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PREFACE

Themain part of this volume is composed of papers commissioned for the
Energy Pricing Policy Workshop held at Bangkok from 8 to 11 May 1984,
co-ordinated by the United Nations Economicand Social Commission for
Asia and the Pacific (ESCAP) and the Resource Systems Institute of the
cast-West Center. The Workshop, which involved hizh-level policy planners
from several Asian developing countries, was financially sponsored by several
organizations: the ESCAP Regional Energy Development Programme
funded by the United Nations Development Programme; the European
Economic Community; the International Labour Qrganisation; and the
International Development Research Centre. Publication of these papers
has been supported by funds from the European Economic Community and
the United States Agency for International Development. Preparation of
the manuscripts for publication was undertaken at the East-West Center,
throughcontribution in kind at the professional, editorial, and support staff
levels.

The Workshop developed out of discussions at the Eighth Session of the
ESCAP Committec on Natural Resources, 27 October to 2 November 1981,
where questions onresource pricing in general (as related to energy resources)
and sectoral pricing policies for end-users were discussed in the context of
demand management. It was recognized that, although much work had been
doneinthearea, policy makers could seldom obtain analytically supported,
yet realistic, guidance concerning energy pricing questions. The emphasis
of the Workshop was, therefore, on policy decision-making, and the
application of theory to policy formulation in the energy pricing area.
Detailed follow-up studies to be done in some of the countries represented
were planned, as the report in Appendix I indicates.

The papersin this collection are concise revisions of the original documents
presented at the Workshop. In some instances, revisions have been
substantive. The collection is intended to serve policy makers interested in
understanding the role of pricing policy. Economic policy, while ideally
applyingeconomictheory, involves the choices of policy makersto intervene
directlyinthe workings of the economy to improve its performance, as well
as the choice not to make that direct intervention to allow the different
economic factors to respond to economic forces freely. It also involves how
that intervention — if chosen as an approach — should take place, or the
choice of the instrument variables to be employed. Energy policy is a part
of economic policy insofar as it affects the production, supply, and use of
energy; hence, it cannot be designed independently of economic policy,
although some aspects of it may be related to other non-economic policies.



Thus, appropriate energy policy has the following characteristics:

(a) It must be integrated with a country’s other goals, e.g. its balance of
payments position, energy security to assure the achievement of
economic development targets, the achievement of macro-cconomic
goals (investment, income, and employment), as well as goalsrelated
to science and technology, the environment, and socio-economic
development.

(b) In light of the first characteristic, energy policy must be evaluated in
the context of efficiencyintheallocation of resources toincrease overal]
welfare as well as equity in sharing that welfare increase.

(c) Incorporating efficiency and equity objectivesin attempting to achieve
the overall objectives of energy policy cannot be evaluated without
linking suck objectives to the individual factors that would respond
to such policy.

Thiscollectionisnot intended to beacookbook, for while all authorsare
in agreement with the above starting points, the complexity of the subject
isreflected in some divergence of opinionsin some aspects of pricing policy.
Of necessity, some repetition of ideas may occur where certain issues are
critical to the arguments presented.

This volume caps the first stage of a joint effort by the organizations
involved. It would, however, not have been possible witiiou; the outstanding
co-operation of everyone involved. Thanks are also due the support staff
involvedinthis effort, bothat ESCAP and at the East~West Center. Editing
and preparation of the manuscripts for publication required the careful
attention of and timely co-ordination by Dorothy Izumi, Helen Takeuchi,
Jennifer Cramer, and Sonya Ho. Our many thanksto all who helped expedite
preparation of this volume,

Corazén M. Siddayao
Honolulu
May 1985
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Chapter 1

ENERCGY PRICING POLICY
rRAMEWORK AND
EXPERIENCE IN DEVELOPING
COUNTRIES

Mohan Munasinghe

INTRODUCTION

Today’s societies require increasing amounts of energy for domestic,
industrial, commercial, agricultural, and transport uses. These energy needs
are met by the commercial energy sources including the short-term,
depletable fossil fuel supplies — petroleum, coal, and natural gas — as
well as the fong term, renewable sources — hydroelectric, biomass, solar,
geothermal, wind, and tidal power (Munasinghe and Schramm, 1983).

This paper sets out a consistent generalized framework for energy pric-
ing in developing countries. The methodology secks to maintain a com-
promise between analytical rigour and practicality. Because energy pricing
is only one aspect of demand management and overall energy planning
for national development, it is useful to first examine the role of pricing
policy within this wider perspective.

PRICING POLICY AND INTEGRATED NATIONAL ENERGY
PLANNING

Because of the many interactions and nonmarket forces that shape and affect
the cnergy scctors of every economy, decision makers in an increasing
number of countries have realized that energy sector investment planning,
pricing, and management should be carried out on an integrated basis, e.g.,
within a national planning framework which heips analyse energy policy
options ranging from a short-run supply-demand management to a long-
run natural energy strategy (Munasinghe, 1983). However, in practice, most
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policies are still carried out on an 2d hoc and, at best, regional, partial, or
subsectoral basis. Thus, typically, clectricity and oil subsector planning have
traditionally been carried out independently of cach other as well as of other
energy subsectors. Environmental planning has focused on the pollution
effects of energy systems but has given little attention to the resulting con-
sequences in terms of alternative choices of energy resources and the overall
costs of these choices to the cconomy. Asiong as energy was relatively cheap,
such partial approaches and the resulting economic losses were acceptable,
but lately, with rising energy costs (especially of oil), drastic changes in
relative fuel prices, and increasing substitution possibilities, the advantages
of more integrated energy policies have been evident.

Co-ordinated energy planning and pricing require detailed analyses of
the interrelationships between the various cconomiie sectors and their poten-
tial energy requirements on the one hand (Munasinghe, 1980c¢), and of
the capabilities and advantages and disadvantages of the various energy
sectors such as clectric power, petroleum, natural gas, coal, and traditional
fuels (e.g., firewood, crop residues, and dung) to satisfy these requirements
on the other. Nonconventional sources, whenever they turn out to pre-
sent viable alternatives, must also be fitted into this framework. The discus-
sion applies both to the industrial and the developing world. In the former,
the complex and intricate relationships between the various economic sec-
tors, as well as the prevalence of private market decisions on both the energy
demand and the supply sides make analysis and forecasting of policy con-
sequences a difficult task. In the latter, substantial levels of market distor-
tions, shortages of foreign exchange and human and financial resources
for development, larger numbers of poor households whose basic needs
somehow have to be met, greater reliance on traditional fuels, and relative
paucity of energy, as well as other considerations add to the complicated
problems faced by encrgy planners everywhere,

Demand management and pricing policy

Supply-and-demand management makes it casier for the energy policy-
maker to forecast and achieve cnergy supply-demand balances, thus preven-
ting major ecconomic disruptions and consequent reductions in national
welfare. Supply management includes identification and optimal exploita-
tion of all energy resources, investment planning, transformation, and refin-
ing ana distribution of energy. Demand management includes all means
of influencing the magnitudes and patterns of cnergy consumption. As
discussed later in this chapter, the so-called “hard tools” of demand
management such as physical controls and rationing, mandatory regula-
tions relating to the pattern of energy production and use, and technological
options such as energy-saving retrofits are most effective in the shorter
term. The “soft” tools of demand management such as pricing, taxation,
financial incentives and subsidies, and education and propaganda are more
useful in the medium and long run.



FRAMEWORK AND EXPERIENCE IN DEVELOPING COUNTRIES 3

In order to understand the important role of pricing, we first clarify the
scope of integrated national encrgy planning and demand management by
examining the hierarchical framework depicted in Figure 1.1. At the highest
and most aggregate level, it must be clearly recognized that the energy sec-
tor is a part of the whole economy. Theicfoit, encrgy planning requires
analysis of the links between the energy sector and the rest of the economy.
Such links include the impact on the economy of policies concerning prices,
taxes, and availability in relation to national objectives and the input
requirements of the energy sector such as capital, labour, raw material, and
cnvironmental resources such as clean air, water, or space, as well as energy
outputs such as electricity, petrolcum products, and woodfuel.

While some of these relationships are at the macro-level — such as
foreign exchange requircments for energy imports, or investment capital
requirements for the energy sector — others are more directly linked with
and limited to specific activity levels. For example, price-related policics
affecting the transport scctor, such as subsidies to public transport,
construction or nonconstruction of superhighways or airports, the levels
of licence fees for vehicles or excise taxes on diesel versus gasoline vehicles,
tax credits for energy conscrvation, pollution control legislation, or specific
end-use planning policics, may have as profound an impact on energy
demands as more overall broad-based energy pricing, allocation, or supply
management policies.

The second level of integrated national energy planning treats the energy
scctor as a separate entity composed of subsectors, such as electricity and
petroleum products. This permits detailed analysis of cach sector with
special emphasis on interactions among the different energy subsectors,
substitution possibilities, and the resolution of any resulting policy con-
flicts such as competition between natural gas, bunker oil or coal for clec-
tricity production, diesel or gasoline use in transport, kerosenc and
clectricity for lighting, or woodfuel and kerosenc for cooking.

The third and most disaggregate level pertains to planning within each
of the energy subsectors. Thus, for example, the electricity subsecior must
determine its own demand forecast, long-term investment programmes
and price; the petroleum subsector, its supply sources, refinery outputs,
distribution networks, and likely demands for oil products; the woodfuel
subsector, its consumption projections and detailed plans for rotation or
reforestation, and harvesting of timber.

In practice, the three levels of integrated national encrgy planning merge
and overlap considerably. For example, a class of demand management
issues that arfects both macro and micro aspects of energy planning are
those related to energy substitutions or encrgy conservation. Within cer-
tain limits many energy resources are substitutes {or each other, although
price, convenience in use, and overall systems cost may vary widely. Hence,
appropriatc supply and pricing policies may bring about significant shifts
in energy demand for specific energy resources, at least in the long run.
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Similarly, individual actions or deliberate policies aimed at bringing
about energy conservation — €.g., reductions in energy usage relative to
levels that would prevail in their absence — may significantly affect cnergy
consumption. Such conservation may simply be achieved at the expense
of some loss in personal coiifori or convenience (like reducing thermostat
settings, driving within mandated speed limits, or switching off lights in
unoccupied rooms). Other means may consist of the substitution of energy
by capital or labour, the replacement of pilot lights by electronic switches,
the reduction in the curb weight of autemobiles, recirculation of process
heat in industrial plants through better engineering or lighter materials,
or the installation of insulating materials in buildings.

Policy tools and constraints

To achieve the desired objectives of energy planning and energy demand
Management, the policy tools available to a government for optimal supply-
demand planning and management include: (1) pricing; (2) physical con-
trols; (3) technical methods (including research and development); (4) direct
investments or invcstment—inﬂuencing tax policies; and (5) education and
promotion. Pricing is the most effective tool of demand management,
especially in the medium and long run, and the remainder of this chapter
analyses this aspect in detail. The scope of the other policy instruments
are discussed elsewhere {Munasinghe, 1980b). Since these tools are inter-
related, their use should be closely co-ordinated for maximum effect.

In the context of developing countries, we generally face additional con-
straints on encrgy policies, especially pricing. There may be severe market
distortions due to taxes, import duties, subsidies, or externalitics which cause
market (or financial) prices to diverge substantially from the true economic
opportunity costs, or shadow prices. Therefore, on the grounds of economic
efficiency alone we may have to make (second-best) shadow pricing
adjustments, However, these again may have to be modified in anticipa-
tion of energy user reactions that will be based on market prices rather than
underlying ecconomic cost considerations. Furthermore, there often are
severe income disparities and social considerations which call for subsidized
enerzgy prices or rationing to meet the basic energy needs of poor consumers.
Finally, there are usually many additional considerations that affect policy
decisions, such as considerations of future investment requirements, finan-
cial viability and autonomy of the energy sector, regionai development
needs, as well as socio-political, legal, and other constraints,

SCOPE AND OBJECTIVES OF PRICING POLICY

Energy pricing is a very important tool for demand management, especially
in the long run. As discussed below, the pricing and investment decisions
shouid be closely related. However, energy supply systems — c.g., elec-
tricity generation, transmission, and distribution; oil and gas wells and
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pipelines; coal mines; and forests—usually requi- 2 large capital investment
with long lead times and lifetimes. Therefore, once the investment deci-
sion is made, usually on the basis of the conventional least-cost method
of meeting demand by subsector, with due regard for interfuel substitu-
tion possibilitics, there is a lock-in effect with respect to supply. Thus, prices
should be related to the long-run planning horizon. On the demand side
also, encrgy conversion devices (e.g., motor cars, gas stoves, electric
appliances, and machines) are expensive relative to average income levels
and have relatively long lifetimes, thus limiting consumers’ ability to
respond in the short run to changes in relative fuel prices.

The objectives of energy pricing are closely related to the goals of energy
planning, but they are more specific. First, the cconomic growth objec-
tive requires that p: ~ng policy should promote economically efficient
allocation of resourcces, both within the energy sector and between it and
the rest of the economy. In general terms, this implies that future energy
use would be at optimal levels, with the price (or the consumer’s willingness
to pay) for the marginal unit of energy used reflecting the increruental
rescurce cost of supply to the national economy. Relative fuel prices should
also influence the pattern of consumption in the direction of the optimal
or least-cost mix of energy sources required to meet future demand. Distor-
tions and constraints in the economy necessitate the use of shadow prices
and economic second-best adjustments, as described in the next section.

Second, the social objective recognizes every citizen’s basic right to be
supplied with certain minimum energy needs. Given the existence of signifi-
cant numbers of poor consumers and also wide disparities of income, this
implies subsidized prices, at least for low-income consumers.

Third, the government would be concerned with financial objectives
relating to the viability and autonomy of the energy sector. This would
usually be effected by pricing policies that permit institutions (typically,
government owned) in the different encrgy subsectors to earn a fair rate
of return on assets and to self-finance an acceptabie portion of the
investments required to develop future energy resources.

Fourth, energy conservation is also an objective of pricing policy. While
prevention of unnecessary waste is an importani goal, other reasons often
underlic the desire to conserve certain fuels. These include the desire for
greater independence from foreign sources (e.g., oil imports) and the
necessity of reducing the consumption of woodfuel because of deforesta-
tion and erosion problems.

Fifth, we recognize a number of additional objectives, such as the need
for price stability, to prevent shocks to consumers from iarge price fluc-
tuations, and the need for simplicity in energy pricing structures, to avoid
confusing the public and to simplify metering and billing.

Finally, thercareother specific objectives, suchas promoting regional devel-
opment (e.g., rural electrification) or specific sectors (e.g., export-oriented
industries), and other socio-political, legal, and environmental constraints.
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In summary, therefore, price is most effective as a long-run policy tool.
From the viewpoint of economic cfficiency, the price indicates to suppliers
the consumers’ willingness to pay and the use value of energy; to the con-
sumers, it signals the present and future opportunity ccsts of supply that
draws on various energy sources.

Role of government in pricing policy

We conclude this section with a brief review of the pervasive role that most
governments play in the pricing of commercial energy resources and the
relative neglect of issues relating to traditional forms of cnergy. Govern-
ments exercise direct influence, usually through the ownership of energy
sources or price controls. Indirect influerices occur through such means
as taxes, import dutics, subsidies, market quotas, taxes on energy-using
equipment, and government-guided investments in cnergy resources.

In practically all developing countrics, the clectric utility is government
owned. In oil and gas production, refining, and distribution, as well as
in coal mining, both public and private organizations often operate side
by side. However, irrespective of the form of ownership, all governments
exercise some form of wholesale or retail price control, usually at several
levels, including during production, during refining, after transport or
transmission, and so on. Income and excise taxes are also levied from both
public and private energy sector companies.

Generally, certain fuels in specific uses tend to be subsidized, although
leakages and abuses of subsidics by nontargeted consumer groups also
occur. Thus, kerosene for lighting and cooking, rural electricity for lighting
and agricultural pumping, and diesel fuel for transportation commonly
qualify for subsidies. Cross-subsidies exist between different fucls, user
groups, and geographic regions; therefore high-priced gasoline may finance
the subsidy on kerosene, industrial clectricity users may subsidize
houschold consumers, and a uniform national pricing policy usually
implies subsidization of cnergy uscrs in remote areas by those living in
urban centres. The principal problem associated with subsidies is that the
energy producer may not be able to raise sufficient revenues to finance
investment to meet cxpanding demand, or even (o maintain existing
facilities, and thus shortages eventually result. Furthermore, cross-subsidics
give consumers the wrong price signals, witi consequent misallocation
of investments.

Import and export duties, excise taxes, and sales taxes are levied, often
by several levels of government, from federal 1o municipal, at various stages
in the production, processing, distribution, and retailing chain. In many
developing countries, the combined levies are several hundred percent of
the original produet price for some items, and negative or close to zero
for others. Several less obvious methods, such as property taxes, water
rights and user charges, and franchise fees are also used to influence energy
use. Energy prices are also affected vy the wide range of royalty charges,
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profit-shaiing schemes, and exploration agreements that are made for the
development of oil and gas resources botween governments and multina-
tional companies.

Other policy instruments are often used to reinforce pricing policies,
such as quotas on imported or scarce forms of energy, coupled with high
prices. Conservation regulations may affect depletion rates for oil and gas,
while the availability of hydropower from some multipurpose dams may
be subordinate to the use of water for irrigation or river navigation. Many
special policies involving tax holidays and concessions, import subsidies,
export bonuses, government loans cor grants, high taxes on large
automobiles, etc., are also used to affect energy use.

The traditional fuels subsector has been relatively neglected because tran-
sactions involving these forms of energy are usually of a noncommercial
nature. However, there is growing acceptance of the co-ordinated use of
indirect methods such as displacement of fuelwood used in cooking by
subsidizing kerosene and liqu~-fied petroleum gas (LPG), increasing the
supply of fuelwood by reafforestation programmes and effective distribu-
tion of charcoal, enforcing stiffer penalties for illegal feliing of trees, and
proper watershed management.

ECONOMIC FRAMEWCRK AND BASIC PRICING MODEL

Because th. objectives mentioned above are often not mutually consis-
tent, a realistic integrated energy pricing structure must be flexible enough
to permit trade-offs among them. To allow this flexibility, the formula-
tion of energy pricing policy must be caried out in two stages. In the first
stage, a set of prices that strictly meets the economic efficiency objective
is determined, based on a consisient and rigorous framework. The sec-
ond stage consists of adjusting these efficient prices (established in the
first stage) to meet all the other objectives. The latter procedure is more
ad hoc, with the extent of the adjustments being determined by the relativ»
importance attached to the different objectives. In the rest of this section,
we discuss the importance of shadow pricing and develop the cconomic
framework that permits the efficient pricing of energy. The second stage
adjustments due to noneconomic factors are discussed in the next section.

Shadow pricing theory has beeu developed mainly for use in the cost-
benefit znalysis of projects (Mishan, 1976). However, since investment deci-
-ions in the energy sector are closely related to the pricing of energy out-
puts, for consistency the same shadow pricing framework should be used
in both instances. Shadow prices are used instead of market prices (or
private financial costs) to represent the true economic opportunity costs
of resources (sce Chapter 6 by Siddayao).

In the idealized world of perfect competition, the interaction of atomistic
profit-maximizing producers and atomistic utility-maxirnizing consumers
yields market prices that reflect the correct economic opportunity costs,
and scarce resources including energy will be efficiently allocated. How-
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ever, in the real world, distortions may result from monopoly practices,
external economies and diseconomies (which are not internalized in the
private market), interventions in the market process through taxes, import

duties, and subsidies, etc., and these distortions cause market prices for

in investrient and output pricing decisions to ensure the cconomically effi-
cient use of resources, Moreover, if there are large income disparities, we
will see later that even these “effjcient’’ shadow prices must be further
adjusted, especially to achieve socially equitable energy pricing policies
for serving poor households.

It is important to realize that lack of data, time, and manpower resources,
particularly in the least developed countries context, wil} generally pre-
clude the analysis of a full €conomy-wide model when energy-related deci-
sions are made (Little and Mirrlees, 1974; Squire and van der Tak, 1975;
Munasinghe, 1979). Instead, the partial approach shown i Figure 1.1 may
be used, whereby linkages and resource flows between he energy sector
and the rest of the cconomy, as well as interactions among different energy
subsectors, are selectively identifijed and analysed, using appropriate
shadow prices such as the oppcrtunity cost of capital, shadow wage rate,
and marginal Opportunity cost for different fuels. In practice, surprisingly
valuable results may be obtained from relatively simple models and
assumptions.

To clarify the basic concepts involved in optimal energy pricing, we first
analyse a relatively simple model. Next, the effects of more complex features
are examined, including short-run versus long-run dynanjc considerations,
capital indivisibilities, joint output cost allucation, quality of supply, and
price feedback effects on dernand. The process of establishing the effj-

ond, this value has to be further adjusted to compensate for demand-side
effects arising from distortions in the price of other goods, including other
energy substitutes. From 2 practical viewpoint, an optimal pricing pro-
cedure that begins with MOC is easier to implement, because supply costs
are generally well defined (from technological-economic considerations),
whereas data on the demand curve are relatively poor,

Suppose that the marginal opportunity cost of supply in a given energy
subscctor is the curve MOC(Q) shown jn Figure 1.2, For a typical non-
traded item ljke electricity, MOC thay is generally upward sloping is
calculated by first shadow pricing the inputs to the bower sector and then
estimating both the level and structure of marginal supply costs (MSC)
based on a long-run System expansion programme (Munasinghe, 1981).
For tradable items like crude oil and for fuels that are substitutes for
tradables at the margin, the international or berder prices of the tradables
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(i.c., c.i.f. price of imports or f.0.b. price of exports, with adjustments for
internal transport and handling costs) are appropriate indicators of MOC.
For most developing countries, such import or export MOC curves will
generally be flat or perfectly elastic. Other fuels such as coal and natural
gas could be treated either way, depending on whether they are tradables
or nontraded. The MOC of nonrenewable, nontraded energy sources will
gencially include a “user cest” or economic rent component, in addition
to the marginal costs of production. The economic values of traditional
fuels are the most difficult to determine because in many cases there is
no established market. However, as discussed later, they may be valued
indirectly on the basis of the savings they allow on alternative fuels such
as kerosene, the opportunity costs of labour for gathering firewood, and/or
the external costs of deforestation and erosion.

Thus, for a nontraded form of energy, MOC is the opportunity cost
of inputs used to produce it plus a user cost where relevant, while for
a tradable fuel or a substitute, MOC represents the marginal foreign
exchange cost of imports or the marginal export carnings forcgone. In
cach case, MOC measures the shadow-priced cconomic value of alter-
native output foregone because of increased consumption of a given form
of energy. After identifying the correct supply curve, we next examine
demand-side cffects, especially second-best corrections that capture
interactions between different energy subsectors. This second step is just
as important as the first one, and therefore it will be examined in some
detail.

In Figure 1.2 the market-priced demand curve for the form of energy
under consideration is given by the curve PD(Q), which is the consumers’
willingness to pay. Consider a small increment of consumption dQ at the
market price level P. The traditional optimal pricing approach attempts
to compare the incremental benefit of consumption due to dQ, that is,
the area between the demand curve and X-axis, with the corresponding
supply cost, that is, the arca between the supply curve and X-axis. How-
ever, since MOC is shadow priced, PD must alse be transformed into a
shadow-priced curve to make the comparison valid. This is donc by tak-
ing the increment of expenditure P.dQ and asking “what is the shadow-
priced marginal cost of resources used up elsewhere in the economy if the
amount P.dQ (in market prices) is devoted to alternative consumption
(and/or investment)?”

Suppose that the shadow cost of this alternative pattern of expenditure
is b(P.dQ), where b is called a conversion factor. Then the transformed
PD curve, which represents the shadow costs of alternative consumption
foregone, is given by » PD(Q); in Figure 1.2, it is assumed that b<1I. Thus,
at the price P, incren .ntal benefits EGJL exceed incremental costs EFKL.
The optimal consumption level is Q,,, where the MOC and b.PD curves
cross, or equivalently where a new pseudo-supply curve MOC/b and the
market demand curve PD intersect. The optimal or efficient selling price
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to be charged to consumers (because they react only along the market
demand curve PD, rather than the shadow-piiced curve b.PD) will be
Pe=MOC/b at the actual market clearing point B. At this level of con-
sumption, the shadow costs and benefits of marginal consumption are
equal, that is, MOC=b.PD. Since b depends on user-specific consumption
patterns, different values of the efficient price Pe may be derived for
various consunier categories, all based on the same value of MOZ. We
clarify the foregoing by considering several specific practical examples,

First, suppose that all the expenditure (P.dQ) is used to purchase a
substitute fuel, that is, assume complete substitution. Then the conver-
sion factor b is the relative distortion or ratio of the shadow price to market
price of this other fuel. Therefore P = MCC/b represents a specific
second-best adjustment to the MOC of the first fuel, to compensate for
the distortion in the price of the substitute fuel. For example, MOC could
represent the long-run marginal cost of rural clectricity (for lighting), and
the substitute fuel could be imported kerosene., Suppose that the (sub-
sidized) domestic market price of kerosene is not at one half its import
(border) price for socio-political reasons. Then b=2, and the efficient
selling price of electricity P = MOC/2 (ignoring differences in the quality
of the two fucls, and capital cost of conversion equipment such as light
bulbs, kerosene lamps, and partial substitution effects; a more refined
analysis of substitution possibilitics would have to incorporate these addi-
tional considerations). It would be misleading, however, to then attempt
to justify the subsidized kcrosene price on the basis of comparison with
the newly calculated low price of electricity. Such circular reasoning is
far more likely to occur when pricing policies in different energy subsec-
tors are unco-ordinated, rather than in an integrated cnergy pricing
framework. We note that all these energy sector subsidies must be carefully
targeted to avoid leakages and abuses, as discussed in the next section,

Next, consider a less specific case in which the amount (P.dQ) is used
to buy an average basket of goods. If the consumer is residential, b would
be the ratio of the shadow price to the market price of the household’s
market basket (here, b is also called the consumption conversion factor).
The most general case would be when the consumer was unspecified, or
detailed information on consumer categories was unavailable, so that b
would be the ratio of the official exchange rate (OER) to the shadow
exchange rate (SER), which is also called the standard conversion factor
(SCF). This represents a global second-best correction for the divergence
between market and shadow prices averaged throughout the economy.
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Extensicns of the basic model

The analysis so far has teenstatic. However, in many instances the situation
withregard to the availability of a given energy source, interfuel substitution
possibilities, and so on, tends to vary over time, thus leading to disequilibrium
in certain fuel markets and divergence of the short-run price from the long-
run optimal price. This aspect isillustrated below by means of an example
that shows how the optimal dcpletion rate and time path for MOC of a
domestic nonrenewable resource will be affected by varying demand condi-
tions, especially tradability, extent of reserves, and substitution possibilities.

Suppose that the present-day marginal supply cost or MSC (including
extraction costs, additional transport and environmental costs, etc., where
appropriate) of a domestic energy source such as coal lies below the ther-
mal equivalency price of an internationally traded fuel (e.g., petroleum
or high-quality coal), as indicated by points A and B in Figure 1.3. The
international energy price that acts as the benchmark is assumed to rise
steadily in real terms, along the path BE. Let us first examine two polar
extremes based on simple, intuitively appealing arguments.

First, if the reserves are practically infinite and the use of this fuel at
the margin will not affect exports or substitution for imports of traded
fuels, then the MOC of the domestic energy source in the long run would
continue to be based on the marginal supply cost, that is, along the path
AC, which is upward sloping to allow for increases in real factor costs
or extraction costs. On the other hand, suppose there is a ready export
market for the indigenous resource, or substitution possibilities with respect
to imported fuels. In this case the marginal use of this resource will reduce
export carnings or increase the import bill for the international fuels in
the short run, because the reserves are small or output capacity is limited.
Then, the marginal opportunity cost would tend to follow the path AD
and rise quickly toward parity with the international energy price.

The actual situation is likely *~ fall between these two extremes, thus
yielding alternative price paths such as AFE, or AGHE. Here, the initial
usc of the resource has no marginal impact on cxports or import substitu-
tion, but there is gradual depletion of finite domestic reserves over time,
and cventual transition to higher-priced fuels in the future. For a given
volume of reserves, the rate of depletion of the domestic energy source
will be greater, and the time to depletion will be shorter if 45 price is main-
tained low (i.c., on the path AGHE) for as long as pessible rather than
when the price rises steadily (i.c., along path AFE). The macro-cconomic
consequences of the path AGHE are also more undesirable because of
the sudden price increase at the point of transition, when the domestic
resource is exhausted. In practice, the price path may well be determined
by noneconomic factors. For example, the price of newly discovered gas
or coal may have to be kept low for some years to capture the domestic
market and displace the use of imported liquid fuels (which continue to
be subsidized for political reasons). In general, the desire to keep energy
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prices low as long as possible must be balanced against the need to avoid
a large price shock in the future,

The preceding discussion is more useful for all importing or cnergy-deficit
developing countries. In the case of major oil cxporters, the ability to
influence the world market price and to determine the rate of resource deple-
tion provides much greater fiexibility. The huge foreign exchange surpluses
and limited capacity to absorb investment imply decreased attractiveness
of marginal export earnings coupled with the need to conserve oil resources
(Samii, 1979). There is also greater ability to subsidize domestic oil con-
sumption to meet basic needs and to accelerate economic development by
increasing investment and expanding nonoil gross domestic product.

More rigorous dynamic models which maximize the act economic
benefits of cnergy consumption over a long period, have becn developed
to determine the optimal price path and depletion rate; however, these
models depend on factors such as the social discount rate, the size of
reserves, the growth of demand, and the cost and time lag needed to develop
a backstop technology (which could replace the international energy price
as the upper bound on price). Uncertainties in future supply and demand
— such as the possibility of discovering new CNeCrgy resources or
technologies — add to the complexities of dynamic analysis. The classi-
cal argument developed by Hotelling (1938) indicates that the rate of
increase in the optimal rent (or difference between price and marginal
extraction cost) for the resource should equal the rate of return on capi-
tal, r (in our case this would be the social discount rate). This implies that
the optimal path of MOC would be IJE in Figure 1.3, defined at any
time t by

MOC(t)=MSC(t)J L/(Ir)Tt

where JL is the rent at the time of depletion T. Thus, MOC consists of
the current marginal costs of extraction, transport, environmental degrada-
tion, and so on (MSCQ), plus the appropriately discounted *“‘user cost” or
foregone surplus benefits of future consumption (JL). As”
infinity, 1J would tend toward AC, which is the infinite reserve case, while
as T falls to zero, 1J would approximate AD more closely, corresponding
to the case of very small reserves and rapid transition to the cxpensive fuel,

We now consider another type of dynamiic effect due to the growth of
demand from year 0 to year 1, which leads to an outward shift in the market
demand curve from DO to DI as shown in Figure 1.4, Assuming that the
correct market clearing price PO was prevailing in year 0, excess demand
equal to GK will occur in year 1. Ideally, the supply should be increased
to DI and the new optimum market clearing price established at P1. How-
ever, the available information concerning the demand curve D may be
incomplete, making it difficult to locate the point (.

Fortunately, the technical-economic relationships underlying the pro-
duction function or known international prices usually permit the mar-
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ginal opportunity cost curve to be determined more accurately. Therefore,
as a first step, the supply niay be increased to an intermediate level QQ’,
at the price p’. Observation of the excess demand MN indicates that both
the supply and, if necessary, also the marginal cost price should be fur-
ther increased. Conversely, if we overshoot L and end up in a situation
of excess supply, then it may be necessary to wait until the growth of
demand catches up with the oversupply. In this iterative manner, it is possi-
ble to move along the MOC curve toward the optimum market clearing
point. As we approach it, note that the optimum is also shifting with
demand growth, and therefore we may never hit this moving target. How-
ever, the basic guideline of pegging the price to the marginal opportunity
cost of supply and expanding output until the market clears is still valid.

Next, we examine the practical complications raised by price feedback
effects. Typically, a long-range demand forecast is made assuming some
given future evolution of prices, a lcast-cost investment programme is deter-
mined to meet this demand, and optimal prices are computed on the basis
of the latter. However, if the estimated optimal price that is to be imposed
on consumers i significantly different from the original assumption regard-
ing the evolution of prices, then the first-round price estimates must be
fed back into the modei to revise the demand forecast and repeat the
calculation.

In theory, this iterative procedure could be repeated until future demand,
prices, and MOC cstimates become mutually self-consistent. In practice,
uncertainties in price elasticities of demand and other data may dictate
a more pragmatic approach in which .he MOC would be used to devise
prices after only one iteration. The behaviour of demand is then observed
over some time period and the first-round prices are revised to move closer
to the optimum, which may itself have shifted as described earlier.

When MOC is based on mnarginal production costs, the effect of capi-
tal indivisibilities or lumpiness of investments causes difficultics in many
cnergy subsectors. Thus, owing to cconomies of scale, investments for elee-
tric power systems, gas production and transport, oil refining, coal min-
ing, reforestation, and so on tend to be large and long lived. As shown
in Figure 1.5, suppose that in year 0 the maximum supply capacity is Q,
while the optimal price and output combination (P, Q) prevails, correspon-
ding to demand curve Do and the short-run marginal supply cost curve
(SRMSC) (e.g., variable, operating, and maintenance costs).

As demand grows from Do to DI over time and the limit of cxisting
capacity is reached, ihe price must be increased to P to clear the market
-— that is, “price rationing” occurs. When the demand curve has shifted
to D2 and the price is P2, capacity is increased to Q. However, as soon
as the capacity increment is completed and becomes a sunk cost, price
should fall to the old trend of SRMSC — for example, P3 is the eptimum
price corresponding to demand D3. Generally, the large price fluctuations
during this process will be disruptive and unacceptable to consumers. This
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practical problem may be avoided by adopting a long-run marginal cost
(LRMC) approach, which provides the required price stability while retain-
ing the basic principle of matching willingness to pay and incremental
supply costs. Essentially, the future capital costs of a single project or an
investment programme are distributed over the stream of output expected
during the lifetime of this plant. This average investment cost per unijt
of incremental output is added to variable costs (SRMSC) to yield LRMC,
as shown in Figure 1.5

Another method of allocating capacity costs, known as pcak load pric-
ing, is particularly relevant for clectricity and also hatural gas. The basjc
peak load pricing model shown in Figure 1.6 has two demand curves; for
example, Dpk could represent the peak demand during the X daylight and
the evening hours of the day when clectric loads are large, while Dop would
indicate the off-peak demand during the remaining (24-X) hours when
loads are light. The marginal cost curve js simplified assuming a single
type of plant with the fuel, operating, and maintenance costs given by
the constant a, and the incremental cost of capacity given by the constant
b. The static diagram has been drawn to indicate that the pressure on
capacity arises due o peak demand Dpk, while the off-peak demand Dop
does not infringe on the capacity Q. The optimal pricing rule now has
two parts corresponding to two distinet rating periods (i.c., differentiated
by the time of day):

peak period price Ppk=a+b
off-peak period price Pop=g

Alternatively, we seek aschedule of prices which maximizes net benefits
(NB), equai to toral revenue plus consumer surplus minus operating
costs, subject to the constraint that output (demand) does not exceed
the capacity limit: i.c., Maximize NB:UJQP(Q)dQ—C(Q) subject to
Q<Q;or cquivalently;

optimize the Lagrangian L=N3-m (Q-Q). (1)

where Q=output, P = price, C=operating cost, Q =capacity limit, and
m is the Lagrange multiplier,

The first-order condition for optimizing equation (1) with respect to
Q implies thart:

P=atm.. . 0 . (2)

where a= dC/dQ is the marginal energy or operating cost. _
That is, when the capacity constraint is not binding (i.e., Q< Q and

ducing the utility’s output. During periads of peak demand when the
capacity constraint s cffective (e, Q=Q and m=b), the optimal price
increases to P=(ab). In this case b equals the cost of relaxing the capacity
constraint by one unit and has the conventinnal interpretation of unjt



FRAMEWORK AND EXPERIENCE IN DEVELOPING COUNTRIES 15

capacity cost. In general, measures of capacity cost should be forward-
looking and reflect the per unit cost of mecting a sustained increment in
peak period demand. Consumers’ willingness to pay prices equal to (a+b)
signals that capacity expansion is cconomically justified. The logic of this
result is that peak period users, who are the causc of capacity additions,
should bear full responsibility tor the capacity costs as well as fuel,
operating, and maintenance costs, while off-peak consumers pay only the
latter costs. Peak-load pricing can also be applied in different scasons of
the year.

Related problems of allocating joint costs arisc in other encrgy subsec-
tors as well — an example is the allocation of capacity costs of natural
gas, or of refinery costs among different petroleum products. The former
may be treated like the electricity case. For oil products, the light refinery
costs that are tradable, such as kerosene, gasoline, and diesel, have
benchmark intcrnational prices. However, other items like heavy residual
oils may have to be treated like nontradables. Furthermore, associated gas
that may be flared at the refinery is often assumed to have a tow MOC,
although subsequent storage and handling for use as LPG will add 1o the
costs. A more complicated approach would be to use a programming model
of a refinery to solve the dual problem as a means of determining shadow
prices of distillates.

The interrelated issues of supply and demand uncertainty, safety margins,
and shortage costs also raise complications (Munasinghe, 1980a). We first
illustrate this issue using electricity as an example, and then generalize the
results for the other subsectors. Thus, the lcast-cost system expansion plan
to meet an clectricity demand torecast is generally determined assuming
some {arbitrary) target level of system reliability — e.g., loss-of-load prob-
ability (LOLP), reserve margin. Theretore, marginal costs depend on the
iarget reliability level, when in fact economic theory suggests that reliability
should also be treated as a variable to be optimized, and both price and
capacity (or ecquivalently, reliability) levels should be optimized
simultancously. The optimal price is the marginal cost price as described
earlier, while the optional reliability level is achieved when the marginal
cost of capacity additions (to improve the reserve margin) are equal to
the axpected value of economic cost savings to consuers due to electricity
supply shortages averted by those capacity increments. These considera-
tions lead to a more generalized approach to system expansion planning,
as shown below (Munasinghe and Gellerson, 1979).

Consider a simiple expression of the net benefits (NB) of clectricity con-
sumption, which are to be maximized:

NB(D,R)=TB(D)-SC(D,R)-OC(D,R)

where TB=total benefits of consumption if there wer¢ no outages;
SC =supply costs (i.c., system costs); OC = outage costs (i.¢., COsts to con-
sumers of supply shortages); D=demand; and R =reliability.
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In the traditional approach to system planning (i.c., least-cost system
expansion planzing), both D and R are exogenously fixed, and therefore
NB is maximized when SC is minimized. However, if R is treated as a
variable.

d(NB)/dR =-3(SC+OC)/IR + [0(TB-SC-OC)/aD] . (0D/3R)=0

is a necessary first-order maximization condition.
Assuming dD/3R =0, we have;

3(SC)/0R =-3(0C)/9R

Therefore, as described carlier, reliability should be increased by adding
to capacity until the above conditjon is satisfied. An alternative way of
expressing this result is that since TR is independent of R, NB is max-
imized when total costs, TC=(SC+0CQ), are minimized. The above
criterion effectively subsumes the traditional system planning rule of
minimizing only the system costs (Munasinghe, 1980d).

We note that this approach may be generalized for application in other
cnergy subsectors, Thus, while sophisticated measurcs of reliability like
LCLP do not exist outside the power subsector, the conceept of minimiz-
ing total costs to society is still relevant. For example, in oil and gas invest-
ment planning, the costs of shortages due to gasoline queues, lack of
furnace oil, or gas for domestic and industrial use may be traded off against
the supply costs of increased storage capacity and greater delivery capahility
wcurred by augmenting surface transport or pipeline systems, Clearly, these
aaditional considerations would modify the marginal costs of energy supply
and thus affect optimal pricing policies.

Finally, externalities, especially environmental considerations, have to
be included as far as possible in the determination of efficient energy prices,
For example, if the building ot a new uydroelectric dam results in the
flooding of land that has reereational or agricultural value, or if urban
transportation prowth leaas 1o congestion aad air pollution, these costs
should be reflected in MOC (Scneca and Taussig, 1979). While such exter-
nality costs may, in ceriain cases, oe quite difficult to quantify, they may
alrcady be included (at least partially) on the supply side, in terms of
measures twken to avoid environmental degradation (c.g., the cost of poliu-
tion control equipment at an ojl refinery or coal-burning clectricity plan,,
or the cost of landscaping strip-mined land),

Estimation of environmental Osts is most probleniati~ in the case of
noncommercial or tradit;onal cicrgy sources such as woodfuel, where mar-
ginal opportunity costs could be based (when appropriate) on the exter-
nality costs of deforestation, erosion, loss of watershed, and so on. Other
mceasures of the economic value of traditional fuel would include the oppor-
tunity cost of Iabour required to collect woodfuel, or the cost savings from
displaced substitute fucls such as kerosene and LPG,
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ADJUSTMENTS TO EFFICIENT PRICES TO MEET OTHER
OBJECTIVES

Onceefficient energy prices have been determined, the second stage of pricing
must be carried out tomeet social, financial, political, and other constraints.

We note that efficient energy prices deviate from the prices calculated
on the basis of financial costs because shadow prices are used instead of
market prices. This is done to correct for distortions in the economy.
Therefore, the constraints that force further departires from efficient prices
(in the second stage of the pricing procedure) may also be considered as
distortions that impose their own shadow values on the calculation (Muna-
singhe and Warford, 1982).

Subsidized prices and lifeline rates

Socio-political or 2quity arguments are often advanced in favour of sub-
sidized prices or “lifeline” rates for energy, especially where the costs of
energy constmption are high relative 1o the incomes of poor houscholds.
Economic reasoning based on externality effects may also be used to sup-
port subsidics, for example, cheap kerosene to reduce excessive firewood
use and prevent deforestation, erosion, and so on. To prevent lcakages and
abuse of such subsidies, energy suppliers must act as discriminating
monopolists. Targeting specific consumer classes (for example, poor
houscholds) and limiting the cheap price only to a minimuni block of con-
sumption are casicst to achieve, in practice, for metered forms of energy
like gas or electricity. Other means of discrimination, such as rationing
and licensing, may also be required (Munasinghe, 1980b). All these com-
plex and interrelated issues require detailed analysis.

The concept ol a subsidized “social’” block or “lifeline” rate for low-
income consumers has another important rationale, based on the income
redistribution argument. We clariry this point with the aid of Figure 1.7,
which shows the respective demand curves for energy AB and GH of low
(I,) and average (I, ) income domestic users, the social tariff Ps over the
minimum consumption block O to Qmin and the efficient price level Pe.
All tariff levels are in domestic market prices. If the actual price P = Pe,
the average houschold will be consuming at the “optimal” level Q,,, but
the poor houschold will not be able to aftord the service.

If increased benefits accruing to the poor have a high social value, then,
although in nominal domestic prices the point A lics below Pe, the con-
sumer surplus portion ABF multiplied by an appropriate social weight
w could be greater than the shadow price of supply. The adoption of the
block tariff shown in Figure 1.7, consisting of the lifeline rate Ps, followed
by the full tariff Pe, helps capture the consumer surplus of the poor user
but does not affect the optimum consumption pattern of the average con-
sumer — for example, a minimum ration of cheap electricity or kerosene
to poor houscholds.



18 CRITERIA FOR ENERGY PRICING POLICY

In practice, the magnitude Qmin has to be carefully determined to avojd
subsidizing relatively well-off consumers; it should be based on accep-
table criteria for identifying “low-income”’ groups and rcasonable estimates
of their minimum consumption levels (c.g., sufficient to supply basic energy
requirements for the houschold). The level of P relative to the efficient
price may be determined on the basis of the poor consumer’s income level
relative to some critical income level. On the basis of a simplified model,
(Munasinghe, 1980b) it may be shown that: Ps=MOC [1, 7(critical
inncome or poverty line)]. The financial requirements of the cnergy sector
would also be considered in determining Ps and Qmin. This approach may
bereinforeed by an appropriate supply policy (e.g., subsidized house con-
nections for clectricity and special supply points for kerosene).

Financial viability

The financial constraints most often encountered relate to meeting the
revenue requirements of the sector and are often embodied in criteria
such as some target financial rate of return On assets or an acceptable
rate of contribution towards the future investment programme. In princi-
ple. for state-owned cnergy suppliers, the simplest solution would be to
set the price at the efficient level and to rely on governiment (o subsidize
losses or tax surpluses exceeding sector financial needs. In practice, some
measure of financial autonomy and self-sufficiency is an important goal
for the sector. Because of the premium that is placed on public funds,
a pricing policy that results in failure to achieve minimum financial targets
for continued operation of the sector would rarely be acceptable, The con-
verse and more typical case, where efficient pricing would result in finan-
cial surpluses well in exeess of traditional revenue targets, might be
politically unpopular, especially for an clectric utility. Therefore, in either
case, changes in revenues have to be achieved by adjusting the efficient
prices.

Itis intuitively clear that discriminating between the various consumer
categorics, so that the greatest divergence from the marginal opportunity
cost-based price occurs for the consumer group with the lowest price
elasticity of demand, and vice versa, will result in the smallest deviations
from the “optinal” levels of consumption consistent with a strict effi-
ciency pricing regime (Munasinghe and Schramm, 1983). In many coun-
tries the necessary data for the analysis of demand by consumer categories
is rarely available, so rule-of-thumb methods of determining the appropriate
tariff structure have to be adopted. However, if the encrgy subsector exhibits
increasing costs (i, if marginal costs arc greater than average costs), the
fiscal implications should be exploited to the full, Thus, for example, electric
power tariffs (especially in a developing country) constitute a practical
means of raising public revenues in a manner that is generally consistent
with the economic efficiency objective, ar least for the bulk of the con-
sumers who are not subsidized; at the same time they help supply basic
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energy needs to low-income groups. Similar arguments may be made in
the petroleum subsector, where high prices for gasoling, based on effi-
ciency, externality, and conservation arguments, may be used to cross-
subsidize the “poor man’s” fuel — kerosenc or dicsel used for transpor-
tation (Munasinghe, 1980b). However, a number of undesirable side-cffects
may follow, such as the practice of mixing gasoline with kerosene and the
substitution of dicsel for gasoline. The income distribution effects may
also be perverse, with the relatively wealthy diverting cheap kerosene or
diesel for usc in vehicles or in industry.

Other considerations

There are scveral additional economic, political, and social considerations
that may be adequate justification for departing from a strict efficient
pricing policy. The decision to provide commercial energy like kerosene
or electricity in a remote rural arca (which often also entails subsidies
because the beneficiaries are not able to pay the full price based on high
unit costs) couid be made on completely noneconomic grounds (e.g., for
gencral socio-political reasons such as maintaining a viable regional
industrial or agricultural base, stemming rural to urban migration, or
alleviating local political discontent). Similarly, uniform nationwide energy
prices are a political necessity in many countries, although this policy may,
for example, imply subsidization of consumers in remote rural areas (where
cnergy transport costs are highy by energy users in urban centres, How-
ever, the full economic bencefits of such a course of action may be much
greater than the apparent efficiency costs that arise from any divergence
between actual and efficient price levels. Again this possibility is likely
to be much more significant in a developing country than in a developed
one, not only because of the high cost of encrgy relative to incomes in
the former, but alse because the available administrative or fiscal machinery
to redistribute incomes (or to achieve regional or industrial development
objectives by other means) is frequently ineffective.

The conservaiiun objective (to reduce dependence on imported energy,
improve the trade balance, and so on) usually runs counter to subsidy
arguments (sce also Chapter 3, by Newbery). Therefore, it may be necessary
to restrict cheap energy to productive economic sectors that need to be
strengthened, while in the case of the basic energy needs of houscholds,
the energy price could be sharply increased for consumption beyond
appropriate minimium levels. In other cases, conservation and subsidized
energy prices may be consistent. For example, cheap kerosene might be
required, especially in rural areas, to reduce excessive woodfuel consump-
tion and thus prevent deforestation and erosion.

It is particularly difficult to raise prices to anvwhere near the efficient
levels where low incomes and a tradition of subsidized energy have increased
consumer resistance. In practice, price changes have to be gradual, in view
of the costs that may be imposed on those who have already incurred expen-
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ditures on cenergy using equipment and made other decisions, while expect-
ing little or no change in traditional cnergy pricing policies. At the same
time, a steady price rise will prepare consumers for high future cnergy prices.
The cfficiency costs of a gradual price increase can be seen as an implicit
but nor casily quantifiable shadow value placed on the social benefits that
result from this policy.

Finally, owing to the practical difficulties of metering, price discrimina-
tion, and billing, and the need to avoid confusing consumers, the pricing
structure may have (o be simplified. Thus, the number of customer cat-
cgorics, rating periods, consumption blocks, and so on, will have to be
limited, Electricity and gas offer the greatest possibilities for structuring,
The degree of sophistication of metering depengds. among other things,
on the net benefits of metering and on problems of installation and
maintenance, In general, various forms of peak clectricity pricing (i.c.,
using maximum demand or time-of-day metering) would be particularly
applicable 1o large- and medium-sized commercial consumers as well as
high-voltage industrial consumers. However, for very poor consumers
receiving a subsidized rate for electricity, a simple current limiting device
may suffice, because the cost of even simple kW, metering may exceed
the net benefits (which equal the savings in supply costs due to reduced
consumption, less the decrease in consurnption benefits). For clectricity
or gas, different charges for various consumption blocks may be effectively
applied with conventional metering. However, for liquid fuels like kerosene,
subsidized or discriminalory pricing would usually require schemes involv-
ing rationing and coupons and could lead 1o leakage and abuses,

RECENT EXPERIENCE IN ASIA AND THE PACIFIC

In this section we exaniine representative examples of recent energy prices
prevailing in developing countries in Asia and the Pacific. Particular
emphasis is given to clectricity and petroleum product prices because the
complexities of price structuring are greatest in these two cnergy subsectors,

Power tarifts used by atilitics, which have borrowed from the Asian
Developnent Bank, have been converted into US cents at the official
exchange rate and are summarized in Table 1.]. Bearing in mind the over-
valuation of Jocal currency and other conversjon problems, caution js
required in intcrprcting the data.

Table 1.1 shows that in 1982 the average tariff ranged from 2.51¢/kilo-
watt hour (kWh) in Afghanistan to 25.40¢/kWh in the Solomon Islands,
Five utilities charged less than 5¢/kWh, while for five others the average
rate was above 12¢/kWh, Several factors such as the generation plant mix,
government policies on subsidizing fuel prices, rural clectrification and
industrial promotion, and the financia objectives of the utilities are impor-
tant in explaining the variation in the level and structure of tariffs in dijf-
ferent Asian and Pacific developing countrics,
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The table shows that 21 utilities out of 26 had demand and energy
charges; 16 utilities had a lifeline rate; 9 employed fuel cost adjustment
clauses; and only 7 used time-o[-day pricing — generally, for large industrial
and commercial consumers. The use of time-of-use tariffs will probably
increase in the future as more of the utilities undertake tariff studies based
on marginal coc's and implement the results. In recent years such studies
have been undertaken in a number of Asian and Pacific countries, including
Bangladesh, Burma, Indoncsia, Republic of Korea, Pakistan, Papua New
Guinea, the Philippines, Sri Lanka, and Thailarnd. As a result of these
studies, Indonesia, Republic of Korea, Pakistan, and Sri Lanka have already
changed their tariffs to reflcct marginal costs, and both Bangladesh and
Burma aic in the process of doing so. Modifications in the electricity price
structures of other countries have also been influenced by such studies.

Relative price changes of petroleum products since 1973 are given in
Table 1.2. These fuels are used predominantly in the transport, industrial,
commercial, and houschold sectors. The comparable price indices for Saudi
Arabian marker (light crude) ex-Ras Tanura were: 1973 =100, 1977=459,
1979=639, 1981 =1,185.

With the exception of the Philippines, increases in prices were well below
internitional oil price changes. The biggest increases were generally in bun-
ker prices. Kerosene prices shot up, especially after the second oil crisis
(1979-80), as governments were no longer able to protect the rural and
poorer groups by subsidizing oil imports and providing cross-subsidics
from gasoline uscrs.

Domestic pricing policies niust be responsive to a multiplicity of national
policy objectives. The economic efficiency criterion provides a convenient
starting point to cstablish rational and practical energy prices. It also pro-
vides a basis for making domestic prices more responsive to international
energy price changes, so as to maximize the benefits and minimize shocks
to national cconomies. The general principle is to follow long-run world
energy price changes, and adjust local prices so as to influence or man-
age the domestic fuel mix to take advantage of absolute and relative inter-
national energy price shifts. Thisimplies that short-term world fluctuations
are not a good guide for domestic energy price setting. At the same time,
careful analysis must be carried out by experts to attempt to forecast future
international pricc movements on the basis of the most recent data and
cstablish natural pricing policies as robust as possible in the face of
uncertainiies.

ENERGY CONSERVATION AND PRICING

Using both price and nonprice tools, demand management techniques help
establish economically efficient or optimal patterns and levels of energy
consumption. This may involve reducing the consumption of some forms
of energy and increasing the use of others that are cheaper or more suitable.
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Energy conservation is an important element of demand management and
involves measures that specifically seek a deliberate reduction in the use
of energy below some leve] that would otherwise prevail. Such reduction
involves elimination of outright waste, reduction of cnergy-using activity,
substituticn of one form of energy for another, or substitution of other
productive factors like capital and labour for energy.

A recent estimate (World Bank, 1983) indicates that by 1990, the deveiop-
ing countries can save more than 4 million barrels (bbly/day oil equivalent
or about 15 percent of total commercia; energy consumption if effective
conservation policies are adopted in the four key sectors outlined, although
this will not be easy. Thus, inappropriate pricing of energy resources is
not the only reason for inefficient cnergy conservation decisions. In many
developing countries the lack of foreign exchange resources forces govern-
ment to niaintain strict import controls. Thus, it is often impossible for
large energy users to import new, more energy-cfficient equipment to replace
that in existence, even though they are usually able to secure their share
of high-cost imported fuel supplies to keep their existing fuel-inefficient
equipment operating. In countries in which fuel prices are subsidized at
the same time, there is little incentive for such equipment owners to press
for appropriate changes in import policies.

