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Introduction ... ... 

WHY DEMAND PROJECTIONS SHOUID EE PREPARED 

The demand for electricity should be forecast far enough in advance 
.for an estimate to, be worked out carefully. This has to be done because 
the supply of electric energy, both as a final consumer product and as a 
production factor, .must keep ahead of demand and because of the interval 
which must necessarily elapse between the decision to build a power plant 
and the date on which it actually begins to function. 

The problem can of course he solved, simply by providing more additional 
capacity than is actually needed to meet the increase in demand. However, 
this... solution is not recommended because the power plants would always be 
-operating at less than maximum capacity and the solution would therefore .lead, 
in practice to a building up of excessive reserves and a depletion of invest-
ment funds. 

An estimate of demand is thus an essential feature of investment 
programming.in, the -electricity sector as in other branches of the econongr. 
It . is even, more important in the case of electricity, not only because of 
the .considerable investment of time and capital required to provide additional 
output- capacity but ..,also because of a peculiar characteristic of electric 
.power,, namely that it cannot be stored. It therefore lacks the flexibility 

. - ...... , f f . 
- inherent m virtually every other industry - which allows seasonal' ®r 
cyclical changes to be absorbed while .additional investments based on long-
term. .demand trends are planned. 

Demand projection-provides data essential to the formulation of 
investment- programmes and it therefore f^llows that the risks and costs. 
_ involved in .. these programmes have, a vdirect; and, significant bearing on the 
projection, methods to .be applied. 

. This point ..shoyld be stressed, the more so as it is often ignored 
when projection techniques..are, analysed and selected,. 

....It is essentially a general problem yhich has all the earmarks of 
what is known as decisiorwnaking theory in conditions of uncertainty or 
lack of data. The main problem with respect to investment programming 

/in the 
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in the field of electricity is the element of uncertainty involved in 
estimating the future conditions of a^ge-cifj.^. market» 

As is known, the formulation of .optimum decisions under these conditions 
is essentially based on an analysis of the following factorss"(l) the 
distribution ..<?£ the element of probability with rgspeat. .to possible errors; 
(2) the •cogi, .of. „these errors. Ther former is basically related to an analysis 

' ' - ' ' ' ' '••'•. 

of projection methods whereas the latter derive:? essentially from a study 
of investment programmes. 

No attempt is being made here to analyse the problem as a whole, in 
•̂ .ew jpf its extreme complexity and the: fact that its solution may not be " " 
feasible in practice; the aim is simply -to ei»phasiz.e the close interdependence 
between, the demand projection phase and the programming stage of an electricity 

i p l j n . - . - ' • " . 7 • • 

- - An electric power expansion or investment programme calls essentially 
for a decision to be made concernings;"(a)-'-the projects to be selected' from'* 
a large .available portfolio; (b) the optimum size of the projects concerned; 
($)• the-time sequence of construction. All these aspects are decisively 
influenced by the analysis of demand projections-. . Assuming that the analysis 
trgyeals considerable uncertainty as to the future trend, of electricity 
consumption, preference will be shown for expansion programmes with a greater 
measure of flexibility, e.g., those providing for a more careful staggering 
of yicreases in existing capacity. • ' 
.'..Generally speaking, the" economic value that should be attached to the 
element of flexibility in "cih 'expansion programme may be said to be in direct 
proportion to ..the degree of uncertainty in .the estimate of future, demand. 
Ifrthe. estimate. leaves"nothing ~to''"chance,• provision for flexibility in the 
programme or for possible future" programme ..changes would serve no purpose. 

As a further example of the interdependence between projection methods 
' r V'Vir.i > ' 

and, pr,<̂ r;ammixig machinery, the relative jnargin of error in estimates,' a most 
important aspect which will be dealt with in greater detail later in this 
paper,. ..should be mentioned. If the demand for electricity is under-estimated 
the cost of the error can be- measured-by.the loss of goodwill on the part 

/of the 
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of the customer wh«se needs have riot - ' been. net.,-: • plus the. drop 
in industrial output (or" the loss occasioned by the structural changes' in 
industrial production which have to be effected) . I f , on the other hand, 
demand is over-estimated, the cost of; the error may be measured by the 
amount of funds unnecessarily invested in plants compelled to operate at 
less than c'apacity. Where the distribution of these costs is balanced, 
a reasonable target to adopt for expanding the electricity sector i s the 
average or most probably value resulting from the analysis <?f projections, 
particularly i f the distribution of errors i s deemed to follow a normal 
or Gaussian curve. 

There i s nevertheless reason to believe, as wi l l be argued later , that 
the average cost of an under-estimate i s higher than that of an overestimate 
I f so, a value higher than the average would be the best target for programme 
expansion. 

The interdependence referred to earlier applies not only to projection 
methods but to the very subject of programming. In fact , the main purpose 
of an electricity expansion programme is adequately to meet consumer demand 
as expressed by the: load diagram, i . e . , . the curvej of, power demand in terms 
of time, the integral of which i s the total.energy consumed in a given period 

This can only be achieved i f consistency is.ensured between certain 
parameters or cr i t ica l characteristics of -the load, diagram and the system 
producing electric energy. Therefore - and. this must, be stressed here -
the projection or estimate of 'some elements' ofx the diagram i s much more 
important than that of others, depending upon the characteristics of the 
generating park. The best example of this is the difference between a 
predominantly hydro system and a predominantly thermal system. 

"in the f i r s t case, the crit ical parameter of the load diagram wi l l 
be i t s area and, in the second, . i t s maximum ordinate. The programmer 
wi l l have to exercise the greatest care in making a proper estimate of 
the respective parameter because errors committed with regard to other 
aspects wi l l be far less significant and costly. 

/Last ly , the 
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Lastly,.the^f&ct should be. borne in .mind that demand for electric 
energy,.as for any other-product, is not a fixed value but a function of 
a number of. variables, inc i t ing the volume and conditions of supply« 

In other vrords,. this. demand is not entirely beyond the control of 
the. person responsible -for programming an expansion of energy output capacity. 
On the contrary., the policy applied .with, a view to expanding and promoting 

., the use of electricity,, as v.-e.ll as the price at which i t is sold, will have 
a direct bearing on the volume of demand0 Demand i s , of course, affected 
by other variables over which the programmer has no control whatsoever, 
particularly i f he acts only at the level of the electricity enterprise. 

The relationship between- the two parameters is given by the load 
factor, the values of which have a considerable influence on the profit 

. t -* 
margin of electric power sales„ An increase in this profit margin implies 

» . . .:.... " 

.. a more satisfactory use .of the fixed investment and therefore a higher 
net income. . This is so because the sales price3 even i f i t fai ls to cover 

. the.total cost of production (including cmortization and the interest on 
the. capital invested) is .nearly always higher, than• marginal costs which, for * f • . • » . . . v ! -

. hydros-electric generation, are virtually ni l and,, in the case of thermal 
generation, barely exceed- the equivalent cost of fuel.per unit of energy. 
. . Most electricity systems are, of course, neither completely thermal 
nor purely, hydro-electric but a combination of both in varying degree, 
depending upon the :energy resources available, the demand pattern and the 
results.of the economic estimates aimed at optimum use of the resources 
within the limits of the problem under consideration. Under these 
conditions, both the area and the maxim-am ordinate of the load(diagram 
are important., .. For instanceP /ydiile in .the case of a mainly hydro-electric 
system the periods of low '.rater are a.limiting factor from the point of 
view of energy supply, the .maximum demand .shown in the diagram (and, .more 
broadly, ,the. general shape, :.of the cyrve) will..also have an important . 
bearing on decisions to install peaking:, units , Thuŝ  supply ..must ^not only 
.adequately meet demand but must do so as economically as possible. Assuming, 
for example, that a choice is to be made between a gas turbine and a steam 

/plant to 
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Plant to. meet demand over a certain power value, the unit cpst of - the gas 
turbine wi l l be lower than that of the steam plant but i t s operating cost 
wi l l be higher ( i . e . , the same relative position as exists between the steam 
plant and a hydro-electric plant) „• Under these conditionsy as i s well known, 
the relative economic advisability of one or the other depends essentially 
upon the--hours•of operation. . Thus, a major error in' estimating the shape 
and height of the diagram in the peak area may cause a decision taken in 
either sense subsequently to prove uneconomical. 

Stress should be. laid here on the.importance.of introducing the element 
of probability in analysing the behaviour of these variables because, while 
a mATriimiTri demand trend line can be worked out with a measure of confidence, 
the maximum demand wil l in practice - as in the case of the real points of 
the regression curve - oscillate above and below the trend l ine, These 
deviatipns are essentially an unpredictable element whose behaviour ought, 
to be studied. This also applies to the shutting down of generating units, 
which cannot be accurately estimated and must therefore be calculated-, on the 
hasis of probability. By -combining a large number of possibilities with 
respect to each of these unpredictable, variables (by means of the so-called 
Monte Carlo processes ) a histogram- or frequency curve may be drawn of the 
reserve margins available for alternative schemes of installed, capacity:• 
expansion and the information used to formulate decisions in the matter. 

In view of the large number of alternatives that must be analyzed and 
the attendant;arithmetical calculations required for each of them, electronic 
computers wi l l have to be used , By resorting to a mathematical model, 
"simulating" the actual system, the computers w i l l , in accordance with the 
instructions, they- receive from the operator, give results for the various; 
alternatives from which one must be selected,, 

: On, the other hand — and reverting to the more -general aspects of the 
problem — i t is a fact that economic development calls for changes irv a 
country's economic and social structure-inherent in the very essence of•the 
process. Hence, in order to achieve-., .accelerated development,, economic 
policy i s aimed at creating conditions conducive to these, changes,: 

• ;•••• .'/An attempt 
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An attempt will now be made to deal .briefly but more specifibaily with 
the influence of the changes in a country's economic and social structure 
on electric power demand and supply. 

The principal changes are: (a) an increase in general manpower output; 
(b) a-change•in population distribution (process of urbanization); (c) a 
change in the formation of the gross product; (d) a change in income 
distribution. 

It should be made clear, at the outset, that the structural changes, 
far from being independent, are closely interrelated. Thus, an Increase 
in welfare, and a production structure weighted in favour of secondary' and 
tertiary rather than primary activities may be viewed as the final results 
produced by a combination of all these changes,, 
. ., - A -rise in manpower output can be achievedrby a better organization 
of labour and an increase in capital equipment per employed person.' This 
is particularly the case in industry where highly capitalized productive 
units replace artisan production,, 

,:• This Increase in productivity is logically linked, to-a change in the 
composition of the installed capital,, It should be noted that in every 
country moving swiftly towards industrialization, productive equipment 
takes precedence over other elements of renewable capital, and in the 
more advanced economies may constitute as much as one-fourth or more of 
the total. 

Moreover, the relative importance of the economic sectors in gross 
product formation varies with a country's development. 

Growing emphasis is placed on industry, particularly light industry, at 
the expense of agriculture' in the early stages of the process, and on heavy 
industry and services in subsequent stages. 

The development process brings with it. a concentration Of population in 
the urban areas. This phenomemon does not seem wholly related to the process 
itself,- although, it may be accelerated to the extent that additional employ-
ment is made available in the industrial and services sectors- and agricultural 
output increases. Similarly, an increase In; the per capita income level is 
generally related to a downward redistribution of income which broadens demand 
for fpod and essential items and subsequently for services and goods which 
might be considered "convenience" items. 

/I. CLASSIFICATION 



ST/ECLA/ CONF . 7/ L. 1 .10 
Page 7 

X. PLASSIFICATION. OF DEMAND ESTIMATE METHCD S 

To simplify-ari overall analysis"of the problem and without prejudice 
to a detailed consideration of some of the. methods applied, the latter, may 
conveniently be classified into threa separate groups ; 

(a) methods of extrapolation in time; 
(b) methods in which"variations in electricity consumption are related 

to one or more macroeconomic variables, in,addition to time, by 
means of single or multiple correlation procedures; 

(c) direct and research methods» 
The first group consists of a typiòal case of simple, or first-stage^, 

forecast in which, from data based on previous experience, a functional 
relationship is determined bëtween the variable whose, future behaviour, is 
to be predicted and time, _ 

The methods in the second group, on the.other hand, are designed for., 
second-stage forecasts where, after a functional relationship between the 
variable to be forecast and other first-stage.laacroeconomic variables has 
been determined, thè behaviour of these first-stage, variables has to be 
predicted. Hence the number of conditional or second.~stage forecasts for ... 
this type of projection» . • 

... . ; 1„ Methods of extrapolation in time 

This-group includes ..all the procedures in which .a specific curve selected 
from the" components of a body of functions is adjusted to data based on past 
experience. This adjustment, is generallyeffected by means of normal equations 
derived from the.assumption that the. sum of the squares, of the deviations 
should be minimized with respect to the function sought. These equations 
make it possible to calculate the values of the parameters which separate 

9 • '. 

this function"irithin th.e • group, of functions selected a priori. 
If "'consideration is limited to. the Gaussian. hypothesis of minimum 

squares, Uiê'-area of discretipn for these methods, of simple extrapolation 
in titiie basically includeÎ.-, ; 0 . : 

(à) selection: of ,'thef functional form qr body of functions, with one "òr 
-'.' more parameters, •from;which;;a function will be chosen on the basis 

of the calculations resulting from the system of normal equations; 
/(b) the 
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(b) the time interval, particularly the moment at which use of the 
data provided by past experience i s f i r s t made, i . e . , the interval 
of variation of the independent variable in the problem. 

With regard to the f i r s t point, i t i s well known that the simple 
exponential with a.single parameter, i . e . , . with a constant annual growth 
rate, i s the functional form most often used in practice. 

Some observers have noted that the annual consumption growth rate 
of an electricity system is relatively high early in i t s l i f e span but 
declines as the system ages. The' function of the simple exponential type 
i s inadequate to describe this evolution and Robinson and Daniel have 
therefore suggested, for the United Kingdom, a formula in which the annual 
growth rate decreases with time. . (See Annex I . ) 

I t should be noted, in this connexion, that the above finding by the 
observers would be true only in the case of "closed" systems - those to 
which no new consumers are added. • But even for these systems, relatively 
few in actual fact , the Robinson-Daniel formula has a serious disadvantage 
in that the relative annual growth rate tends asymptotically towards one.. 
This i s theoretically unacceptable since i t would mean total stagnation 
of a system*s electricity consumption, which is not found in even the most 
developed economies of the northern hemisphere. 

