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I. introduction

In this paper, we report on the results of a reaearch project addressed
et modelling energy-economy interactions in small developing countries.l The
overall objectives of the research were to learn more about how energy-economy
interactions can be usefully modelled for policy purpoees, to compare the pros
and cone of alternative methode which have been used previously, and to tesat
the feasibility of utilizing simple general equilibrium models by constructing
an illustrative model for Sri Lanka. The focus of the project waa largely on
rethodology.

Nost previoue studies of enargy demand in developing countries have used
pertial equilibriux methods.2 That is, enerygy demands are projected on the
baeis of exogenouely forecast sectoral or macroeconoric growth, with or
without sensitivity to verisatione in energy prices. The probler with thie
-

or onony davolooing zounnrier, the level of enercv denand and

approach Lo oot llzping ooun
the associated custs of meeiing these demands ie likely to have a significant
impact on the macroeconomic variables and sactoral growth, which have been
projected independerntly of th; energy csituation. It ie this feedback of
energy costs and derands on the rest of the economy--including aggregate
growth, the balance of payments situation, and the sectoral pattern of
growth--that we have in mind when referring to "energy-economry" interactions.
’ These intersctione probasbly sre wmorc cignificent for developing than
developed countries because the former sre kore dependent on imported oil thean
snost CECD ccuntriee, and financially they they are in a weaker posgition to
cushion any oil price shockas. At the same time, their economies are changing

at a more rapid rate, generally cheracterized by increased industrial

production and urbanization, both of which tend to be energy-intensive.

! This project was sponsored by the Office of Energy of the Agency for
International Development.
2 For example, Bee Choe (1578), Dunkerley (1982), and Wol< et al, (1981).



-2-

At described in the next section, there are severzl methods available
for modelling these kinde of two-way feedbacks. The alternatives vary with
respect to! dates requirements, the economic or policy issues which are given
&pecial attention, and the economic behavior underlying the models. Which
rethod is “best” depends in large measure on the scope and intensity of the
energy-economy interactions. More compliceted methods would be gppropriate
for, say Mexico, with its large petroleum anc industrial sectors, than for say
Kenya, even if they had gimilar date bases.

Here, we zre specifically concerned with the smaller, less
industrielizsd devoleoping countries. We refer to countries with populations
less than 20 million or so and where neither the industrial or energy sectors
are dominant. This set would include & number of countries in South and East
Atia, cub-Scheren Africe, end the igl=r? coonorice.  In degigning ¢n
appropriate methodology, we cleo have tried to take into account typicel data
limjtations and the limitations on the amount of real resources (manpower,
computer coste, etc.) available to undertuke this type of policy modelling.

After reviewing various wslternstive, we reached sevaral general
conclusions about whet types of models sre most appropriate. For the type of
ceuntry we have in wrind, the model should be focused specifically cn the key
energy-econory interactione, rather than sddress zll interesting macroaconoric
and planning issues. In most sltuations, we would recommend using rether
&implé general equilibrium models for this purpose. These have a number of
advantages. They esxbody the interdependence among the sectors and between the
foreign trade situation and macroeconoaic variables. Their structure not only
insures full multigectoral coneistency, but builds in conventional

ricroeconomic behavior by private consumere and producers.

(q
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A multisectorel approach, even i{f cnly a g£aell number of sectors are
distinguished, is nxtremely useful as a way of capturing the sensitivity of
energy demand growth to structural change and the sensitivity of etructural
change to changes in the energy situation. The models should allow for the
feedback of energy prices on the household consumption and production demands
for energy. This, too, is something for which general equilibrium models are
well-guited.

Although it would be, in principle, desirable to have ‘a model which
determines the optimal or efficient level and composition of investment, that
is too ambitious for moet countries. On the other hand, an @nergy-economy
rodel should be capable of making at least medium ters projections. This is
izportant because many of the adjuctments to changes in energy costé or energy
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We have used Sri Lanka as a test case to illustrate how such a model can
be built rather quickly in a situation with severe data limitations. The Sri
Lanka model wae constructed in less thar & month, and initially tested and
implemented during a visit of only several weeks to Colombc in the summer of
1884. The data come from existing sources (mainly fros the Statistical
Office, the Central Bank, and the Energy Kinistry), supplemented by some
niniiﬁl oconoxatric estimstion. The model has nine sectors (including three
energy &ectors), eleven goods and services, two consuring groups, and a
partial set of government flow accounts, It was designed tc run on a personal
computer,

The next section summarizes our review of alternative methods for
investigating energy-economy interactione. Six general approachee are

discussed and then compared. This section also contains a discussion of the

use of simple general equilibrium models in small countries. Section III



presents the forrulation of the specific model for Sri Lanka. Here we
enphasize the reasons why certain aspects of the economy where given more
attention and othera lesa. Section IV is a diecussion of the initial reaults
of the model. 1In additional to a Base cnse, we explore some of the
implications of possible changes in world or domestic oil prices. Finally,

there is a brief concluding section.



II. sessment e ive A (13 ner

A survey undertaken by thie project of alternative energy policy
methodologies, “Models of Energy-Economy Interactions for Developing
Countrins: 4 Survey,” by Sunwoong Kim revealed a number of different
approaches.d These reflect the diffarent countries and problexs for which
they were intended as well sos the different analytical techniques which were
applied. As experience with the analysis of energy-econoric issues has
expanded, a better realization of the essantial nsture of the issues has been
achieved and mcre powerful tools have bean developed. To some extent, early
rethods have been superseded, but some remain useul in particular
c}rculstances. As an introduction to the prusentation of the model developed

for Sri Lanka, alternative methodologies for energy-uconory policy analysis

[

will be exzrinod, rclying on tho nurvey by Kik, in erder to place ir context
the approach which wae adopted in this project for Sri Lanka.

In this section, we first review alternative xethodologies for energy
policy modelling, then provide & brief appraisal of their usefulness, and
close with a discussion the use of simple gsneral equilibrium model for small,
less industrialized developing countries,

Project Evaluation

In some ways the most basic policy problem is thet of deciding whether
to devote resources to & particular energy project. The standard way of
dealing with this is & project evzluaticn and standard progrars ere available
to do this.% There are soveral drawbacks to the standard programs. They do

not deal with the difficult, but often central, problexe of determining the

correct shadow prices, including the shadow Qiesount =riz, which will

3 See Kin (1984).
Protect models such as Envest are discussed in Kim (1984).



correctly evaluate the real social costs of the resources to be used and the
outputs. This is becauase the methods are essentially myopic with respect to
the rest of the economy, with respect to intertemporal decisions and
concentrate only on the particular project. Another aspect of the pyopia is
that the calculations do not teke into account the overall riaskiress of the
"portfolin™ of projects in the energy area and the evaluation i carried out
irdependently of other projects which may be under consideration.® To become
rore useiul, the project evaluation techniques must include & mathodology for
estimating shadow prices, which is an underteking of & different type.

Technoloqy Assessment

Yechnology assessment or energy sector optimization is another modelling
approach. It starte from a given energy demand foracast, whose¢ origins are
not of concern to the model iteelf, and finds the "optimux™ mix of energy
eneray broiecté wi.ich will setisfv these denmends. The coriterion function
which is :iniz::ﬁé is usuzlly total cost in the entire energy sector, and only
in the energy sectcr. The technological possibilities are represented by
linear furncticns in &ome cases as if there were no committed capital equipment
in plece. This type of model allocates resourcas and makes technological
choices ag if sterting frox & clean sluﬁe, which must obviously overstate the
potential rearrangements which are desirable, as well azs the desirability of
scme nev projects. Since roet such rodele use the “energy reference systex"
developed in the Brookhaven Nationzl Laboratory, there is some gquestions as to

the currency and relevance to particular developing countries of the

toechnolosies and zssociated costs.b

S Fer exaxples related to oil exploration, see Blitzer, Cavoulacos, Lessard,
end Paddeck (1983), :
& See Kydes, Cherniaveky, and Babinowitz (1976).



Enerqy Sector Assescwents

Many energy sector assessments are carried out which ao not rely on an
explicit modelling analysis. The studies typically include detailed
investigations of particular features of the energy producing sectors and
particular areas of demand as well as analyses of policy approaches to
specific problem&. They often contain inaightful information which, however,
will be at different levels of detail. The pattern of developrent ascribed to
the econory being studied is typically based on some other sources. The
implicit or explicit demand and eupply clasticities which sre exployed in
these reports are also usually taken from other sources for the particular
country or the report may recly on estimates made for another country which is
assun@d to be similar.

The Vorld brnk. the U.S. hgency for Interpztionc! Developrent and other
international and national agencies frequently comrission such studies.

Groups of experts with previous country and energy sector experience are
assexbled for the purpose.

This approach typicelly suffers fror three typaes of deficiencies.

Firet, it will not be comprehensive. It is frequently true, for example, that
energy demands and supplies in the agricultural sector sre not investigated,
alth;Lgh the characteristics of the “traditicnal® energy sectors, may be
studied. Secondly, the enalyzes and recomwendetions of the varioue parts of
the report will not necessarily be consistent. That is because, there is no
overall framework which is imposed on each sector and on demand and supply
conditions, and, thus, there is no way of insuring consistency. Finally, and,
perhaps, aos an aspect of the former point, this type of study cannot take into
account the interactions betwsen the encrgy sector and the rest of the

econoxy. As a result, the studies cannot reveal the full effects on either



the energy sector or the rest of the economy of changes which might be

proposed or might take place.

Macro Sivuletion Models

This category covers several different types of models which have in
common the feature that they cover the entire economy and generate forecasts
of aggregate veriables as well as energy sector variables. The models will
typically distinguish from a few to a substantial number of sectors and may
embody a set of input-output coefficienta for estimation of intermediate
demands. There will, aes well, be & set of macroeconomic relations which
generate the projections of the aggregate variables.

It would appsur that this methodology might solve the problem of
achieving consistent energy-economy interactions. This is not the case
because the causal relations between the energy sectors and the economy as @
whole go in only one.direction in the calculetions for & particular period.
tggregate econoric variables are used to calculate-onergy denands. Energy
supplies and prices also will be calculated, or will be assumed. These
results will be used in projecting aggregete aggregete variables in a
subsequent period.

The dynamic relationg embodied in such models are typically relatively
6imple with each period’s economic activity building on the period before and
effecting only the next period. There is no foresight and the intertemporal
interactions are highly simplified.

There are, however, many differences among the models of this general
type. In sowe coses, the energy sector is treated in e sophisticated manner

being represented by an optimrizing procese intended to reflect the outcome of

ryopic, but otherwise perfect market processes or skilled plunnin9.7 There is

7 Examples include Blitzer (1985), Hill (1983), Hoffman and Jarass (1982),
Modiano (1983), Mukherjee and Rehman (1982), '



also & danger of instability in such models, if the sectoral balance equations
for several sectors, such as the investment supplying sectors or the snergy
supplying sectors take the form of difference equations.

nony-Wide tiw on _Node

Modela of this type achieve the coal of erbodying the mutual

interactions between the energy sectors and the rest of the economy instead of
having only one way causal relations. They also avoid the instability
properties of multisector difference equations models and find a unique
solution which ile optimal in terms of the criterion function which is being
maximized or minimized.® There will be one or more energy producing sectors
and the energy demands for consumption and production purposes will be
deacribed separately.

These models typically cover a number of time periods. They also have an
number of sectors, one or more gf which is an energy producing sector, which
rerpond to tne cerends on ther for intermediste and {indl products. The
intermediate demands are nearly always determined by an input-output matrix
with fixed coefficients, although in & recent model these fixed energy
coefficients are replaced with a set of alternative input requxrelants.g The
demands for personel conaumption by sector may be determined sinply as sharee
of total consumption which is being maximized or, in & much more satisfactory
manner, by their contribution to total utility which is maxirized. The latter
method makes it possible to introduce explicitly the energy demand functions

of consurers,.li0

8 For a conprehensive discussion of early examples of such models see Blitzer,
Clerk, and Taylor (1975). More recent models of this type include Blitzer and
Eckaus (1983) and Tourinho (1985).

S See Blitzer and Eckaus (1983).

0 For examples of alternative ways this can be done, see Goreux (19753,
Blitzer and Eckaus (1983), and Tourinho (1985).
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Government and export demands are usually specified exogenously, though
the latter can be determined endogenously in response to export demand
functions. Investment demands are determined by the maximization process but
conaigtently with specified inputs requirements for the components of capital.
As was done in a recent model, it is possible to specify alternative capital,
energy, labor input asctivities, one of which is chosen in each period for
whatever new investment is carried out in each sector. Imports by sector type
can also be determined by simple fixed coefficient relations to output, or
considered 85 & residual supply or deduced as part of the maximizing process
which finds the "cheapest” way of producing the output desired, conaistent
with the constraints impoaed. Internationally traded energy imports can be
handled in this manner, with non-traded energy inputs, which cannot move in
international trade being generated by domestic production.

The constreaints erbodied in cuch models ere the ucuzal sectoral belance
and foreign exchange balance conditions as well as the production conditions
vhich, for investment, deterrine the time required to produce new investment
goods.' There »ay be other constraints which relate, for example, the cost of
foreign borrowing to the amount of borrowinc and the rate of drawdown of oil
reserves to the rate of exploitation of the reserves, It is possible to
approximete non-linear reletione in & satiasfactory manner except for
increasing returne to scele typee of production. The latter can be handled
only if it occurs infrequently in a model.ll

The advantages and disadvantages of economy-wide optikizing sodels

depend, of courss, on the particular formulations of its various components.

11 Blitzer and Eckaue (1983) use linear approximations to solve such "non-
linear" formulations using linear prograxming methoda. Illuatrating the rapid
improvements in availahle software, Tourinho (1985) handles non-linearities
directly using a non-linear programming algoriths.
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The models, in any case, are sectorally and intertemporally comprehensive and
internally consistent. The intertemporal deciasions are made taking into
account the entire relevant planning period, as would be desired in a
policymaking process. In their simpler, completely linear forms the models
suffer from intertemporal "flip-flop”, tending to concentrate all the
maximized consumption at the beginning or, more usually, at the end of the
planning period. When convexities are added in the consumption-utility
functions, the production functions, the foreign borrowing and oil reserves-
depletion relations and in absorptive capacity constraints, the flip-flop
problex is elininated.

Vhile such models have many advantages as compared to those described
previously, they also have some drawbacks. The econory which the models
Eiruleztc it one with perfect rarkets ond perfect forasight. Thus the models
are norrative and the edjusttsnt of their projections to real conditions
requires careful judgnent. One aspect of this limitation is that it is
difficult to epecify price policies and constraints which may prevail in
reality, for exarple in fixed wage levels in some sectors, or which might be
considered ac a matter of policy, for example, taxes and subsidies.

General Equilibriue Kodels

Although the previcus rodels ere a type of computable general
equilibrium model, the latter term is generally used to refer to static models
of n perfectly cormpetitive economy for which solutions ere celculated.12 The
models have many of the features of optisizing models and also capture the
interactions between the energy sectors and energy policy and the rest oi the

econory. The models contain a number of sectors, including one or more energy

12 For a discussion focussing on developing country applications, see Dervis,
de Melo, and Robinson (1982).
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sectors. There may tlso be a number of time periods but, whersas in the
rultiperiod optimization models the results for each year take all the periods
covered by the modal into account, the intertemporal effects in the general
equilibrius models are myopic. The time structure of the models is recursive
and each period builds on the previous period but is not sffected by the next
period.

The production taechnologies embodied in these models can be linear
and/or non-linear, depaending on the sector and the factors, so that capital-
labor-energy substitutability or complementarity can be raflected. Increasing
returne <o scale relations are completaly ruled out in this methodology as in
most others. Typically, intermediete requirements are determined by an input-
vutput coefficients teble and primary inputs are determined by production
functione which exbody eubstituticn porzilhilitier, erthey 1 & Cobg-bouglas or
a CES forr. In some recent modele, intermediate energy inputs are removed
from the input-output table and treated as if they were a primary factor so
that the possibilities of substituting for or against energy can be included
in the model,13

Consumption demands for energy and other goods can be determined by the
specification of consumer utility functions or the demand equations which they
1xp£§. Export derands ere uesuslly specified exogernoucly, although they can be
pade a functicn of the domestic prices which are generated. Irports can be
determined either by fixed coefficients or, again, related to foreign prices
which have to be exogenous to the model and endogenously determined domestic

prices,

13 For an example applied to Mexico, see Blitzer and Eckaus (1983).


http:model.13

-{3-

Inveatment is either exogenoue or determined endogenoualy, in total, by
the levsl of savings and allocated among sectors according to the relative
shadow prices on capital stock in each sector. Since these relative shadow
prices rezrlect only current conditions and not the future demands for
investment, savings and copital stocks, the models are, as noted above,
RyoOpic.

Government taxes and subsidies on goods and resources can be specified
explicitly sector by sector and according to the use of the goods and
resources. Functional incomes are determined and the distribution of personal
incomss can be derived by allocating shares of ownership of factors te
different income claases. Taxes and subaidies carn be specified on particular

goods and fzctors and by income clase.

Lo con bz nnlerrced, the proticuler apdventege of this type of model is in
the &bility to @nalyze the implications of price policies for petroleum and
other energy sources, for example. In addition, the effects of alternative
price interventions on anerg; and other inputs and outputs, through taxes and
subsidies cen be analyzed. These effects may operate on private domestic
consumption, production and imports. Although most models of this type assume
market clearing prices, it is possible to specify, exogenously, fixed prices
for éooda or services which do not clear the markets. The effects on the
disgtribution of income of changee in energy and other prices and the feedback
effucts on derands can be investigated.

The disadvuntoges of such general equilibrium modsls are in their
limited and myopic dynamics and, also, in their commitment to a competitive

structure, except where prices ere fixed exogenously.

Appreisal of Alternative Energv-Policy HModelling Nethodologies
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The “best” choice among the alternative approaches to energy policy
sodelling depends on the issues to be analyzed in the particular country angd
the time and resources which can be employed. Yeit, although the techniques
which #re conceptuzlly the most satisfactory require more time and resources
than the least satisfactory, it ie often the case that improvements can be
achieved with relatively little cost. Both the objectives of the analysis and
time and resource constraints will be kept in mind in appraising the
alternatives.

The objectives of energy policy modelling in developing countries vary
from the desiyn of an iniegrated energy and overall econoaic development
policy to the appraisal of a single small project. There are, typically,
intricate }nteractions between energy policy and overall economic performance.
Thus, uvnliesse the proiect ic erell relctive o the ezonory and the energy
sectors ag & whole, even & £ingle undertaxing should be appraisec taking into
account its overall consegquences. MNost of the approaches to energy policy
modelling are intended to do thi&, but with different degrees of ambition and
guccess.

Project evaluation, focussing on individual undertakings, right appear

to be completely unable to take into account overall energy-economy
interactions. Yet, the use cf shadow pricee in evaluating inputs and outputs
ties the individual project evaluation to the entire economy. The shadow
prices are intended to refiect for the economy as & whole the rarginel costs
of the resources erployed and the merginal benefits of the outputs achieved.
The methods of project evaluation, however, are intended to finesse the
overall analysis through shadow prices which make the correct linkage between
the individual undertaking and overall davelopxent. If the intention is
achieved, therefora, project evaluation is carried out as if it were embedded

in an overall energy-economy analysia.
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Thaet is & goal which cannct ever be attained fully but cen be
spproximated in certain circumetances 1n which shadow prices can be estimated
without a comprehensive analysis. One condition is that the project must be
relatively small and not set off a chain of events which change the character
of an important part of the economy within several years or or so after its
completion. Another condition i& that the current prices in the economy must
not be completely unrepresentative of real relative ccarcities or that
international prices can be used to evaluate most of the inputs and outputs.
Then current relative prices, with some critical adjustments, can be used to
calculate gheadow prices.

These conditions will hold to a reasonable degree in many countries for
nany undertakings, &0 that project evaluation technigues ere, and will be, an
tEporTeant tocil IU 15 clearl thel Lhe tezhnigues wre &irply not uscivl for the
sactoral investment decisions and other policies, such as those on pricing,
which affect the entire econory.

The conditions under which technolooy assessment methods will be

satisfactory ere much like the conditions under which project eveluastion
rethods succeed. The starting point for the technological assessment must not
be too far away from the actual current conditions since the technological
choi;es in the energy ceoctors are explicitly ussumed not to feed back into
overzll developrert of the econcry. If that is not so, the finel results of
the technological zssessments will be different from the economic assurptions
on which those asseaaments were based. Unfortunately there ie no reason to
believe that successive iterations will resolve the inconsistencies. However,
in countries which have been relatively open to energy price changes &and in

which markets have operated with relative effe-tiveness, the technology

assessnrent techniques may, themselves, give useful details. To state the
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conditions, however, is to make apparent the limited scope of such techniques,
vhen used by themselves.

That does not mean that tecnnological assessments are without value.
If, when such an ascessment is carried out, the types of technologies which
are chosen are substantially d;fferant from those which are in place, that
would be & strong indication that further studies are highly desirable. At
the end of 2 study which does take energy-economy intsractions into account, a
technology assessment can be used to check specific aspects of the results and
to provide more technological detail. It would, of course, be absolutely
essential thzt the technoiogical data and cost information included in the
agsesament be up-to-date.

Overel: energv ascessments, can provide & background information as well

&6 BOkEC UELLIiel eviiutioong of ?cft;cul&: energy denenie &nd suppiles wad
other relsted policies. They cannot provide & comprehensive basis for policy
"but they can be quite useful when there are strong reassont to believe that the
Rajor energy problers ancd their solutions zre readily identifiable. This can
be the case in economies with & relativeiy simple economic and/or energy
structure, for example an econory in which agriculture accounts for, say, 75
per cent or more of the gross national product and the only nontraditional
eneré& gource is, end will be, imported petroleux. In such cesaes energy
derands can be reedily ident:fied end energy poclicy formation, &t least with
respect to imports and their domestic use will be straightforward.

That ie not to asay the problems will actually be easy ones to resolva.
The énergy supplies to the agricultural sector may be guite difficult, for
exgrpic, i local fuel wood is being depleted. The problems can be isolated,
bewever,; cna 2o not require overall modelling for succeseful analysis. It may

be necessary to carry out sophisticated forestry and transportation studies

but those can be expected to be differaent for each country.
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It is 85 much of a mistake to be analytically more sophisticated than a
problex requires as it is to be less sophisticated than necessary. Overall
energy sector assesements can embody general collections of data, identify
problems and develop special purpose analyses, &ll of which can be quite
useful in particular circumstances. The approach cannot deal with interacting
energy-economy policy issues in even & moderataly sophisticated economy and
should not be expected to do so.

Nacrosimulotion models, as noted, are formulated in a number of

different ways 1n covering an entire economy. 1In general éuch rodels generate
for one period, or for several periode, not only aggregate economric variables,
but sectoral detail. Their structure is such that this detail is produced in
& rather mechanical way, either without interactions betwsen the energy
5eCLOrs and Liue ©TInOmy &6 & whslile of with only one way interucticns. It ic
as if an economy and the energy parts of it were a wind-up toy that will climb
steps when set off on its own. Such rodels do not have built into thes
procedures for choices among alternatives and for adjustment ui their paths
depending on such choices, except, in eome cases, where energy technology
choices are made in one period which affect output levels in ithe next period.
The intent of the macrosimulation models, to have a comprehensive
apprd;ch to energy policy formuletion, ie praiseworthy and, ee such, it
represents, in sore ways, an advance over the previously discussed methods.
The fatal disadvanisge iz their mechanistic structure. This not only makes it

impossible for thex to dezl with such important i1ssues as price policy, but

can even lead to serious errors when the fixed consurption, input &nd output

i

p projected into the futurs., Tinzlly, thi fcte buee neccesary for

rrocation to

[

the construction of mecrogimuletion sovuls nesge only eodset erpl
serve in the formulation of the more satisfactory economy-wide optikization

and general equilibrium models,
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The econory-wide optjimjgation models and the computable generei

equilibriur models each have some of the features most desired for energy
pelicy analyeis. These models can take into account interactione between the
energy sector and energy policy and davelopments in other sectors and the
economy as 8 whole. Although they could be disaggregated to include specific
lerge projects, tney are typically formulated with relatively few sectors.
Thue they are not as versatile and convenient as project evaluation techniques
for the assessment of msxall projects. Nor do such modele provide much
technological detail. On the other hand, the optimization and computable
general equilibriur models do everything that macrosirulation models can do,
do it in z wmore satiefactory manner and util:ze the date :=sssmbled more
eff{ectively.

The cheoice hetveen rpoonorvewicde interterporal cotirizetilon rodels and
computeble gencrzl eguilibriur mocdels depends on the nature of the policy
issues to be addressed. Both models take intersectoral interactions into
account. Both ellow for technological choices in the energy sector which
reflect the relative demands and supplies of energy sources of various types
and uses in the different consuming sectors. Both generate shadow prices
which reflect the real relative scarcities of energy and other productive
resources =nd other inputs &nd outputs in the eccnorv. The differences
between these two broad types of models are meinly in the effectiveness with
which they deal intertemporel issues and the convenience with which
alternative typce of policy issuss can bo studied.

If the central policy issues at a particular moment are decisions about
Rajor sectorcl investment programs and other intertemporal policies with
respect to the overall patterns of energy sector development in relation to

the econony as a whole, then the intertemporal optimization models almost



certainly dominate. As noted above, the corputabie generezl eguilibrium models
treat intertemporal questions in a rudimentary anc ¥ycpic meanner. By
comparison in the optimization models it is possible to make policies over a
long planning horizon which are consistent and even optimal with respect to a
specific criterion function.

On the other hand, the important sectoral development programg may be
deducible without sophisticated techniques bacause of the clear dominance of
gome programs or they may have been decided for the near future. In thie case
the current issues will be the implementation of the programs via price
policies and the consequences of clternative policies. Then the computable
general equilibriur models have distinct advantags. 1n these models it is

easier to iupose and find the static consequances of alternative tax and

a

cubgiay pelicies vhich effest pricer, It plro porcibie vo develop pore

Is

approximations &8 Lo the income distribpution efiecic cf the cliernestives as
well as the macroeccnomic effecte.

Sieple Generel Touilibriuer Mndels for Smell,Leas Industrialized Developing

Countries

The situations of small developing countries will often fit the
circumstances in which general equilibrium models will be the most effective
tool for enalysis of energy policy issues. In thesc countriec, the R&JOT
source of energy for urban consurers and industry typically will be petroleux
imports end, possibly, eleciricity fror hydro projecte. The major
intertemporal decisione with respect to the sectorel allocation of investment
will often be relatively strezightforward and not require the sophisticated
techniques of economy-wide optirmization models. For example, the countries
are often predorinantly agricultural with a clear advantege in a few

particuler crops. Or the countries may hrve a mzjor mineral resource whose
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exploitation muet provide most foreign exchange earninga. In these
circumstances an economy-wide intertemporal optimization model is not likely
to provide better first zpproximations than are already available unless
substantial effort ie put into the generstion of detailed data for such a
nodel. Likewise, if it is necessary to develop a mix of light industries to
supplenent the agricultural sectore, optimization models are also not likely
to be helpful. The highly disaggregated data necessary to include a number of
different amall sectore in an optinmization model are not likely to be
avajilable.

By comparison, even when the major lines of investment and sectoral
development are relatively clear, the policies which will implement these
energy programs anc the consequences of elternative policies for government
fingnce will not be obvicue end will have to bo worked cut in detail. The
corputable general equilibriur models will be most efifective for these
purposes,

Both because cof data limitations and because the types of policies to be
developed are quite general in nqture, the general equilibrium models will
have to be and can be relatively simpla. With respect to sectoral detail, it
will be desirable to distinguish several energy sectors and sources and the
rejor ecriculturel and, perheps, rineral products. It will generally not be
necessary to have mzny separate industrial and service sectors. Information
on sectoral consumer depands and investment programa will have to be added and
raj)or tax and subsidy precgrams will need to be taken into account.

It will always be necessary to be alert to the need to use the analytical
tools most suited to the particular situation. However, simple general
equilibrium models for the analysis of energy policy in the context of general
economic developmen: will have the highest priority for a substantial class of

countries.

RN
N
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III. Formulatjon and Deecription of the Sri Lenke Model

There are numerous aspects of energy-economy interactions which could be
considered, since energy ie an important input throughout the Sri Lankan
econory. Among the most important guestions which might be considered are:
(1) the impact of energy costs and prices on aggregate growth and ite sectoral
composition; (2) the relationship between energy imports, inveetment rates,
and the balance of payments; (3) the ecope for substitution between energy and
other factors of substitution; (4) and the effect of energy prices on income
distribution and erployment. The time horizon also is important, since many
adjustments to higher energy prices and costs take many years to complets.

This implies that if there were such a thing as an "ideal” model, it
vould be disaggregated intc many sectors of production with endogenous factor
eubstitution, heve renv coneu, *: o with.different fector endowsent &nd
consurpticn bechevior, conteain & corplete sut of fiscal accounts, include
foreign borrowing opportunities, embody efficient rules for savings generation
and allocation of investment, etc. While theoretical models could be
formulated with these characteristics, in practice no single model could serve
all these diverse purposes.l%

The model prepered for Sri Lanka is in the same &pirit as the medium-
terr general eguilibriur rodcle in which prices deterrine fector allocetions,
production, and finel deeande. Investment is determined by some "closure”
ruls, and this generates the copital stocks used to calculate a solution for
lzter ysars. As noted ecbove, this procedure is not fully satisfactory, since
it does not guarantee that investrent decisions are made efficiently or

optimally. While arguably, a dynamic optimizing model focussing on

14 For reviews of these mathods, see Blitzer, Clark, and Taylor (1975), Taylor
(1879), and Dervis et al. (1982,
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intersectoral investment and technology choice might be the most desirable to
analyze the energy-economy probleme of Sri Lanka, conatruction of such a model
was not feasible in this project. Neither the necessary date nor manpower
were available.

