltv produ01ng o
undértakings into three groups,. 1nc1ud1ng._ B
Group I: ¢ ¢ Systems belonging to the electrlclty undertaklngs of
Medellin and Bogotd, the CVC and the Companla Coiomr'
biana de Electricidad;, -
“Gréup IIz . Subsidiaries of the Inst*tuto de Aprovechamlento de | -
Aguas y Fomento BEléctrico (Electroaguas) and other‘“\
public systemsj o
Group “II1t Self-suppliers.

Y
.

é/ 'These are, in order of gize: La Empress Pdblica de Medellin, 7
La Enpresz de Energia Fléctrica de Bogotd. La Compafifa Colombiana
de Eleciricidad (subsidiary of the imerican and- Foreign Power
Company Inc,.) and La Corvoracidn del Valle del Cauca (Cali).

/The expansion
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The expangion plans of the four undertakings in Group I include the
installation of Scme 400 MW by the end of 1965, four fifths of which -
are to be -hydroelectric, while the estimated additional capacity.to-: ¢
be installed by self-suppliers is 80 MW, As to Electroaguas, the™ ..
Four—Year Plan provides for the installation of 208 MW and in ‘1965
of a further 26 MW, or a total of 234 M, '

Installed capacity in 1965 will accordingly be approximately
1.6 million kW er aboub 300 MJ lower than the level which Colombian =7
plamners consider should be available in that year to generate the 7,000
million kith which demand will reduire. = The calculation of demand at
such 2 level corresponds to an armual rate of increasé in generation’
between 1958 and 1965 of 13.1 per cent deriving from the:target for
annmual indreases in gross-:.domeéstic product, which is 5 per centy” ©

It should be noted that these targets coincide with those set -
forth in the Electrification Plan of March 1955,  That Flan algo -
provided for an annual cumulative rate of growth of 13,1 pér cent.which:
implied a level of ‘electricity generation for 1965 6f the order of .
7,000 million kiwh, On this basis and supposing an equal degree-of .
utilization of hydraulie and thermal plants, tde plan recommended that
installed capacity in 1965 should 'be 148 million kW, one‘quarter of . '
which ‘would be therfal dnd the rest hydroelectric, - :

These: forecasts were not in fact-Fulfilled; partly because the
rate of development of the Colombian eéonomy, ‘as occurred in the majority
of couﬁﬁriéé“in'the’éﬁéé,’Was lower in the five-yedr period 1955-59."
than in the immediately prieceding period which had. served as a basis in
the preparation of the projections; and also partly beezuse of the
scarcity of available respurces to increase the rate—of capital formation

in the electricity sector.

Both facters are 1n thelr turn related to each other by v1rtue of .

fluctuations- 1n the purcha51ng power_of exports dnd the: 1nfluence o

which this is known to have on savlngs and lnvestment 1evels.: ,For"L;
example, gross C&Dltal forﬂatlon, wh¢ch hdd in 1955 been almost 27 per
cent of gross product had in 1959 fallen to less than 17 per cent,

/It is
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It is not therefore surprising that the rate of growth of product
should have declined by half,

As to electricity generatidn, the growth rate in 1955-59 was 10.2
per cent or slightly less than for the preceding decade. This is the
same rate of growth as that rentioned in- the Four—Year Plan as being
likely to continue during the period 1965-70, thus achieving a figure'
for generaticn of 12,000 million kWh and an 1nstalled capa01ty required

for such generatlon of 3. l mllllon kiW .o
5s __C_l_lﬁ-

At the end of 1959, Cuba had an installed capacity of 932 MW, 58.5
per cent of which was in the hands of public service undertakings {among
these a predominant part-is played by the Compaiifa Cubana de Electricidad
which accounts for 94 per cent of the public service) and the remaining
4l.5 per cent corresponded to self;suppliers. . Among the latter, particular
attention should be drawn; by reason both of their importance and their.
special characteristics, to the sugar industry generating plants with a
total installed capacity of 311 MW or 82 per cent of the installed. .
capacity of self-sunpliers. o : _

The degree of utilization is substantlaltyhlgher in public service
undertakings (3,840 hours in 1959) than among self-suppliers (1,900 .¢
hours). = Apart from the special characteristics of the sugar industry
which partly account for the low degree of utilization of its electricity
capacity, it should be pointed out that there is considerable idle
capacity, this being the reason why the sugar sector was excluded from
the projections made by the Sectoral Programming Department of ithe Central
Planning Board on which we have based our analysis, Sy

The electricity develorment programme for‘Cgba-must meet various
basic targets, including:

(a) Extension of installed capacity in order to meet the demand
that a satisfactory level of economic development requires. - .It should
be pointed out that govermnment plans provide for'gn.accelerétion of -the. .
rate of economic development,-and this would involve an increase in
electricity demand at a-higher rate than during the six-year period ...

1953~59 when the rate was ¢ per cent, e e
/(b) The
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{(b) Tﬁe:improvement and extension of transmission networks as a
first step towards the interconnexion of the electricity systems of the’
West and East in a national network, with all the benefits that this
would mnply for the country.

(e) The reduqt;on of high specific consumption of fuels in thermal
generatiﬁg gtatiens. This is of éreat importance in Cuba owing to the
gsmall percenfage of power generated hydrdelectrically and the almost
total lack of development of the country's petroleum resources.

Such an improvement in efficiency is necessary not only in the
public service generating stations which operate on fuel oil but also
in the genérating unit of the sugar mills which work mainly on bagasse.
This is not of any great importance at the present tipe, since thetelis
an excess of bagasse in relation to the fuel needs of the sugaf.ﬁills
themselves and to the requirements of other industries (paper,‘cérdﬁpard,
ete, ) which at present represent only 2 per cent of thé total, _7 Inprogedi,
efficiency will, however, become of lmportance when a large—scaie . j 7‘.
chemical industry is set up using the by-products of the sugar industry ‘
as an input, .

Bagasse represents almost. 90 per cent of the.tdtal consumption df 
fuels in the sugar industry geﬁerating stations. In l959, 12 miiliqﬁw
metric tons of bagasse wers usedwfor,fuel; o , o

- As an indication of the peossibilities of improving the effidiency'
of bagasse driven generating plants, it should be noted thﬂt some 20
per cent of the installed capacity in the sugar mills is accounted for
by generating units that are over L0 years old.

As to the load factor,: there would seem to be no pOSSlblllty of
any substantial increasse in the near future such as tq‘allow for a
decline in the investment required to meet a given level of deméng:fof-_
power. In 1359, the load facltors of the Bastern and Westerrléystem$,
of the Compafifa Cubana de Electricidad were 0.6l and 0.53 respeéﬁiveiy,
which would seem a very satisfactory level consicdering the degreé of
economic development of Cuba, - In the improvemgnt'of Fhe loéd”facpon,‘

a part was.also played-by the substantial reducfionrdecreed in

/electricity tariffs." ./
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electricity tariffs which undoubtedly led to increased use of household
electrlc appllances at hours other than demand hours of peak,

For the purpose of overall pro jections of demand in the electrlClty
sector and. the donsequent planning of the expdnSlon of supply, the
Sectoral Programning Department of the Central Planning Board adopted
as & basis the regression equation of electricity production with.
respect to gross domestic product. | )

Using the figures corresponding to 1948-59, an elasticity was
obtained of 1,75, but with an extremely low coefficient of correlation
(0.69), and as a result far from satisfactory for the purposes pursued,

Excluding the sugar industry from the statistical -analysis of the eleo-
tricity  sector, both as regards the independent and dependént Yariable
of the regression equation, and taking into account the fact that the
years 1958-59 may be considered abnormal, the adjusted curve for the
period:l9h8-57 can be expressed by the fqllqwing equation:

Y = 0.0109 X 1.773

when X represents gross per capita domestic product (excluding the
sugar sector) and Y the per capita production of electricity (also
excluding the sugar sector).

" The coefficlent of correlation between the series so defined is
0:.96 and elasticity 1,77. ‘This is what was used as a basis for
calculating overall pro jections; these showed a level of electricity
production for 1965 of 6,150 million kih {excluding the sugar.sector).

“The time¢ required to bring about intercomnexion between the publie

" . service eléctricity system of the Eastern and Western parts of the

igiand will be determined by the date'at.whiphAtheAsteel mill, that is
"to be part of the Eastern System, comes into operation, The proposed
date is 1965, In these circumstances, maximum demand in the inter—
connected systen is likely in 1965 to reach a figure of 1 million ki, - -
Forecasts for self-supply producticn industry.(excluding sugar)
“.and mining are for 850 million kiWh by 1965; for a degree of utilization
- 0f 5,000 hours a year (or somewhat higher than the 1959 level of 4,500
hours), this would require an installed capacity of 170 MW. - Do

Jihat is
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What is llkely to be the future of electr1c1ty capac1ty in the_.J?_L

sugar, 1ndustry° This is hard to forecast, since it will basically
depend on the volume of sugar production and alsc on improvements in
the present low degree of utilization of generating equipment, although,
as hae.already been stated, there are limitations in this respect
resulting.ffom the structure of the productive process in the. sugar
industry. .

