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. Introductlor o Lt e ar

WHY DEMﬁND PROJECTIONS SHOUID BE FREPARED: -

The demend for electrlclty should be forecast far enough in advance
for an estlmete to be worked ‘out cerefully Thls has to be done because
the supply of electrlc energy, both as a flnal consumer product ‘and as a
production factor, must ‘keep ahead of demand and because of the 1nterva1
which must necessarlly elapse between the decision to bulld a power plant
and ‘the date on which it actuwally begins to functlon.
The problem can of course he solved, slm@ly by providing more addltional
- capacity than is actually needed to meet the increase in-demand. However,
C thls .8olution is not reeommended because ‘the power plants would alwaye be
'~—operat1ng at less than maximum capeclty and the solution would therefore_lead
. in practice to & building up of excessive reserves and a depletion of‘lnvest-
CAn estlmate of demand 1s thus an essentlal feature of 1nvestment
programmlng in, thelelectrlclty sector as, 1n other branches of the economy
It is even more. Jnmnrtant in the case of electrlclty, not only because of
“the con31derable 1nvestment of tlme and capltal requlred to provmde additional
. .output capacity but also because of a pecullar characterlstlc of electric
- /power, namely that 1t cannot be stored. It therefore lacks the flexlblllty
- inherent in v1rtuclly every other 1ndustry - whlch 1llnws se soncl or
cyclical changes to be absorbed whlle addltlonel lnvestments based on long-
. term demand trends are planned. . N
..Demand proaectlon prov1des‘data essentlal to the formulatlon of
lnvestment programmes and 1t therefore follows that the rzsks and costs
1xvelved in these Programues . have a dlrect and 51gn1flcant bearlng on the
pchectlon methods to .be applled. o
Thls p01nt should be stressed the more so as 1t 15 often lgnored .
when projection techniques, are. snalysed and selected. ' " ":

) It is- essentlelly a general prcblem whlch has all the earmarks of :
what is known as dec151onrmak1ng theory 1n condltlons of uncertalnty 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
estimasting the future conditions of a-egeclf;c market.

As is known, the formulatlon of optlmum declslons under these conditions
is essentially based on an analysls of the following factorss {1) the
distribution of the element of probablllty with respect to p0551ble errors;

(2) the cogl, of these errors. The former is basically related to an analy31s
of projection methods whereas ‘the latter derives essentially from a study o
of imvestment programmes,

No attempt is belng made’ here to analyse the problem as a whole, in’

Yew pf its extreme complexlty and the fact that its solutlon may not’ be S

fgasible in practlce- the aim is simply to emphasize the close 1nterdependence
between the demand progectlon phase and - the programmlng stage of an electrlcﬂJ
Aplane.. - .. _ ) T e .
- An electrlc power expansion of investment Pprogramme calls essentlally

for a decision to be made c)ncernlng “~(a)y-the projects to be selected from

a large avallable portfollo, (b) the optimum size of the prOJects concerned'
(¢) thg. tine sequence of construction, ALl these aspects are declslvely B .
influenced by the analy51s of ‘demand projections. . Aseumlng that the analyels .
~freveals con51derable uncertainty as to the future trend. of electrlclty

eeneumptlon, preference will be shown for expans1on programmes w1th a greater -

~mgasure of flexlblllty, .g., thode" providing for a more careful staggering
of jnereases in ex;stlng capaclty. . . .
- ~: Generally speaklng, the economic¢ value that should be attached to the
element of flex1b111ty Ihwn expanelon programme may be Sald to be 1n direct
proportlon to the degree of uncertainty in the estimate of future demand.
If. the estlmate leaves nothzng “to chance, provision for flex1b111ty in the
programme or for p0531ble future” propramme changes would serve no purpoae.

As a further example of “the interdependence between prOJectlon methbds
and.prqgrammlng machlnery, the relative margin of error in estlmates, o most
1mportant aspect whlch ‘will bé dealt with in greater detall later 1n 'this
Paper,. should be mentloned. "If the demand for electrlclty 1s underhestlmated,
the cost of the error can be- measured: by.the loss of goodwlll on the part

.-

Sl oL e L Jett the
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of the ustomer whnse needs have riot- been met, plus the drep ‘_

in 1ndustr1al output (or the loss occasioned by the structural changes 1& o
lndustrlal production which have ‘to be- effected). i1, on the other hand,

] demand is over-estlmated ‘the cost of: the error. may. be measured by the
amount of funds unnecessarily invested in plants. COmpelled to operate at
less than capacity., Where the distribution of these costs 1s balanced,

a reasonable target to adopt for expanding the electrlcity sector is the
average or most probably value resulting from the analy51s of pro;ectlons,
partlcularly if the distribution of errors is deemed to follow a normel '
or Gau551an curve, ' _ f'

_ ‘Thefe is nevertheless reason.to believe, as will be argued later, that
the average cost of an under-estlmate is higher than that of an over—estlmate.
I1f s0, a value hlgher than the average would be the best target for programme
‘expanslon. ' , '

o The interdependence referred to earlier applles not only to pr03ectlon
"methods but to the very subject of programming. In fact, the maln purpose
of am electr1c1ty expan31on programme  is adeguately to meet consumer demand
as expressed by the load diagram, i.e., the curve of power demend 1n terms
of tlme, the 1ntegral of which is the ‘total energy consumed in a glven peried,
" This’ can ‘only be achieved if’ consistency is, ensured between certaln
parameters or critieal characterlstlcs of~the load dlagram and the system
produclng electrlc energy. “Thereforé ~ and this must be stressed here -
the prOJectlon or estimate of ‘some elements’ of; the dlagram 1s mnch more B
leportant than that of others, depending upon the characterlstics of the
"generatlng park The best example of this is the difference between a
predomlnantly hydro system and ‘& ‘predominantly thermal system. |
“In the flrst case, the. eritical parameter of the Joad dlagram'Wlll
be 1ts area and in-the second,. its maximum ordlnate. The programmer
Cwill heve to exerclse the greatest care in-making a proper ‘estimate of
-the respectlve parameter because errors committed w1th regard to other
aspects will be far less: significant and costly.. u h p
' '/Lasgi}:&the
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_ Lastly,the fact should be borne 1n mlnd that demand for electrlc .
.energy, .as for any other product is not a flxed value but a functlon of
a number of. varlables,.lncludlng the volume and oon~1tlons of supply.
In other words, this demand is not entlrely beyond the oontrol of
the person responsible .for programming an expansion of energy output capac1ty.
On the eontraryiﬁtpe polloy.applled_wath.a v}ew to_expandlng and premoting
. »the use of e}eotricity; as well as the price at which it is sold, will Have
a direct bearing on the volume of demand, Demand is, of course, affected

by other variables over which the programmer has no control whatsoever,

- particularly if he acts only at the level of the eleotrﬂoluy enterprlse.

. The relatlonshlp between the two, parameters is g1ven by the load
”factor, the values of which have a conslderable influence on. the proflt

margin of electric power salesn An increase in this proflt margln implies

.-, 8 MOTE satisfactory use of the fixed 1nveetment and therefore a hlgher '

net income. . ThlS is so because the sales prleep even if it fails to cover
. the total cost of production {1no1ud1ng -mort“zatlon an¢ the 1nterest on

. the capital invested) is nearly a?ways hlgher than marginal costs whlch, for

... bydro-electric generation, are vlrtually nll and ln the case of thermal

-generation, barely exceed the eqplvalent oost of fLel per unit of energy.
Most electricity syeteme are, oi“oou1 se, nelther completely thermal
.. hor purely hydro-electric but a.combination of both in varylng degree,
depending upon the energy resources auallable, the demand pattern and the
.results, of the economic estimates aimed at OptlmLm use of the resources
within the limits of the problem under 00351deratlon. Under these .
conditions, both the area and the maximgm ordinate of the load dlagram
are important. . For instance, yhile ln the case of a malnly hydro—electrlc
System the perlods of low vater are a. llmltlng faotor from the point of
view of energy supply, the maxlﬂmm.denand shown in the dlagram (and, more
broadly, ;the general shape of the egrve)\ygllpalso haye anﬂlmportant‘.
bearing on decisions to.insta;1 peaking;amite, Thusépguppij?muet,not only
..adequately meet demand but must do se ae eoooomicaily as poeeible: 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.cost of.the gas
turbine will be lower than. that of-the steam plant but its operating cost
will be higher (i.e., the same relative position as exists between the steam
' . plant and a hydro—electric plant),- Under these conditions, as is 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 p;ove;uneconomical,

©. Btress quuld be laid here on the‘importénce.of introducing the element
of probability in analysing the behaviour of these variables because,.while
a maximum demand trend line can be worked out with a measure of confidence,
the maximum demand will in practice - as in fhe case of the real points-of
the regression curve — oscillate above and below the trend line, -~ 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
basis of probability. By c¢cmbining 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. %o formulate decisions in {he maﬁter.

In view of the large number of alternatives that must be anglyzcd and
the attendant.ardthmetical caleculations. required for;each;oflthem,‘electronic
computers will have te bc used., By resoriing to a mathematical model -
"simulating" the actual system, the computers will, 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

wproblem ~ it is-a fact that economic development calls for, changes -in-a |

. country's economic and: sozial structure inherent in the:very.essence 5f the
‘ y :

process., Hence, in order to achieve accelerated development,.economie .. .
- policy is aimed at creating conditions conducive to these, changes,’
- £ /4n attempt .
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in attempt will now be made to deal briefly but nore speclflbally with
the influence of the changes 1n a country's economic and social structure
.on electric power demand and supply.

The prlnclpal changes are. (a) an 1ncrease in general mznpower output
. (b) a change-in population dlstrlbutlon {process of urbanization); (c) a
. change in the formation of the gross product; (d) 2 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 prodﬁction structure weighted in favour of secondeiﬁﬁahd
Gertioary rather than primary nrfwvltlee may be viewed as the final results
Jproduced by 'a combination of all these changes. '

A rise’in manpower output can be achleved-by a better organlzatlon
of labour and an increase in capital equlpment per employed person.’ Thls
is particularly the case in industry where highly capltallzed productlve
_units replace artisan productlon. ;

_.This increase in product1v1ty is logically linked.to.a change in the :
comp051tlon of the 1nstalled cap:g.taln . It should be noted -that in every
country moving swiftly towards inouetrielizetionj productive squirment .
takes precedence over other eiemente_of renewable capital, and in the

more advanced economies may conetitute'ae much as one~fourth or more’ of
the total, e |

. Moreover, the relatlve 1mportance of the economic sectors in gross
,product formation varies with a country s development., '

Growing emphasis is placed on 1ndustry, partieularly light 1ndustry, at
the expense of agrlculturé-ln the early stages of the process, and on heavy
industry and services in subseouent stages. _

The development process brlngs with it a concentration of population in
the urban areas. This phenoﬁemon does not seen wholly ‘related to the procees
itselfy, although it thay be accelerated to the extert that additional employ—'
ment is made available in the 1ndustr1al and services sectors and agrlcultural
output inereases,’ Slmllarly, an increase in, the per capita income level is
generally related to a downward’ redlstrlbutlon of income which broadens demand
for food and essential items and subsequently for services and goods which

might be considered "convenience" items,
/I. CLASSIFICATICN
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L. CLASSIFICATION OF DEMAND ESTIMATE METHG)S

To 51mplify an overall analysls of the problem and wlthout preaudlce
to a detalled consideration’ of ‘some of the methods applled, the latter may
'convenlently ‘be classified into ‘thres separate groups-
(a) methods of extrapolation. in time; 7
(b) methods 1n ‘which variatiens in electricity consumption are related
“to ‘one or more macroeconomic variables, in.addition to time, by
means of single or multiple correlatlon procedures;
(c) dlrect and research methods, i o . :
The first’ group consists of a typical case of simple or flrst-stage .
forecast in which, from data based on previous experience, a. functional
relatlonshlp is determlned between the variable whose future behaviour 15
to be predlcted and time, ‘ _ _ e
The methods in the second group, on the other hand, are. des1gned for7_ 
second—stage forecasts where, after a .functional relationship between theﬁ!i
varisble to be forecast and other first-stage macroeconomic variables has
been determined, the behavioﬁr"of-theSe-firsﬁwstagegvariables has to be ‘ i
predicted“ Hence the number of conditional or second-stage forecasts‘for;;

this type of proaectlono, o

l Nethods oP extrapolation 1n tlme

“This..group includes.all the procedures-ln whlch a spec1flc curve selected
from th¢ components of a:body. of functions 1s adJusted to data based on past
experience,; - This gdjustment.is generallyeffected by means of normal equatlons
derived from the assumpbtion that the, sum of the squares of the dev1atlons ?
should be minimized with respect to the function sought These equatlons
make it possible to calculate the values of the parameters whlch separate
this funcfion within the group.of functions ~selected 2 Erlorl. '

If«eonsideration is limited to the Gaussian hypoth851s of mlnlmnm

J[’ :
squares, the. area of dlseretlpn for these. methods of 51mple extrapolatlon

in time basically includes N N R
(a) selection: of -the: functlonal form or body of functlons w1th one or
“more parameters, -from which a function w1ll be chosen on the ba51s ‘
277 of.the caléulatione resulting from the system of normal equatlons-

/(b) the
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(b) the time interval, particularly the moment at which use of the
data prov1ded by past experience is flrst made, 1.e., the interval
B of variation of the indépendent variable 1n the problem.

