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ABSTRACT
 

ENERGY PRICE REFORM IN DEVELOPING COUNTRIES:
 
ISSUES AND OPTIONS
 

Lawrence J. Hill
 

This report discusses options for resolving energy pricing problems

in developing countries. Based on (1) 
a review of the organizational
 
arrangements and commercial energy pricing problems in 37 countries as
sisted by the U.S. Agency for International Development, (2) economic
 
efficiency criteria, and (3) economic and sociopolitical realities in
 
developing economies, a general program of commercial energy price re
form was outlined.
 

Concisely, energy price reform in developing economies is more
 
likely to occur if it takes shape as a balanced, politically realistic
 
set of simultaneous and related actions. 
 The key feature of a reform
 
program is that, because of political considerations, downstream adjust
ment problems, and income distribution concerns, changes in energy

prices to cost-based levels should be a gradual process. Additionally,

the adverse effects of changing to cost-based commercial energy prices
 
can be mitigated by implementing measures to (1) reduce the cost of sup
plying energy, (2) a,icrease the efficiency of energy use, and (3) change
 
organizational arrangements in the commercial energy sector.
 

v 



EXECUTIVE SUMMARY
 

ENERGY PRICE REFORH IN DEVELOPING COUNTRIES:
 
ISSUES AND OPTIONS
 

Lawrence J. Hill
 

One of the most significant energy problems in developing countries
 

is that energy prices very seldom reflect the true cost of providing en

ergy. In most cases, commercial energy prices in developing economies
 

are not determined by market forces but are set by governments and ad

ministered through parastatal energy enterprises. These enterprises are
 

typically expected both to subsidize an array of energy services and to
 

maintain financial viability. In addition, the sale of energy--particu

larly petroleum products--is an important source of tax revenue in many
 

developing countries.
 

Most development assistance agencies, including the U.S. Agency for
 

International Development (AID), the International Monetary Fund, and
 

the World Bank, have identified energy price reform as a high priority
 

goal 'or assisted coLntries. Increasingly, progress with energy price
 

reform is being considered as a condition for lending. Developing coun

tries, on the other hand, tend to view energy pricing as an important
 

policy tool for a variety of national objectives and, perhaps more im

portant, tend to believe that energy price reform causes political in

stability. In other words, price increases can lead to protests, civil
 

disorders, and even changes in government. As a result, any policy dia

logue on energy price reform an unusually delicate process, in which
 

progress with the dialogue depends as much on pragmatic issues of how to
 

implement price reform as on where price reform should be headed.
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This report presents a range of options for commercial energy price
 

reform in developing countries, with policy dialogue in mind. Looking
 

toward the implementation challenge, the optionis are cast in a broader
 

framework of energy planning and economic reform. 
Three characteristics
 

of the energy sector in developing countries suggest this approach:
 

(1) constraints are placed on energy-supplying parastatals; (2) the dif

ferences between current energy prices and current costs are large in
 

many instances; and (3) energy is 
an important component of development
 

planning. Specifically, it is argued that energy price reform per se
 

should be considered as only one of three related and simultaneous re

forms in the energy sector of developing economies. The reforms in

clude:
 

1. Price reform.
 

2. Demand- and supply-side management.
 

3. Organizational reform.
 

Each component is discussed in turn.
 

First, with regard to commercial energy price reform, it is usually
 

ill-advised to change prices to cost-based levels instantaneously. Both
 

the political Lnfeasibility of such a move and the potentially severe
 

downstream economic adjustments induced by the change suggest that price
 

reform should ordinarily be a gradual process. Therefore, the following
 

components of energy price reform are proposed:
 

1. Determination of an optimal set of target prices.
 

2. Determination of a time frame for adjustment.
 

3. Determination if an index for adjusting prices over time.
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4. Periodic evaluation and adjustment of target prices as
 
conditions change.
 

The recommended approach for calculating an optimal set of target
 

prices incorporates the constraints placed on energy institutions in de

veloping economies. One of the primary constraints is the requirement
 

that parastatals maintain financial solvency. The maintenance of sol

vency becomes increasingly urgent in a world characterized by decreasing
 

availability of credit for replacement or expansion of the energy supply
 

system. Another important constraint in many developing countries is
 

the requirement that, 
as a matter of policy, some energy products be
 

subsidized for income distribution, energy substitution, or 
energy pro

motional purposes.
 

An approach that lends itself well to determining target prices un

der these constraints is break-even pricing. Under this approach, tar

get prices are calculated on the basis of generating a prespecified
 

amount of net revenues to cover the fixed costs of the firm and any ad

ditional amount necessary for improvement, replacement, or expansion of
 

plant and equipment on the system. If, as a matter of policy, an energy
 

service is to be taxed or subsidized, the break-even approach can con

sistently incorporate those taxes or subsidies in the determination of
 

target prices.
 

After a target set of prices is computed, the time period over
 

which current prices will be adjusted to target levels must be de

termined. Important considerations under this component of price reform
 

include the difference between current and target prices and potential
 

downstream adjustment problems induced by adjusting energy prices. The
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rate of inflation in the general economy is a good candidate to serve as
 

the reference point for setting the index to adjust prices from current
 

to target levels. Depending on the period of time over which prices are
 

to be adjusted, a predetermined percentage in excess of the inflation
 

rate can serve as the index.
 

The computation of target prices necessarily involves determining
 

the marginal cost of providing energy by class of service. Normally,
 

the applicable cost is the financial cost experienced by the utility,
 

but in many developing countries this is not the least possible cost of
 

providing energy. In a broader ene-gy planning context, a price reform
 

could be undertaken in conjunction with additional measures to reduce
 

the cost of providing energy and, therefore, its target price. Improved
 

maintenance procedures and more efficient load dispatch, for example,
 

can lower the target, cost-based prices in the electricity sector. Sim

ilarly, the impact of adjusting to cost-based energy prices could be
 

mitigated through demand-side conservation measures. If the efficiency
 

of the consumer's use of energy--especially in the transportation, com

mercial, and industrial sectors--could be improved, then the adverse im

pact of phasing in cost-based energy prices could be mitigated.
 

The final component of the energy planning process associated with
 

pricing reform is organizational reform in the energy sector. In many
 

developing economies, centralized control of the energy sector is a ser

ious obstacle to attaining pricing efficiency. It may be beneficial in
 

many cases to decentralize and/or privatize portions of the energy sec

tor. Three possibilities for organizational changes are examples of
 

such reforms.
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First, in the electricity sector, many parastatals serve both
 

densely populated urban grids and remote rural areas. The rural areas
 

are typically characterized by higher-cost supply sources such as small

scale diesel 
 units. In many instances, the price of electricity in ru

ral areas 
 does not reflect its higher supply cost because of government
 

policy promoting electricity use in rural areas. This practice places a
 

severe strain on the financial resources of the parastatal. As part of
 

the energy price reform effort, it may be beneficial in some cases to
 

consider removing 
 the financial and managerial responsibility for rural
 

grids from the electric power parastatals, thereby relieving an im

portant financial strain on the parastatals and opening up opportunities
 

for decentralized and/or private sector initiatives to provide power in
 

rural areas.
 

Second, and related to the first, 
 the efficiency of the electric
 

power sector in many countries can be improved by eliminating the mono

poly held by state-owned utilities in producing electricity. Presently,
 

a parastatal typically has the sole legal authority to produce, trans

mit, and distribute electricity for central grids in developing coun

tries. It would be economically beneficial in many instances to allow
 

private sector participation in the power production phase, using pre

negotiated buy-back arrangements as the ba..is for that participation.
 

Third, in the petroleum sector of many developing economies, it may
 

be beneficial to move toward deregulation of the retail prices of petro

leum products. Typically, wholesale sales of petroleum products are
 

controlled by parastatals. However, the distribution 
and marketing
 

functions are accomplished by multinational oil companies with varying
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degrees of participation by host governments. In many cases, it may be
 

possible to enhance pricing efficiency by allowing market forces (in
 

place of government-imposed retail prices) to determine retail product
 

prices.
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1. INTRODUCTION
 

The purpose of this report is to discuss an array of options for
 

commercial energy 
price reform in developing countries. Current energy
 

pricing problems in developing economies are generally the manifestation
 

of the precipitous increase in international petroleum prices 
 in the
 

1970s. 
 Both the importance of low energy prices for development and the
 

socio-political problems associated with allowing domestic energy prices
 

to rise rapidly to international levels led many national governments in
 

developing economies 
to shield their domestic economies from the effects
 

of price increases.
 

Emphasis on 
 domestic policy concerns at the expense of strict eco

nomic criteria in setting 
 energy prices has led to serious problems in
 

many developing economies. Two are especially prominent. 
First, be

cause of the reluctance of national governments to allow domestic energy
 

price levels to rise to international levels, many state-owned energy
 

institutions are 
 in financial trouble. 
Second, reluctance to set cost

based prices together with the use of energy prices 
to promote social
 

goals has often led to a 
system of relative prices which does not re

flect the relative costs of providing energy. This has resulted in im

proper investment signals and 
a concomitant misallocation of resources
 

in many developing economies.
 

The remainder of this report addresses options for correcting ener

gy pricing 
 problems in developing economies. 
The next chapter provides
 

a background for the discussion by addressing the nature and extent of
 

energy pricing problems in 
 developing countries. Organizational ar



rangements in the commercial energy sector and current pricing problems
 

in 37 AID-supported countries are summarized.
 

Chapter 3 suggests a general program to implement commercial energy
 

price reform. It is argued that energy price reform per se should be
 

considered as one of three related and simultaneous reforms in the ener

gy sector of developing economies. The other two are demand- and sup

ply-side management and organizational reform. It is further argued
 

that it is usually ill-advised to change energy prices to cost-based
 

levels instantaneously because of political considerations and poten

tially severe downstream economic adjustment problems. Energy price re

form should be a gradual process in most cases. A program to adjust
 

current prices to cost-based levels should include (1) determination of
 

a set of target prices; (2) determination of the length of time over
 

which current prices will be adjusted to target levels; (3) determina

tion of an index for adjusting prices over time; and (4) periodic evalu

ation and adjustment of target prices as conditions change. Some con

cluding comments are presented in Chapter 4.
 

Determination of target prices is the subject matter of Appendices
 

A and B. In Appendix A, it is shown that an approach that lends itself
 

well to determining target energy prices under the constraints placed on
 

energy-supplying parastatals is break-even analysis or Ramsey pricing.
 

Under this approach, prices are calculated on the basis of generating a
 

prespecified amount of net revenue to cover the fixed costs of the firm
 

and any additional amount necessary for replacement or expansion of the
 

energy supply system. If, as a matter of policy, an energy service is
 

to be taxed or subsidized, the break-even approach can consistently in
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corporate the taxes 
or subsidies in the determination of prices. Three
 

pieces of information are required for calculating Ramsey prices: (1)
 

the marginal cost of serving various customer classes; (2) the nature of
 

demand 1y customer class; and (3) 
the net revenue requirements of the
 

parastatal.
 

In Appendix B, technical issues associated with Ramsey pricing are
 

discussed. 
 The chapter includes examples of calculating Ramsey prices
 

and a aiscussion of both the downstream effects 
of changing energy
 

prices and the concept of cost used in calculating target prices.
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2. AN OVERVIEW OF PRICING ISSUES IN DEVELOPING COUNTRIES
 

2.1. INTRODUCTION
 

The purpose of this chapter is to provide an overview of commercial
 

energy pricing in countries assisted by the U. S. Agency for Interna

tional Development (AID). The issues discussed in this chapter will
 

serve as 
 the foundation for both energy pricing recommendations and a
 

price reform implementation approach which will be discussed at length
 

in subsequent chapters.
 

Unfortunately, there is no comprehensive source of information on
 

commercial energy pricing in the approxiniately 70 AID-supported coun

tries. However, comprehensive studies of the energy sectors of more
 

than 40 developing countries have been undertaken by the World Bank in
 

concert with the United Nations Development Program (UNDP).1 Of that
 

number, 37 are countries assisted by AID. Those 37 studies are the
 

basis of this overview. However, they will be supplemented by other
 

studies of energy subsectors in developing economies where appropriate.
 

Because the World Bank studies were conducted over a period of six
 

years, some of the information contained in them may be outdated. End

use energy consumption data, for example, date from as far back as 1979.
 

More importantly, approaches to energy pricing and organizational ar

rangements in the energy sector may have changed as a result of either
 

the UNDP/World Bank recommendations or other external influences. For
 

example, recent declines in the world price of petroleum may have
 

ameliorated some of the pricing problems in uhe 37 countries since the
 

'The UNDP/World Bank studies were initiated in 1980 and are ongoing
 
at the present time.
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UNDP/World Bank studies were completed. This overview does not specu

late on changes that may have occurred in the energy sector of the 37
 

countries since completion of the studies.
 

There are two problems in presenting an overview of this type.
 

First, each developing economy has a unique set of institutions in the
 

energy sector. It would be instructive to analyze each country in de

tail and draw conclusions for the specific set of circumstances in each
 

economy. The goal here, however, is less ambitious; it is to summarize
 

general pricing problems in the energy sector of developing economies,
 

based on rather general secondary sources. Second, not all the
 

UNDP/World Bank studies contain the same emphases. Certain topics are
 

discussed in detail in some studies but not in others. It is not possi

ble, therefore, to provide a comparative assessment of all pricing is

sues across all countries.
 

The remainder of the chapter is divided into three sections. The
 

next section provides a statistical comparison of end-use energy con

sumption for the 37 countries included in the overview. The remaining
 

two sections address organizationai arrangements in the energy sector
 

and energy pricing problems, respectively. Because petroleum and elec

tricity consumption dominate commercial energy consumption in most de

veloping economies, the emphasis in the last two sections will be placed
 

on those two energy subsectors.
 

2.2. STATISTICAL OVERVIEW: END-USE CONSUMPTION
 

Table 2.1 provides a summary of total end-use energy consumption
 

for 37 AID-assisted countries, divided between commercial and noncommer



Table 2.1
 
Total End-Use Energy Consumption


Amount and Percentage Composition of Noncommercial and Commercial
 
Select Developing Countries
 

(Amounts in Thousands of Tonnes of Oil Equivalent)
 

Noncommercial Commercial Total 
C o u n t r y ( Y e a r ) ............... ................ 