As with all economy-wide general equilibrium models, we apecify a
discrete set of sectors producing goods and services which are bought and
sold. Most of these must be aggregates of similar commodities in ordar to
stay within data limitations and to keep the &ize of model within manageable
linits. In this model, there are eleven sectors: (1) paddy and other annual
agricultural crops; (2) tree crops; (3) industry; (4) transportation; (5)
housing; (6) services; (7) refined petroleum products; (8) electricity; (9)
non-competing imports; (10) crude oil; and (11) traditional fuels.

All of these except fcr crude cil znd the gcrerel cetesesy “non-
corpetinc importe" (which is primarily capital goods) are produced in Sri
Lanka. Thus the model keepavtrack of domesatic production in nine sectors
which generate all domestic value added. O0f these, 8ix are non-energy
sectors. International trade is allowed in agricultural and industrial goods,
es well as in services (e.g., tourism). Housing and transportation are non-
traded, which means that domestic supply must equal domestic demand.

Three energy sectore zre distinguished. The refining sector uses crude
oil (which must be imported) to produce products which are used in the
production process of other sectors and by households and the government. Any
shortfells or surpluses can be balanced by imports or exports. Electricity is
produced either by hydropower or by thermal generation (using petroleum
producta as an fuel) and, of course, ia non-tradable. Traditional fuels (auch

a8 wood and crop wastes) are also non-tradable.

-
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The transactions matrix for 1983 (the base year) is presented as Table
1. Along the rows of this table shows the deliveries (or sales) of each good
to other sectors, domestic final demand cstegoriee, and foreign trade. Net
importe are poaitive for those asectors in which importe exceed exporta, and
are negative wvhere imports are greater than exports. The columna of the
transactions matrix show the smountes of each good purchased by the various
sectors, households, the government, and investmenti. Consistent accounting
ixplies thet the sum of final demands must equal the sum of value added. 1In
effect, the model is designed to project such transactions tables for future
vears. These then indicate changes in aggregate growth, sectoral composition,
energy demands by sector, foreign trade, etc.

Generelly, the model calculates the level of sectoral production in a
ysﬁr a5 ¢ Zunctien of the level of provious investront in that sector and the
output and input prices znd weges thet the sector faces. Non-energy
intermediate derands are derived using fixed input-output coefficients. Nore
sophisticated preocedures are used to calculate the energy demands of each
sector. 1In these latter procedures, the input-output coefficients become
variables which change in response to the relative prices among energy sources
and the relative price of energy and non-energy inputs.

Labor derend in tres crops, industry, transportation, housing, and the
sarvice sectors depends on both output and the real wage. Employment in
electricity and refining, which accounts for only & small proportion of total
erployment, are exogenous. Employment in paddy agriculture is not modelled
explicitly, implicitly assuming surplus labor in this sector. This roughly
corresponds to the assumption of a "dual” labor force, which is & realistic
approximation for most developing countriee and is used typically in these

types of macromodels.
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sectoral Production and Factor Desznds

Paddy and Other Annual Crops

This aggregate sector primarily produces food. As shown in Table 1,
this sector accounted for about 20% of GDP in 1983. Typically for developing
countriea, & much larger ahare of the labor force works in this sector, ebout
40-45x. The 1983 transactions matrix also indicates very little direct use of
energy in production. However, indirect energy use is substantial. The most
important intermediate inputs are industrial goods, which include fertilizers.

In terms of productioen, the basic assumption is that growth is primarily
a function of the rate of new investment (i{.e., land clearing, irrigation,

nachinery) which will be undertaken. - That is:

$9) X t X (1-d,) <+ (llkl)AK

i,t 1,t-1 1 ,t-1
All interxediste demznds, including direct energy demands, are

calculated as fixed proportions of gross output.1é

X

(2) INTJ,l,t = 83,1 1,t

Tree Crops

The tree crop sector includes tea, rubber and coconut production.
Although this sector represents for only 10% of GDP, it accounts for about
three-fourths of export revenue. Production is based on & plantztion sysies,
with wage labor, rather than a village system with family farms. Most of the
eectors’s direct energy needs are met by traditio.zl fuels, with petroleum
products being more important than electricity from the grid.

For this sector, changes in gross output between any two years are

related to depreciation of existing capital stock and changes in the inputs of

16 Thase proportions can be varied in different runs to test the effects of
different kindas of technical change.

¥l
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Table 2! Pefinition of Variables

Aggregate private consuaption expenditures in year t.

Level of private consumption of good i in year t.

Level of consunption of good i by consumer group k in year ¢,

Exporte of good i year t.

Aggregate public consumption expenditure in year t,.

Level of public consumption of good i in year t. -
Gross domestic product in year t.

Government revenue in year t.

Aggregate invesztment expenditures in year t.
Demend to investment good i in year t.

Agoreaste rec! Ipvertrent uncerteken in yYear t.

Interredicte deliveries of good j to sector i in year t.

Total employrent in sactor i, year t.

Net imporie of good i in yeer t.

Domestic price of good i in year t.
Domestic consumer price of good i in year t.
Profits of sector i in year t.

Border price of good { in yeer t.

Savings of group k in year t.

Aggregate privats savings in year t.

rede deficit in year ¢,

Governsant transfer payments to the rural sector in year t.

Government transfer payments to the urban sector in year t.

vulue added in sector i in year t.

Grose output in cecter i, yeer t.

Gross output of hydropower in yaar t.



XT

r,t

u,t

9,
i,t

AIHTJ,i,t

i,t

i,t

Gross output of thermal electric generation in year t,
Disposable income of the rural sector in year t.
Disposable income of the urban sector in year t.
Proportion of total inveatment spant on good i in year t.

Increase in aggregate energy demand by sector i, yoar t.
new capital stock.

Increase in demend for energy input J by sector in year t,
New capital available to sector i in year t.

Labor esployed by sector i in year t in conjunction with previous
year‘’s investment.

Gy
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labor and capital using Cobb-Douglas production functions. This is also &
“putty-clay"” formulation in which the factor input proportions respond to
relative price changes when new investments are made. But, once made, these
cannot be changed during the life of the capital equipment. The more rapidly
a2 sector grows or its capital stock “turns over™, the higher the shert run

price elasticities.l? That is:

. . a2 82
&} Xp g = Ko yog(lmdy) ¢ Ay L ALSZ AKDZ,
4) Lo g = Loy g(lmdy) o Al

The first term on the right-hand side of eguat.on (3) is the output which can
be produced this year using the capital stock and technology which existed in
the irmediately preceding year. The second (more complicated) term represents
new output in year ¢, and allows for substitution between capital and labor.
The sare @pproach 1& used in aguetion (4) to derive total labor demand.
Kon-energy :ntermedicte oesands enc electricity dewand (which is small)

are projected uscing exogenous input-output coefficients. That is:

(3 INT = a X

3:2,% 3,2°2,¢
for all j, except for 3=7,11 (petrcleum products znd traditional fuels).
Petroleum product and traditional fuel demands are derived in a.more
complicated way which allows the input-output cosfficients to respond to
prices. Specificelly, the AE term in eguziion (3) refers to an aggregetion of
of these two typce cf encrgy, as shown in eguction (7).18 We assume that this
aggregate demand for energy is cowplementary with capital, its total

increasing in the same proportions &s in equation (6).

17 while these probably overstate the degree of substitutability among factors
(and ignore complementarity entirely), they are used in this here because of
their eirplicity and the inferences which can drawn from national income
eccounte about parameter megnitudes.

18 A Cobb-Douglas aggregation is used.
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(6) AE = g 0K

2,t 2,t
h2 (i1-h2)
\
(7) A“z,t e HZAINT7,2,tLJNT11,2,t

Therefore, once demand for either petroleum products or traditional fuele is
known, for any level of total energy use, the demand for the other can be

derived. In this way, the model allows substitution between these twc energy

sourceas. Total energy demande for 3= 7, 11 are:

INT

(8) 3.2,t = IN (1-d2) + AINT

TJvzﬁt-l 3,2.1‘.

The model solves a sub-problem whose objective ie the maximization of

sectoral profitsa, given thease equationa,
rate, and prices. The model hires labor

demand in order to maximize:lS
(9) B Y

industry

The industrisl sestor sccounts for

the past grown more rapidly then the agricultural or service sectore.

aleo a sector which the Sri

potential. Perhaps surprisingly,

a moderate user of energy. Total energy

added.

Table 1 shows that existii-

previous year’s invectment, the wage

and choosaes the levels of energy

IKT_ . )

almost one-quarter of GDP, and has in

It is

Lankan authorities believe has significant export

‘ndustry is only

costs represent about 5X of value

the sectcr uses tboul 10X of electricity and traditional fuels output

and 6-7X of all refined products.

Nonetheless, as a growing sector it =may

account for substantial new energy demands and thus it needs to be analyzed

carefully.

19 The energy and labor demand functions can be derived straightforwardly by
solving this problen. 2
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Table 3: Definition of Constants and Peramsters

Intermediate demand for good j, per unit of gross
output of sector i.

Intermediate demand for good j, per unit of groas
output of hydropower.

Intermediate demand for good j, per unit of gross
output of thermal generation.

Share of tota! public consumption &pent on good i.

Annua! rate of depreciation of cepital stock in sector {i.
Annual rate of depreciation in hydropower sector.

Aggregate energy demand per unit of new inveatment, sector i.
Energy aggregation elasticity parameter, sector i.
Incremental capital-output ratio in sector i,

Increrental capital-output ratio in hydropower sector i.
Demand for labor per unit eof grosz ocutput in zector 1.

Sector i‘s share of real investment in the non-energy sectors.
Share cf labor employed in sector i living in rural areas.
Consumption tax rate on good i

Tariff on traded good 1.

Tax rate on private urban profitf income.

Tex rate on private rural income.

Tax rate on urban wage income.

Derend for invectrent coods fere the industrial sector, per
unit of real investment.

Wage rate in sector i in year t.

Scaling parameter for incremental production in sector i, year t.
Energy aggregation scaling parameter, sactor i.

Labor’s share of total incremental production cost in sector i.

Capital’s share of total incremental production cost in sector i.



"

i,k

Energy’s
Share of
consumer

Constant
group k.

-33-

share of total incremental production cost in sector i.

incremental consumption spent on good i by
group K.

in congurption demand function for good i of consumer
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In most respects, the transportation sector is modelled similarly to
industry and tree crope. However, instead of capital and labor being
subatitutable, we assume that capital and petroleum producte can be
substituted for each other, with the trade-off rate depending on their
relative prices. All other intermediate demands, as well as employment, are

projected ueing fixed coefficients. The sub-probler is to maximize!

- -3
(17) p4’tx4't uQ,tL4,t 5(PJ’tINTJ'4't)

subject to the following equatione:

(18) Xe,t ° ¥q,p-1027dg ¢ Aq,tAK:?tAINT;?‘i,t
(19) Lot = 14%q,t

(20) INT) a6 8,45t

(21) KT et = Ty pog(me) » 2INT,

Houeing

The housing aector iz amall in terms of value edded, eccounting for
ebout 3X of GDP. However, because the capital-output retio is higher than in
the other sectore, growth of housing can have ikportent feedbscks on the
macroeconory. £ven though housing uses only negligible amounts of enerqgy
directly, the size and quality of the housing stock can have indirect effects
on household energy dewand.20

Production and internediate demands are calculated using fixed
coefficients. The awount of growth depends positively on the level of
investment in the sector and negatively on the rate of depreciation of the
houeing &tock. The direct use of energy by this sector is small, since

household fuel use is accounted for ae part of private consumption, and

20 In this version of the rodel, these feedbacks enter through the cross-price
elasticities for energy with respact to the cost of housing.
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Production and factor demands are detaersined in the same way as
described sbove for the tree crop sector. Capital and labor are substitutes
in a Cobb-Douglss production function. Electricity demand and non-aenergy
intermediate demands are derived using fixed coefficients. Capital and
petroleua products and traditional fuels are compleaents, while these two
energy sources are subatitutes. Given previous inveatment, pricea, &and the
wage rate, the model thern solves in each ysar the following sub-problea.

Kaximize:

L - Z(P_ INT )

Xa,6 7 ¥3,ela,e 7§ L INT, oy

(10) p3,t

subject to the following equations:

. - 3 ,, 63
(11) X3,p = X3 goqlmdg) ¢ Ay ALS AKES
(12) Ly =Ly pa(imdy) + AL,

Ty -
(13) 7LTJ'3't °3,313,t

(14) AES,t = eaéxa't
h3 (1-h3)
(15) AES,t v H3AJNT7,3,tAINT11,3,t
(16) INTJ,S,t £ INTJ,B,t-l(l-d3) + AINTJ,3,t

Transportation

-

Like servicee and industry, the transportetion sector is &n ixportant
provider of intermediate inputs to the other mectors. It &lso accounte for
about one-seventh of private consumption expenditure. Although value added in
this sector is only about 10X of GDP, it is the largest s&ingle user of
petroleur products, utilizing about three-eighths of total refinery output
1983. Future energy desand growth is expected to be quite sensitive toc how

fast trensportation grows and with what energy efficiency.
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related to sectoral output with a fixed coefficient. These relationghips ars

expreased in the following equationsa.

(22) xS,t = Xs't_l(l-ds) + (1/k5)A.K5't_1
(23) INTJ,S,t = uJ,SXS,t

(24) LS.t = 15x5't

§€PVLCBB

Services ia the largest aingle aector in Sri Lanka, accounting for one-
third of GDP. Ae indicated in Table 1, electricity is the major energy fora
used by services. But energy as & whole is not a very large part of total
costs in this sector. For this reason, we also ectimate future energy demand
growth using a fixed coefficient approach.2l

Capital and labor a2t the mergin gre gubstitutes in.productidn, ec ig the
case for incdustry and tree crops. Fixed coefficients are used in deriving the
other intermediate demands. The aub-probler iz to maximize:

(25) pG,tXB.t - "S.tLG,t - §(p3,tINT3,6,t)

subject to the following equations:

- %6 \pf6
(26) xG,t s xs't_l(l dS) + AS,tALB,tAKS,t
(27 L = L (1-d.) + AL

6,t 6,t-1 6 6,t

(28) INT

Refining and Petroleurm Productsg

Thie sector uses crude oil imports to produce producte which are uaed

1.6, = %5,6%,t

for electricity generation, transportation, and by households and other

21 As in the other sectors, conservation strategies may be tested by
parametric alteration of the fixed energy demand coefficients.
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sectors for many purposes. As Table 1 showe, the costs of crude oil dominate
the price of these products. Domestic pricing poliecy is such that value added
in the sector is very low, both abaciutely and as a proportion of groas
output. Table 1 also indicates that in 1983 about 5X of output was not uased
domestically and wae exported.

In terme of technology, we treat refining as a fixed coefficients

sector. That ia:

(29) X7't s X7,t_1(1-d7) . (1/k7)AK7't_1

30 INT X

3.,7,t * a3,7 7,

(3L L7,t E 17X7't

Electricitv Generaticn

Electricity in Sri Lanka is generated by hydropower and thermal plants.
Since the investment cnd interredicts cost structures of these are so
different, the model treats these as two sub-sectors which produce the sane
good, electricity. In 19832, & large arount of petroleur products were used in
electricity generation. But, as more hydrocapacity comes on stream, this
level is expectsd to drop. The model ie designed to capture these effects.
That ie, total intermediate demands depend on the sub-sectoral mix of

generation in any one year. That is!

(32) INTJ,B,t = ehJXHt + atJXTt

The marginal operating costs of hydropower are less than for thermal
generation. The sub-problem which the model solves, therefore, is to minimize
thernal generation subject to several constrainta. The firat conatraint (33)
is that total generation must meet all deomands for electricity, including
transaission losses. Demands include housshold and government use, as well as

purcheses by other sectors of the econory. The second relationship is that
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total electricity supply i& the sum of thermal and hydropower generation.
Hydropower generation in each year is constrained by the amount of capacity

available which depends on previous investments.

(33) ¥g,t = Cg,¢ * Gg,¢ * $1NTg 5 ¢

(34) Xg,¢ = XH, + XT,

(35) XH, € X, (l-¢) ¢ (1/kDAK
(36) Lot = la¥g,¢

Traditionel Fuels
No specific date is available deacribing the cost structure in this
sector. As shown in Table 1, we assume that there are no specific

internedigte demanas and that all value added accrues to labor. 0On the

productien zuz whe &€l suppllio thot productisn ocuacily eguzlr the eun of
all demands. The "reasonableness” of any future supply pattern must be judged
ocutside the model. f a run of the model has demand growing at an
uneusteinable rate, then adjustments (e.g., price increrses, efficiency

improvements) can be made on the demand side or through specific supply

projects. Production is deterxined using the following equation.

(37) X e C + G

CINT
11,t © V11,t T P11,e T s

11,3,t

Value Added and Dietribution of Income

Value Added, Profits, and GDP

Value added in each sector ie defined as the difference between the
value of gross cutput and the cost of all intermediate inputs. Sectoral

profits are value added, less wage costa. Gross domestic product (GDP) is the



-39-

sum of value added across all sectors.22 Ip calculating thase values, we use

current (net of inflation) producers’ priceas. That is:

= -z
(38) VA{ ¢ 5 Py oy - BB INT L0
(39) PRy, = VA, o - w Ly
(40) GDP, = TVA, .

Rural Disposable Income

The gross income of the rural sector (which can be used for eithar
consumption or savings) includes all the value added generated in the rural
eectors (sectors 1, 2, and 11), and a share of wage income in the other
sectors.23 To get disposable income, an average tax is applied to this grosas

income and then government transfers are added. That is®

(433 ve = (l-txr)(VA - V& - V& « Z(sh,w, L }) + TRTS

‘r,t 1,t 2,t 11,t 1 174,t74,t r,t

Urban Disposeble Income

Urban gross income includes all wage income not going to the rural
sector, as well as profite from the industry, transportation, housing, and
services sectors. Since the refinery and electricity asectors are public,
their profite do not affect private income directly. In deriving private
disposable income for the urban sector, separate tax rates are applied to wage

and profit income, and government transfer payments are added. That is!

(42) Yu,t = (l—txu)(E(Shiwi,tLi,t)

where the summation on profits covers sectors 3-6.24

+ (1-tx JT(PR, _)) + TRFS
p'l u

i,t 't

22 Value added can be calculated using any consistent set of pricea. Base
year prices are used to generate quantity indexes. Using border prices for
traded goods is commonly used in studies of trade distortione. National
accounts are typically done using purchasers’ pricesa,

23 This is because many workers in the "urban" sectors live in rural areas.

24 Yrban wage and profit income are aggregated because the expenditure data
cover only rural and urban spending and do not treat profit income separately.
More careful econometric analysis might be able to estimate the parazeters
needed to have three expenditure groups.
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Governmen: Revenue

Government revenue includes the income taxes applied to wages and profit
income in the rural and urban area, the profits of the refining and
electricity sectors, and indirect taxes. The model allowe the government to
specify tariffs on tradable goods and consurption taxes on all goods.25 Total

government revenue is determined using the following equation.

(43) GRt = PR7't * PRS,t + txr(VAl,t + VAZ,t + vﬂll,t + f(Shiwi,tLi,t))

+ txu(f(“hiwi,tLi,t) + txp(f(PRi,t))

+ f(pi,t - Pwi,t)ni,t + f(ch,t - Pj,t)cj,t

In this equation, the first two terms are energy profits, the next three terms
are income taxes on the rural and urban sectore, the next terx is tariff
revenue, &\d the final term represents consumption tax revenue.

F:nel Derend Evpendityures

Privete Concsurpn“ion and Savings

Digposeble incoee in becth the rurel and urban sectors ig either spent on
consurpticn or saved. The savings ratio for each group and the proportions of
total consumption spent on each good are determined in the model on the basis
of net disposable income and the prices which consumers face.

.For both graurs, an extended linear expenditure systeam ie used to
project a consistent set of these expenditurea. These equations include a
full set of price elasticities for consumpiion demand, including cross price

elasticities. Paraweters have been ectimated separately for the two groups of

<Y Tar:zic sct as & wedge between border and producers’ prices, while the
Cousumption taxes are wecges between producers’ and final consumers’ prices.
These are significent policy variables for two reasons. Not only do they
affect the size of the public deficit, but indirect taxes distort relative
prices and thereby have an effect on technology choice and the composition of
dermand.
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consumers. The following equatione define how disposable income is allocated
and define aggregate consumption and savings. Here, the "k" subscripts reier

to either rural or urban consumers.

) - 9
(44) S T Skt Pk Mioe T TPC %y K /PC
- - ¥
(45) Sp,p = CLoFKy Y o 7 TRC LY
(46) c, .=¢C + C

47) S, =S + S

(48) c, = &(pC, . C, )

Government Consumption

The level and composition of public consumption are exogenous varisbles

which cen be met at different levels for each scenario. That is!
(49) Gt = @xogenous

(50) Gi,t = biGt/pi.t
where the bj sum to unity. Transfer payments to urban and rural households
are also projected exogenously.

Investment Denrand

There are two investmen:t goods in the model. One type can be produced
doneéﬁically by the industry sector (rostly construction, but zlso some
machinery); other machinery must be imported and is classified as a non-
competing import (good 9). Deata avzilability (as well as & desire Lo preserve
simplicity) nccescitiee the ecsumpiion thet the corposition of the derand for
specific investment goode (the proportions required of these two kinde of
goods per unit of real investment) is not affected by tlic sectoral destination

of the investments.
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This assumption allows us to project the demeand for investment goods on
the basis of knowledge of aggregate investment expenditures and the prices of
industrial and non-competinag goode. While the physical proportione of
investmsent demand (here, the paramseter *v") are constante, the expenditure
proportiones on construction and machinery, the "q;i’s", are endogenous and

depand on relative prices. That is:

L Lie ©9,¢% /P e
where,
(52) q3,t £ (vPa’t)/(vPS't + (l-v)Pg’t)

(53) = ((l-v)P9 t)/(VP

qB,t ) 3,t ¢ (l-v)Pg’t)
Trade Flows

As discussed above, there are two types of traded good in the model,
corpeting anc non-competing. Fnr the competing goods (ssctors 1, 2, 3, and

6), the demand for importe is the difference between domestic demands plus

exports, end domestic production. Thet is:

(54) By o T EINT, o v € w0 e 1y *BEoe ~ Xy

For the non-competing goods (miscellaneous non-competitive imports apd crude

oil), there is no domestic production to subtract. For goods 9 and 10:

35 Hi,t E fINTi,J,t * Ci,t + Gi,t * Ii,t

Inveastnent Allocations

Future production in each sector is determined, in part, by the level of
investment in that sector in each year. 1In deciding how to allocate total
investment among the various sectore, the model follows a predetermined set of

rulea. These rules represent alternative policiesa which the government might
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follow in its planning process.26 These rules can be readily changed to test
the implicatione of alternztive investment policies.
We first calculste totel real investment, which depends on expendituraes

and pricea. That is:

(36) INt £ It/(vPS,t + (l-v)Pg't)

Real investment in the energy aectore ie exogenous, pert of the acenario
plan, &nd these demands are satisfied first. Whatever investme:it resources
are left over are divided among the other &ix sectors in predetermined

proportiona. For the energy sectors (i= 7, 8, end 11), we have!

57 &K = @xogenous

1,t+1
For the uther sectors (i= 1, 2, 3, 4, S, 6), we have!

= -5
(58) BK, y.q % 8 (IN, - (AKX

)
3.+l
whaere the "3" index covers investment in cncsgy sestiore,

Model Closing and Sclution

In crder to have the rodel celculete a fully consistent set of accounts
(ginilar to the transactions metrix ehown in Teble 1), only one more
relationship need be specified. Consistency in national income accounting
inplies that the sum of value added across sectors (GDP) must equal domestic

absorption (or spending), less the trade deficit and tariffs. That is:

E, 0

T -
(59) TDt £ “(Pwi,t(xi,t it

- - - -
(60) GDPt = Ct + Gt + It TDt f(pi,t pwi,t)(ui,t Ei,t)

vhere the last ters in equation (60) represents net tariff revenue.

26 pAlthough Sri Lanka has a mixed economy, the government exercises
considerable direct and indirect controls over investment decisiong, including
intersectoral allocationa.
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To “close"” the model, some rule relating investment expenditures and the
trade deficit must be specified. As presently formulated the model can be
solved using either one of two rules. In one, real investment 15 &6t to grow
at an exogenously specifiaed rate. This implied that adjustment coste in
different scenarios will show up primarily in the trade deficit (and
ultinately fnreign debt) rather than in real growth. The other closing rule
specifies a fixed time path for the trade deficit, which implies than the
burden of adjustments which may be needed fells on investment and hence

econoric growth. Either (61) or (62) rust hold.

(61) INt = exogenous

(62) TDt T @X0genous

Finally, there i& the metter cf how prices are determined. For the
traded goods (i= 1, 2, 3, €&, 7, ¢, and 10), border pricec ere taken as
predetersined for the reasons discuassed previously. So are tariffs, which

reans that for these goods!
(63) pwt = exogenous

(64) Pi,t = PWi't(l*tri)

Similarly, the consumption taxes on each good ere exogenous, which implies:

b
(65) PCi't = Pi't(l*_ci)

The price of electricity ic elso fixed by policy, with the model
adjusting the level of thernal generation to insure supply and demand baiance
in the manner described above. However, there is no epecific constraint which
insures that f&r the other two non-traded sectors, transportation and housing,
derand does not exceed supply. The model achieves this by adjusting the
prices of these goode. That is, if transportation demsnd exceeds supply with

one set of prices, the model raisee the price to stimulate asupply and danpen
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demand. The model finds a set of prices which satiafy the following
identitiea (for i= 4, 5):

(66) xi,t = 5INT1.th + Ci,t + Gi,t + Ii.t



IV. Results

General equilibrium models, even those as simplified as this one, can be
used to analyze into a large number of interesting macro and microeconomic
issuea. Its multisector accounting structure aellows the model to check on the
internal consistency of the government’s medium term economic scenario.
Sensitivities and elasticities of key micro eand macroeconomic varisbles to
changes in prices, econornic policy, and the external environment can be
derived by running perametric changes on the model. To illuatrate how the
model can be uesed, we describe & few experiments which have been done,
focuassing particuler attention on energy demand and pricea.

Three cases are reported. The first case reflects the reported plane
enc forecaste of the covernment. This is the Bese case, and it 1s used as a
bencheark in measurinc ihe other cases. In the letter cases, world oil prices
incresse faster than in the buee ceew. The hicher weorld prices ere not pasged
onto domestit purchasere in Case 2, while in Cese 3 they are. The trade
deficit is held consitent (relative to the Base case) in these tests. Although
the model can be run forward in time for 10-15 years, we report only cn
simulations covering the 1982-89 period.27

For the Base cese, 0il prices are projected to increase &. a 1X yearly
rate.starting from 1985. These increases are passed on to the domestiic
economy in the forr of higher prices for petrcleus producte. Food and tree
crop prices 2lso increake at a elow rate, while the relative price of services
declines. Industrial and electricity pricas remain stable. Aggregste
investment, government consumption expenditures, and sectoral exports are set

at officially forecast levels. Energy supply forecasts also come from

27 Time and dats limitations precluded projection of many exogenous variables
beyond 1990.
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officiel plans. Refinery production is& expected to peak in 1985 and remain
constant thereafter. Significant increases in hydropower capacity have
slready come on line and more large increasee are projected, presumably
leading to reduced need for thermal generstion. Planned energy aector
investmenl awounts to sbout one-sixth of total investment in this peried,
postly for hydropower projects. About one-third of non-energy inveatment is
allocated to mervicee, one-quarter to services, one-gixth to agriculture, one-
tenth each to transport and housing, and the emall remainder to tree crops.

The rodel has been tuned to the base year, 1983, in the sense that it
reproduces the base year outcome (Table 1). The parameters of the consumption
derand functions were estimated using data from household expenditure surveys.
Production function pearameters were derived indirectly frox input-output data,
national eccounts, end plen documente. These and other parameters can, and
chould be, egtirsze? vith rere cere, Bu4, deate and time limitatione precluded
our going farther. For these reesons, it is important to look at thase
resulte as tentative, but at the same time indicative of general trends and
aensitivities.