Conservation economics

Some conservation is achieved simply by reducing or eliminating certain
energy-using activities. Higher energy prices enhance these trends, Forgoing
Sunday pleasure driving, using a lower thermostat setting and shutting
off appliances and lighting fixtures when not directly needed are typical
examples. Other conservation measures may require substitution vy either
capital or labour, Examples are reusing heat in industrial processing, energy-
saving reductions in the weight of vehicles by better engineering or ligh-
ter materials, or the use of improved insulation,

Pricing policy also plays an important role in the substitution of some
form of costly, or Scarce, energy resource by another that is more readily

use of coal instead of fuel ojl in heat processes, the use of natural gas
instead of petroleum products for power plants where gas is plentiful com-
pared with oil, or the use of gasohol instead of petrol for transport. In
a physical sense (as measured by British Thermal Units (Btu) consumed),
such substitution may not “save” cnergy, In an economic sense, however,
such substiiution may be quite sensible, given the economic scarcity values
of the alternative fuels,

The pursuit of cnergy conservation as a goal raises the issue of up to
what point the reduction of energy consumption is socially beneficial or
desirable. Common sense indicates that “wastefu]” energy use should be
discouraged, but there is a limit beyond which conservation becomes too
costly in terms of forgoing other resources or useful outputs, thereby caus-
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ing more harm than good. The principal objective of a given ,.licy should
be the maximization of the welfare of a society over time.

In simple terms, the adoption of a given conscrvation measure is
economically justified © dB >dC1+dC2; where dB, dCl,and dC2 are the
economic values of marginal energy-saving benefits, marginal additional
input costs, and marginal reductions in consumption benefits, respectively.

This condition should bz achieved over thc life expectancy of the activity,
implying one of expected lifetime costs, not just currently prevailing cost
relationships. For example, if energy costs are expected to increase relative
to other input costs or the value of output over time, greater substitution
by nonenergy inputs (i.c., higher lcvels of energy conservation) is called
for. If we introduce the time element the conservation criterion becomes:

T T
Y, bt/(1+ry > ¥ (clt+c2t)/(1+r)
t=0 t=0

where bt, ¢lt, and c2t are the respective annual energy savings, additional
input costs, and losses in consumption benefits in year t, and r is the dis-
count rate, all defined in ternis of appropriate shadow prices.

CASE STUDY: CO-ORDINATED USE OF PRICING
AND RELATED TOOLS FOR ENERGY CONSERVATION

In the following case study, let us consider a particular end use for energy,
such as home lighting, and assume there is a choice of two distinct types
of light bulbs, incandescent and fluorescent (Munasinghe and Schramm,
1983). For simplicity, we begin by assuming that both have the same
economic cost, same lifetime, and provide light output of the same quality.
If the fluorescent bulb uses less electrical energy than the incandescent
ong, then replacing the latter by the former is a conservation measure that
results in an unambiguous improvement in eccnomic as well as technical
efficiency. In this casc, using a fluorescent bulb instead of an incandes-
cent lamp reduces the economic resources expended to provide the desired
output, i.e, lighting. Electrical energy has been conserved, with no change
in other economic: costs and benefits.

Next, assume that the fluorescent bulb is more costly to install. There
is a trade-off betwuen the higher capital cost of the fluorescent lamp and
the greater consumption of kWh by the incandescent bulb. The relevant
data to determine whether substitution of incandescent by fluorescent bulbs
is economically justified are summarized in Table 1.5. At this stage we
distinguish between the economic value (or opportunity cost or shadow
price, as discussed earlier) of a good or service and its market price. The
foriner is relevant to decision making from a national perspeciive and the
latter is more appropriate from a consumer’s viewpoint.

The national cost (bascd on economic values) of using the incandescent
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and fluorescent bulbs over their two-year lifetimes are respectively:

ECI=10.5+16+16/(1+r) 1)
ECF=32+4.4+4.4/(1+r) (2)

Assuming an economic discount rate of r=0.1, we find
ECI=41.0>ECF=40.4.

We have compared the energy cost saving of (16 - 4.4)=11.6 dineros per
year for two years against the increase in capital costs (32-10.5)=21.5
dineros. We find that (l6—4.4)+(l6-4.4)/(l +1)>(32-10.5). Therefore,
using fluorescent light bulbs, with their associated reduction in energy con-
sumption, will improve economic as well as technical efficiency.

Note, however, that if we use r=0.2, EC1=39.8 <ECF=40.1, the con-
servation measure is no longer beneficial. This reduction in the rzlative value
of conservation will always occur with increases in the discount rate, because
increases in initial investment costs are traded off against the tuture cost
savings realized by conservation, This finding has important policy implica-
tions. Energy users who confront high opportunity costs of capital (e.g.,
those in many developing countries) will find costly capital-intensive energy
conservation measures relatively less attractive than users who have access
to low-cost sources of capital. This means that economically “optimal”
conservation measures may differ significantly among different countries,

Market imperfections and private consumers

So far the analysis has been based on the national viewpoint, using values
for all inputs and outputs (including those for energy) reflecting cconormnic
opportunity or shadow costs. However, market prices may differ from
shadow values because market imperfections, particularly in the pricing
and availability of cnergy, abound in most countries,

To illustrate the effects of these divergencies, let us return to the simple
light-bulb example. The private costs (based on market prices) of using
incandescent or fluorescent lighting, respectively, are as follows:

PCI=18+12+12/(1+R)
PCF=36+3.3+3.3/(1 +R)

At adiscount rate of R=0.] (e.g., the market interest rate based on private
bank rates): PCI=40.9 < PCF=42.3. This means that a rational consumer
would prefer to use incandescent light bulbs, because this is the cheaper

diverge from real economic costs, consumers would make cconomically
inefficient energy-use decisions.

Policy interactions

In addition to appropriate pricing, there is a wide variety of direct and
indirect policy measures that can be taken to bring about desirable levels
of energy conservation. Among them are direct regulation of energy uses,
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regulation of the use of energy-consuming equipment and appliances, man-
datory standards, mandatory information requirements about energy con-
sumption rates, taxes and subsidies, appropriate infrastructure investments
for energy-saving facilities (e.g., better roads, railroads, marine shipping
facilities), propaganda, and others.

To analyse some of the effects of such conservation-oriented policies,
let us first return to the light-bulb example. As we have found, existing
market prices have made it more attractive for users to opt for the incandes-
cent light-bulb system. To resolve this difference between optimal econormic
and private market choices, the first option policymakers might consider
could be to raise the market price of electricity from 0.3 dineros per kWh
to its economic value of 0.4 dineros per kWh. We now have: PCI =
48.5>PCF=44.4, and rational electricity consumers will make the cor-
rect decision in favour of fluorescent lighting. In addition, setting the clec-
tricity price equal to its marginal opportunity costs will also establish
electricity consumption for nonlighting purposes at optimal levels.

Suppose that public resistance or other social pressure makes it impossi-
ble to raise electricity prices. Let the economic value of an incandescent
bulb be its cost of production or pr~ducer price, while the imposition of
a government tax of 7.5 dineros determines the market price. Similarly,
assume that an import duty of 4.0 dineros represents the difference in the
c.i.f. import cost (32 dineros) and the market price of fluorescent bulbs.
Instead of raising electricity prices, an alternative policy option might be
to raise the tax on incandescent light bulbs to 9.5 dineros, making the
market price 20 dineros. In this case, PCI=42.9>PCF=42.3, which
encourages the desirable consumer decision. Reducing the duty on fluores-
cent bulbs to 2 dineros and lowering the retail price to 34 dineros would
aiso yield a favourable result, since now: PC1=40.9>PCF=40.3.

Some combination of the tax increase and lowering of duty could also
be used. From a strictly economic viewpoint and ignoring effects outside
the light-bulb market, reducing the import duty would be preferable to
raising the producer tax because the former action reduces the divergence
between the market price and the economic opportunity cost of fluores-
cent bulbs, whereas the latter has the opposite effect and increases the
market distortion in the price of incandescent light bulbs.

Next, assume that the tax on incandescent light bulbs cannot beincreased
because the legislation affects a much larger class of related products. Simi-
larly, suppose that theimport duty on fluorescent bulbs cannot be reduced
because it would undercut the price of ahigh-cost local producerand drivehim
out of business. In thisinstance, some final options left to the energy policy-
maker might be to legislate that all incandescent light bulbs be replaced by
fluorescent ones, or to give adirect cash subsidy to consumers whoadopt the
measure, or to mount amajor public education and propagandacampaign
tobringabout therequired change (Peck and Doering, 1976; Walker, 1980).
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Complications

If the useful lifetimes of technological alternatives are different, then
economic comparisons become somewhat more complicated. This would
be the case in our earljer example if the lifetime of incandescent bulbs
were to be only one year, while that of fluorescent lamps might be three
years. Two alternative approaches could be used to overcome this diffi-
culty. In the first, the investment costs of each alternative would have to
be annuitized over its lifetime at the appropriate discount rate and the
associated energy consumption and other recurrent costs for one year would
be added. Then the total costs for each option would be compared. The
second method would compare the full costs of cach alternative over a
much longer period, say 20 years, including the costs of periodic replace-
ment of worn-out equipment. The two methods should give consistent
results, assuming the same values are used for parameters such as the dis-
count rate.

Another difficulty associated with changes in the benefits of consump-
tion arises if either the quality or the end product of energy use is dijf-
ferent for the two alternatives. Consider a comparison of clectric versus
kerosene lamps for lighting. In addition to the differences in equipment
and fuel costs, the cost-benefit assessment of the two options should also
include a term to recognize that electricity is likely to provide lighting of
a superior quality. While the quantification, in monetary terms, of this
qualitative superiority will be difficult, one measure might be the will-
ingness of the consumers to pay for the different forms of lighting, usually
represented by the area under the relevant demand curve,

Specific conservation measures such as rationing have a quality effect
that must be taken into account. For example, with the physical rationing

in the miles he can travel in his car must be added to the cost of
implementing the rationing scheme and then compared with the benefits
of reduced petrol supply. Once again, the willingness to pay of petrol users
would be the appropriate measure of the forgone consumption benefit.
However, in the long run, petrol consumption could also be reduced by
the introduction of a more fuel-efficient car engine without (perhaps)
requiring a reduction in the miles travelled. This shows that a reduction
in energy consumption does not always imply a reduction in consump-
tion benefits; a major focus of the appropriateness of conservation policies
should be the service derjved from the energy use.

Finally, the costs and benefits associated with externalities should be
included in the economic cost-benefit comparison of alternatives. For exam-
ple, improvements in technical efficiency or fuel substitution measures may
give rise to pollution, as in the case of conversions from oil-burning to
coal-fired electric power plants. These additional “external” costs should
be explicitly evaluated in the analysis.
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Table 1.1 Magnitudes and types of tariffs, 1982

Country
or arca

Afghanistan

Bungladesh

Burma

Fiji

Hang Kong

Hong Kong

Indonesia

Lao People’s Democratic
Republic

Malaysia

Malaysia

Nepal

Pakistan

Pakistan

Papua New Guinea

Philippines

Philippines

Republic of Korea

Samoa

Singapore

Solomon Islands

Sri T anka

Taiwan (Province of the

People'’s Republic of China)

Thailand
Thailand
Thailand
Victnam

Utility

DABNM
BPDB
EPC
FEA
cLp
HEH
PLN

EDL
NEB
SESCO
NEC
KESC
WAPDS
ELCOM
MIRALCO
NPC
KEPCO
EPC
PUB
SIEA
CEB

TAIPOWER
FGAT

MEA

PEA

pC2

Average
tariff rare
USce/kivh

2.51
5.5
162
14.83
8.10
9.70
7.70

1.14
9.582
12.07
S0
7.90
1.3
15.22
6.79
5.62
8.75
13.00
8.93
2540
6.19

6.90
6.26
7.13
7.04
840

Life-

line

rate
y
v
v

KW and  Time-of-

AkWh
charges

day
pricing

v

Y

Fuel cost
adjustment
clause

Source: Munasinghe and Rungta (1984).

’

=Yes



32 CRITERIA FOR ENERGY PRICING POLICY

Table 1.2 Asian developing countries: index of retail product price changes,
1973-81 (1973=100)

Motor gas Bunker C
Year (Regular) Kerosene Suel oil
Burma, Rangoon 1975 173 154 263
1977 94 140 210
1979 104 154 211
1981 97 144 N.A.
India, New Dethi 1975 225 174 268
1977 200 178 310
1979 m 228 559
1981 156 244 632
Indonesia, Jakarta 1975 139 139 254
1977 171 156 295
1979 163 143 N.A.
1981 243 219 401
Pakistan, 1slamabad 1975 174 199 174
1977 213 186 212
1978 226 204 251
1981 376 629 448
Philippines, Manila 1975 361 312 350
1977 471 338 404
1979 589 438 406
1981 1,306 869 451
Republic of Korea, Seoul 1975 116 110 213
1977 141 81 177
1979 203 103 259
1980 252 144 365
Singapore 1975 118 50 259
1977 122 57 260
1979 147 113 268
1981 194 155 620
Sri Lanka, Colombo 1975 213 266 315
1977 205 229 568
1979 212 103 350
1981 900 512 756
Thailand, Bangkok 1975 164 125 225
1977 188 139 250
1979 354 217 448
1981 546 317 694

Source: Siddayao (1983).

Table 1.3 Physical and economic data to assess the economic efficiency of
energy conservation for lighting

Incandescent  Fluorescent

bulb bulb

Economic value (opportunity cost) 10.5 32
Installation cost (dineros)

Market price 18 36
Physical energy consumption 40 11
(kWh per year during 2-year lifetime;
Value of energy Economic value
consumption (dineros per (marginal OpEortullity cost)d 16 4.4
year during 2-year lifetime  Market price 12 33

 Dinerc s 0.4 per kWh,
Y Dineros 0.3 per kWh.
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Chapter 2

SOCIO-ECONOMIC GOALS IN
ENERGY PRICING POLICY: A
FRAMEWORK FOR ANALYSIS

Manmohan S. Kumar

INTRODUCTION

This chapter develops a framework for analysing the role energy pricing
policy can play in serving socio-economic goals in the developing coun-
tries of Asia. A number of goals rclating to cconomic growth, industrializa-
tion, inflation, employment, and equity can be affected by encrgy pricing.
‘The chapter emphasizes the interdependence between these goals and the
importance of taking into account the diverse implications of any par-
ticular pricing strategy. There are, of course, a number of other powerful
instruments at the disposal of governments to attain the goals. At the same
time, the pricing policy is also subject to constraints relating to the cost
of energy, financing requirements, and the availability of foreign exchange.
One of the main objectives of this chapter will be to examine whether the
goals, subject to the constraints, could be significantly promoted by manag-
ing prices of cnergy as a whole, and of differcnt iypes of fuels.

This chapter is divided into seven sections. The first scction bricfly
discusses the salient features of the energy sector and the ecconomices of
developing countrics in Asia and the relevance of these features to the pric-
ing strategy. The subsequent sections examine: the role of cost factors in
pricing energy; the extent to which this has to be medified to take into
account equity considerations; how employment opportunities might be
atfected by pursuing particular policies, and the possibilitics of substitu-
tion between energy and other factors of production; the implications of
pricing for other goals such as growth, industrialization, and trade com-
petitiveness; some issues specifically relating to pricing of energy, in par-
ticular electricity and traditiona! fuels in rural arcas; and the role of
information and education in supplementing any price Stiategy.
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ENERGY AND THE ECONOMY

In discussing issues of energy pricing, it is common to use, for reference,
pricing strategies based on competitive market models and to apply the
standard welfare framework to the analysis. It is increasingly recognized,
however, that the energy situation in a given cconomy or region and the
structure of production and trade should be the major determinants of
prices. We briefly note below some well-known features of the cnergy
scctor and of the economices of some developing countries in Asia. In
view of the vast diversity in the continent, there are few generalizations
which can be valid. However, there are certain features which apply to
a substantial number of the countries, and these are the ones which are
emphasized.

The energy sector

During the last decade there has been a sharp increasc in the indigenous
production of commercial fuels in many developing countries in Asia.
Despite this and the fact that the increase has often been greater than
the increasce in consumption, most countries still rely on energy imports,
some very heavily so. Further, although a substantial proportion of
indigenous production consists of liquid fuels, these are very unevenly
distributed. Thesc fuels, however, account for a high proportion of con-
sumption in most countrics, necessitating substantial imports. In terms
of the sectoral share of commercial energy consumption, industry and
transport each account for around 40 percent, with agriculture and
houscholds consuming the rest. Industry and transport differ significantly,
however, in the type of fuel, with the latter relying overwhelmingly on
liquid fuels.

Another feature of the energy sector is the substantial reliance by these
countries on the so-called “noncommercial” fuels including firewood and
crop and animal residues. These are in reality traded in the market place,
although the markets for them are local or regional. As a proportion of
enecrgy from commercial sources, these fuels on average account for more
than 50 percent. If animate energy is also included, they contribute up
to 50 percent of total final energy consumption. There are, however, very
significant differences across countries with the proportion of noncom-
mercial to commercial energy consumption being less than 1 percent for
Hong Kong and Singapore, to more than 100 percent for Burma, Sri Lanka,
and Indonesia.

There are two other aspects of the cnergy scene which are worth noting:
(1) the high elasticity of commercial cnergy demand with respeci io
economic growth, and (2) the increasing substitution of commercial fuels
for noncommercial fuels. While the clasticity coefficient varies from coun-
try to country and depends critically on the time period and methodology
chosen, it is generally in the region of 1.5 to 2.0. The reason for such a
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high value lies partly in the changing structure of the economies so that,
with growth and development, the importance of energy-intensive industry
and transport increases more than proportionately; partly, the reason lies
in the substitution itself of commercial forms of energy for noncommer-
cial forms as incomes increase. Both thesc reasons suggest that the future
demand for commercial energy may turn out to be considerably greater
than the current projections suggest (see World Bank, 1980, for some
estimates of this).

The economy

The “stylized” facts about the structure of the economies of Asia hardly
need emphasizing. While there is again enormous heterogeneity, a few com-
mon salient features which impinge directly on energy pricing are noted
below. The first is the low per capita income of the countries. Develop-
ment over the past three decades has led to considerable increases in
aggregate real income but not to any dramatic changes in per capita
incomes. In the face of this, the governments’ concern that energy con-
sumption should not impose any additional burden on the poorest peo-
ple appears quite natural. The concern over the second feature, the high
rates of inflation, is also understandable. In most countries inflation
accelerated sharply during the past decade, and it is still on average more
than 10 percent. The third feature is the role of agriculture in the sconomy.
There has been a considerable increase in industrialization in these coun-
tries, but industry still accounts for a small proportion of the GDP. More
importantly, the proportion of population employed in agriculture is still
extremely high.

Another important feature is that while the growth in exports has been
rapid, the propensity to import has more than kept pace with this, with
the result that there ace significant, and growing, problems with the
availability of foreign exchange.! The fact, which is of relevance here,
is that in recent years fuel imports have accounted for as much as a third
of total merchandise imports, and almost half of merchandise export
earnings. While the demand for petrolenm, the main imported fuel, in
the absence of any marked break in the trend, is likely to continue increas-
ing, the prospects for increasing exports are limited. With the decelera-
tion of growth in industrialized countries, and the Asian countries
increasingly producing products which compete directly with those pro-
duced by the former, there are already difficulties in earning sufficient
foreign exchange. It would hardly be an exaggeration to say that the
availability of foreign exchange ‘5 the main factor constraining the fur-
ther development of the economies. It will be argued here that any energy
pricing strategy must keep this factor at the forefront if it is to make
a contribution to socio-economic goals in anything other than the very
short run.
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COST OF ENERGY

Suppose initially that in setting prices of different types of fuels there were
no considerations other than those relating to the costs of producing them.
What prices ought to be set in that case? Even in this situation, it is argued
that there is no simple rule that can be followed. This section examines
the appropriateness of marginal cost pricing and the necessity of depar-
tures from this rule.

Marginal cost pricing

One criterion for pricing might be on the basis of marginal cost. These
are the money outlays on factors of production required to increase out-
put marginally. It is easy to sez why this might be an attractive criterion.
For satisfying optimum welfare conditions, it is required that additional
consumption of a good or service should be possible at a price not greater
than the additional costs necessarily incurred in producing it. The mar-
ginal cost rule distinguishes between “current” and “past’ opportunity
costs. It is based on the premise that once sacrifices necessary to create
a durable and specific asset have been made, no further opportunity costs
are incurred by its later use. Thus, because the opportunity costs have been
borne in the past, no account should be taken of them in deciding current
prices. This rule is derived from the criterion which stems from the
analytical model of a perfectly competitive market cconomy. It is a prop-
erty of the long-run equilibrium of the model that, given the distribution
of income between consumers, no transfer of factors between users could
increase the utility of one consumer without reducing that of another. The
optimura conditions for welfare are fulfilled by the model. For the com-
petitive firm it is an incidental property of the long-run equilibrium that
marginal cost=average cost=price of product.

A problem which arises immediately is that the energy sector is dominated
by public enterprises, which are far from perfectly competitive, Whether
these are enterprises supplying coal, oil, gas, or electricity, or are refining
petroleum products, a significant part of their factors of production are
not perfectly divisible; they can be obtained only in large indivisible physical
units, and in a durable and specific form. Further, the technically effi-
cient production unit is large relative to the possible size of the market,
and the enterprises have considerable monopoly power protected by law.
In such circumstances there may b no price equal to both marginal and
average cost. Pricing at marginal cost would lead to losses, and the enter-
prises would need subsidizing. It is worth noting that the problem of deficits
need not arise only in the case of decreasing costs where the revenue yielded
by marginal cost pricing will fall short of the total costs of the firm. For
example, in practice, revenue requirements of the enterprises are often based
on historic cost accounting, rather than on replacement costs.

It is possible that in certain cases marginal cost pricing might appear
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more appropriate than any other rule. For example, in the case of elec-
tricity supply, if new consumers are connected to the system, or if existing
consumers increase their consumption during the system’s peak, additions
to generating and network capacity may be required. In this case it might
be regarded appropriate that prices should equal (long-run) marginal costs
so that these consumers alor e bear the additional resource costs (see Turvey
and Anderson, 1977). However, in general (short-run) marginal cost pric-
ing would lead to losses which would nced financing,.

Before considering where the subsidies are to come from, it is useful
to note that departures from perfect competition in one sector of the
economy have implications for pricing in other sectors. Once onc of the
cfficiency conditions are violated, the other general efficiency conditions
are no longer desirable.? So even if marginal cost pricing were accepted
as the appropriate criterion, if one fuel — say, kerosene — was priced below
marginal cost, it would no longer be desirable from a welfare perspective,
to pricc—say, coal—at marginal cost.

The financing of deficits

The carliest suggestion as to how the losses were to be financed focused
on the usc of particular types of taxes.? It may be argued, for example,
that income taxes do not violate welfare criteria since they affect only the
distribution and not the size of the national income. If such taxes were
used and prices of public enterprises were equated with marginal cost,
the optimum welfare conditions could be achieved. It has been recognized
for a long time, however, that income taxes would themselves affect the
marginal welfare conditions directly. More fundamentally, the welfare
“ideal” relates to a given distribution of income, and that distribution
must be altered by the proposed taxes. (An alternative might be to tax
consumers of prodncts in proportion to their consumption, but this is effec-
tively a return to average cost pricing.) Marginal cost pricing, therefore,
entails income redistribution from nonconsumers to consumers of public
enterprise products. The justification for an interpersonal comparison of
this kind is examined below.

It is also well recognized that the multipart tariff (c.g., in the case of
electricity supply), which was intended to avoid losscs, does not solve the
problem cither, because it requires that the fixed and the variable costs
be imputed to individual consumers which, in reality, is not possible. In
this casc again the decision taken about the prices to be charged must
involve a value judgement about the distribution of income.

The problem of financing the deficits may also be portrayed as adding
an additional constraint on optimal resource allocation (see Baumol and
Bradford, 1970). This requires that the price deviate systematically from
marginal cost. A standard result is that, for cach product, the percentage
deviation of the price from marginal cost must be inversely proportional
to its price elasticity of demand. The rationale for this rule is: the damage
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to welfare resulting from departures from marginal cost pricing will be
minimized if the reiatjve quantities of the various goods sold are kept
unchanged from their marginal cost pricing proportions. It is quite diffi-
cult in practice to design a pricing structure which can ensure this. More
fundamentally, this procedure continues to assume a perfectly competitive
market economy and, hence, it is again open to the sort of objections
previously noted (see also Siddayao, Chapter 6, of this took).

This brief discussion of the issues relating prices to marginal cost
indicates the complexity of the situation and shows that one cannot get
away from distributional consequences. This is particularly important since
the government may want to affect distribution. In this context it is also
worth noting Wiseman’s remarks nade more than a quarter of a century
ago: “It would therefore appear that failing some universally acceptable
theory of the public econony by reference to which policy could be decided,
economists would find their efforts better rewarded if they ceased to seek
after general pricing rules and devoted attention to the examinations of
the policies actually adopted by governments, in order to discover their
effects and make clear . . . the nature and conscquences of the policies
actually being pursued” (Wiseman, 1957).

PRICING AND EQUITY

After nearly two decades of impressive economic growth in most Asian
countries, it becamc clear that the benefits of growth were not being shared
by all sections of the society.* This has led to a major reformulation of
the strategy for development with direct emphasis being placed on meeting
the basic needs of the poor, even though this may not directly lead to high
economic growth.5 It is in this context that the goal of equity can be seen
clearly. Governments have been concerned that the sharp increase in the
price of oil products and the associat=d increases in substitute fuels should
not impose too great a burden on the poor.

There are a number of different ways in which changes in fuel prices
would affect household income: (1) directly, whereby there would be a
change in real income (the real purchasing power for buying other goods
would be changed); (2) through changes in the cost of consumption goods
which directly or otherwise use energy as an input (in practice, nearly all
goods); and (3) through indirect effects which alter aggregate income, the
foreign exchange constraint, inflation, employment opportunities, and so
on.

The essence of the equity concern s that the adverse effect on the poorer
households of increases in energy prices should be minimized. Invariably
the focus has been on the direct effect of fuel price increase on household
budget, and we consider this first. The magnitude of this effect depends
on the expenditure on fuel as a proportion of total expenditure and the
elasticity of substitution between different fuels. Since prices of some fuels
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will increase more than others, a high elasticity of substitution may pre-
vent too great an increase in the burden.

While the governments have becn concerncd wirh preventing toc sharp
an increase in the burden or the poorer consumers, this has cften been
interpreted in terms of measures concerned with relative incon® . distribu-
tion, ratherthan with the cffect on absolute real income. It is quite possi-
ble for the former to show only a marginal change bui for the latter to
change dramatically. It is not immediately obvious that in analysing the
direct effect on equity of fuel price changes, one should be concerned with
relative distribution rather than with the absolute concept. If fuels arc sub-
sidized, equity is, of course, also affected by the way the resultant losses
are financed. If they are financed by increases in taxes, the type and
incidence of taxes arc important. If they are financed by increasing credit
or borrowing, the indirect repercussion of this on the poorer people should
also be taken into account. These issues are noted below, where we con-
sider the different types of fuels used by different consumers and the total
expenditure on them, the relative and absolute measures of income distribu-
tion, the effect of different modes of financing deficits on equity, and,
lastly, the effect of changes in income distribution itself on the demand
for cnergy.

Expenditure on fuel

In the household sector, energy is used largely for cooking and lighting
(although in certain areas heating and cooling would also be important).
There are distinct differences in the urban and rural areas. In the former,
electricity is used for lighting, and a range of different fucls including natu-
ral gas, electricity, and kerosene are used for cooking. In the rural areas
in most cauntries, although there has been a considerable increase in the
provision of electricity, kerosene is probably still the most important fuel
for lighting. For cooking, there is a preponderant reliance on the non-
commercial fuels, especially firewood and animal residues (sce Satsangi
and Gautam, 1983). Although these fuels are commercially traded, the
market for them is usually local, and the government cannot exercise any
direct influence on their price. Therefore, the direct equity concern would
be reflected mainly in the pricing of kerosene and of clectricity. While
the analysis here is applicable to both urban and rure! areas, the pricing
of electricity and firewood prices raises a number of aduitional issucs which
are examined in the “Energy Pricing in Rural Areas” section of this chapter.

There are two types of sources which provide information on the dircct
expenditure on fuel by different income houscholds: the household expen-
diture surveys which are carried out more or less regularly by government
agencies in several of the countries, and some questionnaires and specific
surveys carried out by individual researchers. Not surprisingly, the former
shows that the expenditure on heating and lighting by the low-income
groups is considerably higher than for higher-income groups, and that
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it has been increasing over time, For example, in the case of India the
National Sample Survey shows that in 1973-74 in rural areas the expen-
diture on fuel and light as a proportion of total expenditure varied from
around 9 percent for the lowest three expenditure classes to around 4 per-
cent for the top three classes (sce Bhatia, Chapter 5, of this book). As
a proportion of nonfood expenditure, fuel and light claimed more than
50 pereent for the lowest three classes and only around 10 percent for the
top three. The situation in the urban arcas was similar. Although no
systematic recent data are available, it appears that there has been a sharp
increase, rising to more than 20 pereent, in the proportion of total expen-
diture on fuel and light by the poorest people (see Satsangi and Gautam,
1983). The findings by individual researchers are equally disturbing. For
example, Eckholm (1980), after an extensive survey, noted that with the
sharp increase in kerosene prices in most countries, the prices of firewood
also increased dramatically so that “some manual labourers had to spend
nearly a quarter of their total income on firewood” (p. 64). A number
of other field studies undertaken in receny years reach similar conclusions
(see Smil and Knowland, 1980). Although these studies arc not substitutes
for the country-wide surveys carried out using stratified samples by the
national agencics, they are invaluable in highlighting the effect on the
poorest consumers. As such, more resources should be devoted to them
to obtain further detailed information on the cconomic welfare of these
groups of individuals.

Budget constraint and income distribution

It is worth noting in this context that in the standard analysis of the budget
constraint facing the consumer, there is a preponderant emphasis on con-
sumer preferences: buy preferences assume a degree ofsubstitutability. For
example, with a linear budget constraint and expenditurey, the following
has to be satisfied:

y= E P;q;
(I

where P and q denote the prices and quantities of goods. With two cat-
egories — say, fuel and food — the situation in Figure 2.1 prevails, This
type of analysis is likely to be inappropriate for the sort of situation fac-
ing the poorest people, where there is a basic survival constraint. If we
denote by q,"" and 4.™" the minimum quantities of food and fuel
neeessary for survival, the choice is restricted to the triangle ABC. For
a houschold with a budget as low ag Y=pq,™ +p.q,™" there is no
choice; it must buy at A or cease (o exist (¢f. Deaton and Muellbauer,
1980, Chapter 1),

For a large number of houscholds the budget indeed offers very little
choice and, in these cases, any significant increase in the price of fuel js
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likely to have notable consequences. This suggests that a measure of the
real income of households based on absolute level is likely to be more
appropriate when examining price changes than a measure based on relative
income. Most of the theoretical analysis and empirical data relate to the
relative income distribution and we consider this first.

On a priori grounds one would expect changes in fuel prices alone to
directly exert only a limited influence on the distribution of real incone.$
There are a large number of other more important factors which deter-
mine the distribution. These include the ownership of assets (see Chenery
el al.,, 1974), differences in the level of education, differences in labour
productivity and terms of trade between agricultural and nonagricultural
activities, inflow of foreign capital, and pattern of taxes and government
spending (sec Ahluwalia and Tarter, 1979). Whatever the cause, there is
clear evidence that income distribution is highly skewed and that, in terms
of nominal income, inequality has worsened in the past decade. The ine-
quality measures are all based on the Lorenz curve. This is in the sense
that the income distribution depicted by the Lorenz curve is use.! to con-
struct an index of inequality such as the Gini coefficient, the Atkinson
and the Theil indices, and many others. Also, like the Lorenz curve, they
are mean independent. If everyone’s income changes by the same con-
stant percentage, relative inequality is unchanged (sce Atkinson, 1975).
A number of studies indicate that taking into account both the direct effects
and the indirect effects of increases in fuel prices has 16 significantly adverse
effects on the distribution. Hughes (1983a and 1983b) notes, for example,
that substantial, hypothetical increases in the price of kerosene in Thailand
and Tunisia would lead to only marginal worsening of the income
distribution.

Changes in income distribution gauged by measures of inequality tell
only part of the story. As has often been pointed out, the absolute income
measures, which focus on changes in the income of groups of individuals
without paying any atteation to thc rest of the distribution, may tell a very
different story.” Fields (1980) notes, for example, that in the case of India
in the 1960s, while there was a notable improvement in income distibu-
tion, there was a sharp decline in the real income of the poorest households.
There do not seem to be any systematic data available to indicate the precise
effect which increases in the fuel prices have had, ‘or could have in the
future on the poorest houscholds. But one can say as a rough estimate
that, if the expenditure by poor people on fuel and light accounts for around
20 percent of total expenditure, a 50 percent increase in the price of energy
(with inelastic demand) would lead to a 10 percent reduction in their real
income. A similar price increase for a high-income household with only
4 percent of expenditure on fuel and light would lead to a diminution of
only 2 percent in real income. In this case, price increases lead to a highly
adverse effect on the absolute real income of the poorest houscholds, but
it may appear marginal in terms of change in nominal income distribu-
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tion. Any proposed significant increases in prices must take this into
account. At the same time it is imperative that much more information
is acquired on the direct consumption of energy by the poorest households
than is at present available,

Financing and other constraints

Cbviously the matter of cquity does not stop there. If houschold fuels
are to be subsidized, it may be very difficult in practice to discriminate
between consumers in different income classes. Past experience in sub-
sidizing other commoditics shows that the benefits are seldom confined
to the intended recipients. Even in the casc of electricity, for which it may
be thought possible to confine subsidics 1o the poorer pcople, there are
likely to be unintended consequences. For example, if tariffs are lowered
for consumption below a certain level, richer houscholds consuniing clec-
tricity below this level will automatically benefit. A general subsidy for
Kerosene may lead (o its being substituted in part for gasoline for the private
transport of richer households. 11 it is argued that these subsidies will lead
to a smaller fall in the absolute level of real income of poorer households
and this is desirable in itself, then there is the obvious question of how
the subsidies are to be financed. If they are financed by general taxes on
commodities, this may in fact lead to redistribution from poor to rich.#
This is because poorer households that consume no clectricity, or few
petroleum products, ¢ad up contributing proportionately more. If the
government does not raise taxes but prints money, this may have infla-
tionary consequences which are regressive.

Itis also possible to cross-subsidize fuels, and this is not an uncommon
practice. In other words, government could increase the price of, say,
gasoline more than the amount warranted by costs and subsidize kerosene
with the proceeds. If gasoline were only used by the high-income
houscholds for private cars, this might be a satisfactory solution. How-
ever, since publie road transport used by poorer people also uses gascline,
this would affect transportation costs and hence prices. It may be possi-
ble to provide gasoline on subsidized terms to transport, but this may con-
flict with the goal of encouraging rail transport. (A number of other issues
concerning transport are noted in the “Employment” section of this
chapter.)

As some observers have suggested, a different consideration is that price
increases, especially for indigenous fuels, may lead the utilitics produc-
ing them to become less efficient or to slow down their conservation efforts
(sce Fallen-Bailey and Byer, 1979). Most utilitics have set financial targets
interms of covering their average costs and obtaining a satisfactory return.
Frequently, these targets arc not met, and there are demands from the
utilities to allow increases in prices of their products rather than attempt
to reduce costs. The government can adopt a different strategy by not allow-
ing increases in price as such but by taxing the fuel so that its revenue
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goal is satisfied and the utilities still have the incentives for cost minimiza-
tion. As noted earlier, since in most countries utilities are public cor-
porations, therc are no distributional considerations relating to this,
whereas, there would be if utilities were privately owned and the reduced
profits had to be borne by private individuals in the absence of any price
increases.

It is also the case that prices are important cleinents in the encrgy
demand policies. Even though in the short run demand may be inelastic,
in the long run in order to reduce growth in demand for, say, kerosene,
the government may increase its price. There are several considerations
which are relevant here: to the extent that prices of competing fuels
also rise, the substitution for kerosene may be limited. On the other
hand, if the government is also concerned with containing the demand
for firewood, the relative price of kerosene may actually have to be
reduced.

It may also be possible to make clectricity more competitive, but this
assumes unrealistically that all the desired supply would be forthcoming.
In any case, it is unlikely to be of any help to consumers who have no
electricity supply and are unlikely (o obtain it in the near future. Another
consideration is that in the short run, while there may be some increase
in cfficiency with which the fuel is utilized, it is unlikely to be very much.
This is because the efficiency depends on the type of equipment being
us.:d and availabiliiy of alternative, more cfficient equipment. For exam-
ple, it is unlikely that there will be any significant change in stoves for
cooking and lamps for lighting in the short run.

Income distribution and energy demand

We have noted carlicr how changes in fuel prices may affect the distribu-
tion of income. Suppose now that income distribution is changed, largely
by factors other than those relating to the price of energy. An interesting
question then is the following: Would a more egalitarian distribution have
any appreciable effect on the demand for energy? There is considerable
evidence that politically feasible changes in income distribution do have
a noticeable effect on the structure and performance of the economy. For
example, Paukert er al. (1981) found that in three of the four countries
they examined, a progressively hypothetical redistribution of income in
favour of the lower classes would lead to an increase in the level of employ-
ment and also to a certain, but less strong, increase in the level of out-
put. This was due to an immediate consequence of the income
redistribution, namely, a reduction in the income-saving ratio and a shift
in the pattern of demand in favour of more labour-intensive products —
in particular, in favour of agriculture and food products. Although Paukert
et al. (1981) did not examine the cffect on energy demand, these shifts sug-
gest there is likely to be a change in that. This is because the energy inten-
siveness of the products for which demand increases, per unit of value
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added, is likely to be considerably lower,

Direct estimates of the changes in energy demand following a redistribu-
tion strategy are obtained by Behrens (1984). He examined the conscquences
for the Brazilian cconomy of a hypothetically more equal distribution.
The result was as for the three Asian countries studied by Paukert er al.
— i.¢,, anincrease in the demand for labour-intensive products, an increase
in employment, and an increase in output — but the requirement for total
energy also increased slightly (relative to the increase in income). How-
ever, it is likely that this result overestimates the change in total energy
requirements since it is considerably affected by the high growth pattern
of wood and charcoal consumption. The model used in the simulation
has fixed consumption structures and so does not allow income-induced
substitution effects between fuels, A morce cgalitarian society may be
expected to bring about a substitution of charcoal and firewood by more
cnergy-cificient fuels, such as L.LPG and kerosene in cooking and clectricity
for lighting. There is a need for further research in this area before any
firm conclusions can be reached.

EMPLOYMENT

Changes in the price of energy, by directly affecting the cost of produc-
tion and by affecting the choice of techniques, may exercise a considerable
influence on cmployment opportunities. With the share of unemployment
and underemployment in several Asian countries at present around 30 per-
cent of the total labour force and witly increasing urbanization, energy
pricing policies assume significance for employment creation. Further, as
considerable evidence shows, there is a high association between the degree
of unemployment and poverty among low-incoine houscholds (sce Visaria,
1980), so any pricing strategy which can increase employment may also
satisty the basic needs and cquity objectives.

There are a number of issues relat ing to employment with regard to the
manipulation of energy prices as a whole and of the prices of different
fucls. One issue is the extent to which increases in cnergy prices may lead
to increascs in costs, decreases in profit margins, and also decreases in
mvestment and cmployment. Another is the extent to which relative price
changes of fuels can be used to en~ourage the substitution of less cnergy-
intensive and more labour-intensive techniques of production. This links
directly with the literature on the approprizte technology for developing
countries. The effect on employment will be through not only the change
in technique but also the effect on the overall constraints facing the
econony, in particular the balance-of-payments constraints. The effect
of changing prices on the supply industries and on their employment should
also be consider 4. Finally, the part played by expectations concerning
price changes and the risk entailed in introducing new techniques are likely
to be important in affecting the employment goals.
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The discussion below first notes the direct effect of increases in oil prices
in the past decade. This is followed by a discussion of the appropriate
technology and substitution possibilities between fuels and between energy
and nonenergy inputs in industry, agriculture, and transport; the relation-
ship between risk and innovation; and the possibility of a trade-off be-
tween cquity and employment.

The exogenous price increase

Itis gencrally argued that the role of demand factors in generating employ-
ment in developing countries is rather limited because of the severe struc-
tural or supply constraints. As discussed above, however, changes in income
distribution, by increasing demand for labour-intensive products, do lead
to an increase in employment. It is also worth noting that the increases
in the price of oil during the past decade have led to severe unemploy-
ment problems, in part by reducing aggregate demand.

The immediate cffect of the oil price increases was to lead to a sharp
deterioration in che terms of trade of oil-importing countries — whether
developing or developed — and a sharp increase in the current account
deficits of most developing countries. The transfer of purchasing power
to the oil-exporting countrics, whose marginal propensity to consume out
of the windfall gains was considerably lower, simultanecously led to marked
deflationary pressures in the cconomies oil-importing countries (see
Ostry et al., 1982). A large part of the price increase was passed on to
the final consumers but, at the same time, governments worried by the
increase in inflation pursued restrictive monetary and fiscal policies which
led to a further contraction in the activities of both industrial and develop-
ing countries; the contractions mutually reinforced cach other.!® This led
to a further increase in unemployment in the developing countries and
a sharp reduction in their growth.

The choice of techniques

This is far from denying that the structural characteristics of the economies
lic behind the continuing high unemployment rate and have to be tackled
to make a dent in this. There are two sets of interrelated factors which
have received the most attention. The first set includes factors relating
to the operation of the labour markets in developing countries. These
markets are highly segmented, and government policies are considered
to have led to severe distortions and imperfections. However, it is generally
recognized that while these may have led to some adverse effects on employ-
ment growth, they are not likely to have been directly dominant (see Squire,
1981). The major factor is the inappropriateness of the technology —
whether it is in industry, in agriculture, or in the services. The technology
is regarded as being too capital-intensive, and it leads to production of
products which in turn are capital intensive.

In industry, the policy options would be straightforward if capital-
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intensive technology was at the same time energy-intensive, and labour-
intensive technology, while cconomizing on capital, also economized on
energy. In this case a substitution for the capital-intensive technology would
lead to two types of benefits. Ceteris paribus, employment per unit of
value added would increase, and cnergy consumption would decrease, [t
may be thought that secular increases in the prices of industrial fuels, in
addition to reflecting higher costs, may also lead to switching tu more
appropriate production technology, but this Imay not turn out to be so.
Such increases would, in the first instance, lead to an increase in the cost
of production -~ the magnitude of this being dependent n the propor-
tion of direct costs accounted for by energy. Depending on the market
conditions facing the producer, 2 number of different responses are possible
within the two polar cases: (1) all the increases in costs are passed on to
the final cons “mer; or (2) all the increases in costs are absorbed by the
producer In the first case, the increase in prices of final products may
lead to considerable reduction in demand and output, with adverse con-
sequences for employment, but the cffect on the producer s likely to be
small. It is in the second case that profitability might be reduced con-
siderably, and this is when there will be an incentive for the producer to
scarch for ways of reducing the costs.! In the short run, it may simply
be in terms of utilizing energy more cfficiently. If the CNergy costs are a
small proportion of total costs, this may be the end of the matter. How-
ever, if the cost increases are substantial and cncrgy accounts for a signifi-
cant proportion of total costs, in the long run the producer may consider
using different types of techniques. Still maintaining the assumption that
these techniques are available and are labour-intensive, the producer will
take into account a number of other considerations before making the
change, such as the cxpectations regarding the future prices of energy, the
financing requirements for the new technique, the conditions in the labour
market, the wage rate, and other operating costs (see also Saicheua, 1984),

Matters are more complicated once we allow relative prices of fuels 1o
vary. Suppose the government raises the relative price of imported diese]
fuel compared with the price of indi-enous coal. The same sort of con-
siderations as above apply, but now there is even less certainty that a switch
to technology using coal would necessarily directly lead to any greater
employment. There may be some indirect benefits for employment which
opcratc through a reduction in demand for imported ojl and some relaxa-
tion in the foreign exchange constraint.

There is very liinited evidence on the possibility of substitution between
energy and labour in the developing countries, Somne case studies for
individual industries have found that labour-intensjve techniques can also
be fuel-saving (for example, see Stewart, 1981), but it is impossible to tell
the extent to which these can be generalized to the whole of the industrial
sector. However, there is considerable evidence of substitution possibilities
for the aggregate industrial sector in the advanced countries. For exam-
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ple, OECD (1982), in analysing econometric studies using production func-
tions, concluded that for both industrial aggregate and industrial sub-
sectors “the most common configuration of interfactor relationships
emerging from cmpirical studies is that encrgy and labour, energy and
materials . . . are substitutes” (p. 40).22 The clasticity of substitution
ranges widely from 0.6 tc 2.2 depending on the choice of data, the estima-
tion period, and computational procedures. At the same time, there is
considerable evidence on interfuel substitution. In view of the crucial
ilnportance of the magnitude of these substitution possibilities, it is
imperative that detailed analysis be undertaken for the Asian developing
countries.

In agriculture, the main constraints on output and employmeut are said
to liein the highly unequal distribution of land (see Cline, 1977; and Berry
and Cline, 1979). But, given this, it is plausible to argue that pricing of
cnergy would have some effect. In most countries, agriculture uses small
but increasing quantities of commercial cnergy, and the possibilities of
interfuel substitution are limited. However, there can be significant effects
through the substitution between commercial energy and human and ani-
mal labour. Commercia! energy is used in the mechanization of irriga-
tion and of ploughing. Inirrigation, electric or diesel-powered pumps can
be substituted for animal-operated devices such as water lifts with human
supervision. In ploughing, tractors can replace ploughs drawn by bullocks
or other animals. In the case of several Southeast Asian countries, small
power tillers may serve the purpose of both ploughing and irrigation (see
Jequier, 1979). Suppose that prices of two main fuels used in agriculture
— diesel and electricity — are subsidized, leading to an increase in
mechanization. Initially, since the productivity of both pumps and trac-
tors is higher than that of animals, mechanization will lower the labour
time required to do a certain task. Since the machinery requires supervi-
sion, as do the animals, the primary cffect of mechanization must be to
increase productivity and to reduce cmployment per task of the super-
visor, thus reducing employment per unit of output of both pumps and
tractors (cf. Desai, 1981).

The introduction of pumps in a country like India is likely to lead 1o
asignificant increase in the quantity of water. The draught-power applica-
tions may also increase output in arcas where tractors are introduced, but
they are unlikely to lead to any major extension in the margin of cultiva-
tion. The return to water inputs is likely to be very high in arid parts,
whereas the return to marginal increases in draugut power is likely to be
limited. This suggests that the initial fall in employment from the use of
pumps can be more than offset by labour empluyed in harvesting and pro-
cessing the additional agricultural output. it is probably true that increases
in the amount of draught power have much smaller secondary employ-
ment effects which can balance the initial fall in employment. In general,
however, it is not obvious that subsidization of commercial energy by itself
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would necessarily lead to a fall in employment. There are some aspects
of interfuel substitution which may also exert an influence, and these are
examined in the “Encrgy Pricing in Rural Arcas” section of this chapter.

Next consider the possible effect on employment of changes in the price
of transport fucls. There are three aspects of this. First, in most countrics
transport accounts for a very high proportion of (imported) liquid fuels.
Any pricing policy that leads to a more cfficient utilization of fuels would
save foreign exchange, which would have beneficial effects on output and
employment. " It is generally acknowledged that the energy cfficiency of
road transport is lower than that of rail transport. A switch from one to
the other may thus have some benefits. In the case of private cars with
very high income clasticity of demand, taxes on gasoline while serving
cquity goals may also conserve energy. Another consideration is that in
many countrics there is a growing imbalance between domestic refinery
supply and demand for petroleum products, resulting in additional net
import requirements. Appropriate taxation policics may also lead to some
benefits in this. Second, if energy pricing can improve the cfficiency of
goods transportation, this may lead directly to considerable improvement
in capacity utilization and employment in the productive sectors, As in
the case of industry, however, the response to increases in transport fuel
costs depends on the structure of markets, 1f prices of transport services
cannot be increased, the resultant decrease in profits may exert pressure
for a more efficient service to the consumer. It seems, however, that the
inadequacy of transport scrvice is due to structural and organizational
factors which are unlikely to respond, at least in the short run, to changes
in fuel prices. Thiid, transport pricing may influence the locational deci-
sions of firms. This is likely to have some effects on distribution of employ-
ment in different regions but probably would have no marked effect on
aggregate employment.

So far we have implicitly assumed that it is the processes of production
which change, with the composition of final products remaining the same,
It is at least arguable that changes in energy prices may lead to changes
in the type of products being produced, which may then in turn entail
changes in the process of production and in employment. 14 Take, for
example, the production of steel, which is both highly capital and energy
intensive and in which a number of Asian developing countries have a
sizeable capacity. It has often been argued that, in view of its high capital
intensity, it is inappropriate for these countrics. Now its high energy inten-
sity would seem (o strengthen the argument,

The theoretical basis for this is that the countries should specialize in
labour-intensive (and energy-conserving) products in which they have com-
parative advantage and trade them for capital-intensive products. This
could both increase their cmployment and reduce the demand for energy.
In reality it would appear that the options are much more limited, and
this is where conflicts of goals become so apparent. For cxample, the coun-
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tries may not want to be constrained by a particular configuration of fac-
tor endowments which is as much due to accidents of history as te anything
else. Acting according to the existing endowments may make the future
production structures even less acceptable. This is quite apart from con-
siderations relating to the fact that these products, if not produced
domestically, would have to be imported, probably at even higher shadow
costs; reliance on foreign supplies may also be undesirable for various stra-
tegic reasons,

It may also be argued that the energy intensity by itself is not the only
criterion for evaluating the comparative advantage. The fuel composition
is also important. If certain fuels are produced domestically but cannot
be exported, comparative advantage may still lie in producing products
which utilize these fuels intensively. Take, for cxample, the production of
steel in India. This uses significant quantities of coal which has low oppor-
tunity cost. In this case it may be optimal to produce steel and even to
export it. Obviously this would not continue to be the case if the indigenous
supplies were insufficient, and the fuel had to be imported.

Risk and innovation

There are a number of facets of risk and uncertainty which can be impor-
tant. The first is that whether changes in relative fuel prices lead to the
production of new products or innovation of new processes, the likelihood
of economic and technological risk would be substantial. In such a case
it would not be sufficient for the government just to alter the relative prices,
but it may also have to provide information and guidance and be ready
to bear part of the risks. This also assumes that the market mechanism
would lead to sufficient innovations in the first place. This is most unlikely
to be the case. Rather, th: government may itself have to provide research
and development funds aud various other facilities and incentives for this.

A second aspect is that any significant change in output composition
and techniques of production would require that the economic infrastruc-
ture and the supporting services be adapted to it. This might require, for
example, different types of transport facilities in industry and storage
requircments in agriculture. It is also important that uncertainty relating
to the pricc of fuels is reduced as much as possible. With imported
petroleum products, there is little which can be done except in the very
short run. However, with domestically produced fuels it should be possi-
ble to reduce uncertainty in the future path of prices.

Equity and employment

Are there likely to be any conflicts between these two goals? In general,
it may appear not, since employment-generating policy would lead to more
equitable distribution, while greater equity may itself lead to more employ-
ment. In some instances there may be a trade-off between the two, although
its magnitude is unlikely to be large. Consider, for example, an increase
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in the price of kerosene. While this would have an adverse effect on the
purchasing power of the poorest people, it could also lead to greater demand
for the substitute — firewood. The gathering of firewood and the reforesta-
tion schemes are highly labour-intensive and may have some beneficial
employment consequences. But clearly an increase in reforestation pro-
grammes does not have to depend on inequitable price increases; the govern-
ment can institute this as an independent and necessary strategy, although
in the case of the private farmer or trader the incentive may be provided
only with the price increase which is determined in part by the price of
the substitutes.

More significant conflicts are likely to arise through the cfficiency with
which fuels are utilized and their conservation. If fuels used in manufac-
turing low-income products are subsidized in order to keep costs and prices
low and, hence, equitable in some sense, the net effect might simply be
to let inefficient usage of energy continue, This would have adverse implica-
tions for the foreign exchange situation and future availability of energy,
with some adverse effects on employment. Another instance arises in the
context of equity, not between individuals bat between different regions
in a country. Equity and employment considerations might dictate that
industry be located in areas away from raw material sources and main
markets. If there is significant transportation involved, this may lead to
wastage of energy and subsequent adverse effects on employment.

GROWTH AND OTHER GOALS

Despite the dissatisfaction with its distributional aspects, ecconomic growth
still remains the major objective for most developing countries in Asia.
In the past, the constraints were thought to lie in a diverse range of
economic and social spheres. Since the early 1970s, energy has come to
be seen as an additional major constraint. The problem arises essentially
through the balance of payments. In order to maintain growth, increas-
ing amounts of energy have to be imported at much higher real prices than
in the past. With export earnings expanding at a slower rate, this means
that the proportion of earnings available for nonenergy jmports necessary
for production is reduced correspondingly.

This then has detrimental effects on capacity utilization, on produc-
tivity, and on growth. The issue for energy pricing then becomes the extent
to which it can lead to energy conservation, or efficient utilization of eneigy.
In the longer run, a more fundamental issue is the extent to which it can
lead to changes in the structure of the economy which are more in keep-
ing with the energy constraints. A number of authors have argued that
government should also try to contain the inflationary consequences of
the oil price increases because of their effect on growth and on equity.

We first examine the goal of industrialization. This is followed by a
discussion of how changes in prices inay affect exports and, hence, change
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the foreign exchange constraint from the supply side. Lastly, the manipula-
tion of prices to contain inflationary pressures is noted.

Industrialization

The goal of rapid industrialization is subscribed to by almost all the
developing countries. Industrial energy demand is a function of the absolute
size of the industrial sector, the structure of output, and its energy inten-
sity. During the past decade or so, industrial production and industrial
energy demand have been growing faster than output and energy consump-
tion in other sectors of the cconomics. Further, in many countries there
has been an increasing trend towards heavy industry, which is highly energy
intensive.