Amount % Amount % Amount % 

Bangladesh (1979/1980 NA 2,207.0 NA 

Bolivia (1981) 891.0 41.5 1,254.0 58.5 2,145.0 100.0 

Botswana (1982) 350.0 48.3 374.6 51.7 724.6 100.0 

Burma (1982/1983) 7,137.0 85.8 1,181.7 14.2 8,318.7 100.0 

Burundi (1980) NA 46.4 NA 

Cape Verde (1982) 49.0 61.3 30.9 38.7 79.9 100.0 

Costa Rica (1981) 569.2 39.7 863.9 60.3 1,433.1 100.0 

Ecuador (1984) 1,002.0 22.2 3,512.0 77.8 4,514.0 100.0 

Ethiopia (1982) 7,431.6 92.7 584.1 7.3 8,015.7 100.0 

Fiji (1982) 316.4 56.9 239.6 43.1 556.0 100.0 

Gambia (1982) 126.6 72.9 47.1 27.1 173.7 100.0 

Guinea-Bissau (1983) 161.6 91.1 15.7 8.9 177.3 100.0 

Haiti (1979) 936.7 80.8 223.0 19.2 1,159.7 100.0 

Indonesia (1979/1980) NA 22,049.4 NA 

Jamaica (1983) 117.5 7.1 1,534.3 92.9 1,651.8 100.0 

Kenya (1979) NA 1,419.0 NA 

Lesotho (1981) NA 133.0 NA 

Liberia (1983) 630.1 68.7 287.2 31.3 917.3 100.0 

Malawi (1980) 3,112.4 93.7 208.1 6.3 3,320.5 100.0 

Mauritania (1983) 152.6 52.9 135.9 47.1 288.5 100.0 
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Table 2.1 (Continued)
 

Noncommercial Commercial Total 
Coun try (Year) ............. 

Amount % Amount % Amount % 

Morocco (1981) 2,362.0 35.8 4,240.0 64.2 6,602.0 100.0 

Nepal (1980/1981) 2,806.0 94.3 169.2 5.7 2,975.2 100.0 

Niger (1981) 827.1 85.8 137.1 14.2 964.2 100.0 

Paraguay (1982) 1,090.0 71.9 426.0 23.1 1,516.0 100.0 

Peru (1981) 3,155.0 28.1 8,086.0 71.9 11,241.0 100.0 

Portugal (1982) 860.0 9.6 8,134.0 90.4 8,994.0 100.0 

Rwanda (1979) 946.0 93.9 61.6 6.1 1,007.6 100.0 

Senegal (1981) 1,081.0 64.4 597.9 35.6 1,678.9 100.0 

Sri Lanka (1980) 2,040.0 62.8 1,210.3 37.2 3,250.3 100.0 

Sudan (1981) 5,055.0 82.2 1,093.0 17.8 6,148.0 100.0 

Tanzania (1981) 8,300.0 92.0 725.0 8.0 9,025.0 100.0 

Thailand (1983) 6,440.9 37.4 10,797.3 62.6 17,238.2 100.0 

Togo (1982) 559.4 70.5 234.0 29.5 793.4 100.0 

Uganda (1980) 4,222.0 94.7 234.0 5.3 4,456.0 100.0 

Yemen (1982) 1,350.0 61.8 834.5 38.2 2,184.5 100.0 

Zambia (1980/1981) 2,032.0 45.2 2,460.0 54.8 4,492.0 100.0 

Zimbabwe (1980) 1,645.0 29.9 3,855.0 70.1 5,500.0 100.0 

SOURCE: UNDP/World Bank Energy Assessments 

NA-Not Available 
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cial energy types. The sources of information for Table 2.1 are the en

ergy balances provided in each of the UNDP/World Bank energy sector
 

studies. The dates in parentheses following the names of the countries
 

are the yeaLs for which the 
energy balances were computed. While the
 

information provided in Table 2.1 
is somewhat outdated, it was felt that
 

this source of information was generally more accurate and detailed than
 

more current data on energy consumption provided in published data
 

bases.
 

The classification of commercial and noncommercial end-use energy
 

consumption in Table 2.1 is somewhat arbitrary, relying not on technical
 

definitions of 
 commerce but on definitions used in current practice.2
 

Noncommercial energy includes wood-based fuels (firewood and charcoal),
 

animal wastes, and various other types of biomass-based fuels (bagasse,
 

for example), even 
if they are traded in formal markets. Commercial en

ergy includes natural gas, coal (including coke and lignite), electric

ity, and petroleum products.
 

Table 2.1 
 suggests that the emphasis of this report--pricing prac

tices in the commercial energy sector--addresses what is sometimes only
 

a minor port.on of total energy consunption. Commercial energy consump

tion accounted 
 for more than 50 percent of total end-use consumption in
 

only 11 of the 32 countries for which 21ta were available (Bolivia,
 

Botswana, Costa 
R;ca, Ecuador, Jamaica, Morocco, Peru, Portugal, Thai

land, Zambia, and Zimbabwe).3 
 The percentage of total consumption ac

2Annther classification 
 commonly used instead of noncommercial and
 
commercial is traditional and nontraditional energy.
 

3As noted at 
the bottom of the table, data for noncommercial enerpy

consumption were not available for five countries.
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counted for by commercial energy was less than 10 percent in seven of
 

the 32 countries (Ethiopia, Guinea-Bissau, Malawi, Nepal, Rwanda, Tan

zania, and Uganda). At the extreme, commercial energy accounted for only
 

5.3 percent of Uganda's total end-use energy consumption in 1980.
 

Although the emphasis of this report on commercial energy is rather
 

modest in terms of total end-use energy consumption, it is important for
 

two reasons. First, commercial energy accounts for a large share of
 

energy consumption for which governments actively participate in price

setting. In most cases, prices of commercial energy products in de

veloping economies are not market-determined, but are set (or at least
 

approved) by governments. On the other hand, prices of noncommercial
 

energy products are typically determined in markets. 4 Second, the use
 

of commercial energy is a major source of the foreign exchange problems
 

that many developing economies are experiencing. This is attributable
 

to reliance on imported, petroleum-)ased fuels. Although world petro

leum prices have recently declined, the foreign exchange problems re

sulting from the two oil price shocks of the 1970s have lingered.
 

Table 2.2 disaggregates the commercial energy component of Table
 

2.1 by energy source. The table shows that petroleum and electricity
 

dominate the commercial energy sector of the 37 countries. Petroleum
 

consumption accounted for less than 50 percent of end-use commercial
 

energy consumption in only four countries (Botswana, Lesotho, Zambia and
 

Zimbabwe). In those countries, the use of coal was significant. On the
 

4This does not imply that there are no policy problems associated
 
with the pricing of noncommercial energy. In many developing economies,
 
the use of fuelwood (firewood and charcoal), for example, has led to
 
serious deforestation problems.
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--------------- 

Table 2.2 
Total End-Use Commercial Energy Consumption


Amount and Percentage Composition by Fuel Type
 
Select Developing Countries
 

(Amounts in Thousands of Tonnes of Oil Equivalent)
 

Natural Gas
Country (Year) . . . . ._. 
Coal* Electricity Petroleum. . . . . . Total
 

e r l u 
 o a
 
Country-------------------------------Amount % Amount % --------------- ---------------- ---------Amount 
 % Amount 
 % Amount
 

Bangladesh (79/80) 
 668.0 30.3 
 177.0 
 8.0 115.0 5.2 
 1,247.0 
 56.5 2,207.0
 
Bolivia (1981) 
 54.0 4.3 
 0.0 0.0 
 124.0 
 9.9 1,076.0 85.8 
 1,254.0
 
Botswana (1982) 
 0.0 0.0 
 110.4 29.5 
 116.1 
 31.0 148.1 39.5 
 374.6
 
Burma (1982/1983) 157.6 
 13.3 21.3 1.8 
 88.5 
 7.5 914.2 
 77.4 1,181.6
 
Burundi (1980) 
 0.0 0.0 0.0 0.0 
 11.6 25.0 
 34.8 75.0 
 46.4
 
Cape Verde (1982) 0.0 
 0.0 0.0 0.0 
 0.9 2.9 
 30.0 97.1 
 30.9
 
Costa Rica (1981) 0.0 0.0 0.3 
 0.0 182.2 21.1 
 680.6 
 78.9 863.1
 
Ecuador (1984) 
 0.0 0.0 
 0.0 0.0 
 273.0 
 7.8 3,239.0 92.2 
 3,512.0
 
Ethiopia (1982) 
 0.0 0.0 
 0.0 0.0 
 63.5 10.9 
 520.6 
 89.1 584.1
 
Fiji (1982) 
 0.0 0.0 
 12.0 5.0 
 45.9 19.2 
 181.7 
 75.8 239.6
 
Gambia (1982) 
 0.0 0.0 0.0 0.0 
 2.9 6.2 
 44.2 93.8 
 47.1
 
Guinea-Bissau (83) 
 0.0 0.0 
 0.0 0.0 
 2.2 14.0 13.5 86.0 
 15.7
 



Table 2.2 (Continued)
 

Natural Gas Coal* Electricity Petroleum Total 
C o u n t r y ( Y e a r ) .... .............. 

Amount % Amount % Amount % Amount % Amount 

Haiti (1979) 0.0 0.0 0.0 0.0 15.5 7.0 207.5 93.0 223.0 

Indonesia (79/80) 3,189.6 14.5 88.0 0.4 1,330.4 6.0 17,441.3 79.1 22,049.4 

Jamaica (1983) 0.0 0.0 0.0 0.0 99.6 6.5 1,434.8 93.5 1,534.4 

Kenya (1979) 0.0 0.0 40.0 2.8 117.0 8.2 1,262.0 88.9 1,419.0 

Lesotho (1981) 0.0 0.0 49.1 36.9 21.6 16.2 62.3 46.8 133.0 

Liberia (1983) 0.0 0.0 0.0 0.0 78.8 27.4 208.4 72.6 287.2 

Malawi (1980) 0.0 0.0 31.2 15.0 29.5 14.2 147.4 70.8 208.1 

Mauritania (1983) 0.0 0.0 0.0 0.0 11.4 8.4 124.5 91.6 135.9 

Morocco (1981) 40.0 0.9 52.0 1.2 1,171.0 27.6 2,977.0 70.2 4,240.0 

Nepal (1980/1981) 0.0 0.0 48.0 28.4 13.5 8.0 107.7 63.7 169.2 

Niger (1981) 0.0 0.0 0.0 0.0 21.6 15.8 115.5 84.2 137.1 

Paraguay (1982) 0.0 0.0 0.0 0.0 70.0 16.4 356.0 83.6 426.0 

Peru (1981) 0.0 0.0 0.0 0.0 2,274.0 28.1 5,812.0 71.9 8,086.0 

Portugal (1982) 57.0 0.7 0.0 0.0 1,323.0 16.3 6,754.0 83.0 8,134.0 



------------------------- --- --------------- --------------- ---------------- 

Table 2.2 (Continued)
 

Natural Gas 
 Coal* Electricity Petroleum TotalCo u n try (Y e a r ). . . . . . . .P 

e r l uT o a 

Amount ---------Amount 
 Amount % 
 Amount 
 Amount
 

Rwanda (1979) 
 0.0 0.0 
 0.0 0.0 
 16.3 26.7 44.7 73.3 
 61.0
 
Senegal (1981) 
 0.0 0.0 
 0.0 
 0.0 47.4 7.9 
 550.5 92.1 
 597.9
 
Sri Lanka (1980) 0.0 
 0.0 0.0 0.0 
 120.1 9.9 1,090.2 90.1 1,210.3
 
Sudan (1981) 
 0.0 0.0 
 0.0 0.0 
 60.0 5.5 1,033.0 94.5 1,093.0
 
Tanzania (1981) 
 0.0 0.0 
 2.0 0.3 
 59.0 
 8.1 664.0 91.6 
 725.0
 
Thailand (1983) 
 32.7 0.3 
 173.9 1.6 1,427.3 13.2 
 9,157.5 84.9 
 10,791.4
 
Togo (1982) 
 0.0 0.0 0.0 
 0.0 28.6 12.2 
 205.5 
 87.8 234.1
 

0.0 0.0
Uganda (1980) 0.0 
 0.0 21.0 
 9.0 213.0 
 91.0 234.0
 
Yemen (1982) 
 0.0 0.0 
 0.0 0.0 44.0 5.3 790.5 
 94.7 834.5
 
Zambia (1980/1981) 0.0 
 0.0 426.0 17.3 1,390.0 56.5 
 644.0 26.2 2,460.0
 
Zimbabwe (1980) 
 0.0 0.0 1,466.0 38.0 
 1,687.0 
 43.8 702.0 18.2 3,855.0
 

SOURCE: UNDP/World Bank Energy Assessments
 

*Includes coke and lignite.
 



other hand, petroleum consumption accounted for more than 80 percent of
 

total commercial consumption in 21 of the 37 countries listed in the
 

table. Together, petroleum and electricity accounted for more than 90
 

percent of total end-use commercial energy consumption in 28 of the 37
 

countries.
 

The remainder of this report will concentrate on petroleum and
 

electricity pricing. There 
are two reasons for this emphasis. First,
 

natural gas and coal are generally minor end-use consumption fuels in
 

developing economies. 
 Table 2.2 shows that natural gas was consumed at
 

end-use in only seven countries (Bangladesh, Bolivia, Burma, Indonesia,
 

Morocco, Portugal, and Thailand). It accounted for more than 10 percent
 

of total commercial consumption in only three of the seven--Bangladesh,
 

Burma, and Indonesia. Fifteen of the 37 countries used coal; however,
 

it was a major source of commercial energy only in Botswana (29.5 per

cent), Lesotho (36.9), Nepal (28.4), and Zimbabwe (38.0).
 

Second, natural gas and coal are not used as extensively at end-use
 

across individual sectors of the economy, compared with petroleum and
 

electricity. Natural gas is used 
primarily in the industrial sector.
 