The results of the Base case ere presented in summary fora in Teble 4,
Valuese for 1983 and projectione for the years 1985, 1987, end 1S58S are shown.
More detailed projections are contained in the accorpenying transactions
matrices (Teblee S, 6, and 7). The transactions xatrices labeled *“at base
year prices’” represents quantity changes only. The other treansactions smatrix
for each year is lebeled "at producers’ prices" and the values zhown are the

quantities times current prices.28

28 Current prices refer to the real price changes which o.cur over time such
a8 increases in oil pricee, Inflation itaelf is not considered,
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Table 4
BASE CASE
MACROECONDOMIC PROJECTIONS
(UNITS: BIILIONS OF 1983 RUFEES)
* *GROWTH RATE
* 1983 198% 1387 1989 * 1985-89
L2 22 2 AL A2 XL LTSI L LI I L LT EEE L LT XL E L LT R R T R R IR R A R T R R TR VAN VRN VR VRNV VIR VR VIR VY
FRIVATE CONSUMPTIDON * 24.7Q 10S. 41 118. 62 122,18 * 4. 5%
FUBLIC CONSUMPTION * 9.75 1@. 8¢ 11.63 12,41 * 4, 1%
GROSS INVESTMENT * 25.29 29. 16 41.77 46. 46 * 4. 7%
EXPORTS * =3. 8¢ 45.71 493, 44 5S. 82 * 8. 7%
IMECORTS * 83.76 €3.74 £9. 71 73. & * 6. 7%
OIL IMPORTS * 7.8 5. 74 3. 94 10,14 = 4. 4%
TRADE DEFICIT * 15. 36 28. 3 2. 25 2Z.48 * c. 7%
NET INDIRECT TAXES * S. 42 4,38 S. 4 €.14 » S. 1%
GRCSS DOMESTIC PRODUCT = 114,37 13@a. 53 1432, 36 1528, 36 = 4. 3%

b b ah A A L L 2L 22 AL IS I IS LI LI LS L LR LR L L L R R R R L RR PR TR TR R Y L R A AR IR VR VIRV VIR VIR Rl

ENERGY FRODUCTION AND USAGE
(UNITS: THDOUSANDS OF TONS, GWH)

* *GROWTH RATE
* 1383 198% 1987 1985 * 13583-8%
et d b L R A L e ST SR T S S T R R L R R R R R TR L 2 R R S e ey
EFINED PRODUCTS » 1777 2171 2171 171 0+ Z. 4%
—INTERMEDIRTE USES * . 842 £37 El45 XA S =%
—FINRL DEMAND * 541 £78 B4 EZSICIE F.3%
* *
ELECTRICITY * 2114 &334 2473 2586 * 3. 4%
-INTZRMEDIATE USE * 4128 4351 Si4 368 * 5.7
~CONSUMPTION USE * 1373 1424 1464 iSe!l = 1. 8%
* *
BI0OMAS * 37Sa 5883 4140 4366 = 2. E%
~INTERMEDIRTE USE * 1271 12504 1458 1591 =*= Z. 8%
~CONSUMFPTICN USE * 2479 25739 268¢ 2775 % 1.9%

'{--l'*-i-*-l'*******%*****************************************_*********************

SECTORAL GROSS DUTRUT
(UNITS: BIILIONE OF 1983 RUFREES)

* *BROWTH RATE
SECTORS * 15853 1985 1587 1383 * 1983-89
t S 2 R 22 L X Xl XX L X LT X LR R R R AR A T A A VA A R A VR VAR R VR VRV R VARV AR VARV G 03 I 9 I I W KK H KKK
PADDY AGRICULTURE * 28. 21 29. 14 30. 23 308. 96 * 1.6%
TREE CROPS * 19. 83 21,17 23. 01 24,93 * s. 9%
INDUSTRY * S2. 49 £8. 03 £7.82 74,382 * €. 1%
TRANSPORTATION * 18. 11 19.67 20.79 21.88 % 3. 89
HOUS ING * 4,12 4,51 4,88 5,22 * 4, Q%
SERVICES * 43, 52 51.25 58. 27 £3.72 % €. E%
REFINED PETROLEUM * 8. 41 1@. 28 12. 28 10,28 * . 4%
ELECTRICITY * 4, 88 5. 38 5.71 5.97 * 3. 4%

I F I I I I I I I I I B I I I I I NI I I I NI I I HH T I I P I I I I I A e I W I K I I I K P e I I I N I I I I I I I N I N
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The top part of Teble 4 aummarizes the path of the macroeconoric
variables at producer prices. In most respects this is an optimistic
scenario. GDP increases at almost 5% per year. Domestic absorption grows a
little more slowly as the trade deficit declines moderately as a share of GDP.
However, these results pointed up some inconsistency between the official
projections of sggregate growth, investment, and the trade deficit. In the
Base case, the trade deficit grows at almost 3X yearly, while the official
forecast is for e decline. The model indicates that one of the targets will
have to be medified.2% This is a good example of how the nod;l cen be used in
investigating the internal coneistency of the many independent forecaste which
typically enter & mecdium terr macro forecast.

The fastest growing sectors ere services and industry, both increseing
in excess of 6% annually. Agriculture and trensportation increase at & &lower
rate then might be cxpeste?. Thie is probably due to their comparatively
small gsheres in the investiment allocation plan. This, in turn, suggests the
utility of further experimentation with sectoral investment plans, ae well as
with the production function perearetera themselvea,

The eonergy projections also appear favorable. Total energy usage
(aggregatad at bezse year prices) increases at only 1.6X annually, which iz
only one-third the rate of increase in real GDP.30 Several factors account
for this low rate of energy demand growth, The most important single factor
has to do with the derand for refined petroleus products by the electricity

gector. A& new hydropower capacity comas on line, the need to use petroleun

29 ye should add, howover, thet if Sri Lanke does achieve a 5X aggregate
growth rste, trade deficite on the order of those in this case would probably
not be difficult to finance.

30 This can be calculated by comparing the transactions matrix for 1989 (Table
7) with the transactions matrix for 1983 (Table 1).
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Table 5

1985 TRANSAZTIONT KZTRIX 77 BAST YZas PRIZES
BASZ CASE

(UNITS: PILLIDNS OF 19E3 RUPEES)

B 44 PP A R P R R P S R R R R R R H P R H O R R P H R R R R R E P R H 2 R 344 0 0 te

* + TOTR. 0 » TOR
¥ PRODY TREz TRANS- HOUSc- PETRD. ELEC- EID- #INTERMID#PRIVATE PUELIC GRISE KT+ FINL
CZCTORS # ASRIC CRIPS INDUSTRY PORT  ING SSRVICES PRODS  TRIZ  MASS a DILIV, # CONS,  CONI. INVZST. TRADD ¢ DENAND
PANDY ASSICUTURE® :.5!5 €.123 9,465 C.@20 2.0aC 0.@7C C.082 £.090 O.@20 » (1.109 £ 23,385 Q284 QW -5 579394 16,240
TRES CROPS 5 .08 £.469 Q.60 £.002 (.22  C.@@2 C.007 C.0x2 C.eec s+ 7.052 4 2,BES g.e2)  e.0eC 11,235 4 s, iE)
INDUSTRY ¥ 2.B30 L.77F LBI2 0.507 .403 189! Q.82 ©,25! C.022 + IS.GAL # 26,445 1.0+ 10,449 1,303 ¢ L5450
TRANSPORTATION  # €.420 ©.163 .37 C.745 Q.56 Q.448 £,290 C.:25 C.@80 @ L.S76+ 11,930 16+ C.08C -0, @07 ¢ 15,030
HILSINS ¥ C.OA0 C.022  2.0623 2.8A0 C.PQ2 C.002 C.00P 0,027 (.002 ¢ 0.@A2 4 4,495 C,000 Qe QeI v 4,580
SERVICES ¥0.926 C.167 7.764 1.753 @.128 2,63« C.140 (L 1BE C.@@0 ¢ 12.924 ¥ 20,55« D700 Q@80 L.@ED . 3T.IW
REFINSD PETROLEUM ©. @02 ©.086 0,566 7.897 p.@8C €.33° 8.884 ©.:67 2.002 » 4,153+ 2,874 C.537 ¢C.@2 2,910+ Ll
ELSCTRICITY # 0,015 €206 0.507 0,018 C.eeR  @.457 .l 1.059 0,830 ¢ 2,095+ I.BAE C.43%  C.000  e.exr s L.2E
NON-COMF, TMDORTS® €. 125 €.850  C.625 1.7@% @.e2p ¢.256 o,ef4 C. 162 C.@Q2 # I, 156 ¢ @@ 1,Ii6 23,710 -27.192 4 -1.108
CRUTE OIL 4 Q.00 C.e3¢ (.82 ©.802 0.022 0.e@x ©°.TS! g.ede e.par + S, 531+ .08 QA Q@@ -T.550 ¢ -850
BIO®ASS 3 0080 C.340 0,284 C.e@0 0.002 133 C.B20 C.000 0,020 & C.757 ¢ 1,457 e.8e¢  C.ed) 0,020 9 1,457
TOTA. INTEREDIATE S.B2E 9,184 .. 147 T7.677 €.532  £.427 10.085 2,088 Q.00 # 75,824 #0104, 707 11,236 JC.1ED -24.392 #1X0,TR
VALLE ADDED 423,316 13,957 28,947 1:.99 3,915 44,837 0,19 7% S.200 130,730 SR s bR MR P HEER
WA IRCOME $23.314 9,297 14,0820 £.884 @.082 12.Cls £.10F (295 Z,253 ¢ B4.1S2 4
PROTIT INZDME # C. @09 2,59 14,530 9,11 I.G12 22,818 2.@Bc Z,99R LC.0@0 ¥ £E.5I7 ¢+
ohEEs UL 120,145 200471 B0.@95 1S,E7L 4,585 51,254 10,279 I.3R4 2,253 #0704 4

B s N R et e S e S e e e s e e e A St e s sl s ds sl

1985 TRANGACTIONS MATRIX AT PRODUZZRS PRICES

BASE CAK

(UNITS: BILLIONS [F 1933 RUPEES)

HHH I R H R R R H R S HH AR R

t TR, + NZT MAT TOTAL  # BORDER

+ PRODY TREE TRANS- HOUSE- PETROL ELFC- BID- INTERMED#PRIVATE PUSLIC BRISZ PRICE  FINAL # PRICE

S=CTORS  # ASRIC CROPS INDUSTRY PORT  INS SEZRVICES PRIDS ITOMRSS DELIV. ¢ DONS,  IINS, IV, TRADE  DEMAND & TRAS
PADDY ASRIC. # L.B2B ©€.13° 10.165 €.80¢ €.980 (0.226 €.80¢ .62 e.022 11,952 # 2,115 3.219 .80 -5.952 15,34 ¢ 5.9
TRz SRORE FOEX OL.5AS C.LIP C.239 £.027 0,000 Q.000 C.0 L8202 7,155t 2,920 0,000 Q.83 {1,405 14,333 + 14,238
IKDUSTRY $2,83¢ 1,772 7.812 ©.567 ©.405 1,031 €.008 €.751 .0 15,640 + 20,443 1.Boh 1D, 445 -L.306 44,400 ¢ -l B
TRANSPORTATION + €.3%5 €.154 3.132 €,78% .85 (.420 0.273 0.127 e.e9e <C.254 + 12.1BE L0397 e.eX -e.ed7 13276+ C.O®
HIUSito £ 0,020 €.020  Q.C02 C.020 0.0 C.000 .20 e.e90 C.epe C.e22 # D,8hs C.O0R f.EA2 G013 L0784 Q.0
SERVICES + 2,887 €.161 7.4% 1.6B3 @.122 & 721 0,148 ©.181 ©.830 15.348 & 24,53 G.482 L.000  L.BA2 2G.E3E ¢ S.BA4
FEFINSD PT,  + @000 €.886 €578 2.954 £.892 C.345 @.886 ©.197 C.6M0 4,246 ¢ 2730 €048 €.e2¢ 2971 6249 % Z.1BC
CLECTRICITY  # R.€:5 €.835 ©.503 e.018 C.pe¢ @.497 .88t 1,059 .@ed 2.095+ 2.B46 ©,429 e.eed e.0e¢ 2283+ C.0®W
NON-COMD, IMP. # €.125 €.888 @.829 1,782 6.@28 ©.256 €.994 ©.152 ©.8ee 3.:58 ¥ €,000 1,316 22,715 -27.190 -3.158 #-24.715
CRIDE QIL #0000 €.090 ©€.900 0.800 €.20C ©.080 9.742 ©.000 0,803 9,743+ 0.000 0.00% @.088 -S.743 -S.743 # -9.74Z
BIOMASS ¥ 0,008 £.253 0€.295 C.ece o.eed £.129 ¢.e0¢ e.ea? c.ep¢ C.788 # 1,558 ©.090 ¢.000 c.e92 L5568 + 0.0Q0

3 ¥
L4

TOTA. INTER¥ZD.+ 5.879 9.289 31.377 7.52¢ ©.584 6.297 18,255 2.077 0.00¢ 73.283 #105.413 10,954 23,165 -25.0@8 130,534 +-20.026
VALLE ADDED  #25.419 12.199 25,718 18,985 4.494 42,937 @242 3,307 2.345 13C.534 * 2,021 ©,000 0.882 C.00¢ 2.0¢: ¥IND. TRY
WAES INCOIE 25,415 G.797 14,020 2,884 2,000 12,014 £.188 0.298 2,345 6h.391 #107.414 10.954 23.165 -25.008 132.3536 # TOTAC
PROFIT INCDIES ©.098 2.982 14.652 E.822 4,494 39,893 €.12¢ Z.023 Q.83 B4 143 #HBEHOEEH R RN

BROSS QUTPUT  #31.298 21.488 60.@95 16,532 35.078 49,204 1€.495 35.384 2.345 203.917 ¢
FHHHH P R R R H R R H R
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Table 6

1987 TRANSACTIONS MATRIX RT BASZ YERR PRICEE
BAST CAS

(UNITS: EILLIONS OF 1983 RUPEZSS

R H P H A A SR I H R A R R 4 1 1 1 R 1 B R E R R R R R RS S E H 3 40 R 4

+ + TOTR. 4 + T0The
# PADDY TRE TRANS- HOUSE- PETRD. ELEC- BID- #INTERMIDAPRIVATE FUE_IC GROSS  NET 4 Flhie
SZCTORS + AGRIC CROPS INDUSTRY PORT  ING SERVICES PRODS  TRIC SS o+ DZLIV. « DONS, CONE. INVEST. TRRIZ 4 DEWANT
PADDY AGRICU.TURE® 1,565 €.137 1C.682 e.e@d e o2 C.229 (.00 C.edd 0,022 ¢ 12,4109 20,003 2,212 (.002 -£,337 # (7,680
TREE CROPS + .00 7.m26 C.678 g.eec C.ax2  g.ee@ €.002 C.ede C.032 % 7,657 4 I.148 C.002 Q00 12174 4 (G220
INDUSTRY £2.922 1,926 8,816 €.992 @.442 2,150 (.e@8 €.342 C.e@d & 7,200 ® 22,214 [L9T7 LT.B42 -11012 1 56,821
TRAWSPORTATION  # 0,433 C.177  2.731 Q.78 C.8oi  @€.507 2,23 C.142 C.@00 # £.149 4 15,454 1,157 0,000 -C.eeB8 + 14,642
HCLSING + 0000 g8 0.007 0.80¢ C.000 C.000 0.0 0.0 C.0a0 + .01 » 4,821 C.e00 g.@e2 -C.edl s 4,831
SERVICES + .95 ©.182 E£.783 1,833 €138 2.222 @.14AL C.2e2 Q.00 x 15,438 » 20,756 E.300 Q@0 C.743 ¢ 4183
REFINED PETRO_EIMa» €. 00¢ ©.852 €.656 3.875 @.a¢ 0,385 C.064 0,000 C.002 + 4,297+ 3,250 £.056 (.8 179+ 0.987
ELECTRICITY + C.8lC ¢e.e7 0079 (.81 C.e0C e.565 C.edi 141 €.+ 2,327+ 2,503 0483 0,080 e.exd s 376
NON-COWe,  DMPORTS+ €.129 €.887 @.936 1,793 e.ed¢ €.291 e.eas @171 €,082 4 3,418+ @.@00 ,3% 24,220 -25.02% 4 -3 418
CRUDE DIL +0.00¢ €600 €.000 €002 C.020 e.00¢ 9.592 C.800 C.edd ¢ G552+ (.00 C.edC  e.e@r -O.C%I » -S.EEX
BIDKRES + .00 €.38 €.327 o.M ec.oe¢ 0.151 C.ed0 C.eP0 e.eed 4+ C.B4E %+ 1,555 D.ead  C.epe  e.eel ¢ 1D

TOTR. INTERPZDIATH £.€18 9,988 25,190 6,132 €.642  7.301 16,085 L.997 C€.@Q0 + 79,347 #114,177 12,111 45,767 -24, 147 #1463, 08
VALLE ADDED #04,072 13,828 32.€37 12,660 4,239 O5C.SES €:194 3,708 2,402 143,905 tHRHHEHrEHAE R HEH NS
WRGE TRCOME #24,872 18,207 IL.B883 3.8480 .0 12,862 C.18E 0,211 2,482 # 65,077 ¢
FRIFFIT INCDME # 08X 2.820 16,774 G.612 4.233 37,982 C.0BL 3,398 0,000 # 74,87 ¢
GRSSE DCTHUT 230,090 2:.00% £7.B2T 22,792 4,881 355,260 10,288 5,705 2,402 #223,250 4

1957 TRANSAZTIONS MATRIX AT PRIDUCERS PRICES
BASE CR&

(UNITS: EILLIONS OF 1333 RUPEES)

FHHHHHH R A R S H RS
+ TOTRL # NET MY TOTRC 9 BORDER

# PRDDY TREE TRANS- HOUSE- PETRO.L ELEC- BID- INTERMED#PRIVATE PUBLIC BROSS PRICE FINRL # PRICZ
TRIZ

SCT0RS  # ASRIC CROPS INDUSTRY PORT  INE ScRVICES PRIDS MASS DILIV, # CONS, ZONS, INY.  TRADZ  DEMAND & TRRIZ

PRDDY RSRIC.  # {,7{3 @£.146 1,598 €.ee2 o.820 ©.032 C.022 C.000 €. 002 13.589 # 28.475 €.233 C.8: -C.348 15,360 + -5.348
TRE CR¥S 1 .00 T.2!% CEW LaX AR . e.0e2 .03 022 T.91T % 3267 0020 O.@87 12,529 (5,782 ¢ ID.ERR
TRDUSTRY + 2,522 1,920 E.BIE .59 @,443 Z,I50¢ 0.088 @.347 e.0x 17.285 # X.214 1977 1T.542 -i.ilc SC.621 ¢ -CLESC
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products for thermal generation declines rapidly, and is nothing after 1983,31
Since this intermediate energy demand accounted for 26X of all domestic demand
for refined products in 1983 the irpact is considerable. In fact, total
dorestic derand for petroleur products is projected to daecline somewhat until
1989. Looking at Tables 1 end 6, if only the growth in non-anergy demand for
energy is considaered, the rate increases to 4.2% or 85% of GDP growth.

Prices play an important role. The costs to producers of petroleus
products and biomase rises steedily, and, since the sectorasl demand curves for
these goou. ‘& price sengitive, less is deranded per unit of output. The
middle section of Teble 4 shows this.32 Here intermediate demand for energy
includes only the norn-energy sectore. Intermecdiste demand for electricity,
whose price remains constant, increases st about the same rate as the average
of the sectorel grors output growth rztee which ere ghown :in the bottor of
Teble 4. Derand for fuels increzees ot about hzlf that rszte. Another
important factor is the sectoral composition of output. In this scenario,
transportetion grows slower than the economy as & whole. Since this i1s the
largest sectorel user of enercy the impsci ie significant,

For privete consumption, the picture is somewhat blurred. Demand for
petrsleun products grows faster than aggregate consumption. Apparently, the
effecte of the high estimated income income elasticity outweighs the price
elasticity effects. Housshold derand for electricity increases very slowly.

Thie is due lergely to the low income elebticity which was used, suggesting

31 This can be ssen in Teble 6. Purchuscs ¢{ petroleun procucte by the
electricity sector are zero in 1987, indiceting Trer there ig no leonger any
nead for thercel gcpurai:ic:..

32 For this table, "interrecicie vica InCluGLh OLi.y HOon~entiwy secit. doralil.
The refined products row ic eziunl ZuzZaciic pralucticn,  The diffsronce
between this &and the sum of intermediate uses and final demand is electricity
demand and net trade. For electricity, the difference between generation and
deliverias to non-energy sectors is due almost entirely to transmission and

distribution losszes.
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that this parameter be re-estimated. The crose-price elasticity of
electricity with respect to other energy prices may be negative, which would
further dampen demand growth.

Electricity demand in this scenario growe &t e lower rate than
hydropower capacity. One impliceztion is that nediuq term investment strategy
xight put greater emphasis on projects which can make econoric use of this
potentiel capecity. As demand for fuels for electric powar generation
declines, refinery capacity becorea greater than totel domestic demand and the
rodel disposee of the surplus through exports. Combining cruﬁe oil imports
(shown in Table 4) with product trade (ghown in the transactione tablesa),
derand for imported fuels increases at 1X a year and total import costs at 2%.
Thus energy import costas, while not ineignificant, do not account for e very
large prorcrtion of the total import bill or the trade deficit.33

The exogernoue asesvrptione for Cases 2 and 3 ere same as those used for
the Base can;, except for crude oil and petroleum product prices. The
alternative cases test the impact of a moderate rise in world prices. Instead
of the 1x increase in the Base case, these prices are projected to increase at
SX% annually. The trade deficit'is held at the sane levels as in Base case,
implying that adjustments must be made in investment to maintain cdhsistency.
In Case 2, domestic petroleum product prices ere increase at only 1X a year,
the Base case ansurption, indicating that the increases in international
prices are not passed through. The domestic econory, therefore doea not see
the changing relative price picture and does not adjust downward either the
petroleun-output ratios or the share of househocld consurption spent on

energy.

33 0f course, other scenarios (including those which allocate more investment
to transportation) might lead to much more rapid growth in petroleum piroduct
denand and import coata.


http:deficit.33
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Table &

~IGHER WORLD, CONSTANT DOMESTIC JIL PRICES--TRADE DEFICIT PREDETERMINED

MACROECONOMIC PROJECTIONS
(UNITS: BIILIONS OF 1983 RUREES)

* *GROWTH RATE
* 1983 1985 1987 1983 * 1983-89
U S IR SO R e 2 SR PR SR SRS ST R RIS SR IS L L L A Sl
PRIVATE CONSUMPTION * 94. 7@ 1@5. 35 115.235 122. 15 * 4. 3%
FUELIC CONSUMFTION * 3.75 10. 9¢& 11. 63 12.41 = 4. 1%
GROSS INVESTMENT * 35.29 38.9¢& 41.10 45. 44 * 4. 3%
EXPORTS * 23. 80 43, 86 49,97 S7.01 = 9. 1%
IMFRORTS * 53.76 €£3.88 7. 23 82.51 * 7. 0%
OIL IMRORTS * 7.8 1a. 12 11.17 12, 31 * 7.9%
TRARDE DEFICIT * 13,96 20. 02 20. 25 22.51 * 2. 8%
NET INDIRECT TRXES * 3. 42 4,93 S. 21 5,72 * @. 9%
GROSES DOMESTIC FRODUCT * 114, 37 130. 32 142.51 132,77 * 4. 7%

-i-*l-*******-I-*-k************************************,**********:******************

ENERGY PRODUCTION AND USAGE
(UNITS: THOUSANDS OF TONS, GWH)

* *#*GROWTH RARTE
* 1383 1985 1587 1889 * 1985-89
R s TR TR ST e S S S LSS a L S ettt bttt d ittty
REFINZD BRGDUCTS ¥ TY 2171 217 2171 + Z. 4%
-INTERMEDIRTE UEES * =* g4z £Z5 22% S4S o* 2. o
—FINARL_ DEMAND * 341 SISy TIZ7 771 5. 1%
» * .
ELECTRICIT * 2114 2333 247Q 23577 * 3. 4%
-INTERMEDIRTE UEE * 428 451 o913 S&4 * S. 5%
~CONSUMPTION UEE * 1373 1424 14E€3 1497 * 1.5%
* * .
EIDOMASS * 37S@ =884 4144 4373 * 2. 6%
—INTERMEDIATE USE * 1271 1325 1464 1603 * 3. 9%
-CONSUMFPTION USE * 473 2979 ze8@ 2778 * 1.9%
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SECTORAL GROSS OQUTRUT
(UNITE: BIILIONS OF 1983 RUREES)
¥ #BROWTH RRATE
SECTORS * 1863 1385 1987 1989 % 1983-89

FF e B I e e eI B I A o B I AN I I U FE I I I FE I I I A I I I I I B A IS I I I NI I PN NN
FPADDY ARGRICULTURE * 28. 21 29. 14 30. 25 30. 84 * 1.5%
TREE CROPS * 19. 83 21.17 22. 97 24.78 * 3. 8%
INDUSTRY * Se. 49 £0. 23 67. €9 74.42 * €. 0%
TRANSFORTATION * 18.11 19. &6 ze. 7@ 21.61 * 3. 0%
HOUSING * 4,12 4,51 4.87 5.20 * 4. 0%
SERVICES * 42,52 51.85 58.13 6£3. 26 * €. 4%
REFINED PETROLEUM * 8. 41 10. 28 12.28 12.28 = S. 4%
ELECTRICITY * 4, 88 5. 38 S.7@ 5.94 * 3. 4%
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Summary results for Case 2 &re presented in Table €. Through 1989, the
macroeconoric projections are not very different from the Base case. This is
because the price increases do not start until 1985 and their effect is
gradual. GDP growth is about 10% less during the last half of this period.
The impact on investment, as expected, is somewhat greater. Investment growth
by the lete 19808 is asbout 20X less than previously.

Even though prices do not change, donestic demand for psetroleum products
about about 10X lcwer by 1989 than in the Beaae case. Moat of this reduction
ie due to slower growth of consumption, which when combined uith an income
elasticity of demand in exceas of unity, lesds to substantial fall-cff in
demand growth. Intermediate demand growth falls at the same rate as sectoral
production since prices are unchanged. The increase in crude oil import costs
is partially offpe: by increased product exports due to reduced domestic
dexanc., The net effect ie o i3% increase in “he total costs of impcried fuels
in 1989 when compered with the Base case. Again, the eifects would be more
substantial if iransportation grew at a faster rate. In any case, zince the
price increzse ie gradual and the full adjustments on the production side to
higher energy costs occu: witﬁ long lags, the effecte can be expected to be
very substantial during the 1990s,34

The only difference between Ceases 2 and 3 ie that the latter assumes
that the higher border prices for petroleur products are pasazed on to domestic
vsera. The effect of this policy should be & reduction in aectoral petrcleur
product-gross output ratios and in housshold demand for these products (per
unit of total expenditure. These changes lead to lower fuel demand which

should free edditioneal resources for investment., The model captures those

34 This strongly suggests that to make full use of the model, a longer time
horizon should be utilized.
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Table S
HIGHER WORLD OIL PRICES——TRRDE DEFICIT PREDETERMINED

MARCROECONDMILC PROJECTIDNS
(UNITS: BIILIONS OF 1982 RUPEES)

* *GROWTH RATE
* 1983 198S 1987 1989 * 1983-89
T Y T e I R I Y L I TR T R Y e T Y Y SR T LT 2 L
FRIVATE CONSUMPTION * 94. 7@ 1@5. 32 115.27 122.27 + 4. 4%
PUBLIC CONSUMPTION * 9.735 1. 96 11.63 12.41 » 4. 1%
GROSS INVESTMENT * 25.29 39. 04 41.41 46. 02 * 4. 5%
EXPORTS * 33.80 432.86 49,97 57.901 * 9. 1%
IMPORTS * 53.76 6£3. 89 7@.24 80.50 * 7.@%
OIL IMPORTS * 7.82 18. 12 11.17 12.31 = 7. 9%
TRADE DEFICIT * 19.96 20. 3 c@. 26 23.50 * 2. 8%
NET INDIRECT TRXES * 3. 42 4. 88 5. 07 S5.54 % @. 4%
GROSS DOMESTIC PRODUCT » 114,37 138. 42 142, 96 151.€6€ * 4. 8%
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ENERGY PRODUCTION AND USAGE
(UNITS: THOUSANDS OF TONS, GWH)

* *GROWTH RATE
* 1983 19e5 1987 1989 % 1983-89
L2 2 22T 22X IS 22T XL IIT LI LIS L L T LI L LI L L L 2 L 2 2 2 2 L b 2 2 b b 2 L X X LN 3
REFINED PRODUCTS * 7T 2171 2171 2171 * 3. 6%,
~INTERMEDIATE USES  + B £33 833 538 * 1. 8%
~EINAL DEMAN > S41 £S1 709 728 » S, 2%
L ] *
ELECTRICITY * 2114 2333 2470 2578 * 3. 4%
-INTERMEDIATE USE * 408 451 S13 S5E5 * S. 6%
-CONSUMPTION USE * 1373 1423 1463 1457 * 1. 5%
L ] *
EIOMAES » 3750 3684 4149 4387 * 2. 6%
-INTERMEDIATE USE * 1271 1206 1469 1616 * 4, 1%
~CONSUMPTION USE * 2479 2579 2680 2770 * 1. 9%
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SECTORAL GROSS OUTRUT
(UNITS: BIILIONS OF 1983 RURPEED)

* *GROWTH RATE
SECTORS * 1983 1985 1987 1389 * 198:-89
S TR LTI I SRR R AT R Y R R R S S I R R S R R S L SR LY
PRADDY AGRICULTURE * 28. 21 23. 14 3e. 07 3@. 89 * 1.59%
TREE CROPS * 19.83 ‘21.17 22.98 24. 84 * 3. 8%
INDUSTRY * Se. 49 60. 8% €£7.73 74.59 * €. 0%
TRANSPORTATION * 18.11 18. 65 c0.68 21.58 * 3. 0%
HOUSING * 4. 12 4. 51 4,88 S.21 * 4. 0%
SERVICES * 43.52 S1.25 58.17 63. 42 * €. O%
REFINED PETROLEUM * 8. 41 10. 28 10.28 12.28 3. 4%
ELECTRICITY 3 4,88 S. 38 S.70 S5.399 * 3. 4%
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effocts, as well as the positive feedback of greater investment on production
and income. These second round effects will tend to push energy demand back
up.