In general terms, it can be Stdted that investment in electricity
equipment in the sugar sector in the forthcoming years will be primarily -
ﬂintehded for the replacement of obsolete units to improve the efficiency
'of bagasee combustion rather than to make a net increase in installed
capa01ty. _ L

As a result on the basis of the fore301ng assumptlon, the total
generating capacity which would be required in Cuba to meet demand in. .
1965, would be of the order of 1.7 million ¥W, 70 per cent of which
would be represented,by the 1nterconnec£ed Dubllc serv1ce system of the
Compafiia Cubana de Electr1c1dad ana the remalnder by 1ndustr1al self—
suppliers, o . | |

As has already been scen, the estimated exbansion of electricity demand
in sectors éthér than the sugar sector was based upon the assumptlon of \
an elast1c1ty as between electr1c1ty consumption and grOSS product of the :
order of 1.77 resultlng from the regre551on analy51s of the serles
corresoondlng to the perlod l9h8—57, -

The hypothesls for the increase in domestic gross pwoduct (excludlng
the sugar sector) made by the Central Planning Board was an annual cumulatlve
rate of 10 5 per cent Eer caglta. Bearlng in mlnd thet the sugar sector '
w111.gr0w at a con51cerably'slower rate and in view of that sector s 1mportence
in the Cuban economy, such a hyeothesls repreuents a somewhat smaller 1ncrease
- probably of the order of 9 per cent annualy -~ in Eer caglta 1ncome, but
it must be reallzed ‘that even this flgure represents an ambltlous target

On ‘the other hand the hypothe51s adopted for elastlclty 1s relaulvely
conservatlve, 51nce 1t 1s confined to extrapolating for the six year perled

1959=65 the rate of electrlflcatlon (expressed as an annual peTCentage increase

/in electricity
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~in electricity_consumptioh péf uﬁiﬁzof grossibfeauct- excludihgrsugar) for
the peridd 19L8—59” _ I+ is to be supposed however, that 1f progress is
made with the 1ndustr1allzatlon programmes, 1nclud1ng the establi&hment
of heavy 1ndustry, as a basis for the development process, a structural
modlflcatlon will be requlred in the economy whlcn w1ll markedly 1nten51fy
the above rate of electrlflcatlon, ) '

The aforementlened trends are to a certaln extent’ compenuatory; This
means ‘that an 1nadequate increase in gross product in rélation to the target
flxed may be compensated for the purposes of its repercu581ons on electri-
city demand by a rate of electrification in the sconomic oystem exceedlng

the forecasts in the pJano
6. Chile

The basic characteristics of Chile from the electricity point of view
aret high electricity consumption in relation to gross product, the large -
proportion of self-supply in the total of installed capacity (about half),
and the great and growing predominance of hydroelectric power in the public
service sector, It should also be -added that the-large-scale copper mining
industry represents thres~fifths of the installed copacity of self-suppliers,
“ "In such conditionsg, any projection of electricity demand must be: divided
into two parts: the first for the copper industry; and the sescond for the
rest of the economic system whose rate of growth, in its turn, will depend
to eelarge extent on copper production, since copper exports account for
more than half Chile!s capactity to import. '

Consumption of electric power in the copper sector will. depend basically
on the following factors: (a) copper demanl on the world =market; (b) Chile's
share of the world copper market;z/ and (c) specific consumption of electric
power in the copper industry expressed in kiWh per physical unit of product.

”Tﬁe Chilean econcmic development. programms prepared by the Sorporacidén
de Fomento de la Produccién (CORFQ) provides for an increase in -copper. . -

exports from 466,000 toris in 1957 to 760,000 tons in 1968, or an annual rate

7/ This is at present zbout L0 per cent.

Jof increase
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of increase of 4.7 per cent, This is based on a projection made by the
Copper- Department, based en figures and direct information. supplied by
the producing concerns. The level of exports in 1960, however, failed

to reach half a million tons, or was more than 10 per cent below the amount
projected,

In recent years, consumption of electric power by the copper mining
industry has represented approximately one-third of the countryts total
consumption. In 1957, the copper industry's electricity consumption
was 1,360 miliien kWh for an outpub of 451,000 tons of copper, or specific
consuinption of scme 3 kith per kilogramme of .copper. _

This average specific consumpticn in the copper sector will naturally
vary not only in relation to technical developments in manufacturing but
also.to the percentage of copper blister in total output. In the absence
of any satlsfactory basis for forecasting future trends in either of these
varlableq, we have in our projections used the same figure for specific
consumptlon as that given above,

| . For the rest of seif—suppliers, it would seem reasonable to take a
higher rate of iﬁcfe&se in consumption (hot necessarily in their gererating
"capa01ty, since hydroelectrlc generation by ENDESA will tend to absorb a-

- growing proportlon of total consumption in the Interconnected System) for
the industries concerned include the steel, paper, chemical, etc, industries
where,theréfis.reason to assume a felatively high rate of'deveIOpment with
a view fo establiéhing a dynamic basis for the industrialization process.

. As may be seen in the relevant table, total power consumptlon, which

. 1n 1959 was a,2OO million k¥h, should increase to about 7,600 million kih
in 1970 on a hypothe51s of an average growtn in the economy in keeping

with a two per cent annual increase in per capita product.

B Ne shgll now turn to the expansicn programme for public service
1nstalled capac1ty. Firstly, Chile is a typical case of a phenomenon

that is very common in Laﬁiﬁ Anerica, namely, resffictionﬂof:electricity
demahd"owing to séarcity and resultiﬁg limitation of supply. A4s RHDESA™
observes in the introduction to Plan de Electrificacidn 1959-72, the

result has been that while consumption in some areas of the country has

/doubled in
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doubled. in periods of three to six years in other areas. (those where .
restrictions and rationing have been applied) twenty-three years have
been necessary. for conswiption to doubls,

The Chilean electricity system has two separate and clearly
distinguishable parts: (1) the first geographic zone, in the north
of the country, which includes a quarter-of total installed capacity
and where generation is exclusively thermal and is in the hands of
-self-suppliers, mainly the copper industry; (2) the Interconnected
System (we use this name cithough a few sections must still be filled
in before inter-onnexicn becomes complete), which covers the entire
area betwzen Copiapé and Puerto Montt (21,630 km) and includes the second,
thlrd fourth and fifth geographical zones, The installed capacity in
this area is predOMLHantly hydroelectric and represents three-quarters of
the total, since the romaining two geographical zones (the_31xth and the
seventh) account for cnly L por cent of total installed capacity.

At the end of 1929, insteiled capacity in the area covered by the
Interconnected Systen inciuded: (a) 375 Md, ENDESA, all hydroelectric.
capacity; (b) 166 Mi, Compz7ifa Chilena de Electricidad {subsidiary of
the American and Foreign Pewer Inc.) of which 88 MIf were hydraulic;

.+ (e) some 200 MW in the hands c¢f self-suppliers, including the 55 i of
the hydyoq octvin generating stations of Coya and Pangal (Braden Copper)
which are:rnot.incorporated into the Tnterconnected System as they operate
on a . different frequency, With this excepiion, the participation of
hydroelectric capacity in the Interconnecteq SYstem.amgugts‘ﬁo two-thirds;
the eguivalent percentage for generation is even higher, owing Fp.;he¥_
highor-degree of utilization of hydraulic capacity. B ] _

As already stated, there are large-scale selfnsuppllers connected 7
. withi the Interconnecied System. - The Interconnected System seeks to.make
the most efficient use of the complementarity of river basins and the .
accumrlation capacity..of the lzkes of the area. .. . . L

~The: System's present deficit in installed eepepity in relation to
potential demand (including rese»ve requirements) in the area which it
serves, is estimated a% some 200 M, and in accordance with ENDESA plans
this will not be covered until 1966,
/ENDESA's plans
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ENDESA's plans provide for the addition of some 400 MW of capacity
towards the end of 1964 and an additional 650 MW during the subseguent
8ix years. Under this plan, real demand in the System will continue to
be below potential demand until 1966 owing to inadequacy of supply...

In preparing demand forecasts, an annual growth rate of 7 per cent
was adopted for the period of recovery from the present deficit (1959-66)
and a rate of 7.5 per cent was adopted for the period 1966-72. As ENDESA
Qoints out, these are minimum figures and may well be exceeded .if the country!s
development'proceeds satisfactorily.

It is also estimated that in the forthcoming decade the Compafifa Chilena
de Electricidad will install at least 200 MW of thermal capacity, and this
means that if the company simultanecusly replaces its obsolete facilities,
it will have available at the end of 1970 some 366 MW, while ENDESA would -
have 1.4 million Ki.

