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EXECUTIVE SUMMARY

Electricity systems throughout the Third World are facing
operational crises. Demand growth has been outstripping capacity growth
for several years, and systems have deteriorated under the increased
stresses. Utilities have been unable, financially and managerially, to
expand generating capacity and maintain cuirrent equipment. Problems with
electricity reliability and quality have imposed real costs on Third
World economies. In the early 1980s, India and Pakistan were losing 1.5%
to 1.8% of their gross national products (GNP), just in their industrial
sectors (including tue agricultural sector in India) from electricity
reliability and quality pioblems. Among the losses in Pakistan was 4.2%
of the nation’'s foreign exchange earnings. These estimates exclude
losses in the residential, commercial, and government sectors. How
representative India’'s and Pakistan’s economic losses from unreliable
power are of all developing countries is simply unknown. The fact that
Indian and Pakistani authorities consider these losses to be serious, as
do authorities in a number of other developing countries regarding their
own losses, suggests that, proportionally, the Indian and Pakistani
problems are not totally anowalous.

This trend is widely projected to continue over the next decade,
with potentially disastrous consequences for electricity supply and to
the detriment of income growth and economic development. This paper
examines the costs on both sides: the income and development losses that
could be expected to accompany unreliable, or unavailable, electricity
supply, and the effects on national employment, interest rates, and
investment of attempting to make the capital expenditures to upgrade
utility systems so they can satisfy the demands made of them.

The economic costs of unreliable power must be distinguished from
the costs of failing to meet future power demands under current

conditions. The lattev type of cost is quite problematic because the
projections of unserved demand are based on consumption at highly
subsidized prices. If prices were raised to reflect true costs, demand

growth could be cut in half. As for evaluating the cost of not serving
the remainder of the projected unserved demand, the real cost of capital
must be considered. The uravailability of foreign exchange at interest
rates that potential borrowers are willing to pay may simply represent
the existence of substantial risk premia in develeping country power
sector lending. Consequently, the assessment of costs to consumers o
their unscrved power demands that are based on excessively low
electricity and capital prices would be cvarstated.

Much more real are the eccnomic costs imposed by unreliability of
actual electricity supply. Planned load shedding, unplanned electricity



electricity has been found to impose economic losses on national
economies in the range of 1.5% to 1.8% of Gross Domestic Product (GDP) in
the two countries for which dates ars available. Included in these
costs, it has been founda that Pakistan in recent years has lost as much
as 4.2%, and possibly more, of its foreign exchange earnings from exports
because of reliability problems. These static costs understate the
dynamic costs that may be imposed. The affected industrial sectors are
often the greatest savers in the country, and the reductions in profits
would reduce the rate of capital accumulation for the future as well as
depress current income.

Although we are skeptical of assigning costs to the projections of
so-called unserved demand for electricity, there are costs to the
development process of not having electricity in particular activities.
Child health programs that rely on refrigerated vaccines are set back
when electricity is unavailable, and education has been found to - suffer
from absence of lighting for reading. Both can have farreaching effects
on the development of human capital. Livestock health programs reliant
on vaccines have suffered similarly.

The aggregate cost of expanding generation and transmission capacity
sufficiently to alleviate the problem, just during the period 1985-1994,
has been estimated to be as high as $520 billion in 1985 prices, at a

time when the world capital market is tight. Expansion of coal-fired
capacity could cause major increases in atmospheric emissions unless
cleaner technology is used. Cleaner gencration technologies would raise

capital costs further.

Examination of the power sector expansion plans of a number of
prominent developing countries indicates that, while quantification is
difficult, the investments are large enough to pose macroeconomic
problems. There 1is not enough slack in budgets for governments and
multilateral and bilateral lenders to try to avoid large additional
borrowings by shifting funds from other development sectors such as
agriculture and transportation. Those other programs would be gutted,
and the funds obtained that way would in a number of instances be
insufficient to meet the power investments anyway. Additional borrowings
of $1 billion to $11 billion per year for five years for power sector
investments, based on existing development plans, would posze repayment
problems for the foreign exchange components, and depending on domestic
macroeconoimic policies pursued, could precipitate demestic real interest
rate increases to the range of 50% per year. If policies stimulated
inflation as well, the nominal interest rates could rise even further.
Attendant cuirency overvaluation could hurt exporting and the ability to
meet debt payments on power sector borrowing. It was noted above that
price reform could cut the projected demand growth by half. Even cutting
the projected investments by half leaves serious capital problems for the
macroeconomies,



Many of the countries whose =2lectricity systems are in trouble are
far from blameless. They have used electricity systems as instruments of
other development and/or welfare policies, nearly universally have sold
electricity at prices below generation costs, have tolerated governmencal
interference in svstem organization and operation, and have fostered
haphazard management of government-owned utilities. Nonetheless, there
is now a clear and pressing problem, and most of the countries are
attempting to remedy some, if not all, of their deficiencies.

vii



ABSTRACT

Many developing countries are experiencing growth in demand for
electricity that exceeds their ability to increase generation capacity.
Unreliable electricity supplies and unserved demands are consequences.
Costs of 1low quality electricity supply, or unreliable supplies, in
manufacturing sectors alone, have been estimated to be as high of 1.8% of

gross national product in Pakistan and India in the early 1980s. Losses
in the commercial sector, agriculture, and consumer surplus losses in
households would raise the loss estimates. Continued expansion of
generation capacity is unlikely to be a viable option. Expansion costs
during the 1985-1994 period have been estimated at $520 billion in 1985
prices. This amount does not appear to be available in world capital
markets, and rearrangement of national development expenditures to

accommodate further power sector spending is constrained by the fact that
the power sector typically claims 25% to 40% of povernment capital
expenditures already.



1. INTRODUCTION

Electricity supply in developing countries has encountered
difficulties in the past few years, and recently reports of crisis-level
problems have surfaced. Demand for electricity has been growing by 6% to
12% per year in some countries while supply capabilities have been
lagging behind by a percentage point or two per yecar as the international
capital market has tightened. The reliability of existing power systems
has deteriovated as they have been overstretched, and power outages and
other reliability problems, such as voltage stability and frequency, have
caused cconomic losses.

This paper assesses the character and magnitude of the impacts of
electricity system unreliability and of unfilled demand for electricity
on income and development in developing countries. Strictly speaking,
power system vreliability refers to percent of the time electricity
consumers can get power when they want it, Closely related to that
strict definition of reliability are questions of the quality of the
electricity supplied: the stability of voltage and frequency, which, if
not maintained within fa2ivly tight tolerances, can v oul clectric
motors and damage the performance of precision equipment. Throughout the
paper, we often refer to both the availability and quality problems under

the name of unveliability probloms, Poor reliability and outright
shovtages ¢xact their costs in terms of foregone current income and
foregone long-term development. Curing or reducing the problem has its

costs as well, in terms of the capital required for system expansions,
improvements, and/or rechabilitations.

The following section discusses the role energy in general and
electricity in particular play in economic development. In the third
section, the costs of poor reliability of a power system are examined,
both conceptually and empirically. The impacts of electricity shortages
are examined in the fourth section. This is a more elusive issue because
of the part that improper electricity pricing has played in exacerbating
the power problem by encouraging demand while reducing utilities’
financial ability to expand services. These sections address the costs
of inadequate electricity supply in developing countries. The fifth
section studies the costs and impacts of making the investments currently
planned or recommended to meet the growing power demands. This issue
itself has two sides. There may be large, additional foreign borrowing
costs to the countries unless other development investments are foregone.
We explore the costs of additional borrowing of the magnitude entailed,
as well as the costs of reducing investment ir other development sectors
that might be required to reduce the impacts of increased borrowing.

Despite  the widespread incidence of the developing country
electricity supply problem, detailed information on the subject is

available only for a few countries. Consequently, it is not possible to
determine a single, total estimate for the wvalue of losses from
unreliable electricity for all developing countries. Associated foreign

1



exchange losses, opportunity costs of not meeting future power demands,
the investment required to fulfill those demands also cannot be

determined directly. As an alternative, we present the available
evidence on economic losses from unreliable electricity supply and review
the investment forecasts of a number of prominent countries. From that

information, we offer ranges of the magnitudes of the various costs,



2. ELECTRIC POWER AND ECONOMIC DEVELOPMENT

2.1 ENERGY AND ECONOMIC DEVELOPMENT

Economic development is a multifaceted process, but one way it can
be thought of 1is as the substitution of more mechanized, energy-
intensive production processes for less routinized, less mechanized, less
energized production processes. Metal and plastics replace wood and
ropes in machines, and modern energy forms--fossil fuels and electricity-
-displace traditional energy forms--animate power and biomass fuels. Not
only does the structure of production alter energy use, but changing
consumption patterns do as well. A larger number of the products made in
the new production structures vequire energy for their operation, either
dirvectly or indircctly. Urbanization, which accompanies the evolution of
production styucture but is distinct from it, fosters additional energy
use as well as substitutions of modern energy for traditional energy.
Overall, duvinp the long term of economic development, a 1% increase in
per capita income is associated with a 1% to 1.3% increase in energy use
per capita, but with as much as a 2% increase in modern energy use per
capita (Jones, 1987h).