Table 9 summarizes the projections for Case 3. Although the differences
are not too large in absolute terms, the results clearly illustrate how the
price mechanism works. Aggregate economric growth is about in the middle of
the resulte for the Base case and Case 2. The most significant macroeconomic
result is that investment levela are cnly slightly lower than in the Baae
case. This is what perkite faster growth than in Case 2, deipite the decline
in the endogenous output-->pital ratios due to higher energy coatsa

Tables 8 and 9 demongtrate the impact of changing energy prices on
demand. Tota! gross cutput in the non-energy &ectors 1is 3x higher by 1989 in
Case 3, but intermecicte dexend for petroleur products actually fells by 1%,
Household demcnd for petrcleur productc declines SX, wilh aggregete
consurption unchanged. The net effect on the costs of imperted fuels is a 2%
reducticn by 1983, These results provide & genersl eguilibrium retionale for
pasging future price changes through to the economry. Whatever direct losses
there sre due to higher costs for producers and households are quickly made up
for in terme of grester growth of production and reel income than would
otharvise be possible. These positive effects would show up more dramatically

as the model looke farther into the future.



V. Conclusions

The interrelations between energy issuee and general development
problems and policies are complex and the analysis which deals with such
interrelationships should take into account the essential features of that
complexity. The interactions between energy policies and other features of an
economy must certainly be one of those easential features. The relationships
are seldor, if ever, one way, froem energy policies to the rest of the economy
or from economic influencee to energy issues.

The major approaches to erergy policy analysis have been reviewed here:
project eveluation, technology assessment, energy sector assessment, macro
simulation models, economy-wide optimization modele and corputable general
equilibrius models. Each of these ezpproaches has certain strengthe which make

it peeful in particulaer epplicetione. FProblemt erise when the methods are
epplied to prozlexg eI wilZh they &re ihegeguate O In circursiances in which
they are unwieldy, if not infeasible. In principle, all of the approaches,
except the firet and the last two suffer fror two »~ior deficiencies. First,
they zre partial in nature, i.e. they take into account only one or & few
relations between energy and econoric issuea. Second, the relationahips which
they embcdy zre one-way, from energy to the economy, or vice-versa, but not
back-and forth.

The use of correctly estimated shadow prices in project evaluation can,
in principle, recolve thece deficiencies. The difficulty in making the
principle into & practical tool is in estimating shadow prices, not just for
energy in various applications, but for all the other changes which
reverberate through an economy. When an energy project ia small, relative to
the econory as a whole, those reverberations will also be small and can be

expected to be dampened reletively quickly. When a project or policy is
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large, or has an sector-wide or economy-wide scope, project evaluation is, at
best, unwieldy or at worst, infeasible. If it can be implemented at all, in
such circusstances, project evaluation essentially turns into one of the two
laet approaches mentioned above: economy-wide optimization models or
computable genersl equilibrium models.

These latter models are general in scope and do take into account
energy-econcry interactione. While they can become complaex, in terma of the
number of features which they contain, each one of those features reflects a
rather stendard aspect of conventional aicroeconomic analyaig and can be made
readily understandable. Each approach has certain advantages and
digadvantages The economy-wide optimization models treat intertemporal issues
in a more satisfactory manner but are unwieldy in analyzing price, tex and
subsidy queetion. The computable general equilibriusx rodels ere better with
the latter type oi issves but are syopic in their Interterpcrel enalysis, Yet
both types of models are general in scope and take energy-economy interactions
fully irto account,

The difficulties esasociated with these latter two types of models have
to do with the demands which they make for data, time and resources of
expertise and computational cepabilities. These difficulties were the
inspiration for the particular model developed here, which is 2 simple
intertemporal version of a computable general equilibriur model. We have
deronstratad the feasibility of constructing such a model rather quickly, with
2 quite lirited budget and with date no better than in many developing
countries by actually creating and applying the model to the Sri Lankan
econory under these constraints. Three alternative solutions are provided to

demonstrate the potential of the model.

~
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The test of the Sri Lankan model is not only in its formulation and
emrbodiment with data but also in the insights which it can provide. The three
alternative goclutions presented are intended to illustrate such insighte and
should not be interpreted as being definitive. The base case sotution
demonstrates the interrelationships in the economy and raises a number of
questions. One of thease, for example, is related to the coneistency of the
official forecast or plan. That projecte a decline in the trade deficit while
the model forecaete an incresse, when all the other conditions of the official
forecast are embodied. Since there are aome questions of intérpretation which
could not be resclved, this result should not be taken as a definitive
criticisr but, rether, intended only az an illustration of a potential
application.

In the second applicetion the effecte cf & eignificent increase in
internciicnzl cil pricect zre anelyeed under the .assumption that the price
increase is nct passed on to the domestic economy. Even so, the constraint on
the trade def:cit leads to & reduction in domestic income and, consequently,
in energy and octher types of consumpticn. In the third applicaticn, the
assused incresse in energy prices ere passed on to the domestic economy and
the contractionary effects of the price increase become even more pronounced.

The gualitative charc:i2r of these last results could be deduced without
going to the <rouble of constructincg thie or any other type oi quantitative
rogel., But only &z mogel such as this could give assurence that gquantitztive
estimates of the implications of policies and shocks were estimeted with a
technique whose essential features matched the character of the real
interactione in the economy.

Finally, it should be noted that, while there are no deep mysteries

involved in the construction of & model of the type presented, neither is the
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exercise an c¢bvious one. The first time is the hardest, however, and
practice, if it will never achieve perfection, will, at least, quicken and

improve the approximation.
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Introduction

In many developing countries, transportation is the major market for liquid
fuels. Although the share of oil supplies accounted for by the transport
sector varies from country to country, it is estimated that for developing
countries as a group about half of the oil used is consumed in transport.

Consumption of transport fuels is expected to rise rapidly with
economic growth. Industrialization and agricultural development imply
increased freight and passenger <transport; further, higher real incomes
stimulate demand for leisure related transportation.

In transport, unlike the other end-use sectors, possibilities of fuel
Switching are limited, at least for the time being. Given the existing
stock of transport equipment, virtually all of the increase in consumption
of transport fuels “or the next fifteen vears or so wili be in the form cof
petroleun products.

A continued rapid expansion in consumption of petroleum products will
exacerbate problems of economic management in the oil-importing developing
countries. For many of these countries the importation of transport fuels
alone is equivalent to 20 percent of total export earnings. Rising
consumption of transport fuels, by cutting into exportable surpluses, also
pocses problems for some oil-exporting countries.,

In these circumstances a clearer idea of the relationships determining
consumption of transport energy, the likely growth in consumption of
transport fuels, and an evaluation of the policies which could modify thi;
trend, while still providing the transport services necessary for economic
development, is of interest not only for energy management but also for

wider macro-economic policy aims.
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Trends in Transport Fuel Consumption

We group our selected countries into low, medium and high income developing
countries, and high income oil exporters, centrally planned economies and
industrial ccuntries for reference.

. There are considerable contrasts in transport energy consumption among
these income categories. From 1971 to 1981 consumption in the low income
developing countries rose very gradually, by about one percent a year (see
Table 1). By contrast, the increase in consumption in both middle and high
income developing countries was much more rapid, about 3.5 percent
annually. Per capita consumption of transport fuels in the high income oil
exporting countries rose even more rapidly, by 14 percent annually. 1In the
industrialized countries the overall annual average increase at 1.5 percent
Was ba}:;y nig;er vhan in :he.low income developing countéies.

Although the period covered by these data is not long it includes two
major events, the increases in the international price of petroleum in
1973/74 and 1979/80. These events appeared to have a distinct impact in
the different groupings. 1In the selected low income developing countries
consﬁmption continued at a relatively stable level throughout the two oil
shocks. In the middle and high income developing countries rapid rates of
growth éame to a halt in both 1974/75 aand 1980/81. In the high inccme oil
exporters rapid rates of growth continued throughout the peried. In the
industrial countries consumption levelled off aftér 1974 and fell after
1979.

Another set of contrasts lies in the wide variatioh in consumption of
transport fuels among country groupings (see again Table 1). Per capita
consumption of transport fuels is almost 40 times higher in the industrial

countries as in the low income developing countries. Consumption in the
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Table 1

Per Capita Transport Energy Consumption
in Selected Countries by Categories of Countries
(koe)

Annual
Avg.
1971 1973 1974 1979 1980 1981 1Increase

——

Low Income Dev., | 24,1 22.8 23.5 25.1 25.7 - 26.6 1.0
Middle Income Dev.2 58.0 69.5 71.7  88.2  88.1 83.2 3.7
High Income Dev.S3 177.2 201.4  203.0 247.2 252.3 250.2 3.5

High Income 0il Exp.n 215.0 245.8 281.6 589.2 688.8 772.9 13.6

Centrally Planned n.a. n.a. n.a. n.a. n.a. n.a.

ol 887.c  985.0 958.9 1102.3  943.4 1030.1 1.5

ncustrialing

(1

Note: Weighted averages
1Includes Bangladesh, Burma, India, Kenya, Pakistan, Zaire, Zambia.

2Includes Bolivia, Celombia, Ecuador, Egypt, Indonesia, Iran, Ivory Coast,
Jamaica, Korea, Morocco, Nigeria, Peru, Philippines, Thailand, Tunisia, Turkey.

3Includes Algeria, Argentina, Brazil, Chile, Gabon, Greece, Hong Kong,
Iraq, Malaysia, Mexico, Panama, Portugal, Singapore, Taiwan, Uruguay,
Venezuela.

y_-
Includes all countries listed in Appendix Table 1.4.1.
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middle and higher income developing countries is also much lower than in

the industrial countries though less so in 1981 than ten years earlier. 1In
1971, for example, per capita consumption in the middle income developing
countries stood at & percent and high income developing countries at 20
percent of industrial countries levels. By 1981 these shares had increased
to 8 percent and 25 percent, respectively. But the most striking of all is
the case of the high income oil exporters. 1In 1971 per capita consumption
of transport fuels in these selected countries was about one guarter the
level of the industrial countries. By 1981 their consumption had risen to
77 percent of industrial countries.

Road transport is, for most countries, the largest single transport
sector accounting for about 80 percent of the total. Gasoline is the major
1sport fuel acccunting for zbout 70 pe},::t ol the total. Da?a
(see Table 2) on gasoline consumption are available for a larger number of
countries (67 in all) for the 1960 to 1982 period thus enabling us to make
a more complete analysis of gasoline use.

Note the wider variation in rates of increase in gasoline consumption
over the 22 year period--a much longer period than we have available for
other transport fuel products. in the 1960/70 period, that is before the
increase in oil prices, the lowest annual rates of growth (2%) were in the
low income developing countries. BRates of growth were much higher in the
other groups-~3.5 percent in the middle income developing countries, 4.4
percent in the high income developing and 5.7 in the high income oil
exporters. So far it appears that the rates of increase of gasoline
consumption accelerated as average incomes rose. However, at the highest
income levels, in the industrial countries, rates of increase fell back to

4 percent. In this latter case the lower rate of consumption was largely



Table 2

Per Capita Motor Gasoline Consumption

(koe)
Annual average income
1960 1965 1970 1975 1980 1982 1960-70 1970-82

Low Income Dev. 3.2 3.5 3.9 3.2 3.4 3.6 2.0 -0.7
Middle Income

Developing 20.0 21.2 28.1 37.9 42.73 40.9 3.5 3.2
High Income

Developing 70.6 84.4 108.1 124.9 138.0 135.2 4.4 1.9
High Income

0il Exporters 69.8 97.3 121.1 204.5 397.9 408.9 5.7 10.7
East Lloc. 103.5 136.5 182.2 2424 257.1 275.4 5.8 3.5
Industrial

Countries 399.7 476.2 595.7 677.1 694.0 668.9 4.1 1.0

Countries not included from base list are: Bangladesh, China, Malawi, Zambia, Malaysia,
Panama, Taiwan, Trinidad & Tobago, Yugoslavia, Czechoslovakia, New Zealand.




6
due to the U.S. where consumption of gasoline rose by only 2.6 percent a

Year in this period. 1In many other industrialized countries consumption
per capita doubled from 1960 to 1970, that is an annual average increase of
over 7 percent. Thus the picture emerges of a rapid increase in annual
consumption as incomes rise tapering off only at the very highest income
levels as in Sweden and North America.

This pattern was disturbed during the 1970/82 period when oil prices
rose five fold in real terms. In all countries except for the high income
0il exporters the rates of increase in consumption after 1970 fell
significantly. However, there was little indication of a consistent
pattern of growth rates across categories of countriex as there was before
1970.

Another noticeable chzracteristis of £ascline consumption is the wide
variation in consumption level; among countries. Per capita consumption in
the industrial countries is well over 100 times higher than in the low
income developing countries. The extremes are even greuter between
individual countries. Gasoline consumption in the United States is, for
example, over 300 times higher than in India and the People’s Republic of
China.

Pa;t of the wide disparity in gasoline consumption between the lowest
and highest income groups couid be due to differepces in consumption of
diesel, the other major road transport fuel. Data for diesel fuel
consumption in road transport are not available for many countries and are
in any event subject to some inaccuracy. With this reservation the rise in
diesel fuel consumption in transport appears to have been much more rapid

than the rise in gasoline.
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Consumption in the other transport sector is much smaller and tends to

decline or at most remain constant as a share of total transport energy.

The Determinants of Transport Energy Consumption

The level of income would be expected to be a najor factor in the amount of
ransport demanded and therefore in consumption of transport fuels.
Indeed, this relationship has already been built into the summary tables
presented earlier where categories of countries were defined” by income
level. From these tables it will be recalled that level of income appeared
to have a strong influence on energy consumption. Invarianly levels of
transport energy consumption were lower in low income countries and higher
in the rich countries.

The reasons for this pattern are clear €ncugn. As zconomic activity
expands there is need for more transport of both freight and passengers.
At the same time, higher incomes lead to increased demand for leisure
related travel. Freight transport increases faster--about 10 to 20 percent
faster--than GDP in developing countries and only slightly less in tie
industrial countries. In some countries, especially those undergoing
structural change, the increase in freight transport is much higher than
the ratg of increase in GDP. The increase in passenger traffic far exceeds
the rise in freight traffic. Thus passenger traffic in the developing
countries rise by 2 to 3 times the rise in GDP.

One of the most debated, and debatable, issues in transportation is
the influence of the price of transport fuels--gasoline and auto diesel--on
consumption. Prices of gasoline and diesel vary widely across countries

even thcugh they are highly standardized products. For premium gasoline,

-

AN
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prices range from just over 30 cents a gallon (in Trinidad and Tobago and

Venezuela) to over $5.000 (in S. Xorea and Uganda). For diesel, prices
range from around 10 cents a gallon (Venezuela and Egypt) to over $3.00 (in
Burundi a:d Uganda).

A second feature of comparative energ) prices illustrated in Table 3
is that countries are not distributed evenly throughout this wide range but
tend to be concentrated, cr clustered around three distinct levels, low,
medium and nhigh. For premium gasoline, for example, low prices are defined
as those under $1.60 a gallon. Although there is a considerable range of
prices in this category, this group of countries is quite distinct from the
next group of countries (with medium price levels) whose prices are
concentrated in the $2.10 to $2.60 a gallon range. In the third group of
countries with high prices, prices.are typically near $32.00 and over.

A similar pattern of concentration applies to diesel prices, though at
generally lower levels. Thus in the low price group prices are well under
$1.00 per gallon, medium prices are concentrated in the $1.20 to $1.70
level, and high prices are well in excess of $2.00. The distinction
between medium and high diesel prices is much clearer than between medium
and high gasoline prices.

A Turther observation from Table 3 is that differences in price levels
of transport fuels are not closely related to level of income and
development. Poor,'middle income and rich countries appear in each
category for both premium gasolinhe and diesel.

There are two main reasons for these differences in price levels among
countries--differences in tax treatment of transport fuels and differences

in crude oil prices. A third factor, of importance to a limited number of
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Table 3

Premium Gasoline: Selected Countries
Ranked by Price Level
(US $ at 1981 prices and exchange rates)

LOW (under $1.60 a gallon)

Developing Industrial & Saudi Arabia

Argentina 156 Mexico 110 Canada 126
Bolivia 140 Nigeria 128 Usa 136
Burma 42 Peru 110 Saudi
Colombia 96 Trinidad & Arabia 25
Ecuador 80 Tobago 35
Egypt 71 Venezuela 31
Indonesia 33 —_—

12

MEDIUM ($1.61 TO $2.80)

Developing Industrial

Bangladesh 207 Singapore 191 Australia 183
Cameroon 240 S. Africa 223 Belgium 280
Chile 207 Thailand 214 Japan 272
Dom. Repub. 257 Turkey 174 Netherlands 258
El Salvador 256 Greece 237 Switzerland 249
Honduras 208 Ethiopia 266 Sweden 266
India 253 Guatemala 200 United Kingdom 265
Jamaica 217 Malaysia 213 —_—
Kenya 274 Nicaragua 272 7
Morocco 275 Sierra Leone 238
Pakistan 216 Sri Lanka 200
Panama 226 Sudan 230
Philippines 250 Yugoslavia 286

26

HIGH (over $2.81)

Developing Industrial

Brazil 300 Uruguay b17 Denmark 289
Burundi 450 Zambia 432 Finland 288
Ghana 394 Paraguay 451 France 299
Israel 307 Rwanda 283 Italy 284
Ivory Coast 365 Senegal 302 -
Korea, Rep. of 582 Tanzania 437 4
Malawi 317 Uganda 544

Portugal 299 Zimbabwe 312

16
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countries, is exceptionally high transport and distribution costs which are

largely responsible for the high prices in landlocked countries such as
Malawi and Zambia. For most countries, however, variations in tax policies
and crude oil costs are the major source of variation.

Gasoline has traditionally been subject to excise taxes, imposed
originally for revenue raising purposes rather than conservation. As a
taxable commodity gasoline had several advantages: sales of gasoline until
recently rose steadily and rapidly thus ensuring an increasing tax revenue,
and, as private motoring was confined in many countries to the relatively
well to do. excise taxes cn gasoline did not raise politically difficult
problems of social equity.

Gasoline taxation is widespread, even in those countries such as the
011 exporfZars wnere pump prices are guite low. Table 4 illustrates tax
levels for a number of countries for which data are available. These data
for 1981 in( -ate a considerable range in tax rates for premium gasoline,
from under 20 percent to over 60 percent. Most countries, however, fall
into the 30 to 50 percent range. In the majority of countries therefore,
whether developing or industrial, taxes accounted for between one third and
one half of the pump price of regular gasoline in 1961.

As the pump price varies so greatly taxes expressed as a share of the
total can be misleading. The 20 percent tax of 2 country with $3.00
gasbline ($1.00) is obviously higher than the 70 percent tax of a country
with $1.00 (70 cents). Table U4 therefore also gives the amount of tax in
cents per gallon. Again this varies widely from under 20 cents (Saudi
Arabia, the US, Bolivia, Venezuela) to well over $1.50 (in Portugal and
France). As might be expected, the tax per gallon tends to be lower in low

price countries.
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Table 4

Premium Gasoline Prices and Taxes, 1981
Selected Countries
(US cents per US gallon 1981 prices
and exchange rates)

Pump price Tax as share
Premium Price before of pump price
Country gasoline Taxes tax %
Developing
Bolivia 140 16 124 11
Brazil 252 99 153 39
Colombia 96 72 24 75
Greece 237 95 142 40
India 253 106 147 42
Jamaica 217 79 138 36
Kenya 274 120 154 Ly
Mexico 110 57 43 61
Pakistan 216 68 148 31
Peru 110 4o 70 36
Philippines 250 121 129 48
Portugal 299 185 114 62
Singapore 191 66 125 35
Spain 284 97 187 34
Thailand 214 125 89 58
Turkay 174 8 166 5
Venezuela 31 13 18 42
Industrial
Belgium 280 146 134 52
Canada 126 34 92 27
Denmark 289 149 140 52
France 299 164 135 55
Finland 288 95 193 33
Germany 243 111 132 47
Japan 272 99 173 36
Netherlands 258 127 131 49
Sweden 266 121 145 4s
Switzerland 249 111 138 4s
United Kingdom 265 136 129 51
Usa 136 13 123 10

Saudi Arabia 24 - 24 -
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It is not easy to generalize about the reasons behind different tax

rates. History, tradition, fiscal needs, and the structure of revenues
have all played a part. In recent years balance of payments problems and
security concerns have played a larger role. 1In 1981 for example virtually
all of the countries in the high price category Qere totally dependent on
imports for their o0il supplies and therefore more likely to be concerned
about both the cost of imports and the vulnerability of their economies to
disruption.

Differences in pump prices are also due to differences in pricing
policies for crude o0il. Countries which import all petroleum supplies have
little choice but to pass on the full costs to consumers. Countries which
have domestic production, however, can and frequently do pri;e supplies to
the domestic market lower than internaticnal pricef., Thus, for gasoline,
all the countries in the low price category are oil producers. Nine out of
a total of 15 are net exporters, and 5 are virtually self-sufficient. The
United States is the only country in the low category which imports a
significant share of its petroleum supplies. Within the low price category
there is a marked tendency for prices to be lower in the producer exporter
countries than in the self-sufficient or importing countries.

In the most general terms, the difference in gasoline prices between
the low price countries and the others is about !0 percent due to higher
taxes and 60 percent to hizher pre-tax prices.

Diesel prices are invariably lower than gasoline. This differential
is related to the different markets for the two fuels. Traditionally
gasoline has been used for private passenger transport, and diesel in mass

transit and freight transport. Governments, especially in developing
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countries, therefore kept tax rates lower on diesel in order to help

develop these markets.

Thg differential between diesel and gasoline prices varies froa
country to country. A fairly typical range is for gasoline prices to be
some 50 to 100 ‘percent higher than diesel but there are examples of
gasoline prices being 3 times higher or more. 1If the gap between the two
grows too wide the purpose of the differential will be defeated as the
cheaper diesel fuel will be diverted increasingly to private passenger use
or other nontranspor:t use. There is evidence that this happened on a
significant scale in both Costa Rica and Brazil during the 19790°s,

The foregoing analysis on the structure of transport fuels applies to
one year, 1981, Over the past 10 years or more, however, there have been
Cejor changes in the crude oil market which have affected botn trends 2nd
the structure of transport fuel prices.

The outstanding development has been the increase in prices of
transport fuels since 1973. Before 1973 in most countries real gasoline
and diesel prices had declined, reflecting the decline in the real price of
crude oil which took place in the 1960 °s. From 1973, hbwever, this trend.
was reversed, with significant increases in gasoline prices in almest all
countri;s, averaging about 85 nercent in developing countries. Diesel
prices in the developing countries crobably rose by about L0 percent.

The reason behind this difference in rates of increase of crude and
gasoline prices lies largely in the tax structure--the higher the tax, the
smaller the increase in the final price resulting from higher crude prices.
In countries with high taxes, crude represents a relatively small part of
the total sales prices so that even a large increase in crude oil prices

has quite a limited impact on the final price.
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Car ownership is a major factor in gasoline consumption. Table 5

illustrates both the rapid increase in car ownership rates and the
variation in rates across groups of countries, The increase in car
ownership was greater than the rise in gasoline consumption leading to a
decline in gasoline consumption per car (see Table 6). This decline could
be due to changes in automobile technology, decrease in car use, and
changes in the composition of the ecar Tleet.

An estimate of car prices was made for selected countries. These are
compared in Table 7 with gasoline prices. Only one of the selected
countries, Republic of Korea, has both high car and gasoline prices (as we
have noticed before both car ownership and gasoline consumption i1s lower
than in other comparable.countries). At the other end of the scale only 5
countrizs 7.3, ani Canada, Saudi Arabia, Libva and Xuwait have both low czr-
and gasoline prices. Hare again there are exceptionally high rates of car
ownership and gasoline consumption in these countries.

in the other countries lavels of gasoline and car prices are not
closely correlated. Industrial countries typically have low car prices but
high gasoline prices, perhaps a legacy of the revenue raising motives
behind gasoiine taxation. Many of the developing countries with low
gasoliné'price countries have high car prices suggesting that cars are
considered luxury items of consumption. From a policy point of view,
therefore, in many countries mixed signals are being provided to the
motorist, who may be faced with high car prices and low gasoline prices, or

low car prices and high gasoline prices.
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(# cars per 1000 people)
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Table 5

Car Ownership

1960 1965 1970 1975 1980
Low Income Dev., ' 0.85 1.1 1.4 1.6 1.7
Middle Income Dev. | 2.58 3.52 5.19 7.1 11.99
High Income Dev. 14,48 20.79 31.27 b9, 72 -69.54
High Income 0il Exp. 10.91 20.56 33.59 55.11 123.35
Eastern Bloc. 4.88 T.72 13.62 29.31 53.17
Industrialized 154.1 203.3 261.2 323.5 385.2

excluding China.,
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Table 6

Consumption of Gas per Car
(koe per car) .
(unweighted average, using subset of 75 countries)

1960 1970 1982
Low Income Dev. 4288 2819 2467
Middle Income Dev, 8870 6106 3957
High Income Dev. 6284 3431 2519
High Income 0il Exp. 6192 3747 3018
East 3loc. 15006 10901 3339
Induziricl 3684 1635 1303

. ,
Countries that were excluded are: Bangladesh, China, Malawi, Zambia,
Burma, Malaysia, Panama, Taiwan, Trinidad & Tobago, Yugoslavia, Czechoslovakia.
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Prices

Low

Medium

High

Selected Countries Categorized by
Price of Cars and Gasoline
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Table 7

Gasoline Prices

Low

Kuwait
Libya

S. Arabia
Canada
Usa

Bolivia
Colombia
Nigeria
Peru
Argentina
Mexinon

Ecuador

Egypt
Indonesia

Medium

Cameron

Netherlands

Sweden
UK
Germany

Kenya

Dom. Republic

Jamaica
Morocco
Chile
Mziavsia
Australia

Switzerland

Bangladesh
India
Pakistan

Philippines

High

Malawi
Denmark
Franece
Italy
Brazil

Ghana
Israel
Finland

Rep. of Korea
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Case Studies

This study will contain two case studies of India and Ecuador. As the
Ecuador study has been delayed it is not possible to compare the two
countries at this point. For information Table 8 gives some comparative

data for illustrative purposes.

Regression Analysis

In an effort to estimate the effect on transport energy consumption eof
per capita income, price and a set of socioeconomic variables, we carried
out a series of regression analyses. This was done in two stages. First,
transport variables on a per capita basis were related only to per capita
income and price to yield estimates of income and price elasticities. The
elasticity shows the percent zhanze in a transport variable for =z given
percentage change in the explanatory variable, here income or price. Then
the transport variables were rélated to income, price and the socioeconomic
variables, yielding elasticity estimates for all of those variables. For
both developing and industrial rountries the results obtained for income
and price were essentially the same for &the two stages. The first stage,
however, afforded us larger samples and more detail on the effects of
income and price thzn we could obtain frem “he second stage, which had the
primary goal of examining the effects of the socioeconomic variables.
Those variables included density of the road network; three measures of
population distribution: population density, percent of population in urban
areas, and percent of the urban population in the largest city; year, to
measure time trend; percent of the population of medium age (15-65); and

change in per capita income ranking from 1960 to 1980, a measure of a
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Table 8

Ecuador and India: Transport
Sectors Compared - 1980 and 1981

Ecuador India

Per capita transport fuel

consumption (koe) 264 27
Per capita gasoline consumption (koe) 179.4 2.6
Increase in gasoline consumption i

(annual average %) 5.8 1.1
Gasoline as % of total transport 68 10
RGDP per capita (1975%) 1639 516
Transport fuels (koe per 000 1975%) 161.1 52.3
Gasoline (koe per 000 19Y53) 109.5 5.0
Gasoline prices (1981 US cents

per gallon) 80 253
Diesel prices (1981 US cents

per gallon) 4y 119
Car ownership (# per 000 population) 11.2 1.3

Truck ownership (# per 000 pop.) 24.6 1.2

country’s relative growth in income. Use of competitive transport mode was

also included in some of the equations.

rd

Major conclusions based on the regression results were as follows:

{1} Per capita consumption of transport and af transport fuels
increases somewhat more than proportionately as per capita income

increases.

(2) Per capita consumption falls less than proportionately as price
increases. The price response is more limited in developing than

in industrial courntries.



(3)

(4)
(5)

(6)

(7

(8)

(99
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In conjuncticn, the first two conclusions imply that world and

developing country levels of transport energy consumption should

increase considerably over time.

Our evidence suggests that higher energy prices have caused some

shift from road to rail use in the developing countries.