At the same time, and due consideration being given to the hypothesis
already referred to regarding the position of the copper industry it can be
estimated that the copper sector should, at the end of the decade, have
available not less than half a million kW. As to other self-suppliers, .
situated for the most part in the area covered by the Interconnected System,
there is- reason to suppose that they will make greater use of the hydroelectric
capaciiy of ENDESA and as a result will not need to increase their awn
generating capacity to the same extent as their manufacturing capacity.
Accordiﬁgly, we have estimated that self-suppliers would need an installed
capacity of 300 MW by 1970,

The total would then be approximately 2.6 miilion ki, With a degree of
utilization equal to 1959, this capacity would be sufficient to generate more
than 10,000 million kiWh, and this would seem tc be adequate if we compare this
figure with our estimates of the difference in production from one year to the
next up to 1970.

At the end of the decade, the percentage share represented by self-
suppliers in total installed ecapacity will have declined by from 50 to 34
per cent. Even so, this proportion will continue to be one of the highest
in Latin America.

/The Overall
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L'The50verall;Econdmic Developmént Programme for the next decade prepared
by tﬁeTCSfﬁoraéién‘deﬁFomentb de la Produccién lays down as a target an annual
rate of increase for product of 5.5 per cent,

The coefficient of investment, for its part, has in general been low,
flucﬁuating in the neighbourhood of 10 per cent.  The CORFO programme provides
for a domestic savings coefficient of 10.4 per cent in the first year (it is
suppesedlthat there will be foreign capital assistance), with the figure
increasing gradually to 18.8 per cent in the last year of the plan {the.net.
external aid of the early years being paid back in the later years of the plan),
The programme also provides for an annual rate of increase in manufacturing
productivity of 3,6 per cent and a total increase in the index of production :.:
in the manufacturlng sector of 7.25 per cent,

In Chlle as in many other Latin American countries, there is a wide .
mdrgln for increases in industrial production without anpreciable investment
in ‘thé industrial sector or supplementary investment in the electricity
gector belng requlred

Thls is due to the fact that industry has a low degree of utilization
of 1ts productlve resources. Acecording to CORFO estimates, the degree of -
utlllzatlon in 1957 was only 48 per cent of capacity which was in pr1nc1ple
1nstalled and this means that manufacturing output could be doubled without .
additional investment in equipment and, a point which is of particular .
1mportance from cur point of view, without any substantial increase in
maxinmm demand for capacity corresponding to the load diagram in the manufactur-
ing sector connected to public service systems. ' This would be equivalent to
a very con51derable increase in the load factor of industrial demand and
would naturally have repercus51ons cn the load factor of the overall diagram,
The low degree of utilization of manufacturing capacity is one of the factors
whlch accountc for the low load factor of the electricity systems in many of

the countrles of Latln Amerlca.

/7. Mexico
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7. Mexico

“Until 1960, the Mexican electricity system was in the hands partily of
State organizations, in particulsr the Comisién Federal de Electricidad.-{CFE),
and partly of various private concerns, the most important of these being the -
Compafiia Mexicana de Luz y Fuerza Motriz & CMLF, and the system belonging to
a 'subsidiary of the American and Foreign Power Company Inc¢., In the middle
of 1960, the CFE had a generating capacity of 1.2 million kW or approximately
half the total public service installed capacity.  The CMLF, the main
privately-owned concern, had some 600 MW and the other privately-owned concern
<340 MW, while self-suppliers accounted for 550 MW,

The share of total capacity that was hydroelectric was L4 per cent and
thermal power was as much again, while the remainder was accounted for by
internal combustion units,

Dutring 1960, the Mexican Government acquired control of the two main
privately owned electricity undertakings; in the case of the subsidiaries of
the American and Foreign Power Company. Inc. the Government proceéded by direct.
acquisition of the Company's assests and in the case of the CMLF by purchasing
sufficient shares toc ensure control of the company.

The most important part of the Mexican electricity map is the inter-
connected system of the Federal District which will henceforward be referred
to as the Central System, It includes essentially the facilities of the CMLF
(now under State control) interconnected with the iiguel Alemén hydroelectric
system of the CFE, '

- The Central System is at present served by three thermal plants and 21
hydroelectric plents - including. the: five of the Miguel Alemén: system —, -
with a total tapacity ©f7930 Mw, 352 M4 of which 352 are in the hands of - -
the CFE, - This system represents-one third of the country's total.installed
capdcity. e S ' : N

At the end of 1960,. the fourth thermal unit of the Lecheria plant was
incorperated into the Central System and at the endof 196l the, hydroelectric..
plant of Mezatepec on the river Apulco (156 MW installed capacity) will also
be incorporated into the Central System. The System's generating capacity
will thus be ihcreased to 1,176 M.

/Within the
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Withln the Central System, power is carrled by hlgh tension lines
operatlng at 220 150 and 85 kV,_although ‘all current is delivered to the
Federal Dlstrlct at 85 7 as the primary’ dlstrlbutlon voltage° B

From 1951 to 1958 the Central System registered average annual
increeees Qf 2 per cent both‘ln max1mum'demand and in power consumed; but
if the last four years of the period are considered in isolation, the average
rate rises to lO per cent, The latter figure is the one that has been '
adopted by the CFE for the purposes of its policy of expanding the System's’
installed CapaCltJ. Maximun demand of 1,3 million KW and annual generation’
©f the order of b SOO million kWh are- antlclpated for 1964.

The main addrtlons to the Central System provided for in the coming
years.inclﬁde (a) by the CMLF, twe new thermal plants of 125 MW each
(extensﬁaﬁ‘of Lecherla and poss 1ble constchtlon of another plant), the
first of these to enter into aerv1ce in 1962 and the second in 1963;

(b) by the CPE, one hrdroelectrlc plant at Atexcar> in the Apulco area
with th“ee unﬂta of 50 ilW eacno o

Only w1ta tn=se o addlt ons will the Central System reach in l96h,
the flgure of l 6 million kw three fifths of the power being ‘of hydraulic
orlgln. Thls capa01ty will ke sufficient to cover maximum demand forecast
for l96h and leave an adeguate margln of reserve, on the hypothesis that
new consumntlon centres are not added to th2 Cer‘ral Syshem.

Tt should naturallJ be remembered that not only the load demand but
also the demand for power is a llmltlnc factor, particularly in systems
where a relatlvely ldrge percentage of power is generated hydraullcally.
This is true of tbe case voneldered here, which has in addltlon,a very
1rrecular rlver reglmeo w1th a deoree of utilizaticn of -2 hOO ‘hours
annually estlmated for the hydroelectrlc plants in years of"- drought~/ and
75400 hours for thermal plants (approx1mately 0.85 as the plant factor),
tavallable canac1tv 1n 1064 would prov1de a total of 6,800 million kWh, or "
5 per. cent more than the demand for power forecast for that year by the :

System's pre°eat consumers on tho agsumpuﬂon of an annual rate of growth of .

10 per cent. .

8/ See A. Ferndndez del Busto, "El sistema interconectado de la Zona del
Distrito Federal", Revista Técnice JEM, Septexber 1959,

/There would
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There wéﬁld‘hpt accordingly seem-to.be sufficient moargin to add new
consumption centres to tbe‘System unless the expansion plans for generating
capacity are simultaneously broadened, and this is true even though the
hypothesis adopted 1s somewhat cénservative, in view of the pattern of the
capacity of the hydraulic part of the System.

The present plans of the CFE provide for an increase in the System's
capacity larger than that needed to satisfy present consumers, The CFE
plans provide that, in the five-year peridd 1960-64, installation in the
whele country will amount teo 3.3 million ki, nearly a million of which
would tre additions to the Central System, 750 MW to Puebla and Veracruz
and 400 MW each to Félcén, Monterrey and the north eastern area of the
country. It may be that the installation of the total amount of this
capacity will not be ready by 1964 and as a result a part may have to be
completed in the subsequent five-year period.