2.2 ELECTRICITY AND DEVELOPMENT

The residential and commercial sectors consume vrelatively more
electricity in most developing countries than those sectors do in the
industrialized countries presently, and more than was the case in the
industrialized countries during the ecarly phases of the development of

the electric power industry (Jones, 1987a). Electricity provides a
relatively small share of the modern energy supply in most developing
countries. Electric power provides less ecnergy to industrial uses than
do fossil tuels--coal and petroleum products. Electric power is well-

teilored to meet certain classes of industrial energy requirements, and
when its supply is crratic, industrial users lose or fail to make money.

It is legitimate to ask whether electricity-using development uses
the resources that are abundant in developing countries, or whether
electrification of production will contribute materially to employment.
Direct and reliable evidence from developing countries is scarce, but a
detailed study of thirty-five manufacturing sectors in the United States,
for the years 1958-1974, has estimated the patterns of technical change
as they use or save electricity and labor, among other inputs. Technical
change in cighteen secctors was both electricity-using and labor-using;
only five sectors with eclectricity-using technical change experienced

labor-saving technical change (Jorgenson and Fraumeni, 1981). This
suggests that in a majority of industries, particularly in manufacturing,
electrical innovations have not been simply substituting for labor. It

would not be surprising if this pattern c¢f innovation carried over to the
developing countries, where labor is abundant and there are strong,
economic incentives to use it. In fact, with relatively cheaper labor
and relativei; more expensive electricity, the cmployment-enhancing
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effect of the American pattern of technical change should be even
stronger in developing countries.

Developmentally, electricity’s importance also lies in its ability
to supply the quality of life goods that people have come to expect that

development will bring them -- the comfort of air conditioned office
buildings and residences, the convenience of electric lighting, the
assistance of houschold appliances. The remainder of this section

describes the uses to which electricity is put in developing countries
and the characteristics of electricity that make it a special energy
form.

2.2.1 Electricity Uses in Developing Countries

It is useful to consider the use of electricity both from the
perspective of the development planner, and from that of the end-user.
We have noted that elccuricity supplies a relatively small share of
industrial energy in developing countries. It is also true that in the
manufacture of many products, combustion of fuels can be substituted for
electricity in manv processes. However, it is equally true that in most
products for which eclectricity is used, there rewain some processes in
which electricity has no substitute. 1In some insrances where there are
substitute processes for the ones that use electricity, the resulting
product is diffcvrent and no longer of high enough quality to compete in
internationa. markets, i.e., is no longer of export quality,

Development involves improvements in working and living conditions
and in the quality of life, as well as increased production of goods and

services. These uses of electricity tend to be concentrated in
commercial, pgovernment, and residential activity, where many of the
productivity improvements are indirect. The mass technologies for these

improvements vrequire electricrity to substitute for human labor, to
provide comfort or convenience, or to perform new functions that people
desire. TPeople want these services, and most governnents have goals and
programs to increase the number of their citizens who have access to
electricity. As a vesult, the use of clectricity to improve the quality
of life is increasing relative to industrial, agricultural, or direct
productive uscs in most if not all countries. These trends will make the
performance of eclectric power systems and the pricing of electricity
services increasingly important to the political and economic stability
of governments in developing countries.

From the perspective of the end user, electricity can be used tou
provide five generic classes of service: shaft power, light, heat,
electronics, and electrochemical, Each of these classes encompasses a
myriad of actual uses. Other energy sources, usually requiring petroleum
products, can substitute for electricity in the first three of these
classes; services in the remaining two classes are inherently electrical,
Substitutes, when technically feasible, usually require some change in
the end-use equipment as well as in the form of energy,



Although other forms of end-use energy are thermodynamically more
efficient, users generally find that substitutes for electricity in the
first three classes provide service of lower quality (convenience,
maintenance requirements). The user of the service may find this lower
quality acceptable if the cost of substitutes is sufficiently low, or may
accept the lower quality if electricity is not available. However, there
is evidence that users in developing countries value electricity very
highly when it is available to provide these services, and that they will
make substantial sacrifices to avail themselves of some of these.

The following paragraphs examine the five major classes of service
in greater detail, noting both productive and quality-of-life uses.

Shaft power. This class includes all services that use a rotating
shaft to drive equipwent--pumps (irrigation, municipal water supply,
cooling many industrial processes, powering flows of liquids and gases in
many industvial processes), COmMpressors (refrigeration and air-
conditioning technologies are almost entirely shaft driven), grinding and
crushing (ore, rvelining, cement production, agricultural processing), and
machines in general (rollers, industrial tools, hand tools, residential
labor-saving devices, fans, copying machines and other office equipment).
Electric motors are the technology for converting electricity to shaft
power. In 1980, 1industrial electric motors consumed 43% of all
electricity in Brazil, and electric motors in other sectors consumed
another 7%; in 19/7, electric motors in the industrial and commercial
sectors caonsumed 613 of total U.S. electricity, and residential motors
would add to the total motor share (Geller, 1984, p. 14 and p. 25; U.S.
Energy [nformation Administration, 1986, p. 192).

The ability to substitute other forms of energy for electricity
depends on the specific end-use. Diesel engines are a proven technology
for providing shaft power, and they power irrigation pumps and machinery
in many small industries where electricity service is wunavailable.
Diesel engines generally vequire greater maintenance by the user than
does grid-supplied electricity, and they are less convenient to control;
they also require a fuel source, which in many developing countries means
importing p:troleum or its products, and transporting fuel to remote
locations for usc. Otherwise, diesel engines are a suitable substitute
in many applications. Cooling can be accomplished without shaft power by
burning fuel to drive absorption chillers, but the equipment is less
reliable and is ecconomically competitive only when electricity is not
available {rom a grid. Falling water can power equipment when sufficient
head exists and equipment can be used at the site; if the bydraulic
resource is wvemote, it is usually more attractive to use the falling
water to generate electricity and transmit it to where shaft power is
needed.

In general, as the number of machjnes in an area increases, It
becomes wore attractive from the poinct of convenience, environmental
quality, and often cost, to begin to substitute electricity for other
enerpgy forms.



Services provided by very small electric motors--such as those in
office machines, labor-saving devices, hand tools, and fans--are
difficult to provide by other forms of commercial energy, and generally
require human labor as a substitute.

Electric m:otors are sensitive to power quality and can be damaged if
voltage varies beycnd the equipment design tolerances. Recent
developments in power electronics may reduce this vulnerabiiity as
manufacturers incorporate them into new generations of motors.

Light. This includes lights for residential, commercial,
industrial, office and public (street lighting) uses, and the full range
of human activities which vrequire 1light. Lighting contributed

disproportionately to residential and commercial consumption, which is
growirg more rapidly than industrial consumption in many countries.

The hallmarks of electric lighting are its cleanliness, convenience,
and quality, and the substitutes for electricity in this application are
generally intervior. Substitutes include daylight, which is not always
available; kerosene lamps, which produce poorer quality light with less
convenience, and often require imported fuel; firewood, as a byproduct of
cooking or heating, which is unevenly distributed and of limited quality
and convenience; and natural gas in some public and other large
applications. lHowever, natural gas may requive a large investment in gas
supply and distribution equipment, comparable in size to that for
electricity services.

The quality of light delivered can be degraded by power quality,
with the effects seen in the amount, stability, and color of light.
Lighting services are often time-dependent; a power failure can deny
customers not only the lighting service but also the applications that
light permits.

Heat. This includes cooking, water heating, space heating, clothes
ironing, and industrial heating of material (welding, drying, setting of
plastics or chemicals, electric furnaces for primary metals). Cooling,

which 1is generally more important than heating in the commercial and
residential sectors of developing countries, is generally provided by
shaft power or, less often, by non-electric technologies.

In almost every case, other forms of energy may be substituted to
provide heating services. The cleanliness of electricity can be an
important consideration in industrial applications, where contamination
of materials or product must be avoided. Cleanliness and convenience are
important to the quality of life and working conditions, and the
combustion of fuel provides poorer service on these measures in

applications such as ironing and water heating. With the exception of
some welding equipment, these applications are less sensitive to power
quality than other classes of service. Outages have a more serious

effect than power quality on the quality of the final service.



Electronics. This includes telecommunications, microprocessors,
process controls, computers, much instrumentation, and the uses of this
equipment. Precision tcols incorporate this technology to ensure
precision of woperation or results. An increasing fraction of modern
medical services depends upon electronic technology. Many technologies
for improving the efficiency of fuel combustion and the efficiency of
energy end use require microprocessors. The "modern" sector modernizes
iargely by using these technolosies to improve productivity or provide
additional types of service. Precision control of production processes,
necessary to produce exports competitive in the world market, requires
the use of electrenic controls to match the precision of competitors who
use them. For the middle and upper classes, improvement in the quality
of life is increasingly defined in terms of access to consumer electronic
equipment.

There is mno substitute for electricity in these applications.
Although many of these secrvices vequire only small amounts of
electricity, they generally require that it be of high quality. A large
proportion of these scrvices {is time-dependent, especially among
residential and commercial uses, so that a power failure causes a loss of
service which cannot be recovered when power is restored. In developed
countries, many uscrs of these cervices provide back-up sources of power
from batteries or fenerators,

Electrochemical. This includes electroplating, aluminum refining,
some photocopying, and scme chemical processing. These are very
specialized end uses, almost entirely industrial. There is no substitute
for electricity in +hese applications.