. ; With regard: to: the first point, it-is well known that the 51mple
exponential with a single parameter, i,e., with a constant annual grewth
rate, is the functional form most often used in practlce._

- Some observers have .noted that the annual consumption growth rate

of an -electricity system is relatively high early in its 1life span but
declines as the system ages., . The function of the simple exponentlal type
is inadequate to describe this evolution and Robinson and Daniel have
therefore suggested, for the United Kingdom, a formula in whlch the annual
growth rate decreases with time, . (See Annex I.)

. It should be noted, in this connexion, that the above fiﬁding”bf 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 dieadvantage
in that the relative annual growth rate tends asymptotlcally towards one, .
This is theoretieally unacceptable since it would mean tétal stagnatlon
...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 obgectlon, - funetional form (see Annex I)
of the potentlal—exponentlai in tlme type,.whlch depends upon. four parameters, .
has bgen developed ‘The Speclal and desirable - feature of this group of
functions is that the relative annual growth rate of the dependent variable
‘decreases with time but instead of tendlng asymptotically towards one, as
in the case of the Robinson—Daniei-funotions, it tends towards a "normal"
2value higher ‘than’ one, -thus” repreeentlng the mature stage 1n the life of.
the electrieity system, - N - .

The above_is.of interest as aTeonceof raﬁher than anythihé'eise‘and
should in no way be interpreted as a recommendation that thls method of .
projectioit ‘should be applied in Latin Amerlca. 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

T - ; o /occasions.  Thus,
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occasions, Thus, for instance, both the Federal Power Commission and the
publication Electrlc Wbrld 1mpllcltly assume thls hypothesls in their
estimates of electrlclty demand 1n the Unlted States up to 1980. . The
FFC astmmates that “the growth rate w111 be about 7 per cent 1n the 1960—65
pericd, gradually dropplng to L per cent in 1975~80 whlle “the correspondlng
flgures in the’ nlectrlc WO“ld estlmates are 8, 5 and 5 75 per cent respectlvely.
It should be noted that nelther belleves that the 19h6~59 annual g“owth rate,
which was sllghtly above 9 per cent cen be malntalnedo__rjz _
_ Adoptlon of thls type of hypothe>1s in the paet has 1nvar1ably led to
an under—-estz_mate of ‘future demand, , Estl_mates made by the FEC in 1954,
'1956 1958 and 1959 were all below the actual flgu "es subsequently reached,
It seems loglcel to assune that the reason for such sttematlc under-
estlmates, which are also 4 feature of other forecasts in.the United States,
is to ‘be found 1n the rofusal to env1=age the poss1b111ty that electrlclty
demand maJ grow over a reasonably long term at a rate many times hlgher
than that- of the econory as a vhole.‘ Thls p01nt wlll be de:1lt with. in more
detail in the chapter on 1nd1rect or. second-stage progectlon methods, where
the relatlonshmp between the e fctrlcluj-sector and natlonaj 1nctme 10 dlscussed.
These extrapolatlon methods can b more effeotlve if the "1nterval"
1nstead of the "peak“ type oP peojectlon is used The change 1n the ¥
'theoretlcal hypothe s consists’ of 1ntroduc1ng an unpredlctable cWement in
the functlonal form aesumed for the extrapolatlon, : In.other words the
assumpticn is ‘thak fbr eve%y valué” of the time varlable there is a dlstrlbutlon
of electrlclty demand Valu=s based bon a speclflc law of probablllty..; The
average velue of thls distrlbhtlon 1ﬁ usually be the Ope given by the -
" function 1tself eag., ‘the’ exponentlal curve,. Thns curve thus. becomes a
curve of mean values and i?“”ln addltlon, a speclflc lew is. aesumed for the
unpredlctable element & e.g,, ‘“the normal or, Geu851an dlstrlbut1on - a position
is reached whefe not only the mean values cnrte but elSO the cxtreme values

curve correspondlng to a spec*f < degree of safety; perhaps /5 per cent, can

1 i s
2 .:. L

be determined,

f/Beeides:the ‘ h o
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Besides the "trend" indicated by the mean values function, these curves
make it possible to visudlize the probable maximum and minimum levels of ™+
censtrption and to compare them both with plans'to‘Bxpénd“géneiating
capacity and with the ‘cost of possible overmestimates ane under—estimates,

. It should be ndted that intreduetion of the terminalogy and methods
of calculating the element ‘of probability in electricity demand projections
* . serve:z a real purpose and is not a purely theoretical refinement, - The
. tharacteristics of consumption include variables = e,g., meteorological
canditiens - which are typically unpredictable and have a substantial bearing
ca1 the basic parameters of the load diagram, in other'words'the mayirm

cr ¢~mand andthe anmual eonsumption of energye’
Selection of the time interval and therefore the starting point for "+

determining the functional form best adapted to thé data based on past

gxperience, is a most important factor and one which present the grez ctest
¢ifficulty in the application of extrapolatlon methods, -

What is involved is essentially a compromise between two factors that -
h=ve opposite effeects, . On the one hand, it would be more accurate %»
talze - the whole period for which data was eonsistently available beczise it
is. a cerdinal principle of statisties that the size of the sample should
be increased in order to obtain more reliable results, © It should be nsoted,
"ovrevrer, that this principle is based on one assumption - uniformity of the
pepiilation statistics from which the respeective samples are drawn., This
uniformity, however, is clesrly lacking. - On the comtrary, it is precisely
«» .the change in the economic structure that alters the relative evolnuzon Hctwnen
¢"~n'-"oity demand and the development of other sectors of the system, -

In view of the above, the most legicel course would seem to be to reduce
the size of the sample by taking only recent, relatively short, pericdc in
order to ensure that their economie-stricture is-as representative as
. pessible of the conditions likely to obtain in-the immediate future,

.This is so important a consideration that it affects not only the
~glegtion of the time interval ‘for determining the functional relationship -
given by electricity consumption but also the selection ~ or relative veluvs -

: Jof the
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of the extrapolation method in demand projectlon.‘ The extrapolation will
be of little .value if there 15 good reason to believe that future conditions
will be rather different from those which have prevailed in the pasts. This
. would be the case, for examnle, 1f substantlal changes in the industrial
‘,productlon structure are env1saged whlch have not occurred in recent years,
-Thls last condition warrants empha31z1ng in view of the often mistaken
impression that extrapolation necessarlly 1mplles the assumption of a static
) hypothe315 with respect to the development of the e conomic machinery,
: particularly the.electrification of demand sectors,. This is obvicusly
not the case, The difficuly arises only if there is reason to believe
that the rate of electrification in the next few years will be very different
from that of the recent past, In other words, the method of extrapolation
in time makes it possible to include the dynamic factors inherent in the
wdeveloiﬂpnt of electricity, Oan 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 alsne differ cubatantlally from those of the past
if use of electric energy has been restrlcued, a common occurrence in Latin
American countries during the pest~war pericd. If the lifting of these
restrictions is envisaged, the extrapolation of past demand will obviously

serve at best to fix a reasonzble minimum for an estimate of future consumption,
v -

2, Conditional or_secondrstage projectibn”méﬁﬁbds o

This group 1ncludes those methods in which varlatloqs in electrlclty
consumption are llnked to one or more macroeconoric varlables ~ as well as-
time ~ by means of various functional forms, = A% 'in the_prevlous case,’
‘selection of the functicn is esually madé”wi%ﬁiﬁxéﬁfémiiy of functions
depending upon one or more. parameters. 'Célcﬁlétiaﬁygfrﬁhe igtter is
effected by the method of.least squares, B

A fundamental dlstlHCt on-to. be made ‘at “the outset w1th1n thls group
relates’ to the procedures yhich spec:l.f:l.cally irclude the time var:.able
and those whlch do not The znalysis undertaken in the present work

. /leads inevitably
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.leeﬂeiieevitebiy'te-the conbiﬁeion'that”the”onl&-mEthods’wbrth considering. .
-ere‘teose which specificaliy introduce time as an"independent- variable-
affeeting the demand for electricitj; This point will be dealt with in -.
nore detall later ln commexion with the 1nterdependenbe between the demand
or electrlclty and the process of innovations and technological prograess .
th in 1ndustry and the domestic sector. :
The best known and most used form of dependence ‘between electrlclty
meld and spec1f1c ‘macroe conomic variables is the one which rélates.demand

to the gross product or real 1ncome, as the case may be,. To this end;two

.pkq1fferent types of correlation have been applledf the first, between the .

lqnﬂllL growih rates of both variables; the se acornd, between thelr a
~ total or per capita - levele.' In'both cases a specific number of -
i eruntrles has ‘been taken, " It should be noted at the outset that, notwith-
e;;jlrg,a pronpunced 51mllarity or complementarity in the scope of their
epbiicetion,‘there is a difference between the two types of corrslatiexn:..
the first ta&es account of the dynamic evolution of electricity consumption
L grer tre years - apart from.what mlght be termed. "normall or ttyegetative
greveh related to the product —; while the secohd is tantamount to a

thtlSulCEl analy51s - a photogruph,‘so to speak -, of the relationship .

:,_ﬁb”tie?n electrlclty consumptlon and income for a group of countries at a

' given mcment,
t should be:borré: in. find, however, that notwithstanding this
distinstion, the second type of correlatlon 1mp11c1tly 1ncludes dynamjc
elé2znts in the form of income growth 1n the more developed countrles, '

0 give an example, the flrst type of correlatlon was applled by -
International Bank: experts in-a study on electrlclty consumptlon de elbpment
in which data on twenty-eight countrles was used and the follow1ng ration
corresponding to the regression curve obtalned was reached- the average
annval ‘electricity. consumption growth rate was equal to 2,6 per cent plus
1.3 tires the ‘growth rate of real income, It should be noteéd that by
teling this Iinear relationship between the two rates, the rate of increase

/of electricity
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of electricity demand correspondlng to a lOO per cent increase every ten
years ~ or 7.2 per cent ‘each year‘- would ‘be-consistent with a 3.5 per

cent annuél ‘rateof inerease-in.real lncome,_hw

Table Zishows the rate of increase Qf electricity damand and the h
gross product in the Latin Amerloéo”countrles during the period 19&9#1958.
It will be noted thet the conventional correlation coefflclent correspondlng
to the simple regression analysis is extremely low, whereas the rank
correlation coefficients are both significant, In other words, whlle
there is a marked relationship between the ranking of the two columns,
the simple regression curve is not a very suitable procedure for formulating
electricity demand projections, even if the future rate of expansioo of the
econcmic system can be fairly accurately gauged, e

The second type of correlation has been generally used in ECLA studles
on energy, together with the projection of specific consumption by productlon
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 Semlnar;/addltlonal elements were
included when comparing the regre551on_curves corresponding to a.31ngle
group of countries for two separate time periods, The result'wéé highly
significant in that both the degree of correlation ard the coefflclent
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 §Qlé€iﬁg“td’the'most“retent‘period~was above
that of the previous one, with ‘4 'vertiésl displacement -of about 60 per cent

of the ordinates, The interesting point about this comparisor is that the

vertlcal dlsplacement of the regression curve im the' seven~year-periad
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/ECLA/CONF,7/L.1.01).