Most of the energy consuinption in manufacturing occurs in the follow-
ing five industries: iron and steel, other basic metals (in particular,
aluminium and copper), chemicals (fertilizers), cement, and pulp and paper.
The main point to note is that these all have significant energy-saving poten-
tial. Since energy costs account for a high proportion of total costs, rang-
ing from 15 to 25 percent, an increasc in the price of fuels could lead to
considerable increases in total costs. The first four of these industries are
generally under public ownership, and it may be possible not to allow any
product price increases. This may lead to savings in energy in the short
run due to better housekecping and more efficient utilization with the
existing equipment. In the long run, it could lead to changes in the techni-
ques of production. It is worth pointing out that the more rapid the growth
of the industrial sector, the easier it would be to install the latest vintages
of machinery. The financial constraints are likely to be less binding, and
the new capacity would be expected to utilize techniques which are more
energy efficient. Another aspect of this is that there is some evidence that
choice of fuel itself influences energy efficiency. For example, in cement
manufacturing, kilns that use primarily coal have higher energy intensities
than most oil- or gas-burning kilns.

A substantial part of the manufacturing output is still accounted for
by textiles and food manufactures. These activities are less energy-intensive,
and it may be thought the governments should encourage their expan-
sion. If this were the only consideration, it might be quite possible to say
electricity should be provided to them at subsidized rates which are lower
than those charged to the energy-intensive industries. In this context, it
should be noted that in most countries, the so-called “‘small-scale
industries” sector accounts for a sizeable proportion of total output.
Although the efficiency with which energy is utilized in this sector is pro-
bably lower than in the “organized” sector, the energy requirement per
unit of value added is still retatively quite small. This sector already receives
considerable state encouragement because of its employment-generating
benefits. From an energy point of view also, it merits special treatient.

It hardly needs emphasizing that changes in energy prices are not the
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only, or even the most appropriate, way of influencing industrial struc-
ture. Neither, of course, is energy efficiency the sole factor in technological
choice. An interesting illustration of this is provided in the manufacture
of steel. Despite the sharp increases in price of coal and electricity, the
physical scarcity of scrap and coking coal has led to an increasing reliance
on currently more cnergy-intensive (but with more efficient utilization),
fuel-injected processes. Another illustration is in cement production, where
the dry heat process in conjunction with suspension preheating is much
more cnergy efficient than the old wet process, but high capital costs have
constrained plant conversions in several countries.

It remains true that energy intensiveness in the manufacturing sectors,
except where the capital stock is relatively new, is usually greater than in
similar industries of developed countries. Factors which are seen as reducing
industry’s energy efficiency include capacity underutilization, poor ther-
mal insulation, and very high wastage of heat and gas. It is quite likely
that appropriate energy price changes could exercise some beneficial effects
in this respect.

Lastly, in pursuing the goal of industrialization, considerable attention
should be paid not just to future energy prices but also to future prices
of final products. If a number of countries pursue similar strategies, this
could lead to an excess supply of particular products with potentially
serious implications for the terms of trade. For example, a number of coun-
tries have plans for converting refinerics to produce gasoline for which
there is an excess demand, rather than diescl. However, if this is put into
practice, it could very likely lead (o problems of excess supply.

Exports and the foreign exchange constraint

When examining the effect of increases in energy prices on industrial costs,
obviously all stages of production have to be taken into account through
the input-output framework. To what extent are the total increases in costs
due to energy likely to reduce exiernal competitiveness? As noted in the
previous section, a great deal depends on the market structure. In the market
environment where output prices are determined by the producer, it is likely
that some sort of cost-plus rule is followed. According to this, the final
price of the product is based on a measure of the average cost of the product
(where average cost is calculated for some normal level of capacity utiliza-
tion) and a mark-up to reflect profit rate. In this case it is likely that increases
in energy prices would lead to some increases in the prices of final pro-
ducts. The effect of this on the export earnings depends on the price
elasticity of demand. In the short run, this is probably quite small. How-
ever, in the long run, there may be some adverse effects on export revenues.

Similar sorts of considerations apply to the exports of agricultural goods.
The direct increases in the costs of encrgy would mean that the producers
using machinery, tubewells, tractors, etc., would have to pay moie. There
would also be indirect effects occurring through changes in the cost and,
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hence, price of fertilizers and other chemicals, storage, and transporta-
tion. But in the case of agricultural exports, it is likely that the demand
is highly price elastic so that increases in costs reduce farmers’ margins
with detrimental effects on subsequent investment. This may conceivably
lead to a switch to activities which require less energy but which may not
be as important from the viewpoint of earning foreign exchange.

There would seem to be a trade-off between the foreign exchange earn-
ings expended on importing fuels and exports. Increasing energy prices
may reduce growth in the former, but at the same time they may also have
an adverse effect on export earnings. Keeping energy prices low would
allow exports to continue expanding and would also increase relatively
more the demand growth for imported fuels. The implication of this for
actual pricing strategy depends critically on the magnitude of the two types
of responses, as well as on other considerations noted earlier about financ-
ing requirements, equity, and employment.

All this implicitly focuses on one country. What happens if competitors
also follow the same pricing strategy and raise their prices? Superficially
it may appear that this would have no effect on the home country’s earn-
ings, but this would only follow if the price and income elasticities and
the techniques of production were identical in the competitor countries.
It would also be necessary to assume that there were no other differences
in export taxes and subsidies. In practice this is unlikely to be the case,
so that there may well be differential effects on export performance.

Inflation

It has often been argued that increases in energy prices directly and
indirectly lead to increases in the overall inflation rate. This then leads
to demand for higher wages, leading to further increases in prices. The
increase in inflation has regressive consequences and can have adverse
effects on output, trade competitiveness, and employment. Although all
this is probably true, the government budget constsaint may leave no option.
In such a case, it may be possible to tax heavily those fuels which have
high income elasticity of demand and which do not affect production costs
unduly. This may still require inequitable price increases, but the alter-
natives may be even less acceptable. If the government prints money, this
may lead to even higher inflation in the long run. Another option would
be to borrow money. Since the domestic sources may well not be suffi-
cient, recourse may be needed to international markets. The opportunity
cost of such an action may far outweigh the inflationary consequences
of the original price increase.

ENERGY PRICING IN RURAL AREAS

In the previous sections, we have noted the problems of pricing of com-
mercial fuels which are the substitutes for the traditional fuels, including
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firewood, charcoal, and animal and crop residues. Demand for these fuels
is heaviest in the rural areas and is dominated by household use. Rural
areas do rely to an increasing degree, however, on commercial fuels
including petroleum products, and on electricity. In most countries rural
electrification has been increasing at a rapid pace, and there are some
interesting equity and employment considerations relating to the pricing
of electricity in rural areas. These are examined next, followed by a discus-
sion of some issues concerning the pricing of traditional fuels.

Electricity prices in rural areas

Electrification of rural areas has been a major goal of most governments.
Although in aggregate terms its contribution to cnergy requirements in
rural areas is still small, it plays a crucial role in agricultural and industrial
uses and in households. The connection of a village to the electricity grid
does not mean that its total population has access to it. In most coun-
tries, for example, it is estimated that in the villages connected 1o the grid
less than a quarter of the houses actually have electricity connection
(Cecelski and Glatt, 1982). Since the fixed costs of obtaining the connec-
tion are high, the households that do have electricity are generally much
more well off than others without electricity. Electricity is also used exten-
sively for irrigation purposes through the powering of irrigation pumps.
The major alternative for irrigation purposes is ihe diesel pump, though
biogas is also widely used. Electricity is also used in cottage industries,
but its usc here is very small.

The price of electricity may be expected to be higher in rural areas than
in urban areas on the basis of cost considerations alone. Marginal costs
are higher for serving these areas due to the dispersed nature of demand.
It is generally accepted, however, that prices should be below costs in the
carly years of electrification because costs are very high before demand
has developed to a reasonable load factor. A more important considera-
tion is that the provision of cheap electricity by subsidization is regarded
as necessary to promote its use. In a number of countries tariffs are still
lower for certain activities, such as irrigation, than for others. In terms
of foreign exchange considerations also, it may appear particularly worth-
while to price electricity competitively, so that it can replace kerosene for
lighting, and diesel oil for motive power. This assumes correctly that the
supply of electricity is not based on il imports as well. In the case of
Pakistan, for example, central station electricity is generated using cheap
hydropower and natural gas with few alternative uses; in India, it is
generated mainly using indigenous coal and hydropower. But since foreign
exchange savings do not have infinite value, differences in the efficiency
of burning fossil fuels should also be taken into account.

The case for subsidization of electricity is said to rest on equity grounds
and on the grounds that users will make different decisions about pro-
duction and location of enterprises on the basis of the price of electricity.
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With regard to direct effects, it is not obvious that this would have equitable
consequences. Benefits from subsidization, especially those other than
lighting, are mostly received by the relatively better-off householdsin the
rural areas. (Although, indirectly, by increasing demand and the load factor,
subsidization may lead to benefits for other sections of the community
as well.) It is more likely, however, that the availability and reliability are
more important, particularly from new consumers. This is because elec-
tricity is only part of the total costs of using electric power, whether for
households or for business, and because energy costs are only a fraction
of total costs.

An illustration of this is provided by the use of electricity in irrigation.
The costs of electricity are minor compared with the fact that capital costs
for electric motors are generally higher than those for diesel motors, while
maintenance and nonfuel operating costs are higher for diesel pumps. So
subsidizing electricity rates would probably have a minor effect unless the
costs of connection and pumps are themselves subsidized, or credit pro-
vided on favourable terms. Some industries may also locate in rural areas
if electricity is cheaper. This applies especially to industries such as cement
and pulp and paperwood, with high energy content and input requirements
which can be met in rural areas. Even for these, reliability of supply is pro-
bably as important as the price. An unexpected finding concerning small-
scale industries is that their fuel costs are much higher than for others;
thus, changes in the price of electricity would probably have some favourable
effects on their operations (see SIETI, 1978). This may be expected to lead
to increases in rural employment. It is true that some fragmentary evidence
suggests that the benefits may not be as large as conventionally assumed,
especially in the short run (SIETI, 1978). However, this is more due to the
fact that regardless of the subsidization of electricity, the producers may
not sufficiently increase their operations because of various other factors.
One main issue which has been inentioned concerns the problem of fin-
ding markets. This calls for various other provisions, such as cheap transpor-
tation, which would strengthen rather than weaken the case for the provision
of cheaper electricity to these industries.

Pricing of traditiopal fuels

Most rural communities are largely closed systems with respect to energy.
Itis estimated that as much as 70 to 90 percent of the energy used in several
Asian countries is still obtained from local sources, with firewood, cattle
dung, and crop residues contributing the bulk, and human work and ani-
mal work contributing the balance.'s Household activities, in particular
cooking, account for the largest amount of traditional fuel demands,
Although these fuels are not used exclusively by the poor, higher income
groups generally rely more on kerosene or electricity. A host of cottage
industries and small-scale enterprises also use traditional fuels, in par-
ticular firewood.16
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Since the price of these fuels is determined by the market, government
policy by pricing substitutes may be expected to have some cffects on their
consumption. One of the major issues here is the serious shortfall in the
supply of firewood, the rise in its price, and the deforestation problem.
Although the situation varies from country to country, and even from
region to region, there is little doubt that the deforestation problem is
extremely serious. On average, forests have been diminishing by more than
I percent per year, while population has been increasing by more than
2 percent (Barnes et al., 1982). Deforestation is a major element in soil
erosion, which has been increasing at a rapid pace in many countries. This
destroys the soil, with serious implications for agricultural productivity.
Firewood scarcity also affects agricultural productivity by forcing farmers,
especially on small farms, to stop using animal and crop residues as fer-
tilizers and soil conditioners, and to use them instead as fuels.

Could therise in the price of firewood with its serious implications for
poor people’s budgets be influenced by government pricing policy? The
most obvious method may seem to be subsidized kerosene and electricity.
But, as noted earlier, it is not clear that this would have a significant effect
on fuelwood price. This is because the markets for firewood and com-
mercial fuels are highly segmented and the elasticity of substitution bet-
ween fuels is probably quite low. A related aspect is that there are significant
costs involved in buying equipment to use commercial fuels. This, as well
as the social set-up and the living conditions of the poorest people in rural
areas, is likely to preclude any significant switch to commercial fuels.

In the long run, the solution may appear to lie with increasing the avail-
ability of firewood by public reforestation programmes. With increases
in prices, it has also become commercially viable for farmers to increase
both the supply from the existing stocks and the land given over to
woodlands. There is little likelihood, however, that this will be undertaken
on a sufficient scale. In the short run, it may appear desirable to set max-
imum prices for fuelwood. However, apart from possible adverse effects
on production, this is likely to be an unrealistic solution. There is the
immediate problem of deciding what the maximum prices should be. The
quality, type, and heat content vary enormously. Further, since the markets
are highly localized, the maximum prices may be simply unenforceable,
Nevertheless, if the situation is as desperate as some commentators sug-
gest, it may be appropriate for a state agency to intervene directly by buy-
ing the firewood and selling it to the poorest people at subsidized rates.
The size of the total subsidy is likely to be very small, but it could make
a considerable difference to the welfare of the poorest people.

LIMITATIONS OF ENERGY PRICING

There is a long-standing debate in development economics on whether
consumers and producers in developing countries respond to price signals
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in the manner suggested by traditional theory. In general, the evidence
seems to indicate that they do, but that the price signals themselves are
distorted. In the case of energy the distortions may appear to be imparted
by government’s desire to pursue various conflicting objectives; but, in
reality, it is not even clear that the agents can respond to the signals. We
have noted various instances of this: an increase in the price of kerosene,
for example, may not necessarily lead to consumers switching to alter-
native, cheaper fuels, or an increase in the price of diesel need not result
in industrial firms economizing in any significant way. The main reasons
are, of course, that it requires sufficient information about the alternatives,
and it requires their economic availability. In the absence of these, there
may be very little that price manipulations can achieve on their own.
This suggests that a part of the energy pricing strategy must be to provide
adequate information on alternative fuels, on alternative technologies, and
on the energy constraints facing the economy. If prices were plaving their
role, the efficiency with which energy is utilized, whether in households
or in the productive sectors of the economy, would have improved consider-
ably over the past decade. Considerat-le evidence indicates that this has
not bcen the case. Of course, information itself and the provision of alter-
natives may not be sufficient. Sometimes changes may be required in the
social set-up and with work practices. This must also be taken into account.
One could go further and suggest that, whether or not these other
preconditions are satisfied, it may become necessary to rely on nonpric-
ing mechanisms to achieve various objectives. Mechanisms such as ration-
ing of fuels are difficult to administer and introduce various distortions.
Leakages are inevitable, but despite these such mechanisms may be
necessary. Other mechanisms could be used in conjunction with the pric-
ing strategy. These include direct regulations (such as maximum speeds
for autos and trucks), strict adherence to fuel efficiency criteria for vehicles
at the time of giving operating permissions, and establishment of effi-
ciency standards. Because of the uncertainty regarding the efficacy of the
pricing strategy, it may be appropriate to use, in addition, the nonpricing
mechanism for both conserving energy and for influencing the fuel mix.

CONCLUDING COMMENTS

This chapter has emphasized that, in general, since the economies of the
developing countries are far from being free from distortions, any pricing
policy should be more concerned with being internally consistent, while
taking into account explicitly the socio-economic goals being pursued and
the major constraints on them. This means that the classical efficiency
criteria, while not irrelevant to the analysis, may have to be given rather
less importance. This also highlights the need for undertaking detailed
empirical analysis. A great deal of rescarch has been done into the energy
sector in individual countries. Still very little is known, however, about
the response of different agents to energy price changes. Research in this
area must be an overriding priority.
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NOTES

ISee, for example, Kumar and Panic (1983).

2This is the familiar second-best problem of Lipsey and Lancaster (1956).

3The discussion was originated by Hotelling (1938). For a more recent formulation, see
Baumol and Bradford (1970).

4For a summary of the evidence, see, for example, Fields (1980).

SA specch by Robert MacNamara, then President of the World Bark, set the scene in 1973.
For an excellent review of the issues, see Paukert et al. (1981).

6Most of the literature examines distribution of nominal income, implicitly assuming that
changes in the price level affect different income households in the same way. This
assumption is invalid, since it is very likely that inflation is regressive in its effects, Sce
Williams, ed. (1977), especially Chapter 10 by Pond.

7A focus on the real income of the poorest households can also be obtained, of course,
by giving them: much greater weight in certain measures of distribution,

81t may be thought that progressive income taxes would be more appropriate. However,
because of the gencrally low level of incomes, income taxes are levied much less frequently.
See Toye (1978), Chapter 1.

9The analysis was undertaken for the Islamic Republic of Iran, Malaysia, the Philippines
and the Republic of Korea, and the results apply to the last three of these countries. The
clasticity of employment with respect to redistribution of income was found to be around
0.3 t0 0.5; that is, a progressive redistribution of 10 pr-cent of total income would raise
employment by 3 to 5 percent. The redistribution is equivalent to a reduction in the Gini
coefficient from 0.5 10 0.4.

OThere is a burgeoning literature in this area. For a summary, see Mork (1981).

U'In the short run, reduction in profitability may also have somc adverse consequences
for investment. See Kumar (1984),

12See also Berndt and Wood (1975 and 1979), Rasche and Tatom (1977;, and Hudson and
Jorgenson (1978).

BIn the case of a country exporting liquid fuels, there may be substantial incr.ases in
foreign exchange earnings.

14As Sebastian (1979) has emphasized, the problem often ies in the choice uf the prod-
uct being produced and the associated investment, rather than in the type of technology.
In many cases, there may not be much freedom for technological choice (pp. 67-72),

3See Hughait (1979) for detailed evidence.

'6Traditional fuels are also used in the modern sector; for example, charcoal is used for
steel-making in the Philippines.
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Chapter 3

EFFICIENCY AND EQUITY
CRITERIA IN ENERGY PRICING
WITH PRACTICAL
APPLICATIONS TO
DEVELOPING COUNTRIES IN
ASIA

David M. G. Newbery

This chapter shows how to apply the general principles of energy pricing
to the practical problem of setting the prices of particular fuels in develop-
ing countries, specifically those in Asia. The emphasis is on setting the
prices to energy users, rather than designing the price and tax system which
will induce the right level of exploration, extraction, and supply of energy.

The structure of the chapter is as follows: The first section argues that,
under certain conditions, producer prices should be determined by effi-
ciency considerations, while equity considerations are taken into account
in setting consumer prices. The important differences between developed
and developing countries are then identified, and the case for identifying
the efficient price as the short-run marginai cost is argued. The second
section discusses how to sci the producer price of energy under a variety
of circumstances, The third section examines the problem of separating
consumer and producer prices of energy, which is mainly a problem for
pricing kerosene and diesel. The fourth section discusses the problem of
setting the price of rural electricity where equity and efficiency considera-
tions are most in conflict. The last section draws conclusions.

PRODUCER AND CONSUMER PRICES OF ENERGY

Energy users can be either producers of other goods (such as steel mills,
trucking companies, farmers) or final consumers (households using fuel
for cooking, lighting, private transport). The first key distinction to make
in the design of energy pricing policy (or, indeed, any pricing policy) is
the distinction between producer prices and consumer prices. Producer
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prices are the prices facing producers who buy energy to produce other
goods, while consumer prices are the prices facing final consumers. Pro-
ducer prices are also the prices facing producers who sell energy, such as
refineries, coal mines, and power stations, and, for many purposes, it is
not necessary to distinguish between producers who buy and those who
sell energy. The emphasis in this chapter is, however, on those who buy
energy.

The importance of the distinction between producer and consumer prices
is this. In a competitive economy in which profits (and rents) are either
negiigible or adequately taxed! and in which the government can effec-
tively separate consumer and producer prices, producer prices should be
set on efficiency grounds, and equity considerations will only be relevant
for setting consumer prices. The difference between producer and con-
sumer prices is then an indirect tax, and the design of energy prices divides
into two parts: setting producer prices at the efficient level, and choosing
the right set of tar~- on energy to give the right set of consumer prices.

The distinctive differences between energy pricing policy in developed
and developing countries can now be stated. In developed countries with
a potent tax system, there is a presumption that equity objectives can be
best met through the direct tax system, leaving little role for indirect taxes
on energy to redistribute income.? In developing countries, direct taxes
play a relatively minor role, and hence equity considerations are of con-
siderable importance in the design of indirect taxes in general, and energy
taxes (and subsidies) in particular. Second, while a comprehensive value-
added tax system is an effectjve way of separating producer and consumer
prices, and leaving producer prices undistorted and efficient, and while
such a system is feasible in many developed countries, it is not so obviously
feasible in developing countries, with two important consequences. First,
where it is not possible to Separate consumer and producer prices for energy,
it is no longer possible to separate equity and efficiency criteria. Second,
even where it is possible to separate the consumer and producer prices
of particular fuels, if other inputs into production are taxed, it is no longer
so straightforward to calculate the efficient price of the fuel with which
to confront the producer.

Finally, developing countries typically experience more market distor-
tions than developed countries, further complicating the calculation of
efficient prices. One of the most important distortions in many develop-
ing countries lies in the market for foreign exchange which is particularly
important for the pricing of imported and domestic energy sources, notably
for petroleum products as compared with indigenous gas.

Of ccirse, there are market failures which are common to both develop-
ing countries and developed countries and which are also important for
energy pricing policy. One of the most important is the use of the pricing
system to induce efficient production in state-owned or regulated enter-
prises — a pervasive problem in the energy sector. Since this is a conten-
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tious issue on which the various contributors to this book are not agreed,
it may be useful to give a concrete example here, that of setting the pro-
ducer price of electricity.

Efficiency and the pricing of electricity

The efficient price of electricity is the short-run marginal (social) cost of
producing the electricity, and, if production cannot be increased, it is the
price at which demand is equated to the given supply. It is important to
stross that this is in general not equal to the long-run marginal cost, and
that when the two differ, the long-run marginal cost is not the efficient
price. There is a long history of ceufusion on this point, which would be
tedious to relate, mostly arising out of a failure to distinguish various aspects
of the problem of optimizing electricity supply. Several points, however,
can be made fairly briefly.

First, the short-run marginal cost is well defined by the existing stock
of equipment and options open in the short run (and, indeed, is typically
carefully calculated in determining the merit order of power stations). The
long-run marginal cost is not as well defined, since it is a forward-looking
concept based on expectations as to the best choice of investment to expand
the system. Second, if demand were constant throughout the year, and
if investment were optimally undertaken with no indivisibilities, then the
two marginal costs would be identical. Given fluctuations in demand, it
remains true that the average short-run marginal cost would be equal to
the long-run marginal cost, while with lumpiness in investment, under
certain circumstances, on average, short-run marginal cost would equal
the average long-run marginal cost. The long-run marginal cost is best
seen as a shorthand for an investment rule: invest when long-run mar-
ginal cost is below average short-run marginal cost. This is equivalent to
the correct rule of investing when selling the extra electricity at short-run
marginal cost which, if above the long-run marginal cost, will yield a
positive net present value on the marginal cost of expansion. From this
it follows that if investnicnt decisions are on average correct, then pricing
at short-run marginal cost will cover (marginal) interest costs, and, assum-
ing constant returns to scale in investment, will cover total costs and earn
the efficient rate of return on investment. (Economies of scale may be
important in developing countries and raise further problems discussed
below.)

Third, proponents of long-run marginal cost pricing concede the need
for “promotional” pricing in the presence of excess capacity, and recognize
the need to ration limited supply by raising prices in the face of excess
demand. It would be simpler to abandon the incorrect principle of long-
run marginal cost pricing and replace it by the correct short-run marginal
cost which deals with both cases automatically.

Finally, the main defense of long-run marginal cost pricing is that it
gives correct signals to consumers for investment and avoids the instability
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of short-run marginal cost pricing. Both objections to short-run marginal
cost can be met by offering contracts of varying length, during which an
agreed quantity of electricity is sold at an agreed stable price. Variations
in consumption above or below this contracted amount would be priced
at the spot price, or the short-run marginal cost. Finally, the spot price
could be quoted as a discount to or premium above the long-run average
price, which would be the long-run marginal cost. Consumers would then
have a planning price for investment decisions and a decision price for
short-run consumption decisions.

This concept of the efficient price is fine for electricity consumers but
may not be sufficient to ensure efficiency in the supply of electricity. If,
as has been proposed for large developed countries like the United States
of America or the United Kingdom of Great Britain and Northern Ire-
land, electricity were produced in a large number of independent com-
petitive generating stations, selling to consumers through a common carrier
national grid, then prices would naturally be equal to short-run marginal
cost, and competition would ensure cost minimization in the production
and optimal investment decisions. This is impractical in developing coun-
tries where individual units are typically large relative to the market served,
grids are often small and poorly integrated, and hence competition
unrealistic. How, then, to encourage power companies to minimize costs,
supply at the right level of reliability, and take sensible, timely investment
decisions? The danger with short-run marginal cost pricing is that, if unc. ~r-
written by subsidies when short-run marginal cost is below average cost,
it provides an incentive to overinvest and underprice. If, on the other hand,
the power company must finance its own investment, then it may under-
price (if the rate of growth of demand exceeds the rate of interest) and
will often underinvest.

The problem is best seen as a standard principal-agent problem: How
best to ensure that the agent (the power company) performs satisiactori.y
for the principal (the government), given that the agent has detailed knowl-
edge not readily available to the principal? If the principal intervenes too
much, then this special knowledge will be inefficiently used, while too
little control means that the agent can exploit the principal. Pricing is then
part of the incentive system devised by the principal to encourage effi-
ciency by the agent. When associated with limits on investment and bor-
rowing, it may involve balancing the advantages of lower costs (pursued
in order to generate funds for investment) against the inefficiencies of incor-
rect pricing (average cost pricing compared to short-run marginal cost pric-
ing). Much of the discussion elsewhere in this book about the objective
of financial viability comes under this heading of finding a satisfactory
solution to the principal-agent problem in essentially noncompetitive
markets.
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SETTING THE PRODUCER PRICE OF ENERGY

Provided producer prices can be kept distinct from consumer prices, the
principle to be followed is that producers should face efficient prices. This
principle also applies to cnergy producers provided that the rents (the
revenues derived from the difference between this price and the costs of
extraction and/or production) can be taxed at a higher rate. This
immediately raises two questions: What is the efficient price, and can rents
be satisfactorily taxed in practice? The problem of determining the effi-
cient price is a general one for all energy-pricing decisions and will be
discussed below and elsewkhere in this book, but several points can be noted
immediately. The simplest case would be the enclave development of a
fully internationally traded good (or “traded good” for brevity), such as
oil or export liquefied natural gas. Provided the developer were free to
purchase all inputs at world prices, the efficiency price would just be the
export (or import) parity price of energy, which would be well defined
and readily observable. At the other extreme, nontraded energy (suck as
hydroelectricity or domestic gas in countries with insufficient gas to ju :tify
LNG) often presents considerably greater problems in computing the offi-
ciency price. Where the energy displaces imported energy at the margin,
then the cost so saved measures the efficiency price. If hydro displaces
oil-fired power generation or if gas displaces residual fuel oil in its mar-
ginal use as an underboiler fuel, then their prices are well defined by the
relevant opportunity cost. If a large hydro site is to be developed far from
the grid for use in, say, aluminium smelting (as in Papua New Guinea),
then its efficiency price must be defined by its value in use: What is the
highest price which the aluminium smelter can pay for the electricity and
still earr a normal return? (In such cases, it may be logical to treat the
srelter and the attendant power supply as a vertically integrated concern
and tax the rent of the whole concern.)

The feasibility of rent taxes depends critically on the observability of
the costs of inputs and the value of outputs and is extensively examined
in the recent book by Garnaut and Ross (1983). (They also discuss the
experience of rent taxation in Indonesia and Papua New Guinea.) Where
large companies are involved, then the accounting base is well defined,
but the main problem is likely to be transfer pricing, either for the out-
put, if it is semi-processed and not priced on competitive markets, or for
specific inputs (specialized rigs or machines). One solution is to prefer
independent. companies, but this may not be feasible.

Noncommercial energy is unlikely to be produced by companies with
good accounting practices, but for most of these energy sources, rent is
negligible, since they are usually renewable resources and hence like stan-
darc produced goods. Pricing some of the inputs correctly may be a prob-
lem, especially for fuels gathered from common land.
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The efficient price of energy

If the government is successful in choosing taxes and tariffs so that pro-
ducers face efficient prices for nonenergy inputs, then the efficient price
of any given fuel is, in theory, easy to calculate. For traded fuels (oil pro-
ducts pre-cminently), the efficient price is derived from the border price.
If the country imposts diesel and exports gasoline, then the efficient prices
at the dockside are the c.i.f. price for diesel and the f.0.b. price for gasoline.
For nontraded fuels (gas, electricity) the principles are straightforward,
but their application is more complicated and is discussed elsewhere in
this book. The reason is that the marginal cost must be calculated at effj-
ciency, or shadow prices, and the distinction between marginal and average
cost kept clear, even though most accounts only contain figures for average
costs. Thus in the case of electricity, the first question to ask is: What
is the cost of marginal (i.e.,, highest cost) supplies? Although coal may
be used for a large fraction of total production (as in India), if oil (or worse,
diesel) is used for marginal base load gereration, then oil prices will deter-
mine the efficiency or shadow price of electricity. Coal is also quite diffi-
cult to shadow price, unless it is traded. Its shadow price is also very location
specific, as transport and handling costs are high.

Although it is easy to calculate the efficiency prices of petroleum pro-
ducts from the c.i.f. price (or, in cases where a local refinery exports the
product, the f.o.b. price), it is important to recognize that governments
frequently distort ex-refinery prices, causing cross-subsidization with dif-
ferent products selling at prices different from their opportunity costs (or
world prices). Table 3.1 illustrates this for India. When the world oil price
rose after 1973, the price of Indian crude remained pegged at the 1973
import parity price until 1976 and at Rs 45 per barrel after that. There
was thus a massive cross-subsidization of imported oil by local crude
reflected in the negative refiners’ margins shown in Table 3.1. The effec-
tive tax on products should thus be considered as the sum of the tax and
refiner’s margin (especially as all but one small refinery were state owned),
and, while taxes on this basis remained positive, they clearly fell
dramatically in ad valorem terms, as Table 3.2 shows. Diesel became
relatively cheaper than the still heavily taxed gasoline, while furnace oil
became relatively more expensive than diesel. Kerosene at market prices
was cheaper than diesel, though more expensive at border prices.

Implications for energy prices of severe revenue scarcity

Some readers will question whether the principle of confronting producers
with efficient (i.e., untaxed) prices will hold if the government is desperately
seeking ways of increasing tax and other revenue. If electricity is sold
at short-run marginal cost, then how will the power sector’s investment
needs be met? The answer is that, as far as possible, it is preferabi: to
levy taxes on consumers, not producers (except for taxes on rents and
pure profits). If the government is seeking further tax revenue, then it
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should increase taxes on goods with a high income elasticity and low price
elasticity.? Domestic electricity, gasoline, and the durable goods which
use electricity or gasoline are potentially attractive candidates for raising
taxes (i.e., raising the consumer price).

If revenue is very scarce, then the government will be constrained in the
size of its investment programme and will have to ration the scarce invest-
ible resources by raising the rate of discount. This in turn will mean less
investment in, e.g., power generation, hence less supply, and a higher market
clearing price, which will generate higher revenues for the power company
and alleviate the financial constrzint. Put another way, the long-run mar-
ginal cost will increase because of the rise in interest rates, and the short-
run marginal cost (and the price) will gradually increase as investment is
delayed and demand grows. The most perverse solution, which is commonly
observed, would be to restrict investment while not raising prices, leading
to excess demand, rationing, and unreliability in the powar supply. As
Schramm shows in Chapter 4 of this book, this can be exceptionally costly.

Finally, a scarcity of government revenue will make the opportunity cost
of such revenue higher and will reduce the desirability of subsidies (e.g.,
for kerosene).

The efficient price of energy in the presence of
distortions

If, however, producers do not face efficient prices for nonenergy inputs,
then in general they should not face border prices for energy. There are
then two possibilities. The better solution is to correct the existing distor-
tions facing producers, so that major energy users in particular face the
correct nonenergy prices. In general this will involve reforming tariffs,
quotas, exchange controls, etc.: in short, liberalizing the trade regime of
the economy. An equivalent but less drastic solution woulid be to allow
producers to recover duty on the purchases of imported inputs. Only if
this strategy fails would it be desirable to adopt the second and inferior
alternative, which is to set the price of energy in such a way as to offset
the presumably irremediablc inefficiencies elsewhere. Consider two
examples. Suppose a country taxes rice (i.e., pays the farmers well below
export parity) and that rice production requires energy inputs (for tubewells
and, indirectly, for fertilizer). Then it may be desirable to subsidize energy
purchased by farmers in order to bring the relative prices of inputs (energy)
and output (rice) closer to the relative border prices. More generally, it
is unlikely that the efficient price of energy sold to rice farmers should
be the border price, though it will in general be quite a complex exercise
to establish the right price for energy, since it will depend on the extent
to which the prices of other inputs, notably labour, can be altered.
The second example illustrates some of the other difficulties involved
in pricing in a distorted economy. Suppose steel production is protected
by an import tariff, which cannot be altered. If the domestic steel pro-
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ducer is a monopolist, and if he sets the sales price of steel at the border
price cum tariff level, thereby making large profits, it may be desirable
to tax his fuel purchases to the point at which his profits fall to a normal
level. If, on the other hand, there are several vigourously competitive
domestic producers selling steel at above the border price, but below the
border price cum tariff, then jt may be desirable to subsidize energy pur-
chases in order to lower the domestic price of steel to the border price
level. In both cases it would be preferable to eliminate the tariff on steel,
and, if it is argued to be essential to produce steel domestically, and assum-
ing there are no other distortions, to subsidize steel production directly,
rather than through a subsidy on inputs,

It should be clear that the second best approach, in which energy prices
are adjusted to offset existing distortions, can be highly complex and will,
in general, require different producers to face different prices for the same
energy. While this may be possible for gas and electricity, which are not
easily resaleable, it may be impossible for liquid and solid fuels. The
preferable approach would therefore seem to involve setting producer prices
of energy at their efficient levels and then dealing with resulting ineffi-
ciencies directly by adjusting other prices (i.e., eliminating other distor-
tions). In some cases, this wil require production to close down (notably
for the production of fertilizers by inefficient or obsolete processes; Egypt,
for example, has an ammonium plant based on the electrolysis of water)
and may therefore require compensation to be paid to the plant owners
(if, as for some fertilizer producers, the government gave a commitment
to guarantee the price and sales levels of the output).

Second-best pricing

Is it possible to calculate the optimal producer price of energy in a distorted
economy in which it is impractical to eliminate the major distortjons? This
question has been addressed in Dixit and Newbery (1985). They consid-
ered a simple general equilibrium model of Turkey in which the relevant
distortions consisted of tariffs and producer taxes, and they showed that
the optimum tax to place on oil was a weighted average of these taxes and
tariffs. (The tax on oil was to be applied to the border price, or efficient

price — also its shadow price — to bring the price of oil to producers

tional taxes aimed at consumers would be needed, but these were ignored.)
The interesting finding was that, although the weights to apply to the
existing taxes and tariffs had to sum to unity, they did not have to be positive
nor individually less than one, and so the weighted average could be out-
side the range of existing taxes. This is an important finding, for it is often
argued that since oil is often more heavily subsidized than any other com-
modity, it must be desirable to reduce the subsidy, In our model it can
be desirable to subsidize oil to offset the excessive taxes on the produc-
tion of oil-intensive goods.
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We found that for Turkey this was not just a theoretical possibility, but
apparently justified by the cata; despite positive taxes on all other sec-
tors, our best point estimate of the tax on oil was -12 percent, or a subsidy
of 12 percent of the border price. However, this figure was extremely sen-
sitive to a wide range of parameters in the model, most of which, such
as the elasticities of substitution between capital and labour in each sec-
tor, are known with low accuracy. A realistic confidence interval for the
tax on oil was estimated as -50 percent to 30 percent, which is far too wide
to give one much confidence in advising on the correct price of oil alone.
The conclusion to draw from this is that it is very difficult to set the price
of energy in a highly distorted economy and that it is a rathcr perverse
exercise to attemnpt to reduce these distortions by adjusting only the price
of energy. The correct conclusion is to address the major distortions directly,
and the less distorted the prices facing producers, the easier it will be to
set the correct producer price for various fuels.

For the rest of this chapter, we shall therefore assume that it is desirable,
as far as possible, to confront producers with efficient prices and deal with
other distortions directly. There are, however, two further problems even
if the other distortions facing producers can be dealt with. First, it may
be impossible to charge consumers and producers different prices, in which
case it will in general no longer be desirable to set the common price at
the efficient level. Second, the efficient price for the same fuel in diffcrent
uses may differ. The primary example would be diesel, which as a road
fuel may be the selected method of charging for road use, while in other
uses (tractors, generators, stationary motors, heating fuel, etc.) this argument
would not apply. Both issues raise similar problems which we now address.

THE DIFFICULTY OF SEPARATING PRODUCER AND
CONSUMER PRICES

Most fuels are consumed solely by either producers (coal, lignite, fuel oil)
or consumers (gasoline), or readily sold at different prices to consumers
and producers (gas, electricity). The only fuels which are sold to both con-
sumers and producers and for which it is difficult to charge different con-
sumer and producer prices are diesel and kerosene. Similar problems arise
when it would be efficient to price discriminate between fuel for road
transport use and the same, or similar, fuels (e.g., kerosene) used elsewhere.
Again, as far as energy pricing is concerned, the only problematic fuels
are diesel and kerosene.

The key issue is that automotive diesel fuel is a natural tax base in charg-
ing for road use (though one which must be supplemented by vehicle taxes
and annual licence fees) and hence should be priced above border parity,
while diesel used in industry and agriculture should be priced at border
parity on efficiency grounds (though, as we have seen, it may be desirable
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to price diesel in agricultural use at below border parity if agricultural
prices are below border parity). Finally, to further complicate matters,
it has sometimes been argued that kerosene should be subsidized for two
quite separate reasons. First, if kerosene is an inferior fuel (to electricity
for lighting, for example) or an essential fuel (for cooking), then a tax
on kerosene may be regressive, and a subsidy would improve the distribu-
tion of income and hence be attractive on equity grounds. Second, kerosene
may be substitutable with woodfuel which may be underpriced as it is col-
lected from communally accessible forests. The true social cost of collec-
ting woodfuel may be well above the p:ivate cost, since the collectors do
not have to pay for the cost of producing the trees, nor for the subsequent
ecological degradation which may result from excessive deforestation. In
order to confront consumers with the correct relative prices of woodfuel
and kerosene, it may therefore be necessary to subsidize kerosene.

However, it is possible to substitute kerosene for diesel to some extent
in automotive use (maybe up to 30 percent) and very easy to do so in heating
uses, so the subsidization of kerosene in turn affects the price which should
be set for diesel.* It is therefore interesting to consider the pricing of
kerosene and diescl in some detail.

Setting the price of kerosene in Thailand

Hughes (1983) has examined the effects of changing the price of kerosene
in Thailand using the 1975 Thai Input-Output Table (NESDB, 1980) and
detailed houschold budget data from the Thailand Socio-Economic Survey
of 1975-1976. (The methodology of such an impact study is set out in
the annex to this chapter, and further illustrated there.) If the price of
kerosene is increased by 50 percent and consumption patterns remain
unchanged, then a household currently spending X baht per month will
pay an extra percentage amount, T/X

T - 0.843 - 0.95 (X/10,000), R? = 0.05. (1)

X
(55.7) (24.1)

(Brackets give t-values, sample size 11,000. Hughes, 1983). The negative
coefficient on expenditure implies that kerosene taxes are indeed regressive,
but there are two points to notjce. First, the low R2 of § percent means
that the main effect of a kerosene price change is uncorrelated with income.
Second, the price impact will be extremely small, as kerosene expenditure
accounts for only 2.4 percent of total expenditure on all petroleum pro-
ducts, which account for about § percent of gross national product (GNP).
Annex Figure 3.1 demonstrates the relationship between the percentage
cost increase caused by the kerosene price rise and income level. The regres-
sion line is drawn, together with a parallel line below which 90 percent
of the 11,000 observations lie, The great bulk of the observations lie in
the shaded area.
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A very small fraction of the sample population would face cost increases
of more than 2 percent, and more than 90 percen: would face cost increases
of less than 1.5 percent for what would be a very sizeable price rise for
kerosene. In fact, in Thailand kerosene prices have not been subsidized,
and, perhaps as a result, kerosene consumption is modest. In some other
countries kerosene has been heavily subsidized, consumption levels are
considerably higher, and the problem of raising kerosene prices might be
more severe.

It is interesting to see if the adverse effects on equity of raising kerosene
prices could be offset by subsidizing (or reducing the tax on) some alter-
native consumption good. What is required is some other good for which
taxes are regressive, and food is the obvious such example, though if food
is already subsidized (through the export tax on rice, for example), then
the efficiency costs of increasing the subsidy may argue against that choice.
Ahmad and Stern (1983) have developed a methodology for identifying
the direction in which it would be desirable to change taxes, allowing for
equity and efficiency considerations, and this methodology could, in prin-
ciple, be used to identify the set of goods whose prices could be lowered
to more than offset the effect of raising the price of kerosene.’

To this end we computed Engel curves for various goods consumed in
Thailand to identify necessities. The following equation was estimated
from the consumer budget survey data. Table 3.3 presents the results.

w=a+ AN+~ log (X) (2)
where w is the budget share,

N is the household size,

X is real expenditure.

1f the parameter  is negative, the coimmodity is a necessity, and subsidies
(or reduced taxation) will improve the distribution of income. The third
column of Table 3.3 gives the correlation between expenditure on the good
identified and kerosene, and measures the case with which the adverse
distributional impact of raising kerosene prices can be offset by subsidies
to that good. What comes over very clearly is that it would be hard to
devise a neutral tax change which would leave everyone better off, Although
it should be relatively simple to find a way of improviug the distribution
of income while raising the price of kerosene (and using the proceeds to
reduce other taxes), this change would nevertheless have a fairly random
effect — some households would gain while others would lose, despite
having the same initial standard of living.

This analysis may be summarized as follows. There is a potential con-
flict between equity and efficiency in pricing kerosene, since efficiency
requires a price as high as diesel, which, on efficient grounds, should be
above the border price to recover some of the road-user costs. Kerosene
is a necessity with a low-income elasticity, usually relatively more impor-
tant to rural consumers, and hence an appealing choice of a good to sub-
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sidize on equity grounds. However, the expenditure share is typically small,
so it is a relatively ineffective method of redistributing income. Moreover,
its consumption is very poorly correlated with income, so it is a very
imprecise method of directing income at the poor, and in absolute terms
wealthier urban dwellers gain more from kerosene subsidies than poor rural
consumers. Since the price elasticity appears to be quite high (perhaps
unity), the inefficiency associated with large subsidies will be significant,
quite apart from its effect on the adulteration of transport diesel fuel. Fur-
ther, the magnitude of and redistribution that might be achieved by sub-
sidizing kerosene is almost certainly negligible compared with the random
shocks caused by the rates of inflation and exchange rate changes prevalent
in countries which subsidize kerosene.

The taxation of transport fuels

The case for taxing transport fuels has two components — efficiency and
equity. On equity grounds, it is clear that gasoline consumption in develop-
ing countries (and certainly in Thailand) is income elastic, and hence an
obvious candidate for taxation. On efficiency grounds, vehicles incur costs
on roads and other vehicles (both by making the roads rougher and hence
more costly to other road users, and by congestion). There is thus an argu-
ment for charging vehicles for the use of roads, ideally an amount equal
to the social costs caused by the vehicle. To the extent that these costs are
related to distance driven, they can be recovered through fuel taxes. How-
ever, this is an inadequate tool by itself, as the damage done by vehicles
rises as the fourth power of the axle loading, while fuel consurption per
mile rises roughly linearly with gross vehicle mass. A given fuel tax per
litre will thus undercharge heavily laden vehicles relative to lightly laden
vehicles. The solution is to impose taxes on new vehicles and annual licence
fees which reflect the damaging power of a typically laden vehicle. The
tax on new vehicles has the effect of raising operating costs per annum
or: new vehicles relative to old, and since newer vehicles have higher utiliza-
tion rates than old vehicles, this goes some way to making taxes reflect
the different degrees of utilization. Alternatively, licence fees could vary
with the age of the vehicle and this would reduce the financial constraints
on the purchase of vehicles. Taxes on tires are potentially an attractive
way of recovering road-nse costs but have obvious drawbacks in terms
of encouraging excessive wear and retreading, to the possible detriment
of efficiency and safety.

The equity aspect is fortunately easy to separate from the efficiency
aspect, since gasoline is primarily used in private cars, and diesel in com-
mercial vehicles. To dissuade private car owners from choosing inap-
propriate diesel-engined cars, the annual licence fee for a diesel-powered
private car should be set at a level m¢ above that for a gasoline-powered
car, where ¢ is the tax per litre on gasoline, and m is the number of litres
consumption per annum at which diesel and gasoline versions are equally
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economic, costing both diesel and gasoline at their border or efficiency
price. The main problem would probably be that people would buy diesel-
powered commercial vehicles (pickups, vans, jeeps, ctc.) for private use
— an obvious inefficiency. This would limit the extcnt to which it would
be sensible to tax gasoline and private cars relative to diesel and competitive
commercial vehicles.

Congestion costs cannot easily be charged for through fuel taxes, and
they require locationally specific charges — licences to drive in certain
areas, licenses differentiated by address of owner, parking charges, and
the like. Since congestion does not affect fuel pricing, we shall ignore it
in this chapter.

The World Bank is currently developing a methodology for measuring
the road-use costs incurred by various types of vehicles on various types
of roads and is designing a suitable tax system te recover these costs; when
this is ready (end of 1985), the principles of setting the efticient pric.. of
transport fuel should be better defined and operational.

EQUITY AND EFFICIENCY CONFLICTS IN ELECTRICITY
PRICING

Electricity is typically an income elastic good and is often in short supply,
with frequent power failures. Theie is thus a powerful case on equity and
efficiency grounds for keeping the price high enough to ration demand by
price rather than blackout. The more interesting conflicts arise when the
power supply is experiencing economies of scale (i.e., capacity is built ahead
of demand, or the hydro project has large indivisibilities). Thisis quite likely
for isolated rural areas where the bulk of the costs will be in the equip-
ment and infrastructure. The principle of charging for fixed costs by a con-
nection charge then leads to decreasing average tariffs by use and will be
regressive, while rural electricity is likely to be significantly more expen-
sive on average than urban electricity, again likely to be regressive. One
obvious solution is to mak= the fixed charge a function of installed capacity,
which, if it is made progressive, will avoid the equity-efficiency conflict.

The pricing of rural electricity (and its provision) would merit a study
on its own and would require extensive research. (For a useful survey of
the present state of knowledge and suggestions for further research, see
Cecelski and Glatt, 1982.) Several features stand out from this survey:

1. Rural consumption is iow, less than one-fourth urban per capita levels.
(In the Philippines, where rural electrification is considered very suc-
cessful, 90 percent of connected households used less than 33
kWh/month — enough for two 100-watt bulbs for 4 hours/day [Cecelsxi
and Glatt, 1982, p. 9].)

2. Often a very small proportion of houscholds connect even when it
is available (3.5 percent in rural Suryapet and 8 to 10 percent in
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Karnataka, both in India [Cecelski and Glatt, 1982, p. 19]). Desai (1981,
p. 44), however, cites a figure of 26 percent of households in electrified
Indian villages in 1971.

3. Those connected have higher incomes than those who do not (bet-
ween 2 to 4 times; Cecelski and Glatt, 1982, p. 21).

4. The main determinant of consumption is appliance ownership, and
for durable appliances the cost of clectricity is a small proportion of
the total cost.

To gain some igea of the figures involved, Table 3.4 gives average and mar-
ginal costs for local and central electricity supply in El Salvador in 1975
(though it is not clear whether these costs are economic costs or include
taxes and other distortions). It is clear that for low load factors and for
centrally supplied electricity the excess of average over marginal cost is
very large, posing considerable problems for tariff design. It is not,
therefore, surprising to find that prices charged for electricity in rural areas
vary greatly, from US$0.02/kWh in Nicaragua to US$0.16/kWh in
Mauritania (Cecelski and Glatt, 1982, pp. 50-51), nor that subsidies are
common, especially in early years. Thus the Rural Electrification Cor-
poration of India expects negative returns on projects in “ordinary
advanced” areas up to the sixth year and 3.5 percent returns by the end
of the fiftecenth year (Sengupta, 1979, p. 2).

It is also interesting to note that one of the main uses of electricity in
rural India is for iirigation pumps, for which the alternative is a diesel
pump set. The only cost-benefit comparison to use shadow prices finds
that diesel pump sets are cheaper in Bihar than electricity, though at market
prices the converse is true (except at discount rates of 15 percent or more)
(Bhatia, 1979). The reason is that diesel is taxed relative to its efficiency
price, while electricity is subsidized, as Bhatia discusses in Chapter 5 of
this book. Since electricity sold for power usc is typically priced differently
from domestic electricity, its pricing can be guided by efficiency considera-
tions, of which the main one is the price of diesel.

The mainissue for rural electrification is probably deciding whether and
whento electrify a village (and how). Once electricity is available, thereis a
case for charging above marginal cost for domestic consumption, asit is an
income elastic good in relatively inelastic demand. There is alsc - :ase for
anannual connection chargerelated toinstalled capacity, if that is %asible.

The main inequities likely to prove hard to deal with without aigh effi-
ciency osts are the higher costs of electricity in rural areas Or, worse, its
ucinavailability.

CONCLUSIONS

Conceptually the simplest fuels to price are those sold solely to producers
in the formal sector (coal, fuel oil, lignite) or those for which price
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discrimination is feasible (gas and electricity). In such cases the ideal is
to set producer prices at their efficient level. If other inputs and/or out-
puts are sold at distorted prices, and the only feasible instrument available
to offset these distortions is the price of particular fuels, ther. there is an
argument for adjusting these fuel prices, though it is hard to think of cases
for which this is plausible. In other cases it is preferable to tackle the main
source of distortion directly.

Where consumers can be confronted with a price different from the pro-
ducer price (electricity, gas, gasoline), then equity considerations become
relevant, and for these three fuels almost certainly argue for indirect taxes
at above average rates to the extent that these fuels are income elastic and
(moderately) price inelastic. The most problematic fuel to price is rural
electricity, for which equity and efficiency principles give radically dif-
fering prices.

This lcaves two fuels which raise spccial problems — kerosene and diesel.
Since they are close substitutes in consumption, it is hard to price them
very differently, and it is hard to separate the consumer and producer prices.
On equity grounds, kerosene should probably be subsidized, whil'e,diesel
should be (modestly) taxed on efficiency grounds to recover some frac-
tion of road-use costs. If a government a‘tached high priority to the
distributional criterion, tlien the efficiency costs of underpricing diesel
could probably be largely offset by increases in licence fees, made fuel-
and capacity-specific to discourage inefficient substitution of large for
small engines, or diesel for gasoline. If, on the other hand, it was felt impor-
tant to move towards a more efficient set of producer prices (as part of
a general tax reform, for example) then the adverse distributional effect
of raising kerosene prices would be small and, on average, could be offset
by the other tax changes. Subsidizing best practice kerosene-using equip-
ment (lamps, stoves) might allow the losers to be more directly
compensated.

As with all tax and price reforms, what is desirable depends sensitively
on the range of possible reforms which can be simultaneously considered.
The techniques are now available for identifying desirable reforms of the
energy pricing structur: (and of other prices and taxes) and are discussed
in the annex in this chapter, in Ahmad and Stern (1983), and, more
systematically, in Newbery and Stern (1985).
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prices in Calcutta, 1979 (Rs./ki)

Foreign
posted Refiner’s  Distribution
price  Taxes margin costs To'al
Gasoline LO09 3,095 -151 79 4032
Kerosene 1,052 554 =315 89 1,380
High-speed diesel 989 1,338 -917 72 1,482
Furnace oil 650 146 184 51 1,031

Source: Desai (1981), p.54.

Table 3.2 Ratio of marke: pr

ice to efficiency price,? Calcutta

1973 1975 1979
Gasoline 6.27 373 370
Kerosene 2.31 1.24 1.17
High-speed diesel 4.11 1.46 1.40
Furmace =3 2.48 1.30 1.47

Source: Desai (1981), p.54.

2 Taken on the foreign prize plus distribution cost,

Table 3.3 Necessities in Thailand

Correlation
¥ (¢ value) with kerosene

Maize and cereals ~-0.062 -42.4

Charcoal and firewood -0 0t -38.2 -0.07
Fish -0.03 -39.8 -0.05
Canned food -0.19 -39.0 -0.03
Milled rice -0.14 -113.8 -0.05
Miscellaneous food -0.01 -39.2 -0.05
Kerosene ~0.007 -~50.0

Table 3.4 Cost of rural electricity in El Salvador, 1975 (US dollars)
Autogeneration Grid
Distance from grid na, 4 km 29 km
Load factor” 10% 259 10% 25% 10% 25%

Variable cost

¢/kWh 6 6 I 1 1 1
Overhead cost

¢/kWh 15 6 17 6 39 16
Average cost

¢/kWh 21 12 18 7 40 17
Overhead fee

$ per annum (for

400 kWh per annum) 60 24 68 24 156 64

Source: World Bank (1975).

a Ratio of average to peak consumption.
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ANNEX 3.1
ESTIMATING THE IMPACT OF FUEL PRICE CHANGES IN
THAILAND

If the market price of some good is very different from its efficiency price,
then it is worth asking whether this market price is consistent with the
policy objectives of the government, or whether these objectives indicate
that the price should be changed. In a period when the world price of
energy has changed dramatically relative to other prices, it is more than
likely that energy taxes and pricing policy which may have been suitable
before 1973 are no longer appropriate. The problem is that policy-makers
face conflicting objectives (equity, efficiency, the need for government rev-
enue, etc.) and, in a very distorted economy, find it difficult to assess the
effect of any single price change on these various objectives. The World
Bank has commissioned research designed to develop a method for assess-
ing the effects of changing energy prices as part of a research project on
the Pricing and Taxation of Road Transport Fuel (RPO 672-83). In this
section, I shall briefly describe the method and the results of applying
it to Thailand. Further studies of price impacts in Indonesia and Tunisia
are currently under way.