2.2.2 Characteristics of Electricity Supply

Electricity delivered to the end user is energy supplied with some
degree cf reliability (continuity of service, and ability to supply
larger or smaller amounts of energy as equipment is switched on or off),
and some cegree of quality or uniformity over time and space (voltage,
current, frequency). Procuction of electric energy is straightforward,
but reliable delivery of electric energy, of expected quality, to the
point of use reguives a high degree of planning, maintenance, and quality
control.

2.3 ENVIRONMENTAL IMPACTS OF ELECTRICITY GENERATION

One of the lessons of the past thirty years in the United States and
developing countries alile is that electric power production has a dark

side. Electricity generation is a source of various negative
environmental effects, most of which can be controlled, but at a cost
(OECD, 1985). The environmental costs begin with the fuel production and

continue through generation. transmission and distribution, and end use.
For theimal generation, coal mining has important environmental impacts,

including &cid mine drairage, ecosystem damage, mine waste disposal
issues, deforestation, and land reclamation issues. Cil and gas
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production involve problems of blowouts and spills, hydrocarbon
emissicns, hydrogen sulfide production and trace metal emissions.

Major environmental problems with electricity generation from fossil
fuels are air emissions of culfur and nitrogen oxides, carbon monoxide

and dioxide, hydrocarbons, trace elements, particulates, and
radionucleides. The carbon dioxide emissions are central to important
questions about induced global climatic change. Generation with coal

releases about 25% more €09 than oil and about twice as much as natural
gas, and techniques for controlling €09 emissicns are not yet economic.
Many of these emittants pose human health hazards as well, although
knewledge of physiological and pathological reactions is still limited
Unlike oil- or gas-fired generation, coal-fired generation produces
considerable ash wastes that must be disposed of.

Transportation and storvage of coal entail risks from accidents, dust
emissions, water pollution frem storage piles. Coal slurry pipelines
require water which muist ve treated subsequently, 0il transportation
entails risks of spills from accidental and operational discharges and
from pipeiine leaks and explosions. Movement of the generated
electricity also has environmental impacrts. High voltage transmission
lines pose land requirements and impose visual and noise impacts as well
as alr tratfic hazards, communications interference, ozone generation,
and fire visks.

Generation of electricity from renewables is not without substantial
envivonmental impacts. Dams and lakes associated with hydroelectric
generation can bring tourism and recrcational activities, but can have
adverse impacts on the hydrological cycle, water quality, riverine
ecology, and fish migration. They also can impose losses of potentially
productive land and displacement of populations. Use of low-head hydro
may reduce land losscs as well as cbviate the need for high voltage
transmission lines,

Geothermal generation can involve steam releases, noises up to 120
decibels in the vicinity of unsilenced wells, and airborne releases of
hydrogen sulfide and trace amounts of Radon-222. Most geothermal hot
waters contain large amounts of dissclved salts and other solids,
including heavy metals. Land subsidence can be a problem in liquid-
dominated geothermal fields. Geothermal gencration is very inefficient
in the sense that 90% of the total heat energy is discharged to the
environment and may affect local hydrological cycles.

Biomass generation preduces high particulate levels and requires
substantial amounts of land if centered around large-scale energy
plantations. Solar generation also has large land requirements, and its
rotating mirrors pose the risk of affecting the local ecology and
micreclimare,

A simple ewample using emissions of oxides of sulfur (50y) will
illustrate some environmental implications of developing country power
procduction by 20083, In 1984, the total eleccricity supplied by all
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developing countries is estimated to have been 1,700 TWh (Hagler-Bailly,
1987, Exbibit 2.5). Roughly one-third of that was generated from coal.
Three capacity expansion scenarios for all developing countries between
1984 anc 2008 yield aggregate shares of electricity generated by coal of
33.5% (low growth), 37.6% (medium growth), and 43.2% (high growth)
(Hagler-Bailly, 1987, Exhibit 5.1). On the basis of these projections,
we can calculate an estimate of SOy, emissions from coal-generated
electricity production in 2008. We assume an average calorific content
of coal of 11,000 Btu/lb and an average generating ef_iciency of 10,300
Btu/kWh. We use a current and prajected SO, emission coefficient of
.0313: i.e., 3.13% of the weight of coal used in electricity generation
finds its way into the atmosphere as SOy (Parmstadter et al., 1987,
Appendix B).

Table 1 presents the results of these calculations as well as the
calculations of Darmstadter et al. (1987) for SOy emissions for three
regions iu 1980 and 2030--the Gangetic plain of India, which contained
roughly one-third of India’s population in 1980, Europe (excluding the

Soviet Union burt including Turkey), and the United States. Darmstadter
et al. derived their projections of coal combustion from the IIASA
projections reported in Edwonds and Reilly (1985). Their projections

include all coal cowbustion, but for the United States in 1980,
bituminous coal use by clectric utilities accounted for 95% of all U. §.
bituminous e¢nal usc. We have inciuded, in parentheses, linearly
interpolated trends for 2008 for the three regions of Darmstadter et al.
to facilitate comparison of the two quasi-independent sets of
projections. The increase in thermally-fired electricity generation in
all developing countries between 1984 and 2008 can be expected to
increase 50, emissions by a factor botween 2.6 and 5.5 (3.7 for the
medium-growth scenario). Our 2008 interpolation of Darmstadter et al.'s
projected SOy emissions for the Gangetic Plain has a 3.5-fold increase
over the 1980 1level for that region, which corresponds to the SO0y
increase of the medium-growth rate scenario for all developing countries,
while Europe’'s and the United States’s emissions are projected to
increase ?2- and 3-fold. Over the 1980-84 period, coal used in
electricity generation in all developing countries accounted for 9% of
global SOy emissions; by 2008, they could account for as little as 8.6%
of global emissions or as much as 18%, by the calculations of Table 1.1

lMajor coal users omitted from Table 2.1 are the U.S.S.R., Japan,
Canada, Australia, and New Zecaland. Figures on coal wse in these
countries are included in the derivation of the percentage figures in the
text, Data on Soviet coal production come from Office of Technology
Assessment (1981, pp 83-84) and on Soviet coal exporis from Russell
(197¢, pp 77-78) and World Bank (1979, Table 2-6). Data on Japan,
Canada, Australia, and New Zealand come from OECD (1984).

Many variant scenarios are possible regarding the growth rates of
coal use and possible decreases in SOy emissions rates by region.
However, most of those scenarios would increase, or at the least leave
unaffected, the percent of global SO0y emissions attributable to LDC
electricity generation by 2008. For example, identical reductions in
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The SOy emissions are characteristic of other pollutants such as
NOyx, €0, and hydrocarbons and the growth of thermal electricity
generation in the developing countries over the next twenty years
threatens to contribute a major increase in gleobal air pollution.
Clearly, introduction of more cleanly burning coal-fired electricity
generation technolopy will be a priority for developing countries’ power
sector expansion, from the perspective of multi-and bilateral lending
agencies approving projects 1if not necessarily from the borrowing
countries themselves. This cleaner supply tec..wlogy will raise the
capital cost of meeting expected electricity demand in the next twenty
years.

emission rates in ail regions would leave the percentage unaffected.
Greater vreductions in emission rates in the currently industrialized
countries than in the LDCs would decrease the denominator of the fraction
by nmore than the numerator, increasing the resulting percentage. This is
a plausible scenavio when operating standards in the LDCs are considered
in addition to simple introduction of newer, less polluting equipment
based on developed countries designs and emissions standards.

Additionally, the linear interpolation wused to derive 2008
projections could equally plausibly be above or below actual coal use
reached in that year. A realized, constant percent growth rate for world
coal use between 1930 and 2030 would bias the 2008 coal use projection
above that attained. On the other hand, efficiency improvements and
substitutions away from coal could make the 2008 lincar interpolation
projection a high estimate. In any event, regicnal differentials in the

growth rate of coal wuse would be required to affect the percentage
figures given in the text, and the most plausible differentials would
increase the numevator by more than the denominator, again pushing up the
percentage figures for LDC electricity generation SO, emissions,
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All Developing Countries

Effects of electricity generation on SOy emissions

% electricity Actual or Coal-generated S0y
generation projected electricity1 emissions*

Year from coal coal use* (TWh)
1980 -- -- --
1984 33.8 244,731 575 7,342
2008 33.5 607,785 1,441 19,190
(low growth)
2008 37.6 869,116 2,030 27,049
(medium growth)
2008 43.2 1,330,913 3,024 40.285
(high growth)
2030 - -- --

Gangetic Flain

of India2 Europe United States2
Actual or SOy Actual or SOy Actual or SOy

projected ecmissions* projected emissions* projected emissions*
Year coal usex* coal usex* coal use*
1980 55,517 1,831 732,120 22,910 515,573 16,137
1984 -- -- -- -- -- --
2008 -- -- -- -- -- --
(low growth)
2008 -- (6,465)%% -- (46,968)** .- (48,669)%*
(medium growth)
2008 -- -- -- -- -- --
(high growth)
2030 322,948 10,106 2,104,993 65,870 2,372,000 74,230

5 R
“Thousand metlric tons.

**Linearly interpolated
Hagler-Bailly (1987), Exhibit 2.5 (A-C).
11987), Appendix B.

lSource:

2Source:

Darnstaater et al.

trend.