The distribution of generating plants within the Central System is
asymmetrical, There is a large concentration of hydraulic Capacity to
the south of the ring while there is a preponderance of thermal capacity
to the north, This means that the problém of transporting large blocks
of power through the System has to be faced to meet current hydrological
conditions. This has given rise to the idea of building an outer double
circuit ring of 220 kV during the next decade. -

It should be noted thet the CFE expan510n plan provides for rather
more than half of new capacity being hydraulic,

If the new thermal plant of 250 MW of the CMLF and the extensions of
other concerns 1nclud1ng those which were formerly subsidiaries of the
American~§?d_Foréign Power Company Inc, are added to the 3.3 million kW
which the QFE proposes to install, it can be estimated that, provided all
thesgiplgnsrgrezcérried out normally, installed electricity capacity at
the énd‘éf'1965Jwill be between 5.5 and 6 million kW. In those circumstances,
MEXiCQ,Fill take'Argentiha's'place as second only to Brazil as regards
 installed Capacitj. ‘Brazil is forecast to have an installed capacity of -
8 million KW in 1965,

/%eof;
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One of the problems of electr1c1ty deVelopment in Mex1co is the large
number of small and W1dely dlspersed hamlets where a large proportlon of
"the pOpulatlon re31des.9

" The 1960 census shows that Only 47 per cent of the pOpulatlon llves
1n localltles of over 2, SOO 1nhab1tants although relative populatlon
consolldatlon has occurred recently. The above percentage was 42 3 in
1950 and’ 35,0 in 1940,

The obstacles which such wide dispersal c¢f the consumer market puts
1n the way of satlsfactory development of electricity supply are qulte
obv1ous. The w1de scattering of the population combined with low p_g

caplta 1ncome levels means a level of electr1C1ty consumptlon per square

‘ n_ kllometre that is 51ngularly low, and this in its turn leads to a Yow level

of cepac1ty requlred in terms of PW per kilemetre of radius. The low figures
of thls latter coefficient mean that installed capacity has also to be
scattered in numerous small plants with the consequent increase in 1nstallatlon
and operatlon costs, or else power must be transmitted relatlvely unecono~
mleelly 1n small amounte over great dlstanoes, For a number of years a
pollcy has, however, been pursued in Nexlco of gradually extendlng elec-A

_ -_trlflcatlon to areas borderlng on the large systems and transm1531on lines;
' thls pollcy has met with good resultsn It is proposed to pursue it in the

) future.
8. Peru

The most complete study of the overall electriecity situation in Peru
toégether with a programme for future expansion was --prepared in 1956 by
5 mission of Electricité de France contracted for that purpose by the. .-
Peruvian Government, ‘
At the beginning of 1956, when the study was initiated, the Peruvian
électricity system consisted of a large mimber of isolated networks whose
capacity was usually very small., “There were two exceptions: ' the network

of the*eoucessionnaire-supplying Lima and ‘the network of the Compafiia Minera

d/ See Antonlo Gonzalez Rlvera, Development of electrlcltv svstems in
e Mexico, by regions (ST/ECLA/CONF 7/ Lo 2,2L), '

/Cerro de
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Cerro de Pasco; these two represent 47 per cent and 16 per cent respectively
of ‘botal. guaranteed capacity in the country., Tetal installed capacity was
estimated in: 1956 at 430 MW, 4L per cent of which corresponded to the public
service, Of that total, hydraulic capacity represented 56 per cent, thermal
steam capacity 17 per cent and diesel capacity 27 per cent. .

The high percentiage of diesel generation gives an indication of the
Jow degree of integration and the small size of the majority of electricity
generating stations in Peru,

& large part of hydraulic capacity is in the hands of the lea con-
cessionrinaire whose extension policy has been directed essentially towards
the electrification of the Rimac¢ and Santa Fulalia river basins; at the end
of 1955, the concesionnaire had an installed capacity of 136 MW (112 hydraullc,
10 gas turbine and 14 steam turbine) to meet & maximum demand of 114 MW..-In
-addition, Cerro . de Pasco and the Corporacidn del Santa have cons;derable
hydraulic capacity. o

In what way did this situation change between 1955 and 1959? At the
end..of 1959, total installed capacity had increased to 718 Mif, 320 MW of
which belonged to the public gservice (with continued predominance of hydraulic
capacity at 73 per cent of the total), the rest being in the hands of self-
suppliers., OQut.of the total of 718 MW installed, hydraulic capacity represents
57 per cent and this means that its percenitage share is much smaller among
self—suppliers than in the public service. Diesel generation units cont inue
to occupy an important place (almost a quarter of the country's total
capa01ty) - ' '

| The degree of utilization for its part does not differ very much as
between the public service and privately-rwned concerns the figure in both
cases being sllghtly above 3,000 hours annually,

Attention should be drawn to the marked fall in the percentage share
of hydreelectrid gen'er'atioﬁ in the total. It fell from 82,1 per cent in
l9h9 to 74 per cent in 1955 and 61.4 per cent in 1959,

“The preponderance of self-supply systems in Peru is due mainly to the
”9x1stence of'a hlghly developed mining 1ndustry and large-scale agricultural
underdakings distributed geographically in widely-separated areae'ferhreﬁoﬁed
from large population centres. Examples 5f this are Cerrc. de Pasco and -

Toquepala, - - - - /
It is



Paée g1

It is interesting to study how the Peruvian Natlonal Electrification
Plan has developed since iﬁ was dfefted. The Plan, which wes:dfawn up when
the country!s installed capacity was estiﬁated at some ﬁBO MW, provided for
the installation in the-eubsequent twenty yearé (1955-75) of 29 new power
stations with an additiocnal installed capacity of 2,000 ¥W.  Of this amount.
the following was installed between 1955 and 1960 _ -

(a) .The fourth group of the Callahuanca power station, w1th 311 VW'

(b) The first stage of the Puacartambo power station with 65 M

{c) The first stage of the Ganon del Pato power statlon, w1th 52 MA and

(d)  The Huampani power statlon with 30 MW,

0f the remaining public service power stations 1ncluded in the electrl-
fication plan, particular attention should be drawn to the Huinco plant in
the upper wvalley of the Santa Zulzalia (trlbutary of‘the Rimac), with 120 MW
in its first stage, later to be extended to 180 and 240 MW in successive stages,
and uore especially to the Mantaro project for which the forecast installed .
capucity is one miilion kW, The utlllzatlon of the Mantaro——/ which will,
in accordance with the Plan, supply the lea area in the final stages of
execution, is needed in view of the. lact that the Rimac basin will prove
Yoo small to meet demand in that area.

We have already referred to the lafge ameunt of diesel generation of

electricity in Peru. There are more than 600 1nternal combustlon powerstatlons

__/' Some yéars ago, a propcsal was made for the constructlon of a tunnel, 43
kilometres long, through the central area of the Andes deviating the
course of the river ‘Mantaro to the Rimac valley. “Such a diversion (which

- +would provide some-30 cubic metres of water per second) would increage

. the hydroelectric¢ potenticl. of the Rimac which flows through Lima and
Callao into the Pacific and would also provide larger amounts of water for
irrigation in the Lima area.

. .. At the same time, howover, such:a deviation, whether partial or total
would reduce the possibility of establlshlng -a ‘large hydroelectric plant
cn the Mantaro below Huancayo,

The problem *therefore is of the greatest ‘interest and value, both
technically and economically, In a recent more detailed regional study
a different project was proposed the argument being put forward that the
original project would go against the development interests of “an glready
densely populated area while the availability of _electric power at very
low cost in the eastern area of the Andes would make it possible t6 ‘setup
a dynamic reglonel development centre in dn important area,of the couniry.
There is also the possibility that if the hydrecelectric sources o
the Rimac and other rivers close to Lima (such ‘ag the déviation of the

Marcarpomacocha into the Santa Fulalia) eventuallg become exhausted, a
transmission line cculd ke established to supply the Lima area,

/in the
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in the country representing one quarter of total installed capacity. This
can be explained both by the fact that diesel units allow of greater fraction-
ing of capacity than steam plants and alsoc by their smaller consumptlon of
water; o : .

The pldn drawn up by Blectricité de France prov1ded for the establlshment
of 22 dlesel plants with a totzl capacity of 43 MW and 7 steam.statlons w1th
2 total capacity of 273 M, 1nclud1ng 75 M4 for Callao, 110 M4 for Ilo (the

Toquepala mine) and 55 MW for the sugar mills in the north, ObJectlons were

raised to these projects by some Peruvian experts who doubted whether it was

advisable for a study group to plan the future expansion of privately-cwned

-

industries of such a highly individual type as mining and sugar-refining.
As regards the degree to whlch aggregate electricity generation is
1ntegrdted, it should ke pointed out that the pr1n01pal production centres ,

in Peru, i,e, those of the Lima COHCGSSlOD&lTE, of Cerro de Pasco, of the

‘ Gorporacién del Santa and of the sugar indusiry in the north, operate

completely independently of one another,
At the present time a 132 kV line is belns set up to connect the Ilo
thermal plant (L4 MW) with the Toguepala mine 150 kilomebres away.
The Eiéctricité de France plan recommends that the Cerro de Pasco.
and Lima systems be interccnnected by a transmission line with a voitage
of 220 kV; this is, however, a highly debatable questicn,

The implementation of the electricity programme seems to be progressing

satisfactorily since inétalled capacity expanded at the rate of 13 per cent

annually from 1954 uo 1959, this rate compares favourably- w1th that of 10,6

per cent recorded in Lhe precedlng decade and of 6,1 per cent from 1940 to

]

1959. . ‘
Furthermore, at. the end of 1959, generating plants with a total capa01ty

',Qf oh0 MY were under construction; this figure is equal to 75 per cent of

capacity élready installed at the time {718 MW).,  One indication of the

dynamic way in which electricity installations in general are expanding is
the fact’ thet the above-mentioned figure is exceeded only by Brazil which, on
the same date, had some 4 mllllon kh under construction, i.e, more than 10C
per cent of its existing capacity."