/Table 1
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increased for a partlcular 1ncome level In- other words, the vertlcal

RS

d_splacement “Sf-the.- regre851on curve reflects ‘the dynamic element 1nherent

ST

in the elsctrification. process. 1tself 2 e
On the basis-of- th;e analysls and 1n terms of -the- electrlclty .
consumptlon = real income dlagram, the 1ncrease i a countryls electrlclty
‘demand may ba: ‘described -as the result of two concurrent . movements through
nxtlme or, in geometrlcal terms, the sum of two vectors: first, a mnvement
.:along the consumption ~ income regre831cn curve corresponding to the very
?:beglnnlng ©f the.period consldered and to the increase in 1ncome- secondly,
f'ha vertical ‘displacement of the regre531on curve 1tself related to techno—
logical pregress and to the substitution of electricity for less advanced
lforﬂs of energye: . - ' ' '

. This obv1ously dees not mean’ that both moveéments are 1ndependent, On
i'the contrary, ‘the 1nnovatlons and technologlcal progress which Jargely explain
'» the growing rate of electrification per unit of product and: cincome ; ere in
ﬁithelr turn one of the chief dynamic forces of investment, and the general

process of economic developmentn ' e
_  " Another example ofthe 1nadequate results-achieved by using a 51mple
;uﬁ_ii@ear relatlonshlp betweenpelectrlclty consumption and gross product
" for the short;term projeccion of the former is provided by the inertia
of corﬁﬂnctlon even during periods of acute economic rece531on, Thus,
iJﬁrthe gross 'product dropped by L0 per cent in the United States between 1929
.and 1933 while electricity consumption ‘declined by only 10 per cent, During
“Mfﬁn'1959 recession in Europe and North America,'electricity"consumptiOn
-ﬁhlncrea,ed in countries like Belglum.and the United States ir'which the lowest
_pr01nt in the dswnward.phase of the cycle was represented by a 7 per cent
“ilﬂdrop in* industrial productlona As for Latin America, the generation of
’ilelectrlclqy Am Argentlna and Chlle between 1955 and 1959 increased at an
-ﬁmanrﬁar rate 6159,1 per-cent and h 6 per cent respectively, while the gross
‘per cap_ta product declined durlng the same per:odc _
E " Raference has been made in earller paragraphs to'the fact that time-

should be 1ncluﬂ d as one of the varlables to be considered in indirect

L /or seccnd-stage

TR
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5or'second—Staée projections.,  Apart from this, there is the problem

arising out of every conditional projection which is that, in addition to

determining the functional relatlonshlp between the .endogenous.: and" exngenous

....

varlables of the.system;’ the behav1our of the latter must be predlcted
, It is not at all elear that predlctlon of the exogenous varlables is-

-ﬁslmpler than the forecasting of the’ endogenous varlablee or that it can

be made- w1th algredteridégree of confldence° Errors in projections of

rrthe gross: -product are dn marty cases more serlous than mlstakes in projections
.G'ﬁof electricity cohsumptldn,- “This Has happened even'when the :latter was
‘ based on- the former and is acléar lndlcatlon of Serlous flaws with respect

_telthe‘vali_itvwgfuthéf§5§1%p+1nnq made reeardlng the functional or’structural

o

The extent 1o, which electrlclty demqnd progectlons can. be improved

'”fw1th respect to a- elngle extrs oolatlon in time where there. 1s no' structiwral

change, e.g., through the inclusion of spec1flc macroecongmlc variables in

the analysis, thus depends essentlally on the degree of confidence with

. which the future behavlour-of these varlables, such as real 1ncome, industrial

‘Wvuiproductlon and: urbanigation) can be predlﬂtEd‘

The requirements-in thlsfconneXIOn must nevertheless not be exaggerated,

Even 1f the degree of uncertalnty aurrcundlng the future development of the

- gross: product: s con51derable 1nclu51on of thls verlable in the analysis-

of electr1c1ty demand ensures & certaln consls ency between-the targets: 6t
the electricity expanslon scheme ard ‘the development programme in other o
sectors of the ‘economyy- In other’ words, an optlmum dlstrlbutaon ofinvegte

ment resources must be ratlonally sought thrcugh prev1ous -analysis.of the'

_'relatlonsnlp oetween elebtrltﬂtj demand and the growth of product and income,

partlculerly, durlng 8 period: 1n'whlch structural changes are-envisaged,’
Generally speaking, the “two' types of electrlclty demand may be progected

in terms of gross product grexth by sectors and of the urban: .populationts "~

avallable perconal lncome, However, a few problems reletlng to these :forms
of projection should be stressedts . » o .

. In so far as the provision of electrlc energy 15 an essential and -
relatlvely specific technologlcal requlrement for the operetlon of capital
goods, the projection is a virtually mathematlcal operatlon to the extent ™
that the industrial-preéduction growth rate ‘and’ the correspondlng electricity

input coefficients are known,
/Demand deriving
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Demand deriving from convenlence items which can at 2 flrst approximation
be estimated in terms of the urban populatlon!s personal 1ncome growth, present
a much greater degree of flexlblllty than the aboven

During the early stages of the development process the personal income
available is used to increase the level of food and clothing, whereas in
subsequent stages demand 1ncreases for durable household appliances requiring
substantial consumption of elec,rlc energy over and above the cost of lighting.

This process may nevertheless be substantlally accelerated by the
demonstration effect of the more develeped countries and because 1ndustr1al
growth is largely dedicated to tae production of durable goods, first as a
substitute for imports and later to meet the new demand arising from income
growth, : . :‘ o IRV
‘ As a result an appreciable part of the demand deriving from increased
welfare will be closely linked to the productlon of durable household goods
and to the capacity to purchase quch goods.

Growth in urban population plays an 1ndependent role in the formation
of demand for electricity and is not very closely llnked to income levels,
Population growth implies an increase in the area covered by towns and as a
result will lead to an increase in supply, quite apart from greater;hpu§§hold
demand for pewer, - ' ) - |

These factors — inecreases in available personal income,rqrbaﬂ<population
growth and a more equitable distribution of income - are those: which mainly
influence the demand for electric power, defined here as dependent of the
level of welfare, o ; :,ik;:rr o

- Generally “épesking, the. forecastlng of . electrlc power. re@ﬁiréments
resultlng from increased welfare bears mno. mathematlcal relatlonshlp to
economic growth, or at least this can be said to be true wlthln certaln limits,
Power supply for this type of consumpticn depends in pract;ce,on policy
deciéicns;'this-iS'also ‘the céase with other urban .services su;h és drinking

water Supply, Sewage, educatibn services, etcp .
| The ‘probléem- can’ better.-be, considered as a study of compatlblllty between
"ﬁrbdugtiﬁé" and*¥sodial dhvestments in relation to a given rate of growth,
a particular social policy, the greater or lesser deficiency in éupply of

~ such services and a given amount of resources, : S
' BT : ‘ ' /The group
‘
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.The group of methods being analysed includds those Wrnich Gontai
vnrlables that are macro—economic, but have a lesser degree of aggregution
than gross product or.national inceme, An example ¢f this is to be found
.. in the formulae cf the mixed kind with a potential fnctor with- ruspuct

'to the index of the cutput of mapufactured goods (the dndex usually"bLlng
lbetWqu.O,B and 0,5) and another factor of the exponential type in time,
In-other words, a specific. dynamic trend r.lated to the ckpansiod of the
mznufacturing sccter of the economy is incorporated into the formulae of
-‘simplé extrapolaticn in time. BRR

. Varicus statistical surveys - for instance, thosc carried ‘out by -
Electricité de France = have shown to what éxtont the irregulafities’of the

clectricity consuaption curve in rolation to time, ((t), are atlenw:led if

refercnee. is made te the quotient C/IO'LF

. Accordingly, while the dispersion
of relative annual increases on the curve is § per cent, the ‘dispérsicn
for the quotient menticned above is almost as low as 2 pe‘r'(:entg2

In the Netherlands use has besn made of the formula:
= PB/LZ
where: ' L
By represents industrial consumption of clectricity
P is the index of 1ndustr1al productlon
L is the 1ndex of use

-the basc year l belng 1938 This formula is based on the principle that
the 1ndustr1al consumption of electricity varies in direct ratio to the’
level of industrial producticn and teo the square of labour produetivity,

- This type of formuls, which introduces the notien of productivity,-has
: also been used in the Unltcd States at the level of the bnterprlae.
' "~ One of the advantages of exp11c1ty introducing the index of industrial
productlon into the methodology of projecting electricity demand for:the
countries of Iatin Amerlca, is that it is less unpredictible and erratic
than the index for gross output or 1ncome, begause.the latter variables
T are subject to strong fluctuat;ons in the volume and prices of primary. .
- production, T . |

2/ These results correspond 1o a sample. takcn in France,. Use 'has alsc been

made, particularly in the case of centrally planned economies, of specifie
consunption figures expressed in kWh per physical unit of product, for the

various branches cof manufacturing and mining.
/The share
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The share of the' 1ndustrxal and ﬂlnlng sectors in the total of

per cenhk_

of demand for- electrlclty, there 1s also an. 1nd1rect influence: of.inportance

resulting from the growth of urban arbas, and this is due to the closs

ffrelatlonshlp exlstlng between the industrial develoiment process and the

é-growth of urban- areas, '_' L , it

‘ Breadly Speaklng, in bobh the more and the- less developed countrles,
the industrial sector is a. greater consuer of electric power than a

:; prov1der of 1ncome. This is partlcularly true in countries whert income

. ~levels are low-as this leads. to a low degree | of electrification-inthe-

”'fhousehold sectGr- cOnseunntly, the expansion of electricity dempnd in

er lowsincome countrles is absorbed to a large extent by development and

electrlflcatlon in the ingustrial sector.

7 It should be pointed out that the use of binary formulau uslng two K
_;{:factors, one, of which is potentlal with ruspect to the index of 1ndustr1él
preduction and the other 1s exponentlal through tmﬂe, does not give grounds
for assumlng stagnntlon in the gpecific consumptlon (kith per unit of .

fignp ¥

product) of the manufacturlng sector. The upward trend of the quotlent

for sp3c1f1c consunptlon in- the- manufacturing sector and the 1ﬂ¢rease in

......

-

T g

ns*%he—xlmgq_grifble. S iy,
In countries where satisfactory statlsﬁgg; exlsi At-is pcsslble to
introduce a greater degree of disaggregatioh’ intotthe methods of prOJectlng
electricity demand, w1tﬁzépé01al study of the behav1our of the two maln
consumption -sgetorss 1ndustry and households. This has the advantage of
allowing for careful analysls 51 t¥ends. in, both klnds of:électrlclty
consunption, namely, as a final consumer good and ase. a production factor.
Blectricity consumption as a final consumer good depends b3510ally

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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LATIN AMGRICA: SHARE OF CONSWMPTION OF THE INWDUSTRIAL
AND MINING SECTORS IN TOTAL I _
ELECTRICITY CONSUMPTION T
g (Perc.an‘tagas)
' 1938 1549 - 1955 1559
Firstgroup - R N
Argentina ... {5341 5643 . 545 (57,9}
Chile . 834 8/ 80,3 7543 75
Cuba i L ees 53,5 Us.6. . RIS
Urugmy S e . sue L7 i (5200)‘ ’ s 1"'8‘7 . (].}5.[})
Venezuala (73-9) C5e6) - (7.1)  hi=e o (65.3)
Segend group . R e
Brazi] ‘E/ Toeee --- N "“2-1 Ce ) 1!6 8
Colombia 334 39.7 43,8 13,9
" Costa Risa sos 4.6 _/v o 1946 140
N I’Xexioo . o \(62-14) - 56.0 ) 570.3” _t:-._: (56-5)
Farama” d/ . 26,2 (TR AN 5046
“Peru . 768 8/ 78,8 o/ 80.6 £/ (79.9)
Third group - v AT | e ”
.l . 7 - - y
- Bolivia © 7 (86.8) 779 A . 714.5 ¢ {6646)
i Eouador ) awe 2%. 1"‘ _/ ‘ 36 o s (lu' 1)
El Salva.dor T ave 52 7_/ 37-5 st 37 1
Guatenels es 43,0 o/ - b7.9 i 5.5
Honduras .ee B3.0 2/, el 67.1
) Nicaragua 'y} 8303 E/ h 79'5” : 65'1;
" Peraguay ) vai 58.6 . 51.0 o 46.5
“meriea Latira 65,6 gf 2.0 1/ 540 2 5h.9

_/ 1 3140

_/ Sée ‘ficta B iof S‘ta.‘tistical Annex L

87 1950.-..