3. ELECTRICITY RELIABILITY AND QUALITY AS A DEVELOPMENT ISSUES

The focus of this chapter is on the short and long-run impacts of

power supply inadequacy. Adequacy refers to the power sector’s
capability -- capacity (kW) and energy (kWh) -- to meet the electricity
demand and energy requivements of all its customers. Thus, inadequacy
can arise either due to insufficient capacity -- generation or network--

to serve load (kW) at any instant in time; or it can arise due to

insufficient energy (kWh) to serve customer requirements over a period of
time. In shorr, adequacy refers to the reliability, i.e., certainty of
the availability of power.

In the U.S., which has one of the highest levels of service
reliability in the world, power supply interruptions are infrequeut. The
overall system vreliability index expressed as the percentagq)of energy
demand met is of the order of 99.98 percent (DOE, 1981).<“ Service
intevruptions due to generation capacity deficiency are virtually unheard

of. The overwhelining majority of outages (98+ percent) that consumers
face are due to faults in the transmission and distribution (T&D)
network. Most of these outages are of short duration, typically lasting

from a few minutes up to an hour or two.3 In contrast to such routine
and localized interruptions, on rare occasions there is a major network
related outapge such as the 1965 power failura that blanketed most of the
Northeast vegion of the U.S. in darkness, aird the New York City blackout

of 1977. Such rvare but spectacular events affect large numbers of people
and full scrvice restoration may take up to a day or more. These events
receive considerable attention from the media, regulators, and

politicians.

The reliability picture in many developing countries is
substantially different. Most developing economies are capital
constrained and therefore unable to provide adequate supplies of power.
In many such instances, the cause of low reliability is a deficiency in
generating capacity. This situation often 1is aggravated further by
having small power supply systems with small numbers of plants. Reserve
capacity is relatively more expensive to build and maintain in very small
systems than in very large ones. In addition, the operating availability
of the existing power plants in many developing countries is very poor
compared to that in developed countries. Whereas the specific factors

2Margina11y lower indices have been reported historically for many
European power systems.

3studies of several utilities in the U.S. indicate that most
consumers face of the order of 2 to 5 such interruptions annually,
Customers in r1ural areas experience a somewhat higher frequency of
outages.

13
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vary by country, the most common reasons for pcor plant availability
include inadequate preventive maintenance, lack of spares, limited fuel
supply or fuel of inferior quality, labor problems, etc.®

Another recason for poor power supply reliability in many developing
countries, even those thbat are not faced with a generating capacity
deficiency, is the poor state of transmission and distribution systems.
These systems often are overloaded and overextended and in many cases may

be in advanced stages of disrepair. Power supply authorities already
strapped for capital are unable to undertake all the necessary network
extension, rehabilitation, aud maintenance. Instead, scarce funds tend

to be dirccted to prestige and visible projects like a dam with a power
station.

A problem relaced to power supply inadequacy is that of poor supply
quality.” Voltape surges and dips, and frequency fluctuations can cause
extensive damage to electric motors and other sensitive equipment. This
is also a common problem in developing countries that imposes a high
economic cost,

The rvemainder of this section is orpanized as follows. Section 3.1
begins bv identifying and charactevizing major dimensions of the impacts
of electricity shortfalls and includes an overview of the methodology
for assessing the economic costs of such shortages. Section 3.2 presents
dollar estimates of some components of these costs for several developing

countrics.
3.1 MEASURING THE IMPACTS OF POWER SHORTACGES

Short- and long-run costs are distinguished by the adjustments that
the firms facing unreliable power make to mitigate their losses. The
short-vrun is the period of time in which the firm can make some changes
in operating routines but is constrvained to use its currently fixed
capital cquipment. The loag-run is the period in which the firm can also
make adjustments to jts fixed capital stock, pgiven its expectations of
what to expect in the way of continued power unreliability.

These lmpacts and interactions can be illustrated in the context of

a business or manufacturing entity. When faced with a curtailment in
electricity supply, the firm must adopt an alternative to the use of
grid-supplicd clectricity. Typically, production must be deferred to a

“It is not uncommon to find plant availability factors of .35 to .5
(Munasinghe and  Gellerson, 1979, ». 353). In contrast, plant
availability factors in the U.S. ave of the order of .7 to .85.

MWhereas reliability refers to scrvice continuity, quality refers to
the provision of powcer within stated voltage and frequency ranges and
with the right wave form characteristics.
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later time when the supply 1is resumed. If the plant was already
operating at capacity, then overtime production involving additional
costs will be necessary. I1f the enterprise uses a continuous, 3-shift
process and is operating at capacity, then this avenue is not available,
and the shortage may result in a loss of sales. If the firm owns standby
generation, then some of these adverse effects are mitigated, although
the decision to acquire stand-by generation capacity would be a long-run
adjustment. However, the use of such equipment entails the additional
expense of fuel to operate it, and the fuel may entail foreign exchange
costs.

In addition, service interruptiors may trigger costs related to
product spoilape and damage to eguipment. Under a situation of
controlled load shedding, the firm can reduce such losses as well, as
idle factor costs, by re-scheduling activities and by implementing
controlled and orderly procedures for shutting down and re-starting the
production processes. The extent of these direct economic costs also
depends upon a host of factors such as advance notification, duration cf
the interruption, and timing. The latter refers not only to the time-of-
day or season but also to the prevailing market conditions regarding the
demand for the firm's output, These direct costs can be very high,
particularly nnder conditions of uncontrolled load shedding and
transmission and distribution outages, 1i.c. sudden interruptions in
service without advance notification. In addition to the direct costs
noted above, there are indirect costs to the economy because of the
secondary cffects that arise as a result of the interdependence between
one firm's ontput and another firm’'s input.

Finally, <c¢hronic electricity shortages and poor reliability of

supply trigger long-run adjustments. If firms expect that shortages and
unreliable service will persist, then they will respond in one or more
ways (Sanghvi, 1983, p. 129). The installation of back-up diesel

penerator sets is the most common leng-run adjustment taken by industrial
firms. Tables 4 and 9 show the extent of autogeneration capacity b
5 |% y by

industries in India and Pakistan.

Much other evidence from developing countries on the adjustments and
their costs iz anccdotal and, where quantitative estimates are available,
they are incomplete (dunasinghe & Gellerson, 1979, p. 353). For example,
a significant fraction of households in some developing countries have
installed one or more voltage regulators to protect appliances such as
refrigerators, air conditioners, and television sets against potential
damage {rom voltage fluctuations in grid supplied electricity. It has
bzen reported that in some instances industrial electric motors have to
be replaced on average once a year because of poor power quality. 1Ian a
large number of apartment buildings in the city of Calcutta, and in
Kingsten, Jamalca, it is reported ihat emergency backup generators have
been instailed to run essential equipment such as elevators. in  the
Punjab vegion of India, where prid-fed electric punpsets have played a
significant role in the pgreen rvevolution, a large number of farmers
maintain backup capability 1in a diesel pumpset, to ensure against
frequent interruptions in grid supply. A substantial amount of the total
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installed generating capacity in many developing countries (of the order

of 20-plus percent) is in the form of standby generation on the customer
premises.

3.2 DOLLAR MAGNITUDE OF ECONOMIC IMPACTS: SOME SPYECI#IC COUNTRY
EXAMPLES

This secction presents some quantitative estimates of the economic
impacts of electricity shortfalls. A detailed analysis of this cost for
even one developing country is beyond the scope of this efforr, so this
section summarizes the results of several country specific studies. The
customer class  coverape and level of detail in these studies vary
considerabrly, but the dollar estimates they vyield underscore the peoint
that the short- and long-run cecenomic costs of power shortfalls can be
very high. We are able to offer economy-wide estimates of economic
losses for ouly two countries, India and Pakistan, although we present
estimates of costs per kWh of outage for a number of other developing
countries. The preater detail presented for India and Pakistan should
not be interpreted as  implving, that costs  sustained by those two
countrics arc especially representative of cconomic costs throughout the
developing world, It simply veflects the availabilicy of information,
although we believe the Indian and Pakistani costs are not entirely

anomatous .
3.2.1 1India

Power shortages and unreliability were mostly sporadic in the 1950s

and 1960s, and by the 1970s power shortages had become a chronic
national problem that now affects most of the stares to varying degrees
(Jaramillo, c¢t. al., 1973). A recent study by the Natvional Council of

Applied Economic Rescarch (NCAER) in India has estimated the impact of
power shortapes in the agricultural and industrial sectors over the
period 1982-1984 (NCAER, 1985).Y

NCAFR's  survey of 15,000 bulk electricity-using industrial
establishments reported substantial variation in the extent of capacity
utilization and its cause, but power shortage was a major culprit in all
industries and in all regions. From Table 2, total production losses in
1983-84 are estimated in the study to be approximately $2.7 billion in
mid-1987 prices, or about 1.5% of GNP. A comparable estimate for 1982-83
based on the HNCAER study is approximately $2.1 billion in mid-1987
prices. Table 2 estimates the production losses to vary considerably by
industry and repion. for example, the loss in the iron and steel
industry was about 43 percent in the Southern Region, but only 3.5
percent in the Western Region. Averaged across all large industries in a

0in 1986, the industrial sector electricity sales represented 40
percent ol national consumption with the agriculture sector consuming
15 percent.
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range between 1.46 percent

Region to 13.16 percent in the Eastern Region.