/The rate



S/ HOLA/ QUM 1/ Lis Ladde -
Page 83 no

The rate at which electric power demapnd has been increasing is slightly
less than that progected by Electr1c1te de Franqb, in l95h 59 it was 10 2
per cent, °s agalnst the prOJected flgure of 13.3“§éf cent for 1956 63 The “
high rate assumcd wa.s partly an expression of the recommendutlon to nako up
for the 1ag in growth from 1963 onwards the annual growth rate was proaccted
as remaining stationary at 9.3 per cent.

Generally speaklng, it m?y be concluded that, if the 540 MW th vt Were
under constructlon at thg end of 1959 are added to thb 718 MW that a7rcady
‘existed at that time, Peru would have en 1nstallbd cupac1ty of over 1.2 o
million kW before 1965, i.e. by then it would have gone halfway along thuv;“
path lndlcated by Flectricité de Francc and in ton yeors would have trlpled
its 1nstalled capacity. If work plens contlnuc_tq bb implemented at the

same tempo the programme's targets will be dulyraftained.

/9. Uruguay
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9. Uruguayv ' '

—--w—mn—h

| It is particularly 1mportant to analyse the situation of the elec— ‘
tricity sector in Uruguay becauae of its connexion with the Salto - |
Grande plant, which will be discussed in the section on Argentina. Re-
ferences to it at this junctur® will therefore he brief,

in 1959 generation was 1,200 million kWh, 93 per cent pf which is
generated and consumed by the interconnected Montevideo-Rio Negro system
which supplies the centre, south, south~west and part of the east and
north-east of Urugrazy. The entry into production of the Rincén de
Baygorria hydro plant in 1960 brings installed capacity up to L06 MW,
of which 170 MW are thermal and are concentrated in the Batlle power
station at Montevideo and the remaining 236 MW are hydraulic and are
to be found in the two plants on the Rio Negro. Maximum demand in the
winter of 1961 is expected to be about 300 M.

With an annual rate of increase of slightly more than 9 per cent,
maximum demand in the system during the winter of 1971 is projected as
being about 750 MW; +this which would requlre an installed capacity of
some 00 M. |

The following works are under consideration and preliminary pro-
Jects already exist for some of them:

{a) a peaking plant (gas turbine) of 40 MW;

(b) expansion of 60 MW in the Batlle plant;

(¢) first and second units of 125 MW each in the Punta del

Tigre thermal plant éﬁ Montevideo;

(d) the Paso del Puerto hydro plant with 160 Mw;

(e) the Salto Crande hydro plant with 700 MW for Uruguay.

The first four projects will undoubtedly have to be carried out
and put into operation during the present decade, since all the addi~
tional megawatis they represent are needed if the system is to have the
reguisite capacity by 1970, Moreover, for the reasons already given
1n'the case of Argent*na, at best the Salto Grande plant will not
begin to Operate before 1969. The question of this plant is therefore
considered in relation toc the alternative solutions of twe other thermal
units of 125 Mw at Montevideo or a new hydroelectric plant on the Rié
Negro downstream from the three others that would have been built by

then.
/The construction



DL/ Ddaleif LJUNL o/ Hedel L

Page 85

fhéacﬁnéfrﬁCtion of the Salto- Grande hydroelectric plant gives rise
to problems for both Argentina and Uruguay with respect to the guestion
of ownership. These problems call for gareful study, and, -in our
opinion; have'nottgiveﬁ their due realism up to now since, on:one- ground
or another any attempt ‘to examnine and solve them has been postponed, '

For example 1n the case of Uruguay, it was assumed that this country
would defray half the ‘cost of the viorks in exchange for approximately 700 MW
from uhe_moment the plant entered into procuction. Given that the suc-
ceséivé inéfements in peak demand in the system would amount to about 70 MW
by the end of the decade, it would take nearly ten years for the Uruguayan
electr1C1ty network to absorb the- extra ‘power ‘available at Salto Grande.
Even though both fuel and labour could be saved -in.the Montevideo:thermal
units, there is no doubt that such a prolonged period of absorption would.
unduly ralse the cost’ of the energy consumed owirig to the accumuiation of
1nterest durlng ‘construction when capacity was necessarily lying idle.

The installation of mechanal and electrical equipment could of course.
be deliberately postponed, but in any case there the civil engineering ..
works, UG ik forr the major part of the total investment cost,.woulq;re—
present a heavy additional charge. G

Cne solution to the’ problem: would be the sale of power to Argentlna..,
At the énd of the decade the’ stepped ‘increments in maximum demand in the
sjétéﬁjghé%'supplies Creater Buenos Airee would be about 200 MW; this. .. ., .
means that in slightly over three jears Argentina could use the whole of .
'fheiéapacity corresponding to it in Salto Grande and would be in a position
to buy electric‘power from Urvguay. It could even do so earlier if
utlllzatlon of thé thermal plants alreadj established at Buenos Aires
were reduced. - ‘ .

It should be noted that Uruguay and Chile head the Latin Amerlcan SR
countrleSEm regards the degree t6 which their electrlclty systems are in—.
tegrated “Onthe total energy 's0ld by the State public -service. . monopoly,.
95 per cent went to corisumer centres served by the: Nontevideo~Rio: Negro
system. Some independent units of small capacity worked by -internal com—
bustion enolnes -dreigtill te be found in the north and -nerih-east; but
they Wwill gradua]ly'd1°apppar in the course of the.next few years as these
parts of the count“y are 1ncorporated into the national electricity network.

- /10. Venezuela
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10. Venezuela

At the end of 1959,'instailed'capacityfih Venezuela was 1,3 million kW,
and the energy generated was 4, BOO million kiwh of which 63 per cent’
corresponded to the public service, '

This capa01ty may be broken down into the following big groups:

(a) 212 Md for the CADAFE networks; (b) 340 MW for Electricidad de Caracas;"
(e) iO@ MW for the first units of Macagua I which is, in its turn, the
firSt\hydroelectric plant to be built on the River Caroni; (d)} 350 MW for .
the petroleum companies and 84 Md more for other self-suppliers; (e) 176 MW.©
for other publlC electri city companies, including 100 MW for Electricidad

de Naraceibo.

These figures show that utilization of capacity in the public sector:
was relatively low {some 3,200 hours annually), which seems to 1nd1cate
that, there was an excess of means of production at that time,

Morerthen_half the installed capa01ty of the public services has a
generstihgi}requehcy of 50 cycles, i.e. 140 MW of the CADAFE networks and - -
the total iﬁstellations of Blectricidad de Caracas. The remaining capacity
is deslgned for generation at 60 cycles. ' R

This duality creates a serious problem for the future interconnexion
of Venezuela's electricity systems, which will be discussed later when
thelr respective expansion programmes are under review.

of instelled capacity at the end of 1959 only 10 per cent was hydro~
electrie., Mbst'of.this‘percentage cohsisted of the 100 MW already installed
at  that time in Maoagua I.. Byrthe end of 1961, this figure will be
comﬁleted by the eddition of a further 200 MW in Macagua and 365 thermal M,
a third of which will correspond to Eloctricidad de Caracas, 162 MW
to the CADAFE networks and &4 Md to the Maracaibo network.

Installed capacity in Venezuela would thus be at about 1.9 million kW,
by the ond of 1961, of which a sixth would be hydraulic. This propor--
tion would diminish towsfds the ﬁiddle of the next decade and thereafter
expand agaln as a result ‘of the emphasis which, as will be explained
later, W1ll be 1a1d on long-term hydroelectric projects. This emphasis
is 1oglcal in the ease of Venezuela, since its estimated capacity of some
16 million’ KW (approx1mately 10 per cent of Latin America's entire capa~
eity),makes it one of the_best-endowed countries in the region as regards a
hydroelectrio resources. | bf these 16 million kW, 14 million correspond
to the Lower Caroni and the remainder to other zones, particularly in the

vicinity of the Andes.
/Utilization of
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Utilization of the Caroni will thus be the backbone of electricity
development in Venezuelas during the next few-yeare. The Coronf Commission
has concenﬁrated on making studies of Macagua II and, in particular, of
Guri, where the regulatlng dam for the whole 1ower Coroni is to be built
to. 1nterbalance the great 1rregular1ty of the river's flow.