- 4/ Daes ot inclhde 'l'.he Be.nal Zone for laek of 1nformation. L

8/ 1958 .0
£/ 195k .,

"1' . .

ny i

74 Includes Argen‘tim, ‘Chile, Venezuale-, Colnmbia., Mexico, Paru and Bolivias. N

b/ Excluding Br&zil.

| /depends on



ST/ZCL./CONF, 7/L.l 10
Page 2 '

depends on the volume of 1ndustr1m1 productlon, its degree of electrification
n each sector and the structuro of ex1st1ng 1ndustr191 plant.,
‘ Clearly; there is close lnterdependence between the varlebles-
;condltloning the two types of electrlclty demend nhe level of - electric1ty
1nput is one of the detcrmlnlng f"cters cf oroduct1v1ty in manufacturing
and this 1n 1ts turn exerts an 1nf1uence over the per capita level of
1ncome 1n the communlty.nult is 1nterest1ng to notg that the experience

of some 1ndustr1allzed countrles in the Europesn continent and. also of

the Unlted States would seem to 1nd1cate that increased productivity. 1n
the manufacturlng sector - physlcel productlon per man hour worked ~—
. occurs in a prOportlon similar to the increase in specific consumption -
Ji-of electric power in that sector. The importance of this observation,

' fstems from the fact that the grcatest percentage of fufure growth in .
:1ncome must derlve - as experlence in the .pest=war perlod showed = not so
much from 1ncreases 1n the labour force but fron a. browth of productlvlty
per person employed e . , S , T
(a) Industrlal sector | I ,”.L. zi |
Increases in electrlclty consumpticn as a productlon factor, or 1n

A'”other words, demand in the industrial sector occurs as a result of the
conbined effect of three different causes whlch should be clearly
j'dlstlngulshed These are. ‘
_ (1) Increases in 1ndustrlal productlon Whlch even for a censtant
' value of the coefflclent of 1nten61ty of electrlolty'consumptlon (khh per
dollar of aggregate Value) 1n “the sector, w1ll lead to e parellel 1ncrease
' ih the consumption of olectrlcltJ, L S ;‘
(ii) The process of electrlflcatlon in each one of the 1ndustr1el
;”sectors, this tends to 1ncrease the coeff1c1ent of 1nten31ty of electricity
.f'consumptlon elther by' hlgher degree of mechanlzatlon of the 1ndustr1al
o process concerned or else as g, result of the use of clectrlc furnaces in

-'the place of conventlonal furnaces (es for example 1n the iron, 1ndustry),etc.,
(111) Changes in the 1ndustr1el sector Whlch usually lead to an

l

_1ncrease in the relatlve part1c1patlon of 1ndustr1es w1th hlgh coefflclents
‘of 1nten51ty of electrlclty consumptlon as, for example the electro-

metallurglcal and electro-chemical 1ndustrles ar heavy 1ndustry in general

/The importance
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.. The importance of structural changes with regard to specific consumption
wbrlihéiéverage cqeffiéiehi of the industrial sector may be scen in the
significant ‘differences between the coefficients for different industries.
Thus, eleétriéity consumptlion per unit of value added in some electro=—
'métaiiﬁrgical industries 1s from 50 to as much as 100 times higher than
in the food or textiles industries, In general, it is particularly the. .
"dynamlc“ industries = or those which are established and grow at a
faster rate during the process of economic developﬂent - which have the
highest chfflclents of electricity input.
This means that the average cocefficient of intensity of electricity
consumption industrially is cbnsiderablynhigherAin.the more advanced countries

than in the less developed countries and that ;.of such electrieity

w
‘13
fo
L4
<

consumption is accounted for by the metallurgical and chemicél‘industr;gs.

The ma jor ﬁart of the most usual industrial processes in the less
developed countrieég namely, light industry, reguires less than one kWh.per
dollar of value added, while in thé chemical, petrochemical and steel.
industries the equivalent figure is usually higher and may sometimes be as
mach as from 5 to 10 kWwh per dollar in the casc of processes using‘elecﬁric
furnaces, R

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

. In addition it is particularly for these mass consumers of elgetricity
_that ‘the sales prices of power are of 1mportance for- its cost will represent
”a‘large percentage of value added per manufactured article,” For this reason,
”the price elast1c1ty of demand will be much greater than for other consumers,
'5;emther industrial or domestic, and any person responsible for preparing
electricity development programmes cammot’ Tail to ‘toke account of rates
;policigs when considerihg'demand projections, This point will be further
bénsidered when an ahalysis is made of the interdependence of supply and

. demand for eleétricity.’

/{p) Domestic
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(b) Domestic sector

Demand dnalysis ehd projections for the domestic sebﬁdf givé rise
to far less difficulties, cuing to the grecter statisticcl homogeneity
of this secfor in comparison to the indusiricl éécfor, Phe- two besic -
perameters vhich deterine totcl conswaption's or the number of -connected
services end avercge conswaption per service ~ sre closely linked to the
level of income cnd its distribution.

In the cbsence of restrictiens on supply, the increcse enviscged in
the number of services will be closely linked to the number of building:
permits grented in the immediote past within the area served by the.
electricity undertaking concerned, Trends.in everage consunption per
connected service will perhéps be harder to.determine; one of the

‘decisive indices in this comnexion, vwill be the rote of sale of
electric household applicnees, for it should not be forgotten thot in
this respect demand for electric power is & form of "derived" demang
which recquires prelimincry investment by the purchaser,

For the purposes of &nalysis of electricity consumption in the
domestic sector, a distinction should be dravn between its use for
(i) lighting, (ii) the provision of hect (cocking, weter, hecting), and
(1ii) mechcnicel uses (redio, television, refrigerction, cleaning).

As is noturcl, these three components of electricity demend in the
domestic sector have different income and price elpsticities., In this
respect, it should be noted thot while for (i) end. (iii) there are .
practically no substitutes for elsetricity, for the uses cowbined under
(ii), electrie power hos to compete with other foms of power such as.:
ges cnd fuel oil ond even in miny instonces in Lotin .meriea with
peraffin, wood znd- chorcoal, _

As regards the price elasticity of electritity:.demend, it hes
pro#ed very difficult,weven for steiisticcl orgonizations as efficient

&5 the Centrel Plenning Office of the lietherlends, to determine the
relationship between electricity consumption ond its sales price,. n8
consumption hes increcsed end the reel price for-electric power has -
fallen cbnstant].y, there is & naturel inverse: correlation that does . '

o Jexist; that
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exist; that doep not neccescrily mean hoﬁe&er, thet such “relatlonshlp
“ecan be identified with the demend curve ot cny given moment.
There zre, however, reasons for believing thet price elasticity'is
relotively high, porticulerly fopr consumption under group (il) ﬁhere
| competitive sources of power exist. For exzmple, average household
coﬁsumption in the zrez served by the Tennessee Volley authority in the
United States during the 1960 fiscal year was 8,800 ki'h at an ayérage
price of 0,99-cents of a dollar per kih, while phe,average figﬁréstor
the country as ‘2 whole during the same period were 3,700 klh and‘2.5
cents of a dollar, o _ . a
' This very considerable difference between cverage rates of consumption
per connected domestic service even in‘a.country vhere theruse of electric
household applisnces is as widespread as in the leted Stbtes demonstrutes
the made mirgin that exists for an increase in per cmglta e;cctrlclty
consumptlon and is one of the recsgons vwhy no. relctive saturation in
these figures is foreseen, | t
** It showld not be forgotten that 1nten81f1cctlon of the rLte of
electrification in the domestic sector depends net so much on the rate
of increase ‘of income.&s on the absolute level and distribution of
income; this-is true meinly because electrificetion involves relatively
high initial costs in relation fo the aveileble inccme of the ﬁédium
and 1éw income groups. This mecns that no spect“culpr prorress in
per canite donestlc electricity consumption should be expected eVGn in
the less advenced countries which ere growing verV‘fnst 2t 1eLSt until
such tijpe as a relatively satisfactory avercoge income level hus been
" reached, : . |
| If 2 comparigon is mede of trends in tot%l elecﬁ%iciﬁy consumption
‘any électricity consumption in the industrial Sector, it. cen. be concluded
that both ‘in the United States and in Europe non—lndustrlgi electrlclty
consumptlon - whic¢h in @ddition to household consumptlon 1ncludes '
comnercial, agricultural, municipal and transport consumptlon ~ has
increased foster than industrial consumption. The scéme hos coccurred in
Latin America where the percentege share of industricl consumption has
/declined from
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declined from 65 per cent in 1938 to 55 per cent in 1959, In the United
States, it is thought that this trend will continue; accordingly, while
household consumption of électriéity ot present represents 28 per cent
of the totzl, it is estimeted that the equivelent in 1980 will be 4O per
cent owing to the faet that the rhythm of household clectrification is-
ovéfthking the fate‘of industricd electrification, Part of the
explun ation of thls phenonenon must be found in the fact thot a certain
nuiiber of the advences made in ;nagstrlal productivity ~ cutomation
through the use of autometicelly controlled machinéé, for_ei&mple‘—
heve been obtained es a result df-felativelyﬂslight additional electricity
consumption in relation'to sﬁvihgslin labour, ond this is a reason for
expecting thct ln the future, unlike the past, Droﬁﬁctivity in the
menufccturing sector will increase proportionctely to a greater extent
| thon specific consumption of_glectrlc POWEY, _' ‘,; ‘ e

Another tyﬁe of projection of © secondary.order is,the.uge;?fxtﬁﬁ,
input-cutput model for a given economic systéﬁ,as was dbné for example
in the case of Italy. Once the coeffibients76f direct and indirect
requirements have Béer Gbtiingd by inversion.of: the motrix (I-4), it
will be possible to obﬁéin individusl productiohlyalues ~ including the
valué.for:éledtricity - by'mhltiplying.theﬁrespeﬁtive lines of the
inGérted matrix by the vector of final,demaﬁdé'forecast for the year
for vhich the projection is being made, Tﬁus,{in the case of Italy a
predicted increase‘over five years of 65 ﬁer cent‘in e}ectricity ConSUMp-
tion 1£s obtiihed end this corrésponded to on increcse over the sime
perlod of 25 per cent in 2ross product . 

Unquestlonably, the uppllcutlon of the 1nput—output nodel means
much mﬁre rational utilizetion of economic date then by using simple
correlﬁtlon betveen electr1c1ty consumptlon end proes product., The
very serlous Qlfflcultles vhich mxv'“rise in thé latter, case.shquld not
be forbotten, for they may dlstort the results obtclned F:i.lr's‘t,ly,‘t‘hvs:-=
problem of second—stage prOJeCtlonS &guln arises here even, 1f uccurute
knowledge is available rerar01ng the ﬂutrly of’ coefflclents of dlrect
and indirect requlrements,ial estlmate w1ll have to be made or a Ilgure

) - ' /found not,
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'J.fduné not éni% for the total volume of final demand but also for its

distribution by sectors or toc stete it in geometrlcal terms for the _
module and direction of the vector of finsl danrnd To n@ke an | .
cestimate of this kind is a metter of some very con51dercble d1f¢1culty.

But there also arises the problem of changes in technoloblcul
coefficients including: both tuose resultlng from changes or 1mprovements
in menufecturing processes whlch as l‘result mffect the number of kih
consumed per wiit of* product, ‘znd “those deerlng from changes 1n the
_reletionship of unit prlces in the electricity sector and various ‘
manufacturing "sectors,, since such chenges will also affect the coefficients
of the Leontief matrix, '

These difficulties added tc the scarcity of statisfactory statistics in
the grecter port of Latin smerica make it necessurv to set aside the
input-output model in unaly51ng pro;ectlons of electrlclty demund in
the countries of Latin Anerice, '

3. Dlrect znd resegrch methods

These methods include meinly procedures of direct consultutlon with
tndustricl uidetikings - at least with el importent underthklnbs end
a2 selected sample of other undertmklngs - und g'sumple survey of probable
trends. in household consumption, . .. : |

Although these direct methoda;ih'ﬁaﬁy”casés supplemént the indirect
methods alrecdy unalgsed, which employ nathenatical formul&e, they ere
used in some countries zs the basis for progectlng electrlclty demand
Such is the case in the United States vhere, aport from the exisience
.-.of an excellent basis of statistical data, this work is greatly facilitated
by the fact thet the iajor part of the electricity veneretlng 1ndustry is
in the hands of undert"klngs which suple relatively restricted and
homogeneous geographicdl areas and are in & position to analyse the
situation in their own area of oper&tlon and have falrly rellable '_-
information about it, : . “

- Normelly 2 group of companles - 1ncluQ1ng both prLVctely und )
publicly-ovned compenies - whose generctlng stations ure w1th1n a given
geographlcal area 1nterconnect stich stutlons, thereby formlng pool

/genertt “ng gnd
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generating and distributing electricity in suéh a way &8s to benefit 2ll
members, In these circumstances, each member;of the pool is feéponSible
for supplying the co-ordinating group with informetion regerding the -
characteristics of its present load diagram and & forecast for the o
irmediate future in its own consumer sector. . The data zre later bréught
together to determine the overall diagram and the. ualeum Lozd forecast
for the'integrated system, the’latter being the most 1mportgnt pnrameter,
since generation in the United States is predomincntly thermal, The . :
forecasts of the vorious pools are in their. turn integréted for the
vhole country at the sixth monthly meetings of the Zlectrie Power
Survey Committee of the fdison Electric Institute,é/ _ -
Within the statistical serpling carried out by ecch compeny in its
consumer sector, attention should be drawn to the followlﬂg cheracter~
istics as being of speCLLl importénce: (&) the number of houses under
construction; end (b) builders! plens regarding the 1nstu11ut10n of
electric appliences, electric heating and &ir conditicning., As 1o
electric househcld cppliances, ¢ careful distinction is nmade between
normcl rate of growth of instelleation ond fast growth resuliing from
specicl sales progrommes, incentives of verious kinds, etc. These are |
a factor of grect importance in the economic system of the United States,
Iarge numbers of the privete and public electricity companies corry out

their own promotions progrzmmes for specific electric zppliances with.