Not surprisingly, alternative energy modes are usually
competitive; increased use of one reduces the use of another,
Increased density of the road network impiies general increases in
transport consumption and fuel use, with increases no* limited to
directly related consumption categories. This suggests there are
complementary as well as competitive relations between modes, for
exampie rail "piggybacking" of trucks. In the developing

countries, fuel efficiency appears to increse with increased road

ensity.
As urbanization increases, fuel use probably decreases. Increased
population density is clearly associated with decreased fuel

consumption.

Long term trends in use are running against rail use and in favor

of road and air transport use.

Among the developing countries, higher than average incom: growth
was associated with reduced rail consumption and increased auto
registraticns and air transport fuel consumption, Imong the
industrial countries exactly the opposite effect prevailed. Cause
and effect relations are not obvious here. However, the results
for developing countries may be an indicator or even display a
Source of development. Those for the industrial countries
probably are heavily weighted by the experience of Japan and
France, which had high income growth and considerable rail

investment.
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Our estimates for income and price elasticities were as follows:

Income elasticity estimates

Developing Industrial
countries countries

Fuel

Gasoline 1
Road fuel 1
All transport fuel 1
Air transport fuel 1
Rail transport fuel 0
Water transport fuel 0

ransport Category

Auto registrations 1
Truck registrations Te
Rail passengers 1
Rail freight 1
b

-

~AS anmes
CLenCY

Gasoline/car -0.3 0.4

Questions marks indicate both the exercise of judgement and some
concern about possibly anomalous results, subject to revision given better
evidence.
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Price elasticity estimates

Developing Industrial
countries countries
Fuel
Gasoline -0.4 -0.62
Road fuel -0.2 -0.6
A1l transport fuel -0.15 -0.6
Air transport fuel -0.3 -0.9
Water transpot fuel 0.2 -1.2
Rail transport fuel 0.8 -0.8
Transport category
Auto registrations -0.65 -0.3?
Truck registrations -0.4 -0.2?
Rail passengers 1.0 1.0
Rail Freight 1.5 -0.6
Fuel Efficiency
Gasoline/car -0.6 -0.6

Fuel price elasticities are lower, but auto and truck registration
elasticities are higher for the developing than for the industrial
countries.

For the developing countries, the positive price elasticities for rail
transport fuel and water transport fuel were interpreted as indicating some
switching to rail and water transport from road transport given the large
price increases of the 1970°s.

For the groups of developing countries categorized by income level, the key

elasticity estimates were:

Income Price
elasticity elasticity
Low Medium Hiwh Low Medlum High

income income income income income income

-0.5 -0.4 -0.3

0 -0.2 =-0.1
-0.6 -0.6 -0.6
-0.6 ~0.4 -0.5

Motor gasoline 1.2
All transport fuel 0.85
1.7
1.2

Auto registrations
Truck registrations

—t e amd b
.

-
(@B e NI N ) |
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The divergence in income elasticity pattern between motor gasoline and
éuto registrations may be explainable by differences in gasoline use per
car, with lower income developing countries apparently using their cars

more intensively than higher income developing countries.

Future Transport Energy Consumption

The results of the regression analysis can be combined with
assumptions about increases in prices and incomes to estimate future levels
of transport energy consumption (see Table 9). Note the high income
elasticities, the relatively modest increase in gasoline prices and the low
to moderate price elasticities. This means that consumption of transport
fuels and vehicle ownership will continue to rise rapidly, outstripping in

noeccnomic activity; and*that the eXpected rise in

1=

mcg} part the increzse
prices of transport fuels wil; not be sufficieﬁt to moderate the trend
significantly (see Table 10).

Given the many unknowns it is not easy to Judge how great a burden
consumption at this level will be on the economies of these countries.
However, a fifty percent increase in oil consumption combined with a fifty
percent increase in thg dollar price of oil implies, in the absence of
reducedf 0il consumption in other sectors or substantially increased
domestic oil production, a mcre than doubling of the oil import bills for
the oil importing countries. 01l imports account at present for abou: 37
percent of export earnings, an unsustainably high level. The reduction of
this share to a more manageable level, say about 20 percent would therefore
require an average growth in exports of over 10 percent annually--not an
impossibly high level by 1960s and 1970s standards (when economic growth

rates were also much higher) but higher than the 1980s levels and high in


http:elastici.ty
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Table 9

Increases in Price and Income and
Price and Income Elasticities

Increase in Increase in
Income Income Price Price Time
1981-2000 Elasticity 1981-2000 Elastieity Trend
(%) (%)

Total transport Fuels

1. Low income dev.
countries 56 0.85 22-42 0.0

2. Middle income dev.
countries 53 1.3 38-64 -0.2

3. High income dev.
countries 54 1.1 33-58 =0.1

- S
Gazsoline

1. Low income dev.
countries 56 1.2 22-42 =0.5

2. Middle income dev.
countries 53 1.4 38-64 -0.4

3. High income dev.
countries 54 1.5 33-67 -0.3

Car Ownership

1. Low income dev.

countries 56 1.7 0-50 0.0 0.5
2, Middle income

dev. countries 53 1.5 0-50 -0.6 0.5
3. High income dev.

Countt‘ies 5)4 1 -6 0"50 -006 0-5
Trucks

1. Low income dev. C
2ountries 56 1.2 0 -0.6 0.5

2. Middle income dev.
countries 53 1 0 -0.4 0.5

3. High income dev. R , '
countries 54 1.0 0 -0.5 - 0.5
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relation to projected GDP growth rates. Conservation of oil in all uses

and especially in the transport sector is therefore likely to continue to
be high on the policy agenda.

Our analysis leads to a number of conclusions relevant to policy. The
first is that giver low price elasticities especially for total transport
fuel, the magnitude of the price rises resulting from higher crude oil
prices alone will not be sufficient to achieve significant savings in
transport energy. Increased taxes on gasoline cou/l have a substantial
effect on gasoline consumption, and a consistent policy towards both cars
and gasoline could achieve savings in gasoline without causing unduly
disruptive taxes increases on either. This last consideration is important
given the possibilities of substituting diesel for gasoline. Substitution
imposes limits on the extent Lo which Zasoling prices can be raised -without
also increasing diesel prices.

Important though pricing policies are the combination of low price
elasticities combined with high income elasticities in the context of
extreme foreign exchange constraints implies that additional actions to
moderate the-rise in transport energy will be needed. The most promising
appear to be increased efficiency in the vehicle fleet, improvements in
alternatives to private passenger transport (bus services, "informal"

transport) reduction in congestion, and improvement in truck load factors.
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INTRODUCTION

0il prices are regulated in virtually every
developing country.1 Economists, oil busiressmen,
politicians, and government bureaucrats usually have
diverging views on the "best price" for petroleum products.
There should be consensus, however, on the following
statements of priority:

For- governments of developing countries, it is far
more important to get the overall oil price right
than to get individual product prices right.

For agencies disbursing development assistance, it
is far more important to help governmenis implament
& program of reform than a one-shiot price change.

For students of petroleum (and other) pricing
policies in developing countries, institutional and
political factors dominate the policy-making
process, and these factors deserve far more
systematic study than they have received. In the
absence of "creative tension” between groups
favoring lower and higher prices, it is unlikely
that a sound pricing program can exist.

A complete oil pricing analysis should be a kind of
Input/Output esercise, as 1llustrated in figure 1. Certain
costs, objectives, and political influences are inputs to
energy price determination. The outputs are sets of energy
prices over time that influence the welfare of particular
groups in society as well as, naturally, society as a whole.
Some sets of prices may be more efficient than others, some
may be regarded as more equitable.



FIBURE 1

ENERGY PRICING: INPUTS, GUTPUTS, EFFECTS
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The diagram provides a framework for discussion of
the principal findings of a study of petroleum product
pricing in developing countries.< Research focused on
Brazil, Argentina, Ecuador, the Sudan, South Korea, and
Thailand. This article describes the evolution of overall
and relative petroleum product prices, both retail and
wholesale. It then reviews the price determination process
and arrives at several propositions about countries®
propensities to implement efficient pricing systems.

The project’s principal purpose has been to review
in considerable detail the state of petroleum prices in the
subject countries, and to assess the institutional
constraints on the implementation of efficient pricing
systems. Henci this article deals more with the policy
process than w.th measurement of economic efficienry, it is

[N



more a study of the application of economic principles than
of the principles themselves.

THE OVERALL PRICE OF OIL AND MACROECONOMIC POLICY

The absolute or overrall price of 0il® affects a
nation’s aggregate demand for gocods and services, th2 balance
of payments, public sector finance and the money supply.

When domestic prices of oil change suddenly, demand for other
goods and services is likely to change. If 0il is an
important import or export, the demand for foreign currency
or the supply of foreign currency changes., causing the
domestic currency to tend to appreciate or depreciate. When
changes in the price of o0il cause the changes mentioned
above, the morney supply may also be affected if the domestic
monetary authorities choose to reflate or deflate in reaction
to other changes in these macroeconomic variables.

The gcale of the effect of oil prices on other
macroeconomic variables, of course, is the real issue. In
the set of developing countries stuadied here, the 1979 oil
price increase was one econeomic shock, and the devaluation of
national currencies was another shock that forced governments
to reexamine their internal cil prizing policies. In bkoth
shocks —- the latter following very ciosely atter the former

prices gradually or csuddenly or not at all with the
international price structure.

With respect to the level of the gverall price of
oil, a government has four basic options:

1) Autarchic strategy: do not align the domestic
overall oil price with the world prices base it
instead on some other factor such as the cost of
domestic o0il production (Ecuador, Argentina)

2) "Managed market price" cstratecy: the domestic
overall oil price is loosely based on international
prices, but does not follow every twist and turn of
international spot or even contract prices (Brazil,
Sudan, Thailand)

3) "Industry security" strategy: set the overall
price at levels that safeguard the financial



viability of the domestic oil industry. Typically,
this approach creates an overall price higher than
international spot prices, and calls as an auxilary
palicy for product import restrictions (South
Korea).

4) Free market: very few countries, either developed
or developing, allow o0il prices to be determined
without government interference. Among developed
countries, the United States, West Germany, and the
United kKingdom do not regulate prices. Among
developing countries, Chile, Singapore, and Hong
kong are among the very few who refrain from
regulating oil product prices.

Among the developing countries included in our
study, we found that the governments of oil-sufficient and

eiporting countries (Ecuador, Argentina) had difficulty
aligning domestic with international prices as they went up
in 1979 and 1980. Ecuador ignored increases in international

petroleum prices and depreciation of its currency against the
dollar end ceomtinue to charge an extremely low overall price
tfor o1l 1o 1ts owr citizens. For exeample, 1n January LY/#
the overall price of petroleum products was 10 sucres/gallon,
which at the prevailing exchange rate was $0.33/gallon.

Seven years later, the overall price was 34 sucres/gallon,
still about %0.70 cents per gallon at the "high official®
exchange rate ($0.38 at th= "low official" exchange rate of
90 sucres per dollar). During this same period theo
"international” oil price (that of the benchmark Arab Light)
increased from $14 to 428 and the sucre/dollar exchange rate
had deteriorated from 30 to 120. In 1978, had Ecuador
implemented a policy to keep its overall price at world
levels, it would have risen to at least 60 sucres/gallon by
1985.

The government in CGuito has the luxury of choice
because the country produces over 250 thousand b/Ff of oil
while consuming less than 100 thousand b/d. 0il consumers in
Ecuador are merely paying the average cost of the oil
products they use. Figure 2 shows the result of F:uador’s oil
pricing policy.



FIGURE 2

ADJUSTMENT OF ECUADORIAN OIL PRICES:
1978 TO 1985
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Argentina presents a case in which overall petroleum
price declined dramatatically in the 1981-1984 period, when
it isolated itself from the world oil market. As is readily
evident in figure 3, the Argentine domestic oil price was
well below world levels in 1981. Eecause Argentina is
self-sufficient in o0il, this "subsidy" had no immedi ate,
adverse effect on the demand for foreign exthange. In 1982,
however, local oil prices in dollar terms plummeted as a
result of the government’s decision to freeze them during the
Falklands crisis. In an ecoromy where the rate of inflation
exceeds 400 percent, a freeze in local prices is a very
dramatic event.

]



FIGURE 3

ARGEMTINE OVERALL OIL PRICES AND
THE PRICE OF ARAB LIGHT: 1981-1984
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in Argentina, the factors that usually contribute to
keeping overall o1l prices &t world levels were missing.
First, YFF, the Argentine national oil company, was unable to
prevent the oil price freeze from being implemented. Secor.d,
the central bank did not regard oil pricing as being of vital
concern to its mission. The political elite, therefore,
encountered little opposition to its decision to freeze oil
prices.

In Argentina’s circumstances, the o0il price freeze
had a particular short-term, macro-economic effect: a shift
in revenues from tne oil sector, YFF in particular, to oil
consumers. In Argentina, unlike in oil-importing countries,
pricing cil far below world levels had no immediate effect on
the foreign exchange situation.

Thailand_and_Scuth_korea?
Among the oil-importing developing countries, both
Thailand and South Korea were able to adjust domestic



petroleum prices quite poromptly in response to the 1979-80
world price increases. In both cases, the short-run
inelasticity of oil demand to price, the conservative
monetary aend fiscal policies of the governments, and the
relative sluggishness of the market for exports meant that
the massive diversicn of domestic expenditures to the oil
sector had a strongly deflationary impact on the Thai and
Korean economies. PMoreover, in South Korea the domestic
wholesale overall price rose so far above international
levels that the domestic refining industry collected a
substential rent.

The Thai eccnomy was not shielded by price controls
from the sharp increases in world o0il prices in 1979-80. The
Thai authorities allowed the overall domestic oil price to
rise with international posted (not spot) prices, with a lag
of only a month or two. Because the increases in the price
of 0il were directly passed on to consumers, and because
consumer demand for oil products was inelastic in the short
run, national expenditures on oil imports rose sharply: from
16.5 billion baht in 1978 to 23.4 billion baht in 1979 to
39.3 billion baht in 1980.

The increased import cost of o0il was recovered,
however, by thz domestic price inureases. While there were
SUDsS1Q1es on particular proaucte, tne overail price was
increased sufficiently so tnat enough baht were collected to
exchange for the dollars needed to buy the oil. There was no
subsidy hidden by the exchange rate in the Thai pricing

system.

As a result of the sharp domestic price increases
and of the short-term inelasticity of oil demand to price,
expenditures on goods and services other than petroleum were
curtailed. Domestic o0il expenditures (excluding excise
taxes) rose from S to 8.5 percent of GDF during the period
1978 to 1980. In the same years, GDP growth fell from 10
percent in 1978 to 6 percent in 1979 to 5.8 percent in 1980.
These superficial comparisons suggest that international oil
price increases, passed on rather promptly to consumers,
probably contributed te a 4 percent drop in GDP growth in
Theziland.

The Thai government did rot try to offset the
recessionary effects of the oil price increase with a
stimul ative money supply policy. IMF data show that the rate



of growth of the money supply actually decreased from 20
percent in 1978 to 17 percent in 1979 and 12 percent in
1980.

Thus, the Thai government managed the o0il price
transition of 1979-8B0 in what can only be called a
conservative fashion. International ocil price increases were
promptly passed on to consumers, and the recessionary impact
was ‘allowed to run its course without major offsetting fiscal
or monetary policy responses. As a result of this
conservative policy, the o0il price increase did not
materially affect domestic inflation. Wholesale prices rose
by 8.4 percent in 1979, 16.7 percent in 1980, {probably
reflecting a one-shot effect of oil price increase on price
indicators), and by 9.5 percent in 1981.

Korean prices, like those in Thailand, were
increased rather guickly in response to world oil price
increases. IMF figures show that expenditures on crude
petroleum imports increased from 1.06 trillion won in 1978 to
1.50Z trillion won in 1579 to 2.425 trillion won in 1980. fAs
a percentage of gross domestic product (GDP), these import
expenditures were 4.4 percent in 1978, 4.8 percent in 1979,
and 9.1 percent in 1980. These ceost increases were recoveread
bv inmrzasing local orices. Indeed. the very sharp price
increases of 1980 and thes size of the difference between the
overall whelesale price and world prices suggests that kKorean
oil enterpricses collected substantial additional profits in
the course of the transition from the pre-1979 to the
post—-1980 oil price situation.

The very large increase in domestic expenditures on
oil also suggest that purchases of non-oil goods and services
should have fallen in 1979 and 1980. Indeed, the rate of
increase in kKorean GDP does show a dramatic change: in 1978,
BDF (measured in constant terms) increased by 11.6 percents
in 1979, GDP grew by 4.8 percenti and in 1980, GDP declined
by 6.2 percent. The fall in real GDP had various causes, to
be sure. A decline in exports might have been expected to be
a factor. But exports, in dollar terms, increased by 16
percent in 1979 and by 17 percent in 1980. Thus, the
recessiocnary impact of the increased expenditures on imports
and the massive shift of domestic resources to the petroleum
sector seems to have playsd a critical role in the Ko zan
recession of 1980.



Brazil and The Sudan

In Brazil and the Sudan, we saw countries that
seemed able to manage the initial effects of the il price
increases well: both managed to increase domestic prices
substantially in 1979. In subsequent years, howewer, both
countries had difficulty dealing with the exchange rate
crisis. Hoth governments let the overall domestic oil price
decline in real terms to the point where the petroleum sector
was subsidized by the economy as a whole. The immediate
culprit in both cases was a willingness on the part of the
authorities to allow oil importers to exchange local currency
for dollars at special exchange rates that did not reflect
the market value of foreign currency.

Before 1978, the overall wholesale price of oil in
Brazil was substantially above the official price of Arab
Light. This suggests that before the price shock of 1979,
the government wanted a pricing schedule that would give
Fetrobras a substantial surplus for reinvestment in Brazil’s
ambitious energy production program. With the exception of
the first half of 1980, Brazilian pricing policy was able to
make local wholesale prices remain, on average, comfortably
above world levels. In essence, the Brazilianm government
succeeded in managing the oil price adjustment of 1979-80 in

. P, .- - [ S S e et i N

& M&mmeEr ZLmioa!” 1o Lhal Ca..Z,E. Sy Thailand: the worlc
price incrfanes wese relatively prompily passéd thirough to
CONSLNErS. in late 1582, however, the program ran into
difficulty coping with the emerging exchange rate crisis.

Beginning in 1982, the value of the cruzeiro
depreciated at & seemingly exponential rate. The managers of
the quarterly oil price adjustment process did not anticipate
the cpeed of the cruzeiro’s fall in that year. As a result,
the cruzeiro revenues Fetrobras collected during this period
fell below the levels required to purchase the quantity of
dollars, at the market exchange rate, needed to obtain the
required amount of oil. At this point, a political judgment
was made to allow Petrobras to buy dollars at a subsidized
"dolar petroleo” exchange rate. The resuit of this decision
was to establish domestic oil prices at levels sufficient
perbape to balancze the books of Petrobras, but not sufficient
to cover the true costs of dollars. In effect, the Bank of
Brazil subsidized the petroleum sector.

In the case of the Sudan, before 1979, the overall






increases of some oil products reguire special treatment. @&t
a minimum, some petroleum products have "constituencies"
that lobby for special treatment.

In many developing countries, kerosine and diesel
oil are regarded as "social products,” in the sense that they
are used by pecple in the countrv’s lower income brackets, or
they are intermediate goods =trongly influencing the price of
other social products, especially basic foodstuffs. Gasoline,
on the other hand, tends to be the "cash cow" of the
petroleum sector. Figure 4 provides a comparison of regular
gasoline retall prices in four of the countries in this

survey.

FIGURE 4

COMPARISON OF RETAIL PRICES OF REGULAR GASOLINE
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The premium on gasoline can be in the ex-refinery
price —-— giving the oil company a bigger margin on gasoline
makes it peocssib e to aszk them to do without a margin in a
"social’ product like kerosine. The premium can also be in
the form of a tax —-— allowing the government to collect
whatever overall level of revenues it can from this group of

citizens.
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In many countries, governments not only
cross—subsidize one product with another, they also charge
different prices to different consumers of the same product.
Ecuador provides several exarples. Since 1981, the fishing
industry has paid 15 to 20 percent less for diesel oil than
the reoular consumer. Jet fuel purchased for flights within
Ecuader by Egquatoriana, the national airline, iz priced at a
fraction of the amount foreign airliners have to pay when
they buy in Guito.

FATTERNS OF RETAIL PRICES

Terms such as "social products” and "cash cows" are
used to designate some of the political forces behind
petroleum pricing programs. There are others. For example,
there are "international competition products," whose prices
are controlled at relatively low levels as part of an
industry development strategy. The prices of residual fuel

0il and naphtha in Japan were kept well below world levels
for vears while the industrial base was being built.

More generally, in regulated economies the price of
specific petroleum products is a function of the
wrice-sdtters” political obhjectives. In some countries, the
strongest pol:itical rtorce, and hence the starting point of
the price setting process, is aimed at subsidizing social
products. Once that decision has been made, it generates a
need to designate other products as sources of cash to pay
the =ubsidy. In this manner, the pattern of relative

petroleum prices 1n any countries is a kind of diagram of
political sensitivity.

Figures S5 through 7 present three such diagrams.
Each figure presents a snapshot of the retail price pattern
in which prices of kerosine, diesel o0il, fuel oil, and LFG
are shown in relation to the price of regular gasoline.
Figure S shows the singular case of South Korea, where, as
has alre=dv been mentioned, the retz2il price of gacsoline is
extremely nhigh in relation to the price of the other
products. Figure 5 compares Korea’s retail price pattern (in
March 198Z) with the pattern of prices peoceted by Singapore
refiners,



FIGURE S

SOUTH KOREA: RETAIL PRICING PATTERN
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The Singapore pattsrn can e interpreted as
reflecting the marginal cost of producing products in the
Facific market. Note that among posted prices, residual fuel
coil (HFO on the X-axis of figure ) is the lowest in
proportion Lo gasocline, about 7% percent. Among korean
retail prices, residual fuel o0il is only about 70 percent of
the price of gasoline. What is distinctive about South
Forean retail prices, however, is that all the products,
except LFG, are low relative to gasoline.

Figure & presents a picture of the retail price
patterns in June 1983 in Argentina, Brazil, and the Sudan,
all grouped together as "fuel 0il subsidizers.'" There are
various similarities. Each country has three tiers of
prices: gasolire, distillates (kerosine amd diesel oil) at
about S5 to 55 percent of regular gascline prices, and fuel

=

oil at about 25 to I% percent of gasoline prices.

S
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FIGURE 6

RESIDUAL FUEL OIL SUBSIDIZERS
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In all casez, the diesel prices are relatively lower
than the international price pattern. Figure 5 showed that
in Singapore postings, diesel and gasoline prices were about
the same. 1In Brazil, Argentina, and the Sudan, they are 35
to 4% percent lower than gasoline prices. This simply
reflects the difference in excise taxes: as a motor fuel,
diesel cil is taxed less stringently for the sake of keeping
the cost of industrial transport and mass transit down.
Similarly, kerosine, while not heavily subsidized in these
countries, is not taxed because it is a social fuel.

Fuel oil prices, however, are not only not taxed in
Argentina, Brazil, and the Sudan, they were absolutely
&ubgidized in these countries when the snapshot presented in
figure & was taken (Jume 198%). For example, in the Sudarn,
the retzil price of "furnace o0il" was only $16 per barrel, in
comparizon with = posted price in the Fersian Gulf of about
%24 per barrel. In the Sudan, the principal cause for such a
subsidy on f :2l 0il was the perceived need to keep to a
minimum the oil cost= of the electric utility, whose
finmancial condition was more tenuous than that of the oil

14



industry. In Brazil and Argentina, rglatively low fuel oil

prices were probably rooted in the government’s intention to
minimize the fuel costs of expart-oriented industries.

Figure 7 presents vet a different pattern of retail
prices. Ecuador and South bForea are kerosine subsidizers.
Ferosine, the most obvious social product amongst all the
petroleum fuels, is only 40 percent of the gascline price in
these countries. In both cases, the relatively low price o¥
kerosine is aimed &t minimizing the fuel costs of
lower—-income ©il users.

FIGURE 7

KEROSINE SUBSIDIZERS
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Figure 7 conceals, however, the enormous difference
in the absolute prices of kerosine in Ecuador (about %$0.15
per gallon) and South Korea ($1.50 per gallon).



RETAIL PRICES: PETROLEUM PRODUCT TAXES AS SOURCES
OF GOVERNMENT REVENUE

Governments impose variable taxes on petroleum
products. Social products are lightly taxed, as often are
products that are inputs to export-oriented manufacturing
industries. Because the choice of social products varies
from country to country (kerosine in Korea, fuel oil in the
Sudan), the simplest way to start this review is to compare
the level of overall retail prices. In this manner, it is
passible to get a picture of the overall incidence of taxes
on petroleum products. That in turn sets the stage for

looking at tax levels on specific products.

Although the subject has received much attention,
there is no simple, a_priori guideline on the appropriate
level of taxation on particular products like gasoline in
developing countries. If one examines tax opportunities,
however, a very simple general principle--that in developing
countries taxes ought to be imposed where they can be
collected—-—-emerges. The difficulty of collectirg personal
income tares in countri=zs with large subcsistence se-tors and
low literacy rates is obvious. Import cnd export tanes and
taxes on products coming out of refineries, on the other
hand, are easier to collect because the number of points of
collection is limited. Thus, for ease of administration, it
makes sense to impose petroleum taxes.

Guvernments of both developed and developing
countries typically regard taxes on petroleum products as a
convenient way of raising revenues. In most developing
countries, gasoline prices carry the largest burden. This
policy represents a political judgment: car owners deserve to
be taxed. Excise tax levels are also part of a long-term oil
demand management praogram. Very high taxes on, say, LFG can
prevent demand for that convenient fuel to outstrip domestic
refiners”® ability to supply it. As in so many other
respects, one can emphasize that the "overall" (weighted
average for the reprecentative barrel of petroleum products)
relative excise taxes influence the pattern of product
demand. '
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Our calculations of overall retail prices produce a
not-too—surprising dichotomy. Overall retail prices, like
overall wholesale prices, are substantially lower in
Argentina and Ecuador than in the Sudan, Brazil, South Korea,
and Thailand. Figure 8 provides a picture of the changes in
overall retail prices in the self-sufficient countries.

Notice that Argentina’s overall retail price,
measured "in dollars per barrel, fell sharply from around $45
per barrel in 1981 to as low as $20 per barrel in 1982. This
drop was the result of the price freeze (discussed in
previous sections) and the extremely rapid depreciation of

the peso. One can surmise that when the retail price was $45
per barrel, the government was collecting substantial real
revernues. When the price fell to $20 per barrel, the

government was still collecting a lot of pesos from its
excise tgxes, but the real value of those pesos had declined
sharply.-
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The overall retail prices of the oil-importing
countries stand in vivid contrast to those of the
self-sufficient countries. Figure 9 compares overall retail
price levels in the Sudan, Thailand, and EBrazil.

FIGURE 9

OVERALL RETAIL PRICES IN DIL IMPORTING
DEVELOPING COUNTRIES
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Figure 9 shows that in 1278, before the large
international o0il price increases. the overall retail prices
of all three countries were between $20 and $I30 per barrel.
When the 1979 price explosion occurred. Thai prices increased
in step with intsrnational prices, and then decreased in step
with imternational prices. The Thai pattern does not exhibit
the "sawtooihed" pattern evident in Brazilian and Sudanese
prices because the baht/dollar exchange rate did not change
significantly during this period.

FRODUCT BY FPRODUCT TAXES

This sectiomn coumpares the excise teues imposed by
the developing countries included in this survey with esucise
taxes in selected developed countries. We begin with
gasoline taxes. Figure 10 shows excise tamx levels in 1987 on
gascline.

FIGURE 10

GASOLINE EXCISE TAX RATES IN SELECTED COUNTRIES
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The comparison in figure 10 indicates that the
selected developed countries had gasoline excicse tay rates
ranging from 20 percent to 50 percent of the retail price.
South Korea, with a tax rate of 130 percent, was clearly in a
league of its cwn. At the other extreme, the Sudan and
Ecuador had & tax rate of under 10 percent. Brazil and
Thailand’s tax rates were in the range defined by the
developed countries.

Figure 11 shows excise tax levels in 1983 on
avutomotive diecsel oil.

FIGURE 11

AUTOMOTIVE DIESEL OIL EXCISE TAX RATES
IN SELECTED COUNTRIES
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frmonyg the develcped countriecs, diesel oil taxes
ranged from a low of 17 percent in Sweden to 40 percent in
France and Germany. Amorg the developing countries, Erazil
was alone in imposing a diesel tax comparable to that of
France and Germany. In the Sudan, the diesel tax was very



small, a result of the government®s concern about the effect
of higher diesel prices on food prices and costs in the
agricultural sector. In South Korea, diesel was lightly
taxed as part of a deliberate cross-subsidy strategy that
made gasoline bear the bulk of the tax-raising burden.

This brief survey of petroleum product tases
establishes several points relevant for pricing policies.
While it is difficult to make a general prescription about
what petroleum taxes "ought"” to be that applies to all types
of developing countries, general observations about importing
and self sufficient countries can be hazarded.