The impact of fuel taxes on the distribution of income

The idea is simple in principle, but data- and computer-intensive in prac-
tice. We assume that there is no substitution effect as a result of the price
changes and, as a result, the calculated impact is likely to overstate the
true impact. All the evidence suggests that this effect is likely to be negligible
for the size of price change likely to be politically feasible. The effects
of any price change are traced through the input-output table to find the
impact on the costs of producing the various goods in the economy. So
far the technique is standard. Most authors of the technique assume, how-
ever, that increases in cost lead directly to corresponding increases in the
prices of these goods, following a standard mark-up pricing rule. We argue,
however, that in a small, open economy such as Thailand it is critical to
distinguish between those goods that are priced on world markets, and
those goods whose domestic prices can be set independently of world
market prices. Consider two polar cases. Agricultural exports carn the
world market price, and any increase in their cost of production or transport
to the port leads to a fall in the incomes of the factors used in their pro-
duction, and a fall in their farm-gate price (by an amount equal to the
increase in transport cost to the port). Road transpert services, on ihe other
hand, are nontraded goods, produced under constant returns in competitive
markets, and their prices will indeed be equal to cost and hence will increase
as input costs rise. Charcoal is an intermediate case, for it is nontraded,
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but substitutable for traded kerosene. A 10 percent rise in kerosene price
is assumed to lead to a 5 percent rise in charcoal price as consumers switch
to charcoal and raise demand relative to supply.

Various tax changes can now be analysed, first calculating the tax rate
which would be required to raise tax revenue by, say, 1 percent of gross
domestic product (GDP) (so that alternative, equal yield tax changes can
be compared), and then calculating the changes in prices of all goods
resulticg from these tax changes. Changes in factor incomes can be
calculated from changes in gross output and input costs. These price and
income changes can then be used to measure the change in real income
of any household in the household budget survey (assuming no change
in the quantities of each good purchased). The importance of using the
whole sample (of 11,000 for- Thailand) rather than a small number of
“representative’” household budgets at different income levels, or an
estimated expenditure function, is that the likely diversity of impact of
any tax change can be readily appreciated. Annex Figure 3.1 graphically
illustrates the range of possible cutcomes which results from a 50 percent
increase in kerosene prices in Thailand. Some taxes (notably on intermediate
goods) have a relatively more uniform impact on consumers than others,
The most dramatic nonuniformity was found for an increase in export
taxes, which lowers the dowiestic price of exportables (notably rice),
benefiting urban consumers and having a relatively iarge adverse effect
on large farmers. Small subsistence farulers are left relatively unaffected.
Gasoline taxes have a fairly heterogeneous effect, as might be expected,
and they are, as expected, quite progressive (indeed, the most progressive
of taxes considered). A gasoline tax which yields 1 percent of GNP in extra
tax revenue requires a sales tax at a rate of 46 percent and leads to a tax
transier of an amount T/X percent of expenditure, given by

T/X= 029 + 227 (X/10000) - 0.03N, R2=0.08. (A.D)
(10.6) (3u.9) (5.4)

(t values in brackets, N=number of household members. Hughes, 1983,
Table 8).

The heterogeneity of the impact can be examined by plotting a scatter
diagram of T/X against X, asin Annex Figure 3.1 where the vast majority
of the 10,000 observations lie in the shaded area shown, and by finding
the lines parallel to the equation of T/X which encompass 80 percent of
the observations, as shown for gasoline in Annex Figure 3.2.

If different tax changes are to be compared, then it is very useful to
devise a summary statistic for the effect different equal yield taxes have
on the distribution of income, Many such statistics are available, and there
is a case for calculating several. Huglies presents four in his paper, all based
on the Atkinson inequality index (see Sen, 1973). The conventional Atkin-
son indices of vertical inequality were computed with inequality aversion
parameters ¢=1.0 and 2.0 which correspond to relatively low and moderate
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aversion to inequality. The second pair of measures are King’s (1983) index
of overall inequality which extends the Atkinson measure to include a
measure of the horizontal inequity generated by the tax change. While
one may well have misgivings about either the relevance of horizontal equity
for ¢ax reforin or the accuracy with which it is measured by the King index,
it does, nevertheless, give a feel for the heterogeneity of the impact of the
tax on households which are superficially similarly placed, but not similarly
affected by the tax.

Annex Table 3.1 reproduces Table 8 from Hughes (1983) and gives the
impact of imposing a number of tax changes in Thailand, all of which
raise the same amount of governinent revenue — about 1 percent of final
demand:

Reform number Description

R! A uniform sales on all petroleum products at 19.5 percent

R2 A sales tax on gasoline and aviation fuel at 45.7 percent

R3 A sales tax on all petroleum products other than gasoline and aviation fuel at
34.1 percent

R4 A uniform tariff on all nonfue! imports at 7.5 percent

RS A uniform cxport tax on all exports at 8.9 peicent

R6 A sales tax on all manufacturea goods at 2.2 percent

R7 As RI but assuming a | percent fall in nioney wage rates and at rate of 18.5
percent

R8 As R6 but assuming a 1 percent fall in money wage rates apd at rate of 2.1
percent

The last two alternatives assume that a rise in government revenue of
1 percent of GDP leads to a fall in money wages of 1 percent, reflecting
one possible extreme case of the deflationary impact of the tax change.
The others assume r:0 change in money wages.

Section A of Annex Table 3.1 gives the coefficient of (X/10,000) and
N in equations such as equation (A.1). The deviations reported in section
B refer to the positions of the lines in Annex Figure 3.1 above and below
the reference line. Sections C and D give the four indices of inequality
mentioned above.

If we ignore issues of horizontal equity for the moment, the table reveals
that gasoline taxes have the greatest impact on the distribution of income,
and export taxes have the worst effect. There is, however, remarkably little
to choose between the alternatives, and the main conclusion is that quite
large tax increases on petroleum products have a modest but, on balance,
beneficial impact on the distributicn of income. If the government were
to attach a moderate degree of importance to horizontal inequity, then
at low levels of inequality aversion (e=1) all reforms except the industrial
sales tax make matters worse, though for higher inequality aversion (¢=2)
fuel taxes improve equity. In turbulent times, when relative prices are chang-
ing, there is thus very little reason for not pursuing an efficient pricing
pollcy for fuels and allowmg them to rapidly adjust in line with fluctua-
tions in international prices.



84 CRITERIA FOR ENERGY PRICING POLICY

Impact of fuel taxes on inflation

Governments are not only reluctunt to raise domestic fuel prices in response
to international price changes for equity reasons, but also because they
fear the inflationary consequences. Hughes calculated the impact of the
iax reforms listed earlier on the producer and consumer price indices in
Thailand, and they are reported in Annex Table 3.2,

The table makes clear that large price changes (20 percent increase in
the price of all fuels) have a small impact on the price indices, and smaller
than a comparably deflationary price rise of imports in general (R4) or
industrial goods in particular (R6). Export taxes (R5) reduce domestic
prices quite dramiatically. These price impacts allow for the important fact
that some prices are set on world markets, so cost changes fall on the pri-
mary factors, while other cost changes feed through into final prices. A
standard cost-plus pricing model overstates the impact of these fuel price
changes by about 0.20 of 1| percent or by about one-third,

The table also d .ionstrates that an increase in all fuel taxes coupled
with an equal yield decrease in import duties (i.e., R1-R4) would /ower
the price level by an appreciable amount (bearing in mind that the tax
changes correspond to only 1 percent of GDP, which can be taken as an
order of magnitude of the expected price change). Thus, if a government
argues against reducing the subsidy on fuel because it fears inflation, the
answer would be to eliminate the subsidy and use the revenue instead for
reducing import tariffs, which will not only lower the price level but reduce
the degree of distortion in the economy.



EFFICIENCY AND EQUITY CRITERIA

T/ X « "
Tox 6 ™
Tronsfer x xx
llll
per cent gl %, X"
L . %
o ox x x
L x = L x
4 n x [u *
x x|¥ x x
X Xy x
Y S B The bulk of observations
* x lle in shoded crea
X ;X
® b
2k
x 90 per cent of
B observations lie
| 4 below this line
by
n
P X x
/ o B %y xox
0 15
ng?no Totol Expandlture

‘000 baht/month

Annex Figure 3.1 Impact of 50 percent kerosene price rise

3.0}

T/ X
Tox

Transfer

per cent

2.0

90 percsntile
\

N
80 per cent of regression !ine
impocts ‘is

within bond

10 percentiie

50 par cent of Impacts lie
below median _/

o

N

©
v

/6.27 Stope

0.5 1.0 Totol Expenditure

x 10,000 baht/month

Annex Figure 3.2 Variations in tax transfer for gasoline



CRITERIA FOR ENERGY PRICING POLICY

Annex Table 3.1 The distribution of net expenditure and income transfers and post-transfer inequality indices for
alternative tax schemes, Thailand

Tax scheme
Ail petroleum Incustrial
All Import Export Industrial and wage sales and
petroleum  Gasoline Other tariff lax sales tax change wage change
R/ R2 R3 R4 RS R6 R7 R8
A. Regression equatiorn coefficients Jor net transfer as a percentage of original expenditure (ai. e 1seinolds)
Real household expend;ture 1.12 2.27 -0.27 0.25 -2.43 0.72 1.27 0.90
(t statistic) (22.8) (30.9) 4.7) (4.5) 3.3) (26.7) (24.9) (25.2)
Household size -0.02 ~0.63 -0.02 -0.06 0.15 0.00 -0.04 -0.02
(ti (6.6) (5.9 (4.8) {1.5) (8.0} (1.3) (11.4) (8.6)
R 0.05 0.08 0.003 0.002 0.01 0.97 0.06 0.06
B. Distribution of households by net transfer as a percentage of original expenditure
Average transfer 0.96 0.66 1.19 0.86 1.36 0.79 1.02 0.86
Median transfer 0.83 0.37 1.10 0.57 -0.24 0.74 0.89 0.78

Deviations between actua:
and predicted transfers as
percentage of expenditure:

Percentiles: 10th -0.52 -0.53 -0.60 -0.30 -3.96 =043 -0.65 -0.58
Median -0.12 -0.21 - -0.08 -0.03 -1.57 -0.05 -0.12 -0.08
90th 0.69 0.53 0.81 0.45 6.00 0.53 0.80 0.74
C. Indices of vertical inequality
€=1.0 0.232 0.231 0.233 0.233 0.237 0.233 0.232 0.232
e=2.0 0.373 0.372 0.374 0.374 0.379 0.373 0.373 0.373

D. Indices of overall inequality for n=2.0

e=1.0 0.240 0.242 0.240 0.238 0.278 0.237 0.241 0.239
€=2.0 0.376 0375 0.378 02.376 0.406 0.375 0.377 0.376
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Annex Table 3.2 Inflationary impact of tax reforms, Thailand

Changes in

Producer price index Consumer price index
Reform? (percentage) (percentage)
RI 0.59 0.67
R2 227 0.44
R3 0.75 0.84
R4 113 0.92
RS 3.0 -2.03
R6 0.92 0.89
R7 0.42 047
RS 0.73 0.69
RI-R4 -0.54 -0.25

Source: Hughes (1983), Table 2.
4 Reforms defined in the text, p. 83.

NOTES

IStrictly, profits must be zero, as they will be with constant returns, or subject to a 100
gcrccnl profits tax, for the separation result tc hold.

This rather sweeping statemient is not uncontroversial, but while it is theoretically possible
to argue for some energy taxes or subsidies to supplement the system of direct taxes, no
such case has yet been empirically argued. For a further discussion, see Newbery (1981).
IThis is a loose statement, since cross-price elasticities arc also important. One wants to
know what happens to total tax revenue if a particular tax is raised. I it induces consumers
to switch to less heavily taxed goods, then the tax increase is less attractive than if it induces
them to switch to more hcavily taxed goeds. See Newbery and Stern (1985, Chapter 2).
4The National Council of Applied Economic Research (1971) estimated that kerosene used
as an adulterant came to 34 percent of officially estimated high-speed diesel consumption
in India in 1960, when Ligh-speed diesel fuel had been raised above the price of kerosene.
5The qualification ““in principle” is required, because to implement the scheme, we need
information about the aggregate cross-price elasticities of demand, which in turn requires
fitting a consumer demand system for the country. Ahmad and Stern were able to implement
the methodology for India and plan to do so for Pakistan and Mexico. Considerable pro-
gressin identifying desirable directions of tax reform can be made by just using consumer
budget survey data and assuming various values for the cross-price elasticities. In some
cases the direction of reform is fairly robust to a plausible range of values of the assumed
parameters, in which case one can be reasonably confident of proposing the reform.
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Chapter 4

OPERATIONALIZING
EFFICIENCY CRITERIA IN
ENERGY PRICING POLICY

Gunter Schramm

INTRODUCTION

This chapter addresses the question of how the basic economic efficiency
rules of energy pricing can be translated into actual market prices, given
that there exist important noneconomic objectives as well as practical
implementation difficulties. First, it reviews the basic objectives of pric-
ing and discusses the various trade-offs that may be necessary among them.
Second, it discusses the problems related to short-run versus long-run mar-
ginal cost pricing. Third, it addresses the question of determining long-
run marginal supply costs under conditions of economies of scale when
potential market sizes differ. This is an issue of considerable practical
importance in many developing countries. Fourth, it looks at the related
issues of discriminatory and promotional pricing. Fifth, it analyses ii1 some
detail the practical questions involved in estimating depletion costs and
the importance of the latter for determining minimum economic costs.
Sixth, it looks at some of the problems of determining appropriate pric-
ing for petroleum fuels. Seventh, it addresses some special questions related
to the opportunity costs of funds which, in turn, determine part of the
long-run cost of supply. Eighth, it looks at the reconciliation of economic
and financial objectives and, finally, at the problem of dealing with infla-
tion and relative price changes. Two appendixes round out the discussion,
one analysing the opportunity costs of oil used domestically under restric-
tive export quotas, and the other illustrating some of the potential conse-
quences of inappropriately low power prices.

Given the many issues related to the overall topic, the discussion is
necessarily selective. In particular, because of the availability of substantive



%0 CRITERIA FOR ENERGY PRICING POLICY

literature on the subject,! no attempt has been made to address in any
deiail the issues of determining the marginal costs of electricity supply
systems and setting power tariffs. For illustrative purposes, emphasis has
been placed on the pricing of natural gas, an important new fuel for many
developing countries.

PRICING, A TOOL OF DEMAND MANAGEMENT

Energy pricing has to be seen in the context of wider energy demand
management policies. The overall objectives of the latter are to change
demand from patterns that would evolve without management to one that
is considered superior on the basis of given policy criteria. Apart from
pricing, the major policy instruments are: (1) laws, regulations, and ration-
ing; (2) education and information; (3) policies and regulations affecting
the utilization patterns of energy-using equipment and appliances; and
(4) direct or indirect subsidies to energy-producing or energy-using activities.
The various policy instruments under these four headings can be applied
directly to a given energy resource, or indirectly by affecting the cost levels,
availabilitics, and utilization of energy-using systems, appliances, and
machinery. Since these policy instruments are interrelated, their use should
be closely co-ordinated for maximum effect.

Among all of them, pricing is a particularly powerful and versatile tool
for affecting demand in the long run. In the short run, even sharp changes
in prices may have only limited effects on demand but major effects on
encrgy revenue flows instead.? Pricing can be applied directly to a given
energy source by changing the final price to users. However, it can also
be applied indirectly by affecting the prices, costs, or availabilities of energy-
using appliances, either through taxes, price controls, direct subsidies, or
indirect subsidies provided to energy-producing activities such as tree plan-
ting, coal mining, or transportation, or through import controls. Another
important means of influencing prices consists of intersectoral cross-
subsidies through, for example, lifeline rates for clectricity that are com-
pensated for by higher prices to large users, or low-cost pricing for diesel
fuel as against high-cost pricing for gasoline. Another form of cross-subsidy
consists of country- or region-wide uniform pricing schedules regardless
of the specific regional energy delivery costs.

BASIC PRICING OBJECTIVES

The basic objectives that must be considered in energy pricing are (1)
economic efficiency, (2) social equity, and (3) financial viability. The effi-
ciency principle seeks to ensure the regulation of prices in such a manner
that the allocation of the society’s resources to the energy sector fully
reflects their values in alternative uses. The equity principle relates to welfare
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and income distribution considerations. It may result in the charging of
differential prices to different users on grounds of basic needs, or in the
establishment of uniform prices to specific user groups in spite of dif-
ferential costs of supply, often justified in the name of regional equity
or similar goals. The financial principle suggests that energy supply systems
should be able to raise sufficient revenues to remain financially viable,
so that continuity and quality of service is ensured. A sccond objective
may be to usc the taxation of energy resources as a means to raise required
government revenues, cither to finance energy-related facilities such as
highways, or to raisc revenues in general. The latter may be an important
consideration in countries in which theoretically more equitable and
sophisticated forms of taxation, such as incon'e taxes, do not serve the
desired purpose because of ineffective enforcement.?

In addition to the three main objectives of energy pricing listed above,
there are a number of subsidiary ones which can be important under cer-
tain circumstances. One is the objective of energy conservation. The preven-
tion of unnccessary waste is an important goal in general, but there are
often additional reasons to conserve certain fuels. These include the desire
for greater independence from foreign sources (e.g., oil imports), the goal
of reducing environmental degradation, and the need to reduce the con-
sumption ot woodfuels due to deforestation and crosion problems.*
Another objective may be the need for price stability to prevent sudden
shocks to encrgy users and consumers from large price fluctuations. A
further objective is the need for simplicity in energy pricing structures
to avoid confusing users and to simplify metering and reduce billing
expenses. There also may be specific objectives such as the promotion
of regional development (e.g., local mining activities or rural electrifica-
tion, or the support for specific sectors, c.g., export-oriented industries),
as well as considerations of other socio-political, legal, and environinen-
tal objectives or constraints.

Because these various objectives are often not mutually consistent, a
realistic, integrated energy pricing structure must be adaptable to permit
trade-offs among them. To achieve this, the formulation of energy pric-
ing policies must be carried out in two stages. In the first stage, a sct of
ideal prices, which strictly meet the economic efficiency objective, are deter-
mined, based on a consistent and rigorous economic framework. The
second stage of pricing then would consist of adjusting these efficiency
prices {cstablished in the first step) to meet all other objectives and
constraints.

Given the many noneconomic objectives that will ultimately affect the
level of prices, the question might be asked whether it makes sense to
establish a set of efficiency prices in the first place without simultaneously
taking into account all other objectives. The answer is: yes, it does. First
of all, it is useful to know by itself which set of prices will reflect the least-
cost solution of providing energy. Second, only if it is known what this
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set of prices is can an assessment be made of the costs that the various
other distributional or nonquantifiable objectives may have. The set of
efficiency prices provides something of a yardstick that can be used to
measure the consequences and economic costs uf introducing these other
goals, even if it cannot tell what the real value of these other goals is. In
some cases, the costs imposed by them in terms of losses in efficiency are
unacceptably high. In others it might even turn out that the proposed
beneficiaries of a specific, distributional objective may voluntarily opt for
some other form of compensation instead if they fird that such compen-
sation makes them better off (e.g., low-cost clectricity for cooking instead
ot subsidized kerosene). If, on the other hard, such distributional or non-
quantifiable goals are directly incorporated into our set of pricing, there
is no way of measuring resulting losses in economic efficiency. Knowing
the latter will greatly facilitate evaluations of potential trade-offs between
the multidimensional objectives that invariably form part and parcel of
any price-setting decision.

Eificiency objectives

A fundamental consideration in energy pricing is that prices to users should
reflect the full, long-term, marginal social opportunity costs of their use,
In establishing this economically efficient price, the real rather than the
financial costs of the resources utilized must be used. This means that
shadow prices should be applied whenever real values diverge from market
prices. Usually, the most important of these is the shadow price of foreign
exchange. With the steep rise in the cost of energy i...ports and their adverse
effects on the balance of payments of most countries, the shadow price
or premium above the official rate of foreign exchange may be substan-
tial and may even increase over time as a result of the increasing costs
of energy imports. On the other hand, the shadow price of labour may
be important only in cases of labour-intensive activities, such as planta-
tions for fuelwood, alcohol production, or programmes to introduce more
efficient cooking devices in 1 ural areas. Separate shadow prices may also
be needed for establishing the real value of scarce public investment capi-
tal. However, while the principles and need for shadow pricing are widely
accepted and understood,’ empirical information about the magnitude
of the various shadow pricing coefficients, is usually lacking. This short-
coming must be remedied because the distortion between market and
shadow prices may be substantial, with the result that energy users charged
on the basis of market prices may receive undeserved subsidies that must
be paid for by some other sector of the economy.

The base price of any energy-resource is determined by its long-run mar-
ginal costs. Marginal costs establish forward-looking prices. Such prices
reflect the real value of all additional resources that must be utilized in
order to make another unit of energy available. These marginal costs include
costs of the investments that are needed to supply the additional units
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of energy. If prices are below this level, there will b:: a net economic loss
in the long term: because energy use will be higher than it would be othe-
wise and is justified on the basis of real resource costs.

The second important principle is that energy prices should reflect the
value of the energy rescurces consumed in their next best alternative use.
In the case of easily transportable petroleum products, for example, the
next best alternative use is usually given by the export price (f.0.b.) or import
price (c.i.f.) of the petroleum product, adjusted for anv quantity or quality
differential and additional transportation costs. Export and import prices
at a given location may differ by a significant margin. For example, fuel
oil delivered to Chittagong from Singapcre may cost US3160/ton at today’s
prices, while the f.o.b. value of surplus fuel oil, exported from the same
port, may be only US$140/ton. Net differences in inland locations, say,
at a refinery in Assam, may be much higher, perhaps around US$45 to
US$60 per ton. The same applies to other energy resources such as natn-
ral gas or coal. For these, moreover, transport costs usually aie considerably
higlisi per unit of energy, with the result that their economic net value
in the next best alternative use is correspondinglv lower.

Third, energy prices should reflect all externaul costs (or benefits, if aiy).
For example, externai benefits from certaili energy uses such as increased
use of kerosene or electricity instead of fircewood may redt.ce the overcut-
ting of timber resources for fuel and thereby reduce eros.on, recurrent
flooding, or -eservoir siltation. Hence the question of external benefits
is an important issue for the pricing of fuels such as kerosene or liquefied
petroleum gas (LPG) in badly eroded areas, or for the evaluation cf the
total benefits from reforestation projects.

Typical external costs of energy usage are pollution and congestion.
Po'lution costs, mainly through air pollution from high-sulphur fuels, may
be »ignificant in large metropolitan areas such as Bangkok, Bombay, or
Sinzapore. Their main effects are related to healt:. Congestion costs, on
the other hand, are mainly econoric costs. They consist of three major
components. The first s the additional amount of fuel consumed by
vehicles held up by congestion; the second consists of the time lost by drivers
and passengers; and the third of the additional costs of less than optimal
utilization of the vekicle themselves (the costs of -waiting plus the costs
of fewer ton-miles or passenger-miles per vehicle). Bangkok provides a
visible example or the magnituc'e of these costs.

Fourth, prices of exhaustible, dom.estic energy resources such as crude
oil, natural gas, ccal, or hydropower storage capacity subject to siltation
should reflect their foregone current or potential {uture net value. The
latter is usually called ‘“user,” or ‘‘depletion” cost. It meusures the future
net economic value of exhaustible 2nergy resources that are used now and
must oe replaced by higher-cost alternatives later.

The economic value of depletable resources 1s determined by five types
of opportunity costs. The first consists of the long-run marginal costs of
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supply, which include exploration, development, processing, transmission,
and distribution r:3sts. The second represents the foregone future net value
of the resource once it is depleted and must be replaced by alternative
resources. These are the “user” or “depletion” costs. The third is deter-
mined by the net value of the resource in alternative uses (as indicated
by its f.o.b. export price, net of production and delivery costs, and deple-
tion allowance). The fourth represents the net value of the resource asa
current substitute for other cnergy resources, net of all differences in
delivery and usage costs between alternative t Is. The fifth is determined
by the net value of the resource in uses that would not occur if alternative,
higher-cost energy or feedstock materials had to be utilized. Examples are
fertilizer production or liquefied natural gas (LNG) exports whose viability
depends on prices below those of aliernative fuels,

The first two of these opportunity costs — the long-run marginal supply
and the user costs — are additive and represent the basic economic costs
of the resource. They deterimine the minimum price that has to be charged
for the resource. If lower prices were to be charged, net losses to the
economy would be incurred. The other set of opportunity costs must be
higher than the sum of the former in order to produce economic net
benefits. They also determine the economic ceiline prices that could or
should be charged to users, While, in many cases, higher prices could be
charged if the sale or importation of substi(utes at lower prices is prevented,
this would be economically inefficient, even though the users’ willingness
to pay might be high enough to sustain such price levels.6

Animportant issue in the determination of the net value of a resource js
that there will gcieraily be a number of different markets where the resource
could be sold. However, the unit value of therzsourceto these usersis likely
to differ substantially; it may also differ for a given user.” These dif-
terences depend on the specific characteristics and sizes of the respective
markets. Because of such differerces, it would be wrong to conclude that
the value of existing, depletable resources in the ground is determined by
their highesi-value use (whose market share might be quite limited relative
to available supplies). While resource allocation rules should generally try
to fill the requirements of the highest-value markets first, subsequent alloca-
tions should follow the common-sense, economic optimization nrinciple
that supplies should be made available in declining order of net benefits
until either all available resources are fully committed o1, until, at the
margin, the value of the last unit committed is just equal to its economic
costs (that is, until it equals the costs of production plus user costs). It must
also be noted that the latter costs increase with any additional allocation
due to the effect of such added allocations on reserve/production ratios.

Equity objectives
Socic-political or equity arguments are often advarced in favour of sub-
sidized prices for energy, especially where the costs of energy are high relative
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to the incomes of poor housenolds. Economic efficiency arguments based
on externality effects may also be used to support subsidies (e.g., cheap
kerosene to reduce excessive fuelwood use to prevent deforestation and
erosion). Two issues should be noted in this context. First, low-priced,
so-called “lifeline” rates may deviate markedly from economic efficiency
criteria. Second, the amount of the subsidy that is to be made available
through the lifeline rates must be carefully monitored so that either the
revenue of the subsequent higher-priced blocks balances the losses incurred
or a sufficiently high subsidy is paid by the government; otherwise, the
financial viability of the supply organization will be jeopardized.

Sometimes, initial large subsidies and temporary losses may be justified
on economic grounds if it can be expected that demand from ths new users
will eventually increase sufficiently to ensure adcquate capacity utiliza-
tion and recapture of the initial subsidy.$ Many types of pricing policies
can be used to assist or subsidize specific user groups or societal sectors.
The most common forms of subsidies consist of differential product prices
and excise tax levies on specific products. At present, kerosene, L PG, diesel
fuel, and fue! oil are subsidized in: many countries, usually on the ground
that these preducts are essential inputs to specific users that must be made
available at low prices. However, as wili be shown below, such arguments
are generally fallacious. Though attempts are usually made :o sell other
pctroleum products, mainly gasolines, at high prices, the accounts often
do not balance and the additional revenue raised is insufficient to cover
the losses from the subsidized products. A further problem resulting from
heavy cross-subsidies is that the demand for subsidized products (e.g.,
kerosene and diescl) often outstrips the demand for other refinery output
(c.g., gasoline and fuel oil). As a result, several countries are forced to re-
export the latter at substantial costs, while importing refined products at
premium prices.

Financial objectives

Two major financial objectives must be considered in setting energy prices.
Tae first is the financial viability of the energy supply organization, while
the second relates to the general revenue goals of the government. The
financial principles are often embodied in criteria such as target financial
rates of return on revalued assets, or acceptable rates of contribution
towards the costs of future investment programmes. Providing sufficient
revenue flows to energy supply organizations, whether they are publicly
or privately owned, is of major importance for maintaining efficient and
reliable operations (although the meeting of financial targets is only a
necessary but not a sufficient condition to meet this goal). Without suffi-
cient revenues, day-to-day operations will suffer, maintenance will be
neglected, plant and equipment will deteriorate, and capable staff will leave.
The results are unreliable energy supplies which are far more costly to an
economy than high energy prices. This has been illustrated by the analysis
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of the cost of unreliable power supplies contained in Annex 4.2,

Taxation of energy supplies has been found in many countries to be
a cost-efficient device to coliect needed governmental revenues if the
demand for such energy resources is relatively inelastic (because higher
prices do not lead to significant changes in consumption, such taxes do
not have a major distortional effect in terms of economic efficiency
losses).® A subobjective for raising revenue through energy taxes might
be to cover all or part of the costs of energy-related government expen-
ditures on, for example, roads.

SHORT-RUN VERSUS LONG-RUN MARGINAL COoSsT
PRICING

It is argued here that the appropriate base for determining efficiency prices
are long-run marginal costs. While this view is widely held, it is challenged
by at least sorme economists, who argue that short-run marginal costs
should be used instead.!® As will be shown here, for many energy price
determinations the difference between short- and long-run marginal costs
is more apparent than real and becomes important only in cases in which
lumpy, nonrecurrent capital expenditures have to be accounted for.

One important aspect for short-run marginal costs pricing that is
generally overlooked is that in cases of capacity shortages short-run mar-
ginal costs become really discontinuous. What this means is that even
substantial increases in prices will not bring forth new supplies. All that
these higher prices can do is choke off part of the existing demand until
equilibrum is reached between willingness to pay (i.e., demand) and
available supply. However, such an enforced equilibrium also eliminates
any market signal that new investments are needed, unless short-run mar-
ginal costs have risen to such a level that they-actually can cover the instan-
taneous costs of such investments.

To understand the essential difference between short-run and long-run
marginal costs, it is useful to review briefly their definition and mean-
ing." Marginal costs are defined as the net change in total supply costs
resulting from an incremental change in output. This means that in the
short-run only variable costs (i.e., the costs of those inputs that vary with
changes in output) form part of the marginal cost accounting framework.
Because the fixed costs of existing plant (e.g., capital equipment, buildings)
remain constant, they are netted out and ignored ir the determination of
marginal costs. Such pricing is correct from the viewpoint of economic
efficiency because prices that reflect marginal costs are equal to the net
opportunity costs of resources at the margin needed to bring forth the
additional supply.

However, the strict application of such prices is appropriate — or feasible
— only in a static world in which there is no change, in which demand
remains constant or declines, in which no lumpy investment is ever needed

N
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to increase capacity or to replace worn-out equipment or depleted resource
deposits.

Practical difficulties with this pricing approach are encountered when
new investments are needed. These usually are lumpy and require large
amounts of resources that must be committed first before any additional
output can be produced. Since the costs of such investments prior to their
irrecoverable commitment are variable, they have to be included in the
calculation of overall marginal costs. However, as soon as they have been
made they become "’sunk”’ costs so that they no longer affect decisions
at the margin. As a consequence, marginal costs again fall to the ir:remen-
tal level of operating (i.e., variable) costs, and investment costs once again
are ignored.

The amplitude of these price fluctuations resulting from such “before”
and “after’” considerations in typical developing country energy supply
systems would be huge, if the costs of the additional, required capital
investments were to be charged to consumers at the time new investments
have to be made. Price fluctuations of such magnitude would be unac-
ceptable for any economy. They would certainly be highly disruptive to
any energy-cost-sensitive activity such as cement, pulp and paper, or steel
production, or transportation. They would also be unacceptable to
domestic consumers. Economic as well as political considerations would
rule out the adoption of such pricing patterns.

This means that modifications of the simple, short-run marginal cost
pricing principle are needed. These modifications should meet three criteria:
First, they should maintain the basic integrity and advantages of marginal
cost pricing, aiming at the equivalence of willingness to pay to incremen-
tal cost of supply at the margin. Second, they should assure that all supply
related costs are borne by the respective consumers. Third, they should
maintain reasonable long-term price stability or price predictability to
facilitate forward planning of energy-use related investments.

Two possible alternative approaches offer themselves. The first is to
utilize some form of two-part tariff, which would consist of a fixed periodic
charge (or one-time connecting charge) reflecting capital costs and another
reflecting the short-run marginal cost. of the energy supplied. Suzh tariffs
have been particularly recommended for situations in whicii peak-load
capacities are needed. However, two-part tariffs can be utilized only for
those energy resources that depend on fixed connections with metering
devices (e.g., electricity and natural gas). They would be impractical for
all energy resources which could easily be resold outside formal market
channels. The latter applies to all petroleum products. natural gas liquids,
coal, charcoal, and wood.

Two-part tariffs would be increasingly more inefficient the higher average
capital costs are relative to operating costs. This is so because higher average
capital costs would lead to high fixed charges and low energy costs. A
potential encrgy user would have to either pay the fixed charges or do
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entirely without this source of energy. Once he agrees to pay, the fixed
charges would no longer affect his consumption pattern. Only the energy
costs would be relevant to his decisions. If the latter were low, wastefu]
usage would likely result. This waste, in turn, would result in highe: growth
rates, which would require larger and more frequent additions to capacity.
But capacity cosis, once again, would not affect energy use, creating a
vicious cycle of rapidly rising, economically unjustified energy-use pat-
terns. Aiso, such tariffs would tend to exclude the poor since th-y could
not afford to pay the high fixed charges. Hence, two-part tariffs for the
purpose of financing all capital costs do not appear to be useful except
in cases in which short-run marginal costs are a substantial proportion
of long-run marginal costs.

The other alternative for dealing with indivisibilities would be to utilize
a forward-looking averaging approach. The costs of forthcoming
investments (i.c., the marginal investment costs) would be spread over an
appropriate period, usually the life expectancy of the asset or, sometir.es,
its financing period. These levelled-out capital costs, annuitized at the
appropriate interest rate, would be divided by the energy units supplied
per year and added to the margir.al operating costs. The total unit charge
would then reflect long-run maiginal costs, in contrast to the short-run
marginal costs defined above,

Including this annuitized capital cost charge in the marginal cost price
structure actually is a vitally important signal to an encrgy consumer of
the real costs of his consumption. With growing demand, cack additional
unit consumed encroaches upon existing capacity and raises the spectre
of additional future investment costs. The levelized capital costs and
charges, therefore, arc nothing but a measure of these future costs. What
we can conclude, then, is that long-run marginal costs represent the true
measure of the actual economic costs of supplying additional units of
encrgy.

Newbery argues that the difficulties of short-run marginal cost pricing
can be dealt with by offering contracts of varying length during which
an agreed quantity of clectricity is sold at an agreed stable price. Varia-
tions in consumptions above or below this contracted amount would be
priced at the spot price, or the short-run marginal cost.”? He does not say,
however, how this “stable price” for long-term contracts is to be calculated.
However, having defined short-run marginal costs as the spot price, the
contract price presumably is to be based on long-run costs, i.c, presumably
long-run marginal (rather than average) costs. Selling the remaining tem-
porary surpluses in a spot market at short-run marginal costs, of course,
makes eminently good sense and does not violate the principle of long-
run marginal cost pricing.” Such “spot markets” for electricity supplies
are well known and widely used. They consist of the sale of so-called
“secondary” or interruptible energy to either neighbouring systems, or
to users who can either switch to alternative sources of supply when they
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are cut off (e.g., to auto-generation facilities) or who can do for some time
without power (i.c., cold-storage facilities). Off-peak rates for such types
of uses are widely known and used.

EFFICIENCY PRICING WITH DECLINING LONG-RUN
MARGINAL COSTS

The long-run marginal supply costs of specific energy systems may change
significantly, depending on differences in initial demand, rate of demand
growth, and capacity utilization of usually lumpy investments, such as
axtraction, transmission, and distribution facilizies. For example, market
studies in a developing country for a newly discovered gas deposit showed
that gas should definitely be used by industry, implying a certain system
configuration and size for the gas supply system. However, there was also
the possibility of using gas for power generation, in competition with low-
cost hydro, and, possibly, in transport, displacing petroleum fuels. If these
additional markets were to be served, different production and transmis-
sion systems would be needed and load built-up and capacity utilization
rates would differ. But such supply facilities are subject to considerab!

economies of scale. For example, in this specific case, average costs per
unit of gas supplied were found to fall by scme 60 percent, and marginal
costs by almost 85 percent, as pipe diameters doubled and resulting
throughputs increased by a factor of five. Increased markets, therefore,
in this case, meant substantially reduced long-run marginal costs of supply.
Such economies of scale are typical for less than technically optimum-
sized energy supply systems. To reduce unit costs, therefore, a major con-
cern of energy supply systems must be the rapid development of optimum-
sized markets to reduce the unit costs of supply. This can mean, however,
that supplies from a given energy resource should not only be sold in
premium markets but also in those in which its value in terms of available
substitutes would be considerably lower. The basic test to be applied in
such cases would be to check that the long-run marginal costs of supply
plus depletion costs (in the case of a depletable resource) is equal to or
lower than the price that this marginal user would be willing to pay. In
the country to which the above data refer, for example, electric power could
also be obtained from low-cost hydro sites. However, once the very low
marginal costs of increased capacities of the gas transmission facilities
were taken into account, the costs of electricity from gas-fired plants turned
out to be lower than those from hydro. In some countries, such as Thailand,
potential scale economies can have a significant effect on the question
of whether or not future power developments should be based on lignite,
on imported coal, on domestic gas, or added hydro developments, '
However, while long-run marginal extraction and supply costs may decline
with increased output, per unit depletion costs inevitably rise as rates of
output increase because with increased output the time to resource exhaus-
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tion is shortened. This increases unit costs. On the other hand, the mar-
ginal value of a resource in given uses often decreases as supply is
increased.!s What this means is that the economic unit value of a
depletable resource is subject to changes in several economic parameters
that move in different directions as output increases. Detailed and often
complex calculations are needed to estimate the resulting net economic
values, as well as optimal rates of extraction over time.

THE ECONOMICS OF DISCRIMINATORY PRICING

Price discrimination can be defined as the charging of prices to selected
groups of customers that differ by different margins from the social long-
run marginal costs of supplying them. Such differential pricing is com-
mon. It should be noted, however, that not all price differentials
automatically qualify as discriminatory pricing. Differences in the quan-
tity, quality, timing, and location of deliveries will result in differences
of marginal costs; these should be appropriately accounted for in the set-
ting of prices and do not represent price discrimination. True price
discrimination is widely practiced whenever it is possible to differentiate
between user groups. It is common in pricing schedules for clectricity and
natural gas systems. These can easily discriminate among customers
because they supply through individually metered connections. Discrimina-
tion is less common for other types of energy supplies because of the dif-
ficulties of preventing resales (e.g., petroleum products).

There are many reasons why price discrimination iz practiced so widely,
Factors are income distributional objectives, attempts to foster economic
developments through low energy prices to specific sectors, or simply
outright political pressure. However, there are a number of situations in
which price discrimination can be an important tool in bringing about
the economically most efficient development of given energy resources
for specific markets. Such conditions can arise when new, potential addi-
tions to supply exhibit substantial indivisibilities and are very large relative
to existing markets. Hence, while their average unit costs may be attrac-
tively low at full production, market-size limitations may be such that the
unit costs would be unacceptably high at lower rates of output. Situations
like this are common, particularly in developing countries in which market
size often is a major constraint. As a result, many of them are saddled
with low-volume, small-scale energy supply systems whose unit supply costs
are far higher than those of potentially available, optimume-scale systems.
A typical example is provided by Nepal’s ample hydropower resousces
whose low-cost sites are far too large to be suitable for the domestic market.
As a consequence, small-scale, high unit-cost projects have to be utilized.

There are two options — both involving discriminatory pricing — that
can sometimes be used to overcome these limitations imposed by market
size. If the relevant domestic market is relatively inelastic and the quan-
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titative difference between market demand and a new project’s potential
supply is not too large, discriminatory pricing schedules may raise enough
total revenue to cover the long-run marginal costs. This case has been
illustrated in Figure 4.1. As can be seen, the total market demand schedule
lies below the long-run marginal cost schedule at any given single price.
However, discriminatory pricing, with P, charged to user group 1 which
purchases OQ, at that price, P, charged to group 2 purchasing Q,Q,, and
P, charged to group 3 purchasing Q,Q;, results in average revenues equal
to P, which are equal to the long-run marginal cost at F. It should be
noted that under such pricing schedules, it may well be necessary to sell
substantial quantities of output at prices below the long-run marginal cost,
although never at prices below short-run marginal costs. If the long-run
marginal costs of the project under consideration arc lower than those
from any competing alternative, aggregate cconomic welfare will be max-
imized by chocsing this project, despite the need for using discriminatory
pricing in order to make it economically and financially feasible.

The other potential alternative is to search for additional markets for the
project’s surplus output, even if it means that this output must be sold at
substantially lower prices than those charged in the primary domestic
market. Such additional markets can sometimes be found through exports.
In Bangladesh, for example, supply of natural gas from the eastern fields
to the western part of the country across the forbidding Jamuna River would
be economically feasible only if a large export market for gas could be found
in neighbouring India. Without such an additional market justifying the
huge expense of a gas pipeline river crossing, delivered gas costs in western
Bangladesh would be far higher than those of imported petroleum fuels.

New markets or demands sometimes can also be created by attracting
energy-intensive activities to the vicinity of a new project. Examples are
Ghana’s Volta River power development, which depended on a new,
exclusively export-oriented aluminium smelter to market most of its initial
power output, or the Aswan Dam in Egypt, which sells substantial por-
tions of its electric production to an aluminium smelter and an energy-
intensive fertilizer plant. However, the history of both of these undertak-
ings also illustrates some of the potential, long-term problems of such ven-
tures. Both Ghana and Egypt are now short of electric power and have
to develop new, high-cost sources of electric supplies because substantial
quantities of the initially available, low-cost power are committed and must
be sold at very low prices under long-term contracts.

PROMOTIONAL PRICING

Project indivisibilities or economies of scale and the lack of temporary,
alternative markets for surplus outputs may make it desirable to use pro-
motional pricing schemes, resulting in temporary financial losses, in order
to attract a larger number of customers quickly, stimulate greater con-
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sumption by existing ones, and thereby expand project utilization at a faster
rate. Another reason for promotional pricing of a specific energy resource

ple, the overcutting of forest resources.

Promotional pricing is defined as the temporary underpricing of energy
supplies to selected customer groups at levels below the long-run marginal
cost. A typical example is provided by rural electrification networks, For
these, distribution costs are usually high because of long distances and
low load densities. Technical considerations, however, require minimum
investments in terms of line voltage, number and structural strength of
distribution poles, conductor size, etc. Almost all of these initial costs,
including those of meter reading, are fixed costs, at least up to network
capacity. Hence unit supply costs are inversely related to sales, and increased
sales would reduce the long-run marginal cost accordingly.

Energy use depends on tije use of cnergy-consuming appliances; in the
case of electricity, light bulbs, refrigerators, flat irons, hot plates, etc. If
electricity is priced at low rates, more users may be willing to invest in
such appliances, and more l1sers may be willing to sign up to become pay-
ing customers. This would increase unit sales per customer, as well as the
number of customers per given line, thus reducing total unit costs, For
example, in Thailand, which maintains a vigourous rural electrification
programme, usually about 40 to 50 percent of all households will sign up
initially for electricity supplies when the distribution lines first reach a
village. This rate increases to between 75 to 80 percent after three (o five

is based on a more rapid, immediate load build-up. For example, in a system
that reaches its design capacity after a load build-up of 10 years and has
a life cxpectancy of 25 years, average long-run marginal unit costs will
be about 10 percent higher than those in a similar system that reaches its
design capacity after a load build-up of only five years.!6

An important consideration in adopting such a pricing scheme must
be that the financial resources of the supply organization have to be suf-
ficiently large to cover the initial financial losses incurred and that demand
forecasts are realistjc.

ESTIMATING DEPLETION COSTS

Positive depletion costs will be incurred in the utilization of an exhaustible
encrgy resource if the costs of the next best fuel that has to be utilized
after exhaustion are higher than the long-run marginal supplycost of the
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depletable resource. The magnitude of the depletion costs per unit of extrac-
tion varies with (1) the delivered net-cost differential in use between the
depletable resource and its substitute, (2) the production/reserve ratio of
the resource (i.e., the time to exhaustion), and (3) the economic rate of
discount (inversely).

By definition, the marginal supply plus depletion costs must be lower
than the comparable costs of the replacement resource. However, the com-
bined costs of the two increase over time at the rate of discount until they
reach equality with the costs of the replacement source at the time of
exhaustion (or complete resource commitment). This has been illustrated
in Figure 4.2 which shows the relationship between marginal extraction
costs (assumed to be constant for simplicity of exposition) and replace-
ment costs at constant prices, as well as with rising relative prices. As can
be seen, marginal costs plus depletion costs equal to MC+U’, or MC+U?”,
respectively, rise between time t, and time t,, (the time of resource exhaus-
tion) at the rate U’ or U”, reaching the replacement costs P’ or P at
the time of resource exhaustion.

1f the net differential in marginal supply costs between the resource and
its replacement is low, and/or the time to exhaustion is long, and/or the
rate of discount is high, the depletion cost allowance will be low.!” Table
4.1 indicates some representative cost ranges, based on assumed, net mar-
ginal costs differential of US$! per unit between the depletable resource
and its next best substitute. As can be scen, ~t a rate of interest of 4 per-
cent and a life expectancy of 10 years, the current, present value of deple-
tion per unit of extraction is equal to U$0.50; with a reserve life of 20 years
it falls to US$0.23; at a rate of interest of 12 percent, however, unit deple-
tion costs are only US$0.15 with a resource life of 10 years and a negligi-
ble US$0.02 with a resource life of 30 years. What this means for practical
resource allocation, as well as pricing decisions, is that in countries with
large, depletable resources and/or high opportunity costs of capital, the
in situ value of these depletable resources is low; for such countries a
strategy of rapid development and use may well be optimal, even if prices
obtainable are relatively low, or utilization costs are relatively high.!8

Complications in calculating depletion costs arisc when it becomes
necessary to assess them for a large-scale resource allocation that is indepen-
dent from the depletion costs created by other uses. Such situations arise,
for example, in the case of large, long-term export contracts.

In situations in which the quantity assigned under a proposed contract
is large relative to the size of the deposit, the time path of exploitation
to exhaustion will change. Also, the marginal supply costs to other users
may be affected and might increase or decrease. It would decrease if com-
mon supply facilities can be used and economies of scale are present. How-
ever, it could also happen that the new use crowds out some other potential
users. The limited supplies remaining for other uses in such situations may
force a downsizing of transmission and distribution facilities because of
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lower consumption and lower throughputs over time. The net effects of
these changes on systems supply costs have to be accounted for to get a
true measure of the actual depletion costs caused by the new, large user.

To deal with the totality of these changes and compute their magnitude,
it is necessary to calculate the net economic costs of not being able to utilize
the contracted quantity of the resource in alternative uses. This value
represents the net depletion costs of the project.'® Figure 4.3 illustrates
this point. Without the project, “normal” consumption would grow from
AB today to TC at a time T, when the maximum allowable rate of pro-
duction would be reached. Thereafter, production would remain constant
until exhaustion at a time T, 20 The proposed project would require the
allocation of a quantity of gas equai to area EFC’G’H’C”’, to be utilized
at constant annual rates equal to EF (=C”C’ or H'G).

The new project is assumed to start operation in year t’. Therefore, in
that year, total gas production has to increase from t’E to t’F. Thereafter,

of production is reached. This occurs at time T’, instead of at T in the
“without” case. The year of final exhaustion of the reservoir is advanced
from year Tx to year T’x,

The net reduction in total domestic consumption over time, which, of

for differences in 8as supply systems costs.
Under certain conditions, this cost element may be quite large relative

oriented chemical plant. At the time the negotiations took place, no
domestic gas uses had developed. However, market studies showed that
there existed a modest potential for domestic gas utilization by industry
and for power generation, with the gas substituting mainly for high-cost,
imported petroleum products. Table 4.2 summarizes the major data rele-
vant to the case.

The gas deposit contained some 700 billion cubic feet (ft*) and was

offered contract price was US$0.75 per 1,000 ft3. On the other hand,
market studies indicated that the net value of the gas in domestic uses
was much higher, ranging from US$1.60 to US$3.20/1,000 ft? exclusive
of long-run marginal supply and depletion costs, with the range depen-
ding on the growth of demand and specific types of uses,

However, the potential domestic market was small relative to the size
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of the gas deposit. Depending on various proj.ctions of demand, the gas
deposit, used for the domestic market only, could have lasted from 32 to
50 years. Because of these long time horizons, estimated depletion costs
were quite low, amounting to only about US$0.17 per 1,000 ft3 (with 32-
year life) or 14 percent of total domestic gas supply costs.

With the chemical plant included, however, maximum annual domestic
gas consumption would have had to be limited to 12 billion ft’ instead
of 35 billion ft? in the “without” case. At projected, most likely rates of
domestic demand growth, the available gas in the “with plant” case would
have been exhausted after 20 vears in spite of the lower consumption rates.
With this scenario, average depletion costs for all users increased to
US$1.02/ 1,000 ft?, or to a level well in excess of the offered gas contract
price for the chen ~ al plant.

To determine the net economic depletion costs imposed by the proposed
project, the foreclosed domestic consumption profile for the 500 billion
ft3 of gas to be contracted had to be determined. This showed that the
specific depletion costs attributable to the proposed chemical plant would
have amounted to some US$1.19/1,000 ft3, or some 82 percent of the
plant’s total estimated supply plus depletion costs of US$1.45/1,000 ft3.2!
Hence, to cover the chemical plant’s economic opportunity cost to the
country, its average delivered gas price had to be at least US$1.45/1,000
ft3,22 almost double the offered contract price.

THE ECONOMIC VALUE OF DOMESTIC PETROLEUM
RESOURCES

For countries with domestic crude resources, ascertaining their economic
value appears quite simple and straightforward. It is the f.0.b. export price,
adjusted for special, export-oriented storage and handling costs. How-
ever, while this is true for countries that can sell all of their oil production
freely at prevailing world market prices, it does not apply to members of
the Organization of the Petroleum Exporting Countries (OPEC) that are
subject to export (but not to production) quotas. For such countries, and
in such situations, the value of a barrel of oil consumed domestically is
given by the future, rather than the present value of the barrel sold abroad.
If, for example, export restrictions are projected to continue for a period
of ten years, and domestic production capacity is projected to be in excess
of quotas for this period or longer, the net value of a barrel with, for exam-
ple, a current f.o.b. export price of US$28 would be no more than US$10.80
if it is consumed domestically. However, if the quota restriction applies
to production, rather than exports only, today’s net opportunity costs would
be determined by the current export price.?
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THE ECONOMIC VALUE OF IMPORTED PETROLEUM
FUELS

For countries that depend entirely on the importation of refined petroleum
products, the calculation of thejr economic value is quite straightforward.
Itis the c.i.f. costs of these fuels, broken down by category, plus all hand-
ling, storage, transportation and distribution costs, properly shadow priced,
if necessary.

For countries that are petroleum importers but refine some or all of
the imports in domestic refineries, the issue is more complicated. Refineries
typically use a single input,® whose cconomic value is equal to jts
shadow-priced c.i.f. costs. However, a refinery’s output consists of a wide
range of products that are jointly produced, ranging from liquid petroleum
gases to light and middle distillates to fuel oil, sometimes asphalt, and
perhaps various lubricating oils and greases. Because most of the pro-
duction of this wide range of outputs is joint, product-specific costs can-
not be allocated, cXcept on an a-bitrary basis. To determine ex-refinery
prices, therefore, arbitrary rules have to be applied. The only fundamen.
tal principle must be that total revenue (including f.0.b. revenue of re-
exports, if any) must be equal to the shadow-priced import costs of tne
crude, plus the economic costs of the refining operation, plus storage
and handling.

Because of this joint production and cost allocation problem, it is
necessary to find the value of each individual produet in some other way.

uctif it is a surplus product at the margin and has to be exported, or the
c.i.f. import price, if refinery outputs are insufficient to supply demand,
Care must be taken, however, to account for artificial market restrictions
that may depress consumption for given products.?s

Special problems arise if crude imports plus refinery costs are higher
than comparable prices of imported products. This could be the case if

the shipping costs of crude and products is not too high.26 In such cases,
decisions have to be made either to close down the refinery or to moder-
nize it to become competitive,

THE ECONOM!C OPPORTUNITY COSTS OF FUNDS: A
DIGRESSION

So far the discussion has implicitly assumed that all economic values would
be calculated by applying the appropriate real rate of discount. This rate,
given the chronic capital shortages of most developing countries, is
generally estimated to be quite high. The World Bank, for example, usually
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requires minimum rates of 10 percent in real terms for project evalua-
tions;?’ the Planning Commission of Bangladesh insists on a rate of 15
percent. Applying these rates is appropriate if the funds to be utilized have
true opportunity costs {i.e., it they could be used elsewhere in the domestic
economy if the specific project does not materialize). This applies also
to funds from muitilateral or bilateral donors, regardless of the actual
interest rate charged, as long as these funds are “fungible.”

There are a few special situations, however, in which the “fungibility”’
arguments do not apply. One is given in the case of private investment
capital that would flow into a given country only for the preject under
consideration. Private funds for oil and gas exploration and dzvelopment
are prime examples. In such cases, the imitial, basic opportunity costs of
these foreign funds is equal to zero. However, these investors expect to
be compensated through the flow of future dividend and interest payments,
as well as depreciation charges. These future outflows of foreign exchange
funds represent the real cconemic opportunity costs to the country. They
have to be appropriately discounted to the present and accounted for as
the opportunity costs of these investments.

The second case of potentially low opportunity costs arises in cases of
foreign aid that is tied exclusively to a specific project and that would not
be made available under any circumstances for some other, alternative
investment. uch examples are not unknown. A 210-megawatt outside-
financed, gas-fired steam power piant in one of the rountries of the region
is an apparent example of such a specific, project-tied, zero-opportunity-
cost project.?® To account for the true econcmic costs of such projects,
their nominal interest rate and agreed-upon repaynient schedule should
be used as the appropriate measure of their economic opportunity costs.