. the deliberate purpose of taking up the slack in the lcad diagrams,

thereby improving the load factor and as & result the profitability of‘
the undertalking, It is considered, for example, that in some cases an
increcse of one per cent in the load factor of & system will increase
the net profits from generztion by up to 6 per cent,

Within this same group, zlthough of & completely different kind,
it is possible to include the procedures used in countries wiph a

centrally planned economy, &nd in particular the USSR, where projection

“of eléctiit pover consumption is part of the electricity "PFlan", For

2/ See Y"Problems of lcod forecasting and the generating capacity to
meet these loads" (ST/CCL../COKF.7/L.1.15). ,

/this purpose,
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this purpose, use is made of what are known as COQSumEtion "norﬁsﬁ-_
or specific eonsumption per industry in kilh per unit of product; .
'expressed not only in current terms but also forecast for the futurs,
account being teken of technological develomments. _

It might be thought that projection work would be g,reatly compl:.cated
even in countries with 2 completely planned economic system,. if a.c<:ount
is taken of the independent private consumer sector for which 1t 1s more |
difficult to fix consumption norms, 4s in those countries, however,
potential demand for the majority of consumer goods hts not yet been
satisfied, the problems arising from possible saturciion of sui)ply do
not -usually arise, Furthermore, it is only in recent years thet the
standard of living has increased to any noticecble extent in thosei ‘
countries, and that the problem of detzimining volumes of prqduction .
and price policies in consumer soods sectorjs,j.s, as & result, llke]y to

become very much more complicated,

/T1.  INTERDEPENDENCE
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R_‘II. INTERDEPENDLNCE BETWEEN ELECTRIC ENERGY SUPPLY AND DEMAND

~ There lS a close reletlonshlp between the two terms of the electric -
.energy,equlllbr;um equatlon,,whlch the stress laid on the -aspects relating

. to the projection of demond-tendsﬂto obscure;' This; it has sometimes.
happened that a progectlon has been almost exactly borne out by reallty
_even when. the bases on which 1t was constructed were’ entlrely false, And -
the reason is no@_that the projection concerned was satisfactory, but
that the company or companies responsible for the provision of electricity
adapﬁed_fheir expaneion'and price policy to the'projection and demand in
turn adjusted itself to'suppij. ' '

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 utili-
zation of existing connexions. Demand is thus- artificially constricted,,
and confines itself to making immediate use of any éxpansions. of lnstelled
capacity. Little can therefore be deduced from the behaviour of demand
.in -such c1rcumstances, except the conclusion that it at all times exceeds
‘the supply that generatlng capac1ty can offer, In casés of this kind, up
to the time when the unsatisfied potentlal demand is covered, an-anaiysis
of the projection of total demend is of little help in establishing -a
policy, for the expansiocn of installed generating'capacity. It should
be . noted that in these instances futuré installed’ capacity cannot be
correctly determined by addlng to the estlmated amouht of the exmstlng

--deficit an extrapolation of the growth of demand in recent years,.since,
in relation to its fﬁpure behaviour once it is freed from its.direct
dependence on suoply, demand may have heen abncrmally low or abnormally
nigh. J DA .
~  Another aspect of £hie iﬁﬁérdépendence is constituted by price

Lo policy in the electricity SECtor. This is a-question of  the greatest

.i; importance, which is Specially anid mére thoFoughly discussed in another

~~ .. secretariat dOCument to be presented at the aemlnar.ﬁ/" It is the more.

g slgnlflcant 1nasmuch as in some Latin Amerdican-countries radical changes

i/ “sée’ST/ECLAZCONF.V/L.l,Bo.
/have taken
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have taken place in this tield’ ‘during recent years - changes whlch nay
affect the future behaviour of demend in relation to more recent experlehce.
Tt is a well=known fact that electr1c1ty tarlffs in tHe Latin American
countries have lagged fartbegand_the_overell_1nflat10nary prOCESS)-that~;S;35
in real terms, the cost ef electric energy has Talleh "' In"qudlitative terms;
this is in no wise excepticnal, since the electrieity industry in“general . -..
constitutes @ typical example of thosersectqre ofnihdustry in whieh produew--
tiﬁiﬁyfihéreases faster than in the rest of the EConomy‘QEpaiticularly the
: manufecturing sector — which means that tariffs may rise at a- relatively
slower rate than the overall price index without greatly affécting the
proflt levels of the undertakings. concerned. j o '
’ In some - Latin American countrles, however this Iag has been more
COn31derable than was to be expected, espec1elly as at the same time the
productivity of the sector, and, in particular, sﬁecific consumption of
fuel ix ‘thermal generating plants, has recained eﬁetionary or improved
very slightly. ' -
""'Broadly speaking, this situation has been made possible by means
of fuel subsidies ; for example, through a multlple exchange rates policy,
or through direct subsidizing or decapitelizatiqn of the'compaﬁies producing
electric energy. |
Of particular interest for the purposes of the present study is the.
relation between the volume of energy salee aﬁd the price policy of the
public utility company.- The Rrice—eieeticipy ef demand is especially
importants in the case of those mass consumers for whom the high level of
electricity demand ‘per unit of value added makes tﬁe price of electricity
an'important‘item within the aggregste coets‘s’eructureo Coﬂsequently,
the study of special tariffs is of great interest in the case of these
consumers, esperially when they, accept the condition of restriction of .-
demand during critical'peniods,_thernbyenabling'the'suhplie% companyﬁto
take up the slack in the load diagram. This aspect is particularly useful
when the replacement of a conventlonal manufdcturlng process by -one implying
more intensive consumption, of electrlclty is under study, as in-the case of
electric furnaces for pig iron or steel in the steel making industry, The
/social profitability
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social profitability of a substltutlon of this kind may well be conditienal
upon tariff and consumption arrangements, since otherwise the rate of
return on profits offered to the steel making firm (to pursue the game
example) by the process 1nvolv1ng more intensive coasumptlon of electrlcity
may be more than offset by the additionsl investment requlred of the
electricity sector in order to cover the increment in the peak demand of

the industrial sector.

I1I. METHODS OF PROJECTICN OF DEMAND USED IN LATIN AMERICA

In a seﬁafé%e secretariat document on projectioné of demand for

5/

electric powéfliﬁ Latin America, the projections formulated in the
leading consumer countries of fhe fegion are aralysed 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 indicsted in the fore-
going chaptefs are seen to be applied, sometimes eclectically and not =
always in such a way as to be clearly distinguishable, An extrapolation’
of recent experience 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
caﬁaéitﬁ'deficits exiéting in most countries -, projections freguently
postuléte a twofold hypothesis with respect to the rate of growth of
‘électficity'capaCity and demand, A preliminary figure, a good deal
higher than ‘the éveraée for the past five or ten years - in the neighbour=-
hood of l2'5f 13 per cent yéarly, for instance, - is assumed for the
next féwryears, or, in other words, for the period needed to make up the
deficit; and a second an lower f{gufe, 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‘othef}wOrds,
the future is dividéd into two phases - one of ‘acceleratsd growth during
the transitionsl period and another of growth which might be termed normal
o%iﬁélénqed; 'Examples of this type are afforded by Argentina; ChHile and
other countries., In many cases, oo, the different regional growth rates
are taken into account, 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
inwh#ch electricity consumption 1s related to specific macro—economlc
variables, have also been employed with considerablie fzequency. Among
them, az can be seen in the study cited, the projections embodied in
plans formulated round about 1955 have generally proved over-optlmlstic |
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,1.
neither were the resources contemplated in the prograumes allocated to the
electrlclty secior

tress should be laid on the differing degrees to which the methods

analysed can be adapted to the economic structure of the country cortcerned,
If, as is the case in Chile and Peru, industrial consumptiom accounts for
three fourfhs‘of'tdtal‘electricity ccnsumptibn, a much more detailed estimate
must obV101sTy be made of the realtion betwesn demand in the electricity
sector, the expansion of the manufacturing secior and the interdependence
of this and the growth of the product. Such observations acguire special
impo}ténce‘in cases like those of Argentina snd Brazil, for sxamplie, where
the coungries in question intend to introducé considerable changes in their
industrial structure, especizlly in the basic branches of heavy industry,
over the short or medium term, '

| It is also important to enphaslize the ne-d to. exclude both first - and
second—st ge p;OjeC 1ons those sectors of electricity demand whose growth
depends upon extremely unpredictable external factors beyond the programmer's
control. Thisa- "“ec to copper in Chile and to Cuba's suger mills,  Such.
a procedure is necessitated not only by methodological rationality but by -
economic facts. From the standnoint of the expansion of public utility -
capacity, an increase in Quzand for electricity on the part of producers
in these branches of industry is not of direct importance (although it
does ind lircetiv bear unon the guestion because of its influence on the
_overail rate of development), since this sdditional demend will be
lsatisfactorily covered by the producers themselves, on the basis: of their .
own résouréés° Only when the generating snd/or consumer centres concerned
are iﬁferconnected with the public utility networks must the nrogrammer of
the latter taoke into account the direct impact of the expansion of these

_secktors of dempand, ‘ '
‘ : /In this
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In this case, as in thet of big industrial undertakings which do not
generate their own power and are entirely or préponderantly.ﬁepéndenﬁ o
upor: the public utility.supply, a direct inquiry émongjfﬁese consumers
must be recommended., | '

- ‘Lastly, it should be peinted out that in some Latin American countries
methodelogical problems relating to pTOJectlons of demand are of purEly
theoretical interest, since the voracity of demand is so:nsproportlonate
to the hOpplessly.lnadequate supply that only restriction of the resources
that can be:allocated to investment (both as a whole and for the electficity
sector) will effectively curb the expénsion of the demand in guestion. _‘

It is equally difficult and hazardous to attempt a reasonably realiable
prediction of future demand in areas to which an eiectricity 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 7
. obtained for one and the same country by the application of tﬁe 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 restrictionsior
by stagnation of the development process, Or by a combination of both,
little relative importance can attach to extrapolatlon of the hlstorlcal )
trend, This would apply to Argentina and Chile, for example. . o
7 Second-stage methods, and especially those which relate demand for
electr1c1ty to the develOpment of manufacturlng industry and the rise in
the level of disposable income, must be the more carefully considered, the
more radical is the structural éhange foreseen 1n the ecenomic system and’
the more intensive the estlmated future’ rate of :Lndustrlallzatlone Argentlna,
Brazil and Venezuela constitute cases in p01nt

Direct or inguiry methods, in their turn, are the more necessary the’
greater the degree of aggregation of the 1naustr1al plant, especially in
industries with a high 1nput of electr1c1ty per unlt ‘of dutput. It is a
. well-kmown fact that statistical methods using a regression analysis. are
Féitisfaétofj“ﬁhén'a”numerous "ahd'homogeneous group or. universe: has to be,
dealt with, -‘Such is not the case in Venezuela;‘as regards - the demand forr

Jelectricity 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 consumptlon
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 dlffer )
from those of the rest of the’ economy. This procedure was followed, fér
exémple, in the projections of demand for electric power embodied in the
officiai_pians of Cuba (sugar), Chile (copper) and Venezuela (petroleum).

It is the more justifiable inasmuch as these demands do no£ influence
public utility expansion programmes, since the industries concerned generate
their own electricity and 1nterconnex1on with public utlllty services is
slight or non-existent. .

When satisfactory statistical data are available, the analy31s of
demand should be carried out by geographical areas, in order, among other
reasons, to furnish material that can be used in plamning area developmegt,'
apart frgﬁ the reduction of probable margins of error which can be aéhieved'
by lowering ﬁhe 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
.18 assumed for the early years of the programme in view of the need to make
up existing deficits, while the secqhd and lower is postulated for the
subsequent period, These figuresAaré in the neighbourhood of 13 and 10 per
cent respectively, ' n

IV, ANALYSIS OF CHANGLS IN THE LOAD FACTOR

The lecad factor is the most important of thé parameters which help to
characterize - although of course they do not unequivocally determine - the

load diagram or demand function through time in a cenbre with 4 certain

/level of
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level of consumptlon. The cnergy consumed over.a specific period.of time,
'"whlch is the verlable generally uscd in the different metheds of projection,
is the integral of the Sald demand functlcn in the interval under conside-
.“ratlon, and the load factor nay be defined as the quotient of this integral
and the product of the maximum velue of the function multiplied by the given
peried:of_time, usually one year or 8 760 hours., Geometrically, it measures
the retie between the area contained ny the . demand curve and the time axis
and the rectengle demerc ated bv the maximum value of the said demand curve
and the time interval cpn31dored. If the tlme intervael is excluded from
- this quotienﬁ, the resuln will give, instead of the losd factor, what is ..
generally termed operetinﬂ or utilization time, . Care nust be taken that no
' amblgulty exlsts in respect of COCfflClentS that are similar but relate. to
inst&lled generatlng cepec1ty 1nstﬂﬁd of to maximum demand. ,

A3 has already been stated, projections as & rule are concerned W1th
the figures for totﬁl Energy consumptlon in the course of & year. Expansion
plans, however, have to be formulated in terms of the capac1ty to be installed.
Thus, it 10 necessary to assume 3 SDePlPlC load factor wnd, subquuentlv o
8 margln of reserve between the system 5 maximum demend end installed capaelty,
in order to formulete the corresponding plan for the exPan31on of generating
plant and its distribution among the various _sources of energy (thenmal,r
hydroelectrlc, nuclear, etec.). T

One possible hypothesis is to adopt e load factor for the near. future o

equal to that exnstlng at the moment when the prOJectlon is made. This.
procedure would seem to be quite reasongble, save in exceptlonal cases, since
changes in the load factor come about fairly slowly, and very great variations
cannot therefore be expected in the'course of mere or less short periods .like.
‘those under considerction. #gzin, in the case of the Latin American countries,
the assumption that for the next five or ten years the load factor will be -
-“muen the same as at present or similer to the average for the last few years
has the ﬁdvantege of 1ntroduclng some degree of reliability into the projee-
tlons, since the trend is towards a slow increase in the load factor, mainly

attributable to the progressive industrialigzation of their econamies.