_The cogt of harne551ng the Caropi for hydroelectrlc producfioh'is‘
verytmoderaﬁe, and, abere_all, the Bié eonsu@er centres are fairly near,
In fact, it is estimated that‘during-the early'etages of utiliéation;
provided that the best sites are chosen for regulatihg flow and installing
the machiaery, nearly 3 million kW could be cobtained at a cost of some 200
dellars per. kW, including transmissica within a radius of 100 kilometres.
This figure compares favourablerwith the unit coSte of installation ih
thermal plants, which were 175 dc1lars per kW in 1050—30 gven though the
cost of the relevant tranciissicn llnes will h ve to be added once inter-
connexion has been made h1uh Caracas. - - ' )

. The harnessing of the Caronf for hydreelectric:produoﬁioﬁ‘involves the
traﬁspert d the electric energy generated to the big eeﬁsumer”eentree,
and ‘raises the problem of qualaty in generating frequency,w It wili:ﬁhéféQ
fore be necessary to charge the frequency of the Caracas system, and this
will -lead to costly modlflcatlons in the generating plants and in consumer
facilities of all kinds. Moreover, a further problem would arise in
respect..to the price at which the hydreelectric rlants in question should
sell blocks of energy to prifate companies'that put up the‘capital‘(EleCM
tricidad de Caracas and ancther cemparny ahich confines itself to dietri~ |
buting and is a subsidiary of the American Foreign Power Company Inc. ),
and the relationship betveen that prlce and the retail sales prlce. '

Hydroelectrlc energy from tbe Caroni is eready needed in the con-
sumer centres since the 1nduaur;al compleA set up in the area will not be
able to use all the energy that can be generated by Macagua I for several
years ta come. The flrst step has been taken by setting up a 230 ki line
some, 500 km in length bebween Macagua, Puerto La Cruz and Santa Teresa,
which will carry energy from the Caroni to the centre of Venezuela, This
line will subseduently be extenced to Puerto Cabello, thereby supplementing
the capacity of the thermal plant already installed there.

| /The programme
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The programme recently drawn up by a mission from Electricité de
France ﬁrovidés'for the subsequent establishment. of a system which would
stretch from the Andes and Maracaibo in the west to the eastern zone and
the Guayana Shield in the south-east. Setween 1965 and 1975 this system
would be strengthened to enable it to cope with the increasingly large .
transfers of energy that would be needed in the Andean area and more par-
ticularly in the vicinity of the Caronf. with the interconnexion of the
thefmal-plants'in the intermediate zone with the hydro plants ét either
extreme, the network would become parc of an integrated producﬁion system
and enable due advantage to be taken of the varied nature of the load
diagrams in the consumer centres thus linked up. o _

The final form ‘of the CADAFE interconnexion.network would thus be a
big arc, some 1,200 kmn long, which would stretch from Guri in the east to
Uribante in the west. This network will operate in an integfated way as
soon as the first Guri groups enter into pfoduction in 1967.

The decision as to whether Caracas should or should not be linked up
with-the CADAFE system may be deferred until the Guri groups enter into
operation. Apart.from the benefits that would derive from harnessing the
energy potential of the Caroni for consumption in Caracas, a powerful in~
centive to interconnexion is the fact that the CaADAFE systems capacity could
thus be supplemented by the thermal capacity installed at Caracas, which
would be about 800 MW by 1967.

".There is also @ possibility, which is mentioned in the study by Elecw
tricité de France, that even after the Caracas system has been interconnected
with the CADAFE network it might continue to generate at 50 cycles and to.
transmit energy by mesns of a continuous current. In this case, it might
be worth while to defer the incorporation of Caracas into-the nation elec-
tricity network, since this form of transmission is economical for very
large power blocks only. _

At the end of 1959 the 50-cycle networks in the CADAFE system were
suffering from a shortage of producticn ecuipment, while there was a sﬁrplus
offenergy at 60 cycles. Provision was made to standardize the frequency

of these networks by the end of 1%62. :
/The following
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The following paragraphs contain an analysis of the electricity
development programme which forms part of the Venezuelan Government's
Four—Yeér.Plan (mid-1960 to mid-1964}. The compatibility of this pro- -
gramme w1th the pTOJeCthDS of demand will be discussed at the conclusion.
of the analy51s._, aro L A p

In general, the ﬁrogramme contemplates the net addition of 2 million
kW to the public service sector, two fifths of which would correspond to

, privgpe ngpanies and the remaindérrﬁo;CADAFE and the Caroni Commission.. -
The'éxtra capacity for the private companies will be entirely thermal, the
large proportion of 24,0 MW being earmarked for Electricidad de Caracas., 'Of::
the 600 public MW, half will be for Macagua I and the other half for the
CADAFE thermal installations. R R S S

If :this programme is implemented, the public service capacity would.
be about 1,650 M. in 1964, divided into equal parts between private and
State enterprises. --Within the private sector, Electricidad de Caracas
would have three ocuarters of the avallable capacity.

The governmental programme also provides for the beginning of work
on the Guri plant. The building of the dam is expected to start during
the 1962—63 fiscal -year. Further reference will be made to this point -
when the. expansionroﬁ;capacity during the seconc half of the next decade
is being analysed, but, in view of the fact that the governmental programme
takes 1964 as its limit, the projections of demand for that year will be = *
examined earlier so.that energy requirements can be compared with the pro-
Jected additions to generating capacity.-

..In the Four-Year: Plan,.the projection of electricity demand is mainly .
based .on one-of the so—-called second category, or indirect, methods, by
which, on the one hand, industriai electricity consumption is related to
the; trend -of manufacturing production and on the other, domestic and ...
commercial consumption is related to the income level of the populationy &
Theugﬁpblem was.therefore split into two parts: in the first, the product-
elasticity of industrial electricity demand was caleculated, and in'the
second, -a linear‘}egression was'hhde between per: capite domestic'electricity 
consumption and poer capita notionel dncome. -ifter an clastieity
coefficient of 1.65 had been obtained for industrial demand, the expansienm: ™"

/of demand"
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of demand was calculated in accordance with the projected growth of the
industrial prbduct during the period, which is 12 per cent annually.
The resulting figure obtained for industrial-electricity. consumption
in 1964 was 1,700 million kWh.

The linear regression between per capita domestic and commercial
congumption and per capita income is expressed by the following equation,
which is based, as in the previous case, on the figures for the decade
ending in 1958:
. = 0.1257 y = 176.53
If national per caglta income (estimated for 1964 at 3,400 bolivares) is
applied to this equation, the figure cbtained for per capita consumption
is about 25C kWh which, multiplied by the population (estimated to be 7.8
million on .30 June 1964), gives a total demand for the sector of 1,950
million kWh. ] '

To these figures should be added demand in industries that have a
high electricity consumption per unit of product, such as the Matanzas steel
mill, the Petro quimica de Marén and the projected aluminium plant. It is
estimated that by 1964 their joint consumption will be 1,850 kWh, which ex-
ceeds the figure calculated for the rest of the manufacturing sector
existing in 1958. _ - _ .

Total publlc—serv1ce demand in 1964 would thus be 5,500 million kWh.

If losses under the head of generation, transmission, distribution, and
internal consumption in the plants themselves, persist at the -same rate as
in the last two decades (20 per cent), some 7,000 million kWh would have
to be generated in 1964. .

This projected increase in generatlon by the publlc utility - from 2,700
million in 1959 to 7,000 in 1964 - implies an annual growth rate of about
20 per cent (11 per cent if consumption by.the three above-mentioned indus-
tries is excluded), i.e. one similar to that recorded for the public ser-.
vice in the fifteen years following the war.;;/ It is apparent from this
that the rate of increase of electricity preduction is. to be maintained,
even' though the target contemplated in the Plan for the expansion of the.
gross product (7 per cent yearly) is 2 per cent lower .than that attained

11/ TIf generation by self-suppliers is included, the average rate of
growth would be 16 per cent.
/in the
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'1n the foreg01ng period whﬂch was malnly attributable to the highly
favourable condltlons of the international petroieum market.

_The generatlon of 7 000 mllllon kWh added to the 1,650 MW availa—"~
ble in l96h, would reqalre a utlllzatlon of L,QOO hours, i.e¢.>considetably
more:- than 1n 1959 when, as already stated it was 3,200 hours. It is
hoped reach this target prlmarlly by devotlng the major part ‘of production
in the Macagua hydro plant to contlnuous—process 1ndustr1es, thereby o
enabling the plant to qperate with a_hlgh utilization factor in view of -
its favourable load diagram._ _ '

- It should be noted that the projection in the FouréYear FPlan, which
assumes that demand would double in less than five years, is more optimis-
tic than that made in the study by Electricité de France Vfor the same
period. e ‘ | : | -

The Four~Year Plan naturally makes no referenée to the situation of
electric power supply and demand in the second half of the decade.‘"The
basic. 1nformat1‘n therefo“e hae to be obtalnod from the study by’ Elec-
tricité de France. . Tnl“ study examlnes two different hypotheses on the -
expansion of demand alter 1065 ~ one postulatlrb the dupllcatlon of Eggj“’"
capita electricity productlon 1n ten years and the other assumlng “the -
duplication of total electrﬂ city productlon 1n the ‘same length of time. -
The second hypothesis is based on an annual growth rate of 7.2 pér cent
and the first on a rate of lO 5 per cent (due conblderatlon ‘being given
to the fact that the rate of populatlon 1ncrease 1s about 3.2 per cent),
which-is cloae_todtherrate cf 11 per cent recorded in the preceding
quinquennium. . . . h | , - ' '

r.Both. hypotheses exclude from thelr starting-point - consumptlon in
1965 - the requlrements of Petro quimica de Morén and the Matanzas steel’
mill. (whlgh,at that tlme would have a maxdmum demand of approxnmately 300
MW), since it was considered that the two plants would probably have reached
their ceiling by then. This assuwption is, nOWever, cpen to doubt, since
if the country developa at a satisfactory pace, these 1ndustr1es will em-

L‘:bark upon a certaln amouht of egqually energy-consuming expanslon, after .
‘1965 — There is also a poaswbllﬂty that- neW'lndusurles w1th a h;gh

12/ The p0551b1?1ty of sach expansion, and the sttdles Whlch are already '
being carried out in this respect, are specifically mentiocned in the

Four-Year Plan (Vol. I, pp. 112—116),
/electricity consumption,
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electricity consumption, such as ‘aluminium manufacture, may be established..