In order to overcome this objection, a functional form (see Annex I ) 
of the potential-exponential in time type, which depends upon four parameters, . 
has béeri developed. The special — and desirable - feature of .this group of 
functions i s that the relative annual growth rate of the dependent variable 
decreases with time but instead of tending asymptotically towards one, as 
in the case of the Robinson-Daniel functions, i t tends towards a "normal" 

• Value higher than'one, thus representing the mature stage in ...the l i f e o f : 

the electricity system, • 

The abova-is of interest as a concept rather than.anything else and 
should in no way be interpreted as a recommendation that this method, of 
pròjection should be applied in Latin America. On the contrary, the 
experience of the more developed countries indicates that there has. so 
far been no trend towards a decrease in electricity consumption, even 
though such a decrease may have been announced or assumed on various 

: '<•• • /occasions. Thus,. 
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occasions. Thus, for instance, both the Federal Power Commission and the 
publication Electric World implicitly assume this hypothesis in their 
estimates of "e lectricity demand''in the United States up to 1980. The . .. -
FPC estimatés that the growth""rate wi'll be "about 7 per cent in. the 1960-65 
period, gradually dropping to 4 per cent in 1975-80, while the corresponding 
figures in'the'Electric World estimates are 8»5 and 5«75 per cent respectively. 
I t should be noted that neither believes that the 1946-59 annual growth rate, 
which was slightly above 9 per cent,, can be maintained« .. 

Adoption of this type' of hypothesis in the past has invariably led-to' 
an under-estimate of "future demande Estimates made by the FPC in 1954* 
1956, 1958 and 1959 were a l l below the actual figures subsequently reached. 

I t seems iogical to assume that the reason for such systematic under-
estimates, which are also «L* feature of other forecasts in the tlnited States, 
is to"be found "in the refusal to envisage the possibility.that electricity 
demand may grow over a reasonably long term at a rate many times higher 
than that'of the economy as a whole. This point, wil l be de ' I t with .'in ' more 
detail in the chapter'on indirect or second-stage projection.methods, where 
the relationship between the electricity sector.,and national, income. i s discussed. 

These extrapolation methods can be more e f fect ive ' i f the "interval" 
instead of the "peak"- type of projection is .used. The change in ;the 
theoretical hypothesis consists' of introducing an unpredictable, element in 
the functional form assumed for the extrapolation. In other words, (the 
assumption is that' fbr%"vé¥y 'vâlue 'of"the time variable there is ;a ..distribution 
of electricity demand Value's' bksecf'bn a" specific law..'of; probability The 
average value of 'tMs'clistiibiitibh xritLÎ' usually., be the.,ope given by the -, 
function i t s e l f , e , g , , 'the''exponential curve. . This curve thus,..becomes a 
curve of mean values arid''iî^ in. addition, a" specific law..is assumed • for the 
unpredictable element"- 'e.g.', thé normal or Gaussian distribution - a position 
is reached whefé not only the meân values curve but.also the. extreme values' 
curve corresponding to a specifie'degree of safety, perhaps.95 per .cent, can 

be determined,, ""' .... ,•,:. ; 

/Besides the 



ST/EGLA/C0NF.7/L.1.10 
Pare 10 

Besides the "trend" indicated by the mean values function, these curves 
make i t possible to visualize the probable maximum and minimum levels of' ' 
consumption and to compare them both with plans to expand generating 
rapacity and with the cost" of possible over-estimates ané under-estimates. 

• I t should be ndtéd that introduction of the terminology and methods 
of. calculating the element of probability in electricity demand projections 

. serves a real purpose -and is not à purely theoretical refinement. The 
./characteristics of consumption include variables — e ; g . , meteorological 
conditions - which are typically unpredictable and have a substantial bearing 
c:i the basic parameters of the load diagram,- in other words the maidm.un 
""•""T.r. c-mand and the annual consumption of energy«- . - . : 

Selection of the time interval and therefore the starting point for 
determining the functional form best adapted to thé data based on past 
.experience, i s a most important factor and one which present the greatest ' 
dif f iculty in the application of extrapolation methods. ' 

What is involved i s essentially a compromise between two factors that 
have opposite ef fects , '. On the one hand, i t would be more accurate to 
take the whole period for which data was consistently available because it 
is: à cardinal principle of statistics that the size of the sample should 
be increased in order to obtain more reliable results. ' I t should be noted, 
howevcr, that this principle is based on one assumption - uniformity of the 
population statistics from which the respective samples are drawn^ This 
uniformity, however, i s clearly lacking. • On the contrary, i t is precisely 

. .' the change in'the economic structure that alters the relative evolution between 
( ' " " - ' n t y demand' and the development of other sectors of the system'., • 

In view of the above, t̂ he most logical course would seem to be to reduce 
the size of the sample by taking only recent, relatively short, periods in 

order to ensure that their economic structure is as representative as 
- possible of the conditions likely to obtain in the immediate future,, 

This i s so important a consideration that i t affects not only the 
election of the time interval for determining the functional relationship ''-' 
given by electricity consumption but also the selection - or relative value -

/ o f the 
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of the extrapolation method in demand projection. The extrapolation wil l 
be of l i t t l e value i f there is good reason to believe that future conditions 
wi l l be rather different from those which have prevailed in the past® This 
would be the case, for example, i f substantial changes in the industrial 
production structure are envisaged which have not occurred in recent years. 
This last condition warrants emphasizing in view of the often mistaken 
impression that extrapolation necessarily implies the assumption of a static 
hypothesis with respect to the development of the economic machinery, 
particularly the.electrification of demand sectors. This i s obviously 
not the case. The di f f icul ty arises only i f there is reason to believe 
that the rate of electrification in the next few years wi l l be very different 
from that of the recent past. In other words, the method of extrapolation 
in time makes i t possible to include the dynamic factors inherent in the 
development of electricity,, On the other hand - and this is only logical -
the method does not allow any forecast to be made of the effect of changes 
in these dynamic factors. 

Future conditions may also d i f fer substantially from those of the past 
i f use of electric energy has been restricted, a common occurrence in Latin 
American countries during the post-war pericd. If the l i f t i n g of these 
restrictions i s envisaged, the extrapolation of past demand wi l l obviously 
serve at best to f i x a reasonable minimum for an estimate of future consumption. 

2 . Conditional or secondr-stage projection methods 

This group includes .those methods in which variations in electricity 
consumption are linked to one or more macroeconomic variables — as well as: 
time - by means of various functional forms., As in the previous case, 
selection of the function is usually made within1 a1 family of functions 
depending upon one or more parameters. Calculation of the latter i s 
effected by the method of least squares. 

A fundamental distinction to ba made at the outset within this group 
relates' to the procedures which specifically include the time variable 
and those which do note The analysis undertaken in the present work 

/ leads inevitably 
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.leads..inevitably to the conclusion that the only methods'worth considering;, 
are those which specifically introduce time as an independent variable 
affecting the demand for electricity. This point will be 'dealt-with in . .. 
more detail later in connexion with the interdependence between the demand 
for electricity and the process of innovations and technological progress : 

..both in industry and the domestic sector, • ; 
The best known and most used form of dependence'between electricity-

demand and specific macroeconomic variables is the one which relates.demand 
to the. gross product or real income, as the casé may be,;- To this end;-.two 

...different types of correlation have been applied: the first, between '.the ., 
annual growth rates ox both va r iab l e s ; the second, between their absolute^ 
- total or per capita - levels. In both cases a specific number of : 

countries has been taken, It should be noted at the outset that, notwith-
standing., a pronounced similarity or complementarity in the scope ;of their 
application, there is a difference between the two types of correlation: • 
the first takes account of the dynamic evolution of electricity .consumption 

.,oyer the years — apart from what might be termed-"normal" or "vegetative" 
gr.cvth related to the product -, while the second is -tantamount to a 
statistical analysis - a photograph," so to speak —, of the relationship 

,....pet??s?n electricity consumption and income for a group of countries at a 
given moment» " 

It should be borne in mind, however, that notwithstanding this 
distinction, the second type of correlation implicitly includes dynamic 
elements in the form of income growth in the more developed countries, 

. To give an example, the first type of correlation was applied by 
International Bank' experts in- a study on electricity consumption development 
in which data on twenty-eight countries was used and the following ration 
corresponding to the regression curve obtained, was reached: the average 
annual electricity consumption growth rate was equal to 2.6 per cent plus 
1--3 tiries- the growth rate, of real income. It should be noted that by 
taking this linear^relationship between the two rates, the rate of increase 
'•> . : ... /of electricity 
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of electricity demand corresponding to a 100 per cent increase every ten 
years - or 7.2 per cent each~yëâr - would'be-'-consistait with a 3*5 per 
cent -amiaa^r^te of-'-increase - in -real -incoffle , 

Table. 1; shpws_ the_ rate of increase qf electricity demand and the. , 
gross product in the Latin American countries during the period 1949-*1958» 
It will be noted that the conventional correlation coefficient corresponding 
to the simple regression analysis is extremely low, whereas the rank 
correlation;.coefficients are both significant. In other words, while 
there is a .marked relationship between, the ranking of the two columns, 
the simple régression curve is not a very suitable procedure for formulating 
electricity demand projections, even if the future rate of expansion of the 
economic system can be fairly accurately gauged. 

The second type of correlation has been generally used in ECLA studies 
on energy, together with the projection of specific consumption by production 
sectors and branches and, where available or significant, with data based 
on past experience. It should be pointed out that in another paper 
prepared by the secretariat for this Seminar^additional elements were" 
included vrhen comparing the regression curves corresponding to a single 
group of countries for two separate time periods. The result was highly 
significant in that both the degree of correlation and the coefficient 
of the two right angles a coefficient equal to the electricity consumption 
-real income elasticity, proved to be practically equal. On the other 
hand, the regression curve rèlât'irig' to*'the 'most recèrit period was above 
that of the previous one, With â 'yéftièial displacement of about 60 per cent 
of the ordinates0 The interesting point about this comparison is that the 
vertical displacement of the regression curve in- the' seven-year-period 
considered can be taken as an indication of the rate of electrification 
of the economy, i.e., the average rate at which electricity consumption 

1/ The electric power industry in Latin America: present status and recent 
./ developments (ST/ECLVC0NFo7/Lol,01). 

/Table 1 



Oi/XJIj-Llrt/ VjWilli- . ('/ JJ«J-.J-v 
Page 14 • ••;•;...•• 

''•* • .••v.-- • ...Table 1 " : 

GROSS PRODUCT AND ELECTRIC ENERGY GENERATION 

.,, -..,... (Average^ growttj-rates for-the period 

- Gross Electricity 
Country • J / , product generation 

Bolivia '• ^ 0.75 ; " ' u»7'. 

Argentina 1..6 6.3 .... 

Paraguay 2.5 11*4 

Chile 2 .8 ' 8.0 ..... 

Uruguay , 2„8 • 9,1 

Cuba ' 3-»^ 8.7 

Honduras 3o& '.'• 5.6 

Parana '' <'•* •''.-.;- .3*9 . 9.5 , • 

Giateraala •••'•.•'. r . 1|0q 8.5 

Colombia ' • - - 1;'. .'- U.,2 . - 11.>4 

Brazil • • . .5<?0 11.0 . , 

Ecuador . ¡joQ 12.5 

El Salvador ' ' ' ï 5;.8 ' 11 .7 

Costa Rioa . 5o8 12.5 

Mexico 7»1 8 .5 . .. . 

Nicaragua 7« 9 , 

Venezuela . . . 8.1 : . 19.4. 

. . ; Correlation coefficient... «.»0,56 -

'•"'Xt:;sRa.nj5 correlation signfleant according to both Spearman and 
, 1 . Kendall coefficients. 

/increased for 
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increased for a particular. income le-tél« I»;.;Other words > the vertical 
displacementof. the regres s.io,n curve refleòtW the- -dynamic element inherent 
in thé''"edLectMfièat±9n;p|x)c§ss itself«- ~'"" ; : • •''. ' 

1 On the'basis- > of - this analysis and in terms of-the electricity, 
consumption — .real income digram, the increase: in a countryf s electricity 
demand may be described as the result of two concurrent movements through 
time or, in geometrical termsthe sum of two vectors: first, a movement 
along the consumption - income regression curve corresponding to the very 
beginning of the,\period considered and to the increase in income; secondly, 
a vertical displacement of the regression curve itself, related to techno-
logical progress and to the substitution of electricity for less advanced 
forms of energy. . 

This obviously does not mean that both movements are independent« On 
thè contrary, the innovations and technological progress which largely explain 
the growing rate of electrification per unit of product and income, are in 
their turn one of the chief dynamic forces of investment and the general 
process of economic development,, 

Another example of the inadequate results achieved by using a simple 
lìnéar relationship between electricity consumption and gross product 
for the short-term projection of the former is provided by the inertia 
of cor.si-xiption even during periods of acute economic recessions, Thus, 
the gross product dropped by 40 per cent in the United States between 1929 
and 1933 while electricity consumption declined by only 10 per cent. During 
thè 1959 recession in Europe and North America, electricity consumption 
increased in countries like Belgium and the United States in which the lowest 
point in thè downward phase of the cycle was represented by a 7 per cent 
drop in'industrial production0 As for Latin America, the generation of 
electricity-in Argentina and Chile between 1955 and 1959 increased at an 
anru'al rate of ; 9ol per cent and 4«6 per , cent respectively, while the gross 
per capita product declined during the Same periodo 

" P.èf¿l'ènee has oee;n made in earlier paragraphs to"-the fact'that time • 
should be" iricluc-.od as one of the variables to be considered in indirect 

- ' - '" - ' ' • - /or second-stage 
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or'second-stage projections. Apart from this, there is the problem 
arising out of every conditional projection which is that, in addition to 
determining the functional relationship between the .endogenous/and;S3togenous 
variables of .the,-system,'' the .behaviour of the latter must be .predicted. 
It. is not at all: clear that ptffediction of " the- exogenous.,^ariatfle».:As •''*•• 
'simpler than the forecasting of the endogenous variables or tfjat. it can 
be made -with a,*greater'::degree of confidence.. Errors, in projeptions> of 
the ;gross product-are in many cases more serious than mistakes-in projections 
of electricity cohsumptibn0' This has happened even.when the-.;letter was 
based- on- t,he formed and is a 'clear indication: of- serious, flaws with respect 
to the . validity1 of -the •'•assumptions made regarding the functional .'or". 'structural 
; relationship, between- the two, . . . ,, • '-.' ' 

•The extent';tc>rwhich electricity" demand projections pari .be improved 
.with respect, to a-jingle ' extrapolation in time where there.is nonstructural 
change, e0g», through the inclusion of specific ma.croeconpmic variables in 
the analysis,•thus depends essentially on the degree of confidence with 
which the futtzre behavi'6url'bf'"these variables, . such.:as real income, . industrial 
iproduction-..ahd: urbainiz^tlon',' can be predicted., • 

, ..The requirement s--'in thisoconriexiioh must nevertheless not be exaggerated. 
Even if the degree of uncertainty surrounding the future development of the 
gross-.productv;is: .considerable/ inclusion of".'this variable in the analysis-
of electricity demand ensures a certain consistency between the targets': 6'f 
the electricity expansion' scheme and the development programme in other 
sectors of the economy ; :In-other words, an optimum distribution of'invest^ 
merit resources must be rationally sought through previous -analysis of. the•' 
relationship between electricity'"demand and the growth of product and income, 
particularlyj duringrA-. p'ejfto<jL'-'ih''whicfr' Structural changes are envisaged'.1 

. ... Generally speaking', the two types of electricity demand may be -projected 
in terms of gross product grcvth'by sectors and of „the urban-.population's • 
available personal income„ However, a few problems relating to theftSe;.-forms' 
of projection should be stressed,, '" . ; . . • • 

.. . In so far; as .the provision of electric energy is .an essential'and 
relatively specific technological requirement for the operation of capital 
goods, the projection is a virtually mathematical operation to .the; extent 
that the industrial'.production growth rate and'the corresponding electricity 
input coefficients are known, 

/Demand deriving 
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Demand deriving from convenience items which can at a f i r s t approximation 
be estimated in terms of the urban population1s personal income growth, present 
a much greater degree- of f lexibility- than the above« 

During the early stages of the development process the personal income 
available i s used to increase the level of food and clothing, whereas in 
subsequent stages demand increases for durable household appliances requiring 
substantial consumption of electric energy over and above the cost of lighting. 