Table 2. Order-of magnitude estimates of power shortages
on Indian industryl’

in the Western

Estimated shortfall

Loss of
value added

Loss as a

Year Gwh % 10/ Rupees3 $ of GDP
74-75 10,953 14.1 1,630 2.6
75-76 8,599 10.3 1,300 2.0
76-77 5,124 5.8 810 1.1
77-78 15,837 15.5 2,500 3.0
78-79 11,186 10.3 1,750 2.3
79-80 19,068 16.1 2,980 3.6
82-83 -- -- 2,199 1.3
83-84 -- -- 2,879 1.5

1 Years 74-80 based upon World Bank, 1979. Years 82-84 based upoa NCAER,

1985.

2 Years 74-80 based upon the following simplifying assumptions:

o All cuts are allocated to industry;

o All power shortages are energy shortfalls;

o A 2% impact on GDP is approximately equal to 1,500 crore 107) rupees

per year,

o Does not include damage, spoilage,

unscheduled load shedding; and
o Does not include long-term adaptive response ccsts to economy.

3 Current exchange rate is approximately Rs. 13.12 to

doliacr.

and process restart costs due to
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Table 3. Production losses due tuo power shortages in India
(1983-84)

Average loss as a percentage

Industrial type Value of production

Northern Southern Eastern Western

Region Region Region Region

Textiles 12.35 7.76 NA 2.31
Cement & cement products NA 2.43 NA NA
Paper 37.08 9.32 9.25 9.24
Chemicals & fertilizers 1.30 15.71 30.90 0.72
Electrical industry 6.30 5.81 6.48 0.52
iron & steel 37.07 43.41 12.57 3.45
Non- ferrous metal 15.17 10.40 20.00 Nil
Engineering 23.52 2.33 21.36 2.98
Transport equipment 10.11 0.83 5.00 3.46
Rubber 50.25 14.33 NA Nil
Coal mining NA NA 8.00 Nil
Food products NA NA 15.00 12.36

All industries
1. % of loss 12.06% 8.94% 13.16% 1.46%

2. Total value 407 620 729 229
of production loss
(10] Rupces)l

L At 1979-80 prices.

Source: NCAER, 1985,
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The NCAER report also ectimated the impacts of electricity shortages
in agriculture, primarily for irrigation on the basis of a survey of
2,000 clectric pumpset-owning farmers throughout India. In some states
there was substantial standby diesel pumping capacity, which is a direct
manifestation of the problem of unreliable grid power supply. The
estimates of  production loss in agriculture attributable to power
shortfall were not basecd upen a crop-response function which would
attempt to relate crop yields to key inputs, including water usage, but
largely upoun the perceptions of farmers iu the sampl The percent
losses were small relative to the losses typical in the industrial
survey, from 1.5% to 5.3% across states, with an all-India average of

2.3%. This actually may indicate that agricultural losses from
electricity vreliability problems were cffectively nil. Coop losses
depend upon how pood the 1‘:1in.(;7 are, and the 1983-84 season was considered
to be a geod year for rain.’ It also appears that low electricity
tariffs and unmctered supply, as well as lack of knowledge about water
management, have stimulated over-watering. Consequently, losses of

irrigation water caused by electricity unreliability may have reduced
irrigation to something closer to an optimum quite fortuitously.

Lonp-run  capital  adjustments witigate the short-run production
losses from unreliable clectricity, but they entail costs of their own.
The eclectricity veliability problems are evidence of too little capital
in the pgrid, and the cvidence on autogeneration says that at least some
of the additional capital is being supplied privately. Comparison of
industry lesses in Table 3 with the extent of autogeneration by industry
in Table 4 offcrs some weak but supgpestive evience that autogeneration
capacity is mitipgating production losses,

[t cannot be said that the full value of autogeneration equipment is
an additional cost ot unreliable power, because it substitutes for
additional capacity that utilities do not have. However, if the grids
could expand and if they could upgrade their management to maintain
quality secrvice, grid-supplied electricity could be produced with greater

economies of scale than autogeneration can offer. These are major
qualifications to the present cnvironment, however. The difference in

the electricity supplv costs of the prid and self generation methods is a
long-run cost.

The loss estimates of Tables 2 and 3 fall somewhere below the short-
run costs and above the long-run costs, assuming partial adjustment has
been made. Also, the difference in electricity supply costs of a
reliable prid and autogeneration is excluded from those loss estimates.

TEven if 1983-84 had been a bad rainfall year it is not apparent
that the costs would be higher. This is because of the presence of
standby diesel pumping capacity.



Table 4. Use of captive power sets in industry, India 1983-34

Percentage of units teporting at Average capital cost of
Industry type least one captive sert captive plants in the reporting units (307 Rupees)
Northern Southern Eastern Western Northern Southern Eastern Western
region region region region region regicn region region
1. Texrtiles 100.90 76.9 100.0 77.4 9.31 7.37 10.9%4 13.58
2. Cement & cement
products NAa 66.7 NA NAa NA 50.96 NA NA
3. Paper Nil 50.0 83.3 22.2 Nil 466.13 14.25 136.83
&, Chemicals 16.7 53.7 69.2 2¢.5 380.00 25.65 9.55 47.23
5. Electrical
industry 28.6 67.9 7€.9 15.0 19.17 5.25 9.14 3.86
6. TIron & steel 14.3 50.0 69.2 26.7 24.35 19.37 641.04 878.60
7. Non-ferrous
metal 100.0 60.0 1060.0 50.0 2,077.66 3.22 7.78 NA
8. Engineering 33.3 63.6 54.7 30.0 0.25 2.45 10.25 8.91
9. Transport
equipment 50.0 64.3 160.0 12.5 66.25 11.92 19.15 10.00
10. Rubber 50.0 50.0 Nil Nil 2.50 NA Nil Nil
11. Coal mining NA NA Nil 25.0 NA Na Nil 5.87
12. Food products 25.0 66.7 120.0 Nil NA 9.85 4.46 Nil

0¢

Source: HNCAER, 1985.
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3.2.2 Pakistan

Table 5 presents estimates of the impacts of power shortfalls to
industry. The 8.2 percent reduction in value added is equivalent to a
decline in value added of approximately $350 million in 1987 U.S.
dollars. The study further estimates that these direct costs to the
economy should be escalated by a multiplier of 1.34 to account for the
indirect multiplier effects. The resulting total--direct plus indirect--
cecsts of the shortfall, representing a 1.8 percent reduction of GDP, are
expected to continue at lecast for the duration of this decade.
Additionally, Table 3.4 estimates the adverse impact on national exports
of manufactured goods as & consequence of power shortages to be about 4.2
percent of manufactured exports. This translates into a reduction in
exports of about $75 million in hard currency.

Since 1980, clectricity consumption has risen at an average annual

rate of over 11.2 percent. This vrelatively high growth rate in
electricity demand in recent yeare 1is attributable to at least three
major factors: (1) maintenance of tariff increases at levels

substantially below increases in the prices of other goods and services,
which further stimulated demand for electricity;8 (2) the substantial
increase in electricity demand by newly developed, electricity-intensive
industries; and (3) increased remittances from TFakistani nationals
employed in Gulf countries, triggering demand for electrical appliances.

Increases in residential demand, together with high pumping loads
and the rural electrification program, have contributed in large measure
to the deterioration of WAPDA's? system load factori® from approximately

Buntil recently residential electricity tariffs did not have a fuel
adjustment clause.

YWater aad Power Development Authority of Pakistan. WAPDA's service
territory includes all of Pakistan except for the major port city of
Karachi and its environs, which are served by the Karachi Electric Supply
Corporation (FESC).

1OSystem load factor is the ratio of actual utilization of all
generating plant (hovrs/year) to the maximum possible utilization level
of 8760 hours/year. Higher load factors imply more efficient utilization
of generating plant.



Table 5. Impact of sutages on key national economic parameters

by type of industry,l Pakistan, 1983-4

Decline in Decline in
value value of Decline in
added? production exnorts
(%) (%) (%)
A. BY INDUSTRY GROUP
Tood, beverages & tobacco 21.2 2.7 11.2
Textiles 9.4 4.8 4.2
Wearing apparel & footwear 4.4 0.6 0.9
Wood & paper 6 6.3 1.4
Chemicals & petro-chemicals 5.9 3.8 4.5
Non-metallic mineral products 2.1 1.2 0.0
Metal & metal products 7.2 2.4 3.7
Machinery & equipment 7 1.2 6.1
Other industries 8.8 0.9 0.7
B. ATL INDUSTRIES 8.2 2.6 4.2

lperived by eliminating any sample biases by industry or region.
The impact on value added excludes labor-related costs which
reduce profits by an identical amount leaving value added unchanged.