Coal is used primarily for industrial purposes and, in some countries,
 

in the transport sector as fuel for locomotives. Often, it is used for
 

one specific industry. In Zimbabwe, for example, coal is used primarily
 

in the copper mines.
 

Emphasizing petroleum and electricity does not imply that there are
 

no pricing problems vith coal and natural gas. On the contrary, a sig

nificant problem exists in determining the relative prices of coal,
 

natural gas, and petroleum which are used for electricity production in
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economies where coal and natural gas 
 are used as inputs. Here, the
 

problem is not determining the end-use prices of energy, but rather the
 

intermediate or wholesale prices.
 

2.3. ORGANIZATIONAL ARRANGEMENTS IN THE COMMERCIAL ENERGY SECTOR
 

2.3.1. The Electric Power Sector
 

A general characteristic of the electric power sector in developing
 

economies is the presence of state-owned or parastatal electric util

ities. In smaller economies, one parastatal is typically responsible
 

for producing, transmitting, and distributing electricity in central,
 

densely populated urban areas. 
 In larger economies, several parastatals
 

serve densely populated urban areas. For example, the 1982 
 General
 

Electricity Law was enacted in Peru to decentralize the electric power
 

sector. 
 Under provisions of the legislation, eight regional utilities
 

will provide electricity. However, Electroperu, a state-owned enter

prise, has overall responsibility for management and development in the
 

power sector of the country [UNDP/World Bank (1984a)].
 

The area served by electric parastatals varies from country to
 

country. In some countries, the state-owned utility serves the central
 

grid only. In Yemen, for example, the Yemen General Electric Corpora

tion provides electricity for urban consumers, while rural consumers are
 
served by privately owned, decentralized generating systems [UNDP/World
 

Bank (1984m)]. More typical, however, is the case 
in which a parastatal
 

provides electricity 
to at least a portion of rural consumers in addi

tion to serving the central grid.
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A number of arrangements characterize electricity service in rural
 

areas not served by the state-owned utility. In some instances, private
 

autogenerators serve some of the remote 
 areas. The arrangements vary
 

across countries. In some countries, private firms 
serve remote areas
 

in concert with providing power for manufacturing or mining operations.
 

In other cases, non-profit private organizations are involved in pro

viding electricity. In Nepal, for example, the United Mission to Nepal,
 

a church-supported organization, has helped establish a private, small

scale hydroelectric power industry 
 in remote areas of the country
 

[Flavin (1986)]. 5 Some rural areas are served by electric cooperatives.
 

In Costa Rica, for example, cooperatives have been in existence since
 

the early 1960s. More recently, a Rural Electrification Board was es

tablished in Bangladesh to organize and finance rural electric coopera

tives in a manner similar to the Rural Electrification Administration in
 

the United States [Deverick et al. (1986)]. In some countries, sub

national governments have responsibility for rural electric service. In
 

Sudan, for example, it is anticipated that regional governments will
 

manage self-contained rural power systems [UNDP/World Bank (1983e)].
 

Generally, electricity prices for customers served by the para

statals are not market-determined, but are set by the government and ad

ministered through the parastatal enterprises. Although the degree of
 

5Along this same line, the feasibility of private power production
 
has attracted the interest of international assistance agencies. One
 
organizational arrangement 
 would allow local, private firms--possibly
 
with the financial and technical aid of foreign corporations--to con
struct power plants and sell electricity to parastatals in developing
 
countries. Much of the interest in this type of arrangement was gener
ated by the growth of private power projects in the United States as a
 
direct result. of provisions of the Public Utility Regulatory Policies
 
Act of 1978.
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autonomy of these enterprises 
varies from country to country, final
 

ratemaking or approval rests 
 outside the parastatal. That is, energy
 

tariffs proposed by the enterprise typically are subject to review and
 

approval by government agencies in a manner similar to public utility
 

regulation in the 11nited States. 
 In Paraguay, for example, the manage

ment of the electricity sector is under the sole jurisdiction of the Ad

ministracion Nacional de Electricidad, an independent 
 public utility
 

with complete financial independence. However, any proposed tariff
 

changes must be submitted for approval to the National Council on 
Econo

mic Coordination through the Ministry of Public Works and Communications
 

[UNDP/World Bank (1984k)].
 

Another general characteristic of the electricity sector in devel

oping economies is 
the requirement in principle that state-owned elec

tric utilities maintain financial solvency. They are generally required
 

to be financially self-sufficient. 
The financial requirement has been a
 

source of 
many of the problems of the parastatals. Many electric para

statals have 
 incurred large financial losses 
 over the past several
 

years, leaving the utilities with a lack of (1) working capital for rou

tine operating and maintenance activities and (2) internally generated
 

funds for debt service and power system improvement and expansion.
 

A number of factors have contributed to the strained financial con

dition of the parastatals. One of the most significant has been the re

luctance of national governments to allow electricity rates to be raised
 

to cost-based levels. 
 As discussed below, parastatals are required
 

either to subsidize some customer classes or 
to simply keep electricity
 

rates low for socio-political reasons. 
 Another contributing factor has
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historically been inadequate management of the electric supply system.
 

Management problems range from inefficient use of the supply system to
 

the inability to stop theft on the transmission and distribution
 

systems. Finally, many parastatals have difficulties in collecting
 

payment for providing electricity. In many cases, the biggest offenders
 

are government departments.
 

Financial considerations become even more important in an environ

ment in which capital requirements for electricity expansion are in

creasing and international sources of capital for replacement and/or ex

pansion of electricity supply systems are becoming increasingly scarce.
 

Heron (1985), for example, estimated that, given an annual electricity
 

demand growth rate of six percent, the required increase in generating
 

capacity in the developing world would be 285,000 megawatts over the
 

1986-1995 period, estimated to cost $522 billion (1985 U.S. dollars). 6
 

Assuming that one-third of the total investment will be derived from
 

foreign exchange, the amount of local cur:ency required to accommodate
 

the assumed growth in demand is $350 billion. The implications of this
 

estimate are clear. The local currency requirement must be raised
 

through internal funding from electric power sales, or electric power
 

systems in developing economies will have a shortage of capacity unless
 

general revenues of the government are used for power system capital
 

expansion.
 

6The investment figure does not include interest during construc
tion. The assumptions underlying this estimate include capacity costs
 
of $1830/kilowatt ($1280/kilowatt for generating plant and $550/kilowatt
 
for transmission and distribution facilities) and a generation mix of 51
 
percent thermal, 36 percent hydroelectric, 12 percent nuclear, and one
 
percent geothermal.
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2.3.2. The Petroleum Sector
 

Organizational arrangements in the petroleum sector of developing
 

economies generally depend upon the size of the petroleum market and the
 

resource base of the economy. In L.-intries that have refining capac

ity,7 a state-owned petroleum 
corporation typically has responsibility
 

for securing crude oil, refining it, and selling products to distri

butors. Refineries are 
 either wholly owned by the government or co

owned with private firms. In Senegal, for example, the lone refinery is
 

owned by the government (a In 
percent share) and seven private oil com

panies [UNDP/World Bank (1983d)]. In Sudan, the refinery is equally
 

owned by the government and a multinational oil company IUNDP/World Bank
 

(1983e)].
 

Refining operations, like electric power parastatals, are typically
 

required to be financially self-sufficient. In most cases, refineries
 

are allowed to earn a prespecified profit margin. In Paraguay, for ex

ample, the ex-tefinery price 
 level is set to allow a profit of seven
 

percent of costs. Automatic price adjustments are allowed when costs
 

exceed revenues by two percent--after the seven percent profit margin is
 

considered [UNDP/World Bank (1984k)]. Senegal, ex-refinery prices
In 


are set on a cost-plus basis. The refinery is allowed a 12 percent re

turn on capital employed [UNDP/World Bank (1983d)].
 

Distribution and marketing of refined petroleum products generally
 

involve both the state and subsidiaries of multinational oil companies.
 

A number of organizational arrangements exist. 
In some cases, multina

7Of the 37 countries included in this overview, 23 have refining

capacity. Petroleum refining is discussed further in the next section.
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tional firms are the primary marketers, with little participation by the
 

state. In Tanzania, for example, five companies market petroleum prod

ucts. Two of the companies are 50 percent-owned by the state petroleum
 

corporation [UNDP/World Bank (19841)]. In Rwanda, seven oil companies
 

import petroleum products. One of the companies is partially owned by
 

the state [UNDP/World Bank (1982f)].
 

In other cases, the state--through its parastatal petroleum cor

poration--exercises more control. In Sudan, for example, the market
 

shares of four petroleum marketing companies are determined by their al

locations of petroleum from the General Petroleum Corporation, a state

owned petroleum enterprise [UNDP/World Bank (1983e)]. In Niger, the
 

state-owned petroleum corporation has a monopoly on importing petroleum
 

products except for fuel oil. Five marketing companies are supplied by
 

the parastatal [UNDP/World Bank (1984f)].
 

The most conon characteristic of the petroleum subsector in devel

oping economies is the existence of government price control. In most
 

cases, the government sets the price level for all products, allowing
 

marketers to both cover costs and earn a prespecified profit. In a few
 

cases, the prices of only a select number of products are controlled.
 

The remainder are determined in the market. In Botswana, for example,
 

the prices of gasoline, diesel, and kerosene are set by the government.
 

All other products are priced independently by petroleum marketers
 

[UNDP/World Bank (1984j)]. Similarly, the prices for premium and regu

lar gasoline, kerosene, and auto diesel in Uganda are set by the govern

ment, but the prices of fuel oil, jet fuel, and lubricants are deter
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mined by the marketing companies in consultation with the government
 

[UNDP/World Bank (1983f)].
 

2.4. ENERGY PRICING PROBLEMS
 

Energy prices 
 can serve six major purposes or functions in an eco

nomy. First, energy prices 
can be set to ensure the financial solvency
 

of energy supply institutions. 
 Second, prices can be set to promote ef

ficient resource allocation. Third, prices can be set 
to redistribute
 

income. Fourth, energy prices 
can 
 be used as a source of revenue for
 

the government. Fifth, prices can be set 
to promote the consumption of
 

specific energy products by targeted consumer 
groups. Sixth, energy
 

prices can be set 
to promote other political or social goals--to simply
 

keep the cost of energy low, for example.
 

Strictly on 
 the basis of economic efficiency criteria, the first
 

two functions are the most important. The first refers to the level of
 

energy prices. 
 The price level is related to the toI earnings of the
 

firm. If there are problems with the 
 level of prices, then revenues
 

generated by energy parastatals from the sale of all energy services are
 

not sufficient to 
cover all costs of operation (including capital costs)
 

as well as internal financing for replacement and/or expansion of the
 

energy supply system. A problem with the price level means 
that a para

statal is experiencing financial difficulty.
 

The second function refers 
 to the structure of individual energy
 

prices. Problems with the structure of prices indicate that the
 

relative prices of energy 
products do not reflect their relative costs
 

of production. 
In this case, the price signals provided to energy users
 

are distorted. Therefore, investment decisions of energy users are not
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based on the relative costs of providing energy, resulting in a misallo

cation of resources.
 

Table 2.3 provides a summary of electricity and petroleum product
 

pricing problems identified by the UNDP/World Bank in studies of 37 AID

assisted countries. 8 The problems are broadly categorized as pertaining
 

to the two basic components of setting economically "correct" commercial
 

energy prices: the rate level and the rate structure.
 

Table 2.3 shows that 30 of the 37 countries were experiencing prob

lems with the level of electricity tariffs at the time of assessment.
 

For the petroleum sector, the level of prices was identified as a prob

lem in 20 of the 37 countries. The primary reason for the relative
 

severity of price level problems in the electricity sector in comparison
 

with the petroleum sector is that 14 of the countries lack refining ca

pacity. For many of these countries, imported refined petroleum prod

ucts are sold at cost plus a distributor's margin. Perhaps more no-

tably, the structure of electricity prices in 32 countries and of petro

leum products in 33 countries was a problem at the time of assessment.
 

Table 2.3 also shows that problems with both the level and struc

ture of electricity prices were identified in 26 of the 37 countries.
 

For the petroleum sector, the corresponding number of countries was 20.
 

In the electricity and petroleum sectors of these countries, the para

statals were not only experiencing financial difficulty at the time of
 

81t must be emphasized that the problems were identified at the
 

time of assessment. They may have been subsequently corrected as a re
sult of either the recommendations made as part of the assessment or
 
other external influences.
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Table 2.3 
Energy Pricing Problems 

Electricity and Petroleum Products 
Select Developing Countries 

Country 
Electricity 

Level Structure 

Petroleum 

Level Structure 

Petroleum 
Refining 

Capacity 

Bangladesh X X X X Yes 

Bolivia X X X X Yes 

Botswana X X No 

Burma X X X X Yes 

Burundi X X No 

Cape Verde X X X X No 

Costa Rica X X X X Yes 

Ecuador X X X X Yes 

Ethiopia X X X X Yes 

Fiji X X No 

Gambia X No 

Guinea-Bissau X X X X No 

Haiti X X No 

Indonesia X X X X Yes 

Jamaica X X X X Yes 

Kenya X X Yes 

Lesotho X X No 

Liberia X X X X Yesa 

Malawi X X No 

Mauritania X X X Yesa 

Morocco x X X Yes 



Table 7.3 (Continued)
 

Electricity Petroleum Petroleum 
Country Refining 

Level Structure Level Structure Capacity 

Nepal X X X No
 

Niger X No
 

Paraguay X Yes
 

Peru X X X X Yes
 

Portugal X X X X Yes
 

Rwanda X X No
 

Senegal X X X X Yes
 

Sri Lanka X X X Yes
 

Sudan X X X X Yes
 

Tanzania X X X Yes
 

Thailand X X X X Yes
 

Togo X X X Yesa
 

Uganda X X X X No
 

Yemen X X No
 

Zambia X X X X Yes
 

Zimbabwe X X X X Yesa
 

SOURCE: Derived from UNDP/World Bank Energy Assessments
 

Level-Overall price level
 
Structure-Relative price structure
 

X-Identified as problem at the time of assessment
 

aCapacity not in use at the time of assessment
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the UNDP/World Bank assessment because the overall price levels were too
 

low, but the relative prices of energy were not correct.
 