This process may nevertheless be substantially accelerated by the 
demonstration effect of the more developed countries and because industrial 
growth is largely dedicated to the production of durable goods, f i r s t as a 
substitute for imports and later to meet the new demand arising from income 
growth, • ' 

As a result an appreciable part of the demand deriving from increased 
welfare w i l l be closely, linked to the production of durable household, goods 
and to the capacity to purchase such goods. 

Growth in urban population plays an independent role in the formation 
of demand for electricity and is not very closely linked to income levels . 
Population growth implies an increase in the area covered by towns and as a 
result wi l l lead to an increase in supply, quite apart from greater; household 
demand for power; 

These factors - increases in available personal income, urban population 

growth and a more equitable distribution of income - are those,'; which mainly 
influence the demand for electric poxirer, defined here as dependent of the 
level of welfare, • ••• 

Generally speaking, the forecasting of electric power requirements 
resulting from increased welfare.bears no mathematical relationship to 

economic growth, or at least this can be said t ° be true within certain l imits . 

Power supply for this type of consumption depends i n practice, on policy 
decisions; this i s also the case with other urban-services such as drinking 

water supply,-Sewage, education.services, etcp . 
Thè problèma can better be. considered as a study of compatibility between 

"productive" and'u social" -ihvestment s in relation to a given rate of growth, 

a particular social policy, the greater or lesser deficiency in supply of 

such services ar;d a given amount of resourcesc 
• /The group 
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...The .group of methods being-amlysed'iHcluaes tKctee'whicli"¿oAtain 
variables...that ar-e-macro-eeonomic, but have a' lesser degree of aggregation 
than gross product or .national income... An example Of • this is "to bVfoimd 
in the formulae of -the mixed kind with a potential factor with rcspect 
to the index of the output of manufactured goods (the index usually being 
between,0.3 and 0.5) and another -factor of th^ exponential type in time. 
In other words, a specific-, dynamic tr^nd r-latod to'th^'expansion'of the 
manufacturing sector of the economy is incorporated into the formulae of 
simple extrapolation in time. 

Various statistical surveys --for instance, those carried :out by 
Electricity de France - have shown to what extent the irregularities' of the 
electricity consumption curve in relation to time, C(t), are att«nulled if 
reference, is ma.de to the quotient C/l Accordingly, while the dispersion 
of relative annual increases on the curve is 5 per cent, the dispersion 
for the quotient mentioned above is almost as low as 2 per centt,^ 

In the Netherlands use has been made of the formula: '•""' 

E ± = P3/!2 _ ' : 

where: ,...,• . •.: 
E^ represents industrial consumption of electricity 
P is the index of industrial production 
L is the index of use r 

the base year 1 being 193&. This formula is.based on the principle that 
the industrial consumption of electricity varies in direct.-ratio-to the; 
level of. industrial production and to .the square of labour productivity. 

This type of formula, which introduces the notion of productivity,-has 
also been used in the United-States at the level of.the enterprise. 

One of- the advantages of explicrty introducing the index of industrial 
production into the methodology of projecting electricity demand -for:the 
countries of Latin America, is that it is less, unpredic.tible and., erratic 
than the index for gross output or income, because .the. latter ...variables 
are subject to strong fluctuations in the volume and prices of. primary, r. 
production. 

2/ These results correspond to a sample, taken in.France.. Use'has also been 
made, particularly in the case of centrally planned economies, of specific 
consumption figures expressed in kWh per physical unit of product, for the 
various branches of manufacturing and mining. 

/The share 
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The share of the'"'Indus'trial :and .mining sectors ;in the total of • 
electricity consumption varies 'considerably.as.may be' fefee;n from table 2} 

the figure for latin America as a »hole is' iri-the neighbourhood of 55 
per-cent.« 

\ Apart from.:the clirect* ''inf2uefKii;^X_industriali2ation on the growth 
of demand for electricity,,-there is also an., indirect Influence- o£..Jj^prtance 
resulting from the growth of urban areas, and this is due to the close 
relationship existing between the industrial development process and.the 
growth of urban-areas. ' . -̂,,' , ,..:jt_... 

Broadly speaking, in both.-the more and the-less developed countries, 
the industrial sector is a.greater consumer of electric power than a 
provider of income. This is particularly true in countries wherts income 
"levels are lowr'as this leads., to; a low degree of' electrification'-in.:the:_ia 
household sector. Consequently, the expansion of electricity demand in 
low-income countries is absorbed to a large extent by development ancl 
electrification in the industrial sector. , r 

It should be pointed out that the use of binary formulae using two ; 
factors, one., of which is potential with respect to the index of industrial 
production ¿rid the other ¡is*exponential through time, does not give grounds 
for assuming stagnation in -the specific consumption (kwh per unit of . 
product) of'the manufacturing sector. The upward trend of the quotient 
for specific, consumption in the manufacturing sector and the increase in 
-speciiifiL.consumption pe-e IjQusehold service connected are included, within the 
term of growth which coHtaln,s--th^timg_Jiariable, 

In countries where satisfactory statistics e x i s t ,'^t i^--|X)ss.ible to 
introduce a greater degree of disaggregation1' irfbocthe,./.methods of •'•projecting 
electricity demand, with special study of the behaviour of the. two main 
consumption actors», industry and households. This has the advantage of 
allowing for careful analysis bic'^enda. -in.-liot̂ , Jfeinds of Electricity' ' 
consumption, namely, as a final consumer good and as. a production factor. 

Electricity consumption as a final consumer good depends basically 
on the level of available personal income, its distribution and break-
down and also on the degree of urban development and the relative prices 
of electric appliances. Demand for electricity as a production factor 

/Table 2 
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Table 2 

LATIN AMERICA: SHARE OP CONSUMPTION OP THE INDUSTRIAL 
AND MINING SECTORS IN TOTAL 

ELECTRICITY CONSUMPTION 

(Percentages) 

-.' r 

. 1938 I9U9 •••.. 1955 - 1 9 5 9 

First grouts 

Argentina . '' 53.1 56.3 . -54 .5 (57.9) 
Chile . '-. .-83.1+ a / 80.3 75.3 ; 74.5 
Cuba " 1 ' ' • 53.5 Ù5.6 ' 44.13 
Uruguay .., • ' if ( 5 2 . 0 ) ' ' . 1+8.7 0+5.4) 
Venezuela (78.9) . (75.6) (71.1) - 5 7 .-.; (64.3) 

Second group 

Brazil V ••»V.-'-'T;1;... 1+2.1 . 46 .8 
Colombia 33.4 39.7 1+3.8 43.9 
Costa Rica • • • ¿V.6 V ' 19.6 14.0 

. Mexioo. ! ; (62.U) ... 58.0 57.3' (56.5) 
Panama d/ • • • • 26.2 3 2 . 7 ; ^ 0 . 6 

'Peru 76.8 a / 78.8 e / . 80.6 f / ' (79-9) 

Third groiip 

- Bolivia ' :-h ; (86.8) 77.9 74.5 '• A .(66.6) 
?. Ecuador 21 .4 , 9 / . 36.0 •' . , (41.1) 

El Salvador . • • • • 52.7, c / ' 37-5 . . 37.1 
Guatemala * • . 1+9 .0 c / " I . ' . - T . . 4 7 , 9 " "i ' 45.5 
Honduras ... 83.0 c / 76.1+ 67.1 
Nicaragua • •• 83.3 c / ! 79.5 , • " " 65.1+ 

' Paraguay • . . . . . 58.6 51.0 <=• -v 46.5 

America Latina ' 65.6 g / 62.0 h/ , /.-;,.'-.. 

a/ lyko. ''•' ' • 
b/ See iiote ja/ of Statistical Annex L . ; _ 
0 / 1950. .. . . " • ^ ••-••••':.-. . . . ^ 
d / Daes not include the.f.eana.l.Zone for lack of Informatiop, 
a / I 9 5 I . • ' — ~ . 

195^r v ' ' ... . . . . . 
j/ Includes Argentina, -Chile, Venezuela, Colombia, fiexico, Peru and Bolivia. 
b/ Excluding Brazil. • 

/depends on 
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depends on the volume of industrial production, i ts degree of electrification 
iri each sector and the structure of existing industrial plant. 

Clearly, there is close, interdependence between the. .variables. .. 
conditioning the .two types of electricity, demand. The level, of electricity 
input is o.ne of the determining factors of .productivity in manufacturing 
and this in i ts turn exerts an influence, over the per capita level of ; 
income in the community.. It is interesting to note that the experience 
of some industrialized countries in the European continent and, also of 
the United States would seem to indicate that increased productivity in 
the manufacturing sector - physical production per man hour worked -
occurs in a proportion similar to the increase- in specific consumption -
of electric, power in that sector. The importance of this observation... 
stems from the fact that the greatest percéntage of future growth in : . 
income must derive - as experience in the post-war period .showed = not.so 
much from increases in the labour force but from a growth of productivity 
per . person employed, . .. . . ¡-• .. 

(a) Industrial sector 
Increases in electricity consumption as a production factor, or in 

other words, demand in the industrial sector occurs as a result .of the . 
combined effect of three different causes which should be clearly . 
distinguished. These are: 

( i ) Increases in industrial production which, even for a constant 
value of the coefficient of"intensity of electricity consumption (kWh per 
dollar of aggregate value) in the sector, wil l lead to a parallel increase 
in thè consumption of electricity; ''""' ' t 

( i i ) The process of electrification in each one of the industrial 
sectors; this tends to increase the coefficient of intensity of electricity 
consumption either by a higher degree of mechanization of the industrial 
process concerned or else as a result of the use qf electric furnaces in 
the place of conventional furnaces (as 'for example in the .iron, ^ d u s t r y ) , e t c . ; 

( i i i ) Changes iri the industrial1 sector which usually lead to an 

increase in the relative participation of industries.with high coefficients 

of intensity of electricity consumption as, for example, the electro-

metallurgical and electro-chemical industries or heavy-.industry in general, 

/The importance 
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. The importance of structural changes with regard to specific consumption 
or the average coefficient of the industrial sector may-be, seen in the 
significant "differences between the coefficients for different industries. 
Thus, electricity consumption per unit of value added in some, electro-
metallurgical industries is from 50 to as much as 100 times higher than 
in the food or textiles industries'. In general, it is particularly the, 
"dynamic" industries - or those which are established and grow at a 
faster rate during the process of economic development - which have the 
highest coefficients of electricity input. 

This means that the average coefficient of intensity of electricity 
consumption industrially is considerably higher•in the more advanced countries 
than in the less developed countries and that, a large part.of such electricity 
consumption is accounted for by the metallurgical and chemical industries. 

The major part of the most usual industrial processes in the less 
developed countries, namely, light industry, requires less than one kWh per 
dollar of value added, while in the chemical, petrochemical and steel, 
industries the equivalent figure is usually higher and may sometimes be as 
much as from 5 to 10 kWh per dollar in the case of processes using electric 
furnaces; 

The foregoing considerations reveal the importance of structural changes 
in total electricity consumption in the industrial sector -particularly when 
industrial consumption in its turn accounts for a preponderant part of . total 
consumption - and demonstrate the need to take this fact into account in 
preparing forecasts for each country, when industries are established with 
high intensity of electricity consumption. 

. .. In addition it is particularly for these mass consumers of electricity 
that the sales prices of power are of importance, for its cost will represent 
..a. large percentage of value added per manufactured article," For this reason, 
the price elasticity of demand will be much-greater than for other consumers, 
either industrial or domestic, and any person responsible for preparing 
electricity development programmes cannot'fail to take account of rates 
policies when considering demand projections.' This point will be further 
considered when an analysis is made of the interdependence of supply ,and 
demand for electricity, 

/(b) Domestic 
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(b) Domestic sector 
Demand Analysis and projections for the doaestic sector give rise 

to »far less difficulties, owing to the gr'eeter'statistical homogeneity 
of this sector in comparison to the industrial sectors The two basic 
parameters which détermine total consumption-- or the number of connected 
services and average consumption per service ~ are closely .linked to the 
level of income and its distribution. ' 

In the absence of restrictions on supply, the increase envisaged in 
the number of services >¿11 be'closely linked to the number of building.' 
permits granted in the immediate past within the area served by the-: 
electricity undertaking concerned. : Trends..'.in average consumption per 
connected service vd.ll perhaps' be harder to determine; . one of the • 
decisive indices in this connexion, will be.the rate of sale of • _ 
electric household appliances, for it should not be forgotten that'in. 
this respect demand for electric power is a form of "derived", demand 
l̂iieh requires preliminary investment by the purchaser, . 

For the purposes of analysis" of electricity consumption in the 
domestic sector, a distinction should be drawn between its use- for 
(i) lighting, (ii) the provision of heat (cooking, water, h eating^ and 
(iii) mechanical uses (radio, television, refrigeration, cleaning). 