The two principal decisions - which, in actual fact, may be condensed
into one owing to their close interdependence — relating to the expansion
of the electricity sector after 1965 concern the interconnexion of the .
Caracas system.with the national network, and the rapidity with ﬁhich tﬁe
generating plants can be installed at Guri,

In the case of Electricidad de Caracas, it is believed that it would
not be~able to embark upon the COStlyntransformatlon of its 50-cycle net-
work for interconnexion purposes until CADAFE could éupply it with energy"
none cheaply than if it had to generate its own. This would be possible
only after the Guri hydroelectric plant on the Caroni had entered into
operation as envisaged in 1966-07, o

Hence, the projections in the Electriéité de France study were for-
mulated on the basis of two different hypotheses as to the structure bf
Venezuela's electricity system during 1$70-75, one of which assumes that
the Caracss network would operate in isolation and the other that it would
be intercennected with Guri. - L ,

Electricité de France considers that.if the Guri works are constructed
quickly enough, the first group could enter inte.production at the end of .
1967l§/ with 162 MW, the second by mid-1969 and the third at the end. of '?f
1970. - There would thus be a further. capacity of 486 Mw,available,.whiis 1:;
the addition of 225 hydraulic M{.is contemplated for the western zdne
in accordance with plans for the first stage of utilization of thé Rifer_
Uribante in the Andes. .. . .. .. .. . ) N A

If it is assumed that there will be a halt in the development of the.
industries that are heavy electricity consumers, the rate of expan51on
postulated in the Four-Year Plan for the rest of industrial and domestic .
demand would coincide with the more optimistic hypothesis put forward by_,;
Electricité de France, i.e. that per capita electricity production would .
double in ten yearsol&/ c _-,__ o ii_h

. If a generation of 7,000 million kW is assumed inl1964, according_ﬁp‘ 
the Four-Year Plan, this would mean a generation of some 13,000 million

in 1970 which at the same degree of utilization of 4,200 hours, would neéd,

13/ This period is somewhat longer than that specified in the Four-Year Plan.

14/ The duplicaticn of total production in the same- length of time seems to

be too conservatlve a hypothe51s.
/an installed
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an 1nstalled cap301ty of 3. 1 million kw —2/ b

It would therefore be necessary to double publlc service capa01ty
between 1964 and 1970 It has already been observed that, aecording to.
the Electrlclte de Frdnce study, ‘the three first Guri groups-and’ the
flrst stage of the harnesslng of the Uribante would: prov1de some 700 M- -
in 1970 It remains to decide on the distribution of the other TOO MW-+
requlred A cerfain émdunt should be provided by Eléctricidad de Caracas
even after 1nterconnex1on with Guri, since such intercomnexion would not
take place until the end of the decade, and it is patent thab demand in
Caracas would require the addition of not less than 400 MW in 196869 to .
the 580 MW already contemplated for the middle of 196k.

In short,'it may be estimated that Caracas would have a million
thermal kW at the time of its interconnexion with Gﬁri, provided that this
does not take place "be fore 1970. If it does, the units at Guri and *in
the western zone should. eqter into prodhctlon earlier than is planned,
and the thermal pawt of the CADAFL plan for expansion should be revised:
accordlngly.

' The dec151on would depend fundamentally on the price at which elee-
tric energy from the Caroni could be sold in Caracas. To judge by the
prellmlnary calculatlons whlch have’ been ‘made in the Four-Year ‘Plan, the -
sales prlce of very large power blocks would be about 0.1 bolivar. - The
flxed and operatlng costs (1nclud1rg losses) of the Guri-Caracas -trans-
mlse;on lines should be added to that figure and the result compared with
the'cost-ef thermei;geheféfion at Caracas. ' '

It shOuld he noted fo; the purpose of comparlng-the respective cosbg:
of hydraullc and thernal energy, that the Electricité de France report ..
assumes that the thermal plants would be run on natural gas. The mission
based its views in this respect on the terms of the contract signed on 29
January 1960 by CADAFE and the Venezuelan Petrochemical Institute (Insti-

tuto Venezolano de Petrocuimica) for the provision of gas to the Mariposa,

Cabrera and Puerto Cabello plants.

15/ This degree of utilization may decline, however, if the proportion of
electrometallurgical and chemical consumption is reduced in relation
to the total.

' /The contract
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The contract specified a price‘consisting of a fixedJeherge
ea plt llzed 2nd relatcd to the reQulrenunts of the generating plant -
which correSponde to an investment of 75 bolivares per installed kW, and
a charge relafed to consumption and fixed at 0.2 bolivares per cuble
metre; The first obviously corresponds to fixed costs, particularly those
arising from the installation of a transport net work, and the secoﬂd to
dieeetncosts, i,e, the cost of operating such a network plus the cest of
gas at the wells. The.figures are based on a cubic metre with a calori-
fic power of 9, 3&4 calories, with which some 3.5 kih can be obtained in
the generatlng plant.
On the assumptlon of a utilization of A,OOD hours, the fixed charge
per kih would be O 19 bolivares and the variable of others 0.06, glVlng
a total of O 25 bollvares per kWh for fuel. If capital charges are added,
the cost of the high-voltage kWh could not drop below O.4 bollvares._ Thls
leaves a margin of Q. 3 bolivares as the ceiling for the share correspondlng
to the transmission of the Caronf hydroelectric lecad. o .
The rate of increase in the self-supplying sector, and the petroleum |
industry in particular, will undoubtedly be much lower than in the publlc
service. The Pour-Year Plan assumes an annual growth rate of h per cent
for petroleum productlon, but electr1c1ty capacity may increase more
slowly owing to the pOSSlble existence of idle capacity in industry at the
present time and 0 the margin of reserve in electr1c1ty equlpment. Ir
an annual rate of L per cent is de01ded upon, this would be egquivalent
- to adding 50 per cent to capaclty by the end of the decade. Self-suppliers
would thus have some 700 M at their dlsposal which, together with the .
3, lOO estlmated for the publlc serV1ce, would give a total capacity of 3. 8
mllllon kw.‘

/Annex
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Annex.

COMPAR.TIVE ECONOMIC AMNLLYSIS OF .. CONVENTIONAL THERM.L PL/NT /ND A

NUCLEAR PLANT

1. Parameters of the problem

In this case, the fundamerital parameters arc as follows:

(a)
(b)

(e)

The installation capacity of the plént. L B
The relation between investment costs per kW of energy in the
conventional thermal plant and in the nuclear plant. This
relation is, in its turn, an increasing function of total
capacity, i.e. of the first parameter given, which indicates
that - at the actual stage reached by the respective technologies -
cconomies of scale are more substantial in nuclear plants.
The relaticn between the pricce of the fuels used in the two
types of plents, i.e. coal, fuel cil and natural gas in the
conventional plant and uranium and its derivatives together
with other fissionable materials in the nuclear plant.

~ The production cost of the minerals in question is only one .

of the factors on which this relation depends, the most important

- being transport costs, These form 2 high prepéttion of the total

- ranging from more than half to about a guarter of the cost in
generating - in the case of conventional fuels and a small
propertion in the case of fissicnable materials owing to their
high cnergy content per unit of weight. It is cvident, therefore,
that any increasec in the distances invelved or in the unit cost of
transport will tip the balance in favour of nuelear plants., It
should 2lso be cbserved that the cdst of international transport,
as may be seen from table 7, is a more erratic variable than the
f.o.b., pricce of fuel. 4s regards Latin imerica ot least, it is
difficult to generalize about internal costs, which are conditioned

by distance and the existence of large~scale means of transport.

/Table 7
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Table 7

WORLD M.RKET PRICES OF B.SIC COMMODITIES

Coal -Fuel oil .