The severity of the pricing problems shown in 
 Table 2.3 varies
 

across countries. Problems 
with the level of prices in some countries
 

are major. 
 Some parastatals have been generating insufficient cash flow
 

over a considecable period 
 of time. Prospects for loans from inter

national assistance agencies are in jeopardy unless the level of prices
 

is raised, but national governments are reluctant to allow higher prices
 

for political reasons. Other 
 countries have been experiencing
 

relatively minor problems with the level of prices. 
 Although they were
 

experiencing a positive cash flow, concerns were raised about the amount
 

of internal generation of funds for future expansion and/or replacement
 

of the supply system.
 

The severity of problems 
 with the structure of electricity and
 

petroleum prices 
 also varies across countries. In some instances, the
 

problem is 
 a relatively minor cross-subsidization 
 of one product by
 

another; in other cases, problems are more severe. 
Energy prices not
 

set on the basis of cost as well as large subsidies for a range of prod

ucts over a period of time have severely distorted market signals for
 

investment in all sectors of the economy. As a result of this pricing
 

structure, capital investment decisions 
have been made on the basis of
 

energy costs that do not reflect the true cost of providing energy.
 

Ignoring problems with the structure of energy prices for 
 the
 

moment, the sources of 
 distortions to the level 
 of electricity and
 

petroleum prices vary across countries. In some countries, prices of
 

all of the energy products are set below cost. In these case , the
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price level is an impediment to attainment of financial solvency by the
 

parastatal. In other words, the relative prices are correct in some
 

cases--reflecting relative costs--but the level at which they are set is
 

too low. In other countries, the prices for most classes of service are
 

set at cost-based levels. The exceptions are subsidized for income dis

tribution or for promotional reasons. The financial problem here is the
 

same--the firm is not able to generate sufficient net revenues. In
 

still other cases, all prices may equal the estimated cost of providing
 

energy services, but the firm is still not able to maintain financial
 

viability. The reason is usually attributable to inefficiency on the
 

part of the parastatal. In other countries, the source of the problem
 

with pricing levels is that the profit margin of the petroleum marketers
 

is set too low.
 

Ignoring problems with the level of energy prices, there also exist
 

a number of sources of structural energy pricing problems. In some
 

countries, the problem is that relative prices for different classes of
 

service do not represent the true relative costs of providing energy to
 

those classes. That is, in the aggregate, the prices set for energy may
 

allow the parastatal to be financially viable, but the prices are not
 

set on the basis of the costs of serving different customer classes,
 

leading to a misallocation of resources.
 

More often, as a matter of government policy, the prices of some
 

energy services are subsidized. The subsidies take on many forms. Some
 

subsidies are direct in the sense that a specific product is subsidized
 

for income distribution purposes. For example, the price of kerosene is
 

set at a low level in many countries to allow low-income households the
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ability to purchase it. Other 
 subsidies are indirect. 
 In some coun

tries, prices for electricity are uniform across urban and rural areas,
 

not reflecting differences in the cost of supply. 
For petroleum prod

ucts, a 
uniform price may exist for all regions of the country, not re

flecting differences in the cost of transportation to different regions.
 

Another problem in some countries is a regressive tariff structure.
 

For example, the pricing of electricity to low-voltage, residential cus

tomers 
is based on a declining block structure. Therefore, consumers of
 

smaller amounts of energy are penalized relative to larger-volume users.
 

Generally, except 
 where its price is deliberately kept low, energy
 

is subject to taxation in developing economies. Although taxes vary
 

from country to country, 
 petroleum products are more pervasively taxed
 

than electricity services. 
 In many cases, the tax structure is a source
 

of structural pricing problems. 
 In some countries, some petroleum prod

ucts are more heavily taxed than others. For example, there may be a
 

large excise tax on 
 gasoline with no corresponding tax on diesel fuel.
 

The incentive provided consumers 
 in this case is to purchase (iesel

using vehicles in numbers not dictated by the relative costs of pro

viding gasoline and diesel fuel.
 

Finally, the use of stabilization funds in 
some countries distorts
 

the relative 
prices of energy services similar to inappropriately ap

plied taxes. A stabilization fund is the result of a surcharge applied
 

to the price of an energy service. The proceeds of the fund are typi

cally used to subsidize some energy 
 consumers or consumers of other
 

important non-energy commodities. 
 In some cases, the proceeds are used
 

to compensate a parastatal for energy provided to government agencies.
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As an indication of the pricing problems in the petroleum sector of
 

developing economies, Table 2.4 provides a summary of a study by Julius
 

et al. (1986) on the relationship between domestic and international
 

prices of petroleum products for three categories of developing coun

tries, both by fuel type ind in the aggregate over the 1973-1983 period.
 

The ratio of domestic to international prices in Table 2.4 is intended
 

to provide an indication of the extent to which retail petroleum prices
 

in developing countries diverge from cost-based levels. The interna

tional prices chosen for the analysis are f.o.b. Rctterdam mid-year
 

quotations. As such, they do not reflect transport, marketing, and
 

distribution costs. 9 Moreover, because the domestic prices used in the
 

study are at the retail level, they reflect taxes on and subsidies of
 

petroleum products.
 

Three conclusions emerge from the table. First, the ratio of over

all weighted-average domestic petroleum product prices to international
 

prices declined dramatically over the period for all country categories.
 

Because the period under consideration in the table encompasses the two
 

international oil price shocks of the 1970s, the countries in each of
 

the categories apparently mitigated the impact of international
 

petroleum price increases by lowering taxes on petroleum products.
 

Second, and related to the first, the international price increases
 

have led to a situation where the level of retail petroleum product
 

prices in many developing economies is insufficient to cover costs, in

9The authors estimate that margins up to 20 percent would have to
 
be added to the international prices to account for international trans
portation and domestic costs, depending on the location and petroleum
 
sector characteristics of individual countries.
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Table 2.4
 
Ratio of Domestic to International Petroleum Prices
 

In Total and by Product Type
 
Select Developing Countries
 

1973 and 1983
 

Country C o:gory/ Premium 
 Weighted

Year Gasoline Kerosene 
 Diesel Fuel Oil Average
 

Low Incomea
 

1973 2.8 2.4 2.3 
 1.7 2.3
 
1983 2.3 1.1 1.5 
 1.3 1.5
 

Middle Incomeb
 

1973 3.8 
 3.4 3.0 3.7 
 3.0
 
1983 2.2 
 1.1 1.2 1.0 
 1.2
 

Oil 	Exportersc
 

1973 2.8 1.3 1.4 
 2.5 2.0
 
1983 1.0 0.2 0.3 0.3 0.4
 

SOURCE: Summarized from Julius et al. (1986).
 

aIncludes Burma, Ethiopia, Haiti, India, Pakistan, and Sri Lanka.
 

bIncludes Bolivia, Brazil, Colombia, 
Dominican Republic, El Salvador,
 
Greece, Kenya, South Korea, Morocco, Panama, Paraguay, Philippines, Por
tugal, Thailand, Turkey, and Yugoslavia.
 

cIncludes Ecuador, Egypt, Indonesia, Malaysia, Mexico, Peru, Tunisia,
 

and Venezuela.
 

dicating that petroleum consumers 
 are subsidized from general revenues
 

of Lhe government. Comparing country categories, the level of petroleum
 

prices in low income countries was nearly 300 percent greater than that
 

of oil exporters and 25 percent greater than that of middle income coun

tries in 1983. For oil exporters, there is every indication that each
 

petroleum product type is 
 subsidized--an across-the-board subsidy of
 

petroleum consumers.
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Third, the relative prices of petroleum products in developing
 

countries are distorted through taxes and subsidies. The data in Table
 

2.4 suggest that premium gasoline is more heavily taxed than the other
 

product types and kerosene is generally subsidized relative to other
 

product types.
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3. IMPLEMENTATION OF ENERGY PRICE REFORM
 

3.1. INTRODUCTION
 

This chapter presents an approach to energy price reform which, it
 

is felt, will encourage reforms in developing countries by making their
 

implementation more 
 feasible from the point of view of policymakers, as 

well as more valid from a theoretical perspective. The approach is cast, 

in a broader framework of energy planning and economic reform for a num

ber of reasons, including such realities in the energy sector of most 

developing countries as that: (1) constraints are placed on commercial 

energy-supplying parastatals; (2) the differences between current energy 

prices and current energy supply costs ace large in many in:;tances; and 

(3) energy is an important component of development planning. Specifi

cally, it is argued that energy price reform per se should be considered
 

as only one of three related and simultaneous reforms in the energy sec

tor of developing economies. The reforms include:
 

1. Price reform.
 

2. Demand- and supply-side management.
 

3. Organizational reform.
 

Technically, of course, price 
 reform is one aspect of demand-side
 

management. It has heen classified separately here because it is the
 

focal point of the discussion. In the context of tii s 'eport, demand

side measures other than those related to pricing, supply-side manage

ment, and organizational changes are viewed as an integral part of im

plementing energy price reform, because they mitigate adverse economic 

and sociopolitical impacts of moving to cost-based energy prices. Each 
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of the reform measures will serve as the basis of 
 discussion in the
 

following three sections of this chapter.
 

3.2. PRICE REFORM
 

Increasing emphasis on economically efficient or cost-based energy
 

prices by international assistance 
agencies as a condition for lending
 

has changed the objectives of energy pricing policies in many countries.
 

National governments are now being forced to reevaluate their policies,
 

placing more emphasis on economic--rather than political--criteria.
 

However, where current prices are significantly below their cost-based
 

levels and 
uses of energy products or services are significant, instan

taneous adjustment to economically efficient price levels may not be
 

feasible. Three characteristics of developing economies form the basis
 

of this assertion: 
(1) a rapid increase in energy prices is politically
 

infeasible in most cases; 
(2) rapid price changes may cause severe hard

ships for downstream energy users in the short run; 
and (3) income re

distribution caused by the 
price changes may be inconsistent with na

tional policy.
 

The political consequences of abrupt changes in the prices of key
 

commodities have been documented many times in recent years. In Liber

ia, for example, a sudden, large increase in the price of rice in April
 

1979 led to street riots. As 
a result of the political unrest in which
 

dozens were killed and hundreds injured, many foreign investors withdrew
 

their capital from the economy. Political stability was restored only
 

after the price increase was rescinded and most of the arrested demon

strators were released. Similarly, increases in the prices of cooking
 

oil and other staples in the Dominican Republic, implemented as part of
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an austerity program mandated by the International Monetary Fund, led to
 

three days of riots and more than 50 dead in April 1984.
 

In Ecuador, elimination of food and gas subsidies, implemented by
 

the government in October 1982 as part of a larger austerity program re

quested by the International Monetary Fund, prompted strikes and riot

ing. The increa:3e in the price of gasoline, originally scheduled to be
 

120 percent, 
was lowered to 100 percent as part of the concessions made
 

by the government to end civil rioting.
 

In Jamaica, rioting precipitated by increases in the price of ener

gy in January of 1985 led to the deaths of seven people and a large drop
 

in tourist revenue. Under the austerity program, gasoline prices were
 

increased from $1.80 to $2.19 per gallon, kerosene from $0.74 to $0.80,
 

and 100-pound 
 tanks of propane from $20.10 to $2 3 .30--all rather modest
 

increases, from some perspectives.
 

Although movement to cost-based energy prices promotes economic ef

ficiency in the long run, downstream adjustments to higher energy price
 

levels could be particularly troublesome for many economies in the short
 

run. An immediate change to cost-based energy prices could induce down

stream income and price effects that negatively affect the short-term
 

performance of a developing economy. Income effects arise because of
 

the transfer of income 
from energy consumers to energy producers, de

creasing the purchasing power of consumers for other goods and services.
 

The reduction in income leads to decreased expenditures on non-energy
 

goods and services. 
The result is a decline in thu output of non-energy
 

producers which can lead to higher levels of unemployment. Also, in
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creases 
in energy prices change the relative price structure in the eco

nomy, which could cause an increase in the general level of inflation.
 

The short-run, downstream effects of an immediate adjustment 
to
 

cost-based energy prices are particularly troublesome in two sectors of
 

developing economies. First, the typical developing economy relies to a
 

large extent on the export of a few primary products to generate foreign
 

exchange. In many cases, the exporting industries are among the largest
 

users of energy in the economy. An immediate increase in energy prices
 

to cost-based levels--and, therefore, a large increase in production
 

costs for export-based industries--could jeopardize an important source
 

of foreign exchange eacnings for the economy by making exports less 
com

petitive in world markets. Second, the production of electricity in
 

many developing economies relies to a large extent on petroleum-based
 

fuels that are currently subsidized in many cases as a matter of policy.
 

Instantaneous adjustment to cost-based prices for diesel or fuel oil
 

could have a marked impact on the cost of producing electricity.
 

Besides the downstream macroecoizmic consequences, an immediate ad

justment to cost-based commercial 
energy prices could intensify income
 

distribution problems in the economy. In most cases, it is likely that
 

higher commercial energy prices would further increase the disparity in
 

income across segments of the population. If the responsiveness of de

mand to higher commercial energy prices for upper income classes is
 

larger than for lower-income households--that is, if demand is more
 

price elastic--higher prices would further distort the distribution of
 

income. Such a negative distributional impact could conflict with other
 

national objectives.
 



Also, for commercial energy products or services that have noncom

mercial energy substitutes, an instantaneous increase to cost-based com

mercial energy prices could induce fuel-switching to noncommercial or
 

traditional forms of energy (firewood and charcoal, for example) which
 

the government is trying to discourage. For example, the consumption of
 

traditional forms of energy by households may be the source of defor

estation problems in the country which the government is trying to re

lieve by keeping commercial energy prices low.
 

The political considerat:ions, downstream effects, and distribution

al consequences of instantaneous adjustment to cost-based rates suggest
 

that: energy price reform should ordinarily be a gradual process. A pro

gram to implement price reform over time will ameliorate the adverse
 

economic effects of a one-time adjustment to cost-based energy prices.
 