From the standpoint of economic efficiency,
oil-importing developing countries should have a relatively
high overall petroleum product tay for the sake of
restraining the growth in demand for oil imports. One basis
for this proposition is the "disruption tariff" argument: oil
import prices do not reflect the damage done by the
occasional disruptions, hence a "disruption tariff" is
appropriate. This view anplies only problemmatically to
developing countries, since i% presumes that tax or
taritf-induced decreases in o0il import demand will affect the
world o1l price. The United States may have a measurable
"monopszonv power., " but the Sudan clearly does not. Even in
the Sucen. howsver. 1t iz possible to argue that because the
exchance rete crvronicelly understates the value of foreign
exchange, it is useful (at least in principle) to impose
taxes that reflect this scarcity value (or the "shadow price"
of foreign exchange).

The discussion of the ersosion in the effective tax
take in Argentipna and Brazil, due to the decline in constant
oil prices, provides another general rule. Fetroleum product
taxes need to be indexed to the inflation rate to assure that
the real revenue stream of the government does not erode. If
this is not done, the fiscal purposes of these revenues will
have to be met from other sources. At a minimum. of course,
tases on the oil sector ought to pey for subsidies granted
within the oil sector. ®More broadly, oil tay revenues should
be maintained to finance the social infrastructure, e.qg.
highways., that petrolaum utilization demands.

For pil exporting countries like Ecuador,

governments might be well-advised to look to petroleum
product taxes to offset the decline in revenues caused by
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reductions in the international price of oil. Projects that
in the 1970s could be financed with export earnings may in
the 1980s have to be financed at least partially by petroleum
product taxes on local consumption.

WHOLESALE PRICES: INCENTIVES TO PRODUCERS

program can be evaluated with the same framework as retail
prices. The overall wholesale price has its effect

principally within the o0il sector, the pattern ot relative
wholesale prices has its effect principally among energy
sources. Fut another way, there are intra-oil issues and

intra-energy issues. The intra-oil issues influenced by the
overall wholesale price level in a given country include such
things as the incentives a refinery has to invest in
upgrading its capacity. A refiner is more interested in its
overall "realization" on all petroleum products (what has
already been referred to as the overall price) than in the
difference between the price of gasoline and diesel oil. Of
course, the refiner is very interested in the pattern of
relative wholesale prices, but his vital interest is in the
oyverzll prices.

A coal company, on the other hand, is less. concerned
about the overall price than in the wholesale price of the
0il products that compete with coal. The supply-side
incentives created by wholesale pricing decisions of
particular products are especially interesting when one
company —— @.9. FPetrobras in Brazil -- has a choice between
putting its investment dollar in competing fuels. Eecause
state enterprises in developing countries so often have
monopoly positions, such intra-company "conflicts of

interests" are not uncommon.

There are vyet further layers of complication between
normal wholesale price levels and the supply-side
consequences. UOne is the role of subsidies. Regulating the
wholesale price ot, say. fuel oil in a country (for a
particular reason like reducing the costs of production of
companies manufacturing goods for exports) may require
subsidizing the production of competing energy resources.

For example, if fuel oil prices are kept down to help the
steel industry, coal production may have to be subsidized as

8]
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a result.

A final variable is the reaction of international
companies, if the government wants them to participate in the
oil market, to wholesale product prices. One can argue that
this "commercial' perspective is not terribly important in
countries like Argentina, where the state owned company. YPF,
presumably does what its sharenolder tells it to do. As
studies of nublicly-owned enterprises have shown, however, in
the course of time such firms do tend, in Paul Frankel®s
words, to put greater stress on the enterprise than on the

public part of their name. In time, even state-owned
companies will covet a level of whelesale prices that puts
them in a situation similar to that of their private

counterparts in other countries.

"TOP DOWN" VERSUS "EOTTOM UR" AFPROACHES TO OIL PRICING

Wholesale pricing issues naturally receive most
attention in countries where the petroleum sector is
relatively i1ndependent from the government sector. Hence,
wholesale pricing is important in Thailand, South Korea, and
Brazil and less important in fthe Sudan and Ecuador (and in

4 N . E o Yo SR R — e -
the garly 1900z Swoenting

7o tenhe a cpeECific example, covernmentes of
develoning countries with relatively a independent petroleum
sector and refineries typically regulate the margin the
refiner earns. This can be done from the "bottom up”,
literally monitoring, or trying to monitor, actual costs and
determining product prices con the basis thereof: or it can be
done from the "top down." using some reference market as a
benchmark and mseking home refiners operate within that
benchmark. Thailand’ s uses a "top down' approach, basing its
domestic prices on prices in a reference market (Singapore
postings) and South Korea uses a"bottom up" approach in which
the government monitors costs and calculates allowable prices

and margins.

The results of these different approaches, in terms
of the overall wholesale price, is shown in figure 12.



FIGURE 12

COMPARISON OF OVERALL WHOLESALE PRICES:
THAILAND AND SOUTH KOREA

$7.00
$5.00
$5.00
$4.00 ~
$3.00

A T Sl VAR W, . e, S . <

Korea > Thai

$2.00 o al

W e A . S, W et —— — ]

$1.00 )

000 “TTHTATE

i

»

N

o

a

-
1

’S( $3.00) 4
($4.00) (

(11

i
($5.00) ~rrmrrrr e T T T TR
78 79 30 81 82 83 84

UG dallars/barrel

Figure 1Z indicates that the Thai proaram has
yielded a lower overall wholesale price than that of South
korea. Our study suggests that one prominent reason is that
managers of the "bottom up" pricing approach have a tendency
to grant additions to costs on a piecemeal basis that, over
time, can add up to a considerable subsidy.

Frice regulation in a market with a well-established
refining industry. especially when foreign companies are
present, requires attention to technical detail., to "pennies
per gallon" distinctions that strongly influence the
profitability of the enterprises. In these circumstances,
price regulaticne alsc becomes inextricebly enmeched in
broader trade and industrial policy i1ssues. For ewample, in
South Korea the levels of wholesaie prices shown in the
discussion could not be maintained if borea allowed
unrestricted imports of finished products.

Such issues are far less germane in countries where
the state-owned oil crmpany has a monopoly on oil



procurement. In Brazil, Argentina, the Sudan, and Ecuador
the significance of wholesale pricing decisions is almost
exclusively a function of the strength of the oil company.

In Brazil, Fetrobras has been able to obtain overall
whcolesale prices that (at the subsidized exchange rate in
1982 and 1983%) allowed it to recover costs. EBut the
wholesale pricing pattern, especially the prices of gasohol
and fuel oil, have raised intra-energy complications. 0One of
the consequences is a structure of incentives that may have
discouraged Petrobras from developing natural gas with
enthusiasm. In Argentina, YPF was unable in 1982 and 1983 to
prevent the deterioration of the overall wholesale price from
devastating its cash flow.

Thus, the propensity of a government to implement
"efficient" wholesale pricing policies can be seen as a
function of the political strength of the petroleum industry.
This point figures prominently in the discussion in the next
section.

CONSTRAINTS ON PETROLEUM PRICING POLICIES

To get beyond recitation of anecdotes about the "politics"
that hinder "rational'" decision-makino. we now provide some
principies that seem to be important in all the countries
under review. They are:

0 The propensity to adopt an efficient pricing system
is a function of the relative political influence
of supply-side and consumer-oriented political
forces. In Argentina and Ecuador, the
consumer-oriented view has preponderant influence.
In South Korea, the supply-side influence
dominates.

© The propensity to adopt an efficient pricing system
is also a function of the extent to which
government agencies play roles that promote
"rational" economic planning. In Brazil and the
Sudan, the central banks have failed to persuade
the asuthorities that the foreign currency needed to
purchase petroleum imports should not be made
available at a subsidiz=zd exchange rate. In South
karea, the political leadership has not forcefully
protected consumer interests. In Ecuador, the
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Sudan and Argentina, the national oil company has
failed to have a strong influence on oil price
determination.

0 The propensity to adopt an efficient pricing system
is alsoc a function of the deqgree to which the
development assistance agencies are able to present
the government with petroleum pricing advice that
contributes to long—term reform. In some
countries, tco much emphasis has been given to
individual product prices, rather than the overall
price. In addition,-the distinction between
wholesale and retail prices, essential in the
development of robust national o0il companies, tends
not to be made as forcefully as possible. This may
be due to the strong emphasis given to economic
analysis, rather than on the financial condition of
the petroleum company, or to a bias against
national companies.

o Finally, given a propensity to adopt an efficient
pricing system, governments need tools to help them
develop or reform pricing programs. FPricing
formulas developed in other countries are useful at
a minimum as frameworks for the consiruction of
programs sppropriete to local circumstances.

Analysts concerned about efficiency and econamic
growth prescribe certain economic criteria that should govern
oil pricing. The World Bank, the International Monetary
Fund, and other international and national agencies such as
the U.5. Agency for International Development have developed
a broad consensus on how energy prices should be determined.
These institutions often make assistance contingent on
certain changes in energy pricing. The changes are often-
accepted in principle by the aid- receiving governments, but
when policies are reviewed to determine whether changes
indeed occurred, freguently they did ncot.

There are various reasons why pricing policies are
resistant to change, even when there is considerable pressure
from important external agencies. Some are patently obvious:
it is almost tautological to note that there must be strong
internal pressures against changing oil prices.



POTENTIAL FOR EFFICIENT PRICING

While we are interested in whether a society has (or
does not have) a potential for economically efficient
pricing, we cannot assume that such efficiency is the optimal
policy goal. Many governments believe they have to regulate
economic efficiency because they believe the local market has
"digtortions" such as inadequate competition.

From the standpoint of econcmic efficiency, there
are regulations that ignore eccnomic principles and there are
regulations designed with full cognizance that the
fundamental principle underlying rational economic pricing

policies "...is the well-know proposition that the costs of
providing the last unit consumed should be just equal to the
willingness of somebody to pay feor it."o Neither

discriminatory pricing by private companies nor
discriminatory regulation by government agencies necessarily
violates this principle: "While aggregate welfare, or
economic efficiency, does not change as a result of
well-designed discriminatory pricng practices, what changes

profoundly is the distribution of income between different
groups. "’/

The political implications of & given distribution
of income is the driving issue in most regulated pricing
systems. In general, the potential for political acceptance
of an efficient pricing program is a function of several
political factors. On the supply side, an important factor
is the standing of the energy industry, the financial
autonomy, and the place of energy executives within the
politically relevant elite groups. On the demand side, a
crucial factor is the degree of consumer organization and the
ability of political dissidents to mobilize consumers to

protest price increases. In the procedural context, the
variable of note is the government®s objectivity vis—a-vis
enerqy interest aroups. With respect to the society’s

external linkages, the key factor is the nature o+ the
government’s vulnerability to external influences, such as
IMF zonditions on foreign exchance assistance.

Each of these factorsz is in turn a function of
other, more concrete societal, ecocnomic, and external
factors. The standing of energy industry in a society is a



function of historical developments, (e.g. has the national
0il company been in existence for a long time? Is it highly
regarded by elite groups?), national resource endowment (is
there much oil production, is the oil industry a major
national employer of scientists?), and the frequency of elite
"turnover" (whether a revolution has displaced the
established energy elite).

The degree of consumer organization and mobilization
is a function of the extent to which dissent can be publicly
displayed, the organizational skills of dissidents, and the
ratio of individuali’s average energy costs to total
disposable income. The government’s objectivity vis—a-vis
energy interest groups is a function of the degree of
professionalism in the civil service,and the nature of the
government’s hold on power. The degree of the government’s
vulnerability to external pressure is a function of its need
for external assistance, which in turn is a function of the
cumulative effect of preceding economic policies.

RBecause these are social phenomena, it would be
foolish to attempt to construct a rigidly deterministic
hypothesis of the conditions promoting or reinforcing the
potential for efficient pricing. It is poseible, however, to
construct = loacezr cet of causal propositicne based on the
discussions 1 the preceding sections. The ciagram below
summarizes a set of propositions:
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Each of the causal relations between the various
institutions noted in figure 13 above is treated further in
the set of propositions below. The first deals with the
standing of the energy industry.

Proposition 1

The relationships between the standing of the energy
industry, the degree of consumer organization, and the
-potential for efficient pricing can be described as being in
the shape of the bell curve shown below. At point A, the
interests is very low, and there is a high probability that
energy prices will be too low, i.e. that energy consumers
will capture rents at the expense of the citizenry as a
whole. From the discussion in the precediro sections,
Ecuador and Argentina can be said to be close to position A.
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At point C, the influence of the energy industry relative to
consumer interests is very high, and there is a strong
probability that wholesale o0il prices will be very high.
South Korea provides the best example of this situation.

Interest groups bring pressure to bear on pricing
policy, but some pressure is for higher and some for lower or
steady prices. Thus, one must consider how this political
pressure is handled by the price-setters in the government.
This is a guestion of bureaucratic behavior, an enormous area
of study in its own right. One way to begin to peel the
layers of government in a systematic way is to assign
different pricing roles to different parts of the whole
government. Most governments have departments corresponding
to the various interest groups. The energy industry is
typically regulated by an industry or energy ministry.
Prices, however, are typically the province of finance
ministry, and exchange rates are often the policy
responsibility of the central bank. Consumer interests are
seldom safeguarded by a particular ministry (e.q. there are
few ministries of consumer affairs), but are watched over by
the chief executive's office and bv the legislature. The
extent to which Trese narties ost involved in oil Gricing
decisions differs subcstantially in the countries surveyed in
this report.

The lesson we can draw from our survey is that how
the government "processes" political inputs from the energy
industry and consumers interests is an important factor in
its own right. To put it more explicity:

Proposition 2

a) The finance ministry and the central bank bear
primary responsibility for advocating an efficient
overall pricing policys

b) The more the central bank accedes to multi-tier
exchange rates, the higher the probability that oil
purchases will be transacted at the low _
(subsidized) exchange rate, and the more likely
that overall energy pricing policy will be
inefficient.

12
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The implications of this proposition are evident in
the oil pricing process in the Sudan. In 1984, the Bank of
Sudan made dollars available to the General Petroleum
Corporation (GPC) at the lowest "official" exchange rate. @As
a result, GFC"s true costs of oil imports were understated.
It could balance its accounts, in which its true costs were
understated due to the exchange rate subsidy, with lower oil
prices. In these circumstances, GFC dropped its role as
advocate of efficient pricinmg. It assessed its interests
according to the criteria of financial, not economic,
analysis: 1t was satisfied with price levels that covered the
costs of the firm, even though they did not cover the costs
of oil to the economy as a whole. In addition, the finance
ministry, with its eye on the governm=ant budget, could
refrain from active advocacy of o0il price increases because
it was collecting its customary level of tax receipts from
oil. Thus, charging the lowest official exchange rate robbed
the Sudanese price-setting system of the "creative tension”
that tends to encourage rational oil pricing.

In countries self-sufficient in petroleum, but which
are not mejor exporters, external influences, in particular
the Interpstionzl Monetary Fund and the World Rank, may be
the only advocates of efficient eneray pricing. In countries
where the U.S. Agency for International Development (AID) has
substantial missions, (e.g., the Sudan), it can also exert a
strong influence. These external voices are unquestionably
important. All perceive of their roles in terms well beyond
providing financial assistance. Clearly, the more a
government needs external assistance, the greater the
potential constructive influence towards efficient pricing
the external agencies can hove.

The potential, however, must be realized, and to do
s0, the advise must be carefully constructed. How is such
advice to have the best effect?

Proposition 3

a) In oil-importing countries, the highest
priority should be placed on advising the

with international prices.
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b) Advice dealing with the prices of individual
products must be given with full consideration of
the political and technical context of the country
in gquestion. In the political sphere,
cross—subsidies may be a highly effective means of
income redistribution. In the techni:zal sphere,
there is no a_priori reason for cross-subsidies to
be inefficient. They often balance other
distortions, and aligning an individual product
price with international prices, without taking
other distortions into account, may decrease
overall economic efficiency.

c) In self-sufficient countries where the overall
petroleum product price is far below international
levels, emphasis should be placed on a long-term
program of reform which may take years to
implement, and not on "one-shot" increases in
prices in return for assistance on a particular
development project.

d) In all cases, high priority should continue to
be placed on the development of institutions that
contribute to the emergence of the "creative
tencion" L& ve=sn sueplv-side and consumer
advocatecs. In many developina countries, the
national oil company can play a vital role in this
respect. Conditions on development assistance that
denigrate the role of such national institutions
are likely to be counterproductive.

The first part of this proposition deals with the
question of the limits to which the external agencies become
involved in social and political life in their client
countries. If pricing of individual petroleum products is a
political process, aftecting natiorial income allocaticn to
various groups in society, it seems most useful to provide
advice on oil pricing that accomplishes the most essential
purpose.

The implication of this principle in oil-importing
countries is that development assistance should encourage the
government to align overall wholesale prices with

-



international prices, and refrain from insisting that each
and =very product be so aligned. This principle accomplishes
the .Jost important objectives. First, it ensures that
wholesale prices recover import costs, at a realistic
exchange rate (see proposition 2). Second, by focusing on
wholesale prices, it contributes to maintaining a distinction
between the revenues needed for cost recovery and the
intended level of tax revenues.

Any recommendation on the price of individual
products has to be assessed in the context of other price
distortions in the country. For 2tample, in Brazil, diesel
prices are substantially lower than gasoline prices. Because
the gevernment prohibits importing diesel vehicles, another
"distortion," this price difference is of less consequence
than the unintended reduction in overall prices resulting
from the exchange rate crisis. Thus, while aligning every
product price with international prices is in principle the
best policy from an economic standpoint, aligning the overall

wholesale price may be a useful "second best" policy. In the
Sudan, fuel oil prices are low because the government wants
to subsidize the electric utility. Tying devel opment

assistance to the "rationalization" of fuel oil prices may be
useful only if essistance to the utility is studied as well.

In arguing in favor of price reform, officials from
development agencies can help demonstrate the long-held
presumptions of the existing program. For example, many
Frograms presume that regulating petroleum prices is the most
efficient way to protect certain groups from the impact of
higher prices. In many least developed countries, this
presumption has never been subjected to detailed scrutiny.
Thus, analytical projects can be designed to examine the
subject country’s petroleum consumption by user group to help
determine with as much specificity as is practical 1) which
groups the government wants to protect from price increases
and 2) how such protection can be most efficiently rendered.
_This includes consideration of technical and financial
instruments for granting "discriminating” relief.

In oil-exporting countries where the overall level
of wholesale prices is far below international levels, the
key need is likely to be a blueprint for long-term price
reform. Again, focusing on individual products avoids the
main issue. Implictly or explicitly, the government must

1) evaluate the economic and social effects of the existing

35



program, 2) evaluate the economic effects of changes in
prices on the various social groups whose welfare is of
primary concern, and 3) consider various candidate reform
programs based on experiences of other countries. 1In
addition, the government can be encouraged to launch a
campaign aimed at influencing elite perceptions o+ the
benefits of a mcre efficient pricing program. The public,
legislators, the press, and some in government have become so
accustomed to the status quo, that change, especially any
increase in prices, is regarded as not being in the public
interest. In many countries, the debate over oil prices has
yet to focus on the cost of petroleum subsidies to the
country as a whole. The concept that all citizens may be
better off if petroleum prices more closely reflected the
world value of o0il is seldom put forth.

Ore of the obstacles to change is that petroleum
pricing reform in any country tvpically requires that
attentiorn be aiven at various levels. First, on the
technical level, existing regulations often invite abuse by
those who have access to information. In somg countries, it
may be necessary to review the conduct of petroleum sales,
and to reform the importer-refiner-distributor—-marketer
relationship, ac part of a precess pricing reform.

At the "program” lavel., 1t mev be useful to
encourage the government to specify in detail what criteria
will be employ=d to determine petroleum prices. Various
programmatic optione exist. Which ones should be emploved is
in part a function of the choices made at the third, the
policy level.

At the policy level, the first major decision that
must be made is whether to base domestic petroleum product
prices on costs or on value. This presumes, of course, that
the government is not prepared to let market forces determine
prices. In the cost-based system, the government monitors

,cost and adjusts prices when predetermined variance
“thresholds are crossed. In the value-based system. the
government monitor oil prices (and also elements of total
costs such &5 interest and exchange rates) and adjusts local
prices wnenever conditlions 1n eltner the home or reference
mar kets warrant. Development agencies can help this process
along by dissemiriating information about the experience of
other countries and by sponsoring assessments of how various
types of systematic pricing programs would affect the
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economy.

Wnile the dissemination of information and careful
e raluation of the benefits and costs of the current program
and of alternatives are useful steps, their essential purpose
must not be overlooked. We have argued that a country®s
prnpensity to implement an efficient pricing system is
strongly influenced by the degree of "creative tension®
between advocates of supply—-side and consumer-oriented
pricing programs. In countries where the supply-~side is
underrepresented (the Sudan, Ecuador, Argentina), one of the
most useful roles external development agencies can play is
to strengthen these institutions.

In this respect, a policy to withhold assistance to
national oil companies for the ¢3ake of promoting a more
market—oriented energy policy, or to persuade governments to
open up their oil markets to multinational firms, may be
counterproductive. I+ the principal objective of development
assistance 1s to improve the overall efficiency of the
economies, surely a reform of the pricing system is an
important initial step. Multinational companies will not be
interested in participating in national markets where product
prices are i1ll-regulated (although they may be very
interestced 14 bad regulat:ons lead to nigh wholecale mrices,
Sut that' iz not & recipe for efficiency). In countries like
the Sudan, reform is more likely to occur if the General
Fetroleum Corporation becomes a forceful advocate of rational
pricing than if it remains a mere appendage, with no
autonomous financial accounts, of the energy ministrv. In
addition, many countries like Argentina are so committed to
state ownership of the long-established oil company that
pressure to privatize that sector will little or no effect.
This is not an argument for the superiority of nationalized
oil companies, rather it is an argument for recognizing
political realities and setting priorities: first, provide
assistance to "get the price right." That lays the basis for
.opening the market to greater competition.

When governments have made the decision in principle
to deal with the petroleum pricing problem on a systematic
basis, whether or not as a result of the persuasion of
development agencies, the reguiators must turn to the
technical task of establishing or changing the pricing
program. At this time, they will begin to look for technical
models of pricing programs. That leads to the next
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proposition.

Proposition 4

a) Given the development of a propensity to
embrace the principles of efficient petroleum
pricing, regulators® ability to maintain efficient
prices in the face of market fluctuations is a
function of their ability to develop a technical

political objectives

b) The principal elements of successful pricing
programs are 1) pricing formulas that clearly spell
out the variables that set the thresholds for price
changes, 2) a commitment to change petroleum
prices, at a minimum on a quarterly basis, and
preferably on a monthly basis, and 3) automatic
implementation of these changes.






in South Korea. 0One of the great advantages in Thailand’s
case is that one central benchmark—-Singapore postings—-is
already well-established, obviating the need for complesx
cost-based formulas on crude and crude freight.

Brazil, Argentina, the Sudan, and Ecuador all have
cost-based pricing svstems. The social and political
objectives of their pricing programs could still be achieved
in an automatic price—-formula program because those
objectives relate principally to the prices of individual
petroleum products, whereas the initial focus of a price
formula is the overall price. Argentina and Ecuador, where
the overall wholesale price has been far below world levels,
could creat a pricing formula that continues to subsidize
critical products, but gradually raises the prices of others
so that in time (say, five years) the overall wholesale price
reaches near-parity with international levels. Once that is
accomplished, the prices of the subsidizied products could
also gradually be brought in line.

In Brazil and the Sudan, the difference between the
overall wholesale price and international prices has not been
as eqgregious, In these countries, the pricing formula (quite
explicit and sophisticated in Brazil, implicit in the Sudan)
can be modiftied by assuring that the exchange rate used in-
determining trne overall price be the highest, rather than the
lowest rate.



NOTES:

1. They are also regulated in the majority of industrialized
countries, even if one considers only those within the
Organization for Economic Cooperation and Development (0OECD).
For a survey, see E.N. Krapels, Pricing Petroleum Products:

McGraw—-Hill Publiching Company, 1982).

2. The full report is titled "Fuel! for the Engine of
Growth," and includes detailed wholesale and retail price
data for the surveyed countries for the period 1978 to 1984.

3. By "absolute" price level we mean the weighted average
price of a representative barrel of oil products consumed in
the market. From an analytical standpoint, the absolute
price of oil in a given market is important because it
provides a way to "met out” the effects of subsidies. For
example, kerosine prices in Thailand are subsidized, gasoline
prices are negatively subsidized. An issue of great concern
is whether the negative subsidy on gasoline "pays for" the
subsidy on kerosine.

To illustrate. consider a simple case in which a
country imports crude oil at $Z0 per barrel CIF. Domestic
demand reqgquires thet cne—-imird or the crude be refined inteo
gasoline, one-tnird into kerosine. and cne-thirc intc heavy
fuel oil. The price regulations of the country are suchn that
gasoline is "negatively subsidized", selling at $40 per
barrel: kerosine is heavily subsidized, selling at %15 per
barrel, and residual fuel cil is sold at world prices,

assumed to be $27 per barrel. The "absoclute price" of oil is
L33 N %46 = $13.20
I3 ¥ %15 = 5.00
P D3 W %27 = 9.00
$27.20

The cost of oil is $30, and assuming the cost of
refining is $2 per barrel , it is clear *that the cost
exceeds the absolute price by $4.80 per barrel. This
difference does not account for any distribution or marketing
costy it cbtains simply at the oil-refinery level.

4. The macroeconomic statistics used in the following
paragraphs were taken from the International Monetary Fund’s
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9. The value of the peso fell from 328 to the dollar in May
1981 to 1,400 in May 1982 to 8,110 in May 1983.

6. M. Munasinghe and G. Schramm, Energy Economics, Demand

Ll —2 P L4

Management,_ and_Conservation_Policy (New York: Van Nostrand

Reinhold Company, 1983), p. 102.

7. Ibid.
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1.0 BACKGROUND AND INTRODUCTION

0iect Backzround

This report is the rasult of a study undertakan as part of a series of programs
initiacted in 1983 undertaken by the Office of Energy within U.S.A.I.D =0 assess
ritical policy issues functioning to the energy sector and its relacionship to

other critical economic activities and, in particular, agriculture.

During early 1983 a team from Arthur D. Little, Inc. completed a project in
Pakistan dealing with the relacionship between rural electrification, irrigation
pumg® -, and agricultural outpu:.<l)* This project axhibited in quantitative
Carms .. Jaoportant links between rural electrification, nacional energy
planning, and the expansion of agricultural outputs. If dealtc with many
practical issues which impact near term decisions such as the-cost to benefit
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eleccrified pumping on electric System capacity requirements, and the trade offs
between diesel pumps, electrified pumps, and, in the future, photovoltaic pumps .
Similar critical policy and project oriented issues are arising with increasing

frequency.

In order to obtain additional insights into the connection between agriculcural
expansion using irrigation and energy sector planning, a member of the prejece
Ceam participated in 2 assessment of irrigation options at specific sizes along

(2)

the Senegzal River and made preliminary asssssments of the potential impacz of
irrigation expansion plans on the energy sector (and vice wversa). This work
reinforced che conclusion of the vital role of energy related costs on

agricultural economics where irrigation pumping is an important inpuct.

*Numbers in paresntheses refer to referances ac the end of the reporc.

A\ Arthur D. Little. Inc.



The experience referred to above indicated that it 1s critical chat energy
related issues be formally addressed wvhen considering large expansions in
agriculture based on pumped irrigation. Otherwise, irrigation projects might be
implemented rhich cannot be economically sustained over the long term once the
recurrent costs associated with energy delivery to the pumping systems become

transparent.

1.2 TImportance of Irrigation Bumping

The expansion of agricultural output in many LDC depends increasingly on pumped
Irrigation systems. This is true for countries as diverse as Bangladesh, where
irrigation pumping is essential for multiple cropping, to Egypt, where further
expansion of agriculture is planned in arid new land areas and Senegal where
development of the Senegal River Valley depends almost entirely on pumping.

The expansion of irrigation pumping is now or could be accomplished via rural
electrification programs. Jhese programs are extremely impornant elements in
energy sector planning and policy development. For example, in Pakistan,
electric sector expansion consumes over 80 percent of the total energy sector
budget. The major donors are also heavily involved in electric secror expansion
programs amounting to well over $3 billion in 1982, Roughly 15 percent of World
Bank financing and 25 percent of Asian Development Bank financing is devoted to
electric sector infrastructure development - much of which is elther directly of

indirectly associated with rural electrification.

Irrigation pumping is a highly energy intensive process. As a result, cthe
operation of the irrigation pumping systems is often the predominant load
within the rural sesctor. For example, in Pakistan over 20 percent of all powaer
generated is used for operation of pumping systems. Along the middle and upper
sections of the Senegal River Valley over 90% of power generated is to operate
irrigation pumps*. The large impact of pumping on electric loads is readily
understandable given the typically low use in individual homes in LDC (.5-1 kWh
per cay) as compared to even a modest sized irrigation pump (50-200 kWh/day for
a 10 kW pump). |

*All power in these regions is produced by Diesel generators or Diesel pumps,

/A Arthur D. Lirtle, Inc. /e |



The role of pumped irrigation in increasing agziculzural preductivicy and che
well being of rural populations is becoming very important in some countries.
For example, Pakistan is now marginally self-sufficient in food largely as a
rasult of pumped irrigacion, which is now used in over 13 percent of the arable
land. Similarly, increasing agricultural production along the Senegal River
Valley dapends alzostc exclusively on cthe mora chan 300 fuaping unics most of

which have been installed in the last five years.