Source: AID, 1987b.

77
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66 percent in 1975-76, to 56.5 percent in 1985-86.11 wAPDA’s generation
capacity additions have not kept pace with demand, and consequently, the
country has had recurrent power shortages since 1982. These shortfalls
are expected to convinue for at least the duration of this decade.

Load shedding previously was restricted principally to the period
December through June, but in recent yeuars it has become a year-round
phenomenon. Tables 6 and 7 summarize the cost estimates of a recent
stidy of load shedding i WAPDA's service area study (AID, 1987b). Table
3.5 indicates that the cost of load shedding to industry ranges from a
low of $0.29/kWh for textiles to a high of $1.77/kWh for the machinery
and equipment industry, with an average of approximetely $0.50/kWh. In
contrast. uncontrolled load shedding (i.e., outages with no advance
notification) cost industry, on average, $0.81/kWh, or is approximately
60 percent more (Table 7). In both instances, spoiliage cost -- 1.e.,
damage to machinery and goods -- is a significant compoaent of total
cost, accounting for over 60 percent of toral direct cost and about 15
percent of total outage cost.

Industrial electricity usevs have resorted to substantial self-
generation to mitigate losses from unreli-~hility, and Table 8 provides
insight into long-tun costs of that strate: . The total cost per kWh of
self-generation ranges from a low of $0.1 /kWh to a high of $C.74/kWh.
In contrast, WAPDA's systemwide average, long-run marginal cost of supply
is estimated to be approximately $0.076/kWh. Thus, the economic cost of
grid supply by WAPDA ($0 076/kWh) is substantially (between 2- and 10-
fold) lower than the autogeneration cost incu.red by industry. The
extent of this diversmence provides some indications of the resource costs
to the econoimy because of this inefficiency.

Hpecent shifts in electricity consumption shares are as follows:

Percentage Share of

Consumer Total WAPDA Salas
Segment 1970-71 1980-81 1985-86
Residential 9.78 20.49 29.11
Commercial 3.68 4.91 5.65
Industrial 44,28 38.40 38.02
Agricultural 27.03 23.44 18.58
Public Lighcing 0.56 0.63 0.58
Bulk Supply 14.67 11.04 7.83
Traction --- 0.48 0.23
TOTAL 100.00 100.00 100.00

Total Consumption
(GWH)


http:1985-86.11

Table 6.

Components of loadshedding cost per kilowatt hour by type of industry and process (Rs./kWh)

Pakistan, 1983-4
Adiustment costs Total
loadshedding
Net idle Total Labor Capital Timing Total cost
Spoilage factor direct related rclarted relatgd adjustment
cost cost cost costl cost*< cost” costs Rs./kWh $/kWh
A. BY INJUSTRY GROUP
Food, beverages & tobacco 8.25 0.89 9.14 0.20 0.50 0.10 0.80 9.94 0.68
Textiles 1.33 2.70 4.03 0.09 .1 0.04 0.26 4.29 0.29
WVearing amparel & footwear 2.40 0.68 3.08 1.97 6.38 0.00 8.35 11.43 0.79
Wood & rpaper 7.64 3.31 10.95 0.14 0.24 1.40 1.78 12.73 0.87
Chemicsls & petro-chemicals 7.83 2.12 9.95 0.32 0.31 0.00 C.63 10.58 0.73
Non-metallic mineral products 0.04 0.51 0.55 0.30 3.40 0.00 3.70 4.25 0.29
Metal & metal products 3.71 2.45 6.1 0.20 0.20 0.06 0.46 6.62 0.45
Machinery & equipment 15.94 3.34 19.28 0.77 5.47 0.19 65.43 25.71 1.77
Other industries 4.14 0.65 4.79 0.23 0.25 0.00 0.48 5.44 0.37
B. BY PROCESS
Batchmaking 2.51 0.71 3.22 0.12 0.36 0.0¢ 0.56 3.78 0.26
Continuous 9.90 9.89 16.79 0.56 1.68 0.00 2.24 22.03 1.51
C. TOTAL SAMPLE 3.64 2.19 5.83 0.21 0.56 0.07 0.84 6.67 0.45

}Cost of additional overtime and/or shifts.

ZCost of generators and/or mere intensive operatiors of machinery.
Cost of changes in shift timings or in working days.

Scurce: AID, 1987b.

ve



Table 7.

Components of unplanned outages cost per kilowatt hour by type of industry and process,
Pakistan, 1983-4 (Rupees)

Total
Adjustment costs unplanned
Direct cost breakdowns
Labor Capital Total cost per
Spoilage Net idle Total direct related relatgd adjustment
Cost factor coest cost cost! cost“® costs- Rs./kWh $/kVWh
A. BY INDUSTRY GROUP
Food, beverages & tobacco 26.94 1.88 28.82 1.01 0.44 1.45 30.27 2.08
Textiles 1.90 3.06 4 .96 0.23 0.09 0.32 5.28 0.36
Wearing apparel & fcotwear 8.01 1.81 9.82 1.88 1.26 3.14 12.96 0.89
Wood & paper 26.95 3.94 30.89 0.69 1.42 2.11 33.00 2.27
Chemicals & petro-chemicals 6.23 10.75 16.98 0.59 1.32 1.91 18.89 1.30
Non-metallic mineral products 0.23 1.56 2.19 0.43 1.80 2.23 4.42 0.30
Metal & metal products 7.85 4.66 1z2.51 0.35 0.55 0.90 13.41 0.92
Machinery & equipment 13.79 8.40 22.19 G.35 5.74 12.09 34.28 2.35
Other industries 6.19 1.11 7.30 2.20 0.50 2.70 10.00 0.69
B. BY PROCESS
Batch-making 2.69 3.67 6.36 0.42 0.28 0.70 7.06 0.48
Continuous 23.66 9.60 33.26 1.22 2.48 3.70 36.96 2.54
C. TOTAL SAMPLE 6.40 4.03 10.43 0.62 .58 1.30 11.73 0.81

1 A

“Cost of additional
“Cost of generators
3cost of changas in

Source: AID, 1987b.

overtime and/or shifts.
and/or more intensive operations of machinery.
shift timings or in working days.

G¢



Table 8. Extent of self-generation of power during outages and generacor costs
per kilowatt hour by type of industry and process, Pakistan, 1983-4

Percentage of
Sample firms

Average extent
of substitutio..

Tocal
per KWH

of

Cost

Percentage of
samnle firms

using of WAPDA by generation planning to invest
genarators generators in generators

(%) (%) (Rs/kWh) ($/kWh) (%)

A. By industry group
Food, beverages & tobacco 9 83 3.13 0.21 17
Textiles 8 82 2.68 0.1i8 11
Wearing apparel & footwear 19 84 7.30 0.50 11
Wood & paper 6 93 0.76 .7 16
Chemicals & petro-chemicals 17 81 5.32 0.37 12
Non-metallic wmineral products 8 98 2.92 0.20 6
Metal & metal products 9 88 1.97 0.14 19
Machinery & equipment 19 85 6.63 0.46 23
Other industries 22 75 5 85 G.68 11

B. By process

Batch-making 10 81 2.80 0.19 14
Continuous 16 86 5.76 0.40 21
C. Total sample 12 83 3.42 0.23 16

Source: AID, 1987b.
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3.2.3 Other Countries

This section summarizes several other developing country studies
which have attempted to develop estimates of the costs of electricity
shortfalls. However, estimates in the following studies are generally
not based on as detailaed and complete an analysis as in the India and
Pakistan case studies discussed in the preceding section.

Table 9 summarizes estimates of the costs of power supply inadequacy

reported in other studies. With the exception of the two ca.es discussed
at lenpth carlicr, other studies have focused on estimating the cost per
unit (kWh) of shorofall. This occurs because, with the exceptions of

ludia, Pakistan, Fpypt, and Bangladesh, the ccuntries listed in Table 9
have not bheen subject to shortfalls in generation capacity.lz Thus, the
majority of study estimates in Table 9 were developed for the purpose of
evaluating projects that improve local arca reliability as a result of
reinforcing  or rehabilitating the sub-transmission and distribution
network. As a consequence, most of these estimates relate to unplanned
outages.

Llectricity interruption costs in Table 9 are typically in the

$0.50/kWh to $5.00/kWh range. This range gives commonly experienced
costs. However,  certain individual customers will have costs
substantially hLigher than the $5.00 number. With average electricity

tariffs in the range of $0.08/kWh to $0.12/kWh, cthese data indicate that
in the short yun, customers would be willing to pay from 5 to 50 times
the avcerage taviff to avold the adverse effects of power supply
interruptions.

3.3 AN OVERALL ASSESSMENT COF RELIABILITY COSTS

For India, the cost of unreliability in electricity supply in the
industrial and agricultural sectors has been around 1.5% of GDP, while in
Pakistan, the costs of only industrial sector reliability problems has
been around 1.8% of GDP. This includes some 4.2% of foreign exchange
earnings from manufactured exports, but excludes any agricultural sector
losses. Neither estimate 1includes the value of foregore services
associated with residential and commercial outages. To put these
percentage fipures in a more familiar perspective, they may be compared
with the magnitude of the 1982 recession in the United States: between
December 31, 1981 and December 31, 1982, real GNP in the United States
fell by 1.8%.