Therefore, the following process for energy price reform is suggested:
 

1. Determination of an optimal set of target prices.
 

2. Determination of a time frame for adjustment.
 

3. Determination of an index for adjusting prices over time.
 

4. Periodic evaluation and adjustment of target prices as
 
conditions change.
 

Because of financial, subsidy, and fiscal considerations, the ap

proach to determining a target set of prices cannot be reduced to a for

mula. That is, the price of various types of energy products or ser

vices cannot simply be matched with the cost of providing them. Policy
 

dialogue on energy price reform must take into consideration the balanc

ing of economic objectives of energy prices--allocative efficiency and
 

financial cost coverage--with a number of other fiscal or social consi
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derations. This is the major challenge confronting those who prescribe
 

energy price reform programs in developing economies.
 

Besides economic efficiency criteria, the approach to calculating
 

an optimal set of target prices should take into consideration the con

straints placed on energy-supplying institutions in developing econo

mies. One of the primary constraints is the requirement that para

statals maintain financial solvency. The maintenance of solvency be

comes increasingly urgent in a world characterized by decreasing avail

ability of capital for replacement and/or expansion of the energy supply
 

system.
 

Another important constraint in many developing countries is the
 

requirement that, as a matter of policy, 
some energy products be sub

sidized for income distribution, energy substitution, or energy promo

tional purposes. Also, taxation of energy--particularly petroleum pro

ducts--is both an source
important of revenue in many developing coun

tries and a prominent source of distortions in relative energy prices.
 

Therefore, tax issues must be considered in determining target prices.
 

While it may be possible to devise a comprehensive tax program with
 

less emphasis on energy taxation in a given country, pragmatic consider

ations--such as the relative ease and certainty of using energy sales
 

for revenue generation--may override considerations of fiscal effi

ciency. Similarly, a recommendation to eliminate subsidy to
a an
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industry or firm may not be acceptable if the industry or firm is 
an
 

important source of foreign exchange earnings. 1
 

Depending on 
 the nature of the energy pricing distortion, the ad

justment in the price of some 
 classes of energy services may be down

ward, rather than upwaru. 
This could result from either eliminating the
 

cross-subsidizatior, of 
one energy type by another or reducing an inordi

nately high tax on an 
energy service in the current pricing structure.
 

After a target set of prices is computed, the time period over
 

which current prices will be adjusted to target levels must be deter

mined. 
 Important economic considerations under this aspect of price 
re

form include the difference between current and target prices and poten

tial downstream adjustment and income distribution problems induced by
 

adjusting energy prices. 
 From political and economic standpoints, the
 

relative price 
 of energy to the prices of other commodities in the eco

nomy cannot generally be changed suddenly 
without unacceptable con

sequences in most cases.
 

A good candidate to se: :e as the reference point for setting the
 

index for adjusting energy prices from current to target levels is the
 

general rate of inflation in thr2 economy. There are two good reasons
 

'An approach that lends 
 itself well to determining optimal target

prices under all of 
 these potential constraints is called break-even
 
analysis. Under this approach, target 
 prices are calculated on the
 
basis of generating a prespecified amount of net revenues 
to cover the
 
fixed costs of the firm and any additional amount necessary for replace
ment or expansion of the energy supply system. 
 If an energy service is
 
to be taxed or subsidized, the break-even approach can 
consistently in
corporate taxes and subsidies 
 in the determination of target prices.

Also, calculating optimal prices 
 under this approach is not limited to
 
uniform tariffs. If distinct types of service within 
a given customer
 
class can be differentiated, multi-part tariffs 
 can be determined. A
 
background on energy pricing and an 
 in-depth discussion of break-even
 
analysis occupies the discussion in Appendices A and B.
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for using the inflation rate as the adjustment index. First, from a
 

practical standpoint, it is a macroeconomic index that is readily avail

able for all developing economies. Second, the relative impacts of
 

higher energy prices are somewhat reduced if energy price increases are
 

aligned with price increases in the overall economy. Depending on the
 

period of time over which prices are to be adjusted, increasing current
 

prices to target levels based on a predetermined percentage in excess of
 

the inflation rate is a good approach to phasing in energy price reform
 

over a period of years.
 

It may be well-advised to phase in energy price reform over a per

iod greater than ten years, contingent on country-specific
 

circumstances. For example, if the general level of energy prices is
 

presently one-half the cost-based level, it would take seven years to
 

adjust prices to cost-based levels with a ten percent real increase per
 

year. The problems of civil unrest sometimes associated with price
 

increases suggest that the period of adjustment in some countries may
 

have to be longer.
 

Gradual introduction of cost-based energy prices is not without
 

precedent in both the industrialized and developing world. In the
 

United States, for example, legislation enacted in 1978 to decontrol the
 

wellhead price of much of the country's natural gas provided for a
 

phase-in of price increases. Total decontrol was to be accomplished in
 

1985, seven years after the process of decontrol was initiated. In

creases in 
 the wellhead price of natural gas were tied to (assumed) in

creases in the price of petroleam. The purpose of the seven-year ad

justment period was to smooth the transition from relatively low,
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government-controlled wellhead prices to higher, market-determined price
 

levels.
 

This suggested, time-phased reform process is complicated by the
 

fact that 
 the set of target energy prices may have to be changed during
 

the adjustment period. 
 For example, price volatility in international
 

petroleum markets--not totally reflected in 
the index used to adjust en

ergy prices to cost-based levels--may require adjustments of target
 

prices. Adjustments of energy prices to such external changes would be
 

called for, however, regardless of the strategy for implementing a price
 

reform.
 

One possibility for mitigating the impact of oil price changes dur

ing the adjustment period is to 
use the energy tax system. That is, ap

propriate adjustments to the taxes placed on energy could absorb the im

pact on energy prices if energy supply costs fluctuate during the ad

justment period. 
 For example, during periods when the petroleum import
 

price is declining, taxes could be increased to maintain price levels.
 

During periods when the petroleum import price is increasing, taxes
 

could be reduced to maintain price levels. 2
 

3.3. DEMAND- AND SUPPLY-SIDE MANAGEMENT
 

To this point, the discussion has addressed only one aspect of de

mand-side management--estimating and 
 adjusting to cost-based energy
 

prices. However, in a broader energy planning context, price reform
 

should be undertaken in conjunction with iiditional measures to reduce
 

2As discussed in the preceding chapter, there is an indication that
 
many developing countries reduced excise taxes on petroleum products to
 
shield consumers from at 
 least a portion of the increases in interna
tional petroleum prices during the 1970s.
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both the cost of using energy and the cost of supplying it, thus miti

gating the magnitude of the impacts that must be absorbed by energy con

sumers.
 

3.3.1. Demand-Side Measures
 

First, the impact of adjusting to cost-based energy prices could be
 

mitigated through demand-side conservation measures. By improving the
 

efficiency of the consumer's use of energy, the economic impact o- phas

ing in higher energy prices could be moderated, because the consumer
 

would be able to realize the same energy services by purchasing less en

ergy. To illustrate the magnitude of potential energy conservation sav

ings, the results of a comprehensive study of the transport, industrial,
 

government, power, and agriculture sectors in Pakistan showed that $1.5
 

billion in energy cost savings (15.2 percent of 1984 consumption) could
 

be realized over the 1984 to 1993 period with an investment of $0.5 bil

lion [Bever and Ahmad (1986)]. The net savings in foreign exchange was
 

estimated to be more than $0.35 billion. The largest potential savings
 

are in the industrial sector--46.6 percent of 1984 consumption.
 

In the developing country context, a large portion of potentiel
 

commercial energy savings through conservation measures is likely to be
 

in the commercial, industrial, and transport sectors. This is not to
 

imply that there is no potential for conservation-induced energy savings
 

in the residential sector. However, in the majority of countries, a
 

large portion of the residential-sector savings is likely to be attribu

table to the conversion of noncommercial energy sources--wood to char

coal, for example--and more efficient use of noncommercial energy in the
 

household--improved wood and charcoal stoves, for example. A major ex
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ception occurs in countries--particularly in Asia--with an expanding
 

middle class. For these countries, there is a large potential for com

mercial energy conservation in households (more efficient air condition

ers, for example).
 

In the commercial sector, the largest potential savings is 
in the
 

use of air conditioning in buildings. 
More efficient air-conditioners,
 

insulation, and temperature control measures could directly reduce the
 

consumption of electricity and, through the impact on 
the load of elec

tric power parastatals, reduce the use of imported petroleum products.
 

In Niger, for example, the World Bank [UNDP/World Bank (1984f)] esti

mated that in 1982 replacing air conditioners in current use with a 30
 

percent more efficient type 
 (similar to ones used in Middle Eastern
 

countries) would have reduced peak electricity demand by three mega

watts. The estimated energy supply savings was $2.5 million.
 

An enormous potential for energy conservation savings in the indus

trial sector of developing economies exists in 
both retrofit investments
 

and fuel switching. 
 Based on an analysis of 13 major industrial firms
 

and the electric power parastatal in Senegal, for example, the World
 

Bank [UNDP/World Bank (1983d)] estimated that 
 63,000 tonnes of oil
 

equivalent could be saved through conservation measures. One-half of
 

this amount could be saved with investments totaling $16 million, and
 

with pay-bac'. 
periods of three years or less. In Morocco, the World
 

Bank [UNDP/World Bank (1984d)] 
 estimated that an investment of $38.5
 

million in conservation measures 
 would have saved industrial users of
 

energy $16.5 million in 1981. In a comprehensive study of the indus

trial. sector in Thailand, it was estimated that 12 percent (3.7 
million
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BCOE/year) of total 1982 energy use in the industrial sector could be
 

saved through conservation measures [Desai and Nyman (1986)]. Of the
 

total savings, one-half would be derived from industrial process im

provements and the other half from housekeeping and new equipment. An
 

additional 3.4 million BCOE/year could be saved by substituting in

digenous natural gas for petroleum. In the Philippines, industrial con

servation potential was estimated to be nine million barrels per year-

or 18 percent of total industrial energy use in 1980 [Desai and Nyman
 

(1986)]. Approximately 70 percent of this energy savings potential has
 

3

payback periods of less than two years.
 

In many countries, transportation accounts for a large share of pe

troleum product consumption. On average, the use of petroleum in the
 

transport sector of developing countries accounts for approximately 44
 

percent of total petroleum use. There is both a potential for signifi

cant energy savings and a range of options for capturing those savings.
 

The options include optimizing the use of public transport systems; im

proving traffic flow; fuel-switching; using the tax system to discourage
 

certain types of vehicle use; improving vehicle efficiency through
 

proper maintenance; improving the road infrastructure; driver training;
 

and improving management techniques for both private firms and public
 

transport scheduling.
 

In Niger, a private transport firm reduced its fuel consumption per
 

kilometer by 22 percent over the 1977-1981 period through a program of
 

vehicle modernization and driver training in fuel efficiency [UNDP/World
 

3The calculation of payback periods was made on the basis of an
 
assumed petroleum price of $30 per barrel.
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Bank (1984f)]. A program of traffic management in Kingston, Jamaica is
 

expected to save three percent of 
 annual fuel use [UNDP/World Bank
 

(1985b)]. Similarly, a 1982 study of traffic flow in a small part of
 

Bangkok showed that an automatic traffic control system could result in
 

fuel savings of up to 20 percent [UNDP/World Bank (1985e)]. In Senegal,
 

a study 
 of the transport sector showed that approximately 26,000 tonnes
 

of oil equivalent could 
 be saved through various nanagement and infra

!;tructure improvements [UNDP/World Bank (1983d)]. In Costa 
 Rica, a
 

demonstcation study showed that low-cost, quick payback measures (im

proved maintenance procedures and driver training) could have 
a signifi

cant impact on fuel use [Sabadell, 
 Greene, and Erickson (1986)]. Im

proved maintenance procedures for taxi and 
 bus fleets led to energy
 

savings of 1.8 percent and 6.5 percent, respectively. The corresponding
 

percentage savings resulting from driver training were 15.1 
percent and
 

4.2 percent.
 

In many countries, a significant barrier to realizing energy con

servation savings 
 is the capital required for conservation investment.
 

While pay-back periods are 
 short and energy savings are substantial in 

many cases, the investment cost is prohibitive. For example, based on 

an audit of seven large energy-using plants in Zimbabawe, it was shown 

that there is a significant potential for industrial energy savings
 

through conservation--$75.4 million annually or 51 
percent of the energy
 

demand of the plants. However, the conservation investment cost of $507
 

million was prohibitive [UNDP/World Bank (1982c)].
 

In Thailand, 
several measures to ease the transport problems of
 

Bangkok and to reduce 
transport energy consumption have been proposed.
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The proposals address improving the road infrastructure, vehicle ef

ficiency, and management of the urban transport system. However, the
 

estimated capital required for the total conservation program is a pro

hibitive $2 billion [UNDP/World Bank (1985e)].
 

The large capital requirements to fully realize all of the energy
 

savings from conservation investments in some cases does nct detract
 

from the usefulness of conservation measures in the commercial energy
 

price reform process. In most cases, relatively modest conservation in

vestments--with short pay-back periods--witLi ameliorate the adverse im

pacts of adjusting to cost-based energy prices.
 

3.3.2. 	Supply-Side Measures
 

Computing target prices necessarily involves determining the mar

ginal cost of providing energy by class of service. Normally, the ap

plicable cost is the financial cost experienced by the firm, but in many
 

developing countries this is not. the least possible cost of providing
 

energy.4 An energy price reform could be undertaken as part of a broad

er program to reduce the costs of energy supply. This has the obvious
 

impact of lowering the target cost-based rates determined in the first
 

component of the suggested price reform process, making the adjustment
 

to "correct" energy prices that much less severe.
 