/Tables 3
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Tables 3 and 4 ineclude dste on average values, standard deviations and
coefficients of variation of the load factor for some Latin American electri-
¢ity systéms during the last twemty years. It will be seen that the changes
take ‘place relatively slowly and- the coefficient;Lgf variation are comparati—
vely low, ” . '

- Ih the forfmlation of a hypoth651s on the behav1ou_ of the load factor
during & 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 sllghtly
greater than the present one, the relatively high value of which is due to
restrlctlons of the service which result in the taking-up of slack in the load
dlapram and consequently in ‘en increase in-the value of the load factor. ‘If
the considerable irstalled capacity deficit were succersfnlly eliminated in
the course of the next few years by means of ‘a hish rate of invesument, the
load factor would in all likelthood substantially decreanea

" fnother Tactor of vital im ~rtance is the degree of interconnexion
'characterlzlng the system and the prospects for the incorporation of new
natworbs in the future,

' - An eleotrlcluy system has already been defined as a set of. generatlng
and cohsumer ‘centres such that each of them has at leash one linic t“ansmls-
sion line) with the rest of the set. Each consume» centre, in its turn, is
characterized by its own demand functicn and will‘the:sfore‘haqg.ipg own
Specifiﬁﬁldad factor. It is an easy and intuitive process to pwbvé‘mathema-
tlcally 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
rdlagram of the interconnected system - has a lcad factor which is always hlgher
than the minimum individual factor and lower than the maximum and whlch is
.relatlvely nearer to the values for the consumer centres whose weight or impor—
tance within the system is greatest,

' Onerway of measuring the edvanteges of intercommexion from the standpoint
of consuuption consists in determining the so-called coefficient of diversity

betieen several load dizgrams. -This coefficient cen be defined as the qudtiént

/Table 3 -
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Table 3

AVERAGE VALULS® AND COEFFICIENTS OF VARIATION OF THE'LOAD FACTOR, 1g97-58

R Coefficlent
aE Average

System “ . Dispersion: . - | of varistion

. . value .

: ‘ ) %
Buenod Atres’ 0,528 - - - ~.0.0034 : 11,04 .
Cordota Dal455 o 0.00186 _ 948 . .
Cardéas 0.506 ' 0,0019 co 86
la PaziOruro 0,555 . . 0.0009 ‘ 5okt
Guayaquil 04533 0 - - 0.0016 7.5
Santiage 0.530 - .. - 00004 3477
Table L

ENERGY AND DEMAND: AVERAGE VALUES AND DISPERSIONS OF THEIR RATES OF GROWTH, 1937-58

{(Values in terms of anmml percentages)

Montevideoe
Buenos Alres

Santlago

Average value Standard deviation

' raxim Maxim
Energy & d a:andm Energy de:a.ndm
8.5 9,34 2,15 lt483
5447 5.18 3.71 b5
L"IBB l‘l‘c 23 2.70 14.91

g/ The "energy" values correspend to anmil generaiioh.

/of the
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of the sum of the maxlmum demand of the various centres and the mexXimim value

of the sum function. Intuitlvely, it measires the dispersion-through time

of the ﬁéﬁiﬁﬂm loads of ‘tHe individual centres.

Itis- usually -assumed. that the deveIOpment of industry tends to increase -
the load factor owing to the- greater regularity of clectrlclty consumiption-in -

the manufacturlng sector, which, moreover, uses power at times when household

consumptioﬁ is lower. A somewhat different opinion was expressed by the

Netherlands Planning Office in its reply to the ECE's questionnaire in 19564

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 cf propof—““

tionality, the load-fector -.is. approximately proportional to the fourth root "

of the number of consumers, which thus eppears as the principel determinant
variable, On the other hand, the effect of the volume of industrial produce

tion on the maid parsmeter could not be precisely established.

/V.. PROJECTIONS
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V. PROJECTIONS XD PRLGR;JJING FOR' THDG ELECTRICITY SiCTOR A4S PART -
OF OVERHLL ECCNCIIC DFVMLOPL:NT PROGRAJMMING -

It is clearly apparent from both the prescnt study and other documents
submitted by the secretariat to this Seminar that there should be a close :
relationship on the one hand, betWLen pyogectlons “of demandland programming
of the expansion of supply within the electricity sector itself; in viéw of
their interdependence, and, on the other, between bothrtheSe:ﬁétivipieé.and
overall devalopmcnt programming, ) A

Klthough no attempt will be made to enter upon an exhaustlve analy81s
of the guestion, some aspects of that relationship should be p01nted out ‘which
are of interest to those responsible for taklng decisions in respect to the
expansion of the electricity sector, ) '

The allotment of resources is condltloned by the order of prlorlty 1n
an 1ntegrated econonic dev;lopmgnt programme, within whose context the "
electricity sector should be placed ' ‘

Studies that make a general anvly51s of the economy and sectoral crowth
requirements in relation to a particular rate of 1ncrease for the gross -
product show the amount of c¢apital that should be asqlgned to the 1ndiv1dual
sectors in agcordance w1th technologlcal capital productivity relatlons.

In this way a rough idea can be obtalned of the definitive flﬂures for
_eapital formation in the different scctors, since these should be modified
'1n accordance with technical productlon alterngtlves, practlcal p0581b111t1es
of implementation, the time required forﬂlnvestments to mature, the Tesources
needed to bring toAcompleﬁion investments in projects that are being executed,
ete, o § o A-.

The projection of‘démand is the first Step‘towards assessihg tﬁe'amount
" of resources requlred for electric power development, thls being a prellmlnary
estimate for comparing w1th the total resqurces of the economy and determining
the pOSSLblllty of obta1n1ng funds.,

In this respect, it should be pointed out that there are some structural
relations between a country's total capltal formation and the amount asslgned
for investment in the electricity sector. These relatlons should be care-

fully reviewed because they need to be adanted to the partlcular condltlons

/prevalllng in



ST/ECL&/CONF. ?/L 1,10
Page 40

prevailing in each country.es regerds, on the one hend, the current
electricity deticit the macnitude and period-of the projection and the
changes in productlon sites and, on the other, the natlonal aggregate of
p0551ble sources of energy.

In his study, The_Design of Development, Mr. Tinbergen refers to

energy and transport as bclng the two most typlcal cases cf the pehnomenon
of complementsrlty in 1nvestment, which leaves the planner little room

for making'hard;and;fest:decisions. In the case of transport and communica-':
tions, the author points out that the relevant"sectoral coefficient, i.e. o
investment in the sector as a proportlon of total gross lnvestment has
remained falrly constant varylng from 20 to 25 per cent in countries with
both dif ferlng structures of prodi ctz_on and consumptlon end dlfferent ‘
levels of develcpment, For instance, the order of megn1tude of the coef~
ficient for tne ercrgy seclor Lo gudgc by the experience of Latin ‘msrica
which is analysed in this proer and is corroborated by that of a number of
European countries and of the United States, fluctuates between 10 and 15
per oent e1 ctric energy usually constituting about two thirds of the
total 1 e, 7 Yo 10 per cent, '

However useiul it iy be for olanﬁars to possess sore knowledge of
these orders of magnltvde. they shou‘d not be observed go strictly as to
mllltate against the fchlblllty with Wthh a programne should be prepared
by the person respon51bleu Thus, in the partlcular case of electric energy,.i
it should be remerbered that its utlllzatlon as an 1ntermed1ete good in |
the form of an input in the Hanufacturlns and mining sectors constltutes ;
little more than half total consumptlonn The remainder forms part of
the vector of final demand, and 1ts rate of growth is largely conditioned o
by declslons on the part of the energy suppller as regards supply and price.
In other woros, a_though the role of the income—elasticity of electric :
energy demand siould not be ove“locxed, due consideration should also be
plven to the role of the prlﬂe—elsst1c1ty, not only of energy, but of _
demend for the durable concumer goods w1th whoge 1nventony and sales levels
domesulc energy coannotlon is 50 closelJ connected.

Even 1n the case of 1ndustr1al consumption, complementarlty has 1ts

lxnltatlonq, particularly in the cace of the technical processes that are

/intensive electricity
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intenSIVe electrlclty consumers - - the 1nten51veness belng generally measured

,by the nunber of kWh requlred per unlt of weight or of value added -

since they are often replaceable by processes that use other sources of
energye The prlce—elastlcltles of such processes are obvlously hlgh' this,
apart from belng a sign of the relatlve lack of 1nflex1b111ty 1n the sectoral
coeff1c1ent of 1nvestnent demonstrates the need for a ratlonal pollcy, i.e,

for tariff differentiation and analysis of demand curVes w1th respect to the

Isale of _energy. to the 1ndustr1al sector 1n order uo ensure optlmnm utiliza~

tion of natlonal resources by that sector.

It has already been poxnted out tnat the allotment of resources for

energj production should be prooortionate not only to the corresponding

allotment for industrial production but also to the estlmates of foresecable
expenditure in those durable consumer goods or capltal goods (hou51ng) that

are related to the welfare of the people.” "~

" This tyoe of study is not common in Latin nmerlca, but is nonetheless

urgently needed. It may happen, for instance, that productlon‘of durable

household goods is expanded by'means of different economic‘néasures at a

time when there is an acute energy deficit The expan51on aggravates the

def1c1t leads to an even greater shortape of energy for other activities
and tles up sav1ngs in an activity of doubtful prlorlty. '

Another hlghlj important aspect to bear in mind is that, given the

r;relatlve amount of investment in the electr1c1ty sector, the selection of

the best programme of progects and the establlshment of an order of

~pr10r1ty for these progects w1th1n the sector cannot. be 1ndependent of

general dec1310ns on the _amount and dlstrlbutlon of 1nvestment requ1red
for income to attain a certaln rate of growth
fis regards this aspect two very 1mportant problems have to ee dealt

with in programming the expansion of the electr1c1ty sector " one concerns

. the relatlonshlp between the throclectrlc and thermal capa01t1es to be

installed, and the second the dlstrlbutlon of total expendlture among

generatlng equlpnect trensm1551on and 1nterconnex10n lines’ and prlmary and

__secondary dlstrlbutlon networks._

The two technlcal altsrnatlves for electrlc energy oroductlon which

are 1mportant for adjusting the allotment of resources ere thermal and

/hydraullc plants.
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The method of flnanc1ng may also play a part in determlnlng the type
of generation chosen. If a project can be financed by emternal resources
on favburable terms as regards the rate of interest and amortléatlon
periods, it might be worth whils 0 pay more at the outset, on the'undeff
standing fhat the saving in annual‘cqsté will offset the servicing of the
loan, particularly if the fuel for oﬁerating the thermal plant has té'be
imported. ' e

It is very dlfflcult to explore possibilities in the abstract without

_.reference to specific cases, Bub there is no doubt that for programmlng

glectric energy developrent, lt is necessary to have a clear idea of the
variables that affect each of the two systems and adopt a generatlng o
pollcy that would comblne the dlfferent factors and thus lower the 5001al
costs. . '

The 1mplementat10n period is occa510nally a decisive factor in the
choice of production technloues. From the economic standpoint, the longer
it takes to carry cut a project, the longer it will be before there are
any returns on the capltal invested in the dlffepent stages. This raises

the cost, if the interest not produced by the capital during the perlod

of execution is computed as part of the cost. Nonetheless, the dperational

economies that result from hydroelectric generation may compensate for the

- fact that the capital takes longer to yield returns, and cllnch the

question of the desirability of this type of generatlon.
It should be p01nted out Bhat when an electric energy Qevelopment

programme is in full process of executlon, the supply of power will increase

. in the form of a discontinuous curve, but with minor jumpé, since the
project is implemented and the plant ﬁade ready for operation in such a

~way as to invalidate the objection concerning the waltlng perlods for

electricily supplles, although it may still prevall in specific areas.

- Of course, if these comments are to be applicable, a programme mist exist

in which the successive projects and the various étageé of the preliminary

studies - draft project, project and execution ~ are combined cléarly and

effectively within the stipulated time-limits.