In chese and other countrias, the continued operation of diesel and electrified
pumps is becoming increasingly critical to cthe overall productivity and
predictability of the agricultural sector. These pumping operations are, in
turn, totally dependent on a predictable supply of energy at economically

Justifiable costs,

The issues associated with the cost of pumping water may already be influencing
thinking on the role of the types of irrigation systems in Africa. For example,
one forld lank oZfinial indicatad that the excensive developmenz of over

1,000,000 acres in Sudan based primarily on irrigaticn pumping might need to be
reconsidered in ligzht of increasing energy cost and lack of electric generating
capacity. The higher capital cost options of gravicy feed via use of dams and

dikes would be an altermative in some areas.

This report deals primarily wich the full }ange of costs associatad with
irrigation pumping and associated ramifications for agricultural economics and
irrigation project planning. It is, however, recognized that many of che
problems associated with irrigation projects in general and within Africa, in
particular, are associatad with Institutional, social, and managament issues,
This view is described , in detail, in Reference 2.0 and was reinforced by a
field worker on an irrigation project in Senegal who statad that "90s ol my time
Is spent on managerial and insctituctional problems and cnly a small sortion at
technical and system design issues”. It should be notad, however, chat
irrigation pumping oftan exacerbates rhese related managerial and social

problems. TFor example, in Senegal a major portion of the managarial efforc

/A Arthur D. Little, Inc.
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associated with operating the small (20 - 40 hectares) perimeters is associated
with keeping the diesel driven pumps running. This is one reason that the
mission reviewing pumping options in this region leaned toward electrifying the
pumps where this was a reasonable option and, thereby, relieving the local
irrigation perimeter management of ﬁuch of the burden of maintaining and
operating engine driven systems. In short, the effective management < the
water distribution svstenm, cropping schedules, and finances is a difficult
enough task without the added complexities of the pumps. The evaluation of
irrigation pumping options, therefore, should take into account the persistent
problems in running and maintaining complex mechanical equipment as well as the

conventional economic comparisons between pumping options.

There is, therefore, a vital link between agricultural production and energy
sector capabilities which must be addressed 1< irrigation projects depending on
pumped water are to have long term viability and, in particular, have recurrent
cost structures (Zuel, 0&M, and capital) which are sustainable based cn the

increased value of agriculrural outputs.
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2.1 Treization Fxpansion Plans

Much of subsahara Africa has been experiencing drought or near drought
conditions for over 10 years. This, combined with rapid population increases,
has resulted in persistent food preduction shortfalls in almost all countries
affected with associated periodic famine which have gotten renewed public
attentlon as a result of the situation in Ethiopia. As a result of this
persistenc flirting with agricultural disaster, all the domors in this resgion

are now or are considering placing major emphasis on the agricultural sector.

A significant portion of these rasources will be diracted ctoward projects
involving the improvement or expansion of irrigation systems. TFor exampla, the
o
CDSS for the Sahel‘”’ scates "Our investigations have convinced us that the most
likely evelucion of rain-fad agricultural production will nat vield the outpuc
goals and schedule we have set for the program. This production will inevitably
be hostage to periodic severe drought. It is, therafore, advisable and
aecessary to undertake a major effort in irrigacionm development to exploit the
considerable volumes of rive water which now pass threugh the Sahel unused.
While much irrization is currently practiced, only about ten percent of the
potencial is being exploitad. A.I.D. and others have hesizarad o undertake
major efforts in irrigation because of the expensive infrastructure required,
the technical sophistication involved in the oreration, and che dismal
experiences with many initiatives to date. Yet, irrigation development is
required to realize the region's production potential and assurs food securicy
and we are convinced that these problems can be overcome. e Propose to proceed
deliberately, to acquire the necessary knowledge in selected pilot investments,
to rshabilitate infrastructure in place and to gradually expand the activicy as

our competence improves."

/ﬂk Arthur D. Little, Inc.
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On a similar note the Annual Budget Submission for U.s.A.I.D., MALI(S),
indicates "From a national and regional planning framework, it is likely cthat
only improved utilization of the Niger River for irrigation will close the gap
between food production and population growch." As suggesrad above, the
expansion of irrigation in the Sahel and other drought prone regions of Africa
is an almosf unavoidable result of a policy to expand agricultural output. As a
practical matter, irrigation will be carried out wherever possible using gravity
fed systems where the basic water supply is a river. However, in many (if not
most) areas the topography is not conducive to gravity fed systems. For
example, the Senegal River experiences changes of level of up to 30 feet between
the dry season and flood stage and, as a result, almost all irrigation in MALI,
Senegal, and Mauritunia aleng this river would (and does) require pumping with

significant vertical lifrs.

In most countries of Subsahara Africa, long range plans for expanding irrigated
areas are still iIn the development stage or are just beginning to be formulaced.
As a result it is difficult co pProject with much certainty the growth in
irrigation and the nature (pumped, gravity, ete.) of the irrigation systems

themselves,

A recent report on Iirrigation prospects in the Sahel(s) does, however, provide
some figures in the gross potential for irrigation and possible rates of
development. Table 2.1 provides an overview of current irrigated areas,
potential to the year 2000 based on current trends or government plans, and
ultimate potential of all or most lands suitable for irrigation are brought into
cultivation. This tzble deals only with the 8 Sahelian countries. Other
countries In a similar subsahara arid zone subject to recurrent drought
conditions include Ethiopia, Sudan, Somalia, and sections of Nigeria and the
Central African Republic. For the Sahelian region alone the FAOQ astimates that
there is an estimated 12 million acres (4.85 million hectares) of land with
potential for irrigation. By comparison, roughly 2 to 3 million hectares of
land are now under some form of controlled irrigation in the countrcies
indicated. The figures for the year 2000 are very uncertain for all of the

countries which
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IABLE 2.1

Overview Of Irrigated Arsas In Selectad

African Countries

(in thousands of heccors)l

COUNTRY 1978 1985 2000 POTENTIAL
Cape Verde 1.9 5
Chad .5 280
Gambia 2.2 2.8 70
Mali 111.0 150 1000
Mauritanie 1.9 200
Niger 5.8 6 200 220
Senegal 91.0 160° 170% " 2502
Upper Volta 9.0 - - 130
Sudan’ | 1610 2020 3000

1.0 Most figures from reference 10-3

2.0 Along Senegal River Basin alone

3.0 Introducing 25 along the Senegal River
4.0 Assuming 80 along the Senegal River
5.0 Based on discussions with World Bank
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do not have long range plans. However, it appears that something on the order
of 4 to 6 million hectors of land might be brought under irrigaced cultivation

as a minimum requirement to approach food self sufficiency.
ner Implications of Irr tion Expansi

Table 2.1 indicates projections for total irrigated areas in the Sahel. A
significant portion of this area will, however, be gravicy fed in total or in
part. For example, in the Niger River delta area most irrigation can be gravicy
fed by use of barrages and dikes. However, even in areas which use gravity fed
irrigation during high wacer period, pumping may be required during the dry
season to ensure a double cropping capability. This appears, for example, to be

the case in parts of Niger.

Based on discussions with USAID stzf? and world Bank officials, iz appears that
the percentage of area requiring pumping will range between roughly 901.

(Senegal) to about 50% (MALI). It is expected other drought prone countries of
the subsahara will be equally dependent on active pumping to increase irrigated

areas from present levels and allow for reliable multiple cropping,

The energy implications of pumped irrigation depend on several factors

including:

o The volume of pumped water (cubic meters/hectare per crop) requirements of
the crop as determined by rainfall, climatie conditions, soil conditions,
irrigation system design, and crop selection.

o The depth from which water must be pumped.

o The efficiency of the pumping system (engines, motors, pumps, ete.)

The impacts of these factors on pumping energy and infrastructure requirements

are discussed in section based on recent field experisice in Senegal and

A Arthur D. Little, Inc.



Mauritania. As indicated in Section 3.0, if diesel pumps are used, the fuel use
can range from 100 liters/HA per crop for rainy season rice and modest lifts
(5m) to almost 400 liters/HA per crop for dry season rice with low river levels.
Even larger volumes of fuel (over 1000 lirres per hector) are required to purp
groundwater fIrom depths quite cormon in the Sahel (30-60 m). This in itself
could limit the use of groundwater resources in many areas - particularly Zor

irrigating low value crops such as rica.

If the pumps are electrified, the corresponding electric sector capacity
requirements range from 0.3 to 1 kW of generating - transmission capacicy per

hectara of land.

Of course, the above are just general "rules of thumb" based on watar use and
equipment characteristics in one regions. It is likely, however, that thesa
figures are indicative of energy use and infrastructure requiresments in ocher
regions of sudsahara Africa with similarly arid conditisns and lsw rainfall co

supplement pumped watar.

Using the above general guidelines, that the Sahelian countries alone might have
to import over _ barrels of oil annually and/or install up to . MW of
generating capacity to serve irrigation growth to the year 2000, By comparison,
total generating capacity in these countries is now only about __ MW. The
energy use and infrastructure remifications of achieving a significanc portion

of ultimate potential in this region are large compared to present capabilities.
The above strongly suggests that plans to significantly increase irrigactad
agriculture in subsahara Africa must be closely integrated with enerzgy system

and fuel availability planning.

2.3__Ernergy Relacad Barviars to Agricultural Fanansion

The previous section indicating chat the costs of fuel importation and enerzy
sector infrastruccture development will be formidabls if the role of irrigaced

agriculcure is expanded significantly in Subsahara Africa. Clearly, much of the
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costs associated with infrastructure development will have to be assumed by

donor organizations given the marginal financial condition of all the countries
involved. However, a necessary condition for long term viability of expanding
irrigated agriculcture is that the Projects at least support the recurrent fuel,
O&4, and capital costs associated with servicing debt, fuel purchases, and 0&M.
If this condition is not met either the government (usually with donor support)
will have to subsidize the systems indefinitely or the systems will fall inco a
state of disrepair as the farmers find themselves unable to provide their share

of costs.

As Indicated in Section 3.0, energy related costs impose several practical

restrictions on pumped irrigation in the Sahel. These include:
Depth of Pumping:

Pumping energy requirements are directly related to the vertical lift through
wvhich water must be pumped. Pafticularly in regions where rainfall is minimal
this can impose severe restrictions on the depth of wells or the height of

irrigated areas above rivers. For example, in Senegal it was determined that
pumping water through vertical 1ifts in excess of 10 meters had to be examined
very closely basad on energy related costs alone. This factor could often cast
doubts. on the use of groundwater resources even in'regions where such resources

are widespread.
Double Cropping Potential:

A major incentive for pumped irrigation is to allow for reliable multiple
cropping. However, "off season” crops are likely to be during dry periods
(typically September through Junme in much of the Sahel) when rainfall is minimal
and tran-evaporational rates very high. The result of these factors is that
pPumped water needs might be twice those of the "rainy season" crops. The
economic viability of such hot weather crops should be excmined clogely L.

regions with significant pumping heads based on energy considerations alone.

A\ Arthur D. Lirtle, Inc.



Crop Selection:

For historical reasons, rice is now a staple in many regions of the Sahel. This
1s unfortunately an example of a crop with very high water requirements even in
zones with proper (high clay) scil conditions. In addicion it is a crop with
ample supplies at low cost in world markets. The combinacion oL higzh water
requirements and low value make rice an example of a marginal crop for pumped
irrigation in many areas. The relacionship between pumping needs, crop value,
and alternative crop selections needs to be examined closely in all situations
with significant pumping heads (over 5 meters). For example, in the upper
regions of the Senegal River valley the pumping related costs alone are over 50%
of the rice crop value. The above suggests the increasing impertance of crop
related research for the Sahel in order to idencify crops with lower water needs

than those traditionally grown in this region.
Irrigation System Desizn and Management:

Currently most pumped irrigation systems in the Sahel use open canals and
unlined ditches to distribute water to the crops. These systems are relatively
easily implemented in the field and use mostly local labor and materialcs. They
also tend to have rather high losses - usually 30-50% of the water entsring the
system. In addition, there is a strong tendency to over irrigate, in part, a
reaction by individual farmers to ensure that they get "their share" of the
water. The net result of these factors is for the amounts of water being pumped
to easily be twice that necessary if a low loss, carefully managed, irrigation
system were utilized. With natural gravicy irrigation the above factors are
usually noc very importanc and the open canal, furrow systems, represent an
optimal choice for irrigation system design. However, with pumped irrigation
the cost of water can be quite high (l-2¢/m3) and the use of high loss

irrigation networks increasingly unacceptable.
The question of balancing costs of irrigation networks (possibly involving canal

lining, piping, etc.) in order to lower losses against lower pumping costs

requires increasing attention as the role of pumped irrigation expands.
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The above indicates several of the issues where pumping energy costs can
restrict the options for pumped irrigation or significantly impact on the
conditions under which pumped irrigation projects proceed. The situation is
seen to involve a complex mix of energy systems, crop selection, and irrigation
technology, issues which will be resolved differently in each area. However,
the above suggests that it is important that the right questions be asked in the
early stages of pumped irrigation pProject design so that projects are not
implemented where energy costs alone call into question longer term economic

viabilicy.
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3.0 ENERGY IMPLICATIONS OF PUMPING OPTIONS (Senegal Example)

3.1 Pumping Options Considered

As a practical matter, most systems for irrigation pumping in the near term will
rely either on diesel driven pumps or on electricity supplied by a grid. The
"grid" power will often, in turn, be supplied by a thermal power plant burning
fuel o0il, diesel fuel, or natural gas. In both cases, petroleum products may
have to be imported to support the operation of the irrigation pumping system.
The following discusses the fuel use by the two primary modes of energizing
irrigation pumping so that their potential impacts on energy balances can be
estimated.

a., Direct Diesel Drive

Figure 3.la is a schematic of a direct diesel drive pumping system typical of
those widely used where suction lifts are leow. These systems usually consist of

a Diesel engine directly drf?ing a ceﬂtrifugal pump.

The primary parameter determining fuel use in such a system i1s the system

efficiency defined as:

Ng = Na X np

where:

Ng = diesel engine efficiency
np - pump efficiency

As indicated in Reference 2, Diesel engine efficiencies in modest size (3 - 30
kw) typical of use in the Sahel are in the 20-25% range under field conditions.
Properly salected pumps can operate with efficiencies of 70-80%. The net svstem
efficiencies of direct drive Diesel systems 1is, therefore, in the 14-17% range.
Achieving this efrficiency range is still contingent on properly matching engines

and pumps for the applications in question. For example, centrifugal pump

/A Arthur D. Little, Inc.
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efficiencies can easily drop to 50-60% if used under inappropriate head :
conditions and/or poorly maintained inlet suction conditions. Improper pumpingi

System can easily increase pumping fuel requirements by 30-50%.

b, _Electric Driven Pumping Svstem

Figure 3.1b is a schematic of an electrie driven pumping system assuming the
source of electricity is a thermal plant (shown as a diesel generator). as
indicated, the efficiency of this arrangement (which includes many rural
electrification systems) is given by:

ns-nex(nganng)xnp

electric generator efficiency ;

3
[ ]

N, = transmission/distribution line efficiency

Ny = electric motor efficiency

There is a common perception that the electric option would be more energy
Intensive than the direct drive Dieséls due to losses in electricity generacion,
transmission, and motors. Indeed, if the engine and pump efficiencies for che
two options are the same, then the electric option will require 20-30% more <uel
than direct drive Diesel systems even with line losses within accepted ranges.

In practice, however, the electric option will often involve larger Diesel

[}

generators operated by the utility which, on average, mignt be more efficient
than small, locally maintained, engines. For example, this appears to be :the
case in Senegal. The small (500 kW) of Diesel capacity at the towns along the
Senegal River operate with efficiencies of 25-28% which is higher than would
normally be expected from a 20 kW field unit. In properly designed systams
(particularly those with low line losses), the higher engine efficiencies will
tend to counteract the electric conversion/transmission inefficiencies.

To account for the wide range of possibilities two cases are considered below:

A\ Arthur D. Little, Inc.



(1) Eigh Efficiency System

This

Case assumes a well maintained electric generating and transmission system

and use of high quality electric driven pumps. The efficiency assumptions are:

(11)

This

= 28 percent (good central diesel generators or small steam power plant)
= 90 percent
= 90 percent

= 90 percent

e e

= 70 percent

System Efficiency = n = 14,3 percent

Low Efficiency System

case corresponds to one commonly found in LDC which have a combjination of:
Low efficiency electric generation facilities comprised of some nix of
small (poorly maintained) steanm plants, gas turbines, or old diesel
engines.

High transmission/distribution losses due to a combination of undersized

lines, poor connection practices, and long distances.

The efficiency assumptions of this case are:

N <723 percent
n_ = 90 percent

- 75 percent

N, - 90 percent

n_ - 70 percent

System Efficiency = n, = 9.7 percent

A\ Arthur D, Lirtle, Inc.



Figure 3.2 indicates the resultant fuel consumption per M? of water pumped for

these two cases.

3.2 Capital Cost Implications of Pumping Options (Large vs. Small Scale
Pumping)

Each situaticn will have specialized characteristics affecting the selection of
pumping system. Table 3.1 indicates a range of pumping system arrangements
specifically addressed in a study on pumping options in Semegal and Mauritania.
These options aré also those in use or which could be cousidered for use in
other areas where irrigation pumping is required. Of the options indicated, the
Diesel driven floating pumns (GMP) are most comnonly used along the Senegal
River. Similar units are also used in Mali and Niger. One incentive for
floating units along such rivers is the large variation in river level by season
and associated shifting of river channels (per Figure 3.3). Each of these units

can irrigate 20-30 hectares of land.

There are also a small number of fixed pumping stations in place or being
considered for providing water to large projects (500-1000 hectares). Figure
3.4, 3.5, and 3.6 are views of several of these pumping options as they are used
aloug the Senegal Rivar, Figure 3.4 shows a 22 Hp floating platform GMP unit:
with 1ts associated flaxible piping line to account for large changes in river
level. Figure 3.5 shows views of am electric pumping system using cour floating
submersible pumps. Electricicy in this system is provided by a 100 kw generator
set placed on shore thereby facilitating maintenance. Figure 3.6 is a view of
the pumping house and discharge canals of a 1000 HA irrigation proiect at PODOR.
Electric power for the system is provided by a 500 kw dedicacad generating
facility. However, a similar installacion at XAZDI (Mauritania) is served by

the local, (Diesel based) alectric utility.

There is often a perception that large projects might offer economies of scale

and have larger developmental impacts. However, experience in the Sahel

/A Arthur D. Lictle, Inc. 2
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TABLE 3.1

PUMPING SYSTEM QPTIONS

o FLOATING PLATFORM DIESEL PUMPS
o FLOATING PLATFORM ELECTRIC-DRIVEN SUBMERSIBLE PUMPS
- DEDICATED DIESEL GENERATORS

- CONNECTION TO LOCAL ELECTRIC GRID

(BADEL AND FODCR OWLTY)

o PHOTOVOLTAICS
HAND PUMPS

o STATIONARY PUMPS (USING DEDICATED DIESEL GENERATORS)
- RIVER WATER

- GROUND WATER

A\ Arthur D. Lictle, Inc.
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suggests that such large projects are difficult to properly manage. I
addition, zs {adicated in Figure 3.7, there is no incentive to pursue large
Projects based on the capital costs of the pumping systems. In fact, the “ixe
pumping svstems are censiderably 2oTe costly than either Diesel or electrically
driven floating units. This 1is due Lo tha extensive civil work required to
install fixad pumping svstams, particularly zlong waterwavs with large seasomal
fluctuazions ia water level. The costs Zor fixed pumping unizs will certain B4
be site speciiic. However, the Implicazions of rthese pravious srcudies <3 that
4ny assumptions relative to inherent ecnncmies of scale in pumpingtgySCems

snould be examined very closely during che design of projsccs.

If each iancrement of ir Tigated area is considerad as a separate proiect, the

most flexible and lowest cost option for providing pumpin 2§ 1s probably a GMP

unit (whether floating or positioned on a river bank). However, if the
expansicn of irrigated areas s considered on a Tegicnal basis cver time, then

n.

consideration should be given to alectriiviaz the puzps. As indica in Figure

-
p ~esm r -
warie awNTO -

(O8]

7y Zloating platform electric driven subme

'1

°st opticn. Additional practical advantages associatad with this cpticn

include:

1" nower svyscem

Q A multiplicity of pumping units can be served from a "central
serving loczl or regional needs. Even if using Diesal fuel, the "central"
power unit can be professionally run and maiatained, thereby iImproving
relizbility and becter ensurin g efficient operation. Also, in some cases
the central power unit might provide the flexitility to be able to utilize
locallvy available fuels for the operation with significanz reducticns in
fuel costs,

) The basis ¢f many pumped irrigation projects fas been the inabiliey of
s

comparison, the operation of small elecc:i: pumps 1s quite straighcorvard

and relieves the Zarmers of the cnersus nesd o gain siznificant mechanmical
t

skills, As such, the farmers can focus thair a

electrified puaps served by local or ragional grids could thersaiors

A Arthur D. Little, Inc.
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0 The electrification of the pumps even at z local level paves the way by
establishing local distribution networks for more comprahensive
eleczrification via grid extensions in the future.once the loads facrezse

to warrant such extansions.

There are, therafors, a number of practical reascmns for considering the usa of

electrified pumps, rarticularly if irrigation Projects are considered in arn

overall regicnal development conteaxc. Also, such longer :arm planning dces not
necessarily resulec in nigher initial capital costs for thosa elact<ic cumps
installed during the earlijer stages of development when dedicated Diesel

generacors are used for pump energization.

The investment costs indicated by figure 3.7 range Ircm less than 500 to §1,300

per hectare depending on pump type used, location, and size. 1In general, these

costs are often relatively modest compared to the overall costs of izplementing
irrigation projects in Africa. These costs ofzen run over $10,000 per hectars
which is one of the reasons that expansion of irrization ia Afriza has SToczadad

L
slowly. EHovaver, scme of che smaller rerigjetar cavelopments wizhx larzs

"

a
[

[a)
53

ar
inputs of local labor (for example, 3ahel-Collerga) have reporctad costs as low
as 52,000 per hectare. In ganeral, the capital investments asscelated with

properly selectad puzping svstems do not appear, ia themselves, to represent a

o]

major barrier to expanding irrigatad areas. The primary issues ara the

rTecurrent costs associated with fuel use, maincenance, and rapid depreciaticn

&

(note: engine driven pumps will usually have useful lives of lass chan 10

vears),

3.3 Top Selection and Water Use

The crops grown along the Senegal River Valley are tvpical of these in many
regions of the Sahel. They include rice, sorghva, corn, and garden tvpe crops
such as onions. Most of the irrigzted perizecers arz novw davo
the raiav seascn crop (August through COczober :ia Senegal) and £s "nixed ¢ToDs

during other sezsons. It should be no:tad that, wirh the g2xceprion 9of rice, the
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Crop selections and associated pumped water use requirements are dependexnt on a

complex range of site specific variables including:

= soil conditions
= climatic conditions

= CTop strain and ferzilizer use

irrigation system efficiency and type

In general, rice is usually selected for areas with soil having higher clav
content and low permeability and grains for lighter soils wirth higher
permeability. Beth types of crops are, however, commonly grown in parallel (or

in series during different seasons) on the same irrizated perizeters along the

Senegal River.

Table 3.2 shows estimates of punped water requirements for th-ee locations alorg

the Senegal River by Crop Trpas.

[

<

S 2

.

po.

"

cated, there is 2 siznificaat variation

in water use by crop, location, and season. Reasons for this “nclude:

0 Locaticns, such as Bakel, have higher rainfall than the other two locaticns
resulting in lower rainy season pumping requirements.

o Kaedi in Mauritainiaz is very dry and hot resulting in particularly high
transevaporational losses.

0 Grain crops (surghum, etc.) require much less water than rice even when
grown in areas having soil with higher permeability.

e

The reascn stated above for variations in pumping water Tequirements (i.e,,
different =zinfall osatszerns, cl<mace and crops) will rasult I- similar
variazions throughout the Sahelian region. Pumping water requirements of 3,000
o3/4A to 25,000 a®/EA per crop will be cemmon in chis Tegion based on present

Top selections and irrigation technologies utilized,

A Arthur D, Little, Inc.

o
e



TABLE 3.2

CROP PUMPED WATER REQUIREMENTS - SELECTED SITES
ALCNG THE SENEGAL RIVER VALLEY
(CUBIC METERS PER HECTARE)

PODOR KAEDIS  BAKEL

Hrvernage! Rice 20,000 14,000 8,800
CONTRA SEASON® RicE 25,500 23,200 17,800
MIXED CROPS (RAINY SEASON) 9,900 9,900 3,700
MIXED CROPS (CONTRA SEASON) 15,100 5,100 5,400

l”HIVERNAGE" REFERS TO MAIN RICE CROP GROWN THROUGH THE RAINY
SEASON,
JuLy - NOVEMBER,

2"CONTRA SEASON" REFERS TO AN OFF-SEASOM RICE CROP TYPICALLY GROWN
FROM JANUARY TO May

3KAEDI IS IN MAURITANIA, THE OTHER TWO SITES IN SENEGAL,

/A Arthur D. Little, Inc.



3.4. Fuel Use Per Crop

The source of watar for all the locations considered along the Senegal 2Wve:r was
the river itself. The vercical lifes varied significantly by location and by
season. In the upper valley, the vertical lifts range from Sm to 10m during the
7ear while in middle vallev location (Podor) the lifts are much lower (2-6m).
These large differences in lifts are reflected in large variations in ptmping
energy requirements. As indicated by Table 3.3 the primary fuel comsumption in
a Diesel engine pumping unit for raiav ceason €rops in Bakel are about 100
iiters/HA. This increases to ovesr 350 liters/HA during the drv season for rice
when both pumping lifrs and water requirements are higher. By contrast pumping
energz in P@dor for rice ranges from 120 liters/HA to 3153 iters/HA. The lower
pumping needs &s comparad to Bakel are due ertirely to the lower vercical lifts

associated with perimeters near the river,

]

The Zfuel use for "mixed crops” is seen to be'much lowe= than for vice in all

.
locations duve o the =zcre zcdest water requirements of these crops.
Nevertheless, in areas with large vertical lif:s pumping energy #or mixed crops

can easily exceed 150 liters/HA) even if river water used.

3.5 Observations on Fuel Consumption Trends

Figure 3.2 displays several important trends relative to primary energy use in

the operation of irrigation pumping systems. These include:

0 The emergy required is directly proportional to the L:if: through which the
water 1Is pumped. This requires caraful examination of irrigaticn projects
which entail pumping frem wells of significant depth (certainly over 20
meters) or in the sizing of pipes which aight be used to transfer water
over large distances.

o A well designed direct diesel drive is probablv the most enerzy efficiant
method of pumping water - particularly for larger svstems which generally

have higher efficient engines.

A\ Arthur D, Little, Inc.
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TABLE 3.3

FUEL USE BY DIESEL ENGINES AT
SELECTED SITES ALCNG THE SENEGAL RIVER
(LITRES PER HECTARE PER CROP)

I0DOR KAEDI BAKEL
RICE HIVERNAGE 126 118 113
RICE CONTRA SEASON 315 398 365
MIXED CROPS (RAINY SEASON) 98 36 58
MIXED CROPS (CONTRA SEASON) 155 138 95
GRAIN CROP® 1000+ - -

*BASED ON THE USE OF GROUNDWATER AT A DEPTH OF 60 M
ON HIGHER GROUND AWAY FROM THE RIVER,

/A Arthur D. Little, Inc.



o The primary fuel consumed by-a ryral electrification system is critically
dependent on the technical characteristics of the system. For a well
@maintained system, primary fuel consumption is comparable to that +f 2
direct diesel drive. SHowever, for a poorly maintained and operated systen,
Primary fuel consumption of the bowe: plant could be twice that Zor a good

diesel drive.

AS a practiczl natter, therefore, the energizing of irrigation pumps via rural

electrification does not have favorable energy use impacts if the electricity ig

hX%

generated by o0il fired thermal plants., The energy use rTelated advantages of
electrically driviag the pumps will depend on a major portion of electricicy
being generated by some combination of:

- thermal facilities burning low cost fuels such as coal, peat, or residual

oil.

~ low cost hydropower.

= Trenewable energy svstems such as Jind oz sclar,
In these cases, the eénergy content of irrigation pumping will be the game zs
indicated in Figure 3.2 (thermal equivalent) but the cost of energy will be
different for diesel engines (which must burn high quality distillates) and

central electric facilities.

A\ Arthur D. Little, Inc.



4.0 ECONOMICS OF IRRIGATION PUMPING

4.1 Cost of Water Delivery

The costs of pumped irrigation include:

- the cost of fuel required to operate the engine system.
- the O&M costs of the engine/pump system.

- the capital charges (interest and depreciation) on the capital purchases,

For some USAID funded projects the full impact of all these costs is not "seen"
by the nnd users. For example, in Senegal the farmers are required to pay only
for fuel and a portion of O&M costs. The attractiveness of irrigation pumping
in these projects would be significantly diminished if the farmers had to
finance the system at market interest rates. The World Bank also pursues an
implicit policy which appears to require the recipient country to pay only
recurrent costs and not the investment cost associated with implementing the
project. The cost structure of water delivery for irrigation is discussed in
more deta. . in this section for the case of Diesel driven pumps. Reference 2

provides similar analysis for other pumping system options.
a. Fuel Costs:

Previous sections have discussed the fuel requirements for pumping water (per
figure 3.2) through specified lifts and the total water requirements per crop
type in one area of the Sahel. The associated cost of fuel for water rumping is
then dependent on the cost of Diesel fuel (for engine drives pumps) or
electricity. There are tremendous variations in these costs between countries
and even between regions within a country. Figure 4.1 shows fuel cost per cubic
meter at water pumped based on the energy requirements of Figure 3.2. Curves

are shown for two levels of Diesel fuel cost:

(1) $1 per gallon ($0.26 per liter) whiech corresponds roughly to the case

in Senegal.