Supply-side efficiency improvements could significantly reduce the
 

cost 	of providing power in many developing countries. In many cases,
 

4Indeed, ..r, many instances, a significant barrier to moving to
 
cost-based energy prices is the perception on the part of consumers-
particularly politically influential ones--that cost-based energy prices
 
would penalize energy users by requiring them to, in effect, subsidize
 
the inefficiencies of energy suppliers.
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inefficient or redundant equipment is used. 
 Transmission and distribu

tion losses for electric 
 power supply are excessive. The use of labor
 

is often excessive and/or not 
properly trained or supervised. Main

tenance on generating stations 
 is often untimely or nonexistent. Load
 

dispatching is not as economic as possible in many cases. 
Management
 

and accounting systems are 
 often sub-optimal. 
 If properly addressed,
 

improving these 
 operating conditions 
 could contribute significantly to
 

reduction of costs on the system.5
 

Liberia provides a good example of 
the potential for reducing inef

ficiencies in electricity sUpply. 
 The electric power parastatal, the
 

Liberia Electric Corporation (LEC), was charging a uniform 15 cents per
 

kilowatt-hour for electricity in 
 1983. The estimated supply cost of
 

that power was 9.7 cents per kilowatt-hour. Still, LEG was suffering 

financial losses because of inadequate management of the power supply 

system. Unpaid accounts, theft, and power outages contributed signifi

cantly to the financial strain on the utility. If these problems were 

corrected, the financial strain on LEG would be alleviated, with the 

potential for a decrease in 
the end-use price of electricity [UNDP/World
 

Bank (1984n)].
 

Another example 
 is a thermal power plant rehabilitation program in
 

Pakistan [Bever 
and Alunad (1986)]. It was concluded that the operating
 

efficiency, availability, and reliability of the thermal plants 
in Pak

istan could be improved with an investment of $329 million. 
The program
 

involves overhauls, repairs, modifications, and additions 
 to existing
 

5A good discussion of potential efficiency 
 improvements in the
electricity sector of many developing economies is provided in Jhirad,
 
Hillsman, and Sharafi (1986).
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thermal plants to reduce the cost/kWh of generation in addition to or

ganizational changes in the operation of the plants. The estimated pay

back period for the investment is 11 years.
 

Opportunities for significant savings also exist in both the crude
 

oil and petroleum product supply arrangements in many developing econo

mies. In many instances, savings can be achieved by simply changing the
 

international arrangements for procuring crude oil and/or petroleum
 

products. Improving the conversion efficiency of many refineries in the
 

developing world could also be a source of significant savings. In many
 

instances, if significant improvements are not made in refinery ef

ficiency, shutting down refineries and importing refined products may be
 

the most economical method of securing petroleum products. In other
 

cases, shutting down the refinery is the only economical option, con

sidering the cost of improvements.
 

In Tanzania, for example, it was estimated that a relatively modest
 

investment in improving the operation of the refinery and changing the
 

product mix could result in substantial savings in petroleum product
 

supply. For 1983, the World Bank [UNDP/World Bank (19841)] estimated
 

that, without the improvements, refinery operations would cost the Tan

zanian government $1.7 million in comparison with closing the refinery
 

and importing all refined product requirements. Similarly, in Zambia,
 

shutting down the refinery and importing refined products may be more
 

economical if changes are not made in operation and product configura

tion of the refinery [UNDP/World Bank (1983a)]. A preliminary investi

gation of the economics of the refinery in Ethiopia concluded that, over
 

the next decade, it would be less costly to shut down the refinery and
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obtain petroleum products from international markets unless $70 million
 

were invested to improve refinery operations [UNDP/Wcrld Bank (1984g)].
 

In many instances, the configuration of current refineries does not
 

warrant continuing refining operations even with investments in refinery
 

improvements. In Jamaica, a preliminary assessment showed that it may
 

be more economical to shut down the 36,000 barrel/day refinery at
 

Kingston and import petroleum products [UNDP/World Rank (1985b)]. Simi

larly, in Mauritania, it 
 was concluded that the most economical method
 

of securing petroleum products would be 
 to shut down the refinery and
 

import them [UNDP/World Bank (1985a)]. Finally, there is strong evi

dence that refineries in some countries which have been shut down 
in the
 

past should not be reopened, including refineries in Liberia [NDP/World
 

Bank (1984n)], Togo [UNDP/World Bank (1985c)], and Zimbabwe [UNDP/World
 

Bank (1982c)].
 

3.4. ORGANIZATIONAL REFORM
 

To this point, addressing "correct" prices for energy has assumed
 

that organizational arrangements in 
the energy sector of developing eco

nomies have not changed. Organizational arrangements include (1) the
 

overall organization of the energy sector 
 and its relationship to the
 

government; (2) organization and responsibility of individual energy

supplying firms; and (3) the general approach used to allocate resources
 

in the economy. 
While improvements in the first type of organizational
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arrangements could be very beneficial,6 the present discussion addresses
 

reforms related to the latter two types.
 

Three organizational arrangements are examples of potential reforms
 

in many developing economies that could be combined with an energy price
 

reform program. The first is the centralization of urban and rural
 

grids in the electricity sector under the financial and managerial con

trol of one state-owned utility. Related to the first, the second ar

rangement is the monopolization of power production by most national
 

governments. The third is administered prices for the distribution and
 

marketing of refined petroleum products.
 

In the electricity sector of developing economies, many parastatals
 

serve both densely populated urban grids and remote rural areas. The
 

rural areas typically have higher-cost supply sources such as small

scale diesel units. In many instances, the price of electricity in
 

rural areas does not reflect its higher supply cost because of govern

ment policy promoting electricity use in rural areas. Subsidies exist
 

for rural electricity consumers either for general development purposes
 

or to promote irrigation in agricultural areas.
 

Since electric power parastatals are typically required to cover
 

costs and generate funds for investment, the subsidy to rural consumers
 

necessarily implies that urban consumers of electricity are paying
 

substantially highei prices than would be the case if central grids were
 

not extended to rural areas. In countries where there is social pres

6The overall organization of the energy economy could be improved
 

in many ways. For example, coordination and planning might be facili
tated and improved through national. energy planning councils, composed
 
of representatives from both industry and the government.
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sure to keep energy prices low, the cross-subsidy is a serious impedi

ment to the attainment of financial solvency on 
the part of the electric
 

parastatal.
 

As part of 
an energy price reform, it may be beneficial in some
 

cases to consider disassociating the financial and managerial 
 re

sponsibility for rural grids from the central grid. This would serve
 

both to relieve 
a persistent financial strain on the parastatals and to
 

open lip opportunities for decentralized and/or private sector initia

tives to provide power in rural areas.
 

One alternative organizational form for rural systems is the co

operative. Cooperative-type arrangements, in which groups of current or
 

potential electricity consumers in isolatr.d areas 
organize electricity
 

supply arrangements with the aid of low-cost financing, have had 
a his

tory of success in electrifying relatively isolated regions of the de

veloped world. 
 They have also met with some success in developing
 

economies.
 

In Costa Rica, cooperatives were established 
 in the early 1960s
 

with the assistance of the U.S. Agency for International Development.
 

For the most part, the decentralized provision of electricity has met
 

with success. 
 Besides paying off their initial loans, the cooperatives
 

currently provide electricity to 
 about one-half of the households in
 

their service territories and have been a stimulant for economic growth
 

in these areas [Flavin (1986)].
 

In Bangladesh, a Rural Electrification Board (REB) was established
 

to organize potential customers into formal groups--Palli Bidyut Samity
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(PBS)--in a manner similar to the Rural Electrification Administration
 

in the United States. The goal is to organize from 80 to 99 PBS's by
 

the year 2005. As of the end of 1985, REB had approved the organization
 

of 33 PBSs. Funding for REB is obtained from the government of Bangla

desh and international assistance agencies. Ideally, after a power sys

tem is financed and constructed by REB, the power supply system and 
cor

responding debt would be turned over to the PBS. 
 After a 5-year grace
 

period, a PBS is required to pay back the loan over a 25-year period at
 

an annual interest rate of three percent. During the 5-year grace per

iod, annual interest of 0.75 percent is capitalized [Deverick et al.
 

(1986)].
 

Another solution to electrification of remote areas in many coun

tries is to promote private sector initiatives. A number of policy al

ternatives are available. Industrial autogenerators of electricity for
 

plant uses could be provided tax or other financial incentives to create
 

or expand small-scale grids to serve not only their own electric power
 

needs but household and other development needs in remote areas. If
 

market and financial incentives were present together with appropriate
 

institutional structures (to handle distribution and revenue collection,
 

for example), private companies could be induced to construct generation
 

and transmission systems, possibly in concert with foreign corporations
 

in joint venture arrangements. Other firms in the private sector could
 

be induced to supply power with enactment of legislation similar to the
 

Public Utility Regulatory Policies Act of 1978 in the United States.
 

Enactment of this legislation requires existing utilities to purchase
 

power from non-utility generators at the utility's avoided cost of
 

power.
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Related to the first type of organizational reform, the efficiency
 

of the electric power sector in many countries can be improved by elimi

nating the monopoly held by state-owned utilities in producing electric

ity. Presently, a parastatal typically has the sole legal authority to
 

produce, transmit, and distribute electricity for urban grids in devel

oping countries. 
 Recently, however, some national governments have re

evaluated this 
 policy and are now allowing private sector participation
 

in power generation through 
negotiated buy-back arrangements. The ar

rangements allow parastatals to purchase power at ostensibly Lower pro

duction costs. In Turkey, for example, plans have been made for private 

investors to build and operate a 9 6 0 -megawatt power plant:. All. the 

power will be sold to the government under long-term contract [Steven

son (1986)]. Similarly, in Pakistan, the government has recently re

evaluated its policy of 
not allowing private power production by solic

iting proposals for the construction of generating capacity at IHub
 

Chowki, a new industrial zone near Karachi. 
 Under the arrangement out

lined in the proposal, the government will guarantee purchase of the
 

power with 
a minimum capacity factor of 50 percent [Bever and Allawalah
 

(1986)].
 

Looking toward the longer 
 term, the third candidate for organiza

tional reform is deregulation of at least a 
portion of the petroleum
 

sector to improve the capability of suppliers to set prices and improve
 

efficiency without external intervention. In many developing economies,
 

wholesale sales of petroleum products 
are controlled by the government.
 

Control is exerted either by requiring all petroleum products to be pur

chased from a state-owned refinery or by requiring a state-owned petro

leLun corporation 
 to be the sole importer of refined products. However,
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the distribution and marketing functions are typically performed by mul

tinational oil companies with varying degrees of participation by host
 

governments. State control of distribution and marketing is manifested
 

in two different ways. First, in many cases, refined products are allo

cated by the government. Therefore, market shares are determined by
 

fiat. Second, retail product prices are controlled by the government.
 

The typical approach is to allow marketers to recover all costs of
 

operations plus a prespecified profit margin.
 

In many countries, it may be more efficient to allow market forces
 

to determine retail product prices in place of government price con

trols. By deregulating retail prices, marketers' margins would not be
 

determined by fiat, but would be based on the relative efficiency of
 

firms involved in marketing products. In addition, it may be beneficial
 

to disenfranchise the monopoly that state-owned petroleum companies
 

generally have in either importing refined products or allocating pro

ducts from state-owned refineries. As discussed in the previous sec

tion, one of the most significant problems with petroleum supply ar

rangements in some developing countries is inefficient petroleum pro

curement arrangements. Allowing private firms to secure petroleum-

either from a state-owned refinery or from foreign sources--would pro

vide a more competitive petroleum market with a greater chance for en

hancements in long-run efficiency.
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4. CONCLUSION
 

During the period of precipitous increases in the international
 

price of petroleum in the last decade, objectives other than those based
 

on strict 
 economic criteria have taken precedence in the energy pricing
 

policies of many developing countries. The discussion in Chapter 2 pro

vided an indication of the pervasiveness of energy pricing problems in
 

developing economies. In the electricity sector of the 37 countries un

der consideration, 30 coun'ries 
 were experiencing problems with the
 

level of electricity tariffs and 32 with the structure of thoso tariffs.
 

In the petroletm sector, the corresponding numbers of countries were 


and 33.
 

Recently, policymakers in developing countries have been forced to
 

reevaluate their energy pricing policies, placing more emphasis on eco

nomiL criteria in setting 
 energy prices. The challenge confronting
 

those who prescribe energy price reform programs in developing economies
 

is not only to ensure that energy prices are 
based on sound economic
 

principles, but also to 
 consider economic and sociopolitical realities
 

as well. In most cases, these realities preclude instantaneous adjust

ment to "correct" energy prices.
 

Because circumstances are unique in each developing country, it is
 

not possible to provide a "blueprint" for energy price reform. However,
 

the discussion 
 in this report outlined a general program for commercial
 

energy price 
 reform, considering the sociopolitical and economic reali

ties that confront policymakers in developing countries. 
 Concisely, en

ergy price reform is more likely to occur if it takes shape as a bal

anced, politically realistic set of simultaneous and related actions.
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The focal point of the reform program is that changes in energy
 

prices to cost-based levels should ordinarily be a gradual process. The
 

adverse economic and sociopolitical effects of changing to cost-based
 

commercial energy prices can be mitigated by measures designed to both
 

reduce the cost of supplying energy and increase the efficiency of ener

gy use. Additionally, over the longer term, organizational changes can
 

potentially increase the efficiency of the energy sector in many devel

oping economies, thereby also mitigating the adverse impacts of adjust

ing to "correct" energy prices.
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APPENDIX A 

CONCEPTUAL FOUNDATIONS OF ENERGY PRICING:
 
A CANDIDATE SET OF TARGET PRICES
 

A.1. INTRODUCTION
 

Chapter 3 presented a general framework for energy price reform in
 

the context of energy planning. Computing a set of target energy prices
 

is the first step in the suggested approach to price reform. The dis

cussion in this appendix and Appendix B addresses the computation of
 

target prices in detail.
 

This appendix develops the conceptual foundations for determining a
 

set of target energy prices, given the constraints imposed on an energy

supplying parastatal in a developing economy. The suggested approach to
 

calculating target prices is called welfare-optimal break-even pricing.
 

The prices computed under this approach are a "second-best" solution for
 

determining energy prices in a market-oriented economy. A "first-best"
 

solution--strict adherence 
to marginal cost pricing--is inconsistent
 

with requirements that energy prices be 
 (1) at a level sufficient to
 

maintain the financial solvency of the parastatal, (2) a source of tax
 

revenue for the government, and (3) a means to redistribute income in
 

the economy.
 