RECONCILING ECONCOMIC AND FINANCIAL COSTS

Economic criteria should provide the foundation for setting prices to con-
sumers of cnergy resources. However, economic costs may deviate
significantly from financial or market costs. Setting prices on the basis
of economic criteria only, therefore, could bring about large windfall gains
to some, or substantial financial losses to others. In situations in which
market prices, foreign exchange rates, and bank lending rates are controlled
bv the government and set at values different from those that would prevail
ander unrestricted market conditions, the levels of prices required to cover
long-run marginal economic costs are likely to be higher than those required
to cover actual market costs of supply. For example, with an overvalued
exchange rate, the economic shadcw-priced imports would value imported
inputs higher than the actual nominal costs. Regulated interest rates may
be lower than those indicated by economic opportunity costs calculations,
whereas local labour costs may command a lower economic value than
those indicated by the wage rate.
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If an energy supply organization confronting these different sets of
economic and market prices is government owned, it could be argued that
the likely windfall gains resulting from setting prices at economic costs,
rather than market-based costs, niake little difference, becuse the govern-
ment, as the only shareholder, will ultimately benefit from the excess prof-
its accumulated. However, what it also mezns is that the energy supply
organization would accumulate large amounts of surplus funds that jt
might decide to use internally rather than promiptly turning over to the
government.? For this reason alone, it would be far more appropriate for
the government to impose excise or other taxes on the energy supply
organization that would siphion off this differential between economic and
market-based costs and transfer the fu nds to the treasury which, after all,
has to bear the brunt of the real costs of manipulated market prices,

The opposite problem can also arise, however. Long-run marginal cost-
based prices can easily result in financial losses if future economic costs
are projected to declinc significantly from current levels. This is not uncom-
mon in developing countries with encrgy supply systems subject :0 potential
economies of scale,

For example, the long-run average incremental costs of the power system
in one African country were estimated recently at US$0.08/kWh. This
calculation took into account the systemn expansion plans to the year 2000
and assumed that a projected long-run, high growth demand scenario
would prevail. This level of long-run marginal cost was roughly equal to
the estimated 1983 average revenue per kilowatt-hour. However, to con-
tain costs at this level depended on a number of factors. The first was that
new, low-cost power zeneration would, in fact, become available in the
early 1990s. The sccond was that the relatively iiigh growth demand pro-
jected for the 1990s v yuld actually occur. Without one of these two con-
ditions, average long-run incremental costs could have been substantially
higher.

While the long-run outlook for cost reductions was promising, the utility
faced rather severe problems for the remainder of the 1980s. This was the
result of the high level of ongoing investments and a temporary, low rate
of growth in demand. Because of these two factors, the average incremental
costs between 1983 and 1991 were estimated to be much higher, almost
US$0.304/kWh. This was close to four times higher than the average 1983
revenue per kilowatt hour, Average costs for that time sban were projected
to be more than twice as high as expected revenues based on existiug

tariffs.3 This iarge discrepancy betwsen economic and financial costs
could have significant financial as well as operational repercussions. In
situations like this, therefore, long-run marginal cost-based prices must
be made subject to a financial feasibility criterion that imposes the con-
dition that tariffs have to be high enough to cover actual cash-flow
requirements, including appropriate accumulations for necessary invest-
ment expenditures. If such conditions are not imposed, the chronic lack
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of funds frequently leads to neglect of maintenance, poor operating per-
formance, and urreliable services. The costs of the latter usually are far
higher than the financial costs of added tariffs. This has oeen demonstrated
by the data of the case study presented in Annex 4.2.

DEALING WIiTH INFLATION AND RELATIVE PRICE
CHANGES

Throughout this chapter, it has been assumed that prices and costs are
expressed in real (i.e., constant) terms. In reality, of course, costs and prices
rarely stay put for long but are subject to change instead. To deal with
these changes, it is necessary to differentiate between two types: general
price level changes, usually called inflation, and relative price changes that
affect only specific inputs or resources and change their costs relative (o
all other goods and services. Relative price changes are “real” price changes
in the sense that they usually reflect fundamental changes in underlying,
relative cost relationships. The best-known example for such real price
changes is, of course, the drastic change in world petroleum prices in the
1970s.

Dealing with inflationary price changes appears simple, at least con-
ceptually. As the general price level increases, it can be argued that the
prices of all energy resources should increasc at the same rate, based on
some form of appropriate price index, such as the wholesale or consumer
index. If the markets for a specific energy resnurce are free and unregulated,
most energy prices will tend to follow these trends. However, apart from
woodfuels, the prices for most energy products are subject to some form
of price controls in almost all countries. Therefore, specific policy deci-
sions are needed to bring about appropriate price adjustments.

In situations in which all other costs and prices are free to rise, indexing
energy prices to general price level changes is appropriate. However, if
significant sections of the economy are subject to price controls (as, for
example, wages and incomes), then the general indexing of energy prices
is no longer warranted. In such situations all the underlying cost com-
ponents of the specific energy supply system have to be identified, and
specific indexes should be used to change only those components whose
costs are actually changing. These should be changed at rates that are equal
to the cost changes of those inputs. The use of such disaggregated price
indexes is quite common in long-term, energy contract price negotiations.
For example, they form an integral part of the natural gas pricing formula
applicable to the supply of Union Pacific gas to Thailand’s Gas Authority.
Certain percentages ~f the total composite gas price charged are based
on Thailand’s dome: .ic price index, while others are tied to US manufac-
turing cost indexes and yet another proportion to world oil prices.?

For revaluing the costs of recurring input expenditures, the above rules
are straightforward. However, allowances also have to be made for sunk
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capital expenditures. For these, a revalued asset approach, based on a
revaluation of current replacement costs, is generally the most sensible
one. The main purpose for using revalued assets as a base is to protect
the real value of the invested capital. If historical costs were used instead,
this base would shrink and could be dissipated completely in situations
of very high inflation such as those prevailing in most of South Am.zrica,
for example, However, because part of that base has already been recovered
through past depreciation allowances, the revaluation of assets should only
be applied to the nondepreciated portion of the original assets. If it were
applied to the whole, unjustified windfall gains to the assets owner would
result.
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Table 4.1 The sensitivity of depletion costs to changes in interest rates and
reserve/production ratios

Real Unconstrained life Present value of
interest rate expectancy of deposit depletion cost
(percentage) (vears)? (per US dollar)?

4 10 0.50
4 20 0.34
4 30 0.23
8 10 0.26
8 20 0.12
8 30 0.06
i2 10 0.15
12 20 0.05
12 30 0.02

a Number of years until the reserve/production ratio reaches 15, assumed to be the maximum per-
missible rate of production; thereafter, rate assumed to be constant for 15 years until exhaustion.

Per US dollar of future net-cost differential between the marginal supply cos. of the gas and its
next best substitute.

Table 4.2 Representative example of user costs attributable to a large gas
consumer (interest rate 12 percent per annum)

Proved gas reserves of deposit 700 billion ft3
Requested contract amount for
single, industrial use 500 billion ft3

Potential domestic gas demand profile (high forecast):

Without industrial Wity industrial
Year user® (MMCFDY?  user® (MMCFD)?
1 4 4
10 12 12 (maximum)
20 35 (maximum) exhaustion
32 exhaustion
Domestic gas supply systems costs:
Present value of total life-time costs US$99 million US$54 million
Average levelized life-time supply costs per 1,000 3 1.04 0.95
Average levelized life-time depletion costs
per 1,000 ft3 0.17 1.02
Total costs 1.21 1.97
Depletion costs as a percent of total costs 14% 52%
Industrial plant gas supply costs:
Average levelized life-time gas supply costs
per 1,000 ft3 0.26
Average levelized depletion costs assignable to
industrial plant 1.19
Total economic costs 1.45
Depletion costs as a percent of total costs 82%

a Based on projected 40-year production profile at an average plant utilization factor of 75 percent.
Million cubic feet per day.
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ANNEX 4.1

THE ECONOMIC OPPORTUNITY COSTS OF
DOMESTIC CRUDE CONSUMPTION FOR AN OIL
EXPORTING COUNTRY SUBJECT TO EXPORT QUOTAS

Total exports: 9.2 million metric tons
Realized value: US$2,521 million
Average price per ton: US$274

Sales for domestic consumption; 2.3 million metric tons
Realized value: US$246 million
Average price per ton: US$106

Apparent economic subsidy per ton: USS$167

The “apparent” economic subsidy of US$167 per ton would represent the
real econornic subsidy only if the country’s crude could be freely sold at
the world market. This was not the case owing to the Organization of the
Petroleum Exporting Countries’ output restrictions. If these were to be
maintained for longer periods, the real economic value of crude used
domestically would be represented by the discounted value of future sales.
For illustrative purposes these discounted values have been caleulated for
periods of two, five, and ten years, on the assumption that existing out-
put restrictions may be lifted then.

Interest rate 10%
Projected average rate of increase
in real world market prices of crude: 2% per annum
Crude base price: US$274/ton
Duration of Today's net value
output restrictions per ton
2 years US$236
5 years US$188
10 years US$129

It should be noted that the present net value equivalent per ton would
increase cach year at the rate of interest (i.c., 10 percent), provided the
date on which export restrictions were expected to be removed remained
unchanged. The analysis assumes further that vutput could be expanded
almost instantaneously to sell all accumulated oil in the ground. If pro-
duction rates of “left-over” oil had to be carried out at normal produc-
tion rates, the opportunity costs would be lower still."? With a decline rate
of 10 percent, for example, the apparent economic subsidy calculated above
would be reduced to zero by an export ceiling of only about three-and-a-
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half years, However, the conclusions apply only if OPEC quotas exemp-
ted crude production for domestic use. If output restrictions were applied
to total crude production instead, then the opportunity cost of domestic
petroleum product consumption is equal to the full, prevailing f.0.b. world
market price, because the oil not consumed domestically could be freely
sold abroad.

ANNEX 4.2
THE ECOMNOMIC COSTS OF UNRELIABLE POWER
SUPPLIES

The reliability of electricity services supplied by a public utility in a par-
ticular developing country is extremely poor and has reached crisis pro-
portions, with available capacity in carly 1983 reduced from a nominal
capacity of about 2,800 megawatts (MW) to about 1,200 MW. Forced
outages, service curtailments, and damaging voltage fluctuations are daily
occurrences; they are the results of inadequate availability of generating
capacity and frequent failures of transmission and distribution facilities.
At generation and transmission levels above 33 kilovolts (kV), for cxam-
ple, 114 scparate individual component faults were reported for November
1981. On 23 occasions between 5 to 27 April 1982, the total system col-
lapsed; 12 of thesc were related to line faults and 11 to sudden loss cf genera-
tion. In the sununer of 1982, the average plant availability factor was only
53 percent, while the ratio of average weekly power output to installed
capacity was only 38 percent. These unreliable power services have resulted
in substantial added costs to consumers and economic sectors. The utility
itself has suffered because frequent emergency repair work has added
substantially to operating costs; it made it necessary to withdraw scarce
technical personnel from their ordinary tasks, resulting in a further
deterioration of normal operating and maintenance work. To power users,
it has created substantial costs by interrupting scheduled activities, reducing
output, and greatly increasing the cost of production. To control these
costs it has forced users to acquire and operate back-up facilities. The
economy as a whole has suffered from the higher costs of production
associatea with reduced output and productivity, the need to iriport stand
by equipment, and the consumption of valuable petrolenm fuels. Basi-
cally, however, based on tariff levels only, overall costs of electricity to
users represent a relatively modest percentage of total production costs.
Using 1980 data as a tase, clectricity supplies to industry cost US$178.6
million, or abou't 3.5 percent of the total value of industrial output. For
the commercial and service sectors, electricity costs were US$102 million,
or 0.7 percent of the value of sales and scrvices. Sales to the residential
sector were about US$235.9 million.

However, the costs of electricity not supplied due to outages has raised
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the total imputable costs of electricity by a substantial margin. Unfor-
tunately, no country-specific data were available to give an indication of
the actual losses suffered by users from both outages and voltage fluctua-
tions. However, data gathered elsewhere in the world are indicative of such
costs. In Brazil, for example, the net costs of outages to industrial power
users from reductions in value added were found to be US$2-10/kWh of
electricity not supplied (converted to 1982 dollars). In the residential sec-
tor, it was found that the expressed willingness of users to pay to avoid
service interruptions per hour was roughly equal to the hourly wage
rate.?? If, for illustrative purposes, it is assumed that average industrial
outage costs in the country amount to US$3/kWh not supplied and to
US$L.50 for residential and commercial users,* then total economic
losses in 1980 could have been US$1 billion to industry (at an average effec-
tive outage rate of 20 percent) and to US$0.7 billion to commercial and
residential sectors (at an average effective outage rate of 15 percent).3s
Thesc losses are far in excess of the revenue received for the clectricity
supplied by the utility, which amounted to about US$518 million for 1980.

Most users of eclectricity are quite aware of the high costs of supply inter-
ruptions, and those who are financially able to do so have protected
themselves by installing stand-by generating equipment. Use of such stand-
by equipment is widespread in all sectors of the economy, and it can be
assumed that stand-by units back up most, if not all, of the larger
industrial/commercial loads. These, in 1982, accounted for a peak demand
v some 600 MW. It is estimated that at least 600 MW of stand-by equip-
ment is in regular use. Allowing for diversity between consumers and a
margin of capacity, the installed stand-by capacity more likely is around
1,200-1,500 MW,

The additional costs of owning and operating this equipment have been
estimated at US$183/kW of capacity a year. If stand-by equipment were
not needed and the utility could reliably supply all power nceds, the cost
of electricity provided by tF e utility to larger industrial users would be
US$503 per kilowatt-year. The added financial costs of using company-
owned stand-by equipment at current diesel fuel prices of US$4.75 million
Btu would have been US$79 per kilowatt-year of demand. This is an
apparent increase of only 16 percent, a reflection of the relatively high
tariffs charged by the utility. However, if diesel fuel prices would have been
raised to reflect econormnic costs of US$8.63 million Btu, the differentiai
costs would have amounted to US$152 per kilowatt-year, or about 30 per-
cent more than the cost of utility supply alone, Nevertheless, these added
costs still appearcd rather modest compared with the potential costs of
nonsupply from outages estimated above. However, the economic costs
to the country as a whole were quite substantial. It was calculated that
the economic costs of using stand-by equipment in 1981 amounted to about
US$160 million.3¢ These costs consisied of the sum of equipment,
operating, and diesel fuel costs. 1f prevailing trends continued and the
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ratio of stand-hy equipment to total industrial/commercial power demand
remained the same, these economic costs were projected to rise to US$320
million by 1985, and to US$560 million by 1990 (in constant prices). The
relevant economic question, therefore, is whether or not for thc same
amounts per year the utility’s operating performance could not have been
improved sufficiently to eliminate the need for most of these stand-by units.
For example, the total five-year expenditure on stand-by equipment between
1983 to 1987 had been estimated to be US$2 billion. If a more reliable
power sunply could eliminate the use of, say, two-thirds of this equipment,
expenditures of about US$1,325 million could be justified in improving
reliability levels over the next five years. Actual benefits would be far higher
than indicated here, because of the continued rapid growth of the system
beyond the assumed five years and the high costs of power outages to
customers not protected by stand-by equipment.
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NOTES

'See, for example, Turvey (1968); Turvey and Anderson (1977); Munasinghe and Warford
(1982); Webb and Ricketts (1980), Chapter 4; Munasinghe and Schramm (1983), Chapters
4, 5,9, and 10; Albouy (1983).

Unless there are readily available substitutes at lower prices available to the user, as, for
example, No. 6 fuel oil as a substitute for natural gas (or vice versa) as a boiler fuel for
installations equipped to use either.

3For a detailed evaluation of the cconomic effects of such taxes, see Chapter 3, by
Newbery, in this volume.

4The latter two objectives represent true externalities that should always be accounted for
in the calculation of marginal costs. However, the difficulties of converting these physical
effects into equivalent economic values are well known and may require the setting of
physical objectives or standards instead.

*Tor a more detailed discussion of the importance of shadow pricing, see Chapter 6, by
Siddayao, in this volume.

1n cconomic jargon this says that *“consumer surplus” is present, i.c., the willingness of
consumers to pay is higher than the (opportunity-cost-based) prices charged.

TA typical example would be a chemical feedstock plant that uses the resource as a
feedstock (for which no substitute might be available); as an energy source for power
requirements (which could be replaced by electricity from a public supply source); and
as a source for general purpose warm water supplies, heating, air conditioning, or other
lower priority value uses for which other substitutes are available,

8This issue is analysed below.

9See also Chapter 3, by Newbery, in this volume.

19See Newbery, Chapter 3 in this volume.

UThe following discussion is abstracted from Munasinghe and Schramm (1983), Chapter 4.
125ee Chapter 3, by Newbery, in this book.

BFor a more detailed review of this issue, see Munasinghe and Schramm (1983), p. 156 ff.
Mn the Thai case, both imported coal and lignite developments, in addition to gas, are
subject to scale economies and both domestic gas and lignite are subject to rising mar-
ginal depletion costs as output increases. This complicates the optimal choice. See Munas-
1aghe and Schramm (1983), Chapter 10, .

5An example would be a gas-based fertilizer plant with a high value, but limited domestic,
and a low-value export market.

'SEvaluated at an interest rate of 12 percent.

17For a detailed technical discussion of appropriate methodologies to calculate marginal
depletion costs, see Schramm (forthcoming); for estimating marginal deplction costs, see
Munasinghe and Schramm (1983), Chapter 11.

BFor an analysis of optimal strategies for the utilization of natural gas resources in
developing countries, see Schramm (1984).

9The discussion here implicitly assumes that the resource owner is a national government
for which total economic benefits or costs are those that accrue to the country as a whole.
o simplify the cxposition, it is assumed that production rates would not taper off but
remain constant until final exhaustion of the reservoir.

2'With US$1.19/1,000 fi* chargeable to the project, the depletion costs applicable to
domestic uses would have remained at the pre project level of US$0.17/1,000 f13.
22This covered only the minimum long-run marginal economic costs of the gas, excluding
the sunk costs of finding and developing the gas deposit. Average financial costs, therefore,
were considerably higher. On the other hand, the preceding analysis does not include any
net benefits to the national economy from the additional domestic value added of the
proposed chemical plant.

For a representative calculation of these net opportunity costs under export quotas, see
Annex 4.1,
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Which may be crude oil of specific characteristics designed to meet refinery process con-
figurations, or crudes spiked with various proportions of refined or semi refined products
to meet domestic demand profiles.

5This is the case in Nigeria, for example, where large quantitics of LPG are flared or
used as refinery fuel. Its ex-refinery prices in 1983 were a low US$79.77/ton, compared
to a world market price of US$255/ton. Tae reason for this discrepancy was a highly inef-
ficient and costly domestic marketing system which made LPG a high-cost product to
end users. Also, a lack of appropriate LLPG loading facilities did not permit exports at
higher prices. Such a lack of LPG handling and marketing facilities is not uncommon
in developing countries.

6 Typically, ocean freight rates of crude, shipped in large-sized “dirty” tankers, are only
about 20 to 30 percent of the freight charges tor “white” products. This cost differential
provides a protective umbrella for domestic refinery operations.

“7In some countries the rate may be as high as 12 percent, although in others with few
or little investment opportunities, it could be closer to 8 percent.

2The unit is actually far too large for the power system and thus not optimal
cconomically.

IThe power of cash-heavy, semi-antonomous governmental organizations is well cnough
known in many developing countries. Petrobras in Brazil and Pemex in Mexico are prime
examples.

I Average costs were lower than average incremental costs because the former were based
on tota!, not incremental, systems costs and revenues.

IThe latter part of the overall price indexation is not a cost-tracking one but reflects
changes in the opportunity costs of alternative fuels instead.

21 am grateful to David Hughart who suggested this point.

BSee Munasinghe (1979), Table D7. A recent survey article reports estimated industrial
outage costs to range between US$E20/KkWh in Sweden to US$6.76/kWh in urban areas
in Finlard, with data for the United Kingdom, the United States, Canada, Chile, and others
ranging between these two vaiues. Residential outage costs were generally estimated to
be lower, ranging from only US$0.05/kWi in Florida to several dollars elsewhere. From
Sanghvi (1982).

MThese rates are less than half of those estimated for Brazil.,

¥ The latter were assumed to be lower because of the lower load factors of these consumer
categories.

¥These estimates excluded the apparently rather widespread use of small units by private
households, stores, ete.
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Chapter 5

ENERGY PRICING IN
DEVELOPING CCUNTRIES:
ROLE OF PRICES IN
INVESTMENT ALLOCATION
AND CONSUMER CHOICES

Ramesh Bhatia

INTRODUCTION

As noted in preceding chapters, the basic objectives of energy pricing policy
will include the achievement of (1) economic efficiency and (2) social equity,
while maintaining (3) financial viability. Some of these objectives may be
translated in terms of criteria of fixing administered prices, e.g., “lifeline
rates” for electricity, subsidized kercsene for meeting basic needs, con-
trol of inflation, encouragement to domestic resources, optimum
investments in fuel-producing sectors, optimum product mix of refineries,
and profitability and efficient management of public sector units.
Administered prices could be changed at one or more of the following
stages: (1) resource pricing, (2) transfer pricing (to conversion units), (3)
output pricing (for the manufacturing unit), and (4) consumer pricing
through taxes and subsidies. It is important to realize that some of the objec-
tives of encrgy pricing can be achieved by adjusting the final product prices
through appropriate taxes and subsidies. Adjustment of consumer prices
is sufficient to attain objectives such as meeting basic needs, controlling
inflation, and considering environmental requirements. Thus, distortions
in the mine-mouth or well-head pricing of energy resources, transfer pricing,
and product prices can be avoided if it is kept in mind that these prices
do not have to be used for achieving macro-economic objectives. Thus,
for example, the optimum investment pattern in fuel-producing sectors
and the optimum mix of refineries can be ensured by setting output prices
which reflect their opportunity costs or replacement costs without con-
sideration of their impact on consumers. In fact, a great deal of confu-
sion in the arguments on energy pricing can be avoided if a clear distinction
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is made between crude oil/gas prices used in the evaluation of benefits
from an investment preiect and prices (transfer) to be charged to the user
industries/units. In the same way, relative product prices faced by the

oil) rather than be constrained by the level of consumer prices.!

However, in the actual practice of fixing fuel prices, the interrelations
between prices at different stages and those among different fuels may
getignored. In order to meet a certain objective, the goveriiment may be
fixing prices which may not be remunerative for the producers. Under
these circumstances, the producing units will not make adequate profits
(or may in fact incur losses) for investment in new facilities/moderniza-
tion schemes. This would result in shortages of supplies, producing adverse
impacts on economic and social development. If resources are diverted
from other sectors to this particular energy subsector, this diversion would
also adversely affect the growth process. The adminisiered prices of fuels
and electricity may be such that these do not reflect their opportunity costs,
These prices may, in turn, distort the consumer choices in different end-
uses such as cooking, lighting, and irrigation pumping. In many cases,
the energy prices may be so administered that they may encourage
misallocation of resources without meeting the equity objective. Under
these circumstances, it becomes necessary to consider policy alternatives
which reconcile the objectives of cquity and efficiency in the context of
energy prices. The purpose of this paper is to discuss the role of energy
prices in meeting various objectives and the conscquences of taxes and
subsidies on energy inputs.,

COMPONENTS OF AN INTEGRATED FRAMEWORK
FOR ENERGY PRICING

One of the important aspects of energy pricing in developing countijes
is that prices of different fuels at different stages should be analysed in
an integrated framework. Figure 5.1 outlines the scope of such an integrated
framework in which links among energy subsectors and different stages
of pricing have been shown. The first Stage relates to pricing of energy
resourcces such as coal, crude oil/natural gas, hydropower, and renewables
for evaluating investment options and financial planning at the upstream
stage of the encrgy industry. The important question here is whether the
prices used for valuation of output of different energy projects should
be based on the opportunity cost of importing/’cxporting that output (or
its substitutes). The second stage involves “{ransfer pricing” issues; these
are concerned with the setting of prices to be paid by the units which pur-
chase these energy resources for further processing, e.g., the price of crude
oil paid by refineries or price of coal paid by electricity gencration firms,
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The main issue raised at this stage is how different organizations share
the “economic rent” arising from the use of exhaustible resources. The
issues are turther complice «d by the fact that some of these outputs {(e.g.,
natural gas, coal) are also s::id to consumers other than cnergy units {e.g.,
fertilizer plants, households. iudustries). The rhird stage relates to
downstream producers’ prices, i.e., prices which are received by refineries
and clectric utilities for their output. The important question here is the
role of petroleum products price differentials faced by a refinery in deter-
.mining its outputmix. The issues relating to relative profitability of dif-
ferent units in the energy sector may also be discussed at this stage along
with transfer pricing. The final stage relates to prices paid by the consumers
of final outputs (e.g., kerasenc, diesel, electricity, soft coke, charcoal). The
important aspects of taxes and subsidies for different energy products are
discussed at this stage.

The above discussion of various stages is for the purpose of anatytical
convenience and may not be appropriate in countries where all these subsec-
tors/stages are not important. Besides, the nature of organizations involved
in various stages may differ for each fuel subsector: a few refineries (per-
haps government owned) for oil products against a large number of private
units manufacturing charcoal/soft coke.

Still, it is important to analyse the relevant pricing issues in the context
of an integrated framework as cutlined above because:

1. The substitution possibilities differ from one fuel to the other and
the clasticities of response to changes in prices of cach fuel also vary.

2. The price of a given fuel to the consumer can be varied by changing
the prices at one or all of the siages mentioned above. The impact of higher
import prices of crude oil car be passed on to the consumers cither by
increasing transfer prices to refineries or by changing the excise duties on
oil products or both. Since different options have different implications
for government revenues and profitability of cnergy units, it may be
necessary to analyse the detailed impacts.

3. A given objective of energy pricing policy may not require changes
at all the stages. For example, keeping prices of a few or all oil products
at levels lower than import costs could be done by fixing low or differen-
tial excise duties and does not require fixing a low transfer price of crude
0il.2 Although there Lave been studics on pricing of individual fuels, oil
products, and clcctricity, there are very few studies which analyse pricing
issues in an integrated manner.

PRODUCT PRICES, OUTPUT, AND INVESTMENT

One of the important objecti+es of pricing policy is to raise adequate
revenues to meet operating expenses and make provisions for investment.
In many developing coun:ries energy-producing enterprises are in the
government sector, although some private sector units may operate in some
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areas. In the case of public sector units, raising revenues is not given as
much importance as it deserves, and it is sometimes argued that public
sector units should not be concerned with making profits since they have
to fulfil other social objectives. As a result of this feeling about the role
of the public sector, large-scale financial losses in these units are tolerated.
It is also argued that the financial profits or losses should not be the
criterion for judging public sector units because funds for investment can
always be transferred from the general resources pool. However, it may
be mentioned that losses in public sector units may be due to various fac-
tors including low output prices, high wage costs, high capital costs, and
management inefficiencies. Hence, it would be necessary to isolate the
effect of output prices from other factors so that measures to achieve
improvements in efficiency can be carried out.

Given the cost structure and management efficiency, low product prices
would result in low sales realization, lower profits (or losses), lower retained
earnings, and lower investments., Thus, unremunerative prices for output
would result in losses (or low profits) for the undertaking which, in turn,
would affect its ability to finance new investments. Since transfer of
resources from other sectors to the energy sector would resulr in slowing
down the progress in other sectors.’programmes, the inevitable result of
low priccs is inadequate investment in the energy sector/subsector. Lack
of investment in production and distribution of energy leads to shortages
which, in turn, affect economic and social developments in the country.
In this scction we present a few examples of how low product prices affect
allocation of energy investments and production. The illustrations are
usually given from India since data at the required level of disaggregation
were not available {or other countries. It is hoped that generation of similar
data and analyses for other countries would be one of the outcomes of
the Energy Pricing Policy Workshop.

Output prices, production, and investment in the coal
sector of India

India is the world’s sevenith largest coal producer, with a coal production
of 130 million tons in 1982-83. Coal provides nearly one-third of India’s
commercial energy (in coal equivalents) and is expected to play a critical
role in providing a large share of commercial energy supplies for the next
several decades. India’s coal reserves are large — more than 80 billion tons
of reserves and resources compared with about 6.5 billion tons of prog-
nostic recoverable hydrocarbon resources.?

Following nationalization, coal production increased rapidly from 78.1
million tons in 1973-74 to 99.7 million tons in 1975-76, at which point
production was adequate to meet demand. Subsequently, however, pro-
duction stagnated and fell behind demand, reaching only 104 million tons
in 1979-80. It has since increased to 114 million tons in 1980-81 and to
130 million tons in 1982-83.
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During the periods 1975-76 to 1978-79, the wholesale price index of
coal changed from 146.9 in 1975-76 to 211.5 in 1978-79 (1970-71 = 100).
Coal prices are set by the government on an administered basis and are
intended to at least cover production costs, with capital expenditure funds
being provided from central public investment funds. In practice, prices
have not been sufficient to cover operating costs and, as a result, the coal
companies have been dependent on the government not only for capital
expenditure funds but also for financing cash losses.

The situation of low output prices leading to financial losses was par-
ticularly serious from 1975 to 1979. In 1974, the Fernandes Committee
recommended prices based on average cost of production for the whole
sector, excluding interest on debt, but including a 10 percent return on
capital. The government accepted the recommended price increase in April
1974, but rejected the proposed 10 percent return on capital from the
average cost estimate. The Chakravarty Committee price recommenda-
tions (May 1975) were based on estimated average cost of production in
197576, excluding interest on short-term, non-Plan loans (i.e., loans to
cover losses), but allowing for return of 5 percent on equity. However, price
revisions announced by the government iz July 1975 did not allow for return
on equity as well as depreciation.*

Output prices and profitability. As a result of low prices, average sales
realization for coal’ in India has been lower than total costs in all the five
years from 1976 to 1980. In fact, for the first three years, average sales realiza-
tion did not cover even the nnerating costs whichi increased substantially
due to high wage costs. The average financial loss in 1978-79 was Rs 28.7
per ton and the total losscs in that year were on the order of Rs 2,379 million
(approx. US$250 millicn). The total losses for the 5-year period were Rs
5,839 million (US$600 million).

Due to the large operating losses during these five years, the govern-
ment of India had to provide funds to cover financial charges and losses.
In the five years from 1976 to 1981, the government provided Rs 16.8 billion
to Coal India Limited (CIL), of which Rs 4.6 billion was non-Plan sup-
port to cover the financial gap due to previous losses. The Plan support
of Rs 11.7 billion almost exactly matched the capital expenditures for the
period. This analysis shows that if the coal prices were raised during the
period 1976 to 1979 to cover increases in costs, an additional amount of
almost Rs 5 billion would have been available to meet the investment
requirements of the coal industry. This would have increased the total
investments in this sector by more than 45 percent.

A comparison of profitability of the coal industry vis-a-vis other energy
subsectors also shows that the financial performance of coal was worse
than that of the other two sectors — petroleum and electricity. According
to the report of the Working Group on Energy Policy (Government of
India, 1979), “The petroleum sector has a rate of profit (gross rate of return,
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i.e., gross profit as percent of total capital) which is substantially higher
(27.4 percent) than for the public sector as a whole (8.6 percent); the elec-
tricity sector is slightly below the average (8.5 percent) and the coal sector
is considerably below it (0.6 percent).”” The report suggested that the basic
objective of the energy pricing policy should be 1o (1) generate sufficient
surpluses to facilitate the fin?ncing of investments in the energy sector,
(2) induce economies in the use of energy in all sectors, and (3) encourage
the desired forms of inter-fuel substitution. 1he report pointed out that
the then pricing policies in India did not subserve the first two objectives,
while the third objective was being met only partially.

Product prices and opportunity costs. Another aspect of coal pricing in
India is that not only have the coal prices been set below the average cost
of production,® but they have been substantially lower than the interna-
tional prices. In the carly 1980s, f.0.b. steam coal export prices were in the
range of US$50-57 per ton. Taking into account variances in f.o.b. prices
due to size and duration of contracts, a reasonable export price’ for
[ndian ccal (for coal with 6,200 kcal/kg, 0.6 percent sulphur, and 16 percent
ash) was estimated by the World Bank as US$50 per ton. This would be
comparable to a minchead price of about US$45 per ton, after adjustments
for transportation and handling costs. By comparison, such coal was priced
at USS18.5 per ton (Rs 168/ton). On average noncoking coal in India las
a calorific value of 4,500-5,000 kilocalorics (kcal)/kilogram (kg} which,
after adjustment of heating value and quality differences, would indicate
that the average economic value for noncoking coals was in the range of
US$30-35 per ton (in 1981-82) based on international prices.* Thus, the
market price of coal in India was fixed at about one half of the border
price and, hence, did not reflect its opportunity cost to the consumer,
Given the past and current shortages of coal, one may consider the
shadow price of coal as equivalent to the shadow price (or opportunity
cost) of an alternative fuel, i.e., fuel 0il. When corrected for the differences
in heat content and efficiency of use (two tons of coal equal to one ton
of fuel oil),% the cost of coal for sicam raising was approximately US$37
at market prices compared with US$194 for a ton of imported fuel ojl.
One may argue that coal prices should not be set at parity with imported
fuel oil because of the following: ¢ (1) India is pursuing a policy of
encouraging substitution of coal for hydrocarbon fuels, about half of whicl
are imported, imposing a heavy burden on balance-of-p jyments.!t A
premium may be attached to diversification away from hydrocarbon fuels
where import dependence is high and stability of supply sources may be
uncertain. (2) The price differential between coal and imported fuel oj]
has been extremely large, and the inflationary impact and the consequent
social costs of basing prices on full opportunity cost would be unjustifiably
high. (3) Indian society (consumers) should be allowed to benefit from
the use of an indigenous resource that is not priced artificially high,2
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Impact of low product prices. The question of pricing of coal in India
brings into focus the following issues: (1) What should be the relation-
ship, if any, between the price of a domestic fuel and its opportunity cost?
(2) Should there not be differential prices to be paid to the producers, to
be charged to the consumers, and to be used for evaluating investment
decisions? How should these prices be determined?

One may accept the reasons given above for not fixing coal prices at
parity with fucl oil, but there is no justification for fixing prices which
do not even cover the costs of production (sometimes, not even the
operai g costs are covered). The spread between the opportunity cost of
coal and domestic prices charged to the consumer is too large approx-
imately US$37 for an equivalent quantity of coal as against US$194 for
imported fuel oil. This shows that the consumers are getting coal at one-
fifth of the price at which an alternative fuel would be available. The result
of these subsidics on coal preduction (and also on transportation) is that
there are no incentives to improve efficiency in the use of coal. The
“economic rent’” on the domestic resource is being totally passcd on 1o
the consumers of coal, and the society is not recovering a part of' it to
be spent on developing resources and impreving the environment. Since
low prices had led to stagnation in output of coal, the shortages of coal
were met by increased imports of fuel oil. During the periods 1975-76
to 1981-82, India imported 5.56 million tons of furnace oil involving a
foreign exchange outflow of US$605 million. " Hence, it becomes
necessary to take a rational, integrated view of the situation in fixing coal
prices. By avoiding the inflationary effects™ of increase in coal prices, the
country has burdened itself with imports of fuel oil which have adverse
ctfects on the economy, both direct (import costs are higher) as well as
indirect (reduced imports of other commodities).

Prices used for evaluating investments. A rational coal pricing policy in
India would be to make a clear distinction between the price to be used
in estimation of benefits in an investment project and the prices to be
charged to the consunier. In the Indian context, in the medium term, addi-
tional quantitics of coal would substitute for imported fuel oil or would
relcase fuel oil for exports. In this situation, the coal price to be used to
measure the economic benefits of proposed mine developments should
be the border price (f.o.b. or ¢.i.f.) of fuel oil adjusted for the shadow price
of foreign exchange. In the relatively longer period (more than 10-15 years),
the ceal price for evaluating investments should be the f.o.b. export value
of coal, less internal transportation and handling costs. Of course, this
is true for India because India can, in fact, export high grade coal if it
is shown to be economic to do s0.'* For some other countries where coal
exports would not actually take place (c.g., for Thailand and the Philip-
pines),'® it would not be correct to link coal prices with coal exports.
However, even in these countries, if additional availability of domestic
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coal (or natural gas) reduces oil imports at the margin, the relevant price
in evaluating investments in coal mining would be the c.i.f. price of oil
product (e.g., fuel oil) adjusted for the shadow price of foreign exchange.

The significance of using appropriate prices for evaluation of benefits
in investment projects can be illustrated by giving data on allocation of
investments in the energy subsectors in India. In the Sixth Five Year Plan
(1980-85), the total outlays on the energy sector were as follows (in 1979-
-80 prices, approximate U.S. dollars!?); US$19.265 billion for electricity,
US$2.87 billion for coal, and US$4.3 billion for petroleum. In July 1982,
additional funds on the order of US$2.5 billion were sanctioned for the
petroleum sector, essentially for crude oil production. Even though the
coal sector'® has used up its total outlays in the first three years, no addi-
tional funds have been allocated 10 the coal sector. Although these figures
do not provide conclusive evidence ot the method of allocation of
investmenis in various subsectors within the energy sector, one cannot rule
out the impact of "high” profitability of investments in the oil sector as
against the “low” profitability of investments in the coal sector on alloca-
tion of funds.

Prices for the producers. Even though allocation of investment is made
on the basis of shadow prices, the prices for the producers need not be
fixed equal to shadow prices. The producers may get a price which covers
operating costs, given certain miniimmum standards of efficiency, and pro-
vide surplus funds sufficient to ineet the capital expenditure requirements
necessary for replacement purposes to maintain production capacity in
existing mines, as well as to invest in new mines. This would amount to
fixing the price equal to long-run marginal cost including a “reasonable
profit.”

Prices for the consumer. The price to be paid by the consumer should
lie somewhere between the producer’s price and the shadow price. A
reasonable price for the producer would be US$25 per ton which covers
costs and provides a 10 percent return on capital. However, the correspond-
ing shadow price is as high as US$100 if c.i.f. value of imported fuel oil
is taken. It is difficult to suggest the exact price between these two levels
since it would depend on the impact of sudden and substantial increases
in coal prices, as well as the extent of resource requirements for the coal
sector. A recent report!® submitted to the government of India has sug-
gested that the consumer price should be fixed at approximately US$33
per ton, about US$8 per ton highei than the pithead price for the pro-
ducer. This increased price for the consumer is expected to mop up the
*consumer’s surplus” which is being enjoyed by some users of coal. This
additional amount (approximately US$800 million) would be placed in
a separate Coal Development Fund and can be used for investments in
new mines and for modernization of existing mines. This shows that the
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recommended price is much higher than the 1981-82 price, as well as the
current price of.coal. The consumer price is alinost equal to the shadow
price if f.o.b. export value (without premium on foreign exchange) of coal
is taken. It is considerably lower than the shadow price if c.i.f. value of
imported fuel oil is considered.

Product prices and production of soft coke in India

Soft coke, as produced and marketed in India, is manufactured from coals
with some coking properties. It is used for household cooking, as well
as for input in brick kilns. Production of soft coke by Coal India Limited
has been declining from 3.25 million tons in 1976~77 to 2.41 million tons
in 1979-80 and to 1.74 million tons in 1982-83. This lower availability
and use of soft coke would have resulted in high consumption of kerosene
and/or fuelwood in cities and small towns. This reduction in the output
of soft coke has been duc to a variety of factors including:

1. Though kerosene is subsidized by the government up to 25 percent
of its c.i.f. price,2 the subsidy on soft coke has been only US$4 per ton.?
Even the cffect of this subsidy is partly eroded by the royalties/cesses
attracted by coal (used as input in manufacture of soft coke), mainly from
the state governments.

2. At present market prices, soft cokeisat a considerable economic disad-
vantage with respect to kerosene and LPG because its calorific value is
about 60 percent of that of kerosenc or LPG, and the efficiency in use,
or the appliance efficiency in the case of soft coke, is only about 20 to
25 percent compared with 50 percent and above in the case of kerosene
and LPG. This meaus that, although in terms of Rs/kg soft coke is cheaper
than keroscne and LPG, in terms of Rs/kcal (Rs/kg divided by kcal/kg)
and Rs per effective keal (Rs/kg divided by kcal/kg multiplied by appliance
efficiency) kerosene and LPG are clhicaper than soft coke. Even when LPG
and kerosene are valued at import parity prices, soft coke has only a mar-
ginal advantage, and that too in specific locations in the eastern region.
Besides, it is more convenient to use kerosene/LPG devices as these can
be turned on and off whenever the consumer requires it, and the flame
is of uniform intensity.

3. Transportation cost is a major component in the market price of soft
coke. Average transport costs have been increasing over time as the dis-
patches by rail have declined from 1.4 million tons in 1976-77 to 0.54 million
tons in 1982-83.

4. The quality of soft coke has declined over time since there are no
differential prices based on quality. If overall profitability is the criterion,
the local management in coal mines tends to ignore quality if that helps
to improve the price of run-of-mine coal by reducing coal allocation for
coke making.

5. Since soft coke has not been given the same level of subsidy as that
given to kerosene, the producers have not been getting remunerative prices.
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According to a recent estimate, the producer will incur a joss of US$2-10
(on a sofi coke pricc of US$17.5 fixed by the government), depending upon
the type of coking coal used ag input.

6. The result of low prices by the sovernment has been that soft coke
has been produced in a traditional manner2 without any control on
quality. Investment in large modern plants has not been made because
of low anticipated demand which, in turn, is due to high consumer prices
and low quality of soft coke. For example, the Government of India recently
turned down an investment proposal for manufacturing one million tons
of soft coke involving a total capital cost of US$24.2 million. This invest-
ment was not considered attractive even when the pay-back period was
seven years at the existing controlled price of soft coke, The Bureau of
Industrial Costs and Prices of the Government of India has recently recom-
mended that urgent consideration be given to the one million ton plant
— with an increased subsidyv of US$10 per ton for the consumer — o)
that the market can be flooded with soft coke. With the higher subsidy,
the market price of soft coke would come down o USS1I per ton so that
1ore peopie might be inclined to switch back (o soft coke from kerosene
{which is imported, involving toreign exchange), Fuither, a reduction in
the price of soft coke would influence consumers of firewood and char-
coal not to switch to kerosene as their incomes increase but instead con-
tinue to use soft coke because of the price differential. A lower price of
soft coke would also stem the flow of firewnod logs trom rural areas to
the cities.

7. A remunerative price of soft coke would also encourage investment
in manufactyre of high-quality (srokeless) soft coke and towngas by using
alow- or medium-tempernture carbonization method. This smokeless soft
coke would induce people back from the uge of kerosene to soft coke.

Thus, the case of sof coke in India illustrates the following aspecets of
priciag policies in the cnergy field:

(a) Distortions were introduced in the consumption pattern when the
pricc of one fuel (kerosene) was subsidized, while that of aclose substituje
(soft coke) was not subsidized (or at least not subsidized to the same extent),
This resulted in the shif from soft coke 1o Kerosene involving a reduction
in demand and output by 5.6 million tong? ina S-year period from 1977
to 1982. Assuming that this reduction in availability of soft coke was
replaced by imported kerosene, this would have resulted in an increase in
kerosene imports by 1.56 million tons.> The estimated cost of these
kerosene imports was on the order of US$450 million over a S-year period,
an expenditure which coul be casily avoided. (b) The price paid to the
producer was not made remunerative enough to impiove the quality of
soft coke and to make investents in new units. For example, the price
obtained by (he producer was not distinguished by grade so that there was
no incentive for the producer to maintain the quality of coals used for
soft coke. The result was bad quality coals resulting in low-quality soft
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coke, reducing its demand further, There was also no incentive to moder-
nize the plants used for manufacturing soft coke in order to improve the
quality of soft coke and recover tars. Besides, investment in modern units
and Low Temperature Combustion plants was not allowed since it was
feared that there would not be adequate demand for soft coke. In this way,
an unimaginative pricing policy for soft coke resulted in a vicious circle
of low demand, lower quality; low investment, low output, and lower
supply. This, in turn, resulted in a foreign exchange outflow of US$450
million for kerosene imports over a five-year period.

Electricity pricing, profitability, and investments

Another example where low output prices lead to low profits (or losses),
low investments, and supply shortages is the clectric power sector in India.
As pointed out by the Committee on Power, s the State Electricity Boards
have been supplying clectricity at subsidized rates to agricultural, industrial,
and other groups of consumers. The results of this policy of subsidized
rates of different consumers are:

1. The revenues of State Electricity Boards are not sufficient to cover
costs and, hence, they incur heavy losses. Because of these losses, they
are not in a position to invest in additional generating/transmission capacity
and in modernization of existing equipment.

2. The losses on account of low tariffs for certain categories of con-
sumers are partly made good by raising tariffs for other consumer groups
(c.g., domestic consumers). Such cross-subsidization has resulted in transfer
of resources as between different categories of consumers (c.g., agricultural
consumers being subsidized by domestic consumers in urban arcas). Such
redistribution of resources may not be equitable since agricultural con-
sumers may be relatively better off than urban domestic consumers.
Besides, the inability of the State Electricity Boards to earn adequate
surpluses to meet their commitments has resulted in the requirements of
the power scctor being largely met from public taxation. This has led again
to a transfer of resources from taxpayers to consumers of subsidized
electricity.

3. The subsidy on clcctricity distorts the relative prices faced by the con-
sumers (e.g., farmers) and their choice of technology is affecied by these
considerations. These choices may not be in line with the ranking of alter-
natives from the viewpoint of society and may also result in overcapitaliza-
tion in the corsuming sectors. The questions of price distortions for the
consumer, as well as equity considerations, are discussed in later sections.
This section is devoted to a discussion of clectricity prices, losses, and
investments in India.

Electricity pricing and investmnents in India. In India, industry and
agriculture are the two largest consumer groups, accounting for 64 percent
and 14 percent, respectively, of the total energy sold. In the industrial cat-
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€gory, power-intensive industries (such as aluminium, calcium carbide,
and fertilizers where power costs form asignificant proportion of operating
costs) have generally benefited from highly subsidized rates from the elec-
tricity boards within whose jurisdiction they are located, 26 In the case of
agriculture, the bulk of the power supply (more than 75 percent in most
states) goes to the category of “private tubewells/pumpsets.” 1t is well
known that agricultural tariffs are much lower than the average cost of
supplying power to the rural areas. Apart from low tariffs, there has been
an increasing tendency to shift from metered supplies to flat tariffs related
to the horsepower of the pumpset used on the grounds of administratjve
convenience, saving in cost of mciers, and overcoming the problem of theft.
States like Rajasthian, Bihar, Punjab, Haryana, Uttar Pradesh, and
Maharashtra have adopted the system of flat rate tariffs, Recent tariff rates
and the merits and demerits of alternative tariff systems are discussed
elsewhere. Here attention is devoted to a comparison of agricuitural tariffs
vis-a-vis the average cost of power supplied to low-tension consumers in
rural areas. The Report of the Committee on Power (1980) has given com-
parative data for agricultural tariffs in April 1979 and shows the gap
between these taritfs and the average cost of supplying power to low-tension
consumers. The agricultural tariffs varjed from 7.4 paise (0.74 US
cents)/kWh in Bihar to 1.0 US cent/kWh in Kerala to 3.5 US cents (Rs
0.35)/kWh in West Bengal. These figures refer to the average cost of sup-
plying low-tensjon power to urban and rural consumers together, because
duc to lack of data it was not possible to calculate the cost of supplying
the two groups separately. As urban consumers iepresent relatively con-
centrated load centres, it can be assumed that the real cost of supplying
the rural consumers was considerably higher than the figures mentioned
above. For example, in the case of Uttar Pradesh, it was estimated that
the cost of supplying power to rural areas was 6.7 US cents (Rs 0.67)/kWh
as against the average cost of low-tension power estimated at 4.4 US cents
(Rs 0.44)/kWh, Significant variation from one state to the other in recover-
ing the costs of supplying power to rural areas was found,

A study? of actual tariffs charged and marginal cost-based tariffs for
different users of electricity shows that although existing tariffs for all
categories of consumers have increased during the period from 1974 to
1977, they are still considerably below marginal costs. Gellerson (1979)
states that this discrepancy is greatest for agricultural consumers, who pay
the lowest average tariffs and yet for whom clectricity is probably most
costly to supply. Thus, agricultural consumers are most heavily subsidized
by State Electricity Boards. In the southern region, the average reventue
realized is only 16 percent of the marginal cost of supply to the agricultural
consumers. In other regions as well, the ratios are rather low: 20 percent
for northern and eastern regions, and 34 percent for the western region,.
The ratio in the western region is highar not because the revenue realized
is higher but the energy cost at bus bar is estimated to be lower for the
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western region compared with the others. These data are a good index
of the subsidies provided to the rural consumers of clectricity, and the
private profitability of using electricity in place of alternative sources may
be attributed to the artificial pricc advantage offered to consumers of one
form of energy but not to those using other forms of energy, which could
be good substitutes for electricity.

The results of low tariffs for electricity charged to the rural consumers can
he seen in the estimated losses incuired by the State Electricity Boards. In
1976-77, the rural clectrification losses were estimated to be Rs 156.8 crores
(US$150 million), and all the State Electricity Boards reported losses ranging
from Rs 4.3 crores for West Bengal to Rs 20.8 crores for Tamilnadu, Rs 15
crores for Punjab, and Rs 14.4 crores for Haryana. However, in 1976-77,
an aggregate surplus of Rs 43 crores was shown for the State Electricity
Boards taken together which was wiped cut by the fosses onaccount of rural
power supplies. Thus, thenet losses in 1976-77 wereon the order of Rs 112
crores (US$112 million) in aggregate.

At the time of formulaticn of the Sixth Five Year Plan (1980-85), the
commercial losses of the State Electricity Boards were estimated at Rs 4,400
crores (US$4,400 million) at 1979-80 rates.® The Plan had envisaged that
by way of improvement of their financial working, the boards would aim
at reducing these losses by 80 percent, (i.e., by about Rs 3,500 crores). How-
ever, this expectation has not materialized. On the basis of present assess-
ment, these losses are estimated at about Rs 4,300 crores. Although Boards
have taken measures to reduce losses, the increases in costs of inputs and
reduction in revenue duc te shortfalls in generation have wiped out the
surpluses from higher tariffs.

It would, of course, not be correct to say that the poor financial condi-
tion of most of the State Electricity Boards is due exclusively to irrational
tariff structures. Factors such as poor operating efficiencies, escalating
project costs owing to poor project planning and management, and increas-
ing transmisston and distribution losses all play their own part. However,
it has been suggested that even if operating etficiencies and the utilities’
management rcach reasonable norms of performance, the present tariffs
do not, in the casc of most State Electricity Boards, cover total costs, let
alone bring the Boards a reasonable rate of return on invested capital.?
The result of continuing financial losses of the Boards is that their con-
tribution from internal resources® to investible funds is rather low.

Since diversion of investible resources from other scctors to power has
its own socio-economic implications, the investments in the power sector
have never been adequate to meet increasing power demands. There have
been continuing shortfalls in targets of installed capacity and energy genera-
tion. According io the Working Group on Energy Policy, “inspite of mani-
fold increases in generating capacity (since 1950), power shortages have
been experienced in various parts of the country during the past several
years. The basic reasons for these shertfalls have been the continuous slip-



134 CRITERIA FOR ENERGY PRICING POLICY

pages in the achievement of targets of additional generating capacity.”'s

The pereentage shortfall was 50 pereent over 1969-74 and 18.4 percent
over 1974-79. These continuing shortages have led to serious impacts on
the cconomy as follows: (1) losses i agricultural and industrial output
dueto non-avzilability of power, (2) losses and damage (o equipment due
to voltage fluctuations and higher input use due to frequent shutdowns
of continuous process plants, (3) captive Power generation in a number
of industrial units and commerceial establishments resulting in higher capital
costs of clectricity generation, and (4) overcapitalization in the rural/
agricultural sector on account of unreliable power supply. A detailed discus-
sion of these issues would be outside the scope of this paper, However,
one illustration of the seriousness and magnitude of the problem is given
by discussing the power situation for the agricultural sector.

The impact of power Supply on ugricultural sector. During the decade of
the 1970s, the total installed generating capacity in the country increased
from 14,709 MW in 1970-71 1o 26,680 MW in 1978-79. For the same
period, the agricultural connected load increased from 6,225 MW to 13,850
MW. The year-wide aitelysis shows that i the first three years, the annual
increment in total generating capacity wag lower than the corresponding
increment jn agricultural connected load. Even in other years, the
increments have not been substantial cnough to meet the incremental
demands from the rural sector. Assuming that at Jeast two thirds of the
incremental capacity would 2o for industrial, domestic (urban), and
transport sectors, the annual increments were very inadequate to meet the
demands in rural areas,

It may be mentioned that the figures of cennected load need not rep-
resent the total power demand from th.- reval sector. Because agriculture
Is a scasonal activity, the agricultural loads have a tendency to coincide
at the time which is generaliy preferred by farmers (e.g., four hours in the
morning). Besides, due 1o teertainty of power supply (and rostering of
supply tor fixed hours), the consumers have a tendency to switch on their
Motors as soon as power js available, This results in bunching of loads
which can be reduced only if the power supply position is improved and
is made reljable.

The effects of shortages and uncertainty of power supplies are seen in
consumer responses which include (1) installing electric motors of sizes
which are bigger (han their requirements so that the water pumping work
can be completed in shorter time, and (2) purchase of “back-up” systems
in the form of diesel Cngines/motors so as to meet requirements when elec-
tricity is not available, Inthe case of farmers these back-up systems may
be dicsel pumpscts, while for industria] units a dicsel cngine may provide
the necessary back-up support,

Although there are no survey data for various regions to give reliable
estimates for the number and cost of fhese back-up systems, the impression
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is that a large number of consumers (commercial establishments, large
farmers, industrial units) maintain a dicsel engine for usc when electricity
is not available or when there are serious voltage fluctuations. A survey of
109 farmsin 19 districts of Punjab (in North-West India) showed that 40 per-
cent of the farmers owning electric motors also owned a diescl engine. About
30 rerceat of the farmers owned onc electric motor plus one diescl engine,
while the remaining owned more than onc clectric motor or dicsel pumpset.
Most of these farmers were large farmers with operating holdings of above
two hectares. Although ownership of different types of capital equipment
by a farmer is a complex matter depending on many socio-cconomic and
infrastructural factors, it cannot be ruled out that a mix of clectric motors
and diesel engines doces reflect the consumer responsc to shortages of power.