As is natural> these three components of electricity demand in the 
domestic sector have different income and price elasticities. In this 
respect^ it should be noted that while for (ij'and. (iii): .there are • 
practically no substitutes for electricity, for the uses combined.under 
(ii), electric power has' to compete with other forms of power such as. 
gas and fuel oil and even in many instances in Latin .jaerica with 

\ paraffin, wood and charcoal. . 
As regards the price elasticity of. electricity, demand,,it" has 

proved very difficult,--even for statistical organizations as efficient 
as the Central Planning Office of the Netherlands, to determine the 
relationship between electricity consumption'and its gales price,. JVS 

consumption has increased and the real price for /electric power has .-
fallen- constantly, there is-- a. natural inversé' correlation that does ' 

/exist; that 
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e x i s t ; t h a t d o e g . n o t n e c c e s a r i l y mean h o w e v e r , t h a t such a r e l a t i o n s h i p 

can b e i d e n t i f i e d with t h e demand c u r v e a t any g i v e n moment. 

p l e r e a r e , h o w e v e r , r e a s o n s f o r b e l i e v i n g t h a t p r i c e e l a s t i c i t y i s 

r e l a t i v e l y h i g h , p a r t i c u l a r l y f o ^ consumpt ion u n d e r group ( i i ) where 

c o m p e t i t i v e s o u r c e s o f .power e x i s t . For e x a m p l e , average h o u s e h o l d 

consumpt ion i n t h e a r e a s e r v e d b y - t h e Tennessee V a l l e y A u t h o r i t y i n t h e 

U n i t e d S t a t e s d u r i n g t h e i 9 6 0 f i s c a l y e a r was 8 , 8 0 0 kVih a t an a v e r a g e 

p r i c e o f 0 . 9 9 - c e n t s o f a d o l l a r p e r kWh, w h i l e the. average f i g u r e s , f o r 

t h e country ' as 'a v/hole d u r i n g the same p e r i o d were 3 , 7 0 0 kT-Jh and 2 , 5 

c e n t s o f a d o l l a r , . ... • 

T h i s v e r y c o n s i d e r a b l e d i f f e r e n c e between a v e r a g e r a t e s o f consumption 

p e r c o n n e c t e d d o m e s t i c s e r v i c e even i n a. c o u n t r y where t h e use o f e l e c t r i c 

h o u s e h o l d a p p l i a n c e s i s as w i d e s p r e a d as i n t h e Uni ted S t a t e s demonst ra tes 

t h e wide margin t h a t e x i s t s f o r an i n c r e a s e i n p e r c a p i t a e l e c t r i c i t y 

consumpt ion and i s one o f t h e r e a s o n s why no - r e l a t i v e s a t u r a t i o n i n 
» 

t h e s e f i g u r e s i s f o r e s e e n . . . 

I t s h o u l d n o t be ' f o r g o , t t e n t h a t i n t e n s i f i c a t i o n , o f t h e r a t e o f 

e l e c t r i f i c a t i o n in ' t h e d o m e s t i c s e c t o r depends n o t so much on the r a t e 

o f i n c r e a s e o f income as on t h e a b s o l u t e . l e v e l and d i s t r i b u t i o n o f 

income;- t h i s i s t r u e m a i n l y b e c a u s e e l e c t r i f i c a t i o n i n v o l v e s r e l a t i v e l y 

h i g h i n i t i a l c o s t s in. r e l a t i o n t o t h e a v a i l a b l e income o f t h e medium 

and l o w income g r o u p s . This .means t h a t no s p e c t a c u l a r p r o g r e s s i n 

p e r c a p i t a domes t i c e l e c t r i c i t y consumpt ion s h o u l d be e x p e c t e d even i n 

t h e l e s s advanced c o u n t r i e s which a r e growing v e r y f a s t , a t l e a s t u n t i l 

such t i jne as a r e l a t i v e l y s a t i s f a c t o r y a v e r a g e income l e v e l has been 

r e a c h e d » 

I f a ' c o m p a r i s o n i s made o f t r e n d s i n t o t a l e l e c t r i c i t y consumption 

anti e l e c t r i c i t y consumption i n t h e i n d u s t r i a l s e c t o r , i t . can be c o n c l u d e d 

t h a t b o t h in- t h e U n i t e d S t a t e s and i n Europe n o n - i n d u s t r i a l e l e c t r i c i t y 

consumption - which i n a d d i t i o n to. h o u s e h o l d consumpt ion i n c l u d e s 

c o m m e r c i a l , a g r i c u l t u r a l , m u n i c i p a l and t r a n s p o r t consumption - has 

i n c r e a s e d f a s t e r than i n d u s t r i a l c o n s u m p t i o n . The same has o c c u r r e d i n 

L a t i n A m e r i c a where t h e p e r c e n t a g e share o f i n d u s t r i a l consumption has 

/ d e c l i n e d f r o m 
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d e c l i n e d f r o m 65 per cent i n 1938 t o 55 p e r cent i n 1959 . In t h e United 

S t a t e s , i t i s thought t h a t t h i s t r e n d v a i l c o n t i n u e ; a c c o r d i n g l y , v M l e 

household consumption o f e l e c t r i c i t y a t p r e s e n t r e p r e s e n t s 28 per c e n t 

o f • t h e t o t a l , i t i s e s t imated t h a t the e q u i v a l e n t i n 1980 v a i l be 40 p e r 

cent ovdng t o the f a c t t h a t the rhythm o f h o u s e h o l d e l e c t r i f i c a t i o n i s 

o v e r t a k i n g the r a t e o f i n d u s t r i a l e l e c t r i f i c a t i o n . Part o f the 

e x p l a n a t i o n o f t h i s phenomenon must be found i n the f a c t t h a t a c e r t a i n 

number o f the advances made i n i n d u s t r i a l p r o d u c t i v i t y - automation 

through the use o f a u t o m a t i c a l l y ' c o n t r o l l e d machines , f o r example -

have been o b t a i n e d as a r e s u l t o f r e l a t i v e l y s l i g h t a d d i t i o n a l e l e c t r i c i t y 

consumption i n r e l a t i o n t o sav ings i n l a b o u r , and t h i s i s a r e a s o n f o r 

e x p e c t i n g t h a t i n the f u t u r e , u n l i k e t h e p a s t , p r o d u c t i v i t y i n the 

manufacturing s e c t o r v a i l i n c r e a s e p r o p o r t i o n a t e l y to. a g r e a t e r e x t e n t 

than s p e c i f i c consumption o f e l e c t r i c power . . d ' 

Another t y p e o f p r o j e c t i o n o f a secondary . o r d e r is . the-, use :.of .thg. ,.,•' 

i n p u t - o u t p u t model f o r a g iven economic system, as was done for example-
i n the case o f I t a l y . Once the c o e f f i c i e n t s o f d i r e c t and i n d i r e c t 

.requirements have 'Bee'iTobtai^^ the m a t r i x ( I - A ) , i t 

•will be p o s s i b l e t o o b t a i n i n d i v i d u a l p r o d u c t i o n v a l u e s - i n c l u d i n g t h e 

v a l u e f o r e l e c t r i c i t y - by m u l t i p l y i n g . t h e . r e s p e c t i v e l i n e s o f the 

i n v e r t e d m a t r i x by the v e c t o r o f f i n a l demands f o r e c a s t f o r t h e y e a r 

f o r which the p r o j e c t i o n i s b e i n g made. Thus, i n the case o f I t a l y a 

p r e d i c t e d i n c r e a s e o v e r f i v e y e a r s o f 65 per cent i n e l e c t r i c i t y consump-

t i o n VJGS o b t a i n e d and t h i s c o r r e s p o n d e d t o an i n c r e a s e . - o v e r t h e same 

p e r i o d o f 25 per cent i n gross, p r o d u c t . 

Unques t i onab ly , the a p p l i c a t i o n o f the i n p u t - o u t p u t model means 

much more r a t i o n a l u t i l i z a t i o n o f economic data than by u s i n g s imple 

c o r r e l a t i o n between e l e c t r i c i t y consumption and g r o s s p r o d u c t . . The 

v e r y s e r i o u s d i f f i c u l t i e s v-hich may a r i s e i n the l a t t e r case shou ld n o t 

be f o r g o t t e n , f o r they, may d i s t o r t t h e r e s u l t s o b t a i n e d . ; F i r s t l y , the-

problem o f s e c o n d - s t a g e p r o j e c t i o n s a g a i n a r i s e s h e r e ; even i f a c c u r a t e ,,. . 

knowledge i s a v a i l a b l e r e g a r d i n g the m a t r i x o f c o e f f i c i e n t s o f d irect . . , -. 

and i n d i r e c t r e q u i r e m e n t s , , an e s t i m a t e w i l l have t o be made o r a f i g u r e „. , . 

/ f o u n d n o t .. 
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found not only, for the total volume of final demand but also for its 
distribution by sectors or to state it in geometrical terms, for the 
module and direction of the vector of final demand.- To make an 
.estimate'of this kind is a matter of some very considerable difficulty. 

But there also arises the problem of changes in-technological 
--. coefficients including both those resulting from changes or improvements 

in manufacturing processes which as- a result affect the number, of fc.Ti 
consumed per unit of- product, and those deriving from changes in the 
relationship of unit prices In the electricity sector and various 
manufacturing -sectors,, since such changes vd.ll also affect the coefficients 
of the Leohti'ef matrix. 

These difficulties added to the scarcity of statisfactory statistics in 
the greater part of Latin'^merica make it necessary to set aside the 
input-output model in analysing projections of electricity demand in 
the countries of Latin America,. 

3. Direct and research methods .. 
These methods include mainly procedures of direct consultation with 

industrial" undertaking:! - at least with all important undertakings and 
a selected sample of other undertakings - and a sample survey of probable 
trends-, in household consumption. . 

Although these direct methods" In many "cases supplement the indirect 
methods already analysed, which employ mathematical formulae, they are 
used in some countries as the basis for projecting electricity demand. 
Such is the case in the United States where,.- apart from the existence 

• -..,of an excellent basis of statistical data, this work is greatly facilitated 
by the fact that the major part of the electricity generating industry is 
in the hands of undertakings whidh supply relatively restricted and 
homogeneous geographical areas and are in "a position to analyse the 
situation in their own area of operation and have fairly reliable 
information about it. 

^ Normally a group of companies - including both privately and 
publicly-owned companies - whose generating stations are within a given 
geographical area interconnect such stations, thereby forming a pool 

/generating and 
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g e n e r a t i n g and d i s t r i b u t i n g e l e c t r i c i t y i n such a way as t o b e n e f i t a l l 

members* I n t h e s e c i r c u m s t a n c e s , each member o f t h e p o o l i s r e s p o n s i b l e 

f o r s u p p l y i n g t h e c o - o r d i n a t i n g g r o u p wi th i n f o r m a t i o n r e g a r d i n g t h e 

c h a r a c t e r i s t i c s o f i t s p r e s e n t l o a d diagram, and a f o r e c a s t f o r t h e 

immediate f u t u r e - i n i t s own consumer s e c t o r . , . The data a r e l a t e r b rought 

t o g e t h e r t o de termine t h e o v e r a l l d iagram and .the-maximum l o a d f o r e c a s t 

f o r the - . ' i n t egra ted system, t h e ; l a t t e r b e i n g t h e most important , p a r a m e t e r , 

s i n c e g e n e r a t i o n i n t h e U n i t e d S t a t e s i s p r e d o m i n a n t l y t h e r m a l . The . 

f o r e c a s t s o f t h e v a r i o u s p o o l s a r e i n t h e i r . t u r n i n t e g r a t e d f o r the 

whole c ountry a t the s i x t h monthly m e e t i n g s o f t h e E l e c t r i c Power 

Survey Committee o f the E d i s o n - E l e c t r i c I n s t i t u t e » 3 / 

W i t h i n the ' s t a t i s t i c a l sampl ing c a r r i e d o u t b y each company i n i t s 

consumer s e c t o r , a t t e n t i o n s h o u l d b e dravn t o t h e f o l l o w i n g c h a r a c t e r -

i s t i c s as b e i n g o f s p e c i a l i m p o r t a n c e : ( a ) , .the number o f houses under 

c o n s t r u c t i o n ; and ( b ) b u i l d e r s ' p l a n s r e g a r d i n g t h e i n s t a l l a t i o n o f 

e l e c t r i c a p p l i a n c e s , e l e c t r i c h e a t i n g and a i r c o n d i t i o n i n g . As t o 

e l e c t r i c h o u s e h o l d a p p l i a n c e s , a c a r e f u l d i s t i n c t i o n i s made between 

normal r a t e o f growth o f i n s t a l l a t i o n and f a s t growth r e s u l t i n g f r o m 

s p e c i a l s a l e s programmes, i n c e n t i v e s o f v a r i o u s k i n d s , e t c . These a r e , 

a f a c t o r o f g r e a t i m p o r t a n c e i n t h e e conomic system o f t h e U n i t e d S t a t e s . 

Large numbers o f t h e p r i v a t e and p u b l i c e l e c t r i c i t y companies c a r r y ou t 

t h e i r owi p romot i ons programmes f o r s p e c i f i c e l e c t r i c a p p l i a n c e s with , 

t h e d e l i b e r a t e purpose o f t a k i n g up t h e s l a c k i n the l o a d d iagrams , 

t h e r e b y improv ing t h e l o a d f a c t o r and a s a r e s u l t the p r o f i t a b i l i t y o f 

t h e u n d e r t a k i n g . I t i s c o n s i d e r e d , f o r example, t h a t i n some c a s e s an 

i n c r e a s e o f one per c e n t i n t h e l o a d f a c t o r o f a system w i l l i n c r e a s e 

t h e n e t p r o f i t s f rom g e n e r a t i o n b y up t o 6 p e r cento 

Wi th in t h i s same g r o u p , a l t h o u g h o f a c o m p l e t e l y d i f f e r e n t k i n d , 

i t i s p o s s i b l e t o i n c l u d e t h e p r o c e d u r e s u s e d i n c o u n t r i e s wi th a 

c e n t r a l l y p lanned economy-, and i n p a r t i c u l a r t h e USSR, where p r o j e c t i o n 

'of '1 e l e c t r i c . : p o y / e r consumption i s p a r t o f t h e e l e c t r i c i t y " P l a n " . For 

3 / See "Prob lems o f l o a d f o r e c a s t i n g and' t h e g e n e r a t i n g c a p a c i t y t o 
meet t h e s e l o a d s " ( S T / E C L - / C 0 i 3 F „ 7 / L c 1 . 1 5 ) . 

/ t h i s p u r p o s e , 
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this purpose, use i s made of what are known, as consumption "norms" 

or specific consumption per .industry in klih per unit of product, 

expressed not only in current terms but also forecast for the future, 

account being taken of technological developments. 