A.2. DETERMINATION OF TARGET PRICES
 

Under ideal conditions, economic welfare is maximized when the
 

price of every good 
 and service produced and consumed in an economy is
 

equated to its marginal cost of production. Marginal cost prices are
 

optimal and efficient because they equate the marginal resource cost of
 

producing an additional unit of output with the marginal benefit that
 

A-1
 



consumers receive from that additional unit. Therefore, resources used
 

in producing goods and services are attracted to their most economic
 

use. The most economic use of resources is defined by the preferences
 

that consumers adopt for the range of available goods and services.
 

Marginal cost pricing is the first-best solution for allocating re

sources in an economy. To illustrate this, consider a commodity that
 

has a price-responsive demand and currently is priced above its marginal
 

cost of production. In this circumstance, too little of the good will
 

be produced and consumed because the additional benefit to consumers of
 

producing one more unit of the commodity--as defined by their demand--is
 

greater than the additional cost of producing it, signaling a desire for
 

increased output of the commodity. decrease in the price of the
 

commodity to its marginal cost of production will increase production
 

and consumption, enhancing consumers' welfare. The converse is true if
 

the price of a cominodity is set below its marginal production cost.
 

However, the economic welfare-optimizing properties of marginal
 

cost pricing are based on a highly restrictive set of conditions. 
 In
 

real-world settings, these conditions are typically not satisfied. The
 

most restrictive condition is that there be no impediments to marginal
 

cost pricing in any sector of the economy. That is, the economic wel

fare-enhancing properties of marginal cost pricing in 
one sector of the
 

economy--the electricity sector, for example--are based on the assump

tion that the prices of inputs purchased by that sector are also set on
 

the basis of marginal cost.
 

There are numerous examples of market distortions that cause devia

tions from marginal cost pricing in some sectors of real-world econo
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mies. Any type of tax imposed by the government (except a lump sum tax)
 

will cause prices to deviate from their marginal costs. Monopoly power
 

in one or more sectors of the economy implies that prices will not equal
 

marginal cost in these sectors. An externality that is not accounted
 

for in the cost of production of a commodity also implies that price
 

generally will not equal the true marginal cost of production.
 

Distortions in an economy, causing prices in some sectors to devi

ate from marginal cost, have led to a considerable amount of research on
 

the formulation of "second-best" pricing systems. A second-best solu

tion is sought in cases where economic conditions do not allow first

best--or marginal cost--pricing solutions.
 

A special case of second-best pricing rules can be applied to sec

tors of an economy in which public enterprises are required to generate
 

net revenues from operations sufficient to cover all costs of opera

tions. In many cases, marginal cost prices will not provide the enter

prise with the required net 
revenue to maintain financial solvency. An
 

example is a public enterprise in the energy sector whose production is
 

characterized by declining costs.
 

The second-best approach to public enterprise pricing is called
 

quasi-optimal break-even analysis. Under this pricing system, the prob

lem of ensuring that the public enterprise maintains its financial in

tegrity is solved directly by specifying the amount of net revenues that
 

the enterprise requires as a return to capital or as internally gener

ated funds for investment purposes. It can be shown that determining
 

prices subject to the financial constraint--a break-even constraint--is
 

quasi-optimal. Although the first-best criterion--marginal cost pric
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ing--cannot be met, prices set in this manner are the most economically
 

efficient second-best prices.
1
 

Besides including an explicit financial constraint to ensure the
 

solvency of public enterprises, this pricing approach is appropriate for
 

determining efficient energy prices under other constraints in develop

ing economies. The most prominent of these constraints is the require

ment that energy be taxed to generate funds for the treasury. Since the
 

roots of quasi-optimal breakeven analysis are in optimal taxation, the
 

approach lends itself well to determining optimal taxes on energy, given
 

the necessity to generate a prespecified amount of tax revenue. Also,
 

efficient energy prices can be determined in this framework under the
 

constraint of a government policy to subsidize one or more energy prod

ucts.
 

To demonstrate the calculation of energy pricing by a public enter

prise under a break-even constraint, consider an enterprise that pro

duces n goods and confronts n inverse demand functions, Pi(Q) (i=
 

1,...n), for those goods. Economic welfare, W, for the consumers of
 

these goods can be expressed in terms of net consumers' surplus:
 

'Another solution to the problem of ensuring financial integrity is
 
embedded or average cost, rate-of-return regulation. Under this ap
proach, the firm is allowed to price its output at a level sufficient to
 
generate revenues that will cover all incurred costs of operations plus
 
a fair return on its invested capital. This type of regulation ensure.
 
that, even if the firm is in a declining cost industry, it can still
 
maintain its financial integrity. The prices for individual commodities
 
or services produced by the firm are based on their average or embedded
 
cost of production. In the United States, for example, this approach is
 
generalLy used in regulation of natural gas and electric utilities. It
 
can be shown, however, that the quasi-optimal breakeven approach is more
 
welfare-enhancing for public enterprise pricing.
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W(Q) = Z Pi(Q)dQi - C(Q) (A.1)
 

0
 

where Q = vector of commodities produced by the firm,
 

=
Pi price of commodity i, i=l,...n, and
 

C = cost function.
 

The net revenue that the enterprise must generate can be expressed
 

in terms of a profit function, r:
 

n 
(Q) = Z Qiei(Q) - C(Q) 70 . (A.2)
 

Equation (A.2) is the 
 break-even constraint for the enterprise. Total
 

revenues must exceed the 
 total cost of production by at least IT0 , the 

prespecified amount of net revenues. 

The first-order pricing conditions are obtained by maximizing wel

fare, subject to the constraint that the enterprise generates the pre

specified amount of profit:
 

n 
L(Q,6) = W(Q) - 6[Z QiPi(Q) - C(Q) - Vo] (A.3) 

1
 

By taking the partial derivative of L with respect to any commodity Qi
 

and rearranging terms, the first-order conditions for pricing commodity
 

i can be expressed as follows:
 

Pi(Q) - MCi(Q) = 6[MRi(Q) - MCi(Q)] , (A.4) 

A C 



where MC and MR are the marginal cost and marginal revenue of commodity
 

i, respectively.
 

Given that the profit constraint in equation (A.2) is binding, the
 

first-order condition in equation (A.4) states that, under quasi-optimal
 

pricing, the difference between the price and marginal cost of any com

modity produced by the enterprise must be proportional (the multiplier
 

6) to the difference between its marginal revenue and marginal cost.
 

The relationship in equation (A.4) provides the optimal pricing
 

structure when demands are interdependent; that is, the cross-price
 

elasticities of demand for commodities are non-zero. 
If there is negli

gible dependency between the demands for commodities produced by the en

terprise--that is, Pi(Q) = Pi(Qi)--equation (A.4) reduces to the fol

lowing:
 

Pi-MCi 6 1
 

K- - , 
 (A.5)
P i 4.5 i 

where ci is the own-price elasticity of demand for commodity i. Equa

tion (A.5) provides the inverse elasticity rule for efficient pricing.
 

The percentage deviation of price from marginal cost for any commodity i
 

is inversely proportional to the own-price elasticity of demand for that
 

conodity.
 

The relationship between the prices of any two commodities, i and
 

j, can be derived from equation (A.5) as:
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I r[ j j = a3*j Ci 
 (A.6)
 

Pi Pj 

where a = (6/1+6). The relationship in equation (A.6) states that, for
 

efficient, constrained energy pricing, the percentage deviation of price
 

from marginal cost for any two commodities produced by the enterprise-

weighted by their own-price demand elasticities--should be equal to the
 

constant a. The constant is used as the basis for setting relative
 

prices at a level 
 in which the enterprise generates a predetermined
 

2
amount of net revenue.
 

Equation (A.6) implies that commodities with lower price elastici

ties of demand--that is, 
 relatively more price inelastic--will have
 

higher percentage markups from marginal cost relative to other commodi

ties. In the case where all own-price elasticities are equal, each com

modity sold by the enterprise should have the same percentage mark-up
 

from marginal cost.
 

Besides providing the relationship between prices of commodities
 

produced by a public enterprise to attain a revenue target, the rela

tionship in equation (A.6) 
also provides the basis for determining (1)
 

optimal taxation of the commodities, (2) optimal pricing when the price
 

of one of the commodities is fixed or subsidized, and (3) multipart tar

iffs--peak-load electricity 
prices, for example. These pricing consid

erations will be discussed in Appendix B.
 

2The proportionality constant a is often referred to as 
the Ramsey

number, named for Frank Ramsey whose 1927 article on optimal taxation is
 
the basis for computing quasi-optimal prices under this approach. 
The
 
resulting prices are also called Ramsey prices.
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APPENDIX B
 

TECHNICAL ISSUES IN DETERMTNING TARGET PRICES 

B.1. 	INTRODUCTION
 

Appendix A presented the conceptual foundations for computing a
 

candidate set of target energy prices. 
 This appendix expands on the
 

conceptual discussion by addressing pragmatic issues that are important
 

in actual energy pricing studies. Four topics are discussed in the
 

appendix.
 

First, a set of 
 Ramsey prices is calculated using hypothetical
 

data. Also, data requirements for pricing studies using this approach
 

are discussed. Second, the calculation of Ramsey prices is expanded by
 

incorporating taxes and subsidies in the determination 
 of efficient
 

prices. Third, the downstream effects of a higher level of energy
 

prices is discussed. 
Fourth, the concept of cost is addressed. A dis

tinction is made between financial costs and economic costs and their
 

applicability in determining energy prices.
 

B.2. 	COMPUTING RAMSEY PRICES
 

Three types of information are required to calculate Ramsey prices:
 

(1) the demand for energy by customer class; (2) the marginal costs of
 

serving the 
 customer classes; and (3) the financial requirements of the
 

public enterprise.
 

In most applications, the 
 most 	difficult piece of information to
 

acquire is the demand structure of the various customer classes served
 

by the enterprise. At a minimum, the own-price elasticities for each of
 

the customer classes must be estimated. Since a parastatal may not rou
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tinely collect information of this type, a market analysis may have to
 

be conducted. The marginal or attributable cost' for each class of ser

vice usually can be obtained from the accounting records of the enter

prise. Financial requirements are fixed costs or any other cash flow
 

requirements of the parastatal. 
For example, many parastatals have tar

get returns to finance replacement or expansion of their supply system.
 

The use of thiZ information in calculating Ramsey prices can 
be il.

lustrated with 
a simple example. Figure B.1 presents a graphical char

acterization of the demand curves 
for three goods sold by a public en

terprise, along 
with their associated marginal costs of production. To
 

simplify the analysis, it is assumed that the marginal cost of produc

tion is constant and equal for all three goods.2 
 The demand curves for
 

the three goods in Figure B.1 have the following general form:
 

=
Qi 6iPi i, i=1,2,3, (B.l)
 

where Qi = quantity demanded of i,
 

6i = scale factor of i,
 

=
Pi price of i, and
 

ci = elasticity of demand for i.
 

The own-price elasticity of demand for the three goods specified in
 

equation (B.1) is constant across all output levels. 
 Goods 1, 2, and 3
 

have own-price elasticities of -0.9, -0.5, and -0.1, respectively. The
 

'Attributable cost is simply the portion of total cost 
that can be
 
assigned directly to a given class of service. Metering costs for resi
dential consumers are an example of attributable costs.
 

2Constant and equal marginal costs for the three goods were assumed
 
to simplify the analysis. Unequal and decreasing or increasing marginal
 
cost could have Leen assumed at the expense of sacrificing computational
 
simplicity.
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Figure B.1
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scale factor, 6, is assumed to be 20 for the three goods. From the
 

specification in equation (B.1), it is also assumed that there are no
 

significant cross-price effects for the three commodities.
3
 

Figure B.1 shows that, if price were set equal to the marginal cost
 

of production ($4.00) for the goods, the output levels for goods 1, 2,
 

and 3 would be 5.7, 10.0, and 17.4, respectively. Under this circum

stance, the net revenues of the firm would be zero.
 

Assume now that, in addition to the marginal or attributable costs
 

of production, there are also fixed costs or net revenue requirements of
 

$25 that the firm must generate in addition to covering the attributable
 

costs of production. Net revenue requirements, 70, are calculated as
 

the excess of revenues over costs:
 

3
 
E (Pi-MCi)Qi = ro (B.2)
 
i=1
 

where MC i is the marginal or attributable cost of producing i.
 

Equation (A.6) in Appendix A showed that the first order conditions
 

for efficient prices of n commodities sold by a public enterprise under
 

a net revenue constraint are:
 

Pi-MCi
 
= 
- i a ~l . n .(B.3)
 

Pi
 

Rearranging equation (B.3), the Pi can be expressed as
 

3Here again, the assumption was invoked for computational simpli
city.
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iMCiPi =- C 
 (B.4)
 

ci-a
 

Substituting equations (B.1) and (B.4) into equation (B.2), the follow

ing expression is obtained:
 

3 a6i [iMCi i
 

i1= C [0 
 (B.5)
il Ci L ci-a
 

Equation (B.5) shows that the last piece of information required to cal

culate efficient prices is the proportionality constant or Ramsey num

ber, a, that will yield the desired net revenues or fixed costs, n0 .
 

In the current problem, where u=$25, the calculated Ramsey number
 

is .02481 (that is, a=.02481). Using equation (B.3), the following 
re

lationship holds for the three commodities:
 

[4.11-4.00]
4.21-4.00]53-40
.oo] ;[5.32 .oo] ' ° ' 
.9.5 .1 = .02481 . (B.6)

4.00 J 4.00 4.0 

The relationship in equation (B.6) shows that the percentage deviation
 

of the quasi-optimal price from marginal cost--weighted by the price
 

elasticity of demand--is equal to the Ramsey number (a=.02481) for all
 

three commodities. The Ramsey number was computed from equation (B.5)
 

to generate $25 in net revenues for the firm.
 