The extent of such a back-up system would depend on the reliability
of power supply, the opportunity cost of not providing irrigation or the
returns from timely availability of water (which would depend on rain-
fall, usc of high-yiclding varicty sceds, use of fertilizers, ctc.), availability
of traditional modes of irrigation (c.g., animal-powered devices), and
availability of tractors/diesel enginces for off-farm operations. For exam-
ple, in Bihar, a rough estimate is that almost half of the large farmers own-
ing an clectric pumpsct also owned a diesel engine. In a ficld visit in 1981
to Saharsa town and nearby villages in north Bihar, it was found that all
industrial units operating on clectricity had back-up diesel engines.

Althoughitis hazardousto make a guess about the extent ot overcapital-
ization on account of the factors discussed previously, a rough estimate
would underline the dimensions of the problem. If it is assumed that about
20 percent of the 4 million owners of electric pumpsets in the country main-
tain a diesel pumpsct?2 mainly as a back-up for irrigation, this would give
atotal figurc of 0.8 million diesel pumpscts for this purposc. This is not an
unreasonable proportion of the total stock of dicsel pumpsets approaching
3 million units. Assuming that, on average, a diesel engine costs at least
Rs 4,000, this would give an cstimatc of overcapitalization of Rs 320 crores.
To this we may add a notional figurc*? of Rs 50 crores for industrial units.
Besides these avoidable capital costs which are incurred by a smaller por-
tion of the toial consumers, there are a large number of other consumers
who tend to use tractors for pumping water which uses diesel oil very inef-
ficiently. Thus, the order of magnitude figures indicate that there is a need
for a thorough evaluation and quantification of this aspect of rural elec-
trification investments, power shortages, and tariff policies.

ROLE OF ENERGY PRICES IN CONSUMER CHOICES

Energy prices in many developing countries are administered prices as fixed
by the government. On account of various socio-cconomic objectives, these
prices have elements of taxes or subsidies because of which they do not
reflect the real resource costs of using these resources. Invariably, the sub-
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sidies or taxes are arbitrarily determined, resulting in distortions in con-
sumer choices. A complete discussion of the effect of relative prices on

cerned are illustrated with the help of two examples from India: I
petroleum product prices and their effect on consumer choices, and (2)
relative prices of electricity and diesel and their effect on choice of

Petroleum product prices and consumer choices

One of the cases in which relative prices of oijl products can distort con-
sumer choices relates to retrofitting of a car with djese] engine for use as
a taxicar on intercity routes. In India, petrol or motor gasoline has always
attracted high excise duties since it is considered an easy method of rais-
ing revenues. Besides, it is also considered an effective demonstration of
socialist policies of the governments by which an item of consumption
of the rich is being heavily taxed. Currently, the excise duty component
is Rs 2.2 per litre in a market price of Rs 6.2 per litre, (i.c., 35.5 percent).

fuel costs form a significant proportion of tota] operating costs, minibuses
and cars retrofitted with diesel engines are becoming popular.

Given the relative price of petrol and djesel oil, a private taxi operator
finds it economical to spend an extra US$2,500 for retrofitting of a diesel
engine, thus increasing the capital cost from US$7,000 to US$9,50C
(Table 5.1). However, with the retrofitted diesel engine, his annual fuel costs
are lower by around US$2,130. Even when the high costs of repair and
overhaul are taken into account, there is a saving of US$1,800 or S0,
indicating that the pay-back period for a retrofitted diesel engine is about
one year and four months; in other words, the total annual costs of run-
ning a taxi with retrofitted diesel engine (US$4,460) are lower than those

However, this advantage is ac-ruing to the user because petrol prices
are artificially kept high through excise duties. This alternative, though
financially profitable for the consumer, need not be a preferred option
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from the viewpoint of society. This has been shown in Table 5.1 where
comparison has also been made by taking the shadow prices of diesel and
petrol.’ By using the shadow prices (which assume these to be equal to
c.i.f. prices adjusted for 25 percent premium on foreign exchange), it has
been shown that the annual costs of running a diesel-retrofitted car are
higher (US$4,329) as compared with the petrol-driven car (US$4,125). The
social costs of running a car with petrol would be even lower when it is
considered that a relative surplus of petrol and naphtha is likely to develop
in the future, while diesel oil will always remain an imported product at
the margin.

The foregoing analysis shows that by artificially pricing petrol at a high
level (or by not being able to raise the diesel prices to the same level), the
government has encouraged the shift to diesel vehicles, which is not a
desirable shift from the viewpoint of society. The demand for diesel oil
has been increasing much faster than for other oil products’ and has
increased by about 2 million tons (from 9.8 to 11.8 million tons per year)
in the past four years. Almost 2 to 3 million tons of high-speed diesel have
been imported per year in the past four years, resulting in a foreign exchange
outflow of approximately US$600-800 million per annurn. Under these
circumstances, any shift from petrol to diesel is a shift which is not desirable
from the viewpoint of society.

Diesel cars in Sri Lanka. A similar distortion in consumer choices in
automobiles has been noticed in Sri Lanka. Up to 1979, retail petroleum
pricing policy was characterized by subsidies on kerosene and dicsel sales,
which were partially offset by a high gasoline price but which still resulted
in large net losses (Rs 630 million in 1979) to the Ceylon Pctroleum Cor-
poration.?” The ratio of auto diesel to gasoline prices was 0.36 in carly
1980, which encouraged consumers to take advantage of this diffcrential
by importing diesel cars.® While the purchase price of diesel cars is
generally somewhat higher than comparable gasoline vehicles, this has
been more than compensated by lower fuel costs. As a result, the propor-
tion of diesel vehicles in new car registrations rose from 14 percent in 1978
to 38 percent in 1980. This resulted in resource misallocation because the
retail price differential for diese! and gasoline far exceeded their relative
opportunity costs; private benefits from switching to diesel cars would
exceed the benefits to the economy as a whole. This also had an impact
on refinery imbalance problems in Sri Lanka where there was a surplus
of gasoline/naphtha on the order of 130,000 tons in 1980 and a deficit
(and consequent import) of 42,600 tons of diesel. In an attempt to reverse
the trend towards diesel vehicles, the Government of Sri Lanka raised the
price of diesel in 1980-81 to 60 percent of gasoline prices and, in November
1981, it revised the licence fees for private diesel automobiles to three times
the level for comparable gasoline cars. With the available data, it is not
possible to estimate the relative cconomics of using diesel cars for private
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consumers. Obviously, a diesel car would stil] be economical where ihe
utilization rates are high (e.g., intercity private taxi). However, there is a
need for a thorough analysis of these options which takes into account
the relative prices of import of diesel, export of naphtha, and the fuel
efficiencies of differcnt types of automobiles.

Electricity pricing and consumer choices in irrigation
pumping

As discussed elsewhere, clectricity in rural Indja is substantially subsidized.
The rates charged from the farmers arc much lower than the marginal costs
of previding electricity to the farmers. Besides, a farmer is not required
to pay the costs of connection of the well or tubewell to the nearest source
of supply. All these costs are borne by the State Electricity Boards as part
of the rural electrification programmes to encourage use of electricity for
irrigation. On account of these concessions, the farmers have shown a
preference for electric motors to diesel engines. Although the number of
electric motors and diesel engines were the same in the carly 1960s, the
number of eiectric motors has increased much faster than the stock of
diesel engines. In March 1983, there were about 4.5 mitlion clectric pumpsets
compared with around 3 million diesel pumpsets.

However, the farmers’ preference for electric motors s based on cost
advantage apart from mechanical problems with diesel engines. Of the
76 nonbencficiaries surveyed who were willing to install pumpsets, 56 per-
cent opted for electric pumpsets on account of lower capital and operating
expenses.® The cost advantage of the electric motor (receiving electricity
from the regional grid) for pumping water for irrigation*® is showr. in
Table 5.2. At market prices (i.e., when viewed from the viewpoint of the
farmer), the capital costs of the electric pumpset are almost the same as
that of the diesel engine. Since electricity is subsidized (2 U.S. cents/kWh)
for the farmer, annual operating costs for the electric pumpset are very
low (Table 5.3). Under certain assumptions, use of the electric pumpset
is the cheapest option involving an expenditure of US$671 in present value
terms.¥! (Table 5.4.). The next best option is use of a diescl pumpset where
the present value of costs at market prices is estimated as US$1,555. Under
these assumptions, installation of a biogas plant or gasifier to substitute
for diesel oil is found uneconomical. The present values of costs are much
higher*2: US$1,766 and US$2,122.

However, the relative ranking of alternative technologies changes when
analysis is done using shadow prices in place of market costs, Use of an
electric pumpset involves infrastructure costs relating to cost of connec-
tion (US$500) and ccsis of electricity generation and transmission
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prices or real resource costs of using these resources in the economy. For
clectricity the estimated shadow price (including fuel and operating costs,
but excluding capital costs) is 7.48 US cents/kWh* compared with a tar-
iff rate of 2 US cents/kWh. Similarly, the shadow price of dicsel oil has
been caleulated by waking the c.i.f. price of imperted diesel eil, multiply-
ing by 1.25 to reflect the 25 percent premium on foreign exchange, and
adding average local transport costs.

When shadow prices (instcad of market prices) are used, the relative
ranking of various alternatives changes. The capital costs of using the clec-
tric motor when electricity is supplied from a regional grid amount to
US$1,700 (Table 5.2). In present value terms (10-year life, 10 percent dis-
count rate), the cost of the grid electricity alternative is much more expen-
sive than the use of diesel engines or dual-fuel engines (using biogas and
diesel). Thus, use of a diesel engine is more cconomic  from the view-
point of socicty when all the costs associated with the use of electric motors
are included ard electricity is valued at its (unsubsidized) shadow price,
Flowever, as mentioned carlier, use of the clectric motor has been artifically
made cheaper by giving subsidies. This has resulted in distortions in con-
sumer choices under which a large number of connections for clectric
motors have been given, even though power generating capacity to meet
these demands has not been added. This has resulted in (1) excess demand
for power for agricultural purposes, (2) unreliability of supply along with
voltage tluctuations,* (3) a tendency on the part of farmers (consumers)
to invest in “‘back-up” systems which result in overcapitalization, (4)
disincentives for investing in biogas plants and/or gasifiers which can be
used for water pumping, and (5) disincentives for energy conservation
measures. The costs of back-up systems have already been discussed in
an carlier scction. The disincentive effects on renewable energy sources
and conservation are discussed below.

Adoption of renewable energy technologies

Although renewable energy technologics such as biogas plants, gasifiers
(along with dual-fuct engines), photovoltaic pumping systems, and wind-
milis can be used in place of clectric or diesel pumpsets, these technologics
have not become popular mainly because of the subsidies on conventional
sources, (c.g., electricity, diesel, and kerosene). Use of a family-size biogas
plant is not found cconomic  because the saving in cash for the quan-
tities of kerosene replaced in lighting?¢ is not sufficient to cover costs. In
the case of irrigation puinping, usc ot a biogas plant along with a dual-
fuel engine (using 70 percent gas, plus 30 percent diesel) is found ceconomical
from the viewpoint of society. It5 costs (present value terms) are marginally
higher than the costs of using a diesel engine (Table 5.4) but are substan-
tially lower than the clectricity alternative. However, this advantage disap-
pears when market prices are taken into account. Given the subsidies in
capital and operating costs of using an clectric motor, the farmer docs
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not find it economic to install a biogas plant for irrigation pumping.
Thus, distortions in energy prices result in nonadoption of technologies
based on renewable energy sources. This disincendive has resulted in low
diffusion of these technologies and is not considered desirable f om the
viewpoint of society.

Kerosene price subsid; in Sri Lanka®

In Sri Lanka, there is a general subsidy on kerosene whose sale price
(US30.82/gal) is lower than the refinery price (US$1.21/gal). This subsidy
has resulted ir: a revenue loss of approximately US$28 million in 1981 and
an cncotiragement to use kerosene as heating fuel. The main rationale for
lower kerosene prices is the government’s concern about the welfare of
poorer houscholds for whom kerosene is an important lighting fuel.
Although this is a valid social objective, the general subsidy on its price
may not be the most efficient way of achieving it, since the subsidy is for
all users of kerosene and not Just for poor households. It has been estimated
that a large proportion of kerosene consumption (well over half) is in uses
for which the subsidy was never intended — such as industrial heating
fuel, in stand-by generators, or as cooking fuel for the better-off
houscholds. Besides, the differential in prices of kerosene and other fuels
constrains the ability of the Ceylon Petroleum Corporation to raise fuel
oil prices. Furthermore, by raising the price of diesel fucls to cost-covering
levels, the differential between kerosene and diesel fuels has widened
significantly, encouraging the blending of kerosene with these fuels. The
issue of reconciling the objectives of equity and efficiency is discussed
in a later section.

Prices of LPG and gasoline in Bangladesh

A similar possibility of substitution of LPG for gasoline exists in
Bangladesh* on account of the price differential between the two pro-
ducts. For example, LPG prices were only 28 percent of the premium
gasoline prices on an equivalent encrgy basis. If this level of financial incen-
tive is continued after LPG availability increases (from natural gas), a
significant ariount of this fuel could be used to substitute for gasoline
in spark-ignition engines, which after small modification ‘costing about
US$300) can burn LPG and gasoline as dual fuels. Even if LPG js priced
at its full opportunity cost, it would stil] be about half of the gasoline
retail price at an equivalent cnergy basis. This preference for LPG against
gasoline will further exacerbate the gasoline/naphtha surplus in the country.
Besides, given the differential between diesel and gasoline prices, the finan-
cial benefit to a private motorist in buying a diesel car is much higher
than the economic benefit to the country. This also requires a review of
gasoline and diesel prices in Bangladesh.
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Disincentives for energy conservation

Ouie of the adverse effects of subsidized energy prices is that the consumers
have no incentive to improve the efficiency of utilization of energy inputs.
It has been estimated that about 15 percent savings in energy consumption
in developing countries could be achieved by a programme of demand
management designed to increase the efficiency of energy use.** About
half of this saving can be achieved through retrofitting and technical
improvements in industry, electric power generation, and transport. I India,
assessments of potential fuel savings are around 20 to 25 percent inindustrial
units, automobiles, agricultural pumpsets, etc. A part of these savings could
be achieved through improved housekeeping measures, but significant sav-
ings would requirc investments and organizational support to carry out these
changes. If energy prices are artificially depressed, the financial profitability
of investments in improved utilization is very low on account of low cash
savings. This incentive is further reduced if fuel costs form a relatively small
proportion of the total cost of production,* and if the entrepreneurs are
in a position to pass on the high costs to consumers.

In a study®' of conservation of light diesel oil and electricity used in
pumpsets for lift irrigation in Gujarat Siate in India, it was found that
the total investment in rectification (replacement of pipes, foot valves, etc.)
of 25 pumpsets in five villages was US$1,283, and the estimated annual
saving was 1US$2,089 for diescl and lube oils. The corresponding costs and
savings for 25 electric pumpsets were US$2,310 and US$2,082, respectively.
These figures show that energy conservation would be financially pro-
fitable and cconomically viable if estimates of savings are correct. How-
ever, the estimated savings are not realized by the farmers, and this leads
to uncertainties in financial returns. Hence, lower energy prices through
lower cash savings may not provide the same level of benefits which may
be available from alternative uses ot funds and, as a consequence, may
not lead to desired levels of energy conservation.

ENERGY PRICES AND CONSIDERATIONS
OF EQUITY AND EFFICIENCY

As discussed carlier, one of the objectives of providing subsidiesin fixing
energy prices is that these items of basic need should be available to poor
people at prices they can afford. This is a laudable objective if it can be
ensured that the target groups (rural and/or urban poor) are, in fact, get-
ting the benefits of these subsidies and lower prices. Invariably, this equity
objective is not met for a variety of reasons which need to be investigated
thoroughly so that the benefits of low prices are available to those for
whom they are intended. Besides, it may be necessary to consider measures
other than energy prices to provide intended bencfits to target consumers.
Some of these issues are discussed below, again giving examples from India.
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Intended benefits do not reach the poor

The equity objective of the energy pricing is not achieved since the intended
benefits do not reach the poor for a number of reasons discussed below:

1. The actual price paid may be higher than the price fixed by the govern-
ment on account of high distribution margins, ignorance of the censumers,
method of purchase and use, and overall shortage of supplies. In India,
the kerosene retajl price is fixed by the gevernment at Rs 1.80 (US$0.18)
per litre to be sold through government-run ration shops. Invariably, ade-
quate quantities are not sold through the ration shops and consumers have
to make purchases at higher prices in the black market. In rura] areas,
the effective price paid by the illiteraie villager is much higher since he
is purchasing kerosene for lightine in a small lamp every two to three days.
During periods of shortages (which are very frequent), the Poor consumer
has to do without his quota of kerosene and has (o depend on much more
cxpensive vegetable oils, Since kerosene s cheaper (US$0.18/litre com-
pared with USS$0.32/litre for diesel), there s an incentive for peor:2 to
mix it with diesel or petrol in trucks, buses, and auto-rickshaws.2 Under
these circumstances, adequate quantitics a fixed (low) price are rarely
available to the poor consumers, especially in rural areas, Thus, the
apparent reason for Keeping kerosene prices low is to help these poor coq-
sumers, and the issue of kerosene price has become politically very sen-
sitive, S However, for policy planners it is necessary to ascertain, through
survey, facts regarding the following: (1) the quantitics of kerosene actually
purchased by the poor in rural and urban arcas, and (2) prices actually
paid by them after taking into account spillage, short measurements,
interest component, and value of items paid in kind. By such a survey,
the policy planners can educate the politicians and suggest some alter-
native measures (c.g., supplying free lamps) that dircctly benefit the poor
people instead of subsidies on kerosene which the poor actually do not
receive,

The case of subsidized clectricity in India jg also very similar. Since the
Costs oi wiring a house for clectricity connection (US$20-30) are very higl
tor the poor people (whose cash incomes are very low), they are not in
a position to take advantage of domestic connection. For many of them,
cven a monthly charge of Rg 5 (US$0.5) would be quitce high, considering
other basic necessitics, Besides, many poor familics have thatched houses
where wiring cannot be donc or would expose the house to risks of fire,
As aresult, only about 18 percent of the houscholds in rural areas of elec-
trified villages have houschold connections. These are, invariably, better-
off sections of the rural society, and these pcople are, in fact, getting the
benefits which are being justified in the name of the poor. In this context
it is necessary to redefine the scope of the rural clectrification project so
as to include houscwiring as a partof the rurg| electrification project and
charge a nominal amount per month. In lact, a scheme on these lines has
been successfully implemented in Tamilnadu in south India. Each of the
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100,000 households included in the scheme was electrified at the cost of
the Tamilnadu Electricity Board and a connection was given for one bulb
(40 watts). Power consumption charges are being collected at Rs 2 per
houschold per month. Although there have been some unauthorized exten-
sions of power supply under the scheme, it has been a boon to poer
houscholds who cannot afford to spend the initial amount for wiring. Such
schemes may be formulated and field tested to find ways and means that
the large masses of poor people can benefit from infrastructuie which has
alrcady been laid down, and from social costs, which have already been
incurred. Besides benefiting the poor, the scheme would also reduce con-
surnption of imported kerosene. Another way of providing benefits from
clectricity would be to make community services (TV, radio, study room,
recreation room) awvailable to the comnion people, which would provide
them with greater social benefits than subsidized electricity which they
do not usc.

Benefits, in fact, accrue to the rich

Although energy prices are subsidized with an objective of providing
benefits to the poor pzople, the socio-economic conditions prevailing in
the country may be such that benefits, in fact, accrue mainly to the rich.
This is generally true of electricity subsidies in rural arcas where the
beneficiaries are rich farmers and artisans who could afford to pay higher
prices. Some evidence regarding the beneficiaries of rural electrification
programmes in India was collected by the Committee on Power (1980)
which concluded that while the rural electrification programme had
brought cconommic benefits to the rural areas, it suffered from: (a) a bias
in favour of the large farmer and inadequate availability of rural electrifica-
tion benefits to the small and marginal farmers, (b) poor progress of
domestic lighting and street lighting programmes. A recent evaluation by
the Pianning Cornmission (Government of India, 1983a), sliows that the
low-income ben.ficiaries (income less than USS$100 per year) constituted
Iess than one percent of the total.™ Another 11 percent of the total sam-
ple beneficiaries of rural clectrification programmes had annual incomes
ranging between US$101 to US$250. High-income houscholds (above
US$1,000 per year) accounted for 28.8 percent of the sample beneficiaries.
Data on consumption of electricity in rural northern India’s for 1975-76
show that, although low-income houscholds constituted 22 percent of the
total number, houschiolds using electricity were only 1.8 percent. In high-
income categories (US$1,200 and above), which constituted less than 2
percent of houscholds, almost 45 percent of the total households consumed
electricity. The level of consumption of electricity also increased with
income — 2.8 to 5.7 kWh/year for low-income houscholds but as high
as 45 to 124 kWh/year for high-income houscholds. These data clearly
show that it is the relatively better-off households who are getting the
benefits of subsidized electricity in rural India. Data available will clearly
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show that the benefits of rural electrification in terms of energization of
pumpsets has primarily gone to medium and large farmers.

In the case of private taxi operators who benefit from the retrofitting
of diese!l engines (see earljer seciion), the benefits of low diesel prices are
not passed on to the consumers. The taxi operators fix their charges on
the basis of petrol-driven vehicles, and those who instail diesel engine
get the benefit from lower ~xcise duties on diescl compared with those
on petrol. In fact, high excise duties on petrol are paid by only a few car
users who are not in a position to pass on their costs to others’6 or by
middle-income urban dwellers who have no alternative but to hire taxis
on important occasions (emergencies, intercity travel). High petrol prices
have certainly reduced the profitability of investment in city taxis and have
worsened the taxi service in urban areas.

Energy prices and macro dimensions of equity. Recently there have been
Ssome attempts at estimating the equity and efficiency implications of energy
prices in a macro framework. Kadekodi (1984) has formulated a model
to derive pricing rules for public intermediate energy services such as coal,
crude petroleum, and electricity. Optimizing pricing rules have been derived
for these energy sources and estimated using data from Indjan plan models,
The results of the model show that for the coming years both electricity
and crude petroleum should be brought under a higher tax net and that
coa' should continue to have a price subsidy. Particularly, the noncoking
coals should be subsidized substantially, whereas coking coal prices should
be subsidized marginally. Kadekodi further suggested that by working out
those tax and subsidy implications, it might even be possible to consider
a common pool of government revenue-expenditures for all such energy
sources and energy pricing with such a balanced tax-subsidy approach
would be welfare-improving.

Murty (1984) has developed a framework for estimating the social costs
of alternative sources of government revenue. Using this framework, he finds
that the welfare gains of price subsidies arc highest for fuel and light, followed
by food grains, edible oils, sugar, and clothing. The estimates of welfare
losses of increased prices of fertilizers, cement, and electricity show that
any reform in public sector pricing in terms of increasing the prices of cement
and giving price subsidies to fertilizers or electricityisa welfare-improving
reform in India. These studies emphasize the importance of considering
energy prices, taxes, and subsidies in an overall macro framework.

RECONCILING OBJECTIVES OF EQUITY AND EFFICIENCY

As discussed earlier, encrgy prices are fixed at low levels in order to pro-
vide fuels/electricity to population for meeting their basic needs of lighting,
cooking, and space heating. This objective of providing fuels at prices
which people can afford is considered very important by the governments,
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and the issue of raising prices (c.g., keroscne or electricity) has serious
political implications. Sometimes, lower prices (e.g., electricity in India)
are justified on the grounds of cquity (to help the small farmers) as well
as efficiency (to encourage use of groundwater for raising agricultural
output).

However, low prices neither achicve the objectives of equity ncr pro-
mote efficient use of scarce resources. The benefits meant for the poor
do not reach them either because of middlemen’s profits (kerosenc) or
because they do not have the necessary equipment (internal wiring of houses
or electric motors). Nevertheless, subsidized prices result in wrong signals
to the consumers, encourage incfficient interfuel substitution, and
discourage conservation. Low prices lead to low profits, low investments,
and shortages of energy which have scrious implications for economic
and social development of the country. Hencg, it is necessary to consider
policy measures which can reconcile the various objectives of energy pric-
ing; namely, meeting the basic nceds of poor people, avoiding misalloca-
tion of energy inputs, and raising adequate resources for investments. Some
ideas regarding these issucs include: (1) A comprehensive, integrated price
policy for energy inputs and other factors of production (labour, capital}
should be formulated; (2) schemes of providing direct subsidics to target
groups rather than a gencral subsidy should be evaluated; (3) public
investments in the provision of energy should enable consumers to obtain
full benefits; (4) complementary inputs and finances should be provided
to enable target consumers to avail themsclves of the benefits; (5) sub-
sidies may be given on the cost of equipment rather than on fuels; (6)
explicit subsidies should be provided for renewable sources whose adop-
tion is adversely affected by subsidized prices for conventional fuels; (7)
taxes should be levied on equipment and consumers which take undue
advantage of the lower prices (e.g., dicsel automobiles, kerosence generators).

Need for comprehensive, integrated pricing policy

There is a need for an integrated pricing policy which covers all energy
sources, as well as labour and capital. For example, the policy should cover
all relevant energy sources for rarious end-uses — for lighting it should
consider kerosene, grid electricity, biogas, photovoltaic lighting, and clec-
tricity from decentralized sources (e.g., microhydro, large-scale biogas, or
windmills); for cooking it sisould consider fuelwood, charcoal, soft coke,
crop residuc, animal residuc, biogas, kerosenc, and LPG as possible sources,
and relative prices should be fixed to encourage the desired type of inter-
fuel substitution. The objective of equity cannot be met if all the fuels
arc not considered simultancously as has been illustrated by the policy
of pricing urban fuels in India.?” Kerosene, clectricity, and LPG, which
are availasle at subsidized prices, are used primarily by higher income
groups.® The subsidy on soft coke, which was primarily used by low-
income people, was rather marginal. Fuelwood, agricultural wastes, etc.
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which were purchased by the urban poor have not attracted any subsidy
or price controls. The result is that the urban poor have to pay high prices
for smoky, low-efficiency fuels, while the advantages of subsidized cleaner
fuels are available to the better-off consumers. Such anomalies can be
removed only when a comprehensive policy is formulated to cover various
end-uses (lighting, cooking, irrigation pwiiving) and alternative fuels for
target groups (urban poor, urban middle class, rural poor, rural middle
class, small farmers). There is a need for a comprehensive study of the
economic costs of providing these fuels to various target groups for dif-
ferent end-uses. The results can then be used as a reference point for deter-
mining the tax and subsidy levels for different fuels, different cquipment
(c.g.,lanterns, bulbs, bumpsets, stoves, biogas plants) and different target
groups (c.g., kerosene coupons for the pocrest).

There is a need to keep in mind that overenthusiasm in raising energy
prices should not result in another form of distortion relating to inter-
factor prices. In many developing countrics, the existing prices of capital,
labour, and foreign exzhange may not necessarily reflect their “trye oppor-
tunity costs” due to mnarket imperfections and/or administrative controls
(minimum wages, differential interest rates, import quotas, exchange con-
trols). Given the distortions® i prices of non-cnergy inputs (whether
Justified or not), fixing energy prices which reflect their “true opportunity
€OSts™ may, in fact, provide wrong signals (e the consumers and result
in substitution of scarce nonenergy inputs (ca,.ital or foreign exchange)
for energy inputs. These considerations point to the need fot a comprehen-
sive analysis of energy prices in an integrated framework as outlined by
Munasinghe (1980).

Direct subsidies for target groups

Rather than provide a general subsidy, the governments can consider gjv-
ing dircct subsidies to target groups through special coupons. One such
experiment has been under way in Sri Lanka, Apart from providing sub-
sidized kerosene to all, the Government of Sri Lanka simultancously
operates a kerosene Stamp scheme under which roughly the poorer half
of the population (about 1.5 million families) receive monthly coupons,
which can be used to pay for kerosene or basic food products, This scheme
was introduced in 1979 when kerosene prices were tripled and the value
of the coupons was fixed at that time to enable households (o purchase
about 6 litres of kerosene per month at no additional cost. Since then
kerosene prices have increased and the value of the stamps has remained
fixed so they no longer entirely offset the higher cost of kerosene, but the
stamp scheme can easily be modified to reflect these developments,

In principle this scems to be an attractive scheme because jt removes
the general subsidy and makes it available to target groups only. The poten-
tial advantages of the scheme® are: (1) as kerosene prices would no
longer be below their economic cost, the incentives to use this fuel
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inefficiently would be reduced; (2) this would give the Ceylon Fetroleum
Corporation more freedom to alter the prices of competing fuels, such
as diescl and fucl oil, whose prices have had to be held down for fear of
diverting demand to subsidized kerosene; (3) by replacing a subsidy in kind
(cheap kerosene) with an cifective cash transfer, the welfare of poorer
households would be incrcased to the extent that they would choose to
spend this higher income on other goods upon which they placed a higher
value; (4) the refinery balance problem would be alleviated to the extent
that kerosene consumption was rediced as a result of this policy.
Although the scheme scems very attractive to reconcil the objectives
of equity and efficiency, it may be too soon to come to a conclusive judge-
ment on this issue. It may be necessary to do a comprehensive review of
the kerosene stamp scheme, including its administrative costs and prob-
lems and thic impact it is expected to have on interfuel substitution.

Extending the scope of public investments

Although the objective of subsidized electricity was to help the poor peo-
ple in rural arcas, they could not obtain the benefits of rural electrifica-
tion programmes since they could not afford the initial costs of internal
wiring. [t may be worthwhile to enlarge the scope of rurai elecirification
programmes to include internal wiring of houscs at the government’s
expense to cnable the consumer to use clectricity. Though such an inclu-
sion would add to the costs of rural electrification schemes, it would pro-
vide benefits of better lighting to the consumers and result in a more
cquitable distribution of benetits from large investments in rural electrifica-
tion infrastructure. A scheme on these lines has already been introduced
by a state government in South India as discussed in an earlier section.
There is a need to evaluate this scheme and draw policy conclusions from
its work.

Subsidies on costs of equipment rather than on fuels

The governments can achieve the objectives of cquity and cfficiency by
providing subsidies on the cost of »quipment rathcr than on the price of
fuel. For example, subsidies may be provided on clectric motors, diesel
engines, biogas plants, petrol engines, dual-fucl engines, hurricane lanterns,
improved kerosene lamps and stoves, and fluorescent tubes to provide incen-
tives for the selection of appropriate (from the viewpoint of society) and
cnergy-cfficient equipment and devices. These subsidies could take the
form of gencral subsidies and be introduced through reduction in excise
duties on those items. The subsidics could also be special purpose and
directed at a particular target group for which claborate administrative
arrangements would have to be made. For example, it would be more
cquitable and efficient to provide fuel-efficient lamps or hurricanc lanterns
to everyone in the rural arcas, rather than supply kerosene at subsidized
prices at which it might never be available. Similar proposals for improved
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stoves at subsidized prices cun be considered. However, there may be dif-
ficulties in implementing some of these proposals because energy-efficient
equipment which is subsidized would affect the demand for existing
manufacturing units which may be in the small, unorganized sector. Thus,
there may be a conflict between providing energy-efficient stoves and pump-
sets, and empioyment (and income) in the small-scale industries. 5!

SUMMARY AND CONCLUSIONS

The foregoing discussion shows that energy prices, if arbitrarily fixed, can
have serious implications for investment allocation and consumer choices,
resulting in inefficient allocation of resources, wrong type of interfuel
substitution, and shortages in supplies. There are ways of reconciling the
objectives of equity and efficiency in the context of energy prices, and
a few policy alternatives have been suggested. The chapter also emphasizes
the need for developing a methodology under which prices of energy and
nonenergy inputs are determined in an integrated framework.
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Figure 5.1 Dimensions of energy pricing
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Table 5.1 Economics of using diesel engine in a private taxi in India

(1983 US dollars)
At shadow prices

At market prices

Ambussador car Cur Car
retrofitted Ambassador car retrofitted with
with diesel with petrol with diesel petrol

Costs engine engine engine engine
A. Capital cost
Original price 7,000 7,000 7,000 7,000
Retrofitting of
diesel engine 2,500 — 2,500 —
9,500 7,000 9,500 7,000
B. Annualized capital costs
(S-year life @ 15%
interest rate) 2,834 2,088 2,834 2,088
C. Annual operating costs
Repair and maintenance 350 200 350 200
Fuel costs 1,160 3,100 1,000 1,450
Lubricating oils 116 310 145 387
Driver and cleaner . . * *
Total 1,626 3,610 1,495 2,037
D. Total annual costs 4,460 5,698 4,329 4,125
(BC)

* These costs are common to both options.

Notes:

1. Diesel market price is USS0.348 perlitre. With diesel engine a car can travel an average 15 kms/litre,
Shadow price for diese! oil is US$0.30 per litre,

2. Petrol market price is US$0.62 per litre. A petrol car gives an average 10 kms/litre on intercity
routes. The shadow price of petrol is USS$0.29 per litre.

3. A private taxi travels an average of 1,000 km/week, giving a total travel of 50,000 kin/year.
4. Every two to three years a diesel engine requires overhaul, costing an additional US$300.

5. Cost of lubricating oils is taken as 10 percent of fuel cost.

6. The capital recovery factor (CRP) for S-year life at 15 percent discount rate is 0.298315.
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Table 5.2 Capital costs of prime movers and related equipment for irrigating
a one hectare farm in North India

(1983 US dollars)

At shadow prices At market prices
Electric motor  Diesel engine Diesel engine
(2HP) with or dual-fuel  Electric  or duel-fuel
grid engine motor engine
electricity 3 HP) (2HP) (3 HP)
1. Cost of engine/motor 300 400 300 400
2. Cost of pumphouse 100 0 125 0
3. Cost of connection 500 0 — 0
4. Cost of generation and
transmission 800 0 — 0
5. Cost of infrastructure
of diesel transport 0 50 0 -
6. Biogas plant
(2 m3/day) — 400 — 500
7. Gasifier —_ 450 — 450
8. Total (12345) 1,700 450 425 400
9. Diesel and biogas (156) 850 900
10.  Diesel and producer gas (157) 900 850
Notes:

1. Data arc for Ghazipur district in the Gangetic plains of north India. Crop rotation is ricewheat.
Water table is taken as 5 M (total head).

2. Cost of biogas plant is US$500, about 60 percent of which is labour costs. Taking the shadow
wage rate of 50 percent of the market wage and putting a premium of 25 percent on other materials
(stecl and cement), the shadow price is US$400. For gasificr, labour costs are one-third of total.
3. Diesel and biogas includes cost of diesel ensine (15) plus cost of biogas plan: (6).

4. Diescl and producer gas includes cost of dissel engine (1+5) plus cost of gasifier 7.
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Table 5.3 Annual operating costs of alternative technologies at shadow
prices and market prices

At shadow prices At market prices
Electricity Diesel  Diesel Electricity Diesel Diesel+
Srom  Diesel + producer|  from  Diescl + producer
grid oil  biogas  gas grid oil  biogas  gas

1. Energy/fuel cost

—Electricity 40 — — — 10 — — —

—Diesel — 91 44 27 — 106 51 k)|

—Lube oils — 8 6 4 — 7 5 3

—Fuelwood — — — 30 — — — 30

—Cow dung — — - - — — — —
2. Repair and

maintenance cost of

clectric motor/diesel

engine 30 45 45 45 30 45 45 45
3. Repair and

maintenance cost of

biogas plant or

gasifier 10 68 10 68
4. Labour charges for

operation 30 30 30 30 30 30
5. Total annual

operating gross 70 174 135 204 10 188 141 207
6. Present value of

operating costs

(assuming 10-year

life and 10%

discount rate) 430 1,069 829 1,253 246 LIS5  B66 1,272
Conversion ratio: USS$!=Rs 10.00
Notes:

1. Source: Sce Swiss Development Cooperation Agency (1985).

2. Diesel consumption 0.45 litres/HP-hr for diesel engine: 0.135 litres/HP-hr for dual-fuel engine.

3. Market prices: Electricity 2 US cents/kwh: diesel oil US30.348/litre. Shadow prices: Electricity
7.48 cents/kWh; diesel US$0.3/litre. The cost of fuelwood is taken at US$40/1on, both at market
prices and shadow prices. .

4. Itis assumed that a dual-fuel engine will use 0.135 litres of diesel per HP-lir along with 1.1 kilogram
fuelwood (assuming 3.5 kilograms of wood replaces 1 litre of diesel.

5. Cost of cow dung is not included since the slurry issued from the biogas plant is at least as good
4 manure as cow dung (if not better). Hence, there is no resourcc cost in using cow dung as input.

Table 5.4 Sum of present values of capital and operating costs for irrigation
alternatives

(In 1983 US dollars)

At shadow prices At market prices
Costs Rank Costs Rank
Electricity from grid 2,130 [11 671 I
Dicesel oil 1,519 I 1,555 11
Dieselbiogas 1,679 11 1,766 1

Dieselproducer gas 2,153 v 2,122 v
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NOTES

For example, in India, it would be useful to fix a high price for kerosene/diesel and a

very low price (about zero) for fuel oils to encourage refineries to set up secondary pro-

cessing units (such as hydrocracking units) to convert fuel oils into kerosenc/diesel. For

details, see Bhatia (1976, 1983).

2In the report of the Oil Prices Committee (1976) in India, the need to keep overall prices

of petroleum products within manageable limits was cited as one of the arguments for

setting the price of domestic crude oil lower than the import price.

3For details, seec World Bank, (1982b).

iSubsequently, there have been price revisions in July 1979, February 1981, and March
1984. The February 1981 prict adjustment raised noncoking coal prices by 20 to 30 per-

cent. Even this increase aimed at meeting only the average operating costs of the sector,

?lus depreciation and interest, and did not provide for any significant return on capital.
Data refer to Coal India Limited (CIL), which covers five operating companies and

accounted for 88 percent of coal production in India in 1980-81. See World Bank (1982b).

6As shown earlier, this was done by (1) exclusion of return on capital and/or depreciation
from average cost of production estimates, and (2) inadequate allowance for increases
in cost of. inputs between price adjustents that varied from one to four years.

TBetween 1969 to 1970 and 1977 to 1978, India exported around 0.5 million tons to its

neighbours. Due to shortages of coal, exports declined to 0.1 million tons in 1979-81.

8See World Bank (1982b).

%The calorific value of coal is taken at 5,000 kcal/kg and that of fuel oil as 10,000 kcal/kg.

The c.i.f. price of fuel oil in 1981 was US$194 per ton.

10See Siddayao (1981a) and World Bank (1982b).

UImports of crude oil and petroleum products at about US$5.5 billion accounted for 65

percent of India’s total exports in 1982-83.

12G¢e Siddayao (1981a) for a detailed discussion of this argument in the contexts of coal

and natural gas pricing in the Philippines and Thailand.

13Total consumption of fuel oils increased from around 5.8 million tons in the mid-1970s
to around 7.2 million tons in the early 1980s, an increase of around 25 percent or i.4 million
tons per annum, Around half of this increase was being met through imports, involving

an annual outflow of US$100 million. This amount could be saved il adequate supplies

of coal were made available,

144 study carried out by Coal India Limited in 1976 shows that a 20 percent increase in

the price of coal will increase the general price level by only 0.5 percent. Even if the impact

is higher for certain consumers, the advantages and disadvantages of increasing prices

have to be looked at in the context of the total changes in the economy, i.e., including

the costs of imported fuel oil.

1511 is sometimes argued that Indian coal cannot be exported due to low quality and uncer-

tainty of supply. This argument is based on short-term considerations. India has large

reserves of high-quality (greater than 6,200 kcal/kg), low-sulphur coal which could be

developed for export and has the necessary rail and port facilities. The current shortages

of coal in India are the result of wrong pricing policies and investment, which can be cor-

rected to provide surpluses for export.

165ee Siddayao (1981a).

YConversion factor used here is Rs 10=USS$I.

18See Government of India (1983b).

19Gee Government of India (1983c).

201 1981-82, 1.969 million tons of kerosene were imported at a cost of Rs 6,065 million,

giving a c.i.f. price of Rs 2,400/kilolitre (kl). The market price of kerosene was Rs 1,800/kl

(or US$180/kl).

21Total subsidy on kerosene, an imported fuel, amounts to more than Rs 2500 million

{US$250 million), while that on soft coke is only around Rs 80 million,
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24t present, the open stack system is used which is inefficient and polluting,

Assuming that an annug! consumption of 3.25 million tons would have continued over
the six-year period, giving a total demand of 19.§ million tons, As against this estimate,
the actual demand during these six yedrs was only 13.9 million tons,

4Assuming that (1) soft coke has 6,300 kcal/kg with an appliance efficiency of 22,2 per-
cent, giving 1,400 keal/kg of useful heat, and (2} kerosene has 10,000 kcal/kg with an
appliance efficiency of 50 percent. This gives an equivalent kerosene import of 1.56 million
tons,

5See Government of India (1980).

2For details, see S, Ramesh, (1980).

27See Gellerson (1979), p. 175,

28See Government of India (1983b).

See Ramesh (1980).

31nternal resources include general reserve and depreciation funds, deposits from con-
sumers, employees’ provident funds, etc,

31See Government of India 1979).

32The available pumpset may be used for purposes other than irrigation. However, the
main motivation of purchasing and maintaining a diesel system may be for providing timely
irrigation when the electric pumpset does not work.

3Total number of villages electrified in the population group of above 500 was approx-
imately 150,000. Assuming at least one industrial unit of 10 HP (horse power) each per
village, it gives a total capacity of 1.5 miliion HP. Assuming that about 33 percent of the
units keep back-up systems, this gives an estimated capacity of 0.5 million HP costing
about Rs 50 crores at Rs 1,000 per HP,

HThe petrol engine is not sold but is kept as a back-up system when the diesel engine
is under repair and overhaul,

35The shadow price of petrol has been equated with another light distillate, naphtha. If,
at the margin, a ton of petrol is not consumed, it would result in a reduction in naphtha
imports by one ton, or an increase in naphtha exports by one ton.

3The demand for high-speed di=sel ojl has been increasing at the rate of 8 to 10 percent
per annum,

3For details, see World Bank (1982¢),

BUnlike in India, Sri Lanka car imports were liberalized during this period. If diesel car
imports were allowed in India, a large number of private vehicles would be imported to
lake advantage of the price differential.

3See Government of India (1983a), p. 102.

%Data are for a representative I-hectare farm in Ghazipur district of Gangetic plains in
north India.

‘"Assuming 10 percent rate of discount and a 10-year life,

The corresponding costs of other renewable energy sources (e.g., solar photovoltaic or
solar thermal pumping systems and windmills are even higher. See Swiss Development
Co-operation Association (1985).

For details, see Swiss Development Co-operation Agency (1985),

For details, see Swiss Development Co-operation Agency (1985).

to voltage fluctuatinns.

“8In rural areas, fuelwood, crop residues,and animal residues which do not involve any
cash expenses are used for cooking. Therefore, the only saving from a biogas plant is in
terms of kerosene used for lighting,

47See World Bank (1982c).

*See World Bank (1982a),
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49Sec ESCAP (1982), p. 60.

50In 1975-76, the average incidence of cnergy costs as a percentage of the value of pro-
duction in industry was only 6.8 percent. Industries where incidence of energy costs was
higher than 15 percent accounted for only 9 percent of the total output. Sce Government
of India (1979).

SIFor details, sce Patel (1982). Also sce Patel and Gupta (1979).

521n the late 1960s when the price of kerosene was Jower than that of diesel, a substantial
quantity of kerosene was diverted and mixed with dicsel. Sce Desai (1979). The retail price
of diesel has been higher than that of kerosene since June 1980. The recorded growth rates
in consumption of kerosene have been higher during this period: 9.2 percent in 1980-81,
11 percent in 1981-82, and 10.6 percent in 1982-83.

3In February 1983, there was an attempt to introduce dual pricing in kerosene:
US$0.17/litre from the ration shop and US$0.3/litre in the open market. However, the
scheme had to be immediately withdrawn due to political pressure since raising kerosene
prices has become an emotional issue in India.

>¥The per capita income for the year of survey (1977-78) was about US$120 or US$600
10 US$700 per houschold. Rural income levels were likely to be lower.

“3As quoted in Desai (1979).

361t is estimated that a large number of cars in India are cither owned by the government,
government agencies, private sector companies, or their employees. For these consumers,
higher taxes have no role to play since they shift costs to the government directly or indirectly
(through higher operating expenses and lower direct taxes).

37For details, see Sharma (1983).

SH/»‘\ccording to a fuel-use survey, 37 percent of kerosene, 100 percent of electricity (for
cooking), and 76 percent of LPG were consumed by high-income groups averaging US$600
or above per year, while soft coke was primarily (56 percent) used by the low-income people.
9For a detziled discussion, see Bhatia (1981) and ESCAP (1982).

These are outlined by the World Bank (1982c). According to their estimates, the kerosene
price would be raised from Rs 3.9 to Rs 5.4 per litre. The general subsidy would be reduced
by Rs 345 million, while the kerosene stamp scheme would be increased by Rs 172 million,
giving an additional Rs 173 million to the Ceylon Petroleurn Corporation.

81 A scheme to subsidize improved kerosene stoves was considered in India. However, it
was found that this would be resisted by a large number of snrall manufacturers who would
be completely wiped out. Similarly, any subsidy on improved diesel pumpsets would
adversely affect the small manufacturers of those engines scattered in various parts of
the country.
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Chapter 6

SHADOW PRICING
INDIGENOUS ENERGY: ITS
COMPLEXITY AND
IMPLICATIONS

Corazon Morales Siddayao

INTRODUCTION

Developing country responses to energy price changes have indicated that
price, as a signal of the value of this commodity, has been as marked in
influencing choices in the producing sector as in the consuming sector. The
development of coal, oil, natural gas, and geothermal resources has become
more viable as a result of the dramatic rise in oil prices in the 1970s. In
the Asian region, the highes-cost petroleum resource accuinulations (relative
to those in the Middle East or North America) became economically attrac-
tive to foreign investors, although the degree of investor responsc has var-
ied according to specific country contractual terms.' Still, two divergent
pricing policy trends have emerged in response to developments in the inter-
national energy market. While underpricing of consumer energy products
was generally the rule rather than the exception in Asian developing coun-
tries in the 1970s, the opposite has been emerging as an approach to pric-
ing indigenous energy resources at the supply point, especially in the net-oil
importers (see Table 6.1). The approaches, in place or suggested, may be
summarized as follows: (1) At one end are cases where governments are
concerned about providing producers the opportunity to reap “‘excessively
high profits” if prices are allowed to rise to import parity levels. Resources
tend to be priced below their true economic costs. (2) At the other end
are advisers recommending that governments in resource-endowed coun-
tries use international oil prices as the benchmark for pricing indigenous
coal and natural gas (citing the replacement cost concept).* The argu-
ment on which this recommendation is based has usually been the avoid-
ance of sharp adjustments to higher traded oil prices when domestic
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resources run out. Furthermore, underlying the argument for using inter-
national prices as a benchmark is the assumption that the domestic resource
is a tradable good, and that therefore the reference cost to serve as the
“shadow marginal cost”" for the indigenous resource js the c.i.f. price of
imported oil, also referred to as the “border price.”

The preceding chapters have provided the sctting for the appropriate
place of energy policy and, more specifically, of energy pricing policy in
the overall economic policy framework. This paper will focus on the issue
of shadow pricing indigenous resources in developing countries. Because
energy pricing appears to be an arca where government intervention has
become dominant, this paper questions the basis for that intervention and
the approach to determining the price to any buyer of indigenous cnergy
resources,

It will be useful to start with a defirition of the term “shadow price,”
as it is used in this chapter. It is defined as that value assigned to a com-
modity or factor of production that contributes to a change in the coun-
try’s socio-cconomic objectives through a marginal change in the
availability of the shadow-priced commodity or factor. Hence, in the words
of Squire and van der Tak (1975):

.. .the process of shadow-pricing presupposes, first, a well-defined social
welfare function, expressed as a mathematical Statement of the coun-
try’s objectives, so that the marginal changes can be evaluated; and,
second, a precise understanding of the constraints and policies that deter-
mine the couni, »’s development, both now and in the future, and hence
the existing or projzcted circumstances in which the marginal changes
will occur. (p. 49)

Animportant point also needs to be added about the definition used. The
use of shadow prices presupposes the existence of distortions; shadow prices
are not equilibrium prices that would prevailin a distortion-free economy.
The two succeeding sections present (1) the basic premises of shadow
pricing and the theory of resources, with special attention to energy; and
(2) the issues associated with shadow pricing domestijc fossil fuel resources,
The concluding section summarizes the fundamental issues raised.

OPPORTUNITY COST, SHADOW PPR!CES, AND THE
THEORY OF RESOURCES
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if employed in alternative uses? Is such alternative use viable? If this fucl
is not used, what would be the cost of tlic alternative fuel? Over the short
term? Over the long term? The usual approach to shadow pricing is to
start by determining the supply-related (or technical) costs. To this must
be added the costs of externalities that are not captured by direct costing.
That is, to the supply curve reflecting direct economic costs must be added,
where possible and desirable, the additional social costs of producing the
commodity.

Indigencus energy resource development has basically been encouraged
within the framework of conserving foreign exchange by reducing oil
imports. Unfortunately, the dramatic oil price increases in the 1970s appear
to have revived what one may refer to as an energy theory of value. As
a result, policy planning in developing countries has tended to overem-
phasize the role of the energy input in production and consumption in
dealing with the encrgy problem, rather than to view the problem in the
context of overall economic cfficiency. This practice persists, despite the
voluminous amount of both published and unpublished work attempting
to understand the impacts of changing cnergy prices on the whole
cconomy.’

In the preceess, a surprising twist has developed — a dichotomy in con-
ceptual approaches to pricing energy resources. The emphasis on shadow
pricing indigenous coal and natural gas production (to reflect the replace-
ment cost of these fuels) can be interpreted to mean one of two things:
(1) these resources are placed in a category identical to public investment
projects, which they usually are not, or (2) an assumption is implied that
“market failure™ prevents freely set prices from reflecting the true social
and economic costs of the resource.® Such emphasis on shadow pricing
obscures the role of the theory of resources which has been the subject
of substantial analyses in addressing the problems of mining nonenergy
depletable resources.® This theory, with some qualitative modifications,
may casily be applied to fossil fuel resources, the primary sct of encrgy
resources under focus in the foreseeable future. 1t would be useful to sum-
marize the relevant features of both notions.

Shadow pricing
Shadow pricing is employed in public investment decisions when market
prices are assessed to be distorted. For example, production factor (labour
or capital) market prices may not bear a close relation to their opportunity
costs because (1) unequal rates of return to capital exist that are not justified
by risk differentials, or (2) institutional or environmental factors prevent
factor prices from reflecting their opportunity costs. When public invest-
ment decisions have to be made under such circumstances or when no
bases exist for market pricing inputs and outputs in projects, shadow pricing
is the appropriate recourse.

The concept of domestic resource cost is a related notion. The concept
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relates to measuring the real opportunity cost of producing (or saving)
a net marginal unit of foreign exchange in terms of total domestic resources.
It can be compared to using some measure of the economy’s ‘“real” or
“accounting” exchange rate to serve as an investment criterion. It is closely
related to the notion of comparative advantage as a basis for international
trade.b It is therefore a useful notion where the issue of import savings
is an important consideration — as in the case of indigenous energy
resource development.

A broader definition of shadow pricing is that introduced earlier. As
Squire and van der Tak point out, shadow prices will depend on both
(1) the fundamental objectives of the country, and (2) the socio-economic
environment in which the marginal changes occur. Any change in such
objectives will require a change in the estimated shadow price.” (These
points will be recalled later in the discussion.)

Since indigenous energy resource development is basically viewed within
the framework of foreign exchange savings as an objective, the usual
assumption is that the shadow price of those resources has to be deter-
mined rather than freely set by the market. The issue of whether the resource
is tradable or not then arises.

The usual starting point for estimating the marginal opportunity cost
of tradable goods, such as petroleum, is to use the international or bor-
der price (i.e., the c.i.f. price of imports, or the f.0.b. price of exports, with
adjustments for internal transport and handling costs), as other authors
in this volume have noted (c.g., Schramm in Chapter 4). Coal and natural
gas may be treated similarly, depending on whether or not they are
tradables. In cases where the border price is believed to vary significantly
with the amount bought or sold, the marginal import cost or m :rginal
export revenue is used. Adjustments are made for internal handling aiil
transport costs. Border prices are used not b.cause to do so is a more
rational approach; the essential point is that they represent a set of oppor-
tunities open to a country and the actual terms on which it can trade.®
Goods whose costs fall between the bounds of export and import prices
are called “home” goods or nontraded goods. For some home goods, a
small change in international price or domestic cost may result in exports
or imports. For others there may be no possibility of international trade.

The c.i.f. import price is used to measure the value to the economy of
any output from a public investment project that substitutes for imports,
since it measures the direct foreign exchange cost prevailing at the time
the import is replaced. Any input or output whose value to the economy
cannot be measured in terms of its border price should be assessed in rela-
tion to its home market price., A disparity may exist between the marginal
value or demand price of nontraded goods and their marginal cost or
supply price, as a result of market imperfections or differential taxation,
direct or indirect. Under such circumstances, several criteria have been
suggested by Squire and van der Tak:?
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(1) if the use of an input in an economic activity reduces the supply
of that input to other users, its shadow price should be based on the
demand price;

(2) if an input is supplied from new production, the shadow price should
be based on the supply price;

(3) if the input is supplied from both sources, the weighted shadow price
is used, such weights determined by the elasticities of supply and
demand,; ,

(4) where indirect taxes (subsidies) compensate for externalities, and
exact correspondence exists between such taxes (subsidies) and the costs
(benefits), the shadow price should include such increments (deduc-
tions), and vice versa.

The nontraded price of a nonrenewable resource, such as coal or natural
gas, will normally reflect both the marginal cost of production and some
economic rent or “user cost”.!0 In either case, the marginal opportunity
cost reflects the shadow-priced economic value of the alternative output
foregone because of the increased domestic consumption of that particular
energy resource. For energy resources, such as fossil fuels, the shadow price
must include rents that may be earned. The market measure of such rent
is described below. The shadow valuc may have to be adjusted to reflect
distortions in the capital and product markets brought about by market
impyri.ctions or fiscal measures.!! It has also bcen suggested that such
shadow valuc be adjusted to reflect the impact on savings and income
distribution.'?