- A Anthur D. Little, Inc. 41
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(1i) $2 per gallon ($0.52 per liter) which is consistent with delivered
costs in many regioms of Africa - particularly those with poor road

access.

It should be noted that many regions of Africa have even higher delivered fuel
costs than that indicated above. As a practical matter, irrigation pumping

probably should not be encouraged in such areas.

Using §$1/gallon fuel, the fuel cost alone for water pumping using a dzesel pump
is roughly 0.4 ¢ per cubic meter assuming a 10 meter lift. The use of a "lossy"
electric drive, higher lifts, or higher cost fuel can easily increase this cost
to over 1.5 ¢ per cubic meter of pumped water - a cost level for fuel alone

which is probably unacceptable in many cases.
b. 0 & M (non fuel) Costs:
Cperations and maintenance (0&M) costs can be divided into three segments;

o Operational personnel who undertake routine chores such as changing
oil, filling the gas tank, etc. (referred to as a "Pompiste" in

Senegal)

) Parts and materials for undertaking needed field maintenance (oil,

filters, etc.)

o Parts, materials, and labor for undertaking periodic overhauls
(usually every 4,000 hours even for robustly built, well maintained

engines)
Operations and maintenance costs are among the more difficult to estimate. They

depend on who does the 0&M, the degree to which manufacturers maintenance

schedules are adhered to, and the local cost of replacement parts.

A\ Arthur D. Little, Inc. 4-3



JABLE 4.1

O&M COST SUMMARY FOR THREE DIESEL PUMP SYSTEMS

TOTAL WATER
ENGINE RATED ANNUAL COsT (¢M3)
MODEL CAPACITY CoSsT BAKEL PODOR
(Hp) $
HR-2 22.6 530 0.4 0.1
HR-3 33.9 760 0.35 0.076
HR-6 75.5 1350 0.27 0.062
Assumptions:
1.0 Annual operating hours - 1200

2.0 Cost of overhauls annualized assuming

a 10% discount rate.

A\ Arthur D. Little, Inc. et



Appendix 2 presents estimates of O&M costs based on field experience in Senegal
and the maintenance schedule at one of the leading manufacturers of high
variability Diesel pumps. The resultant overall O&M costs for this specific
area are shown on Table 4.1. The variation in pumping costs by region is due to

large variations in water flow due to different pumping heads.

The annual cost indicated are approximately 15% of the initial capital cost of
the engine/pump assembly (i.e. those parts requiring maintenance). I% anything,
this is on the lower end of 0&M experience and reflects the reasonably effective
infrastructure developed in Senegal to service the pumping units. Also

maintenance costs were estimated based on about 1200 hours of operation per year
which corresponds te a single cropping season. Annual 0&! costs would increase
1f pumps are used throughout the year i.e. more hours per year. The primary
contributors to the maintenance costs indicated are lubrication oil and parts.
The O&M costs are, therefore, similar to fuel costs in being primarily

associarzd with foresign exchange.
¢. Capital costs:

Capital costs depend on a range of parameters including investment cost, useful
life, salvage values, and interest rates. There are several approaches for
estimating annual capital costs. The approach used herein is to assume that a
fixed amount of money must be set aside each year to cover replacement of
equipment (i.e. a replacement fund). In addition, if the equipment is purchased
on credic, there will be additional annual outlays to cover financing charges.
Table 4.2 shows the annual replacement fund charges assuming funds set aside are

invested at 10%.

These would be the only charges in the situation where the equipment is
initially provided free to the irrigation perimeter owners and they are only
required to replace it as it wears out. This is the case in many doner funded

irrigation projects such as the USAID program in Senegal.
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ENGINE
TYPE

HR-2

HR-4

Assumpti

FIGURE 4,2

SUMMARY OF ANNUALIZED REPLACEMENT COSTS FOR
THREE DIESEL PUMP SYSTEMS

CAPACITY
(Hp)

22.6
33.9
75.5

Life of engine drives of 7 years

10 - 15 years.

20% salvage value.

INVESTMENT

COST
$

16,000
20,450
31,800

Discount rate of 10%.

A\ Arthur D, Little, Inc.

ANNUAL
REPLACEMENT
COST $

620
800
1,250

COST OF

WATER (BAKEL)

i

0.42
0.36
0.26

with other subsystems of between

.
/i
/



It should oz ncied, ac.ever, chat cne orf the persistent management problems with
pumped irrigation projects is the establishment of and consistent contributions
to a replacement fund. A source of serious concern to donors is that when the
initial equipment (provided by the donors) wears out that insufficient Ffunds
will be available for pump replacement leading to collapse of the irrigation

project unless additional donor support is provided.

As indicated by Table 4.2, the annualized replacement fund costs are about $620
per year for the HR-2 system. The replacement fund cost only represéﬁts about
4% of total pumping system cost. This relatively low figure reflects the long
life (10-15 years) associated with such static assets as platforms and piping.
As a practical matter most of the replacement fund is associated with the

engine. The replacement fund represents about 20% of initial engine investment

costs.

. . . . 3
The contribution of capital costs to water costs ranges from .26 ¢/M° to

42 ¢/M3 depending on financing assumptions.

Figure 4.2 shows the impact of fuel, 0&M, and capital costs on the overall
delivered cost of water for Bakel in Senegal. As indicated, fuel cost is a
major component of the cost structure, particularly with $2/gallon fuel.
However, capital costs associated with financing and depreciation are also major
cost components and, as previously indicated, often not realistically accounted
for in assessing the long term viability of irrigation projects. The cost of
water i1s seen to range between 2¢/M3 to 3¢/M3 for the cases cited. This
corresponds to about $400 per hectare per rainy season rice crop assuming 20,000

M3 of water per crop.

As indicated in Figure 4.2, capital charges represent a major portion of overall
pumping costs for the case considered. One of the major assumptions in the
analyses leading to Figure 4.2 was that pumping occurred during an 8 to 10 hour
period through the day as is now normal practice on the small perimeters in

Senegal. This pumping schedule is certainly the path of least resistance since

A\ Arthur D, Little, Inc. 4.7
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it corresponds to existing living patterns of the local population. However,
capital costs could be significantly reduced if the pumps were operated for
longer durations and thereby each pumping unit could irrigate more lands. For
example, Figure 4.3 indicates pumping cests assuming a 16 hour/day pumping

schedule. This schedule resulits in a % reduction in the overall cost structure.

Particularly if electrified pumps are used, it may be necessary to improve the
utilization of costly generating/transmission equipment by insisting on

nighttime pumping schedules.

This certainly adds to the complexity of the social and institutionail problems
associated with organizing and implementing irrigation projects. In cases with
marginal local farmer support, the need for nighttime irrigation might even tip
the balance against project implementation. However, the realities of the
efficient utilization of high capital cost power and pumping systems have lead
to day long (or nearly so) pumping in many LDC'. For example, in Kaedi
(Mauritania) over 1.0C0 HA were irrigated as a 24 hour cycle using =2isciric
power providec»by a local grid (total capacity of 500 kW). Similarly, 16 hour
pumping cycles are under considération in Sudan to ensure efficient use of

regionally supplied electric power.

/A Arthur D. Little, Inc. 4-9



4 mpact_on Crop Economics

The impact of the pumping costs of Section 4.1 on overall crop economics depends

on a number of factors including:

- the requirements for other cash impacts such as fertilizers, purchased
seeds, and labor.

- the increased value of crops grown as the result of the pumped
irrigation.

- the alternatives for using capital available to the farmers.

The second item above is particularly critical in many countries of the Sahel.
Most of these countries set official prices for major crops. These prices are
often set at levels which make it unprofitable to grow cash crops even without
the additional expenses of pumped irrigation. Such situations exist for example

in Mali. 1In Senegal the official price of rice is set at 130 CFa/kg (___/‘_).

This price is roughly comparable to the cost (at the dock) oduimported rice from
southeast Asia (usually Thailand). The official price in Senegal is not truly
reflective of overall importation costs if all handling and transportation
charges are taken into account. Nevertheless, the pricing policies in Senegal
are more realistic than in some of its neighbors which makes it a reasonable
example for assessing the impact of pumped irrigation costs on agricultural

profitability.

Table 4.3 is a cost summary for rice farming in Bakel and for a similar

operation in Podor. The figures for fertilizers, labor, and seed were obtained
from a recent study by M. Meita of the Senegal Mission (r«f. 9) which apply to
Bakel only. The Podor figures assume only pumping costs are different between

the two locations.
As indicated by Table 4.3, in Bakel the cost of irrigation pumping for the rainy

season crop account for over 24% of crop value if capital costs are considered.

Even in the rainy season the growing of rice on pumped irrigated areas is only

A\ Arthur D. Little, Inc. 4-11



A, BAKEL

0 PUMPING COST
0 OTHER COSTS

TOTAL

B. PODOR**

0 PUMPING COST
0] OTHER COSTS

TOTAL

OFFICIAL SELLING PRICE

* Assumes 5 ton yield per hectare

*% Assume "other costs" same as for Bakel

A\ Arthur D. Little, Inc.

TABLE 4.3

IMPACT OF PUMPING COSTS ON
ECONOMICS OF RICE PADDY PRODUCT

oN

HIVERNAGE*

14.4
45.0

59.4

9.2
45.0

54.2

70

CONTRASAISON#*

25.8
45.0

70.8

16.6
45.0

61.6

70
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marginally profitable and allows very little margin of error in yields or
unexpected operational difficulties (pump breakdown). As a result, most farming
in this region is still donme on a subsistance basis with littla economic
incentive to product marketable surplusses.

If a dry season crop were to be produced in Bakel, the irrigation related
costs would increase to over 35% of total productic: - 'sts. The resultant cost
would about equal crop value making such second season crops unprofitable. 1In
such regions as Bakel (characterized by high lifts) the merits of double

cropping will require carzful examination.

By contrast, irrigation pumping accourts for only about 17% of crop value in
Podor in either the rainy or contrasaison due to the much lower pumping heads.
This is still a heavy burden to bear but results in much larger margins of
safety than in regions with higher pumping lifts and allows for profitable

multiple cropping.

Figure 4.4 shows estimates for agricultural costs in Bakel and Podor if the cost
of Diesel fuel were to increase to $2.00/gallon - a cost which is more
representative of real costs on a delivered basis to many regions of the Sahel.
In this case, the cost of pumping is so high that it would not be only .
marginally economical to farm rice even in the rainy season in high lift areas.
This suggests the extreme sensitivity to energy costs of agriculture which is
highly dependent on pumped irrigation, particularly in regions with high pumping
heads.

The above discussion applies only to one region of the Sahel. Nevertheless, the
results provide useful insights into the major role that pumping costs can play

for irrigated agriculture in the Salel and other regions of subsahara Africa.
In particular, for projects where pumped water is a major portian of overall

water needs, pumping costs will be a, if not, the major factor in determining

economic viability. The situation will be mitigated somewhat where pumped water

A\ Arthur D. Little, Inc. 4-13



A,  BAKEL

0 PUMPING COST
0] OTHER COSTS

TOTAL

B.  PODOR¥*

0 PUMPING COST
0 OTHER COSTS

TOTAL

OFFICIAL SELLING PRICE

* Assumes 5 ton yield per hectare

** Assume "other costs" same as for Bakel

A\ Arthur D. Lattle, Inc.

IMPACT OF PUMPING COSTS ON
ECONOMICS OF RICE PADDY PRODUCTION

HIVERNAGE*

19.5
45.0

64.5

12.5
45.0

57.5

70

CONTRASAISON*

35.0
45.0

80.0

22.5
45.0

67.5

70



is only supplemental to gravity feed water due to significant (<300 mm)

rainfall.

As a result, each case would have to be examined based on project specific
conditions, to ensure that the recurrent costs associated pumping can be
sustained by the local farmers after the donor organizations have completed

their infrastructure development activities.

4.3 Potential for Electrification

The prior discussion focuses on the impacts of pumping costs on crop economics
assuming the use of direct drive Diesel pumps which are now in prevalent use
along the Senegal River and elsewhere in Subsahara Africa. The aforementioned
pumping study for this region also closely examined the potential for
electrifying the pumps and the economic implications of so doing. Two general

options were considered:

o Electrifying specific pumping units using Diesel generated electricity
from nearby local grids.

o Extending the grid along the valley to make use of central power
generated by cthermal means (on the coast using lower cost fuels) or,
in the future, by low ccst hydropower from the Manantalli Dam. Only
generalized long term implications of this option were provided within

the limited scope of the Senegal River study.
The impac;s of each option we discussed briefly below:
) Diesel Generated Electricity:
The electrification of pumping units at both Bakel and Podur would
require the installation of roughly 3 km of 15 kVA electric

transmission lines with associated interface transformers and

controls. In each case is was assumed the submersible pumps on

A Arthur D. Little, Inc. 4-15



floating platforms would be utilized. Power would be provided by existing
Senelic facilities (500 kw) which are currently operated at very low capacity
factors due to small household loads in these regions. The analyses indicated
that this option was lower cost by about 15% than the use of direct drive

Diesels due to a combination of:

- lower O&M costs (as a unit output basis) on the margin since Q&M
staff were already needed for a system operation to service non pump
loads.

- reduced capital costs due to the longer life of larger, well
maintained, stationary Diesel units, and the fact that new units

were not required to serve the incremental pumping loads.

The modest estimated difference in oumping costs between local electrification
and direct drive Diesels is probably, in itself, not very important in affecting
the general conclusions arrived at in previous sections and, as a practical
matter, £all well wi:zhin thz range of calculactional errors used in the
estimation paocess i.e. the conclusion that local electrification is lower cost
than direct drive Diesels is not a very firm one and certainly not generally

applicable.

There are, however, several other significant advantages associated with the
local electrification option in addition to possible lower costs. These

include:

- the engine systems can be maintained by trained technicians thereby
better ensuring reliable, long term, engine operation.

- the operation cf the pumping units is greatly simplified from the
farmers viewpoint thereby adding to the flexibility and desirability
of implementing smaller scale pumped irrigation projects.

- the floating platforms can be placed further out in the river since
daily access to the pumps is not required (as in the case with

Diesel pumps). This results in simplified pump operation and

A Arthur D. Little, Inc. 4-16



reduced possibilities for clogged inlet lines (an advantage

on the Senegal River which will be applicable orly in other
locations with floating pump systems).

the pump electrification provides base load to the utilities
which improves the operation efficiency of the local generating
pPlants and provide additional incentives to expand the electric
grid. This expansion cften has other productive and social

benefits in addition o energizing the pumping units.

The above factors, combined with a highly competitive cost structure, resulted
in the Senegal River study recommending electrifying the pumps in those two
locations with good access to available electric generation capacity. Although
the results are by no means universal, pump electrification merits serious

consideration wherever similar situations exist,
Central Grid Expansion:

The Senegal River Valley currently has only scattered ele®ric service in three
of the larger rowns. The total installed capacity is roughly 1,500 kW of Diesel
generators. Even this is operated at only about a 15% capacity factor attesting
to the low level of normal household and light commercial loads in these areas.
By contrast, the approximately 3CO Diesel pumps already in use along the river

have approximately 7,000 kW of capacity,

Some work has been done to assess the potential for transmitting hydropower from
the Manantalli Dam across central Senegal to Dakar. Little attention was given
to extending power from this souice down the Senegal River wvalley in part due to
the very low electric loads now prevalent in the region. However, consideration
of the possible loads have not taken into accour.t the rajor potential impact
associated with electrifying the pumps. Based on current plans to bring an
additional 50,000 hectares under cultivation by 2,000 and 100,000 hectares by
2010 the potential pumping load alone along the river could exceed 1G0 MW or
roughly 50% of Senmegal's allocation of Manantalli power (also equal to present

nationwide generating capacity).
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Preliminary studies have indicated that hydropower from Manantalli could have
one third to half the cost of thermally generated power when serving loads with
high capacity factors. This could be the case for pumping in the valley and, if
so, would significantly improve the economics of pumping irrigation agriculture
in the long term. VErifying this potential would, however, require detailed
engineering cost studies which take into account actual transmission line costs,

and projections.

The important issue is, however, that the economic vizbility of electrifying the
valley (whether by thermal or hydropower means) is strongly dependent on the
major, steady, loads which would result from pumped irrigation, This
exemplifies the important linkages between agricultural expansion plans (based,
in part, on pumping) and electric sector expansion which may often exist in

regions of subsahara Africa.
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5.0 POLICY ISSUES - OVERVIEW

Experience in several countries referenced in this report indicates that there
are a number of important policy iésues which must be considered when
considering expansion of irrigation based on pumped water and the often
associated role of rural electrification. Only by considering the costs and
benefits of irrigation pumping within a broader context of a ricultural and
fnergy sector planning can reasoned assessments be made of overall economics
and, in particular, the t=ue nature of recurrent costs both on a prciect basis

and a national basis.
These policy issues include those associated with:

o Diesel vs Electrified Pumping

o Electricity Pricing

) Grid Extension Economics

o Role of Distributed Power Systems

o Crop Selection - Irrigation System Design

o Coordination of Agricultural Expansion and Energy Sector Planning
0 Food Pricing Policies

Clearly, there will be a wide variation in the importance of different policy
issues between countries. Nevertheless, each of the policy issues can be
addressed/in 28 consistent manner to ensure that the right questions are being

asked and to provide a general framework for project specific decision making.
Each of these policy issues is briefly discussed below.

5.1 Energv Pricin

There is a tendency to provide rural areas, in general, 2nd farmers, ia
particular, with electric tariffs, and Diesel Zuel costs which are, in eifece,
subsidized. For example, this was an overt policy in Pakistzn and was a defacro

policy in Senegal.
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Energy pricing policies can have 72 dramatic affect on the perceived overall

econcmics of irrigation projects and strongly influence the chaice of pumping
S7stems. TFor example, the switch from Diesel to electric pumps ia Pakistan was
due primarily co heavily subsidized electric sariffs specifically tailorad to

irrigation pumps.

One can question the wisdom of subsidized energy inpurs for agricultura,

however, in fact, rural imerica cwes Tuch of its earliar growth £ty wpat was, in
effect, a heavily subsidized expansion of rural electrification. It is

important, however, to understand befora hand the extent and Zmpact of subsidiss
in place or being contemplated. Otherwise, inappropriate policias relative #o
both the agriculcure and energy sector could be inadvertentlwy implemented, and

encouraged by donor assistance.
Two such examples are cited below:

(a) Pakistan: One of the general policias guiding the rural electrificarion

expansion in Pakistan was to focus on those areas where 2

.

be used to displace Diesal pumps with electrifiad ones. The racionale for

"
1y

~—r

this was che much lower cost (to the farmers) oI operating the elaceric

n

umps and the perceived national banefits of raducing Diase! fuel usa. As
p

indicated in Referense 1, this policy was seriously ZFlawed. All new
additions to rural load had to be accomparniied by additional, costly, fuel
fired (mostly oil) electric generating capacitvy and expansion of alreaady
strained transmission systems.Consaquently, che real coscs of alecirifving
the punmps were considerably hizher than allewing existiang Diesel pumps to
continue operating. National policies to encouraga electrifving tha oumps
merely shifted costs from the agricultural seccor to an alreadr strainad
electric sector with the addir<onal costs hidden by tihe sutsidiaes to the

farmers on electricity purchased for pumping.

(b) Senegal: As indicated in Refarence 2, the pump survey team raccrmended
that consideracion be gilven to eleccrify irrigzation pumps ia =wo sreciiic
lo;ations using locally preduced electric ‘power. The repo

t

stated, however, that the "apparent" favorable aconeaics of
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in part the result of national policies to have uniform tariffs througheut
the councry which, in effect, subsidized relatively high cost rural power
produced by autonomous Diesel generactors. A policy of large scale

electrification of the pumps would impose a large financi.l burden on the
utility unless accompanied by a program to electrify the valley with low
cost hydropower (possibly from Monentali) or thermmal powaer produced using

lower cost fuels,

As suggested by these examples, it Is important that USAID (or other donors)
does not adop: policy positions which, in effect, justify irriszation proiects
based on highly subsidized énergy costs. So doing will omiv hide the *=ue value

of recurrent costs and jeopardize the longer term viability of the projects if

énergy costs are raised to more financially viable levels.

5.2 Crop Pricing Policies

Many countries have crop pricing policies which tend to undervalue agricultural
produce in order to provide cheaper food for urban residents. Although
politically popular, such policies are usually destructive of rural economies
and hence we a frecuent source of "policy dialogue" between USAID and hest

governments., This situation is particularly severe in some countries of Africa,

Such policies can also make irrigated agriculture highly uneconomic from the
point of view of the farmers - even in cases where it would be profitable if the
increasedfproductiun vwere priced at realistic levels. This was exemplified by
the case in Senegal where the official price Zor rice was such that pumped
irrigation using the Senegal River valley was only marginally atctrac=zive (at
best) i 2ll czsts were actually accrued by the farmers. As a resul:z, nost
farmers with access to an irrigated perinmeter along the aiddle and tvprer valleys
still engage in subsistance Zarming producing very limitad marketadbls surgluses

- a situation common in Africa and one contributing to focd n this
2

[EN

ncrtages

W

region. The marzinal profitability of irrigated agriculture

s

13
[EN

esponsible Zor

x)

the limited interest in commercial scale farming in this Tegion on the larger

irrigated perimeters, which would contribute to increased food rocduction for

marketing in urban areas.
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In countries, therafore, where increases in agricultural output will depend on
large part om pumped water, the need for rationale food pricing policies will be
even more critical than when dealing wich low capital input tradicional forms of

agricultura.

cr

USAID and other donors should, cherefore, reinforcas policies which tia suppor
for expanding agricultural output based on irrigation projects to Zood pricing
policies which can make such agriculture potentially profitable while allowin
for paying the substanrial recurrent costs associated with irrigaced

agriculcure.

3.3 Agricultural Expansion - Energzvy Secrzor Plannins Cocrdination

There is a tendency for agricultural seccor planning to take place with litcle,
if any, referance to overall national energy impacts or rural electrification
plans. The ravarse of this is also true, i.e., energy sector planning ofzen is

Jr 2rojects,

o

sec

tn
18}

[

ara

done with lic:la awaranass of the impact of agricu
As a result, irrigacion projects tend to be implemented without ragard 2o or
overall energy supply strategy which could lower costs in the long term. For
example, in Senegal it appears that the long term agricultural expansion plans
along the Senegal River could strongly influence the pProjects for
electrification using hydropower. Due to the lack of coordination between the
sectors this Zssue has not been adequately considered. Similarly, as suggesced
by the experience :a Pakistan, the impacts of irrization pumping zeeds on rural
electrification infrastructure, central station generating capacity, expansion
and fuel impacts ars oftenm aot considersd and raraly quancifiad.

Significant expansions of irriga

ad agricu

(8]

§-4

ture regquiring pumping should e done
consistent with overall energy sector pianning to potentially lower costs,
provide inputs as to salaction of pumping svstam tech logiss, ensure thas all
the iInfrastructurz and fuel cos: factors are accounted Zor in thae evalyation
process, and to ansura that the energy related inpucs ara, in facz, availa3dle to

the project.
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5.4 BRole of Distributed Power Systems

AS a practical martter, the irrigation pumps will often be cthe largest load
associated with rural development projects in LDC. This is certainly the case
throughout the ru:al.regions of Pakistan and along the Senegal River Valley. It
also appears to be the case in many regions of the Sudan and several other
African countries. The issue of energizing the pumps and providing rural power

in general are therefore, often higinly intertwined.

Implementing rural development projects is a complex undertaking involving

ve

wyriad social, institutional, and technical issues and problems. The inclusion
of irrigarion with assocZated pumping further complicates an already difficule
undertaking. The questions associated with how best ro energize the pumps ara
understandably often Telegated to secondary states in the overall planning
process. The choice is usually made based on two options: iadividualized

Diesel pumps cr extending an zlrezdy established electric utilisy grid,

However, as previously discussed, the recurrent costs aﬁgbciated with irrigaticn
pumping can have a major impact on overall crop economics and, cherefore, rural
development prospects. As a Tesult, donor urganizations should give increasad
atiention to alternative means of providing critical power needs in rural
development projects; including the role of larger distributed power Systems

using minigrids to serve regional needs.

Although nodest by U.S. or European standards, the regional power needs in LDC

are oiten still measured *n the Zegawatts. For example, providing sufficient

power f{or 50 irrigation pumps along the Senegal River would necessitata2 abour 2
megawat:s of power. Sizmilarly, the regional needs in the proximicy of a medium
size town (10,000) in Pakisran is often in excess of 10 MW. As a gpractical
mattar, regional development involving pumped irrigation will often Tecuirs
power generation capacitias *n the range of 1-50 MW. The common approach for

serving regional load centers of this magnitude s to extend the central

a.

e
<

(high capital costs) or possibly, to install ccnventional diesel or gas turbine

d

1

generr ing capacity which requires the consumption of high cost, impor:

distillate fuels. ‘ror this intermediate range of power levels, mors
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consideration should be given to .an expanded technology base of distributed

power system using some combination of:

0 Biomass fired power systems;

0 Coal or peat fired power systems;

) Local hydropower power svstams;

) Hybrid power Systems which combine the above or solar/wind

Systems with diesel generators (to conserve on imported ZFuel

needs) .

The use of distributed power system in this capacity range has several distiner

advantages:

o The size is large enough to result in the efficianec cgeraticn of
L]

a number of tachnological options wnich would Ye izmpractical ac

lower power levels. The economics of scale are associaced with
capital equipment costs. and, perhaps more importaat, che abilicy
to afford trained sgtarf responsible for 0&M and the management of
the facility.

o The size is small engugh to:

a) Provide additiomal flexibility to use indigenous energv
rasources (wood, peat coal, etc.) which may not be (and is
often not) available in sufficiently large quantitias to

Support conventional (mul:i hundred megawatt) power plants.
b) Provide appropriaca capacity to serve regional load centars

with local grids aand ofsen st<ll be installed ia aulrisle

unics to provide backup capability,
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c) Be available in Prepackaged systems which can be Teadily
transported to the site and installed in a2 short peried with

a2 minioum of site labor.

d) Be made available in standa=d unics resulting in incer-

changeable parts and a common 0&M training program.

Utility planners in LDC were often trained in tha U.S. or Europe where the bizs
is strongly :in the direction of central grid expansion based on large centra
generating facilities. The option to use a variety of intermediate scals
generating facilities with associated fuel Ilexibility, siting fiexibili:y, and
possibly lower capital costs (parzicularly :f cransmission and distribution
networks are considered) is, therefore, not usually considered 5y LDC utllics

rlanners or by those in donor organization responsible for designing rural

development or rural electrification programs.

2.5 Crop Selection - Irrigation Svscem Design

This repor: dealt Primarily with the mechanics and costs of pumped irrigation
assuming water use patterns as a given. These water use patteras are, ia turn,
a function of crop selectlon, irrigation system design, and climate. The latter
factor is beyond the control of Project designers. The first two can, howevar,
within some Iimits te influenced by proper policies and system design

guidelines.
A. Irrigation System Design
Both the literature and discussions with field workers indicate that the aoounts
of water used for irrigation are usually well in excess of that needad. This is
due to two primary factors:

(a) Poor design of irrigation system distribution and waler nanagament

Systems resulting in large losses of water by evaporation, runofs, and

leakage,
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(b) Over irrigation of crops by individual farmers based both on a desire
to ensure adequaca watar withim an unraliabla system (bezter zet it
while ic's available) and a lack of knowledge of proper irrigati-n

practice.

Excess water use, in turn, has several deleterious effacts:

- It directly increzses pumping costs wnich, as indicataed earlier, can

be a major cost factor in crop economics.

.

- It caa harm crop production bv increasing salinity problems an

m

watarlogging.

In the countries addressed in this report, irrigation distribution svstams wera
in general open, unlined, ditches which had high losses, - probably

underestimated in projecting orop water requiements. lessas Ircm such syscems

mun fvoam I0% o 50% dependinz on soil conditicns, canal mzincanance, iad wacar
Banagenmenc praccices. This situaction s common tiroughout Africa and is

probably a reascnable, lcw ¢ost, choice whera gravicy fed irrigation Is used.
Hewever, wherz pumped water is used the high .osses associated wizh such
rudimentary irrigation discribucion s7stems acdversely (aad significanczly s0)
affects overall pemping costs. These losses could be greatly raduced 5v such
measures as lining canals, using piping for distridution, and varicus sorms ol
drip irrigation (for some crops). However, these measures increzse the initial

cost of implementing irrigation projacts. Yo sources were ldentified during
this project where the tradac<s batween raduced puaping cost and incraased
. 5 . e\ - . .

capital costs for improved irrigacion svsteams have

donors should consider a policy whereby such tradecffs are zmade 2arly in the

(g

CSts are the Achillas' haal of many irrizztisn proiects, thase zradaciss could
well indiczate that mora Zunds spent In raducing watar losses would Taprasant zn

appropriat

[T

approach in many cases - particularlec in Alricz.
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