-It might be.thought that projection work would be greatly complicated, 

even in countries with a completely planned economic system, i f account 

i s taken of the independent private consumer sector for which i t i s more 

d i f f icu l t to f i x consumption norms,... As in those countries, however, . 

potential demand for the, majority.-of consumer goods has not yet been 

satisfied, the problems arising.from possible saturation of supply do 

not-usually arise. Furthermore, i t i s only in recent years that the 

standard of , l iv ing has increased to any noticeable extent in those 

countries, and that the problem of determining volumes of production 

and price policies in consumer goods sectors . is , as a result, l ikely to 

become very much more complicated. 

/ H . INTERDEPENDENCE 
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XI. INTERDEPENDENCE BETWEEN ELECTRIC ENERGY SUPPLY AND DEMAND 

There is a close relationship between the two-terms of the electric 
_energy-equilibrium equation, which the stress laid on the aspects relating 
to, the projection of demand tends to obscure. 'Thus, i t has sometimes, 
happened that a projection has been almost exactly borne out by reality 
even when the bases on which i t was constructed were entirely fa lse . And . 
the reason is not that the projection concerned was satisfactory,: but 
that, the, company or companies responsible for the provision of electricity 
adapted their expansion and price policy to the projection and'demand in 
turn adjusted i t s e l f to supply. 

Such is clearly the case with those countries - and there are many, 
of them in Latin America - where restrictions on electric energy consumption 
are in force, both as regards the connexion of new services and.the u t i l i -
zation of existing connexions. Demand is thus•artificially constricted, 
and confines i t s e l f to making immediate use of any expansions, of installed 
capacity. Litt le can therefore be deduced from the behaviour of demand 

f in ••such circumstances, except the conclusion that i t at a l l times exceeds 
the. supply that generating capacity can offer . In cases of .this kind, up 
to the time when the unsatisfied potential demand is covered, an/analysis 
of the projection of total demand is of l i t t l e help in establishing a 
pal icy,for the expansion of installed generating capacity. It should 
be noted that in these instances future installed'capacity cannot be 
•correctly determined by adding to the estimated amount of the existing 
deficit an extrapolation of the growth of demand in recent years, .since, 
in relation to i t s future behaviour once i t is freed from i t s d i r e c t 
dependence on supply, demand may have heen abnormally low or. abnormally 
high. 

c Another aspect of this interdependence is constituted by price 
policy in the electricity sector. This i s a question of 'the greatest 
importance, which is specially arid more thoroughly discussed in another 
secretariat document to be presented at the Seminar.^' It is the more 
significant, inasmuch as in some Latin American•countries radical changes 

%! See ST/ECLA/CCNF.7/L.1-30, 
/have taken 
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have taken place in this lie.?/'. during recent years - changes which may 

affect the future behaviour ..of demand in relation to more recent experience. 

It* i s a Well-known fact, that electricity t a r i f f s in the Latin American 

countries'have lagged far.behind the. overall inflationary' pro cëss; that ';isy;v: 

in real term's, .the cost of electric energy has fal len. In qualitative terms, 

this i s in no wise exceptional, since the electricity industry in general 

constitutes a typical example of those sectors of industry in which produc-. 

t iv i ty increases faster than in the rest of the economy -" particularly the ,.• 

manufacturing sector - , which means that t a r i f f s may rise at a-relatively 

slower rate than the overall price index without greatly affécting the-

profit levels of the undertakings, concerned. 

In some Latin American countries, however, this lag has been more 

considerable than was to : be expected, especially as at the'same time the. ;< 

productivity of the sector, and,, in particular, specific consumption of 

fuel in thermal generating plants, has remained stationary or improved • . ,... 

very sl ightly. 

Broadly speaking, this situation has been made possible by means' 

of fuel subsidies; for example, through a multiple exchange rates policy, 

or through direct subsidizing or decapitalization of the companies producing 

electric energy. 

Of particular interest for the purposes of the present study i s the 

relation between the volume of energy sales and the price policy of the 

public u t i l i t y company, ,The price-elasticity of demand is especially 

important- in the case of those, mass consumers for whom the high level of 

electricity demand per unit of value added makes the price of electricity 

an 'important item within the aggregate costs structure. Consequently, 

the study of special t a r i f f s is of great interest' in the case of' these • 

consumers, especially when they, accept the condition of restriction of .;. 

demand during critical-periods, thereby enabling the supplie'r company''t® 

take up the slack in the load diagram-. This aspect is particularly useful 

when the replacement of a conventional manufacturing process by one implying 

more intensive consumption,of electricity is under study, as in thé case of 

electric furnaces for pig iron or steel in the steel making industry. The 

. / soc ia l profitabil ity 
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social profitability of a substitution of this kind may well be conditional 
upon tariff and consumption arrangements, since otherwise the rate of 
return <*n profits offered to the steel making firm (to pursue the same 
example) by the process involving more intensive consumption of electricity 
may be moire than offset by the additional investment required of the 
electricity sector in order to cover the increment in the peak demand of 
the industrial sector. 

III. METHODS OF PROJECTION OF DEMAND USED IN LATIN AMERICA 

In a separate secretariat document on projections of demand for 
'••'•• 5/ electric power in Latin America,—' the projections formulated in the 

leading consumer countries of the region are analysed in detail. Some 
of the conclusions which can be drawn from this analysis may usefully 
be summed up here. 

Broadly speaking, the three'types of methods indicated in the fore-
going chapters are seen to be applied, sometimes eclectically and not 
always in such a way'as to be clearly distinguishable. An extrapolation 
of recent expérience is used as a basic datum for forecasts of the future, 
but' with the necessary adjustments. Thus, for example,' owing to a variety 
of factors - but essentially in view of the need to cover the installed 
capacity deficits existing in most countries -, projections frequently 
postulate a twofold hypothesis with respect to the rate of- growth of 
electricity capacity and demand. A preliminary figure, a good deal 
higher than the average for the past five or ten years - in the neighbour-
hood of 12 or 13 per cent yearly, for instance, - is assumed for the 
next few years, or, in Other words, for the period needed to make up the 
deficit; and a second an lower figure, generally about 9 or 10 per-cent, 
for the second half of the 1960-70 decade, when the demand which at present 
cannot be covered for want of equipment had been satisfied. In other words, 
the future is diAdded into two phases - one of accelerated growth during 
the"transitional period and another of growth which might be termed normal 
or balanced. Examples of this type are afforded by Argentina, Chile and 
other countries. In many cases, too, the different regional growth rates ' 
are taken into accountj in accordance with the different conditions' prevailing, 
5/ See ST/ECLA/CONF.7/L.1.11. " /The projections' -
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The projections which have been described here as "second-stage", and 
in:which electricity consumption is related to .specific.macro-economic 
variables, have also been employed with considerable frequency. Among 
them, as can be seen in the study cited, the projections embodied in 
plané formulated round about 1955 have generally proved over-optimistic, 
partly because the assumption adopted as to the rate of growth of the 
product was far from being borne out by experience, and, in consequence, 
neither were the resources contemplated in the programmes allocated to the 
electricity sector. 

rtress should be laid on the differing degrees to which the methods 
analysed can be adapted to the economic structure of the country coricemed. 
If, as is thè case in Chile and Peru, industrial consumption'accounts for 
three fourths of total electricity consumption, a much, more detailed estimate 
must obviously be made of the realtion between demand in the electricity 
sector, the expansion' of the manufacturing sector and the interdependence 
of this and the growth of the product. Such observations acquire special 
importance in cases like those of Argentina and Brazil, for example, where 
the countries in question intend to introducé considerable changes in their-
industrial structure, especially in the basic branches of heavy industry, 
over the short or medium term. 

It is also important to emphasize the need to.exclude both first - and-
second-stage projections those sectors of electricity demand whose growth 
depends upon extremely unpredictable external factors beyond the programmer's 
control. This a" ' 'ice to copper in Chile and to Cuba's sugar mills.. Such, 
a procedure is necessitated not only by-methodological rationality but by . 
economic facts. From the standpoint of the expansion of public utility 
capacity, an increase in demand for electricity on the part of producers 
in these branches of industry is not, of direct importance (although it 
does indirectly bear upon the question because of its influence on the 
overall rate of development), since this additional demand will be 
satisfactorily covered by the producers themselves, on the basis, of their • 
own resources, Only when the generating szid/or consumer centres concerned 
are interconnected with the public utility networks must the progr'ammer of 
the latter take into account the direct impact'of the expansion of these > 
sectors of demand. 

/In this 
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In this case, as in that of big industrial undertakings which do not . 
generate their own power and are entirely qr preponderantly dependent 
upon the public utility., supply, a. direct inquiry among these consumers 
must be recommended. 

-. Lastly, it should be pointed out that .in some Latin American countries 
methodological problems relating to projections of demand are of purely 
theoretical interest, since the voracity of demand is so disproportionate 
to the hopelessly inadequate supply that only restriction of the resources 
that can be allocated to investment (both as a whole and for the electricity 
sector) will effectively curb the expansion of the demand in question. 

.. It.is equally difficult and hazardous to attempt a reasonably realiable 
prediction of future demand in areas to which an electricity service is 
•being carried, for the first time or whose supply has been dependent in 
the past on Inadequate installations. 

The relative weight which must be given to the various results 
obtained for one and the same country by the application of the different 
methods of projecting demand for electricity obviously depends upon the 
special characteristics of the case under consideration. If the said 
demand has been repressed in the recent past by supply restrictions or 
by stagnation of the development process,, or by a combination of both, 
little relative importance can attach to extrapolation of the historical 
trend. This would apply to Argentina and Chile, for example. 

Second-stage methods, and especially those which relate demand for 
electricity to the development of manufacturing industry and the rise in 
the level of disposable income, must be the more carefully considered, the 
more radical is the structural change foreseen "in the economic system and 
the more intensive the estimated future' rate'of industrialization,' Argentina, 
Brazil and Venezuela constitute cases in point. 

Direct or inquiry methods, in their turn, are the more necessary the ; 
greater the degree of aggregation of the industrial plant, especially in 
industries with a high input of electricity per unit' of Output. It is a 
well-known fact that statistical methods using a regression analysis,are 
''satisfactory''"when a'numerous ; and homogeneous group or universe :has to be j 
deailt'-'wlth. -Such Is not the case in Venezuela', as regards the .demand forr 

/electricity of 
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electricity of the Caroni industrial complex, and therefore, in this as 
in other similar instances, a direct estimate of the probable consumption 
concerned, based on consultation of the interested companies, becomes 
necessary. 

For a similar reason, in projections based on a regression analysis 
- as is the case with most-of the type (a) and (b) methods - it is as well 
to exclude sectors of demand which are of great importance, but whose rates 
of expansion and/or electrification may be considered likely to differ 
from those of the rest of the economy. This procedure was followed, for 
example, in the projections of demand for electric power embodied in the 
official plans of Cuba (sugar), Chile (copper) and Venezuela (petroleum). 
It is the more justifiable inasmuch as these demands do not influence 
public utility expansion programmes, since the industries concerned generate 
their own electricity and interconnexion with public utility services is 
slight or non-existent. 

When satisfactory statistical data are available, the analysis of 
demand should be carried out by geographical areas, in order, among other 
reasons, to furnish material that can be used in planning area development, 
apart from the reduction of probable margins of error which can be achieved 
by lowering the degree of aggregation of the base for the projection. This 
was done in the'Argentina electricity study and in the expansion programme 
of ENDESA, in Chile. 

In some programmes - especially those prepared by Electricité de France -
two. rates of increase of demand are generally adopted. The first and higher 
is assumed for the early years of the programme in view of the need to make 
up existing deficits, while the second and lower is postulated for the 
subsequent period. These figures are in the neighbourhood of 13 and 10 per 
cent respectively. 

. IV. ANALYSIS OF CHANGES IN THE LOAD FACTOR 

The load factor is the most important of the parameters which help to 
characterize - although of course they do not unequivocally determine - the 
load diagram or demand function through time in a centre with à Certain 

/level of 
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level of consumption» The energy consumed over a specific period of time, 
which is the variable generally used in the different methods of projection, 
is the integrel of the said demand function in the interval under conside-
ration, and the load factor may be defined as the quotient of this integral 
and the product of the maximum value of the function multiplied by the given 
period-of time, usually one year or 8 760 hours. Geometrically, i t measures 
the ratio between the area contained by the .demand curve and the time axis, 
and the rectangle demarcated by the maximum value of the said demand,curve 
and the time interval considered. If the time interval is excluded from 
this quotient, the result m i l give, instead of the load factor, what is ..... 
generally termed operating or utilization time. Care must be taken that no 
ambiguity exists in respect of coefficients that are similar but relate, to 
installed generating capacity instead of to maximum demand. 

As has already been stated, projections as a rule are concerned with 
the figures for total energy consumption in the course of a year. Expansion 
plans, however, have to be formulated in terms of the capacity to be. installed. 
Thus, it" i s n e c e s s a r y t o assume a s p e c i f i c l o a d f a c t o r and, s u b s e q u e n t l y . -

a margin of reserve between the system's maximum demand and installed capacity, 
in order to formulate the corresponding plan for the expansion of generating 
plant and i t s distribution among the various sources of energy (thermal, 
hydroelectric, nuclear, e t c . ) . , 

One possible hypothesis is to adopt a load factor for.the near .future 
equal to that existing at the moment when the projection i s made. This 
procedure would seem to be quite reasonable, save in exceptional cases, since 
changes in the load factor come about fairly slowly, and very great variations 
cannot therefore be expected in the course of more or less short periods like : 

those under consideration. Again, in the case of the Latin American countries, 
the assumption that for the next five or ten years the load factor wil l be 
much the same as at present or similar to the average for the last few years 
has the advantage.of introducing some degree of rel iabil ity into the projec-
tions, since the trend is towards a slow increase in the load factor, mainly 
attributable to the progressive industrialization of their economies. 

/Tables 3 

/ 
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Tables 3 and 4 include data on average values, standard deviations and 
coefficients of variation of the load factor for some Latin American electri-
city systems during the.last twenty years. It will be seen that the changes 
take-place relatively slowly and-the coefficients, of variation, are comparati-
vely low. . . :... :->; 

• In the formulation of..a hypothesis- on the behaviour of the load factor 
during a future period of time, . care must be taken to avoid the mistake of 
extrapolating results deriving from abnormal circumstances, if the aim is to 
eliminate the causes of that very abnormality,, Thus, in the case of Greater 
BuenOs' Aires it would be erroneous, to assume a load factor equal to or slightly 
greater than the present one, the relatively high value of which is due to 
restrictions of the service which result in the taking--up of slack in the load 
diagram and consequently in an increase in.-the value of the load factor. If 
the considerable installed capacity deficit' were successfully eliminated in 
the course of the next few years by means of a high rate, of investment, the 
load factor would in all likelihood substantially decrease. 