Resource theory and energy resources

Before discussing whether or not the suggested approaches to shadow pric-
ing an energy resource are appropriate, it would also be useful to sum-
marize the relevant features of resource theory. Hotelling’s r-percent growth
rule has come to be viewed as the “fundamental principle” of exhausti-
ble resource economics. ! The rule, however, depends upon a number of
very stringent simplifying assumptions. Most of the recent theoretical work
has been aimed at addressing observed resource price behaviour in the
light of changes in markets and technology.

In a free market, the size of the resource base determines the supply
price elasticity of the vesource and the degree of the divergeuce of the long-
run optimal price from the short run. Where the stock is so large as to
approximate infinity — i.e., where marginal use does not affect the import
or export levels, and therefore does not affect price in the short run —
the long-run average cost cuive (and price) would approximate the mar-
ginal opportunity cost of producing that resource. This curve may be
upward sloping where diminishing productivity of extraction inputs exists.

Where the resource base is small, or output capacity is limited, the
demand side is more active in determining the rate at which price will
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change. A change in demand at the margin could cause €Xports to increase
(if the change occurs externally), or import substitution to take place (it
the change occurs domestically). If an increase in internal demand occurs,
restriction of the resource to domestic consumption could cause marginal
use of the resource or output to reduce export earnings from this com-
modity, or to increase the import bill if import substitution is not possi-
ble. In the small resource base case, marginal opportunity cost rises sharply
in the short run and then rises over the long run with the internatjonal price.

A third case is possible. Not only could the resource base be small, but
certain characteristics of the commodity could preclude its trade. For exam-
ple, domestic coal deposit(s) could satisfy local requirements, Further-
more, if the quality of the coal is relatively poor, this resource would not
realistically become a tradable commodity, given the high transport costs
associated with coal trade. In such a case, the net price would still rise,
although less sharply than in the second case because of the nature of
its market. Because a small base implies eventual exhaustion of the
deposit(s) within a shorter time frame than that fora large base, the slope
of the price path would, at some point, diverge from that of the marginal
opportunity cos: of preducing that resource, as price changes at a rate
faster than the real interest rate. This path would thus eventually reflect
a scarcity factor.

As the preceding discussion shows, the common assumption that the
net price of an exhaustible resource will rise along with the rate of
interest™ will not hold under certain resource base condi,ons. This
assumption will further not hojd (1) if technological progress in extrac-
tion outpaces the rise in the rate of interest, (2) if the nature of the
discoveries results in different costs of production, (3) if substitutes are
in sight over the long run, and (4) under noncompetitive conditjons, !5
The prospect that substitutes will be developed causes price to rise at a
rate at lcast as fast as the interest rate, and at best as fast as the interest
rate plus a factor representing the conditional probability of substitution.
If the stock is small, uncertainty about the future can result in depletion
at arate slower or faster than those under conditions of certainty, depen-
ding on tke circumstances, (In the case of uncertainty over the future institu-
tional framework in a foreign country, for example, a producer may
discount the future heavily and deplete a reservoir at a rate faster than
that which it would pursue if it perceived that framework to be stable).!6
In a menopoly, the extraction rate is biased downward. (These two last
situations will be recalled in a later discussion of the situation in Asian
countries.)

Resource production is aistinguished from manufacturing by the pres-
ence of resource rents and by the generally higher risks associated with
the industry itself. Conceptually, the resource rent accruing to a given
deposit is determined by the difference between the cost of production
(including the cost of capital) for a given deposit and that for a marginal
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deposit. It may also be defined as the profits remaining after deducting
a producer’s income that corresponds to the minimum return necessary
to attract investment in new projects. The resource rent element is prin-
cipally related to the quality of the resource, geological and engineering
considerations, location, etc.'” Resource rents have a time horizon;
changes in demand resulting from the appearance of substitutes or by
discoveries of new deposits affect such rents. The “user cost” element of
economic rent was also touched upon earlier.

The price of a resource determines the amount of rent avaijlable to a
producer, given cost. This price also serves as an allocative device to signal
the value of the resou-ze to society. If a government wants to capture any
part or all of the rent arising from the production of the resource, it can
do so with an effective fiscal framework. "

SHOULD FOSSIL FUEL RESOURCES BE SHADOW
PRICED AND PEGGED?

This paper began by citing the increasingly common recommendation to
developing country planners to “peg’’ domestic energy resource prices to
international oil prices (i.e., to use international prices as shadow values).
It will, therefore, be useful at this point to recall the issues relevant to the
arguments for or against such an approach.

Related issues reviewed

The supply base of the commodity determines the price elasticity of the
fuel and the degrec of the divergence of the long-run optimal price from
the short run. One of the problems to be addressed in shadow pricing is
the question of capital indivisibilities or “lumpiness.” This arises in the
transportation and distribution of natural gas, in petroleum refining, and
in coal mining. As capacity limits are rea:hed in a growing market, the
short-run situation will bz one of rising marginal opportunity costs.

When one starts talking about the long term, however, one enters the
dynamic sphere and the notion of the discount rate. The marginal oppor-
tunity cost may then be expressed in terms of the marginal social cost and
the social discount rate. That is:

MOC,=MSC, +bet
where
MOC, = marginal opportunity cost at time o
MSC, =marginal social cost of an activity at time o

b = benefits foregone in the future as a result of con-
sumption at time o
e = the natural exponential base

i =the social discount rate

MSC, is, of course, sensitive to demand/supply conditions. MSC, may,
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in fact, be expressed in terms of the dependence of an economy on the
international energy market. That is,

MSC, =P(1+1/s)

where P=the international market price of oil and s=the supply price
elasticity. If supply is infinitely price elastic, the social cost of a barrel
of imported oil equals the market price as the second component, 1/s,
approaches zero. As the elasticity of supply decreases, and, therefore, as
the second component increases, social cost exceeds market price. This
second component may be determined in a net oil importer by the size
of its indigenous energy resources, physical access to them, and financial
access to internationally traded energy resources. This second element thus
measures the social premium that might be placed on developing indigenous
resources. MOC; could, of course, determine the shadow price for the
indigenous 1esource, if this is required. Pegging indigenous energy resource
prices is discusseu .: more detail in a separate section below.

Resource pricing methods can be arbitrary; the price may reflect various
goals. The Organization of the Petroleum Exporting Countries (OPEC)
argues that the price of its oil should be set at the cost of producing the
alternatives to oil, rather than at the direct cost of production. Actually,
economic rent and the capture of such rent to fund development goais
are at issue. Where the resource is produced domestically and is owned
by the government, pricing of the resource domestically marketed by the
government can be at any level determined by the government, which can
capture the amount of rent it wants. (Furthermore, if, as in the case of
oil, the resource faces a relatively inelastic demand in the world market,
the government’s ability to control allocation of rent to itself is augmen-
ted.) The revenues resulting from the production of such resources are
usually earmarked to finance general economic development programmes.
In such combined operations, what is the main determinant of the
economic cost of the resources? Is it the foreign exchange that the resource
would earn for the exporting country (i.e.,, the price the international market
will bear)? Or does it include the long-term socio-economic cost of ojl
importers if the present generation is denied consumption of the resource
domestically because the price is too high for their levels of income?

There are also several problems related to shadow pricing, especially
of petroleum products, but even of fossil fuels together. One set of prob-
lems is the long-run effects on the price of one product or fuel of shifting
demands. The long-run effects, of course, are highly dependent on the
elasticities of substitution and of price. A high substitution elasticity (a
technical factor) implies a high price elasticity (an economic relationship).
If both elasticities are high, then over the long term the interplay of demand,
price, and supply could result in a shadow price that is totally different
from the original one calculated, since one cannot determine a priori the
final combination resulting from these interactions.
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Related to this problem is that of joint costs in production. This situa-
tion arises in the upstream stages of petroleum and natural gas explora-
tion and production; it also arises in costing different petroleum refined
outputs. The issue of joint costs in the exploration and production of naiu-
ral gas and petroleum is an old one in the field of price regulation;!?
allocation of costs is highly dependent on the specific demand situation.
As tor refined products, certain items have international price benchmarks
(e.g., kerosene, gasoline, and diesel). The heavier outputs, like residual fuel
oil, mey be treated as nontradables and, therefore, may be priced without
weighting their impacts on export and import levels and the resulting foreign
exchange impacts.

Which notion should apply?

Still, the basic issues that must be resolved or satisfied in determining
whether government intervention through shadow pricing or conventional
resource theory should apply in adopting a pricing policy for indigenous
fossil fuel resources are: (1) whether or not the resource development pro-
ject is a public project, or (2) alternatively, that the ‘“market has failed.”
(Whether this failure has been caused by government policies in the energy
sector or others is another matter.)

Shadow pricing a resource primarily implies that the private sector is
not involved in its developnient; it it is, shadow pricing implies that a deter-
mination has been madec that the market is not working properly and that,
therefore, the government muist set prices to improve allocative efficiency.
In dealing with this issue, an underlying consideration is whether or not
the country desires development of the resource. A second consideration
is whether or not the country desires to leave such development in the hands
of private investors (domestic or foreign), or if it will develop the resource
itself.

Where the government of a country undertakes to develop and produce
its domestic energy resource, it may or may not take a public investment
approach to pricing. Where it does, its shadow price should reflect the
true economic costs of supplying that resource. At the minimum it should
reflect direct supply costs, including the equivalent of user costs and a
return to the investor that would allow it to reinvest its earnings in other
projects. A government may require a public corporation to conduct its
operations by the standards set by private firms; i.e., to require this agency
to yield returns equal to or higher than the real rate of interest (as is done
in Singapore’s manufacturing sector). In either case, the shadow price
should follow certain criteria (which will be taken up later). At this point,
it might be useful to recall the conclusions suggested by the existence of
noncompetitive conditions on the rate of extraction, and to be reminded
that government production implies that, like a monopolist, it has greater
discretion in controlling the rate of extraction than is available to a com-
petitive private producer.
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Where resource development is undertaken with private funds, the theory
of resources applies. The initial question that must be raised is whether
or not the market price reflects the true opportunity costs of supply. If
not, the next question to ask is whether or not government policy has been
responsible for such divergence, directly or indirectly. The third question
is, how can the situation be improved, if necessary.

If the private sector is the producing agent and development is desired,
profitability to the investor is an important issue. An adequate return is
one that assures (1) positive incentives to invest in other deposits, and (2)
adequate financial resources for such reinvestment.

If the market price falls below the true opportunity cost to the investor,
there is no assurance that the resource base will be adequately explored
and produced. If the reason for this is a price ceiling imposed by govern-
ment, reevaluation of jts policy is called for. If the market price allows
an adequate return to the investor plus a rent com ponent, a review of tax-
ation policies is in order if the government wants to capture part of that
rent. Taxaticn policies may reflect inadequate direct taxation of the industry
or fiscal policies that result in effective interest rates falling below real
rates. In any case, the burden of proof of market failure is on the govern-
ment, and the need for the adoption of replacement cost as a shadow price
will have to be shown.

At the same time, one might ask if the domestic energy resource is the
appropriate factor to sh:.dow price. If the scarce resource is the coun,~y’s
foreign exchange, then one must address the issue of how an additional
dollar of foreign exchange can be saved by producing the indigenous
resource and what the real resource values are of the forgone uses if it
is not produced. For, in principle, there are three ways to increase one'’s
foreign exchange reserves: (1) 5y reducing imports through the curtailment
of demand for certain goods, (2) by domestically producing goods or natu-
ral resources (in this case, energy resources) that normally creatc u demaad
for foreign exchange, and (3) by increasing exports.

Furthermore, producing the energy resource domestically implies the
application of some capital and labour resources in its production. Some
investment is thus displaced. Hence, the rate of return for this particular
project should be higher than the rate of return which the capital resources

Why peg prices to international oil?

Where indigenous resources exist and have the potential for development,
it is clear that pricing should be based on the opportunity cost of not pro-
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ducing the fuel or, alternatively, of using the fuel domestically. The oppor-
tunity cost issue is, however, confused quite often with the replacement
cost issue, so that the only criterion used for determining the price of the
indigenous resource is the import cost of the alternative fuel. The first
is a broader concept than the second. To equate them is erroneous and
has grave economic consequences.

The basic considerations in identifying the relevant opportunity costs
are the actual possibility of export and the accompanying foreign exchange
gains from such exports, in addition to the foreign exchange cost of con-
tinued importation of the alternative petroleum product. A failure to pro-
duce the indigenous resource at the higher shadow price (the cost of oil
imports) because the resource becomes non-competitive relative to oil
imports implies a loss of foreign c:change.

The cost of importing oil is, furthermore, not limited to the actual foreign
exchange losses. There are long-term costs when such loss constrains expen-
diture on development-related projects. The long-term costs either of reduc-
ing demand for other development-oriented goods or of external borrowing
are important considerations in weighing the implicatiois of the price
chosen or the measure of the opportunity costs. The latter seems extren:ely
essential for many countries, both in South and South-East Asia.

At the same time, if export is really not an economically viable possibility
for the indigenous resource — e.g., coal in the Philippines and Thailand,
or even natural gas in Thailand —- pricing the resource at the international
level, or at the level of the replacement fuel (in this case, imported oil),
would be keeping the price artificially high.

Furthermore, each commodity has its own market, its own
characteristics, and its limitations — and therefore its own price. To align
niatural gas or coal prices arbitrarily on a Btu basis to import oil prices
is to ignore these differences. Even when premiums are allowed for quality
ditferentials, such premiums — if set by an administrative authority —
may not necessarily reflect the true economic choice coefficients that the
choices of buyers and sellers imply.

The principal disadvantage of pegging prices of indigenous resources
to oil import prices is the distortion such policy creates. If price is seen
as a coefficient of economic choice, then the price a buyer pays for a com-
modity is an indicator of that buyer’s preference for that commodity. Thus,
an artificially high price distorts the allocation of resources, just as an
artificially low price would. Standard economic theory suggests that when
price regulation alters the production of some good X, other goods related
to good X through production technology or market demand will also
be affected. The initial policy measure may, therefore, distort economic
signals to owners of other resources and serve to alter their production
decisions. Raising the price above the economic costs based on the direct
supply costs and related social costs also imposes a “tax” on the user.
This “tax” could alter the ordering of all related possible expenditures
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from that which would have existed if the price followed a more natural
course,

Evidence exists to the effect that in cases where wage rates are not per-
mitted to reflect differences in relative efficiencies, some workers become
unemployable. Similar observations may be made of the use of an impor-
tant intermediate good such as cnergy, especially where substitution of
energy sources is possible. Furthermore, one could argue that pegging an
indigenous energy resource at a higher price, which would then be taxed
to capture producer rents, attenuates the rights of private producers to
sell freely at a lower market rate that covers all their costs,

Even without taking into consideration the possible increased incen-
tives for investment in a sector with overpriced energy resources, the invest-

its supply cost places the consumer’s cost at a level that could further
encourage premature development of alternatives. (Figure 6.1 shows com-
parative costs for such alternatives.) While there may be benefits to be

certain constraints, but could result in improvement in overall efficien-
cies under such “second-best” conditions, 20 The more closely the good

that a change in the prices in the energy markets will inevitably lead to
a change in others. As Warr (1980) notes, “When shadow pricing is . . .
applied widely throughout a large ... sector, . . . its informational prob-
Jemns are compounded. The data neccssary for the estimation of the optimal
shadow prices are not (locally) observable and the welfare gains poten-
tially obtainable from the use of the correct shadow prices can be eroded
by quite small errors in the shadow priccs estimated.”

One of the economic penalties to a society of an overpriced nontradable
domestic resource is the inflationary factor that is unnecessarily imposed
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high price for the energy resource compounds that problem.? (Table 6.3
shows annual growth rates of inflation in selected Asian developing coun-
tries; it also compares the acceleration in the 1970s with that in the 1960s.)
So long as producers are satisfied with their market price and believe this
allows them to recover their capital investment plus a satisfactory return,
that price — which may be below, equal to, or even above the interna-
tional level, depending on demand/supply conditions — should be suffi-
cient. The important criterion is that such price covers the marginal
economic and social costs of producing that resource. There is no guarantee
that a market-determined price will be below international levels, but a
community should be allowed to take advantage of the lower price dif-
ferentials its indigenous endowments may provide, when they exist, and
not prematurely be burdened with a higher shadow price set by govern-
ment. As the indigenous resource is depleted and as the proportion of
imports rise, the average domestic price should increase as a normati course,
barring political intervention or unforeseen techno-economic developments
that result in a different price path.

The arguments may be illustrated by referring to Figure 1.3 in Chapter
1 of this book. In effect, what has been suggested to countries by external
advisers is that the price path should be AD rather than AJE or at worst
AFE. If a domestic energy resource is produced and used, the average of
the price for this resource and the imported oil would be somewhere along
path 1J. The slopes of 1J and AFE will depend on the domestic resource
base and, therefore, how fast the domestic price rises as the stock is depleted.
This path could, of course, be disturbed by unexpected discoveries, and
a less slowly rising or uneven price path could develop which would be
located below AC.

Although this paper focuses on net-oil-importers, the argument against
keeping energy prices artificially high could be used just as well in a country
with abundant, exportable energy resources, if inflation is already a prob-
lem. The usual argument for using the export price as the benchmark,
and as a measure of the opportunity cost of consumption is a weak one
in the Indonesian case. The trade-offs of a nation include weighing the
benefits to be gained from the additional foreign exchange that could be
generated from reduced domestic consumption as a result of the high prices
against the social costs of magnified inflation as a result of artificially
high energy prices. Concern over future supplies is not a good reason for
keeping domestic energy prices high at the present. Growing scarcity as
supplies are diminished will raise prices eventually but gradually, if prices
are allowed to move naturally. In the mean time, alternatives could be enter-
ing the market. Again, the basic concept to be kept in mind in this case
is the social discount rate of consumption. In other words, what is the
value to society of consuming a certain level of petroleum resources at
present versus the value of postponing its consumption to some future date?

The argument for pegging every energy resource price to an interna-
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tional benchmark, if truly valid, would require that labour, as an expor-
table resource (especially in Asia), should be priced in developing coun-
tries at their international equivalents. If this were the case, the exportable,
highly qualified secretaries in the Philippines would have to be paid accord-
ing to the foreign scale for persons of equal quality and skill. Interna-
tional organizations with Asian bases (e.g., the United Nations and the
Asian Development Bank) would especially have to do so. Managers, skilled
workers, nurses, and doctors — all exportable — would also have to be
priced at the same rate.2? If this approach were followed, the interna-

more severe than it already is in developing countries, 2 This example
cas:ly demonstrates the fallacy of the argument for pegging the price of
every energy resource at its international benchmark_ 2!

Three other points are relevant to this issue, Shadow prices are highly
Judgemental in nature and therefore basically indeterminate ¢ priori. They
depend on value judgements by the government in determining the weights

sitive to fluctuations in exchange rates, in addition to changes in world
price levels and in domestic conditjons.

Furthermore, for a country attempting to promote a shift away from
liquid fuels, most of which are imported, a social cost may be attached
to the drain suc imports impose on the foreign exchange of the country
and a social benefit to being able to use indigenous resources at prices
possibly lower than the imported counterpart. (In fact, as already noted,
it may be appropriate to address the actual scarcity problem in this case,
Le., it is foreign exchange that is Scarce, not energy resources per se. Thus,
the distortion of t'e €nergy resource price may not be the true issue, and
therefore not the problem that needs to be corrected. What has to be
addressed is a reduction in the demand for foreign exchange, and surely
€nergy imports are not the only components of foreign exchange demand.
Table 6.4 summarizes price distortions in different economic sectors in
the 1970s in selected Asian developing countries.)

Finally, a social long-term value may also be attached to a country’s
diversification away from liquid fuels where import dependence s high

earlier,
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Parameters for pricing an indigenous resource

Where, for political or social reasons, it is necessary for a government to
determine the appropriate price for its energy resources, parameter
guidelines for pricing may be useful. At least four types of opportunity
costs must be considered as starting points in assessing the appropriate
rate of discount ir estimating the present value of the resource:

1. For a non-oil resource, the cost of not using the resource when it
is substitutable with oil, in terms of foreign exchange lost for use
in economic development programmes.

2. The present valuc of revenues that could be gained from alternative
uses (e.g., export of gas as LNG or by pipeline to adjacent coun-
tries, or conversion into chemicals such as urea, methanol, etc.).

3. The replacement costs of alternative sources that must be utilized
currently and over the period of supply suggested by the stock of
the resource.

4. The net revenues that would be generated by a private investor in
another profit-making venture.

Thus, four parameters may be suggested for the price:

I. At the maximum, the price should provide the incentive to switch
to the domestic fuel, providing for its inherent characteristics.

2. The price should not be lower than the price it could command in
alternative uses, ceteris paribus.

3. At the minimum, the price should cover the true economic costs of
production (including both private returns and all social costs), such
that private investors or responsible government agencies will be
encouraged not only to develop non-producing areas and explore
for new ones but also to employ advanced technology to improve
production and recovery efficiency.

4. The price should be high enough to provide some revenues to the
government whether or not the resource is privately or publicly
developed.

The foregoing implies that the resource price should basically be supply-
cost based, and that it should be allowed to rise at a more natural rate
according to demand-supply pressures, than that which official pegging
to some benchmark price permits. Resource theory suggests that net price
will rise, more or less, with the real interest rate. If the “administered?”’
price starts at the ‘‘wrong”’ level (i.e., above or below the truc cconomic
price), distortion will persist. Furthermore, the resource could then be
depleted more quickly or more slowly than efficiency criteria would sug-
gest. Where the unfettered price may — even with taxation — include some
economic rent, because it reflects a scarcity element, then the government
may consider the employment of a resource rent tax.

The above remarks are not intended to detract from the earlier arguments
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about the administrative complexity and the potential societal costs of
judgemental errors in the process of tinkering with the pricing system.

SUMMARY

In summary, in pricing its indigenous resources, a government that decides
to raise prices above the direct supply-related costs to attain conservaticn
targets or reduce foreign exchange costs needs to do so with care. The
burden of proof will be on the government to show that demand-supply
forces in the market are not working and that shadow pricing actually
moves the economy to a relatively more efficient frontier. By definition,
the amount of knowledge required for accuracy in the choice and
administration of the correct shadow price is beyond that normally available
even in economies with sophisticated data bases, let alone in developing
countries. This paper is thus a plea for more humility and care on the
part of energy planners in approaching the issue of shadow pricing.
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Table 6.1 Summary of domestic energy resource pricing policies, selected
countries, as of 1981

Price levels

Enisting Proposed

Controlled; below inlcrnmional; Peg to world
cconomic, oil,
Controlled; uneconomic. —

Controlled; below internationa) @ _
Controlled: uncconomic, —
Controlled; below internatjona] 2 International,

Controlled: uncconomic, —
Market price; constrained.© —_

Controlled; below international,? _

Supply costs (tax) Internationa],
(~subsidics),

Supply costs covered, —

Market price (inlcrnalional). —

Market price, Peg to world

oil/coal.

Controlled by contract, Peg to world oil,

Producer
Energy
resonurce  Governmeny Private
South Asiq

Bangladesh Natural gas X —
Coal Not produced as
of reporting date,
India Qil X —
Coal X —

Pakistan oil X )
Natural gas — X

Coal X X

South-East Asig

Burma 0Oil X --
Indonecsia Oil X X
Natural gas X X

Philippines il — )
Coal — X

Thailand Natura! gas - 3
Coal — X

Source: Siddayao (1983c).

Supply costs. Peg tc world

oil/coul,
—_

4 No good information on whether economic €osts are covered,

b

Not sufficient]y attractive investments,

¢ Poor capitaj market has prevented investment in advanced techniques.
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Table 6.2 Investment needs in the energy sector for commercial energy
development in Asian oil-importing developing countries or areas, 1985-90
{Millions of current US dollars)?

1985 1990
Counlry orarea Coal Nalural gas Oil Electricit y Total
A. Low-income
Bangladesh — 1,091 43 1,969 3,103
Burma® 8 537 498 1,043
Nepal — — — 544 544
Pakistan 96 1,867 10,651 5,355 17,969
Sri Lanka — —_ 43 721 764
Subtotal 96 2,966 ll.274 ‘),087 23 423
8. High- and middle-income
Hong Kong — — — 4,040 4,040
Korea, Republic of - — —_ 23,520 23,620
Philippines 577 - 4,084 8,421 13,082
Singapore - — — 3,749 3,749
Thailand 351 1,016 87 7 735 9,189
Subtotal 928 1,016 4 17 47,565 53,680
TOTAL 1,024 3.982 15,445 56,652 77,103

Sourcc T'lblc 9 12 Asian Development Bank (1982).

4 For some countries, sume exploration expenditures are projected, even though production is not
expected by 1590.

Burma, although self-sufficient, has been included because it is not a major net exporter and yet
has vast energy resource potential,

Current prices were computed by the ADB using the midpoint inflation rates projected for 1980-
1985 and 1985-1990.

Table 6.3 Asian developing countries: inflation in the 1970s compared with
that in the 1960s

Annual rate Acceleration
1970-80 over 1960-70 Distortion
(percent) (times) classification®
South Asia
Bangladesh 16.9 4.6 H
India 8.5 1.2 L
Pakistan 13.5 4.1 M
Sri Lanka 12.6 7.0 M
East-Asia
Indonesia 20.5 — M
Korea, Republic of 19.8 LI M
Malaysia 7.5 — L
Philippires 13.2 2.3 L
Thailand 9 9 S. 5 L

Sourcc Based on data in lVorI(I Developnwn! Report 1982 (W1shmg,lon. DC,, l982) as presented
in Table 13, Agarwala (1983).

3 Unless otherwise explained in Agarwala (1983), distortion is high (H) where the inflatiop rate is
grcatcr than 15 percent a year and acceleration is greater than 4 times; low (L} where the inflation
rate is less than 15 percent a year and acceleration less than 4 times; medium (M) in other cases.
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Table 6.4 Asian developing countries: price distortiuns in the 1970s

Foreign exchange pricing Pricing factor  Product pricing

Production or
Exchange Production of taxation of Power
rate manufacturing  agriculture Capital Labour tariff Inflation

South Asia
Bangladesh L H M H H H H
India L H M M M M L
Pakistan M H M M H M M
Sri Lanka L M L M H M M
East Asia
Indonesia M M L M L H M
Korea, Republic of L M H M L L M
Malaysia L L M M M M L
Philippines L M M M L M L
Thailand L M L L L H L

Source: Adapted from Agarwala (1983), Figure 1.
Legend: H =high distortion

M =medium distortion

L =low distortion,

NOTES

!'See Siddayao (1978, 1980).

2 The second approach is supported by opinions expressed in various reports of
international organisations. (See, for example, internal country reports on Thailand,
Bangladesh, and Pakistan. Other unpublished documents also support this view.)
Munasinghe (1980, pp. 8, 9, and Chapter | in this volume) also suggests that the marginal
opportunity costs of supply for fuels that are substitutes for tradable itemns like crude oil
sheuld be shadow priced. The shadow price would be the international or border prices
of the tradables with adjustments for internal costs. He acknowledges, however, that coal
and natural gas may or may .:ot be tradables (Munasinghe, 1980, p. 9).

See, for example, the studies summarized in Ranada (1982). More recent reviews of the
United States case are found in Sweeney (1984) and Gordon (1984). Various in-country
studies in Asia and elsewhere abound. See the references cited in Siddayao (1983).

4 See Newbery’s discussion on “market failure” in Chapter 3, this volume,

5 See Hughes and Singh (1978) and Hughes (1975).

¢ Bruno (1972).

7 See Squire and van der Tak (1975), p. 26.

8 Little and Mirrlees (1969), p. 161.

® Squire and van der Tak, p. 32 ff,

0The term “‘user cost” used with reference to depletable resources refers to the
intertemporal opportunity cost associated with producing the resource tocay as opposed
to prociucing it at some future date. See the discussion in Chapter VIl in Siddayao (1983)
onrint-sharing. It is what may be referred to as the present value of the stock of resources
which is sacrificed by producing the resource today.

1T See Chapter 3 in this volume, by Newbery, for an expansion on the issue of “market
failures”.

12 Squirc and van der Tak, p. 36.

13 See Hotelling (1931).

1 See Hotelling (1931), Gordon (1967), and Solow (1974).

15 Nordhaus (1973) and Dasgupta and Stiglitz (1976).
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16 See discussions on “political risk” and references cited in Siddayao (1980).

17 Details on the notion of measuring resource rents are given in Hughes (1975) and
Garnaut and Ross (1975).

18 See Siddayao (1980), Johnson (1981), Garnaut and Ross (1983), and Siddayao (1984).
19 See Siddayao (1975a, b) and relevant references cited therein.

20 See Lipsey and Lancaster (1956).

21 Chapter I1 in Siddayac (1983) discusses this in more detail. Other studies may arguc
that this effect is smali, but no model can honestly claim that it has captured reality.
22 Only immigration rules limit their outflow to industrialized or capital-surplus countries.
Those who argue that labour is not a traded commodity might want to reconsider that
point. The labour force of a country is one of its basic economic resources. Tremendous
technological and institutional changes have taken place over time that have placed labour
services in the same category as commodities, even if the act of trading is conducted in
subtler and different forms.

23 Trade specialists may argue against the treatment of energy in this analysis as a factor
of production. Such critics are referred to the earlier discussions both in this chapter and
in Chapter V11 of Siddayao (1983) on the energy theory of value that has dominated energy
policy analysis and to models that treat. energy asa separate variable input in the production
function. If energy is to be accorded such status in production function analysis, one can
argue that labour and capital need not be discriminated against in pricing analysis.

24 One might argue that the shadow wage rate of thesc skilled workers or professionals
is zero in an underdeveloped country because of the high unemployment rate. This is an
incorrect argument, because it is inappropriate to treat these units as homogeneous. One
could view each viorker’s skills as a product, such that there are several sets of heterogencous
products with different demand/supply conditions attached to them,
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Appendix |

REPORT OF THE REGIONAL
ENERGY DEVELOPMENT
PROGRAMME
ESCAP/ILO/EEC/EWC/IRDC
ENERGY PRICING POLICY
WORKSHOP

I. ORGANIZATION OF THE MEETING

A. Background

1. The Workshop co-financed by the United Naticns Development Pro-
gramme (UNDP) under the regional energy development programme
(REDP) with the Commission of the European Communities (EEC) and the
International Development Research Centre (IDRC) with substantial contri-
butionsin kind by the International Labour Organisation (ILO) and the East-
West Center (EWC) had as its main objective to outline certain in-country
pricing policy implementation studies to be carried out under the regional
energy development programme. A subsidiary objective wasto bring together
worldwide expertise in energy pricing in order to synthesize the best available
information for subsequent publication for wider dissemination.

B. Organization of the meeting and attendance

2. The meeting was organized by the Economic and Social Commission
for Asia and the Pacific (ESCAP) with the collaboration of the East-West
Center, at Bangkok, from 8-11 May 1984.

3. The country experts were asked to bring to the Workshop their pricing
policy implementation problems to be formulated as projects for implemen-
tation with tlhie help of the experts present.

4. Experts from China, India, Indonesia, Nepal, the Philippines, Sri Lanka
and Thailand participated. In addition, observers from the United Nations
Department of Technical Co-operation for Development and the Asian
Institute of Technology were present as were representatives of the spon-
soring organizations.
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C. Opening of the meeting

5. The meeting was inaugurated by the Executive Secretary of ESCAP and
the Assistant Director-General of ILO, In his inaugural addyess the
Executive Secretary emphasized the importance of the inter-organizational

D. Election of officers

6. Mr. G. Makasiar of the Philippines was elected Chairman, Mr. N.
Mathanagopalan of Sri Lanka and Mr. Huang Zhijie of China as Vice-
Chairmen and Mr. A K, Mago of India as Rapporteur., Later, Mr. S.N.
Sharma of Nepal was appointed as a third Vice-Chairman by the Chair-
man so as to have a Vice-Chairman chair each of the three planned work-
ing groups.

E. Adoption of the agenda

7. The meeting adopted the following agenda.

Opening of the Workshop

Election of officers

Adoption of the agenda

General criteria for energy pricing policy

Pricing policy in practice

Country studies taking account of social welfare criteria

Design of follow-up studies T

Adoption of the report

8. It was agreed that the Workshop would concentrate on consultants’
bapers on the first day (agenda items 4 and 5), and country pricing prob-
lems on the second Hay (agenda item 6), with three working groups for-
mulating follow-up studies on the third day (agenda item 7). General
conclusions and recommendations would be summarized after the presen-
tation of the working group results, on the fourth day.

9. EWC, EEC and IDRC briefly outiined thejr expectations from the
meeting, with EWC describing the history of the Workshop from its incep-
tion at the 1981 Session of the Committee on Natural Resources, The Chair-
man then called on the EWC participant to introduce agenda item 4.

PN ArL—

ll. PROCEEDINGS

A. Agenda item 4

10. Consultants’ papers by Messrs Kumar, Newbery and Bhatia were
presented, with subsequent discussions outlining general criteria for pricing
policy with some illustrative examples,
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11. The paper by M.S. Kumar, “Socio-economic goals in energy pricing
policy: a framework for analysis”, provided a framework for analysing
the role pricing of energy could play in meeting the socio-economic goals
of developing Asian countries. It extended the traditional approach to pric-
ing based on marginal cost and financing considerations and examined
how pricing policies could affect goals relating to equity, employment,
industrialization, export competitiveness and rural development. In analys-
ing issues of equity, the paper emphasized that it was importarnt to con-
sider the absolute change in the real income of the poorest groups as well
as the change in the whole distribution of income. It next emphasized that
in the medium- and long-term there could be a considerable effect on
employment as a result < f changes in the techniques of production in
industry and in agriculture and changes in the product mix. The paper
also analysed the way in which growth of industry as a whole, and of the
subsectors within it, were likely to be affected by energy price changes.
The paper then identified the availability of foreign exchange as a major
consiraint on the developmental process and examined how changes in
prices would affect that constraint, both by affecting the efficiency with
whicli energy was utilized, and by affecting costs and export com-
petitiveness. The paper also examined sonie issues relating to the use of
traditional fuels and the role prices could play in leading to substitution
between those and commercial fuels. The paper ended by emphasizing
the need for detailed empirical estimates about the response of different
sectors of the econoray to energy price changes.

12. In the paper by David Newbery, “Efficiency and equity criteria in
energy pricing with practical application to developing countries in Asia”,
a comparison was made of policy responses in the United States of America
and the United Kingdom of Great Britain and Northern Ireland to the
1974 oil price rise. That comparison suggested that a potent tax system
allowed the goals of equity and efficiency to be pursucd scparately, but
its use might nave been constrained by the redistributivc effects of the price
rise. In the United States, complex and administratively costly measures
were required and the process of adjustment to an efficient price regime
was slow. The United Kingdorm’s experience suggested that the
redistributive effects of the oil price rise were small and on balance prob-
ably beneficial. In less developed countries the tax system was less potent,
but for most fuels the problem was simplified by the fact that they were
either consumed by producers or final consumers. In the former case prices
should be guided by efficiency criteria, and only in the latter case was equity
a problem, The main exception was kerosene which was highly substitutable
for diesel. A study of the effect of bringing kerosene prices up to their
efficient level in Thailand suggested that the redistributive impact was small
and random, and that therefore subsidizing kerosene was an inefficient
way of redistributing income to the poor. The other main source of con-
flict between equity and efficiency was likely to occur for rural electricity,
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where the gap between marginal and average cost was very wide, and where
electricity was consumed by relatively richer rural households. The paper
set out a methodology for calculating the distributional impact of price
changes on consumers based on asignificantly different pricing rule than
that of conventional mar -up pricing models, and which identified the
impact on factor incores, using household budget and input-output data.
13. The paper by Ramesh Bhatia, “Energy pricing in developing countries:
role of prices in investment allocation and consymer choices”, pointed out
that energy prices played animportant role in the allocation of investments
and consumer choices. In order to meet the objectives of equity and con-
trol of inflation, Governments might fix prices which were so low that the
producers did not make adequate profits for investing in new facilities and
modernization schemes. That resulted in shortages of supplies which, in
turn, adversely affected economic development. Examples from the coal

in “back-up” systems, and acted as disincentives for energy conservation
and developinent of renewable sources. Those points were illustrated by
studies on the transport and irrigation sectors in India and
domestic/transport sectors in Sri Lanka and Bangladesh. It was suggested
that the objectives of equity and efficiency could be reconciled by (a) direct
subsidies for target groups; (b) extending the scope of investments such as
rural electrification; (c) subsidies on costs of equipment rather than on fuels;
and (d) explicit subsidies on renewable energy technologies, It was
emphasized that there was need for an integrated energy pricing policy which
included analyses of prices of all fuels, prices of other factors of produc-
tion, and levels of taxes and subsidies on energy and non-energy inputs.

B. Agenda Item &

14. Agendaitem S was introduced by the ILO participant and four papers
on practical implementation aspects of energy pricing policy followed.
15. The paper by Corazon Siddayao, “Shadow pricing indigenous energy:
its complexity and implications”, addressed the issue of using the average
c.i.f. border price of imported energy 10 shadow-price domestic products
and indigenous resources, Arguments presented included:
(a) Efficiency and effectiveness criteria depended on objectives and
the socio-economic environment;
(b) Because of the above, generaily valid recommendations on shadow
pricing would require extensive data that were not usually available
to policy-makers;
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(v) “Rule of thumb” policies were likely to lead to persistent distor-
tions and misallocation of economic resources that were hard and
time-consuming to correct;

(d) The policy analyst wes thus faced with an eclectic, case-by-case
analysis of each energy pricing problem, and had also to keep in
mind trade-offs between the interests of present and the needs of
future generations.

16. The paper by Gunter Schramm, ‘“‘Operationalizing efficiency criteria
in energy pricing policy”, consisted of three parts. The first defined the
plural obectives of pricing policies consisting of efficiency, equity and
financial considerations. The second considered apgropriate approaches
to calculating the various levels of efficiency prices which could then serve
as basic measuring devices for analysing the costs of all other objectives.
The third applied the principles developed to a scries of actual case studies
which were used to illustrate the application of the criteria. develop
appropriate methodologies for calculating costs and prices, and show the
results under a variety of real world situations. Efficiency prices were shown
to be defined by five different types of opportunity costs: the long-term
marginal costs of supply, the future costs of depleting (if applicable), the
net value of the resource in terms of freely traded border prices, the net
value of the resource as a substitute for other energy resources net of all
differences in systems costs, and the value of the resource in uses that would
not occur in its absence. Case studies addressed, among other issues, the
critical effects of depletion costs on alternative allocations of limitedl
resources of natural gas, which was found to be of particular importance
to a number of countries in the region. Other case studies dealt with tha
inimical effects and high economic costs cf disregarding financial critcria
in addition to economic ones in setting prices, the potential for using fuel
taxation over and above ecoilomic costs to finance public transport sec-
tor expenditures, the difference between border prices and the actual
economic opportunity costs of domestic petroleum resources that were
subject to export quotas, the real economic cost of uniform power tarii.:,
and discriminatory rates, and the practical problems of measuring and
allocating joint costs of supplies in gas distribution systems with large
numbers of res‘dential users.

17. The paper by Sauter-Servaes, “Energy pricing policies in the Euro-
pean Community”, first ouilined trends of energy demand and supply
and of energy prices in the European Community emphasizing a drop in
primary e¢nergy demand (especially crude oil), an increase in indigenous
energy production and a sharp divergence in the trends of prices for oil
on the one hand, and coal on the other during the period 1979-1983. The
objectives of the agreements on energy pricing into which Member States
had entered at the Community level were summarized as (a) full cost-
bearing (including long-term costs) by energy consumers, (b) elimination
of differences in policies and practices which gave rise to distortions, and
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(c) transparency of energy markets. The paper finally focused on the last
point and described the activities and difficulties of the Commission in
publicizing energy prices.

18. The paper by Mohan Munasinghe, “Energy pricing policy framework
and experience in developing countries”, showed how recent increases in
energy supply costs led to increased cmphasis on the importance of
integrated national energy planning (INEP) and pricing in developing coun-
tries. It described a comprehensive framework for energy policy formula-
tion which explicitly recognized three hierarchical levels of analysis:
€nergy-macroeconomy, energy sector (including subsector interactions),
and energy subsectors (supply and demand management). The policy
instruments available for energy demand management and conservation
included physical controls and technical methods which were more effec-
tivein the short-term, as well as the medium- to long-term tools like pric-
ing, financial incentives, education and promotion. It was held that
co-ordinated use of those policy tools provided the best results. Pricing
policy was developed in two stages. First the strictly efficient price of energy
supply was calculated based on the (shadow-priced) marginal opportunity
cost, suitably adjusted (on a second-best basis) for demand-side distor-
tions in prices of other goods and services. That price satisfied the economic
efficiency objective of pricing policy. The efficient price was then
systematically adjusted 1o meet the other objectives and constraints of
pricing, including the basic needs of poor consumers, financial require-
ments of the energy-producing institutions, customer comprehension and
simplicity of price Structure, price stability, and other special considera-
tions. Some recent experience in the pricing of electricity and petroleum
products in Asian developing countries was discussed. It was maintained
that energy conservation was an aspect of demand management which
should be pursued on the basis of economic viability ra“ ner than purely
technical considerations. The basic criterion was i iat the benefits
represented by fuel savings should exceed the costs of 1:aplementing the
conservation measure plus the foregone benefits of reduced energy con-
sumption. A Government’s decision to Support a conservation project must
be determined on the basis of economic opportunity costs. Once that
criterion was met, the authorities could adjust market prices, if necessary,
to induce private individuals to adopt the measures, A case study illustrating
the co-ordinated use of price and non-price tools for energy conservation
was presented.

C. General discussion

19. In the general discussion after the presentations it was emphasized
that a considerable degree of consensus had been achieved among the
€xperts concerning the necessary steps and procedures to be followed for
arational pricing policy. Some misgivings were expressed with respect to
that consensus, for although efficiency questions had been discussed at
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great length, the central role of socio-economic factors had been touched
upon only in terms of marginal aberrations.

D. Agenda item 6

20. The agenda item was introduced by the secretariat, with the announce-
inent that the country presentation on pricing practices would form the
basis for discussion by working groups in formulating pricing policy
implementation projects. Summaries of the presentations were as supplied
by the experts.

1. China

21. It was maintained that price in China did not play the critical role
in supply and demand adjustment that it did in other countries. How-
ever, the existing energy price did influence energy exploitation, conser-
vation and rational utilization. For instance, a low profit rate in the coal
industry held up exploitation. Low energy prices hindered energy conser-
vation. Nonrational utilization of energy caused by unreasonable price
ratios between various kinds of energy and low energy prices hindered
utilization of renewable energy. Thus, although China was an encrgy self-
sufficient country, it still had a need to study energy pricing policy and
to solve related problems.

2. Indonesia

22. Indonesia, through the state-owned electricity corporation (PLN), with
the World Bank initiative, had moved in the direction of long-run marginal
cost pricing, beginning in 1979, PLN’s tariff was uniform across the country.
The recent PLN-1984 tariff was averaged at Rp 98/kWh (US $0.09/kWh),
which was among the lowest among the members of the Association of
South-East Asian Nations. The basic tariff consisted of 17 categories for
residential, commercial and industrial users. There were cross-subsidies;
for example, the rich subsidized the poor. The growth rate of the use of
electricity was high, about 20 percent during the 1970s, due to the increased
area of electrification. The real price of electricity in the industrial/busi-
ness sector was actually declining at an average of 3.14 percent, despite
the fact that the real regional income had increased significantly by an
average of 10.74 percent per annum. The real price of electricity in the
residential sector during the 1970s had increased at an annual rate of 4.17
percent as compared with the 8.55 percent increase in real per capita
income. It was considered that by some diversification in the generation
of electricity, upward pressure on the price should somehow be reduced.
PLN had moved in that direction, for example, by the use of geothermal
power plants (1983), natural gas power plants (1983) and the coal-fired
steam power plant expected to be commissioned in 1984. Efficiency in
producing electricity should be obtained by the development of a load
dispatch centre for the Java system. In order to allocate resources effi-
ciently, it was believed that price should reflect the opportunity cost of
providing electricity. If resource allocation was a long-term objective, then
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governmental policy should be gradually geared toward an efficient pricing
scheme.

3. Nepal

23. The energy consumption pattern in Nepal mirrored the rural
agricultural nature of its economy and the small size of its modern
industrial and commercial sectors. Currently the major infrastructure
requirements lay in the energy sector. The exploitation of the forests for
fuelwood had created the spectre of ecological disaster; large-scale
afforestation and reforestation programmes were thus essential, along with
ingenuity in satisfying rural energy needs. Developing the abundant
indigenous hydropower resources was another formidable task. Electricity
was a particularly important energy form. Hydropower was the country’s
only known source of commercial energy and the potential for develop-
ment was considerable. Rural energy, which was primarily fuelwood, was
not supplied through a market system but rather was collected by the user
on a day-to-day basis for immediate consumption. Urban consumers
typically had a wider variety of energy forms and an established market
system through which to purchase them. The pricing policy of the Nepal
Fuel Corporation, which was the major supplier of fuelwood to urban
areas, was to set prices to cover production costs. Those prices did not
include resource costs. All petroleum products were imported and their
retail prices were reflective of international prices. The tariff history of
electricity was a reflection of the type of expansion of the system. It was
unlikely that any government action to impose taxes or a pricing mechan-
ism on rural energy would meet with any success. A programme to install
improved stoves, free of charge, and to train villagers in basic forest manage-
ment would have far better returns. Electricity tariffs were well below both
those required for a reasonable rate of ret: =1 on assets and those based
on long-term marginal costs.

4. Thailand

24. Total energy consumption in 1982 was 18,120.54 x 106 litres of crude
oil equivalent. It was classified inzo petroleum products 60 percent, natu-
ral gas 7.1 percent, hydroelectric resources 7.2 percent, bagasse 6.4 per-
cent, coal and lignite 4.2 percent, fuelwood and charcoal 14.3 percent and
paddy husk 0.8 percent. Thailand relied on foreign spurces for up to 60
percent of its energy supply, especially crude oil and petroleum products.
The encrgy supply from indigenous sources in 1982 was classified into
hydroelectric 14 percent, lignite 8.7 percent, fuelwood and charcoal 33.6
percent, paddy husk 8.0 percent, bagasse 16.0 percent, petroleum products
2.9 percent and natura! g5 16.8 percent. Electricity and petroleum con-
sumption in Thailand w:s classified by economic sectors as agriculture
9.1 percent, manufacturing industry 29.4 percent, transportation and com-
munication 33.4 percent, construction 0.9 percent and commerce, service,
and other activity 27.2 percent. Thailand had faced problems in main-
taining its economic progress on account of higher energy costs since 1973.
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Before 1974, the country’s energy demand expanded at a rate of 13 per-
cent per year. After the big oil price increase, the country’s energy demand
increased at a rate of 7 percent per year. This was still high because the
Government had been trying to insulate domestic energy consumers from
the effect of the external oil price explosion. The Government substan-
tially adjusted domestic prices in 1980 and 1981. Pricing of various
petroleum products was still distorted and inappropriate, due to differences
in tax rates or direct subsidy. Domestic energy pricing structure, problems
of oil supply and stockpiles, and oil refinery capacity problems were closely
interrelated. The most fundamental problem facing Thailand in economic
development was the rising price of imported oil. Thailand spent 37 per-
cent of the foreign exchange it earned from exports on importing oil, total-
ling approximately Baht 58,799 million in 1982. With strategies, measures
and appropriate action on energy nricing policy, Thailand would be in
a better position economically, financially and socially.

5. India

25. The energy scene in India was briefly described. India had modest
energy resources considering its population. Energy policy in India had
laid stress on accelerated exploitation of domestic energy resources,
management of demand, energy conservation, development of renewable
sources of energy etc. The mechanism for energy pricing in different subsec-
tors was explained. Pricing in the energy sector was largely based on cost
and “retention prices.”” The current pricing policy was not based on the
long-term marginal cost. There was a need to develop an integrated system
of energy pricing which would help in an economically efficient alloca-
tion of resources intersectorally in the energy subsectors, help raise addi-
tional resources for the expansion of the energy sector, and take into account
the need to meet the minimum energy requirements of low-income groups
at reasonable prices.

6. Sri Lanka

26. The Ceylon Electricity Board (CEB) was responsible for the genera-
tion, transmission and distribution of electricity except for the 218 local
authorities (such as municipalities and urban councils) which bought elec-
tricity in bulk from CEB and distributed and sold it to the consumers in
their respective areas. In the carly 1970s the annual growth rate of total
sales to consumers was in the range of 3 to 4 percent. In the year 1577
due to a change in government policy (in that an open economy system
was introduced) a sudden upsurge in development was created, especially
in the industrial and commercial sectors. That caused a sudden increase
in the annual sales in the domestic (due to large purchases of electrical
appliances and their usage), industrial, and commercial sectors, and the
annual growth rate of electricity demand in the early 1980s was three times
what it had been in the early 1970s. In order to cater to that rapid increase
in demand CEB had to make large investments in generation, transmis-
sion and distribution expansion programm:es. In order to implement those
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programmes CEB had to borrow from lending agencies such as the World
Bank and the Asian Development Bank. Loan agreements were signed
in the early 1980s with those agencies incorporating such requirements
as that CEB should earn a minimum 8 percent return on net revalued fixed

That brought home to consumers the message that “Electricity is expen-
sive: use it, but don’t waste it.”” The problems that CEB was currently
examining concerned:

(@) The realistic life of a line block of units in the domestic sec-
tor and at what rate it should be sold;

(b) The number of units that should be allocated to each block
of units in the domestic sector and at what rates, In order to
determine that, CEB was about to launch a statistical survey
of its domestic consu:iners;

(¢) Local authorities had argued that the price at which CEB
sold them electricity in bulk made it not viable for them to
sell to their consumers at a reasonable price and make the
profit needed to maintain and improve their systems;

(d) The system losses which were at a level of 20 percent in the
late 1970s were currently about 17 or 18 percent and needed
further improvement. The question was whether the entire
improvement cost should be borne by CEB or whether part
of it should be borne by consumers.

7. Philippines
27. The histery of cnergy pricing practices in the Philippines reflected a
mixture of both open market competition and administered pricing. In

in the electricity chain were regulated by respective regulatory boards. Bulk
and retail power rates were designed to zchieve targeted revenues which
were pre-computed to yield “acceptable” rates of return on assets.
Industrial petroleum product prices and taxes followed a socialized scheme
(fuels identified with affluent consumers carried more of the burden), with
the target result that composite refinery revenues covered all government-
recognized or allowable costs/expenses. Some of the more important issues
confronted in energy pricing decisions included economic as well as
politico-social considerations that were equally valid, such as:
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(a) The amount by which the Government should bite into the
¢conomic surplus (of either producers or consumers) from the
exploitation of patrimonial resources and the allocation of that
amount between the national and local levels;

(b) The timing of implementation (gradualism or automaticity)
especially where prices had to be increased;

(c) The allocation of the burden of cross-subsidies and for how long
at a time, if subsidies were a political necessity (on a temporary
or permanent basis); and the size of that constituency compared
with that of those who benefited from the subsidy.

E. Agenda item 7

28. The Workshop broke up into tiie following working groups:
(a) Sri Lanka (Chair) Experts Schramm

Indonesia Munasinghe
Kumar
(b) Nepal (Chair) Experts Newbery
India Bhatia
Thailand Amjad
Goldsmith
(c) China (Chair) Experts Siddayao
Philippines Desai
Sauter-Servaes
Dewulf

29. The project summaries formulated by the working groups werc as follows:

China
Organizations involved (tentative):
(a) Pricing Centre (under Pricing Commission)
(b) Energy Research Institute of State Economic Commission
(c) Economic Research Institute (under Chinese Academy of Social
Science)

What needed to be done (what was the problem?); Background and
justification (Why was the problem important?):
(a) What cnergy pricing policy could limit the demand of certain
energy forms?
(b) What energy pricing policy could promote the utilization of alter-
native energy?
(c) What energy pricing policy could promote energy conservation?
(d) What eneigy pricing policy could promote the rational utiliza-
tion of energy?
(e) What energy pricing policy could promote economic development
and decrease the impact on the living standard of low-income
households?
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After the rise in world-wide energy prices in the last decade, most of
the oil-importing developing countries faced balance-of-payments deficits
and rising rates of inflation. A reasonable energy price would limit the
demand for certain forms of energy and pror 1ote the utilization of alter-
native forms of energy. For the energy self-sufficient developing countries
areasonable energy price would promote energy conservation and rational
utilization of energy. Yet there was no convincing theory and method to
formulate reasonable cnergy prices. Therefore, energy pricing policy was
necessarily the subject of study, and appropriate solutions were required.

How was the work-plan (o be implemented ?
Step-by-step description and timing:
(a) Study the influence of energy pricing on:
(i) Energy consumption;
(ii) Conservation of energy;
(iii) Equipment renewal and reconstruction;
(iv) Exploitation and utilization of nuclear and renewable energy;
(v) Economic growth rate;
(vi) Rates of inflation:
(vii) Employment etc.;

(b) Study the theory of energy pricing policy;

(c) Study the method of energy pricing policy;

(d) In different kinds of countries (such as oil-importing countries,
energy self-sufficient countries, and energy-exporting countries)
investigate energy pricing policy and apply properly formulated
methods to calculate optimum energ. grices;

(e) Give the results in appropriate reports.

How were results to be monitored and evaluated? (Criteria of success):
(a) Evaluation by responsible organization in countries investigated;
(b) Evaluation by experts of the workshop;
(c) Social evaluation, after the study was published.

India I
Organizations involved (tentative):
Department of Power (Energy Policy Wing), Ministry of Energy

What needed to be done (What was the problem?); Background and
justificat-on (Why was the problem important?):

How could the minimum energy needs of the low-income groups in rural
and urban areas best be met? Various ways like rural electrification, sub-
sidized kerosene, social forestry, subsidized biogas plants, fuelwood burn-
ing stoves, etc. were being supported by the Government, and the aim was
to identify the most cost-effective way of meeting the energy needs of low-
income groups. For the country’s seventh plan, which was under formula-
tion, the question of how best to meet the minimum energy needs of the
low income groups was considered a high-priority item.
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How was the work-plan to be implemented?
Sten-by-step description and timing:

Analysis of the available data i1. one region of India would have to be
undextaken by a consultant. The region would be selected on the basis
of availability of data, representativeness of region, level of electrifica-
tion ete.