(Dollars per short ton, (Dollars per barrcl,

f.c.b. prices United f.o.b. prices Gulf Freight rates

States port) ports) : (Swedish index: 1953 = 100)
1950 - 8.1 2.98 | 169
1951 8.76 3.36 S 315

1952 2.82 3.36 260
1953 8.39 3.40 | 100
1954 8.12 3.5 - 96
1955 8,56 3.61 135
1956 9.61 3.7% 204
1957 10.0C 4.02 165
1958 9.71 3.56 79
1959 9.38 , 3.69 70
May 1960  9.01 3.36 63

/{d) The
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(d) The plant factor, or degree of anmual utilization of the .
generating plant. 4s with any.investment that 1mp11es'a decrease
in current .or.direct 1nputs per unit of product more 1ntensxve
utilization would tend to favour the technology that has hlgher
1nstallatlon costs and lower operatlng eosts, i, €. the nuclear

. plant 1n the case under- con31derat10n. '
;-(e)wThe capltal charge coefficient adopted, i.e. the'sumiofjtne rate
of interest and the assumed amortlzatlon perlod Generaiiy .
¢ . speaKing, this coefflclent will be greater 1n countrles that
are less advanced econom1cally3 in view of the influence of a
higher interest rate, even if the useful life of the flxed i

. capital may be lcnger, ; ' .'_._. o

{f) The relation between ylelds for energy transformatlon - combustlon

cand fission - and heat transmleelon in the respectlve thermal

‘ units, i.e. the conventlonal boiler and the nuclear reactor.

There are other variables whlchshowﬁ.also be taken 1nto aocount in

specific cases, such as operating and maintenance costs (fundamentally,
labour), etc. In order to simplify the general presentation of the ;
-problem, significant dlfferences between the two cases under con51derat10n
thdve:net. been considered, or -rather it. has been.assumed that there are
none., This assumption is fairly sound 51nce the order of magnltude of

the costs in question is C. OOl of a dollar cent per kiWh; hence, any '
difference that existed would be abeut four figures after the decimal
point. HMoreover, there would be no‘oifficulty in incorporating such

differences into the general outline. .

. 2. General soluticn R S -
Accordlng to the simplified hypothesés adopted, the formulas for the
respectlve annual costs per installed kW of the conventional plant and of

the nuclear plant ares °

;/ For a more detailed analysis of this important perameter, see
Methodology for forecasting electric power demand (ST/ECIA/CONF.7/

L.1.10).

/C:a
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C=zadt f.y.p.
Cl=a,I' ¢ f. y‘.p' - S

the terms belnr as follows: |

8z anrual capital charge coefficieht

i‘= unit ooet'of investment in the eonventional“plant

I'= unit cost of investment in the nuclear plant

f= load or annual utlllzetlon factor (1n thousands of hours yearly)

¥ = thermal yield in the conventlonul plant (1n thousands of calories
per kidh )

yf‘ thermal yleld 1n the nuclear plant
P = price of conventlonal fuel (in dollars per thousand calories)
.; p'= price of nuclear fuel ' '

It should be noted thet the:caoital charge coefficient is the same
for the two plants, In some countrles, particularly the United States,
it hee long been debated whether shorter amortization perlods should not
be adopted for nuclear plants 51nce the progress of nuclear technology'may
make such plants obsolete more quickly, This argument doés not appear -
to be very valld,751nce every advance in nuclear technology wilk' also
affect the relatlve econcmic merlts of the oonventlonal plants already
built, ' ’ ' s

In order to obtaln the break—even polnt p as a function 6f the other
variables, both expr9551ons should be equated and the resultlng equatlon
given in terms of p as fOIIUWS. ' ‘ ‘ o

p—a(lf—l),ﬂp'
f.r r

T Just as it*Wae:poesibie-to eetimate intuitively, thie,prioe_limit
= below which the conventional plant would be more econcmic -.is-an_
increasing function of: (a) the capital charge coefficient; (b) the cost
of nuclear fuel and (¢) the difference between the investment per kiW ;
in eech plant (naturally assumﬂng that T / I'), end decreases with the

load factor.

s /3. .Order
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3. Order of mapgnitude of the parameters

This agpect is dealt in another paper presented to the Seminar,g/
and any mention of it here will therefore be very brief, o

With respect .to investment costs, the conclusion reached by thehiAEA
in the above-méntioned study is:that the large~scale nuclear plants to
be constructed in the next five years will have a unit cost of installation
about 1,5 times that of a conventional thermal plent of a 51mllar size,
They also point out that technical improvements could reduce thls factor
tc 1.3 in. the immediate futurv.é/ LE

There alsoc seem to be better future prospects in nuclear technology
as regards yields in.energy transformation. In conventional thermal
plants,. the successive imprcvements in yield through the increase of work B
temperatureé and pressure are becoming less significant and more costly as
‘pield nears the 1limits imposed by the laws of thermodynamics for the
respective cyeles. _ , , .-. 7

In the nuclear field, however, 1mportant advances are Stlll being made
in the inerease of combusticn relations. o

As regards the price of fuel, the reduction is more substantial in the
case of fissionable material than of. conventional fuels, Noactheless |
it is difficult to forecast the trend of future events, since there is N
still no free market for fissionzble material. In the IAEA study, it is
stated that the price of natural uranium (U 08) in concentrates offered '
by the Agency has been reduced to 35 dollarsrper kg. More recent estlmates
by the United Kingdom Central,Electricdty“Generating”Board putskthe prlce‘
of natural uranium at 42 dollars per. kgoé/
of 17 dollars per kg must be deducted for the value of the plutonlum

From these prices a credlt e

obtained in the reactor, since -~ as in the case of the Calder Hall,
Chapelcross and Marcoule plants — the reactors in questlon are- ‘of a’'dual

type, i. e.\they produce energy and, plutonlum.

g/ International Atomic Energy Agency (IAEA), Nuolear power costs and their -
trends with spec1al reference to less developed countries (ST/ECIA/CONF 7/

Lo4.1),.

3/ The unit cost for the Rowe nuclear plant of 150 M (Massachusetts,
United States) will be 340 dollars per kW, according to a statement made
by Charles Weaver of the Westinghouse Electric Ccmpany to the Joint
Ccrmittee on Atcmic Energy, United States Congress, when he referred to
the hydraulic pressure reactor made by the Yankee Atomic Electric
Company (Electric World, 13 March 1961).

4/ In the first United Kingdom nuclear plants, a kilogramme of uranium
wag worth 56 dollars,

LA
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The tendency towards lower prices for fissionable: materials is
confinuing; usually as a result of diréct administrative intervention,
Thus, on 29 May 1961, the United States Atomic Energy Commission
anncunced that prices would be cut by 20 to 40 per cent, depending on the
particular case, and that various bureaucratic controls would alsc be:
lifted.é/
. In the case of nuclear plants, current fuel costs are about 0.3 dollar

<

cents per KWh. It is hoped to reduce them by 30 per cent in the next”
five years, and by as much as 50 per cent in certain cases.é/
As regards conventional thermal plants, a gocd example to take is
the Dock Sud plant of 600 MW in. Greater Buenos Aires, The specific -
consumption foreseen for it is 2,500 calories per kWh at a cost- of 2 dollars
pér million calories of fuel (fuel oil),Z/ i.e, 4t a cost of 0.5 dollar
cents per kWh under this head. : ‘ e
If, in order to save 0.002 dollars per kWh in fuel through the useé”of
‘nuclear plants, the initisl investment has to be 50 per cent largeér; it
is easy to deduce from the general formula what capital charge ¢defficient
-~ with 4 given utilization factor -, would tip the balance one way or the
other, or to express the equation in terms of any other variable whose™
behaviour is of particular ihterest. R
Generally speaking, in fact,; nuclear plants in the next decade will
be uneconomic except in areas With\high'electricity consumption —~ where
~plants of 50 MW or over could Bé‘established — and high conventional -
fuel costs.g/ ' o '

New York Tlmes, 30 May 1961

IAEA 99.01t.

. See Estudlo Econémlco, Centrales Electrlcas de Agua v Energia,
“.Buenog Aires, November 1959,

The probable floor specified by the IATA is 2.20 dollars per -
million calories, given a capital charge coeff1C1ent of Q. 14 énd““
a. plant factOr 80 per cent. - = :

;'“\’Q'&

@
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If the capital charge coefficient were to decline from 0.14 to 0.07,
i.e. within the range permitted by the Federal Energy Commission to con—
cessionary companies in the United States, the price ceiling for conven-
tional fuel would drop to 1.80 dollars per million kW.

There are few parts of Latin America that unite the conditions
described and that would increase the economicity of nuclear plants.
Moreover, adequate water resources are non-existent., One of these
areas is the north of Chile, where industrial demand is high and fuel
oil costs over 20 dollars a ton.g/

Mention has also been made of the Mambucaba nuclear plant in Brazil,
which, if incorporated into a system with a capacity of more than 4
million kW, would, by occupying the base of the load diagrams, enable

a high degree of utilization to be reached.lg

9/ See E. Friedmann, "Aplicacidn econémica de la energia nuclear", E1
Mercurio, 24 June 1961, in which the case of the north of Chile is
examined, For more details on various cases, see the Organization
of American States, Tercer Simposio sobre Aplicacidn Pacifica de la
Energia Nuclear, Petrépolis, July 1960. '

;g/See Carlos Vélez, Criteria for the addition of nuclear power stations
to existing electricity systems (ST/ECLA/Conf.7/L.4.3).