The establlshment of the respectlve proportlon of hvdraullc and tﬁermal

. generation in a programme for electric 2neTgy expansion naturally has its

/technical limitations.
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technical limitatichs. The most obvious limitation is of course the lack
of waﬁef: CoﬁVerSély,'even'wﬁen'there is an abundant supply, of. draft
projects féf ﬁydroéléctric plants that are easy of access and. have a low
unit ggéﬁ--the need'to'guarantee'the respective power generally entail |
a certain supplement of -thermal POWET o |
But even within these limitations there is scope for choice on- the
basis of purely economic considerations., The possibility of choice plays.‘
an 1Hportant paft in determlnlng the total amount of investment in the
sector, and therefore the sectoral coefficlent, awing to the difference
between the capltal intensity of each type of plant and the length of tlme
needed for construct.lono Although the relation between the two 1nten51tles "
varies apprec1ably in accordance with specific circumstances, its dlstrlbu~.”
tion is asymnetrical, the cases in which the capital cost of a thermal ‘ B
plant exceeds-tﬁét of a hydro plant being exceptional. Hydgoelept:ic .
works, on the other ﬁand, arc choracteriged by practically no inputs,éf_. 
fuel at all and a level of labour productivity that is slightly higher
than that in a tﬁérmal plant. FHence, this is a typical example of a
choice‘between'two techniques, onz oi 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#develobed bcﬁﬁtfies, there is an undue tendency, in dealing
with this type of problem to decide in favour of the process that involves
moreucépital formstion. This is mainly because the structural,disequilibria
affebting the economic systems of such countries tend to widen the gap
between market prices.ahd intrinsic or -equilibrium values, l.e. those
whoze ccnsideration would lead to raticnal decisibns and the besi possible
dlstrlbUtan and ucs of resourcts, Thus, for instance, it may be concluded
from an analygls of thess economies that so long-ds the rate of 1nterest
that preVallS in the LapltaL market for reproductive lmvestment is 10wer than
the assumed level of equilibrium, the level of wages - largely because‘of the
political and socisl pressure of the trade unions - is higher than equilibrium

value. &/

é/‘ With recpect to the last point, the ravages of inflation in some Latin
. American countrics vy have led to a decline in the level of real wages
which has breougnt tham clezcr Lo zgquilibriur value.

/Both disequilibria



ST/ECLL /CONF, 7/L 1.10
P”g» S5

Both disequilibria have a coinecident or cumlative effecf on tﬁe
above~mentioned problem of choice i.e. they tend to tip the balance 1n'
favour of the alternative with higher capital 1nten51ty and less current
inputs. Hence, many economists believe that fictitious or hook values
should be- used, since they would represent the iﬁtriﬁsic values 6f ﬁhe.-r
different production factors in the economic system more adequately.

‘This point must be ‘emphasized because it is of the greatest 1nportance
for Latin /merica, a region in which the disequilibrium in the level and
structure of the whole gamit of rates of interest in certain.ecopgmiés
affected by inflation has reached a point where the bank rate has qften
been many. times lower than ths rate of increase of prices,-whiéh ﬁéans
that the real rate of interest had a negative value. '

figain, in some calculations relating to public 1nvestment the error
is aggravated, since the.rate adopted, instead of being that of bank 1nterest
on the capital markel — which in itself would ke lower than the equilibriuﬁ
value -, is that at which international financing agencies lend funds, and
which is still lowsr than the former. This error wes p01nted out in a
study by the International RBank for Heccastructicon and De;elopment —/

. There is, however, a third distoriion of the calculation which, in®
the case under discussion - that of the chcice between.hydroelectric and
thermal power stations -, sometimes lends to offsetl, aithough oﬁly ih part,
the errcrs involved in the two disecuilibria mentioned above, Reference'x
is made to the foreign exchange rate adopted for the calculations'in o
question, which is usually that in'for=e in the financial rarkets. The'j
rate in question is lower than the equilibrium viTue which would have to
be teken for the purposes of analysing the impact of alternatlve programmes,
andfthis on'sevéral accounts, From ths macro-ecenomic ouandp01nt, it is
.- common knowledge that the capacity to import constitﬁtes one of the bottle-
necks apt to bé inherent in development programmes, for two fundamental
;reasons:. in the firsf place, because o? the disparity between phe‘rates
of gfdﬁth of income and of the-capac*ty to import; in the second place,

because the flow of investment needed for the attainment of the d651red

7/ See Cost of capital in the choice between hvdro and thermal power, 1957.

/rate of
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rate of growth necesaltates en increase in the investment coefficient, w1th .
the consequent pressure on the capac 1ty for extérnal payment, since the |
import content of 1Dveetment is higher than that of consumption even in
those Latin nmerlcan COLntrles which have made most progress in the domestlc
marufacture of capltal 20045,

In contrast w1th this relatlve shortage of foreisn exchange for
developmenttpurposes a tendency is observable on the part of Latln Amerlcan'
Governments and central barks to stabilize the exchange rates for foreign
currencies as far as possible even during pericds of internal inflatiqn,.w'i-
and this practice causes the disequilibriuw: »eferrsd to above. -

In such circumstances, as the generation and transmission equipmeht
for the provision of hydro power generally has a relatively lower 1mp0rt
'content—/ than that of thermal projects, owing to the preponderance oﬂ the
civil engineering works in the to al expenditure, the third distortion just
analysed helps to male tho thp“”11 project mare attractive. Thus, the
effect of the other two dluuthllbrla on the rate of interest and the :
level of.wages is partiy eeﬁ:terzcted.

Brief.mention rust new be 1ode of tue second problem noted above,

i.e,, that relating to tie distributicn of investment among the phases of
generation, transmission and distribution of electric energy in a syetem.r

Flrstly, it should iLe 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, locel conditions, etc, -~ differ from one another

8/ It is difficult to give precise valnes in this connexion, although it
could safely be stated in goneral terms that while the import content
:in thermal pleats is a good deel higher than 50 per cent, it is below
this level in hydrezlectric projects. : It mist be borne in mind, however,
"that given the greater vnit cost of the hydreelectric kilowatt, the
absolute values of the respcective foreign éxchange tequlrements may often
be similar for the two alternalives under consideration.  What is more,
the exchange rate which is lower than the equilibrium or intrinsic value
may give rise to an unwarranted preférence for foreign capital goods in
cases where domestic production -could compete w1th imperts, by placlng
the forrer at a disadvanings os regsrds prices. Yhis in its turn would
help to aggravate tle position with r=gard to the foreign exchange
balance,

Jonly as
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oni&'és“feé&rds‘thé generation of-electricity. Once the electricity is -
£éd into the network, its transmission and distribution display no dis—
tinetive features in relation to its origin.” This means that the cost of:-
transmission iines; given equal distances from the consumer cenfres, and
that’ of distribution, given similar conditions in those centres, would be
the same in svery case, |

'in'reality;'it is preferable to include the costs of transmitting
electricity with those of generating it, so that. a clearly differentiated
segriont of investrent may cover the whole of that required o despatch the
high;téhsibh power in question to the vicinity of the concumer areas, and
enable'the_félativé'advantages of several solutions to be considered on
mbfe-céﬁparaﬁlé'bases. -

This point was touched upon in the foregoing pages. 4is regards the
elecﬂricity.distribﬁtion system, it should be recalled that the investment
required is by no means negligible. For densely populatcd urban centres
it miy represent amounts equivalent to those nseded for the deospatch of
high tension powér, while in rural districts - which have a low demographic,
industrial and consumption density - its cost por kilowatt is 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, tensicns, etc.

It will have been noted that the allocation of resources is bound up
with both the alternative forme of generation and the possibilities with
respect to financing. The latter is one of the factors that most strongly
influences electricity develcpment, since the rapid grorth of this sector's
activity means that in Latin /imerica as a whole installed cepacity will
need to be doubled within a' few years {5 to 8), while at the same time,
because electric power is @ widely used input,; its sale price will be a
cost component in near:y a3l economic activities, and will .consequently
affect the general price level,

These and other considerations have led the govelnments in most ~

countries to lay down rsgulations establishine rutes which, even when they

/provide some
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provide some return with respect to operation, do not permit.an accumulation
ofnﬁrofits sufficient to provide any appreciable contribuilion to the-invest—
ﬁent required to double generating capacity within -a relatively short
‘pepioa. Consequently capital growth in the electricity sector is largaly
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 direet state participation in
the pfOViSian of the service, '

. Howsver, experience has shown that domestic savings are 1nsuff1c1ent
.fo ﬁrovide the capital formz"ion of a country that wishes to develop at a
rate fastér than in the past, even though modest by comparison with the
aSplratlons of the communlty, consequently foreign eredit must be. used for
this purpose, :

From a t“chnlCil standpoint the electricity sector is well placed to
ilnance part of ite capital formation with external funds, which can be
devoted mainly, in a direclt or indirect form, to financing the proportion
of investment required for imports (heavy machinery and equipment), while
naticnal savings can provide construction and other costs for domestically
produced items, '

‘_ lowever, it may also become necessary for foreign credit to pay for
at least some of the local currency investment costs of -electricity,
eSpéciélly in thess countries where the deficit of instzlled capacity is
so lerge that the expenditure regquired to eliminate it would endanger
investment in other sectors. . L

'Anothér‘basic aspest of the interdependence between programming in the
electricity sector and general prograrmming relates to the institutional
and legal framework within which the expansion of the sector is planned,
and to the rates policy Fo‘ernlnb the public electricity service. Although

'thls cuesticon is anflysed in groater'detall in another secretariat stqdy

9/

on sourceg of Iinance for electricity development,™ some comments are

appropriate Fzre,

.9/ See ST/20La/TONF,7/L.1.20
" /In order’
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In order to increase the rate of economic development - the coefficient.
of investrént must be 1ncreased w1th0ut affectlng the rdtlonal -sechboral-
distribution of the total available resources. To attain this aim without
restrlctlng the populatlon S levels ofrconsumption, dnd-to establish the
necessary conditions for & gradual and steddy increase in the coefficient
of internal savirgs, it”is ﬁsually assumed in development programmes that:
the comtribution of foreign capltal w1l prov1de the balance.that -cannot
be financed internally during the tran81tlon period, until a.level of
internal savings has been reached that will alone suffice. to maintain the
required rate of development. 19/ _

Consequently, within this framework, the size of the contr;butlon 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
-prbgramming'for'thé sector cbviously. requiren that there will be no incon-
sistencies with the general assumptions of the programme ., -

For example, it would be illogical to estaollsh within the general- .~
economy of a develonment programne , premlsses in the macroeconomic part with-
respect to the volume and form of the coniribution of foreign capital or
domestic prlvate capltal——/ without et the same tlme ensurlng means of
access for such capltal throuﬂh administrative and legal provisions.

Thus it is necessary to adopt a deflnlte pollcy w1th ‘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 futufe. If the decision is,against‘using
such sources for electricity expansiqn, steps must be taken to verify that
the state éntefprises or the nganizationsrconcerned can provide the funds

required to carry the whole weight of the programme, This evaluatioﬁ,-in

10/ This does not of course rule out the contlnuétlon of external .financing -

to the extent considered desirable, even after this aim has been achleved,uJ_

since to do o would make it possible to raise the target rate, -

11/ Tt is hardly necessary to peint out that there is no réason why these =™
overall macroeconomic coefficients of investment should be attained in .
each sector, since they are based on averages of values that vary, e
sometimes considerably, betwsen different sectors or different branches
of the economy.

/turn, should
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'turn, should be in relation to the percentage of the national income
reﬁrésented by government -expenditure (which in the western world is usually
between 10 per cent and 33 per cent), and to the relevant items of 1nVestment
and expenditure in the government budgat '

It is particularly important to ensure an adegquate flow of funds into-"
such sectors of the econom&Ias the electricity sectﬁr, in which demand e
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 reinvesiment 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 sufficiemt to ensure the
expan51on required for the balanced growth of the sconomy., In this connexion
it should be noted that excessive autof1nanc1ng by means of a specific tax
on the sale of pover, 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. | I

Another way in which the structure of the electricity progranmme is
closely linked with that of the general development programme relates to
the scale of the engineering works and the ofder in which!they are carried
out, It has been rightly said that the programmlng of economic development
basically implies the selection of a system of prlorltles throunh time.
In other words, in the electricity sector, as in the rest of the economy,
once a suitable portfolio of workable orOJects is avallable, the questlon
is not to give any of them up, but rather to postpone some in favour of
others.;g/

With respect to scale, although‘there are many important aspects to
consider, this paper can do no more than indicate the need to achievé the

right balance between economies of scale. on the one hand, and the flexibility

12/ Obviously the postponement for a long time of certain pro jects 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.

" Jof 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 be 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, :This argument obviously militates against the execution of large-
scale projects, whereas modern technology favours them in view of the
considerable economies of secale,

The instability of Latin imeriecan eccncmies makes it necessary to give
due atterition 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
teduced; and thus.the rate of growth, maintaining the increase in fhe
capacity to supply electricity at the rate originally plsnned 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 ecpndmic
growth, or wheén by means of adzsquate supplementary financing of external
requirements the additional payments can ke 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_eitﬁer the economy's
growth rate or, consequently, the growth rate of the electricity service.