Another factor of vital im̂  ortance is the degree of interconnexion 
characterizing the system and the prospects for -the incorporation .of new 
networks in the future, 
' ' .' An electricity system has already been defined a.s a set.of, generating 
and consumer centres such that each' of them has at least one link (transmis-
sion l'ine) with the rest of the set* Each consumer centre, in its turn, is 
characterized by its own demand function and will-therefore have its own 
specific load factor. It is an easy and intuitive process to prove mathema-
tically that the demand function resulting from the sum-of a finite number of 
individual functions --' that is, what will ultimately be the load curve and/or 
diagram of the interconnected systemhas a load factor which is always, higher 
than the minimum individual factor and lower than the maximum and which is 

5 relatively nearer to the values for the consumer centres whose weight or impor-
tance within the system is greatest. • 

One way of measuring the advantages of interconnexion from the standpoint 
of consumption consists in determining the so-called coefficient of diversity 
between 'several load diagrams,. -This coefficient can be defined as the quotient 

' ' / T a b l e 3. 
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Table 2 

AVERAGE VALUES AND CÔEFFICÎENTS ÔP VAR1ATI0N OP THE LOàD FACTOR, 

System 
Average 

value 
Dispersion 

Coefficient 

of variation 
* 

Buenos Aires O.528 .0.0034 11.o4 

Cordoba 0.1*55 0.001.86. 9.48 

Caracas " ' 0.506 0.0019 8.6 ... 

La Paz-Oruro 0.555 0.0009 5.4, 

Guayaquil 0.533 0.0016 7.5 

Santiago O.53O : 0.0004 3.77 

Table •+' 

ENERGY AND D M » : AVERAGE VALUES AND DISPERSIONS OP THEIR RATES OF GROWTH, 1937-58 

(Values In terms of annual percentages) 

Average value Standard deviation 

*/• Energy 
Maximum 
demand 

Energy 
Maximum 
demand 

Montevideo 8.94 9.34 2,15 4.83 

Buenos Aires 5.47 5.18 3.71 4.51 

Santiago 4.58 4.23 2.70 4.91 

a / The "energy" values correspond to annual generation. 

/of the 
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of the.jsm..pJLthe maximum demand of the various centres and the maximum value 
of the sua.- function. Intuitively, it measures'the" dispersion-through time 
of the maximum loads of the individual centres, 

It""is""usually-assumed...that..the development of industry tends to increase 
the load factor owing to the- greater regularity of electricity consumption-- in 
the manufacturing sector, which, moreover, uses power at times when household 
consumption is lower. A somewhat different opinion was expressed by the 
Netherlands Planning Office -in its reply to the E^E's questionnaire in 1956. 
According to this source, an analysis of the data for 20 years leads to the 
conclusion that the operating time - that is apart from a constant of propor-
tionality, the- load factor -.is.approximately proportional to the fourth root 
of the number of consumers, which thus appears as the principal determinant 
variable. On the other hand, the effect of the volume of industrial produc-
tion on the -said-parameter could not be precisely established. 

A - PROJECTIONS 
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V. PROJECTIONS PRGGR,.] IHKG FOR THE ELECTRICITY SECTOR AS PART 

OF OVERALL ECONOMIC DEVELOPMENT PROGRAMMING -" 

It is clearly apparent from both the present study and other documents 
submitted by the secretariat to this Seminar that there should be a close 
relationship on the one. hand, between projections of demand and programming 
of the expansion- of supply within the electricity sector i t s e l f , in vièw of 

...their-interdependence, and, on the other, between both these activities and 
overall development programming6 

/•.though no attempt wil l be made to enter upon an exhaustive analysis 
of the question, some aspects of that relationship should be pointed out which 
are of interest to those responsible for taking decisions in respect to the 
expansion of the electricity sector. 

The allotment of resources i s conditioned by the order of priority in' 
an integrated economic development programme, xvithin x̂ hose context the 
electricity sector should be placed. 

Studies that make a general analysis of the economy and sectoral growth 
requirements in relation to a particular rate of increase for the gross 
product show the amount of capital that should be assigned to the individual 
sectors in. accordance with technological capital productivity relations. 

In this way a rough idea can be obtained of the definitive figures for 
capital formation in the different sectors, since these should be modified 
in accordance with, technical production, alternatives, practical possibil it ies 
of implementation, the time required for investments to mature, the resources 
needed to bring to completion Investments in projects that are being executed, 
etc. 

The projection, of demand i s the f i r s t step towards assessing the amount 
of resources required for electric power development, this being a preliminary 
estimate for comparing with the total resources of the economy and determining 
the possibility of obtaining funds. 

In this respect, i t should be pointed out that there are some structural 
relations between a country's total capital formation and the amount assigned 
for investment in the electricity sector. These relations should be care-
ful ly reviewed because they' need to be adapted to the particular conditions 

/prevailing in 
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prevailing in each country ai regards, on.the one hand, the current . 
electricity deficit, the magnitude and period of the projection and the 
changes in production sites and, on the other, the national aggregate of 
possible sources of energy. 

In his study, The Design of Development, Mr. Tinbergen refers to 
energy and transport as being the two most typical cases of the pehnomenon 
of complementarity in investment, which leaves the planner little room 
for making hard-and-fast decisions. In the case of transport and communica-
tions, the author points out that the relevant sectoral coefficient, i.e. 
investment in the sector as a proportion of total gross investment, has • 
remained fairly constant, varying from 20 to 25 per cent in countries with 
both differing structures of production and consumption and different 
levels of developmento For instance, the order of magnitude of the coef-
ficient for the energy sector to judge by the experience of Latin America 
which is analysed in this pr.per and is corroborated by that of a number of 
European countries and of the United States, fluctuates between 10 and 15 
per cent, electric energy usually constituting about two thirds of the 
total, i.e., 7 to 10 per cente 

However useful it may be for pianrE rs to possess some knowledge of 
these orders of magnitude, they should not be observed so strictly as to 
militate against the flexibility with which a programme should be prepared 
by the person responsible. Thus, in the particular case of electric energy, 
it should be remembered that its utilization as an intermediate good in 
the form of an input in the manufacturing and mining sectors constitutes 
iittle more than half total consumption» The remainder forms part of 
the vector of final demand, and its rate of growth is largely conditioned 
by decisions on the part of the energy supplier as regards supply and price. 
In other words, although the role of the income-elasticity of electric 
energy demand should not be overlooked, due consideration should also be 
given to the role of the price-elasticity, not only of energy, but of 
demand for the durable consumer goods with whose inventory and sales levels 
domestic energy consumption is so closely connected. 

Even in the case of industrial consumption, complementarity has its 
limitations, particularly in the case of the technical processes that are 

/intensive electricity 
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intensive electricity consumers - the intensiveness being generally measured 
by the number of kWh required per unit of weight or of value added -
since they are often replaceable by processes that use other sources of 
energy. The price-elasticities of such processes are obviously high; this, 
apart-,from being a sign of the relative lack of inflexibility in the sectoral 
coefficient of investment, demonstrates the need for a rational policy, i.e. 
for tariff differentiation and analysis of demand'"curves'•with- respect to the 
sale of energy to the industrial sector, in order to ensure optimum utiliza-
tion of national resources by that sector. 

It has already been pointed out that the allotment of resources for 
energy production should be proportionate not only to the corresponding 
allotment for industrial production but also to the estimates of foreseeable 
expenditure in those durable consumer goods or capital goods (housing) that 
are related to the welfare of the people 
, ., : This type of study is not common in Latin America, but is nonetheless 
urgently needed. It may happen, for instance, that production of durable 
household goods is expanded by means of different economic measures at a 
time when there is an acute energy deficit. The expansion aggravates the 
deficit, leads to an even greater shortage of energy for other activities 
and ties up savings in an activity of doubtful' priority. 

Another highly important aspect to bear in mind is that, given the 
relative amount of investment in the electricity sector, the selection of 
the best programme of projects.and the establishment of an order of 
priority for these projects within the sector cannot be independent of 
general decisions on the amount and distribution of investment required 
for income to attain a certain rate of growth. 

As regards this aspect, two very important problems have to be dealt 
with in programming the expansion of the electricity sector;' one concerns 
the .relationship between the' hydroelectric and thermal capacities to be 
installed, and the second, the distribution of total expenditure among 
generating equipment, transmission and interconnexion lines'1 and primary and 
secondary distribution networks. 

The two technical alternatives for electric energy production which 
are important for adjusting the allotment of resources are thermal and 

. /hydraulic plants. 
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The method of financing may also play a part in determining the type 
of generation chosen. If a project can be financed by external resources 
on favourable terms as regards the rate of interest and amortization 
periods, it might be worth while to pay more at the outset, on the under-
standing that the.saving in annual costs will offset the servicing of the 
loan, particularly if the fuel for operating the thermal plant has to be 
imported. 

It is very difficult to explore possibilities'in the abstract without 
reference to specific cases. But there is no doubt that for programming 
electric energy development, it is necessary to have a clear idea of the 
variables, that affect each of the two systems and adopt a generating 
policy that would combine the different factors and thus lower the social 
co.sts. 

The implementation period is occasionally a decisive factor in the 
choice of production techniques. From the economic standpoint, the longer 
it takes to carry out a project, the longer it will be before there are 
any returns on the capital invested in the different stages. This raises 
the cost, if the interest not produced by the capital during the period 
of execution is computed as part of the cost. Nonetheless, the operational 
economies that result from hydroelectric generation may compensate for the 
. fact that the capital takes longer to yield returns, and clinch the 
question of the desirability of this type of generation. 

It should be pointed out that when an electric energy development 
programme is in full process of execution, the supply of pox̂ er will increase 
in the form of a discontinuous curve, but with minor jumps, since the 
project is implemented and the plant made ready for operation in such a 
way as to invalidate the objection concerning the waiting periods for 
electricity supplies, although it may still prevail in specific areas. 
Of course,.if these comments are to be applicable, a programme must exist 
in which the successive projects and the various stages of the preliminary 
studies - draft project, project and execution - are combined clearly and 
effectively within the stipulated time-limits. 

The establishment of the respective proportion of hydraulic and thermal 
regeneration in a programme for electric energy expansion naturally has its 

/technical limitations. 
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technical limitations. The ir.ost obvious limitation is of. course the lack 
of water. Conversely, even when there is an abundant supplyof,.draft 
projects for hydroelectric plants that are easy of access and. have a low, 
unit cost, the need'to guarantee the respective po\̂ er generally entail 
a certain supplement of'thermal power,-

But even within these limitations there is scope for choice on-.the 
basis of purely economic considerations. The possibility of choice plays 
an important part in determining the total amount of investment.in the 
sector, and therefore, the sectoral coefficient, owing to the difference 
between the capital intensity of each type of plant and the length of time 
needed, for construction,, Although the relation between the two .intensities 
varies appreciably in accordance with specific circumstances, its distribu-
tion is asymmetrical, the cases in which the capital cost of a thermal 
plant exceeds that of a hydro plant being exceptional. Hydroelectric 
works, on the other hand, arc characterized by .practically no inputs, of 
fuel at all and a level of labour productivity that is- slightly higher. 
than that in a thermal plant. Hence, this is a typical example, of a 
choice between two techniques, one or which requires a larger unit input 
of capital but smaller inputs of all the other production factors. 

Economic development theorists have repeatedly argued that, in the 
case of under-developed countries, there is an undue tendency., in dealing 
with this type of problem to decide in favour of the process that involves 
more capital formation. This is mainly because the structural, disequilibria 
affecting the economic Systems of such' Countries tend to widen the gap 
between market prices and intrinsic or-equilibrium values, i.e„. those 
whose consideration would, lead to rational decisions and the-best possible 
distribution and use of resources. Thus, for instance, it may. be concluded 
from, an analysis of these' economies that so long as the rate of interest 
that prevails in the capital market for reproductive investment is lower .than 
the assumed level of equilibrium, the level of wages - large3_y because , of the 
political and social pressure of the trade unions - is higher than equilibrium 
value 

6/ With respect to the last point,.the ravages of inflation in some Latin 
. American-countricc ~.c.y have led to a decline in the level of real wages 
which has brought them clcccr equilibrium value, 

/Beth disequilibria 
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Both d i s e q u i l i b r i a have a c o i n c i d e n t o r cumulat ive e f f e c t on t h e 

above-ment ioned prob lem o f c h o i c e i . e . t h e y t end t o t i p the b a l a n c e i n 

f a v o u r o f the a l t e r n a t i v e w i t h h i g h e r c a p i t a l i n t e n s i t y and l e s s c u r r e n t 

I n p u t s . Hence, many e c o n o m i s t s b e l i e v e t h a t f i c t i t i o u s o r book v a l u e s 

should be- u s e d , s i n c e t h e y would r e p r e s e n t the i n t r i n s i c v a l u e s o f the 

d i f f e r e n t p r o d u c t i o n f a c t o r s i n the economic system more a d e q u a t e l y . 

. T h i s , p o i n t must be "emphasized because i t i s o f the g r e a t e s t importance 

f o r Lat in America , a r e g i o n i n which the d i s e q u i l i b r i u m i n the l e v e l and 

s t r u c t u r e o f the whole gamut o f r a t e s o f i n t e r e s t i n c e r t a i n e conomies 

a f f e c t e d by i n f l a t i o n has reached a p o i n t where the bank r a t e has o f t e n 

been many, t imes l o w e r than the r a t e o f i n c r e a s e o f p r i c e s , which means 

that- the. r e a l r a t e o f i n t e r e s t had a n e g a t i v e v a l u e . 