Table B.1 summarizes the resul'.s of setting prices to generate $25
 

in net revenues for the firm. An important characteristic of Ramsey
 

pricing is the extent to which each of the goods contributes to gener
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Table B.I
 

Calculation of Ramsey Prices
 
Net Revenue Constraint
 

Good ca pb QC Revenues Cost Net
 

1 -.9 $4.11 5.6 $23.1 $22.4 $0.7
 
2 -.5 $4.21 9.7 $41.0 $39.0 $2.0
 
3 -.1 $5.32 16.9 $90.0 $67.7 $22.3
 

$154.1 $1.29.1 $25.0
 

aElasticity of demand
 
bprice
 
OQuantity
 

ating the prespecified amount of net revenues. In this example, the
 

good with the lowest price elasticity of demand contributes the most to
 

generation of the net revenues. Good 3 with a pricR elasticity of de

mand of -0.1 contributed $22.3 in comparison with good 1 which contri

buted o;ily $0.7.
 

This result follows directly from equation (B.6), which shows that
 

the percentage mark-up of price from marginal cost is the largest for
 

goods with the lowest price elasticity. This characteristic of Ramsey
 

pricing precludes the need to allocate fixed costs to various classes of
 

service in setting rates. That is, under a typical public enterprise
 

pricemaking procedure with multiple classes of service, fixed costs must
 

be allozated to various customer classes. Many categories of costs can

not be allocated on the basis of sound economic principles. These
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costs, therefore, are somewhat arbitrarily allocated.4 Under Ramsey
 

pricing, fixed costs or net revenues are allocated directly. Each cus

tomer class shares in generating fixed costs on the basis of its 
own

price elasticity of demand.
 

A number of assumptions were invoked in the example to facilitate
 

computation. As noted above, two of the assumptions--a constant own

price elasticity of demand function with negligible cross-price effects 

and a constant marginal cost function--can be relaxed at the expense of 

sacrificing computational simplicity. In real-world settings, a number 

of other considerations may further complicate calculation of Ramsey 

prices.
 

In the example, it was implicitly assumed that each of the three
 

goods had a uniform price or tariff. A uniform or one-part tariff is
 

one in which the price does not vary with the quantity consumed. In 

real-worLd settings, It may be desirable to differentiate consumers 

within a given class of service on the basis of some common attributes. 

For example, it may be desirable to differentiate electricity consumers 

on the basis of peak and off-peak users. Multi-part tariffs can be in

corporated in the Ramsey framework by simply defining separate demand 

and cost characteristics for consumers differentiated 
 on the basis of
 

these attributes.
 

4This problem is particularly acute in tbe typical rate-of-return 
regulation imposed on electric and natural gas utilities in the United 
States. Rates for individual customer classes are based on the embedded
 
(or average) cost of seiving tho:-. cutomers. While many of the costs 
of production are easily allocable to customer classes--metering .osts, 
for example--others are more difficult to apportion. In instances,many 
arbitrary 
base-load 

methods are chosen. 
capacity costL of 

A good example of 
an electric utility 

these types of costs is 
which must be appor

tioned to various customer classes. 
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In real-world settings, customer classes can often be distinguished
 

geographically. For example, 
 a country may have one electric power
 

parastatal serving both a central grid in 
a large urban area and one or
 

more rural grids in remote areas. The cost of serving urban and rural
 

customers may vary also. 
For example, production of electricity for the
 

urban grid may rely on extensive use of relatively less expensive hydro

power, while production for 
 the rural grid may rely on relatively more
 

expensive small-scale, 
diesel units. The Ramsey framework can accommo

date that situation. The procedure is 
simply to specify more classes of
 

service with different cost and demand functions.
 

B.3. TAXES AND SUBSIDIES
 

The discussion in Chapter 2 pointed out that excise taxes on energy
 

products are a significant source of income for the general treasury of
 

many developing economies. In general, petroleum products are more
 

heavily taxed than other forms of energy. Conceptually, it may be pos

sible to devise a set of taxes for a developing economy that places less
 

emphasis on the taxation of energy products and 
services and is more
 

welfare-enhancing than the existing array of income, sales, excise, im

port, and export taxes. As a practical matter, however, a global anal

ysis of optimal taxation may not be feasible; even if it were, the rec

ommendations may not be conEistent with 
the government's approach to
 

revenue generation In many instances, 
taxes on energy are relatively
 

easy to administer and are relatively more enforceable than other types
 

of taxes. Given the requirement of generating a certain amount of
 

revenue from energy taxes 
in a developing economy, the most economically
 

efficient method to distribute the tax burden among the products sold by
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a public enterprise can be determined under the Ramsey pricing frame

work.
 

A similar argument holds for energy subsidies, which are widely
 

used for income distribut~gn and energy promotion purposes in developing
 

economies. 
While it may be possible to devise a set of subsidies across
 

the economy thac are more welfare-enhancing than a kerosene subsidy, for
 

example, political obstacles m ;y preclude implementation. Again, Ramsey
 

priciL.g provides a method to determine efficient prices, given a govern

ment's policy to subsidize G2i or more energy products.
 

The remainder of this section will explore Ramsey prices under tax
 

and subsidy constraints. Two examples, with the same demand and cost
 

specifications used in the preceding section, will be used to illustrate
 

the procedure.
 

In the first example, it is assumed that the government wants to
 

generate $25 in taxes for the general treasury from the sale of energy
 

in addition to generating $25 to cover the net revenue requirements of
 

the public enterprise. The latter assumption is the same as that used
 

in the example of the preceding section.
 

Using the relationship in equation (B.5), the problem is to find
 

the Ramsey number that generates net revenues of $50 (T=50). In this
 

case, the calculated Ramsey number is 
.0408. Similar to equation (B.6),
 

the following relationship holds:
 

[4.19-4.00] [4.36-4.00[6.76-4.00
 

j4.00 [ 4.00 [4.00J1 .0408 . (B.7) 
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The results are summarized in Table B.2. In this example, the con

tributions to the fixed costs of the firm and the tax revenues of the
 

treasury by the three commodities are based on their relative own-price
 

elasticities of demand. Good 3 with an elasticity of -0.1 contributes
 

$45.6 of the $50 in net revenues, while commodity I with an elasticity
 

of -0.9 contributes $1.0 of the total.
 

Table B.2
 
Calculation of Ramsey Prices
 

Tax Case
 

Good ga pb Qc Revenues Cost Net
 

1 -.9 $4.19 5.5 $23.1 $22.1 $1.0
 
2 -.5 $4.36 9.6 $41.7 $38.3 $3.4
 
3 -.1 $6.76 16.5 $111.7 $66.1 $45.6
 

$176.5 $126.5 $50.0
 

aElasticity of demand
 
bprice
 
cQuantity
 

Suppose that, as a matter of policy, the price of commodity 3 is
 

fixed at $3.50 per unit---a subsidy of $0.50 per unit. Further suppose
 

that the firm wants to generate fixed costs of $25 from current opera

tions. The problem is to derive the prices of goods 1 and 2 so as 
to
 

cover both 
the fixed costs of the firm and the deficit incurred because
 

of the subsidy of good 3.
 

Using the demand curve for good 3 (Q3=20P-'1), the quantity de

manded at $3.50 per unit is 17.6 and, given the marginal cost of $4.00
 

per unit, the deficit created by the subsidy is $8.8. Using equation
 

(B.5) for commodities I and 2, the problem is to find a such that $33.8
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of net revenues will be generated--$25 in fixed costs and $8.8
 

attributable to the cross-subsidy of commodity 3. For this problem the
 

calculated Ramsey number is 
 .2444. Similar to equation (B.7), the
 

following relationship holds:
 

5.49-4.001 400 
0 .9 = [ 4.00j .5 = .2444 (B.8) 

The results are summarized in Table B.3. 
 As with the other exam

ples, the contributions 
to generating net revenues of $33.8--fixed costs
 

of $25 
 and the $3.8 subsidy of commodity 3--from commodities 1 and 2 is
 

based on their relative own-price elasticities. Commodity 2 with 
a
 

price elasticity of -0.5 contributes $27.3 of the total, while commodity
 

1 with a price elasticity of -0.9 contributes $6.5.
 

Table B.3
 
Calculation of Ramsey Prices
 

Subsidy Case
 

Good ca pb Qc Revenues Cost Net
 

1 
 -.9 $5.49 4.3 $23.7 $17.3 $6.4
 
2 -.5 $7.82 7.1 $55.9 $28.5 $27.4
 
3 -.1 $3.50 17.6 $61.8 $70.6 
 -$8.8
 

$141.4 $116.4 $25.0
 

aElasticity of demand
 
bprice
 
cQuantity
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B.4. DOWNSTREAM EFFECTS
 

The discussion in Appendix A showed that, given a fixed net revenue
 

target of energy producers, break-.even pricing will maximize economic
 

welfare. However, the problem of optimal energy pricing was cast in a
 

partial equilibrium framework. That is, the energy sector of a develop

ing economy was analyzed apart from other sectors in the economy. In

terrelationships between households and the industrial/commercial sec

tor--and their relationship to the energy sector--were not taken into
 

account.
 

If downstream effects were considered, break-even prices may not be
 

welfare optimal in a general equilibrium sense. The potential negative
 

downstream effects induced by break-even pricing could more than offset
 

the enhancement to welfare in sectors where it is implemented. For ex

ample, consider an economy comprised of an energy sector, a business
 

sector, and a household sector. If both the business sector and the
 

household sector consume energy--and the household sector purchases the
 

output of the business sector--the impact of break-even pricing on gen

eral welfare is indeterminate without information on its effect on pro

duction in the business s',ctor and demand in the household sector. This
 

problem, of course, arises in proposing any type of energy pricing
 

system.
 

There are two alternatives for dealing with downstream effects.
 

The first is to phase in break-even prices over a period of time. The
 

adjustment over time from current to break-even prices will ameliorate
 

adverse short-term effects of energy price changes on consumers down

stream from energy producers. The full impact of higher energy prices
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on an energy-intensive industrial process, for example, would not be im

posed immediately, but phased in over a number of years. Also, appro

priate conservation or energy substitution measures can be taken during
 

the adjustment period.
 

The second alternative is to cast the commercial energy pricing
 

problem in a general equilibrium framework. One approach would be to
 

maximize total 
consumers' welfare subject to production constraints and
 

policy tools at the disposal of the government. In this case, both op

timal price3 and taxes could be obtained from solution of the modeling
 

system. However, construction of a large-scale model often is neither
 

feasible nor advisable in the developing country context. The amount of
 

information required to construct a system of this type is 
a significant
 

obstacle. Information requirements include knowledge of both the demand
 

functions and the nature 
of production relationships in all sectors of
 

the economy. Similar limitations exist even if the modeling system was
 

confined to major energy users in the commercial and industrial sectors
 

of the economy.
 

B.5. THE CONCEPT OF COST
 

In any economy, the financial or market cost of inputs used for
 

production may differ from their real or opportunity cost because of the
 

presence of market distortions. Some prominent distortions are wage and
 

price controls, 
 taxes, import and export duties, an overvalued currency
 

attributable to exchange rate management, monopoly practices, externali

ties that are not internalized in the cost structure of 
 firms, and
 

credit controls for financing investment.
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In the energy sector of developing economies, distortions in the
 

cost of inputs may be particularly severe. The "shadow" price of for

eign exchange and capital--the price that measures the real resource
 

cost of these inputs--is typically greater than the market or financial
 

price on which state-owned energy enterprises base their ratemaking and
 

investment decisions. Energy firms are typically amcng the largest
 

users of foreign exchange and capital in developing economies.
 

One approach to correct for these potentially large distortions in
 

input prices is to compute cost-based energy prices on the basis of the
 

economic opportunity cost of the inputs used in energy production. That
 

"s, the market or 
financial cost of all inputs used in production could
 

be adjusted to correct for distortions in the economy. The calculated
 

rates would then reflect the real resource cost of using energy.
 

Basing energy prices on the shadow values of -nputs used in energy
 

production could, in many countries, increase the marginal cost of pro

ducing energy by two or more times the financial or market cost, causing
 

severe downstream adjustment problems for energy users. If shadow
 

prices of inputs are used in the energy secLor exclusively, downstream
 

users of energy would be provided with distorted relative price signals.
 

Downstream industries, for example, would be confronted with energy
 

priced at its real resource cost, while other inputs--capital, labor,
 

and materials--are priced at their financial or market cost. A similar
 

argument can be made for other users of energy. In households, the
 

stock of energy-using appliances used to produce household services-

cooking and lighting, for example--will be priced at their financial or
 

market cost, while their power sources are priced at economic cost.
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An alternative to basing 
 energy prices on the shadow price of
 

inputs is to address the question of market distortions directly at the
 

macroeconomic level. 
 The problem with an overvalued currency should not
 

be handled in the energy sector alone, but 
at the national level. A
 

fixed or managed exchange 
 rate system that leaves a large differential
 

between the real cost of foreign exchange and the observed market cost
 

should be addressed directly 
by exchange rate reform. Similarly, dif

ferences between the real cost of capital and the market cost should be
 

handled by policies aimed at the root of the distortion--relaxation of
 

credit controls, for example.
 

There are two other arguments against using the opportunity cost of
 

inputs in calculating commercial energy prices. First, there are
 

significant computational problems in determining the actual resource
 

cost of inputs used in energy -roduction. Besides capital and foreign
 

exchange distortions, there ar-: 
 taxes, import duties, and unemployed or
 

underemployed labor, 
 among the many other possible distortions in a
 

given economy. Second, computing energy prices using the shadow price
 

of inputs could significantly increase the net revenues of energy sup

plying parastatals. It was assumed that the break-even prices would be
 

calculated on 
 the basis of the marginal financial cost of producing en

ergy to generate a prespecified amount of net revenue as 
both a return
 

to capital and an internal source of funds for replacement and expansion
 

of the 
 supply system. If energy prices were calculated on the basis of
 

marginal rtoource cost of 
inputs rather than marginal financial cost, it
 

is conceivable that the marginal cost of energy 
could be two or more
 

times as large as the financial cost in many developing economies.
 

Energy prices would reflect this differential. In such a case, rates
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would have to be adjusted downward to prevent the parastatal from
 

realizing excess profits.
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