12p0cause of foreign exchange restrictions during the period 1978-
82, the Jamaica Public Service Company suffered from a shortage of spare
parts for its large thermal generating stations. As a result, the system
was frequently unable to satisfy demand, resulting in widespread outages
over that four-year period. How. =1, this situation has been rectified,
and most service interruptions that Jamaican customers now face are
related to network disturbances.



Table 9.

Costs of power shortages in selected developing countries
(1978 US$)

Study Type of Cost of Overall Measurement
Country Reference Sector(s) Shortfall Shortage npproach
Bangladesh World Bank, 1982 All Unplanned 1.00$/kWh Based upon
ontages estimates
reported in other
studies.
Brazil Munasinghe & Gellerson, 1979 Households Unplanned 1.95-3.00$,/kWh Wage rate reflects
outages cost leisure
Industry Unplanned 1.77-8.42$/kWh Survey to assess
idle factor costs,
and spoilage.
Chile Jaramillo & Skcknic, 1973 Households Unplanned 0.53$/kWn Annuitized value
outages of household
appliances made
idle.
Industry Uaplanned Range: 0.25- Input-output model.
outages 12.00 $/kWh
Central Tend-
ency 1.50-6.00
$/kWh
Costa Rica Munasinghe, 1980 Households Unplanned N/A Wage rate reflects
outages cost leisure.
Industry N/A Survey to determine
idle factor costs
and damage costs.
Egypt Bernstein & Hegazy, 1987 Industry Unplanned 0.40 $/kWh Irput-output model
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Table 9.

(1978 USE) (continued)

Costs of power shortages in selected developing countries

Study Type of Cost of Overall Measurement
Country Reference Sector(s) Stertfall Shortage Approach
India World Bank, 1979 and Industry Controlled Annual cost Survey to determine
NCAER, 1985 lead ranges from 1 production loss
shedding to 3% of GDP attributable to
1.5 to 3 power shortfall.
billion dollars
annually)

Agriculture Controllied Sector produc- Survey to determine
load tion loss of production loss
shedding 2.3% in 1682- attributable to

84, power short-fall.
Jamaica Sharpe, 1975 Industry Unplanned 1.25 $/kWh Estimzte of {raction
outages of value added cost.
Pakistan AID, 1987b Industry Controlled Range:0.26-1.77 (1) Survey to
1oad Average: 0.46 determine idle
shedding $/kWh factor costs,
spoilage, restart
costs
Unplanned Range 0.36-2.54 (2) Survey to
outages Average: 0.81 determine idle
$/kWh factor costs,
spoilage, restart
costs
Controlled $350 million (1) + (2)
and Uncon- in 1984-85
trolled
load

shedding

N
\O


http:0.36-2.54
http:Range:0.26-1.77

Table 9. Costs of power shortages in selected developing countries
(1978 USS) (continued)

Study Type of Cost of Overall Measurement

Country Reference Sector(s) Shortfall Shortage Approach

Paraguay Westley, 1981 Residential N/A Consumer surplus
loss.

Taiwan Munasinghe, 1980 Incdustry 0.06-2.1€$/k'h  All value added cost

Tanzania Tanesco, 1985 Households 0.50 S$/kWh Cost of obtaining
substitute services
from alternzte
means.

Industry 0.70-1.40 $/kWh Some fraction of
value added cost
depending upon
plant capacity
utilizacvion.

Commercial 1.00 $/kWh Assumed equal to
average cost to
industry.

All sectors 0.70-1.10 S$/kWh

N/A: Not available.
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The foreign exchange cost estimate probably understates the total
foreign exchange cost of outages by failing to include the hard currency
cost of imports purchased to substitute for domestic consumption of
affected industries’ outputs. Some, but probably not all, of this effect
may be captured in the 4.2% figure cited above.

How traunsferrable are the reliability loss figures of 1.5% to 2% of
GDP? First, manufacturing probably is more exposed to electricity
reliability losses than i< agriculture, and if this is the case, other
things being cqual, countries with larger manufacturing shares of GDP
would suffer larger percent losses from poor reliability. India and
Pakistan lhiave relatively high agricultural GDP shares compared to
Thailand, Indonesia, the FPhilippines, and Egypt, but low compared to
Bangladesh . But  other t¢hings need mnot be equal. The larger
manufacturing shares may be partly the result of more reliable
electricity supplies, and veliability losses would not be larger shares
of GDP. How large could reliability losses conceivably get as a percent
of €DP?  News from Sudan reported that nearly 60% of the industry in
Khartoum was idled throughout the summer of 1986 because of electricity
unrceliability, but  only around 6% of Sudan’'s GDP comes from
manufacturing, and spare parts problems may have accounted for some of
the idle capacity reported. As a judgement estimate, we suggest an upper
bound for reliability losses of around 4% of GDP, and that rate of losses
would be sustainable for only short periods of time. At that point, it
would pay to bepgin using liquid fuels and self-generation, although those
power production methods are costly themselves, as noted above.
Inclusion of commercial and government secctor losses might raise
this {igure by one half to one percentage point, although commercial
sector electricity wuareliability affects comfort as well as output,
While the Indian study supgested that Indian  agriculture was not
particularly hurt by reliability problems, agriculture in dryer countries
like Sudan and Egypt might be more susceptible to poor electricity
reliability. However, the agricultural oucput in Sudan that relies on
electricity for irrigation pumping accounts for only around 3% of GDP
(Jones et al., 1987). Unreliability of liquid fuel supply is as big a
concern for Sudanese irrigation as electricity reliability is. Pakistani
irrigation, however, relies much more heavily on electric pumping, but
tariffs Tor agriculture are well-subsidized.

Figures in the range of 1.5% to 2% of GDP or GNP are large enough to
cause concern, but as static, single-period estimates they may understate
the long-term costs. Dynamic costs include not only the current period’s
inceme losses but the income that is lost in future periods as a resulf
of the current losses. They may be far higher than the static, single-
period cests. 1 the affected sectors have higher than average savings
rates, investment may be seriously disrupted by the reduction in profits,
and the vates of growth of the capital stock and of income, will be
retarded, The rate of entry of new technology in the form of new
equipment would be slowed down. To tlie extent that these
investment/capital accumulation forces are prime movers of development,
as well as of simple income grewth, the forces that produce the strongest
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demands for improvement in human capital, the entire development process

could be impeded well beyond what the current shares of GDP loss
superficially would suggest.



4. IMPACTS OF ELECTRICITY SHORTAGES

4.1 DEFINING SHORTAGE

Shortage is a very elusive concept. The question of how much of an
item a potential consumer wants must be linked to the question of how
much he or she is willing to pay for that amount of the item. Economists
combine those two sets of questions to produce the concept of demand,
which refers to how much a consumer would he willing to pay rfor so many
units of an itew, when the consumer has so much income and other closely
related items, both substitutes and complements, cost so much. Using the
concepcs of demand and supply, it is difficualt for an unfilled demand, ox
a shortage, to be sustained. At a given price, demand may exceed supply,

but in that case supply weuld increase at an increased cost. The
' } t )

increased cost weuld cause some consumers to decide they did net want the

item, and the shortapge would be eliminated. A demand-supply equilibiium

does not imply that no consumer would not want to have more than he gets,
but that no consumer is willing to pay what would be required to obtain
more.

Given thoe pricing policies and financial management of many
developing country utilities, this discussion of shortage versus demand-
supply equilibrium is especially relevant. Many more industrial
electricity customers might step forward if more electricity ecould be
generated, and many villages would indeed be better off if they were
electrified, bat the question is how many consuwmers can pay the cost of

that additional electricity and still be better off. The issue 1is
substantially different from that of outape costs, which involve the cost
of wvariable quality of electricity supplies. The cost of so-called

shortages is more ill-defined because it runs very close to being the
cost of foregoing what one was unwilling to pay for in the first place.
Conventionally speaking, it would be improper to project the amount of
electricity that consumers would be willing to use under an uneconomic
price regime, subtract from that the amount they will not be supplied at
that set of prices, and call the difference any kind of welfare loss.

There 1is an income issue here as well, however. The demand for
electricity is a function of consumer income as well as the electricity
price, and the consumers’ incomes in many develeping countries simply may
be too low to sustain any more than a minimal amount of electricity
consumption, and many low-income individuals might be unable to pay even
for a hcok-up. Tdeas of a desirable distribution of consumer welfare may
suggest that the distribution of electricity consumption be something
other than what a full-cost pricing system would gencrate. In that case,
some portion of untulfilled wants for electricity could be identified as
a welfare loss, but its valuation would involve some arbitrariness.

Nonetheless, the availability ot electricity makes some developments
possible that otherwise would be impossible or far less conveniently

accomplished. At this point, the issuc shiits from the quantity of
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electricity regulariy provided, to whether electricity is available at
all at certain locations for certain purposes, and from the value of
well -defined welfare losses to less precisely valued identification of
contributijons that clectrification can make to development.