Again , i n some c a l c u l a t i o n s r e l a t i n g t o p u b l i c investment, the e r r o r 

i s a g g r a v a t e d , s i n c e t h e . r a t e a d o p t e d , i n s t e a d o f b e i n g t h a t o f bank i n t e r e s t 

on t h e c a p i t a l market - which i n i t s e l f would be lovrer than the e q u i l i b r i u m 

v a l u e - , i s t h a t a t which i n t e r n a t i o n a l f i n a n c i n g a g e n c i e s l e n d f u n d s , and 

which i s , s t i l l l o w e r than the former-. This e r r o r was p o i n t e d out i n a 
7 / 

s tudy by the I n t e r n a t i o n a l Bank f o r R e c o n s t r u c t i o n and Development,,— 

. There i s , however , a t h i r d d i s t o r t i o n o f the c a l c u l a t i o n w h i c h , i n ' 

the•casé under d i s c u s s i o n - t h a t o f the c h o i c e b e t w e e n . h y d r o e l e c t r i c and 

thermal power s t a t i o n s - , sometimes tends t o o f f s e t , a l t h o u g h o n l y i n p a r t , 

the e r r o r s i n v o l v e d i n the W o d i s e q u i l i b r i a ment ioned a b o v e . R e f e r e n c e 

i s jnade t o the- f o r e i g n exchange r a t e adopted f o r the c a l c u l a t i o n s i n 

q u e s t i o n , which i s u s u a l l y t h a t i n f o r c e i n the f i n a n c i a l marke t s . The 

r a t e i n q u e s t i o n i s l o w e r than the e q u i l i b r i u m v a l u e which would have t o 

be taken f o r the p u r p o s e s o f a n a l y s i n g the impact o f a l t e r n a t i v e ' p r o g r a m m e s , 

and t h i s ,on . severa l a c c o u n t s . From the macro -economic s t a n d p o i n t , i t . i s 

common .knowledge t h a t the c a p a c i t y t q import . c o n c t i t u t e s one o f the b o t t l e -

necks apt t o be i n h e r e n t i n deve lopment programmes, f o r two fundamental 

.reasons ' : i n the f i r s t p l a c e , because o f the d i s p a r i t y between the r a t e s 

o f growth o f income and o f the c a p a c i t y t o i m p o r t ; i n the second p l a c e , 

because t h e . f l o w o f inves tment needed f o r the a t ta inment o f the d e s i r e d 

7/ See Cost of capital in the choice between hydro- and thermal power. 1957. 
/rate of 
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rate of growth necessitates en increase in the investment coefficient, with 
the consequent pressure on the capacity for' external payment, since the. 
import content of investment is higher than that of consumption even in 
those Latin American countries which have made most progress in the domestic 
manufacture of, capital goods. 

In contrast with this relative shortage of foreign exchange for 
development .purposes, a tendency is observable on the part of Latin American 
Governments and central banks to stabilize the' exchange rates for foreign 
currencies as far as possible even during periods of internal inflation, 
and this practice causes the disequilibrium referred to abovef . 

In such circumstances,' as the generation and transmission equipment 
for the. provision of hydro power generally has a relatively lower import 
content^ than that of thermal projects, owing to the preponderance of the 
civil engineering works in the total expenditure, the third distortion just 
analysed helps to make th.3 thermal project more attractive. Thus, the 
effect of the other two di«equilibria on the rate of interest and the 
level of. wages is partly counteracted. 

Brief mention must new be u-ds of the second'problem noted above, 
i.e„., that relating to the distribution of investment among the phases of 
generation,. transmission and distribution of electric energy in a system. 

Firstly, it should be pointed out that the thermal, hydroelectric and 
nuclear alternatives - and, within the first of these., the wide range of 
possibilities afforded by the use of different machinery according.to the 
breadth and characteristics of the market, the supply and price of fuels, 
the available water supply, local conditions, etc. -- differ from one another 

8/ It is' difficult to give precise values, in this connexion, although it 
could safely be stated in general terms that while the import content 
-in thermal plants is a good deal higher than 50 per cent, it is below, 
this level in hydroelectric projects., : It must be borne in mind, however, 
' that given the greater unit cost of the hydroelectric kilowatt, the :: 
absolute values of the.respective foreign exchange requirements may often 
be similar for the two alternatives under consideration. -What is more, 
the exchange rate which is lower than the equilibrium or intrinsic Value 
-may .give- rise to an. unwarranted preference for foreign capital goods in 
cases where domestic production -could compete with imports, by placing 
the former at a disadvantage as regards prices» This in its turn would 
help to aggravate the position with regard to the foreign exchange 
balance„ 

/only as 
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only as regards the generation of electricity. Once thé electricity is '. 
fed into the network, its transmission and distribution display no dis---
tinctive features in relation to its origin. 'This means that the cost of 
transmission lines, given equal distances from the. consumer centres, ap.d . '•• 
that*of distribution, given similar conditions in those centres, would be 
the same in every case. 

In reality, it is'preferable to include the costs of transmitting 
electricity with those of generating it, so that, a clearly differentiated \ 
segment of investment'may cover the whole of that required to despatch- the 
high-tension power in qùestion to the vicinity of the consumer areas, and 
enable the relative" advantages of several solutions to be considered on 
more comparable'bases. 

This point was touched upon in the foregoing pages. As regards the 
electricity,distribution system, it should be recalled that the investment 
required is by no means negligible, For densely populated urban centres 
it may represent amounts equivalent to those needed for the despatch of 
high tension power, while in rural districts - which have a low demographic, 
industrial and consumption density - its cost per kilowatt in raised by the 
length of the secondary transmission lines, 

In this connexion it Is most Important to decide upon technical stan-
dards that, without of course affecting the safety of the service or of 
the consumers, will make possible lower investment through the judicious 
use of materials, tensions, etc. 

It will have been noted that the allocation- of resources is bound up ; 
with both the alternative forms of generation and the possibilities with 
respect to financing. The latter is one of the factors that most strongly 
influences electricity development, since the rapid' growth of .this sector's 
activity me'ans that in Latin America as a whole installed capacity will 
need to be doubled within a! few years (5 to 8), while at the same time, 
because electric power is" a widely used input, its sale price will be a 
cost component in nearly all economic activities, and will .consequently 
affect the general price level. 

These and other considerations have led the -governments in most 
countries to lay-down. regulations establishing rates v.rhich, even when they 

/provide some 
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provide some return with respect'to'operation, do not permit an accumulation 
of profits sufficient to provide any appreciable contribution to the invest-
ment required to double generating capacity within a relatively short 
period. Consequently capital growth in the electricity sector is largqly 
financed by funds from other sectors or from national savings as a whole. 

This transfer of investment funds to the electricity sector is usually 
made by means of government budgets through direct state participation in 
the provision of the service. '• •; • .,,.. 

However, experience has shovm that domestic savings are insufficient 
to provide the capital formation of a country that wishes to develop at a 
rate faster than in the past, even though modest by comparison with the 
aspirations of the community; consequently- foreign.credit must be..used.for 
this purpose. 

From a technical standpoint the electricity sector is well placed to 
finance part of its capital formation with external funds, which can be, 
devoted mainly, in a direct or indirect form, to financing the proportion 
of investment required" for imports (heavy machinery and equipment), while 
national savings can provide construction and other.costs for .domestically 
produced items. 

However, it may also become necessary for foreign.credit to pay for 
at least some of the local currency investment costs of,-electricity, 
especially in these countries where the deficit of installed, capacity is 
so large that the expenditure required to eliminate, it.would endanger 
investment in other sectors. -r.--. ; 

Another basic aspect of the interdependence between programming in the 
electricity sector and general programming relates to the institutional 
and legal framework within which the expansion of the' sector is. planned, 
and to the rates policy governing the public electricity service. Although 
this question is an-Jtysed in greater' detail in .'another secretariat study 

9/ 
on sources of finance for electricity development,—' some comments are 
appropriate here. - . . . 

9/ See ST/^CLA/CONF,7/La.30 
/In order: 
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In order to increase the rate of economic development.-the coefficient, 
of investment must be increased x̂ rithout affecting the rational sectoral-
distribution of the total available resources. To attain this, aim without 
restricting the population's levels of consumption, and to. establish the 
necessary conditions for a gradual and steady increase in the coefficient 
of internal savings, It is usually assumed in development programmes that- -
the contribution of fo'reign capital will provide the balance that cannot, 
be financed internally during the transition period, until-a-level of-.-
internal savings has been reached that will alone suffice.to maintain, the 
required rate of development ^ 

Consequently, within this framework, the size of the.contribution in 
foreign capital depends on the rate of growth of the coefficient of domestic 
savings'during this transition period. In this field, ,as in others, proper 
programming for the' sector obviously.requires that, there will be no incon-
sistencies with the general assumptions of the programme.. 

For example, it would be illogical to establish, within .the general- -r.':. 
economy of a development programme, premisses in the macroeconomic part with:-
respect to the volume, and form of the contribution of foreign capital or 
domestic private capital—^ without at the same time ensuring means, of . 
access for such capital through administrative and legal -provisions. . .--; 

Thus it is necessary to adopt a definite policy with respect .to the „-,:; 
participation of private capital in electricity expansion within the frame-,-, 
work of overall financing, taking into account, both its present level and 
the level postulated for the future. If the decision is against using 
such sources for electricity expansion, steps must be taken to verify that 
the state enterprises or the organizations concerned can provide the -funds 
required, to carry the whole weight of the programme. This evaluation, in 

10/ This does not of course rule out the continuation of external,.financing -'• 
to the extent considered desirable, even after this aim has been achieved,-. 
since to do so would make it possible to raise the target rate-. •'--• 

11/ It is hardly necessary to point out that there-is' no reason why these 
overall macroeconomic coefficients of investment should be attained in 
each sector, since they are based on averages of values that vary, 
sometimes considerably, between different sectors or different branches 
of the economyc 

/turn, should 
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turn, should be in relation to the percentage of the national income 
represented by government expenditure (which in the western world is usually 
between 10"per cent and 33 per cent), and to the relevant items of investment 
and expenditure in the government budget. 

It is particularly important to ensure an adequate flow of funds into-' 
such sectors of the economy as the electricity sector, in which demand ' "' 
increases much faster than revenue-. In such cases, even if it is assumed '•"' 
that the net profit rate: is reasonably high - and this is notoriously not 
the usual'situation in electricity enterprises, whether state or private -, 
and that the coefficient of reinvestment on these profits is also high, ' : 

it is highly unlikely that the resources produced within the sector in the 
way of net profits and amortization funds will be sufficient to ensure the 
expansion required for -the balanced growth of the economy. In this connexion 
it should be noted that excessive autofinancing by means of a specific tax 
on the sale of power, for example, affects marginal costs, and consequently 
distorts the price structure and the process of selection by the consumer/ 
and thus leads to a less than optimum use of resources. 

Another way in which the structure of the electricity programme is 
closely linked with that of the general development programme relates to 
the scale of the engineering works and the order in which they are carried 
out. It has been rightly said that the programming of economic development 
basically implies the selection of a system of priorities through time. 
In other words, in the electricity sector, as in the rest of the economy, 
once a suitable portfolio of workable projects is available, the question 
is not to give any of them up, but rather to postpone some in favour of 
o t h e r s . - ^ 

With respect to scale, although there are many important aspects to' 
consider, this paper can do no more than indicate the need to achieve the 
right balance between economies of scale- on the one hand, and the flexibility 

12/ Obviously the postponement for a long time of certain projects may well 
mean their eventual abandonment if technical advances or subsequent 
economic conditions give rise to new projects that can with advantage 
replace the original projects. 

/of the 
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of the expansion programme, on the other. . Like any.other form of strategy 
adopted to deal with a .comparatively uncertain future;situation, a programme 
of this kind should he flexible enough .to allow of changes .in decisions 
taken with respect to the future if the behaviour of external factors is. . . 
substantially different from the prospects on which the programme was 
based. 7 This argument obviously militates against the execution of. large-
scale projects, whereas modern technology favours them in view of the 
considerable economies of scale.. 

The instability of Latin American economies makes it necessary to give 
due attention to this flexibility In. programmes. Experience shows- the. 
close relationship between investments and the capacity for external , 
payments, and the strong influence on the latter of variations in the .. 
•terms of trade,. particularly as a result of fluctuations in the prices 
of primary commodities on the world market. 

If, for example, the capacity for external payments is restricted in 
order to maintain-a" balanced expansion of the economic system, there must 
be a reduction in investments with a relatively high import coefficient, 
such- as electricity plants. If on the contrary total investment is 
reduced, and thus-the rate.of growth, maintaining the increase in the 
capacity to supply' electricity at the rate originally planned would-lead 
to an availability'of means of production'in excess of the demand. 

The foregoing'observation naturally does not apply when the. capacity 
for'external payments is reduced within the framework of intensive economic 
growth, or whdn by means of adequate supplementary financing of external 
requirements the additional payments can be made without noticeably affecting 
the medium-term balance of payments. • In such cases there is no reason why 
an adverse balance on current account should slow .down either the econoiry's 
growth rkte or, consequently, the growth rate of the electricity service. 

Thus" far attention has -been .concentrated on the investments required 
to ensure the electricity' supply and the effect of these investments on 
total national capital formation. But it is undeniable that in order to 
bring about the postulated demand, which as has been shown requires such 
large capital'expenditure in equipment for the electricity industry, it. 
is also necessary to ensure that the' economy will be in a position to 

/produce the 
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produce the necessary savings in those production or consumption -.sectors, 
other than the'electricity' sector, .where, the. demand originates, and that 
the investments are made that'will transform:.this potential demand into 
effective demand. ' 

The reference here is not to ensuring consistency between- investment 
in the electricity sector and investment in each.of the other sectors, and 
in the economy as a whole.' That is a.matter of the general programming 
of investments and is "beyond the scope of the .present study. The specific 
question here is that portion of investment outside, the electricity sector 
which conditions the consumption of'electricity. It should be stressed 
that such investment is not automatically ensured once the sectoral alloca-
tion of funds has been made. Thus-for the purposes under discussion, it 
will not suffice to see that the planned investment in railways, for example, 
is carried out, unless at the same-time steps are taken to ensure that the 
electrification of the railway system, will meet the postulated, demand as 
planned with respect to volume, place and'time. Similarly,•it is of 
prime importance that the industrial inputs of electricity should-, become 
available, either through plant modernization or through, the installation 
of the new processes and activities that have been planned.. In. the. domestic 
conrr-i-rption coctor what is perhaps the brisic strategic factor is the invest-
ment in housing including, in "particular, electrical appliances .for the 
home, that could result from a proper distribution-of income . ....... 

Thus it nay be useful to indicate an order of magnitude.for ancillary 
or supplementary investments required for such purposes, in sectors other 
than the electricity sector. Without entering into details that, would be 
out of place here, it z\zj be stated that in order to use the power., generated 
by each 'kilowatt of installed capacity with a normal average degree of utiliza-
tion, the investment in other industrial sectors will have.to be twicei 
three times or even four times as much as that required in the. electricity 
sector itself, and higher still in houses well equipped,with the fruits 
of modern electrical advances« ,, ,,.;.... 

Consequently it is appropriate to draw attention to the question of the 
distribution of the investments that might-be described as. "directed" and 
that are of great practical importance in the final stages of economic 
p r o g r p r r i n g o 

/As • the 
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As the supply'of • electric-power is. an, indispensible requirement for 
production, it'cah constitute an effective means of inducing desirable 
changes ih the siting of- industry.-. This..quest ion acquires special impor- " 
tance when;It is necessary/to deal-with situations resulting from large . '' 
concentrations of'economic activity that result in imbalances and may 
result in high social costs f<?r the coipmunity, although decentralization 
usually means a high initial investment in services. 