Thus far atteniion has been concentrated on the investments required
to ensure the electrieity 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‘necessaryrto ensure that the cconomy will be in a position to

/produce the
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prodﬁée the nécesséfy'savings in those production or consumption .sectors,
other than the“elééﬁriéity”séctor; where. the. demand originates, and that
the 1nVestmenus ars made that will transform .this potential demand into
effective demand., ‘ _

The reference here is mot to ensuring consistency between‘investment
in the eleutr1c1tJ sector and investment in each of the other sectors, and
in thes econcry as a whole, That is a matter of the general programming
of investments and is beyond the scope of the present study. The specifiﬁ‘..
question.here is'that'portion'of invesiment outside the electricity sector
which conditicas the consumption of electricity. It should be stressed )
that such investment is not automatically ensured once the sectoral alléca— _
tion of fﬁnds has been made. Thus - -for the purposes under dlscu581on it -
will not suffice to see that the planned investment in railways, for example,
is ¢rrried put, tiless at the same. time sitaps are taken to ensure that the
electrification of the roilwey syctem will meel the postulated demand as
plerned with reespsct to'ﬁolums, place and time, Similarly, it is of '
prim ;mportznce that the industrial inmuts of electricity shoulgrbgcome :
| vailable, eithcr through plant modernization or through the ins@qxlayipn“ )
of the new procecses and cctivities that have been planned. In-the démesfic
cans:rﬁtio cocbor what is perhaps the basic sirategic factor is the 1nvest-
ment in housing 1nvlud1nv, in ‘particular, electrical appliances for the
hpm,, that could result from a proper distribution.of income.. .

_;hu- it may be useful to indicate an order of magnitude. for an01llary
or s leﬁen,ury nvestrﬁrus required for such purposes in sectors other .
than tAa elzg Brlc;uj sector, Withoub entering into details that would be y
out. of pla > herz, it o2y be stated that in order to use the power generated
ty each kilcwatht of instolled cdpacity with-a normal average degree of utlllza-
tidn, the investront in othar industirial sectors will have. to be tw1ce,
three timss or even four times as much as that required in the electr1c1ty
secuo“ itzel?, and highsr still in houses well equipped with the fruits

of chern elsctrizal advances, . o ;"7- :
' Ccn§equently it is appropfiate to draw attention to the quesﬁign_of the
distribution of tﬁerihvestments that mighv be described as.Pdireptgd"_and-”
that ore of grea® prastisal irportzice in the final stages of economic

pregraming,
/hs . the
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hs the Sﬁpply'of‘electric"power is an, indispensible requirement for
productlon, it 'can constitute an effective means of 1ndu01ng desitable
changes if the siting of industry.. This question acqulres Speclal 1mpor-'”'“*
tance when it is necessary to deal with situations resultlnﬁ from large o
concentrations of economic activity that result in 1mbalances and may o
result in high social costs for the -community, although decentrallzatlon
usually means a high initial investment in services. - |

" Examples illustrating: this are.to be found in most Latin imerican
countries, where there are a few thickly populated areas with a relatiﬁélj
high degree of industrial:development and large areas whose 1inks with
the economic activity of the rest of the country are weak or non-existent.

One way of establishing the proper conditions for decentrallzatlon
or the irncorporation of new arezs is to provide these areas with the ba51c'
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
exXpansion 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 ithe level of economic zetivity 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 eleciric power sector, and since the second represents needs that
are obvious because of their urgency, it usually has the most influence
en 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
wittiout. regard to a general policy aimed at making the most profitable use
of existi;é resources.

/Consequently, as
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“Consequently, as:in 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 about a change in the‘géqgraphical
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 requiremeﬂts. If .the basie consri_déra-'
tions underlying the projection are of a short-term nature, the projection
will certainly not contribute to structural change, whereas 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

réquirements in the electricity sector may be completely different.

© /Annex I
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Annex I

PROJECTION FUNCTIONS FOR ELECTRICITY DEMAND

A suitable origin 1s tcken for time n, and an endeavour is made te establish
for electric energy demand E & projection formula of the type E = £ (n)

that would be valid for a given sysiema

Formulas of the purely exponential type E - EO a” have a constant rate
of growth, and are therefore inadequate for describing those situations in -
which the rate of growth of demand is high to beginrwith - owing, for
instance, to the removal of restrictions on supply or because. the service
in question is new and covers hiﬁherto non-electrified areés - apdhthen"
gradually diminishes until it reaches a certain level and remains fairly
constant. - |

Potential formulas, such as that of Robinson and Daniel,

E=E (g . l) b,‘make some allowance for this objection, gince the rate
a /
of growth f(n + 1)/f(n) is a decreasing function of n. There is, however,

the grave drawback that the quotient in quéstion tends to one, il.e. theo-

retically it weuld bring electricity demand:-to saturation point, a hypo-

thesis which is hardly acceptable. ' o ‘
The ideal would be to find a formula E = £ (n) that would combine the

virtues of both formulas:

a) iél%ﬁ%l should decrease with n

f (n+l) ) ; ta f i
b) T ; should tend towards a 'mormal" a for n ~ ® | i.e., forn

in the "normal" periocd, f (n) should act as the exponent (constant annual

£ {n+l) A_‘m__“w'
- v fon)

cumulative growth)a.... ..

/A formula



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

4 mixed formula such as the follewing ié therefore considered to be

Lo

~ the most appropriate:

DB A Ra ) WD
l E-A (k + 1) 2

The starting point for the formula would be termed year Q.

It should be ascertained whether this formula complies with the
requisite concitions as follows:
a) L (nel) . (ER=EE)X,

7 (n) ok a decreases wlth_g. In fact, if x is positive:
d ¥ - . Zl-rl-rk - __ -1 a ,/40
dn *° o nk ) TE;ETQ ~,

b) lim i%ﬁ%%% = a
n - o o

Both conditions ‘are thus fulfililed.

Determlnatlon of parausters 4, K, x, a:

The most rational way of determining the nmarameters of the formula’
is to take the peints for energy demand dbtained in previous years (known
statistical data). - 7 o

It may be assumed that one point is known and that the first known
yvear is taken as the origin:

Et

Valus Ei is therefore known for

0 ] i s is= O,l’..o-o;’ me=1
1 Z2mm—m—m=1 n
On the assumption that A, K, x and a are known,there will be a difference

{residue) between the value calculated

1 _ 1 X
Ei = A (K + l)

/and the
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and the known value Ei:
E—i‘:l = z.
i i i
The principle of least squares requires that:

m-1
zj% (1)
izo
shall be the minimum.
It is assumed that the values Aﬁ, Ko’ X, and EN have been found to

be more or less satisfactory. OUn the basis of the data for a recent period,
the principle of least squares will be used to revise these rough figures
by quantities o

Aaﬂnéa-" K;-,Ko-s-ﬂ- X=X %y - a=a_+ 3§

If the partial derivatives of a higher order are disregarded, the difference:

Cr A K % a) A Ge ) et 2 B - g
will be written as:

. 5 f 51 .
£ (4, A, Ko, X, aD;-iaaﬂ +B 5 Y E 8 Y _-fE__i;_—-zi
T o) o o
The terms of this eguation are:
. i o )
£ (1, Aoy Koy X ao).z A {‘K—- + 1) i
. 5
o
. x

5f - (l [n] .
=T (e 1) iz A,
SAo Ko_ E_i__ﬁ i
&f i o=l .. 41

o o) o

) 5 f | i, i o i

5x ""Ao (K -&'l) L'(K +l}'V1

o o) 0

. X

s f L 0. 1=l=
5a = Ao (K %+ 1) ia, i
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If the following is alsc put:
' - B, - £ (1, A, K, 'Xosgo) = ¢4y
(2) gives: '
2y =g Aot @ - Ty Bowyy-my?
Expression (1) then becomes:

m-1
Z . . 2
(&iaériﬁ-rviy-rwiS ¢i)»
! 1:0 : - L :
The partial derivatives with respect to

should be eliminated in order to obtain the least squaresrs

ffm -1

s (dga=T ,(j;i.z,;.iq/-&wiS*qb_iﬁ):(}i:O -
is= p
m~ 1
( t )'l_'i:O
< j.‘.‘:o 2
"m‘—l'---'-‘ i i
E { )ylzo
i=0
m-l - v .
) ]
) ) =0

N 1T

This system of normal equations is easily solved after the”fespective

coefficients for i = O, 1, seseee m —-1 have been tabulated. _
Application - | -

This method was used to work out, on the basis of data for 1955-59
the respective formulas for two counﬁ?ies - Urugiay and Venezuela - that
differ widely in siructures. The following equations were chbtained:

2193 (—-9—-— + .1> bae kT« 0.8001"

1173
+ %) 2h x‘0.8047n

Venezuela: iy

Uruguay : E=- 704 (?ATBT

/ Annex IT
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Amnex IT
RANK CORRELATION'AND NON-PARAMETRIC INFERENCE

A normal (GQUSSlun) distribution of the populutlop or of the errors
1s usuully assumed in conventlonal statistical methods, This is
undoubtedly & restrictive assumption, In the casg of non-parametric
inference this restirictive assumpticn is not made, It may be assumed for
example, that the distribution ofkthe error i1s symmetric but not neces—
-sarily normal, _
N On the whole these tests are not &s powerful and a price has to be
paid for this generalization,

Among the non-parametric statistical tests, rank correlation 1s found,
It was originally motivated by_the-fact that some varicbles are not
meisurable so that the observetions can only be ranked in an ordinal but
not eardinal rel&tionship. But it is often used even with measurable
variables bgcouse the assumptions are not as rigorous and computation is
much easier, e o

In renk correlation the following would, for instonce be stated:
if income is higher, savings are higher, No linear or exponential or,
any other particular shape for the functicnal relationship is assumed.
The only conelusion wouldhﬁenﬁhairthe'trend'was "upwards", The .
applicability of such correlations to this particular case 1s obvipus,
Consequently, the two methods used will be briefly explained below,

Twodifferent approaches are used in order to measure the extent of rank
correlation: Spetrmants coefficient and Kendell!s coefficient.

Spearman!s coefficient

The input data is ‘given in the formm of two columns of numbers, each
horizontal pair correspondihg to one observation or experiment.
Let X3, Yi be the ranks (that is the integer numbers denotipg thelr
position as to the mize of the number) of one of these two pairs, Then
ﬁ-h—h  |
is defined and the sum of the squures of these dlfferences between renk

/numbers is
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mmbers is compared with the expected value of this sum in the case tha£
the variables were not related in ony woy, '

If n is the number of observations (that is to say, the length of
each one of the table§ of verichles thot ore being compered), the
expected vaiue of the sum of sguures in the absence of any relotionship .
is proved to be: o

. n(n?-1)/6

It is importont, although perhaps rother obvious, to note thot this |
is rot the maximun possible value of the sum of squores of ronk differences,
This maximum value will occur when there is perfect inverse correlation
and it vill be equal to ‘

_ n(n%1)/3

If there is perfect direct correlction the sum of squores is nil,

For any given sua of squares of rank differences, Spearmon's
coefficient is defined by:

S w1 - Sum of sgueres of ronk differences
Expected value of the sum of square
'rapk differences

substituting by the expression chove:

\ : 6 S a2
- sn1 - o4

. f ¢

Ma G Kendill has proved thot, S my be tested in a Student distribution.

t =5 . (n ___:91/2
' 5<)

so that if Probebility (t) is small, accordlng to the tcbles of the
Studernt distribution, independence between the two varicbles thwt are
being cnclysed capnot be rejected ond the value of S dis dgclgred as " T
_ "not signif;cant“ according to the level of significonce thaf hes

becn chbsena

Kendallls coefficient

This coefficient refers to the number of order jinversions in one
of the variables supposing that the order is ordered, This number of

imversions is denoted by s, Then the definition of Kendtll's coefficient is:

/K ;
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K ;‘ 2 s
n{n - 1)
vhere n, as before, represents the size of the sZmple, that is, the
number of pairs of observations of the variables,

There are different ways of computing, the number of order inversions
in one voricbhle after the other is ordered, Perhops the simplest is as
follows; consider the first element, that is the one that has renk 1,
and its position in the row;of'elements vhere the number of order
inversions is to be counted, Let D(1l) ond L{1) denote respectively
the mumber of elements thet are to the right and te the left of 1,

The element itself is excluded_so‘tha§, &s & verification there must be
D(1) - L(1) = (m ~ 1)
The difference _ )
h(1) = D(1) - L(1)
is teken end the szme is done for‘the element with renk 2 zfier striking
out the first one, so that D(2) - L{2) ; n - 2,

It cen be proved thot the totol number of order inversions is egual

to the sum of all these differences, thet 1s:
s =L h(i)

Like Spearment's coefficient, Kenda2llls is equal to cne only if the
correspondence between the two renkings is perfect and (~1) if the
ronkings are inverted,

It can be proved that,ﬁhe distribution of X tends to normelity
wvhen n tends tc infinity.

Although the two coefficients are different in conception cnd method
of calculation they ore very closely relcted., It con be proved that the
product-moment correlation between them approaches 1 - n/l, for large
vilues of n.

Also for lorge yélues of the senple size the ratioS/K is in the
neighbourhood of 3/2.
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