How were results to be monitored and evaluated? (Criteria of success):
The recommendations which resulted from the study would be consid-
ered by the Government for implementation.

India II
Organizations involved (tentative):
Department of Power (Encrgy Policy Wing). Ministry of Energy

What needed to be done (What was the problem?); Background and
justification (Why was the problem iinportant?):

A social cost-benefit analysis would be made of ground-water irriga-
tion in castern Uttar Pradesh, identifying the role of energy prices in the
demand for irrigaiion, and the impact of irrization on employment and
income distribuzion. The study would indicaic changes in prices of fuels,
tax subsidics on energy equipment, and priorities in rural electrification
needed in order to improve utilization of ground water. Uttar Pradesh had
a large potential fo; ground-water irrigation which appeared to be seriously
underatilized.

Jow was the work-plan 1o be implemented?
Step-by-step description and timing.

A corsultant would need o analyse the available data and test the results
by field visits.

How were results to be monitcred and evaluated? (Criteria of success):

The criterion of success was that the explanation for underutilization
was convincing and suggested possible policies for improvirig the situa-
tion if indeed it was socially profitable o increase irrigation.

Indonesia 1
Organizations involved (tentative):

What needed to be done (What was the problem); Background and
justification (Why "vas the problem important?):

An analysis would be undertaken of social and cconomic consequences
of fuli-cost utility pricing. The utility had insufficient revenne flows to
cover its general expenditures and the cost of heavy investment programmes.
It depende on government allocations of budgetary funds and outside
financing, both ot which were inadequate to cover needs. As a consequence,
operating performance was impaired, maintenance was inadequate and
losses were high.
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How was the work-plan to be implemented?
Step-by-step description and timing:
Suggested focus on Java because of data constraints.

How were results to be monitored and cvaluated? (Criteria of success):
Expected results:
(a) Calculation of needed levels of revenue to cover defined perror-
mance criteria;
(b) Comparison between existing tanf* levels and tariff needs;
(c) Potential effects of raised tariffs on consumers and producers.

Indonesia 11
Organizations involved (tentative):

What needed to be done (What wus the problem); Background and
justification (Why was the problem important?):

An analysis would be inade of the impact of tariff changes on energy
choizes by industry. Private generating capacity roughly equalled installed
public utility generation capacity. Higher industrial/commercial tariffs
might continue to reinforce that trend. The study was to analyse the con-
sequences of higher tariffs and of possible policy measures (e.g. changing
fuel prices, regulation, etc.) to establish desired patterns.

How was the work-plan to be implemented?
Step-by-step description and timing:
Establish comparative costs of:
(a) Potential of using auto-generating plants;
(b) New plants.
Compare private and social costs of auto-generation,

How were results to be monitored and evaluated? (Criteria of success):
Other implicorions:
(a) Potential of using private generation for peak shaving;
(b) Implications of private generation for utility reliability standards.,

Indonesia 111
Organizations involved (tentative):

Yhat needed to be done (What was the problem?); Background and
justification (Why was problen: important?):
Pricing of coal. Coa! was being developed as a new fuel for power genera-

How was the work-plan to be implemented?
Step-by-step description and timing:
(a) Study import coal prices;
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(b) Evaluate costs of domestic coal;
(c) Compare both in economic and financial terms;
(d) Analyse effect of different coal price levels on:
(i) Mining operation;
(ii) Utility costs.

How were results to be monitored and evalnated? (Criteria of success):

Nepal
Organizations involved (tentative):
Water and Energy Commission Secretariat

What needed to be done (What was the problem?); Background and
justification (Why was problem important?);

Electricity, fuelwood znd kerosene were sold in urban areas at heavily
subsidized prices which external funding agencies had recommended should
be decreased. The aim was to identify the socio-economic impact of fuel
price rises in urban areas, using consunier survey data. A secondary aim
would be to identify alternative ways of preserving the standard of living
of low-income groups by other policies.

How was work-plan to be implemented?
Step-by-step description and timing;
A consultant would be found to analyse the data and write a report.

How were results to be monitored and evaluated? (Criteria of success):

A successful report would identify the impact of changing prices on
different categories of urban consumers, and would provide the Govern-
ment with useful information for designing a new energy price structure
and complementary reforms which would protect the urban poor.

The Philinpines
A. Organizations involved (tentative):
(See below under item D, No. 8.)

B. What needed to be done (What was the problem?)
Raak I:  Geothermal steam pricing.
Rank 1I:  Rural electricity pricifig impact on labour-
displacement.
Rank III: Income-distributive impact of selected energy
technologies.

C. Background and justification (Why was problem important?):
[. Operational urgency.
II. Long-term policy implications.
IT1. Long-term policy implications.

D. How was the work-plan to be implemented?
Step-by-step description and timing:
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Activities Study 1 Study 11 Study 11
(1) Terms of reference defined 2 weeks I month I month
(2) ESCAP consultations
(3) Selection of consultant } 1 month I month [ month
(4) Formulation of method-
ology proposed (by I month 1V2 months I month
consultant)
(5) Conduct of study 6-8 months 6 months 4 months
(6) Draft recommendations
including implementation 2 months 2 months 2 months
scheme
(7) Final report 1 month I month 1 month
(8) Organizations Ministry National Ministry
of Energy Energy Agency of Energy
National National
Power Econromic
Commission Development
Agency

E. How were results to be monitored and evaluated? (Criteria of success)
(a) Would prefer that procedure for monitoring and evaluation of
implementation need not be explicit or formal; instead these should

be undertaken informally through the focal points;

(b) Study should remain the exclusive property of the country so that
any release or publication of country data and recommendations
of the study should obtain prior formal authorization by the focal
points from those countries.

Sri Lanka I
Organizations involved (tentative):

What needed to be done (What was the problem?); Background and
justification (Why was the problem important?):

Imbalance between refinery output and the demand for gasoline and
middle distillates. There were huge cost implications in either imports or
refinery expansion.

How was the work-plan to be implemented?
Step-by-step description and timing:
(a) Study import of gasoline/diesel price ratios on equipment choices
and consumption;
(b) Identify alternative ratios that were likely to improve the balance;
(c) Identify alternative measures to bring about changes in demands,

How were results to be monitored and evaluated? (Criteria of success):
[Editor’s note: Response not provided.]

Sri Lanka I
Organizations involved (tentative):
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What needed to be done (What was the problem?); Background and
justification (Why was the problem important?):

Pricing of commercial fuels in the rural sector. Kerosene and electrifica-
tion were substitutes fer lighting. Kerosene was subsidized through a ration-
coupon scheme. What was (a) the efficiency of the coupon scheme itself;
(b) the efficiency of subsidized life-time rates for electricity compared with
kerosene?

How was the work-plan to be implemented?
Step-by-step description and timing: How were results to be monitored
and evaluated? (Criteria of success):

Study should establish the relative efficiency costs of either subsidy
scheme.

Sri Lanka III
Organizations involved (tentative):

What needed to be done (What was the problem?); Background and
justification (Why was the problem important?):

Efficiency and equity implications of cost recovery in the electricity sector
needed to be studied. Very high electricity growth rates had been
encountered in the recent past, representing pressures on oil-based ther-
mal generating plus costlier new hydropower. The issue of cost recovery
and resource mobilization needed to be researched.

How was the work plan to be implemented?
Step-by-step description and timing:
(1) Evaluate the revenue levels required to finance operation and
investmernt.
(2) Compare current tariffs with tariffs needed for efficient price levels.
(3) Identify equity implications for urban and rural users.
(4) Identify likely effects of changed prices on demand and
conservation.
How were results to be monitored and evaluated? (Criteria of success):
[Editor’s note: Response not provided.]

Thailand 1
Organizations involved (tentative):
National Energy Administration (NEA).

What needed to be done (what was the problem?); Background and
justification (Why was the problem important?):

(a) Do astudy of the impact of fuel price changes on the cost of liv-
ing for consumers of different socio-economic characteristics
(income level, family size, location etc.).

(b) Combine that with the effect of fuel price changes on the choice
of fuel in the industrial/agricultural/service sectcrs.

The recent fuel pricing study by PEIDA did not adequately explore the



196 CRITERIA FOR ENERGY PRICING POLICY

socio-economic impact of the proposed fuel price reforms. Since energy
prices were distorted and changes appeared to be necessary, it was impor-
tant to examine the socio-economic impact.

How was the work-plan to be implemented?
Step-by-step description and timing:

A methodology already existed at Cambridge, England, but had been
calibrated enly for the 1975 input-output table. A 1980 table was now
available, and the aim would be to train a Thai researcher in the method-
ology, and at the same time to update the data, probably at Cambridge,
The original consultant would be required to oversee the training and to
write the final report.

How were the results to be monitored and evaluated? (Criteria of success):

A test of the success of the project would be that the computer pro-
gramme could be run in Thailand and the results obtained at Cambridge
replicated and that the Thaj researcher understood the model and felt con-
fident to update and modify it. The report should be of use to the Thai
Government in deciding on its energy pricing policy.

Thailand 11
Organizations involved (tentative):
National Energy Administration (NEA).

What needed to be done (What was the problem?); Background and
justification (Why was the problem important?)

Modify the impact analysis of encrgy pricing study in Thailand in order
to have a full comnprehensive energy pricing study.

Recently, Thailand had received a full study of energy pricing by con-
sultants. The study concentrated only on economical and financial points.
Thailand did not have a comprehensive study of social impact analysis
because of budgetary constraints. Since energy was a very important issue,
the Government had to calculate trade-offs among economic, financial
and social effects resulting from energy price changes. The Government
could use a full coraprehensive study as a possible guideline for the
implementation of an appropriate energy pricing policy for Thaijand.

How was the work plan to be implemented?
Step-by-step description and timing:

The original consultant would be required to modify the social impact
analysis along with the available full energy pricing study that Thailand
already had.

How were the results to be monitored and evaluated? (Criteria of success):
The report should be of use to the Government of Thailand in jts evalua-
tion of its energy pricing policy.
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F. Conclusions and recommendations

30. The following general conclusions and recommendations were
formulated:

(@) The proposals would be ranked by the ILO/ESCAP team, and
in about one month the REDP focal points of the three chosen
ones would be contacted to implement them:

(b) More data, budgets, refinements of the proposals were welcomed
by the ILO/ESCAP team;

(c) For the other proposals, after collecting more data on budgeting
and other refinements, other possible sponsoring agencies would
be approached by the REDP secretariat and those studies then
might be pursued on a bilateral basis under the general umbrella
of the regional energy development programme.

(d) The proposals chosen would have to be considered for official
approval by the countries concerned before actual implementation.

G. Adoption of the report (Agenda item 8)

31. The report was adopted on 11 May 1984,

32. A general vote of thanks to the Chairman and all those who made
the workshop possible was introduced. The meeting was closed by the Chief
of the Natural Resources Division of the ESCAF secretariat.
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Appendix 1l

ANALYSiS OF THE ENERGY
PRICING PROBLEM IN CHINA

Huang Zhi-jie'

In recent years, encrgy in China has been in short supply and unable to
meet the needs of the country’s economic development. The way to solve
this problem is to exploit and conservc energy with enthusiasm. At pres-
ent, however, initiatives in the areas of developing certain energy resources,
rational utilization of various ernergies, and implementation of now feasible
conservation techinology are greatly affected by irrational encrgy pricing.
On the other hand, any readjustment in the price of cnergy would have
impacts on people’s living standards and on production costs of all sec-
tors. Therefore, it is neccssary to study both energy pricing and its problems.

CURRENT SITUATION OF ENERGY PRICING IN CHINA

Before liberation (1949), the price of coal in China was relatively low due
to simple mining equipment and low wages for miners. After liberation,
coal mining conditions improved, salaries for miners increased, and pro-
duction costs became higher, but the price of coal has not been readjusted
much and the profit rate in the ccal industry has been lower than the average
profit rate in other sectors. In the early days of liberation, crude oil out-
put was quite small, only 120,000 tons in 1949. The government, therefore,
applied a high pricing policy to limit the consumption of oil products.
That is why the price of crude oil was two or three times higher than the
international market price, and the prices of oil products were even higher.
At present, the price of gasoline price is still hi gher than the current price

*Deputy Director, Energy Rescarch Institute of the State Economic Commission and
Chinese Academy of Science, Beijing, China.
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in the world market. In the past decade international oil and natura] gas
prices increased about ten times, while the price of coal almost doubled.
Comparatively, the price of energy in China is one-fourth or one-fifth of
the international price. For example, in 1982 China’s average coal pro-
ducer’s price was 21.5 yuan renminbi (about 1JS§] 1) per ton, crude oj] 102
yuan renminbi (US$52) per ton, heavy oil 60 yuan renminbi (US$31) per
ten, and the internationa] prices were US$55, US$250, and US$220, respec-
tively. The price of diesel oil in China js only 14 to 20 percent that of the
international price. Low energy pricing has influenced the import and
export of erergy and of energy-consuming products,

Another problem wit]y energy pricing in China js the irrational price
ratio between differen; energy resources. For instance, the price ratio among
crude oil, pasoline, djesel oil, and heavy oil js 1:1.24:1.28:0.88 in other coun-
tries, and 1:5.7:2.4:0.6 in China. Compared with other countries, China’s
gasoline price is higher, but crude o] and heavy oil prices are lower. The
irrational price ratios among various energy soucces and between energy
and some materials and machinery would cause a series of problems in

IMPACTS OF ENERGY PRICE CHANGES ON ECONOMIC
DEVELOPMENT AND ENERGY EXPLOITATION AND
UTILIZATION

Readjustments of energy prices play an important role in the development
of the energy industry, changes in the energy use structure, promotion of

prices, and a decrease in market demand and cconomic growth rate, At
the end of 1982, the oj] price per barrel dropped USS$5, and economisis
generally predicted that economic growth rate in the West would increase
slightly.

Second was the influence on €nergy consumption, especially on oi]
import and consumption. The rapid rise of oj] price in the world market
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made countries that import and consume oil in great amounts control the
increase of oil consumption and carry on energy conservation policies,
taking oil conservation as the main objective. In recent years, tangible results
have been achieved and energy consumption has been reduced. We can
see from the data in Appendix I1. Table 2 that before 1973 the energy con-
sumption growth rate was high in industrialized countries, except the United
Kingdom.

Since 1973, the energy consumption growth rate has decreased several
times; some countries even show negative growth rates (see Appendix 1.
Table 2). Although the economic growth rate has been reduced since 1973
in these countries, clasticities of energy growth relative to economic growth
have also been reduced several times. From 1973 to 1980 the average
elasticities were less than 0.4.

Third, exploitation and utilization of nuclear and renewable energy have
been promoted. Owing to a rapid increase in the prices of oil and gas,
the cost of electricity in oil-fired and gas-fired power stations is higher
than in nuclear power stations. Because of this, not only industrialized
countries but also a number of developing countries have made plans for
the development of nuclear power stations. In June 1980, 230 nuclear reac-
tors were operating in 36 countries and regions, and the total capacity was
123 million kilowatts. According to their specific conditions, some coun-
tries have made efforts to develop and utilize renewable encrgy resources.
For example, Brazil uses hydroelectiicity and domestic alcohol to reduce
oil consumption; New Zealand and Mexico have developed geothermal
energy; and many industrialized countries use solar energy to provide hot
water. Research and development in the utilization of renewable energy
(such as wind power, solar energy, ocean energy) has also progressed.

Fourth, the rise in the price of energy has aggravated inflation in most
countries. Appendix II. Table 3 shows changes in the average annual growth
rate of the consumption cost before and after the oil price increases of
1973 in some countries.

INFLUENCE OF ENERGY PRICE ON ENERGY
DEVELOPMENT IN MAJOR INDUSTRIALIZED
COUNTRIES

China is a socialist country with a planned economy. Price in China does
not play a critical role in supply and demand adjustment as it does in the
West. However, the existing energy price influences energy resource develop-
ment, conservation, and rational utilization. Thus, to accelerate economic
development, energy pricing must be done properly.
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Low profit rates in the coal industry hold up resource
development

Coalis an important energy resource in China, accounting for more than
70 percent in energy structure. The major coal-producing sectors have con-
ducted several price readjustments but have been unable to change the
situation of economic loss and low profit rates.

Since 1958, the production cost per ton of coal has increased 13 yuan
renminbi, while its price increased only 9 yuan renminbi. The production
cost in some coal mines has surpassed the selling price and thus these mines
have incurred a loss. Because of this, most of the coal cnterprises, although
diligently operating their enterprises, are unable to obtain a due profit,
and the enthusiasm for production has therefore withered.

Low energy price hinders conservation

In other countries, energy consumption has declined considerably since
1973. One of the most important conservation incentives is a large increase
in the price of energy relative to the price of other goods. After the 1973
increase in energy prices, the use of formerly uneconomic savings equip-
ment became economically viable; the utilization of previously too expen-
sive alternative energy also became viable.

Before 1973, the prices of crude oiland oil products in China were much
higher than prevailing international price levels. The price of coal was lower,
but not by very much. The problem is that compared with the prices of iron
and steel, and cement and machinery, and with the price of coal in other
countries the price of coal in China is much lower. Thus, some of the con-

might not have been reasonable, economic, or feasible in China. Now that
international energy prices have increased considerably, more conservation
technology, processes, and equipment will be economically feasiblein China.

For instance, energy prices affect the selection of insulation materials,
thickness of insulating layers, and methods of construction. Since 1973,
insulating layers in other countries have become thicker, protecting metal
enclosures has been popularized in construction, and energy loss from
pipelines and equipment has been reduced as much as possible. Because
energy prices are low in China, in most cases, we can choose only low-
quality insulation materials, Some better quality insulation materials such
as rock wool and glass wool, which are widely used abroad, are
unmarketable in China because of their relatively higher prices, even though
China has the capacity to produce them. The economic insulating layer
is thinner in China compared with that which is used avroad, due to the
low energy price. In construction, strawrope wrapping or glass wool sheet
painting is used instead for protecting metal enclosures, and, according
to tests, energy loss doubles with these materials.
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Another example is the development of central heating, which is actually
a way of exchanging iron and steel for energy. Installation of heating
pipeline works would use a lot of steel but could save energy. The price
ratio of steel and coal in other countries is several times lower than that
in China. Thus, the development of central heating abroad is economically
reasonable, but probably uneconomical in China.

In the past, energy was cheap abroad and waste heat recovery was
generally not economical. After the energy price increases, pot only is use
of high-temperature wastc heat economical, but in many cascs low
temperature waste heat recovery with heat pumps is also economically feasi-
ble. Because the price of energy is low in China, machinery is relatively
expensive, and the economics of some high temperaturc heat recovery is
low, to say nothing of low-temperature waste heat utilization.

Irrational utilization of energy caused by unreasonable
price ratios between various kinds of energy

Irrational price ratios between various kinds of energy lead to an irra-
tional and wasteful utilization of energy and at the same time cause
environmental pollution. Several examples are given here.

The problems in urban gasification are an example. Both developed and
developing countries arc moving towards urban gasification. Unreasonable
price, however, greatly hinders the development of urban gasification in
China. Although LPG for residential use has a considerable result in con-
servation, its producer price is only 50 yuan renminbi per ton, which is
half of the crude oil price and lower than the price of combustion oil.
In that case, LPG as the fuel used in refineries would bring greater ben-
efit to enterprises. Before 1973, the price of LPG per ton in the interna-
tional market was equal to two tons of crude oil. After 1973, although
oil prices increased rapidly, the LPG price was generally higher than the
crude oil price. Natural gasis both a valuable raw material for the chemical
industry and the most perfect fuel for residential use. Countries with rich
natural gas resources would use it as raw material for the chemical industry
and fuel for residential use, and only the extra amount can be supplied
to industry or the power station as fuel. Countries which lack natural gas
would import LPG as chemical raw materials and as fuel for urban
esidences, and its price is almost the same as crude oil at thermal value.
The natural gas price in China is less than half that of crude oil and in
some places even lower than the price of good quality coal at thermal value.
Thus, most of the natural gas used in industries and factories is for fuel.
The conservation effects of burning natural gas in these enterprises are
quite limited. Natural gas as residential fuel can have a significant con-
servation effect, improve people’s living standards, modernize cities, and
reduce pollution to improve the environment as well.

Other examples are gasoline and diesel oil, which are products from
crude oil processing. Their production procedures and the amount of
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energy consumed are basically the same, From the perspective of use value,
diesel oil is more efficient, and vehicles using diesel oil can save 30 to 40
percent of oil compared with those vsing gasoline, At present, however,
the price ratio between gasoline and diesel oi] js 1:0.4, that is, diese] oil
price is more than 50 percent lower than that of gasoline. Refineries are
ot willing to produce diese! oil because of the low profit it generates,
Thishasledto a reduction in diesel oj] and gasoline output ratio in recent
years. It was 1.80 in 1979, 1.69 in 1980, and 1.60 in 1981, Unreasonable
pricing has hindered the development of diesel oil production and rational
utilization of oj] products.

Moreover, locomotive power is changing in the direction of the more
efficient electric and diesel models in developed countries, as well as in
developing countries. In Chi, - Steam locomotives have been the most
cconomic for a long time because oil and electricity prices are higher and
coal prices lower compared with international prices. An unreasonable
energy price ratio has led to an economically rational backward mode of
production,

CONCLUSION

1. Since the 1ounding of the new China, énergy production and supply
have been based on the needs of domestic economic development, Except
for exporting a smal amount, most of the energy produced in China s
to meet domestic needs, In the early days of the new China, required oj]
products were mainly imported. But because ojl consumption represented

became self-sufficient in oj] with the exploitation of Taching and other
oil fields. In the early 1970s, Ching began to export oil. Before that, China
exported a small amount of coal, but more than 95 percent of the energy
production was to meet domestic demand. Because of the policy of self-
sufficiency, the continuous increase in energy prices in the world since the
energy crisis in 1973 hag had no influence on the energy price in China.

is 300 yuan renminbi; the annual bank loan interest is 5 percent. Using
compounded interest, the project will be com pleted in two years and capital
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some conservation projects economically favourable; oil-conserving pro-
Jects would be especially attractive to enterprises.

3. Energy price readjustment is favourable to rational utilization of all
kinds of energy. Energy — such as coal, oil, and natural gas — has dif-
ferent usages, effects, and economics. Unreasonable price ratios among
energy sources would lead to a waste in utilization. Thus, a readjustment
of the ratio between energy prices could lead to a more rational use of
cnergy.
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Appendix li. Table 1 The average economic growth rates in major
industrialized countries

Average GNP growth rate (percentage)

Country 1960-70 1970-73 1773-80
United States 3.97 4.72 2.39
United Kingdom 2.79 4.43 0.83
Germany, Federal Republic of 4.85 3.96 2.35
France 5.78 5.5¢ 2.90
Italy 5.66 3.85 2.78
Netherlands 5.13 4.59 2.16
Japan 11.00 8.23 3.79

Appendix Il. Table 2 Changes in energy consumption in seven countries

Average growth rate of energy consumption

(percentage)
Country 1960-70 1970-73 1973-80
United States 4.2 3.26 -0.13
United Kingdom 1.78 1.82 -1.59
Germany, Federal Republic of 5.67 4.58 -0.46
France 6.21 6.58 -0.27
Italy 9.91 5.26 0.61
Netherlands 9.25 9.56 0.73
Japan 13.55 7.02 1.45

\ppendix II. Table 3 Average annual growth rate of consumption cost

(percentage)
Country 1961-70 1971-73 1974-78
United States 2.6 4.5 7.3
Japan 53 74 11.2
Germany, Federal Republic of 3.6 53 4.5
France 4.0 6.3 10.7

United Kingdom 39 8.5 16.0
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ENERGY PRICING iN NEPAL

S. N. Sharma®

INTRODUCTION

By almost any standard Nepal is one of the least developed countries in
the world. The per capita annual gross domestic product (GDP) is cur-
rently estimated at US$140 in 1980 dollars; there are conly six nations in
the World Bank’s World Developmerit Report with a lower per capita GDP.
The physical and other obs:acles to development are much more severe
than those found in most other countries. Nepai is facing rapid popula-
tion growth, a relatively narrow resource base, the extreme inaccessibility
of many parte of the country, a landlocked positien, and a relatively inex-
perienced administration.

The economy of i =pal is dominated by the agrarian sector which
employs more than 9u percent of the economically active people, com-
prises 7C percent of the value of exports, and represents 65 percent of GDP.
Nepal’s comparative advantage in agriculture reflects the lack of natural
resources that might serve as the base for industry and an untrained human
resources base that limits its industrial competitiveness.

The energy consumption pattern in Nepal mirrors the rural agricultural
nature of its economy and the small size of its modern industrial and com-
mercial sectors. Currently, the major infrastructure requirements lie in the
energy sector. The exploitation of the forests for fuelwood has created the
spectre of ccological disaster; large-scale afforestation and reforestation
programmes are thus essential, along with ingenuity in satisfying rural
energy needs. Developing the abundant indigenous hydropower resource

*Mr. Shiba Nathat Sharma, Executive Director, Water and Energy Commission, Naya
Baneswar, hathmandu, Nepal.
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is another formidable task. If the energy constraints to industria] expan-
sion are to be alleviated and the demands of urban residentia] users
satisfied, Nepal needs a large-scale reliable generating capability and a
more extensive transmissjon and distribution network. Thus, the energy
problem is twofold. Rural areas depend on traditional fuels for virtually
all of their energy requirements, In these areas the growing population
and agricultura] demands have placed the forest under heavy pressure,
The second aspect of the problem facing Nepal is to ensure that the energy

EXISTING CONSUMPTION PATTERNS

Consumption characturistics

mercial consumption for aj] developing countries is 44) kg of coal
equivalent per capita. Nepal’s low level of commercia] ¢nergy consump-
tion reflects of an cconomy at a low leve] of economic growth and with
a structure which is dominated by an agricultural sector based on tradj-
tional farming techniques. The current level of consumption js also incon-
sistent with (he nation’s natura] cnergy endowment in the form of
hydropower.

The second major characteristic of €nergy consumption s the total
domination of the sector by traditional cnergy forms, firewood in par-
ticular, More than 90 percent of the total consumption is in the form of
traditional fuels for domestic use — mainly cooking. The energy sector
displays an almost tota] reliance on jts least plentiful resources — wood
and foreigr, exchange for imported oj] — and virtually no use of its miost

pereent of the tota] energy consumption, This demand s shared equally
between transport and industry. The Severe topography of the country
restricts both industrial expansion and the widespread use of commercial
encrgy to the terai? and (o the Kathmandy Valley. Despite the fact that
some 60 percent of the population live in the hill areas, there i not a suf-
ficiently developed transport network for large-scale goods or fuel
movements to tlie largely rervote hill communities.

Traditional fuels

Three traditional fuels — fuelwood, agricultural wastes, and animal dung
— provide the vast majority of energy consumed jn Nepal. In the absence
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of adequate fuel substitutes in terms of both quantity and price, these
energy forms will continue to dominate the energy sector. It is unlikely
that even intensified exploitation of hydro-based electricity would be able
to make a significant impact on the short- and medium-term consump-
tion of traditional fucls.

Firewood
Wood has been and will continiie to be, for the foreseeable future, the major
energy form consumed in Nepal. The reasons for this are threefold:

1. It has been readily available in apparently unrestricted quantities
throughout most of the country in close proximity to the points of
consumption.

2. Itis perceived as a free good with no direct cost except the time and
effort to collect it.

3. It requires no major capital investment nor advanced technology in
its exploitation and use.

As a result of the above, the use of wood has been unchecked for cen-
turies, but only recently has the growth in consumption outstripped natural
regeneration. With continued current rates of growth, studies indicate that
it will take only a few decades before the tree cover will have virtually disap-
peared in many areas of the country and become extremely remote in the
remainder.

The vast majority of the fuelwood consumption in Nepal occurs in the
rural areas where it is virtually the only fuel available. Less than | percent
of the total fuelwood consumed is utilized for purposes other than domestic
cooking and heating. Surveys indicate that brick kilns dominate the
industrial portion of this demand, and that restaurants and sweet shops
dominate the commercial portion. It is anticipated that this consumption
pattern has not significantly alicred. Wood comprises 93 percent of the
total energy consumption.

Agricultural and animal wastes

Agricultural waste is a traditional fuel widely used for cooking and heating
in Nepal. It includes hay, husks, crop residues, grasses, leaves, sticks, and
bark and represents 1.6 percent of the total encrgy consumption in the
country. Animal dung has tong been used by the people of Nepal as a
fuel for cooking in the form of driad dung-cakes. Animal dung, which
contributes 0.6 percent of the national energy balance, is used for fuel
almost exclusively in the terai where the cattle population is large and
alternative fertilizers are readily available. The use of dung in the hills is
predoeminantly as a fertilizer; however, as forest areas decline, dung-cakes
are being used increasingly as a cooking and heating fuel.

Commercial sources of energy

Three commercial fuels are used in Nepal: petroleum-based products, coal,
and electricity. They currently represent 5 percent of total energy consump-
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tion and are predominately “urban’ fuels. Despite their price when com-
pared with that of traditional fuels, which have the appearance of being
free, commercial €nergy consumption can be expected to increase because
of their high calorific values, ease of use, and relatively high end-use effi-
ciency. The major drawbacks to their widespread adoption are the prob-
lems associated with distribution and the high cost of equipment with which
to utilize the energy.

Petroleum products

All petroleum products used in Nepal are imported from India. There are
no identified, commercially exploitable oil or natural gas deposits although
seepages of hydrocarbons do occur and some survey work is under way.
Crude oil is purchased on the open market by the Nepal Oil Corporation
for delivery to India; current suppliers are Saudi Arabia, Iraq, and the
Soviet Union. In exchange India supplies the required mix of petrol, diesel
oil, kerosene, furr.ace oil, and aviation fuels from refineries near the Nepal
border according to an agreed pricing formula, The corporation imported
some 139,300 kilolitres of products in 1982-83. This volume and the
observed mix of products (i.c.,, no heavy products) warrants neither a prod-
uct pipetine from, say Calcutta, nor a crude oil pipeline to a refinery in
Nepal. In addition, Nepal Gas Industry imported an estimated 706 tons
of LPG in 1982-83,

Nepal’s annual per capita oil consumption is some 11.6 kg of coal
equivalent, onc of the lowest in the world. This statistic is both an indicator
of the country’s lack of modern infrastructure and its deficiencies in
manufacturing and commercia) potential and output. The overall rate of
growth of petroleum fuels consumption is 7.6 percent per annum and is
in line with that of most oil-importing developing countries. It is a reflec-
tion of both the low leve] of consumption and the fact that a country like
Nepal, finding itself in the initial stages of development, is unlikely to be
able to significantly reduce its dependerc; on oil without seriously retard-
ing its capability to develop. Petroleum products represent 3.6 percent of
the overall energy balance, Sixty percent of petroleum consumption is for
transport and 26 percent for domestic use,

Virtually all of the coal consumed in Nepal is imported from India.
Peat and lignite occurrences in the Kathmandu Valley are not visrje for
large-scale exploitation but do provide approximately 5,500 tor.; annually
for local use, mainly to the brick industry.

Imports of coal into Nepal fall under two broad categories: (1) imports
under the quota system, and (2) imports obtained on the Indian fi ree market.
In the first case, prices paid for coal are somewhat below world prices;
in the latter case, world market prices apply. There is very little coal
imported outside of the quota system.

Supplies under the quota system are both erratic and unreliable, and
quotas often go unfilled. The supply of coal is affected by its availability
in India, labour, technical problems linked with the Indjan railway system,
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and the readiness of the authorities to sell such fuel to Nepal at conces-
sional prices. The quota for 1980 was 112,000 tons and included steam
and slack coal, hard and soft cokes, and low-grade coke. It is estimated
that some 37,000 tons of coal were imported, representing approximately
1 percent of total energy. Coal in Nepal is consumed for three major pur-
poses: transport (13 percent), manufacturing (84 percent), and industrial
power generation (3 percent).
Electricity
Electricity is a particularly important energy form in Nepal. Hydropower
is the country’s only known source of commercial energy, and the potential
for development is considerable. Currently the consumption of electricity
is restricted to major urban areas where population density and nearby
generating sites have justified the investment. The level of consumption is
expanding rapidly from this small base. The high cost of distribution js the
major impediment to the widespread electrification of the rural hill areas.

A total of 163.9 gigawatt hours (GWh) of electricity were sold in 1980-81
within Nepal, less than 0.5 percent of total energy consumption. The overall
rate of growth for electrical energy is in excess of 15 percent per year, reflec-
ting the small consumption base and a country at the initial stages of
development.

In Nepal, electricity is supplied by public and private utilities, by private
companics that produce power for their own use and also through imports
from India.

ENERGY PRICING, RESOURCE COSTS, AND PRICING
POLICY

The subsistence nature of Nepal’s economy, and the severe topographiczl
restrictions placed on rural fuel distribution networks, result in more than
90 percerit of the energy consumption in Nepal not being traded within
the monetized sector of the economy. Rural energy, which is primarily
fuelwood, is not supplied through a market system but rather is collected
by the user on a day-to-day basis for immediate consumption. Urban con-
sumers typically have a wider variety of energy forms at their disposal
and have an established market system through which to purchase them.

This pricing structure, by definition, lends itself to overal pricing policies
which neither reflect long-run marginal costs nor promote use of the most
abundant resources. Two price structures, rural and urban, must be
addressed.

Fuelwood

Market prices
Urban fueiwood for both domestic and industrial use is supplied by the
Fuelwood, Corporation (FCN), by private contractors, and by the Depart-
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ment of Forests. Commercial extraction of fuelwood from the forests is
subject to a royalty payment of NRs 40 per ton. This cost, however,
represents less than 10 percent of FCN cost of supply to the Kathmandu
Valley. Transport charges represent fully 70 percent of the total cost. In
1981, the FCN price for fuclwood in the valley ranged from NRs 420 to
530 per ton, depending on location. These prices are only slightly above
costs. Prices in the teraj were approximately half or this figure reflecting
the substantially lower transport component. FCN pricing policy is to set
prices to cover production costs. These costs, however, do not include a
value for the wood itself; therefore, the prices provide an implicit subsidy
to urban fuelwood consumers at the expense of long-term forest stability.

The increasing difficulties in obtaining fuelwood have increased the price
for fuslwood supplied by private contractors to NRs 720-870 per ton in
the Kzthmandu Valley (NRs 320-400 pertonin the terai). It is understood
that His Majesty’s Government has decided to restrict or eliminate forest
access to private contractors. If this happens, FCN would effectively be
the only bulk supplier for the urban areas, It is not known how this will
affect fuelwood market prices,

FCN supplied approximately 25 percent of the fuelwood demand in the
six major urban centres in 1981. This represented 43 thousand tons of wood.
An additional 96 thousand tons were supplied to other urban centres in
the terai and 144 thousand tons exported to Indja.

As previously noted, there is no established market system for rural
fuelwood consumption. The “market” price is the perceived value of the
labour required to collect the daily fuel requirement and carry it to the
houschold. Much of this labour is supplied by children too young to work
in the fields. Within such a system it is impossible for the government
to influence fuelwood consumption levels or promote interfuel substitu-
tion (if alternatives were available) through a pricing system. Fuelwood
conscrvation through improved stoves, and forestry programmes to pro-
vide long-term supply will, in the absence of market prices, only be suc-
cesstul if their installation and implementation costs are less than the
perceived cost of collection. The rural fuelwood subsidy is again at the
expense of long-term forest stability.

Economic resource cost of fuelwood

The economic resource cost of fuelwood js determined as the least cost

means of providing a ready supply of wood for consumption. This figure

determines the value to the economy of not utilizing wood in that it

represents the cost of supplying an extra cubic metre of fuelwood.
Long-term cest. The long-run resource cost s based on the costs and

benefits associated with the Government of Nepal/UNDP/FAO Com-

tion components of the project expect to develop 51,750 hectares of
productive forests over the 5-year term of the project. Three classifica-
tions of forest are included: Panchayat forests, Panchayat protected forests,
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and private plantings. Each classification indicates a different level of
responsibility and product distribution, as well as differing yields and forest
management techniques. Based on an annual discount rate of 12 percent,
the economic resource cost is calculated at NRs 423 per cubic metre (NRs
0.6/kg). This analysis slightly overestimates the value of fuelwood for it
does not include the grass and leaf fodder in the production stream, while
the costs associated with fodder production are implicitly included in the
cost figures. It is, therefore, a conservative estimate when used in a com-
parative analysis. Clearly, reforestation is a long-term supply option with
little or no production during the early vears. Therefore, it would be inap-
propriate to use this figure in the analysis of cnergy supply options for
the immediate future.

Short-term cost. The short-term resource cost of fuelwood is based on
the value of dung as a substitute for fuelwood. The value of dung, which
also does not have a clearly defined market price, is in turn determined
on the basis of avoided losses to maize production. The analysis is based
on the assumption that the labour involved in collecting and preparing
animal dung for use as a fuel is the same as that required to compost and
spread an cqual amount of dung on the fields for crop fertilization. The
second major assumption is that Nepal will continue to be a net importer
of foodgrains over the short run and that a loss in production will be off-
set by increased imports. Two 1esource costs have been determined. The
first is for the remote hill areas and includes a large transportation com-
ponent, the sccond is applicable to the readily accessible terai and low
hill areas and excludes much of the transport costs. The short-term resource
costs are NRs 488 per cubic metre for the terai and low hills arees and
NRs 885 per cubic metre in the remote hills.

An alternative method of determining the economic resource cost is
based on the cost of importing chemica! fertilizers of equivalent nutrient
value to replace the dung which has been diverted from the fields. The
basic assumption underlying this computation is that the fertilizer would
indeed be imported. The short-term resource costs using this method are
NRs 593 per cubic metre for the terai and low hills and NRs 1,004 per
cubic metre in the remote hills.

Chemical fertilizers are not in widespread use in Nepal. There i3 no doubt
that, with correct use, chemical fertilizers can significantly increase crop
yiclds and greatly reduce the need for compost. However, unlike compost,
fertilizers allow little margin for error. Errors in application timing, amount,
Or poor water management can climinate or reverse anticipated produc-
tion response. In addition, the introduction of 2 cash import to a mainly
subsistence farming system may introduce risks which a farmer is unwill-
ing to take. It would also introduce an element of forcign input dependence
that the nation may be unwilling to accept. Once fertilizer use has started,
compost management is largely eliminated and difficult to reestablish in
the event of fertilizer supply constraints.
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The introduction of a chemical fertilizer-based farming system would
require that the agricultural administration be changed to establish a suf-
ficient infrastructure to accommodate the more advanced system. For these
reasons it is unlikely that the basic assumption ir the resource cost calcula-
tion with regard to fertilizer imports will be fulfilled. The resource costs
derived from maize imports are therefore used for comparative purposes.

Petroleum products

All petroleum products consumed in Nepal are imported by the Nepal
Oil Corporation and distributed by its licensed dealers. The current import
arrangements are such that Nepal purchases crude oil and products and
delivers them to an Indian port. In exchange, India provides an equivalent
amount of refined products from refineries located close to the Nepalese
border. The retail prices of petroleum products are reflective of interna-
tional prices, and direct subsidies through the general pricing system are
not in evidence. In fact, taxes and duties on petroleum products, in par-
ticular motor spirit, provide a substantial source of government revenue,
Motor spirit is subject to taxes and duties equivalent to 112 percent of pretax
costs; diesel oil is taxed at 30 percent. Kerosene is subject to only a 12 per-
cent tax, in part in order to “subsidize’’ the energy costs of low-income,
predominately urban, families.

Coal

Coal imports to Nepal have two sets of prices. Imports under the quota
system are charged at concessionary prices (NRs 360/ton), while imports
outside of the quota system are at much higher international prices (up
to NRs 2,000/ton). There are no customs duties or import taxes on coal
imports.

Electricity

Market prices

The Nepal Electricity Corporation (NEC) operates the bulk of the nation’s
generating and distribution facilities. Virtually all of the consumption of
electricity is in the urban centres which restricts access to less than 7 per-
cent of the total population. The country’s topography precludes a wide-
spread distribution network beyond that which could ve developed in the
terai. This means that approximately half of the people of Nepal can expect
no ready access to electricity.

The NEC tariff history is a reflection of the type of expansion on the
system. Most of the new plants were hydraulic, which reduced annual
operating expenditures, while the bulk of the expansion capital was made
available on a grant basis. The resulting tariffs have always been
significantly below the marginal costs of power production. In 1971, the
NEC reduced its electricity tariffs by an average of 43 percent to provide
a reasonable cost alternative to kerosene which was in short supply. This
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reduction was never rescinded with the result that electricity prices rep-
resent approximately a 50 percent subsidy to urban energy consumers. In
addition, the high level of system losscs further erodes the corporation’s
financial base.

A tariff increase of 58 percent in April 1983 and a proposed further
increase of 65 percent will bring revenues in line with a covenant included
in recent financing arrangements whicl: require a 6 percent rate of return
on NEC’s operations. These tariffs are still well below the long-run mar-
ginal costs of providing electricity in Mepal.

Economic costs
Major generation. The marginal costs of providing electrical power by
season and time of day have been determined for the Nepal Power System.
The overall philosophy of the marginal cost appreach is that the consumer
should be charged at a rate which reflects the true economic costs of sup-
plying power to that consumer. With this information the consumer can
decide whether consumption at a particular time is worth the charge he
is facing. The result should be the mosc efficient allocation of resources.
The costs determined in the tariff study include an allowance for the
location of the load (urban or rural), the size of the load (11 kilovolts (kV),
33 kV per 400/230 V), the scason (dry or wet), and the time of day (peak
or off-peak). The average marginal costs associated with grid supply arc
considerably higher than current tariffs.

Micro-ydro generation. The basic capacity cost for a mini-hydro station
has been taken at US$2,500 to US$3,500 per installed kilowatt. The lower
figure has been assumed for the terai and lower hill instatlation, the highe:
for remote hill sites. A load factor of 20 percent and an economic life of
26 years have also been assumed. At an average cost of 12 percent capital,
the unit costs of electricity are NRs 2.6/kWh for the terai and NRs 3.6/kWh
for the remote hill areas, respecti-ely.

Ability to pay for energy
There are large components of implicit and explicit subsidy included in
the pricing structures for fuelwood and clectricity. From the viewpoint
of economic efficiency, it would be desirable to increase prices to the level
of the long-run marginal costs to enable consumers to determine the valuc
they place on additional consumption with respect to the cost (to the nation)
of providing the additional energy. In the final price structure, however,
other considerations must be included in the analysis, one of which is the
ability to pay for energy. If energy is to be considered as a basic amenity
to be provided to a majority of the population, it is necessary that it be
priced so that people can afford to buy it.

Most of this analysis is directed at the urban energy sector which is based
to a great degree on a market system with viable energy alternatives. The
rural sector has few, if any, alternatives to the consumption of wood and
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includes in its prices a measure of the cffort required to obtain the
houschold’s energy requircments. If it were law or common practice that
two trees be planted for every tree harvested, the rural pricing structure
would more accurately reflect the cconomic costs of fuelwood consump-
tion as it would then include a component of resource cost,

Urban houschold expenditures for fuel, light, and water amount to
5.6 percent of tota! houschold expenditures. This average ranges from
10 percent for the lowest expenditure level to 4 percent for the highest
level. Expenditures for clectricity show a somewhat difterent pattern in
that the lowest and the highest expenditure levels spend the smallest
proportion,

As a percentage of tota! energy expenditures, expenditure on clectricity
is estiniated to vary between 20 to 55 percent. Electricity expenditures are
highest as a percentage of total energy expenditures for the households
in the highest expenditure groups, which suggests a greater substitution
of electricity for alternative energies among higher income groups. An
analysis of electricity consumption reveals that 45 pereent of domestic
consumers usc less than 25 kWh per month (30 percent use less than 15
KWh per month) and only 16 percent exceed 100 kWh per month., For a
large percentage of houscholds, the low level of consumption indicates
that the primary use of clectricity is for lighting.

As a result of these consumption and expenditure patterns, it can be
scen that any general increases in the prices of fuclwood and clectricity
to climinate the subsidy aspects would amount to an income transfer from
the poor to the ricl. In addition one would expect a large proportion of
low-income corsumers (o be excluded from further use of clectricity and
severely restricted in fuehvood use,

Fuelwood price increases must be accompaniced by widespread conser-
vation programmes to decrease or at worst maintain the carrent level of
cxpenditure. Electricity tariff increases should be implemented so as to
retain the “lifeline” tariff for low-income lighting and to adjust tariffs
for the high levels of consumption to the long-run marginal cost. There
iIs a cross-subsidy between high consumption consumers and low con-
sumers. The top 15 percent of consumers account for 50 percent of total
expenditures, while the bottom 25 pereent account for only 5 percent, Ignor-
ing the impact of changes in price on consumption, a 50 percent subsidy
to the bottom 25 percent of houscholds could be recovered by a 5 percent
increase tc the top 15 percent of households.

Interfuel price comparison

Comparisons of fuel price depend not only on the absolute price of the
fuel but also on availability, the end-use cfficiency, and the location of
uses. In this analysis we have considered the two most common energy
uses — cooking and lighting — and three locations — the teraj (including
the low hills), the remote hills, and Kathmandu,
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Cooking _

Ninety-five percent of all energy use in Nepal is domestic, and cooking
represents virtually the total demand. Lighting and direct heating demands
are negligible. Ninety-six percent of the domestic usc is supplied by
fuelwood.

Several substitutes for fuclwood cooking are feasible, namely, electricity,
LPG, kerosene, and biogas. All have technical problems which affect their
application in the remote hills. In particular, kerosene and LPG are sub-
ject 1o high transportation charges; electricity is subject to the same charges
during construction for micro-hydro, or to high transmission costs if cen-
tralized generators are used; and biogas plants have a decreasing produc-
tion capability at higher altitudes (and lower temperatures). The economic
resource costs of the substitutes for fuelwood cooking are shown in Appen-
dix I1. Table 1. The costs are based on the preceding analysis. Kerosene
and liquefied petrolcum gases have been valued at NRs 4.4 per litre and
NRs 8.8 per kilogram, respectively. These are the estimated border prices
and are used as the terai prices. The Kathmandu economic costs include
a transport charge of NRs 270 per ton. The values for the remote hills
are based on the above terai and lower hills price, plus a transport dif-
ferential equal to six days porterage or NRs 3,335 per ton. This is con-
verted to NRs 2.60 per litre for kerosene and NRs 3.4 per kg for LPG.

Based on the economic resource cost of fueiwood through reforesta-
tion, the only long-term competitive substitutes are biogas and improved
stoves. The short-run substitutes are these two, plus LPG. Electricity costs
would have to be reduced by 60 to 70 percent before this energy form could
be considered competitive. Kerosene is competitive only in Kathmandu.

The basic conclusion is that the long-term “sohition” to the forestry
crisis in Nepal is reforestation as it represents the only feasible method
of assuring long-term supply. The short-term crisis cannot be solved merely
by introducing substitutes. While this approach may be warranted in
isolated cases, the widespread usc of substitutes is generally not technically
or politically feasible. Biogas plants, for example, are economically attrac-
tive, yet their use is technically restricted to less than half of the popula-
tion because of altitude and only to those households with sufficient cattle
(four to six per unit) to operate the system. An additional consideration,
however, is that the smoke from the existing sioves plays an important role
in the control of insect infestation, both in the roof and in the crops
suspended from the roof for drying. Widespread biogas use, particularly
in the terai, would require alternative control measures.

The use of LPG as a substitute is economically feasible based on this
analysis; however, increased dependence upon a foreign source of fuel does
little to promote the government policy of self-sufficiency in energy? and
would further aggravate the current trade deficit. Asin the case of biogas,
the introduction of LPG stoves would aiso involve alternative insect con-
trol measures.



218 CRITERIA FOR ENERGY PRICING POLICY

Fuelwood conservation in the form of improved stoves and fuelwood
drying offers almost immediate relief to the fuclwood crisis. In laboratory
research the improved stoves have displayed an overall efficiency of 30 per-
cent compared with 15 percent in a traditional stove, This is a savings of
50 percent. If in practical application this savings is of the order of 30
percent, it could mean a reduction of 1.1 cubic metres of fuelwood per
houschold per year. This is valued at NRs 490 using the cconomic resource
cost from reforestation. The capital cost of the improved stove is approx-
imately NRs 70 plus transportation. Whatever the stove design, the proper
drying of fuelwood to a moisture conten’ of 20 to 25 percent will reduce
the quantity of wood needed to a given heating requirement by some 15
pereent. Reducing the moisture content is desirable for two reasons: to
reduce handling and transport costs, and to increase its fuel value. For
this report the calorific value of fuelwood is 4,000 kcal/kg, which cor-
responds to a moisture content of 15 pereent on a dry-wood basis. Green
wood with, say, a 100 percent moisture content has a calorific value of
2,000 keal/kg. The difference represents the energy required to vapourize
the water and also retlects a change in weight. The costs associated with
this conservation technique involve a proper storage facility for approx-
imately a 6-month supply of fuel und the value of that supply.

Lighting
The other major domestic use of energy under consideration is lighting,.
There are two sources of lighting cnergy: clectricity and kerosene, Nei-
ther is readily available in other than mgjor urban centres. In other areas
minimal lighting levels are provided by candles, reflected light from cooking
fires, and, on occasion, rudimentary kerosene lamps. Annex Table 2 outlines
the energy requirements and the costs associated with lighting.

For lighting, clectricity, even at the long-run marginal cost of produc-
tion is the least-cost fuel, while kerosene is the most expensive energy form.

CONCLUSIONS

The following observations are relevant to the analysis of energy pricing
in Nepal:

I. More than 90 percent of the energy consumed in Nepal is not traded
through an established market system but rather is collected by the user
for immediate consumption. It is unlikely that any government action to
imposc taxcs or a pricing mechanism on this cnergy would meet with any
success. First, the costs of controlling such a system would exceed any
potential revenue, and second, the subsistence nature of the rural cconomy
precludes any significant level of monetized transactions. A programme
to install improved stoves, free of charge, and to train villagers in basic
forest management would have far better returns. A requirement to plant
two trees for cach one cut would help to instill the concept of the resource
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cost of fuelwood consumption,

2. Urban energy consumption does depend on a market system for the
distribution of cnergy products. These products, however, are generally
traded at subsidized prices, petroleum being the single exception. Fuelwood
prices include only the costs of extraction and transportation and exclude
resource costs. Coal is purchased at concessionary prices and is often in
short supply because of this. Electricity tariffs are well below both those
required for a reasonable rate of return on assets and those based on long-
run marginal costs.

3. Although fuelwood price increases to incorporate the resource cost
of fuclwood would promote economic efficiency, it is also likely that they
would imposc undue hardship on low-income consumers who {inancially
have little choice among energy sources. An improved stove programme
in concert with any price increase would be required to maintain stability
in this sector.

4. Electricity tarifts which currently benefit the more affluent consumers
must be adjusted to reflect the long-run marginal cost of providing power.
Electricity is the most economically efficient fuel for lighting but not for
cooking; therefore, consumers who are willing (or only able) to purchase
thie minimum electricity requirements to satisfy lighting needs should
receive this electricity at subsidized rates. This would also promote elec-
tric over kerosene lighting. Large houschold users of clectricity who are
cooking with clectricity should be charged the full maiginal cost for this
consumption. In doing this, however, a mechanism must be developed to
stop the substitution of fuelwood (it still sold at subsidized prices) for
clectricity in cooking,.

5. Biogas plants must be promoted through pricing (by, for example,
climinating taxes and duty on imported components), particularly in less
affluent urban areas in order to present a viable alternative to clectricity
(in terms of price) and fuelwood (in terms of efficiency) for cooking,



Appendix lll. Table 1 Resource cost of fuelwood cooking using various substitutes?

Substitute energy form

Fuelwood Improved Bloga_vd
supply Isolated Grid Kerosene LPG Stove© Family Community
Calorific value (kcal) 4000/kg 860/kWh 860/kWh 8660/1 11760/kg 40C)/ kg S€50:/m3 5650/m3
End-use efficiency (%) 15 80 80 30 70 21 60 60
Equivalence to one cubic metre 700 610 610 162 1 51 kg 500 kg 124 m3 124 m3
of fuelwood
Capacity cost: Terai - 35500/kW — — — — 10418 38587
Hills - 49700/kW —_ - — — — —
Economic life (years) — 25 — — — — 15 15
Annual cost @ 12%: Terai — 4525/kW — — —_ — 1565 5790
Hills — 6335/kW — — — —_ —_— —
Load factor (%) — 20 — — —_ —_ — —
Annual production - 1750/kWh — — —_ — 869m°> 3619m3
Uni: cost: Terai — 2.6/kWh  2.6/kWh 4.4/1 8.7/kg - 1.8m3 1.6m3
Hills — 3.6/kWh —_ 7.0/1 12.1/kg — - -
Kathmandu — — 2.4/kWh 4.6/1 9.0/kg — —_ —
Economic cost of one cubic metre
of fuelwood equivalence
Terai 488 1578 1586 713 445 346 223 198
Hills 885 2209 — 1134 620 628 — —
Kathmandu 740 — 1464 745 460 525 — —_

Source: Ministry of Water Resources (1983).

4 All costs in Nepalese rupees.
420,000 kcal per cubic metre in ccoking.
¢ Assumes a 30 percent saving.

Additional capital expenditures are required in years 8 and 12.

0ce
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Appendix Ill. Table 2 Energy requirements and costs associated with

lighting
Energy Required Economic cost (NRs/hr)
Jorm energy? Terai Hills Kathmaridu
(kcal)

Electricity 86 26 —_ 24
Kerosene 1,083 .55 .88 57
LPG $49 41 .57 42
Biogas 1,100 33 —_ —

3 100W equivalence (167 candela), based on kerosene pressure lamps at 125 ml per heur for 167
candela, LPG pressure lamps at 14 oz per hour for 167 candela, and biogas mantle at 0.08 m3 per
hour for 66.8 candela.

Source: Ministry of Water Resources (1984).
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NOTES

ISee United Nations (1979).

The term ““terai’” refers to the rur: . atlands and low hills lying between the urban area
and the remote, higher hills,

The analysis does not include an explicit cost for new appliances. Burners for biogas and
kerosene, for example, can be purchased for 75 to 100 Nepalese rupees cach.
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