Examples illustrating-this are to. be found in most Latin American 
countries, where there are a few thickly populated areas with a relatively 
high degree of industrial' development, and large areas whose links with 
the economic activity of the rest of the country are weak or non-existent. 

One way of establishing the proper conditions for decentralization 
or the incorporation of new.areas is to provide these areas with the basic 
social capital that produces cost economies and thus constitutes an 
attraction for the establishment of production. Investment in electric 
power is a typical example of such basic social capital which, if conditions 
are favourable and there is a potential demand, will make possible the 
expansion of associated secondary and tertiary activities. 

In dealing with a problem of this nature two main determining factors 
are to be considered. The first is the decision to incorporate additional 
areas or to reduce the difference in the level of economic activity as 
between the various areas of a country; the second relates to the pressure 
on demand resulting from the existing localization of production, a pressure 
which for many reasons tends to strengthen the existing structure and thus 
to lead to the need for more public services in proportion to its growth. 

These two factors compete for the funds intended for capital formation 
in the electric power sector, and since the second represents needs that 
are obvious because of their urgency, it usually has the most influence 
on the decisions taken. Thus long-distance transmission lines are provided 
to supply the industrialized centres, or else, when these centres are far 
from any hydroelectric source, thermal generation is installed, sometimes 
without.regard to a general policy aimed at making the most profitable use 
of existing resources. 

/Consequently, as 
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"Consequently, as lin transport programming,;the programming of .a 
country's electricity-development should take account.of .the,fact that.the, 
service is;an effective means of bringing çibout a change in the geographical 
structure of production, and'in this sense is an,-autonomous element;., that 
is, within certain limits it can be independent of the .projection of., needs, 
according to the present structure of production. 

Another way of approaching this question relates to the period of the 
projection of electricity production requirements. If the basic considera-
tions underlying the projection are of a short-term nature, the projection 
will certainly not contribute to structural change, vvhereas if the 
problem is studied from a long-term standpoint, and possible changes of 
the siting of production are considered, the projection of the capitalization 
requirements in the electricity sector may be completely different. • 

/Annex I 
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Annex I 

PROJECTION FUNCTIONS FOR ELECTRICITY DEMAND 

A suitable origin Is taken for time n, and an endeavour is made to establish 
for electric energy demand E a projection formula of the type E = f (n) 
that would be valid for a given system. 

of growth, and are therefore inadequate for describing those situations in 
which the rate of growth of demand is high to begin with - owing, for 
instance, to the removal of restrictions on supply or because the service 
in question is new and covers hitherto non-electrified areas - and.then 
gradually diminishes until it reaches a certain level and remains fairly 
constant. 

Potential formulas, such as that of Robinson ana Daniel, 

of growth f(n •* l)/f(n) is a decreasing function of n. There is, however, 
the grave drawback that the quotient "in question tends to one, i.e. theo-
retically it would bring electricity demand to saturation point, a hypo-
thesis which is hardly acceptable. 

The ideal would be to find a formula E = f (n) that would combine the 
virtues of both formulas: 

a) should decrease with n f (n) -
b) '̂f'̂ nV should tend towards a "normal" a. for n - 00 , i.e., for n 

in the "normal" period, f (n) should act as the exponent (constant annual 
cumulative growth), ... .v., 

Formulas of the-purely exponential type E - E a have a constant rate n 

allowance for this objection, since the rate 

f (n-rl) 
f&T 

a 

o n 

/A formula 
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A formula with these properties would best describe the whole life 
of the system. 

A mixed formula such as the following is therefore considered to be 
the most appropriate: 

E = A + l)3 a 

The starting point for the .formula would be termed year 0. 
It should be ascertained whether this formula complies with the 

requisite .conditions as follows: 

a) f (n+l) _ yn*l-»k a decreases with n. In fact, if x is positive: 

/ , 
= x . ~ ^Trfrrfi a < 0 d n n*k T ^ ï k T ' 

, N , . f(lWl) _ 
b ) 1 : m 

n — cq • ' , . . . . • • 

Both'conditions "are thus fulfilled. 
Determination of parameters A, K. x, a: 

The most rational way of determining the parameters of the formula 
is to take the points for energy demand obtained in previous years (known 
statistical data). 

It may be assumed that one point is known and that the first known 
year is taken as the origin: ••''* -

E 

0 

Value Ej is therefore known for 

. . «., m - 1 

i 

i = 0,1,. 
1 2 m - 1 . n 

On the assumption that A, K,'-:x- and a are known, there will be a difference 
(residue) between the value calculated: 

E^ = A + 1 r . a 
/and the 
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and the known value E^: 

1 1 1 

The principle of least squares requires that: 
m - 1 

> 4 (i) 
i = o 

shall be the minimum. • 
It is assumed that the values A , K , x and a have been found to 

o o ' o o 

be more or less satisfactory. On the basis of the data for a recent periods 
the principle of least squares will be used to revise these rough figures 
by quantities 
A = A » a " K - K '¿0 • • • x » x y a - a •*• 8 
If the partial derivatives of a higher order are disregarded, the difference 

. f (i, A, K, x, a) = A + 1)X . a1 = E± -

will be written as: 
f ( i , A , K , x l a ) 4 a ~ 4 j 8 ~~~ - y + S - E. - z. (2) v , o ' o' o ' o ' b A S K ' Sx 6a i-. l o n c o 

The terms of this equation are: 

f (I, A o , K q , x o , a0).= A o I 
• a o 

X S f — /i i \ o 
J T ~ 1 } a 1 = K ± 0 0 o. 

— - A a 1 x f-i - 1) X° _ 1 f- -if > - -r • SK " o ao o K̂ ±J K IT2 ; ~ 1 i o o o 

S £ x i Xo " x ... s = A a far- l) L fa~ 1) = v . Sx o o VK • K l 
o o o 

S f ,, / i » \ O. i —' TT . •g— = A (-7- -t 1) 1 a " l-£>a o K o 
/If. the 
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If the following is also put: 

(2) gives: 

E. - f (i, A , K , x , a ) = 0 ., • 1 1 o' o' o' ~o : 

= a - r i ^ " v X y ' 77 i 8 
Expression (1) then becomes: 

m - 1 

\ (\,a + T ./3 4 v . y 4 rr . 8 - cfi . / ^ 1 1 1. x • x • 
• i_0 

The partial derivatives with respect to 
should be eliminated in order to obtain the least squares:-

' m - 1 

^ ( A., a + r . ß 4-1/ . y 4 TT . 8 - <j>. . ) K . = 0 
' W X X ^ • X ' X ^ 1 - - X 

i = 0 
m - 1 

) ( ' ' • • < •• • ) r i = 0 

< i = 0 
• m - 1 : : -

x = 0 

m - 1 

) ^ = 0 

i = 0 
This system of normal equations is easily solved after the"respective 

coefficients for i = 0, 1, ...... m -••! have been tabulated. 
Application 

This method was used to work out, on the basis of data for 1955-59 
the respective formulas for two countries - Uruguay and-Venezuela'.'- that 
differ widely in structure. The following equations were obtained: 

Venezuela: E = 2193'/yy£ o + ^ * 0.8001n V l±(oj> j ,..-•• • - -"' 
Uruguay : E - 704 (j^fj * 2 4 x 0.8047n 

/Annex II 
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Annex I I 

RAM CORRELATION'AND NON-PARAMETRIC INFERENCE 

A normal ( G a u s s i a n ) . d i s t r i b u t i o n o f the p o p u l a t i o n o r o f the e r r o r s 

i s u s u a l l y assumed i n c o n v e n t i o n a l s t a t i s t i c a l methods . T h i s i s 

undoubtedly a r e s t r i c t i v e a s s u m p t i o n . In the case o f n o n - p a r a m e t r i c 

i n f e r e n c e t h i s r e s t r i c t i v e assumption i s not made. I t may be assumed f o r 

example, that , the d i s t r i b u t i o n o f the e r r o r i s symmetric but n o t n e c e s -

s a r i l y .normal. 

On the -whole t h e s e t e s t s a re n o t as p o w e r f u l and a p r i c e has t o be 

p a i d f o r t h i s g e n e r a l i z a t i o n , , . 

Among the n o n - p a r a m e t r i c s t a t i s t i c a l t e s t s , rank c o r r e l a t i o n i s f o u n d . 

It was o r i g i n a l l y m o t i v a t e d by the f a c t t h a t s o m e . v a r i a b l e s are n o t 
c 

measurable so that t h e o b s e r v a t i o n s c a n . o n l y be ranked i n an o r d i n a l but 

n o t c a r d i n a l r e l a t i o n s h i p . But i t i s o f t e n used even with measurable 

v a r i a b l e s because the assumptions are n o t as r i g o r o u s and computat ion i s 

much e a s i e r . 

In rank c o r r e l a t i o n the f o l l o w i n g would, f o r i n s t a n c e be s t a t e d : 

i f income i s h i g h e r , sav ings a re h i g h e r . No l i n e a r o r e x p o n e n t i a l or, 

any o t h e r p a r t i c u l a r shape f o r t h e f u n c t i o n a l r e l a t i o n s h i p i s assumed. 

The on ly c o n c l u s i o n would be ..that the t r e n d was "upwards" . The 

a p p l i c a b i l i t y o f such c o r r e l a t i o n s t o t h i s p a r t i c u l a r case i s o b v i p u s . 

Consequent ly , t h e two methods used w i l l be b r i e f l y e x p l a i n e d b e l o w . 

Two different approaches are'used in order to measure the extent of rank 
c o r r e l a t i o n : Spearman's c o e f f i c i e n t and K e n d a l l ' s c o e f f i c i e n t . 

Spearman1s c o e f f i c i e n t 

The input data i s g i v e n i n t h e foira o f two columns o f numbers, each 

h o r i z o n t a l p a i r c o r r e s p o n d i n g t o one o b s e r v a t i o n o r exper iment . 

Let X i , J ± be the ranks ( t h a t i s the i n t e g e r numbers d e n o t i n g t h e i r 

p o s i t i o n as t o the s i z e o f t h e number) o f one o f these , two p a i r s . ' Then 

d i » X i - Y i 

i s d e f i n e d and t h e sum o f the squares o f t h e s e d i f f e r e n c e s between rank . 

/numbers i s 
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numbers i s compared wi th t h e e x p e c t e d v a l u e o f t h i s sum i n t h e case t h a t 

t h e v a r i a b l e s were n o t r e l a t e d i n any way. 

I f n i s t h e number o f o b s e r v a t i o n s ( t h a t i s t o s a y , t h e l e n g t h o f 

each one o f t h e t a b l e s o f v a r i a b l e s t h a t a r e b e i n g c o m p a r e d ) , t h e " 

e x p e c t e d v a l u e o f t h e sum o f squares i n t h e a b s e n c e o f any r e l a t i o n s h i p 

i s p r o v e d t o b e : 

. . . ' n ( n 2 _ l ) / 6 

I t i s i m p o r t a n t , a l t h o u g h perhaps r a t h e r o b v i o u s , t o n o t e t h a t t h i s 

i s n o t t h e maximum p o s s i b l e v a l u e o f t h e sum o f squares o f rank d i f f e r e n c e s . 

T h i s maximum v a l u e w i l l o c c u r v\hen t h e r e i s p e r f e c t i n v e r s e c o r r e l a t i o n 

and i t m i l be e q u a l t o 

n ( n 2 - l ) / 3 

• I f t h e r e i s p e r f e c t d i r e c t c o r r e l a t i o n t h e sum o f s q u a r e s i s n i l . 

For any g i v e n sum o f s q u a r e s o f rank d i f f e r e n c e s , Spearman 's 

c o e f f i c i e n t i s d e f i n e d b y : 

S ™ 1 - Sum o f squares o f rank d i f f e r e n c e s 
E x p e c t e d v a l u e o f t h e sum o f square 

ra^jik d i f f e r e n c e s 

s u b s t i t u t i n g by t h e e x p r e s s i o n above : . 

S ' 1 6 d i 2 

< / " " ~ n ( n 2 - 1 ) 

M, G. K e n d a l l has p r o v e d that , S may be t e s t e d i n a Student d i s t r i b u t i o n . 

t = S „ (n - U 1 / 2 

- - (rrs2) 
so t h a t i f P r o b a b i l i t y ( t ) i s s m a l l , a c c o r d i n g t o t h e t a b l e s o f t h e 

S t u d e n t d i s t r i b u t i o n , independence between t h e two v a r i a b l e s t h a t a r e 

b e i n g a n a l y s e d cannot be r e j e c t e d and t h e v a l u e o f S i s d e c l a r e d a s ' " 

" n o t s i g n i f i c a n t " a c c o r d i n g t o t h e l e v e l o f s i g n i f i c a n c e t h a t has 

b e e n c h o s e n . 

K en d a l l « s c o e f f i c i e n t 

T h i s c o e f f i c i e n t r e f e r s t o the number, o f o r d e r i n v e r s i o n s i n one 

of the v a r i a b l e s s u p p o s i n g t h a t the o r d e r i s o r d e r e d . T h i s number o f 

i n v e r s i o n s i s d e n o t e d by s , Then t h e d e f i n i t i o n o f K e n d a l l ' s c o e f f i c i e n t i s : 

A = 
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K — 2 s 
n(n - 1) 

where n, as before, represents the size of the sample, that i s , the 

number of pairs of observations of the variables. 

There are different ways of computing, the number of order inversions 

in one variable after the other i s ordered. Perhaps the simplest i s as 

follows: consider the f i r s t element, that i s the one that has rank 1, 

and i t s position in the row of elements -where the number of order 

inversions i s to be counted. Let D(l) and L( l ) denote respectively 

the number of elements that are to the right and to the l e f t of 1 . 

The element i t s e l f i s excluded.so that^ as a verification there must be 

D(l) - L( l ) » (n - 1) 

The difference 

h ( l ) - D(l) - L( l ) 

i s taken and the same i s done for the element with rank 2 after striking 

out the f i r s t one, so that D(2) - L(2) - n - 2 . 

I t can be proved that the t o t a l number of order inversions i s equal 

to the sum of a l l these differences, that i s ; 

? = C j h ( i ) 

Like Spearman's coeff icient , Kendall's is equal to one only i f the 

correspondence between the two rankings i s perfect and ( - 1 ) i f the 

rankings are inverted. 

I t can be proved that, the distribution of K tends to normality 

when n tends to i n f i n i t y . 

Although the two coefficients are different in conception and method 

of calculation they are very closely related. I t can be proved that the 

product-moment correlation between them approaches 1 - n /4 for large 

values of n. 

Also for large values of the sample size the ratio S/K i s in the 

neighbourhood of 3 / 2 , 
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