4.2 SOCIOECONOMIC TMPACTS

Developmert planners have argued that electricity bas numerous
socioeconomic benefits, ranging from improved literacy to improved
general quality of life to iwproved economic productivity to reduced
incentives for rural-to-urban migration (Cecelski and Glatt, 1962).
Anecdotal evidence supports mauny of these claims, but little rigorous
research has been done to verify them and measure the benefits. A recent
review of evaluations of rural electrification (RE) programs in
developing countries concludes that most of the c¢laims that RE has
sipgnificantly higher social than private benefits are either unfounded or
unsubstantiated; the only claim that appears to stand scrutiny with some
consistency is that RE has backward and forward linkages with
agriculture, but cven that claim is qualified by crop choices (Pearce and
Webb, 1987).

Most studics focus on the effects of rural electrification, and
describe what is oceurring in existving electriflied areas without
attempting to define what would have happened without clectyicity; many
note changes in the way people live and attribute them to electricity
when other eneivgy forms could have permitted these changes. The most
effective way to estimate these benefite would be to compare conditions
in electrificd regions with those that would have existed without
electric power or with some alternative energy form such as diesel
(Barnes, 19877 . The conmparison would nced to control for ex ante social
and cconomic difterences between the electrified and unelectrified areas
and the investments made in uvon-clectric services.

4.2.1 Genaral Fiadings

Twe geneval cobservations reflect compelling anecdotal information.
First, the use of e¢lectricity, even at subsidized prices, is expensive
for very poor people, yet they are willing to make sacrifices when
electricity is available to purchase and operate appliances such as
electrie 1lights, televisions, and fans. The people clearly perceive
benefits to electricity use. What is uncertain is whether the benefits
are large enouph for a nation to continue to subsidize electricity prices
or the expansion of rural electrification or bear the environmental costs
of power production, and how much the benefits are reduced when
electricity supplies are unreliable or the power is of poor quality.

The second obscrvation is that clectrification alone is unlikely to
have much benefit; pcople may use electricit” but not in the quantities
expacted or for the uscs and benefits hoped ror by the planners (Barnes,
1987). Since pcople genervally can be relied to act in their own best
interests, this points to difficulties in constructing and/or
implementing adequate plans. On the other hand, an integrated
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development project that improves the access of households and small
firms to capital, and that makes public investments in agriculture,
education, health services, rater supplies sanitation, and housing, as
well as making electricity available, can greatly improve the economic
productivity and quality of 1life of the targeted areas. It is not
possible from available evidence to isclate the contribution that
electricity makes to such an integrated project other than to say that
electricity becomes an integral part of the project once the project has
made investments in eclectric end-use equipment for Irrigation, public
lighting, or health-care. Again, the amount by which benefits of such
projects are reduced when power is unreliable or of poor quality is
unknown.

4.2.2 Some Specific Examples

With this in mind, the following examples illustrate some of the
postulated sociocconomic benefits of electricity.

4.2.2.1 Vaccination

Vaccines for many human and livestock diseases require
refrigeration. lack of access to reliable refrigeration is cited as one
of three obstacles to the eradication of rinderpest from African
livestock. Even with a partial control program, th: disease is estimated
to have caused direct losses of $400 million from 1980-1984, and indirect
losses of $1 billion (Walsh, 1987). The total worldwide losses from
diseases which -ould be prevented by vaccination if refrigeration were
more widespread would be much greater. As in integrated development
projects refrigeration alone, which can be provided through non-electric
technologies, would not substantially reduce these costs, but the
expansion of electric refrigeration would simplify the effort.

4.2.2.2 Education

Electricity without schools is wunlikely to improve education;
electricity without television signals limits the use of this medium for
instruction or information dissemination. On the other hand, the effect
of electricity on the use of education and information exchange services
when they are available is unclear. Some studies have found that
households with electric lights are no more likely to send children to
school than comparable households without, but that children who can read
by electric lights spend more time reading at home than those who lack
electric lights; in households with access to both television reception
and lights, children spend more time reading, but adults may watch
television instead and thus spend less time reading than adults do in
nonelectrified households (Barnes, 1987). Adult evening classes require
light, but they also require funding, and they must meet people’s needs
before adults will enroll.
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4.2.2.3 Income and Employment

It appears possible for electricity use to have a full range of
outcomes on employment and income, depending upon iocal cultural, social,
and economic circumstances which remain poorly understood. Poorly
controlled studies have found village electrification associated with
increases in small-scale industrial activity, household manufacturing,
and the share of the labor force employed i~ industry, relative to
villages without clectricity. This may increase productivity or income
but not employment. Rural houscholds in some cases improve their income
by undertaking cottage industrial activity using electric lights in the
evening. In at lecast some circumstances, rural electrification has no
effect on income distribution and land distribution (Barnes, 1987), but
in others it clearly could increase inequality, and in others it could
decrease it.

4.2.2.4 Quality cf Tiife

Electrification probably widens the gap in the quality of life
between the rich and middle classes and the very poor, because the very
poor often cannot afford the electricity or end-use equipment and
associated benefits.  This is evident from data on appliance ownership,
where for houscholds of comparable income and education, electrified
houscholds are more likely to have appliances of any type than are non-
electrified houscholds. On the other hand, as the income of electrified
households riscs, these appliances are more likely to be electric than
nonelectric. Rural electrification probably improves the quality of life
of women and children more than it does that of men, because the former
spend more time in the home ({Barnes, 1987). On the other hand,
electrification in urban areas may be as important for improving the
lighting, ventilation, and comfort of the workplace environment for men.

4.2.2.5 Envivonmental Quality

Electrification can reduce fuelwood consumption if (1) it is part of
a strong, well-designed and implemented development program which
includes substitution of electricity for fuclwood in cooking as one of
its objectives or (2) it permits households to substitute electricity for
kerosene in lighting and thereby allows substitution of kerosene for
fuelwood in cooking. The first of these appears to have been successful
only in Costa Rica, where its success hns created difficulty for the
power system (Trocki et al., 1987). The second has been do.umented in
some cases in India (Barnes, 1987) and probably is dependent on income,
local energy markets, and cultural preferences for cooking methods; it is
therefore probably mnot a veliable outcome of electrification.
Substitution of electric lights for kerosene lights, cven without a
reduction in fuclwood, and the adoption of electric fans, both improve
the indoor air quality of residences.

It should be pointed out, however, that the heavy subsidization of
electricity prices in developing countries generally benefite the middle
and upper income groups in those countries, and the subsidization
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generally is paid for by the lower income groups, at least in terms of
what could have been subsidized that would have benefited the poor had
not the upper-income subsidy been provided. Jones (1985) notes that in
Egypt in 1979, the wealthiest 21% of urban houscholds received 30% of
energy subsidies (including, but not restricted to, electricity) while
the poorest 26% received 15% of the subsidies. With regard to the
political sensitivity of electricity price increases, he also observes
that "the lcaders of such protests are typically upper middle class and
many of the followers are urban workers in the top half of the income

distribution. It was certainly not the rural poor who went to the
streets in Cairo and Bangkoxkx to protest rises in the prices of such
services as electricity and kerosene" (Jones 1985, p. 345). The

populist, income-distribution, political arpguments in favor of heavy
subsidization of electricity prices, as well as supporting employment
padding in pavastatal utilities, should be viewed with suspicion. The
poor in developing countries generally would benefit more from full-
priced elecctricity than the current, subsidized arrangements.

4.2.2.6 Migration

Cities and the larger towns and villages are more likely to have
electricity than small villages and rural areas, and it has been
suggested that rural electrification, by reducing this disparity and
improving the quality of rural life, might reduce the rate of rural-to-
urban migration. There 1is no hard evidence on either side of this
question. Survey evidence from India suggests that rural electrification
may increase migration from electrified villages for jobs, but may be
accompanied by enough improvement in the availability and quality of
education that it reduces migration to larger settlements for education
(Barnes, 1987); the net ecffect may be close to zero in this case. Barnes
suggests that the increase in emigration reflects rising expectations,
perhaps from higher agricultural incomes and greater information flows
associated with electrification. He also observes from the Indian survey
that, although permanent emigration from electrified villages increases
slightly, seasonal migration seeking employment decreases.

4.2,2.7 Political Stability

Poor areas which have received little public investment of any kind
are probably more likely to be disaffected with the authorities than are

those which have benefitted from such investment. Development, rather
than electrification, is probably more important in building support for
an existing government or political system. It is unclear how much
electrification alone could build support, or how much other forms of
investment could make up for its absence; a poorly designed
electrification project by itself could reduce political suppcrt rather
than improve it. It is clear from anecdotal evidence that the

maintenance of electricity services and the price of electricity for
existing wusers does affect general satisfaction for these users.
Deterioration of service quality can tacome one more thing over which
people become dissatisfied or angry, as can price increases, especially
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when they are unaccompanied by visible improvements in the quality or
availability of service.

4.2.3 Relevance of the FEvidence to Capital Sliortages for Power.

The need to coordinate electrification with other services in
development takes on a special importance when development funds are

short. Many cultures, including the western cultures in which the
leaders of many developing countries were trained, tend to value visible,
concentrated, physical results over the intangible. In power systems

development, this leads planners to prefer large investments to small,
and investments in power plants to those in transmission, distribution,
or end-use efficiency (Tendler, 1971; Collier, 1984, pp 14-17: Sathaye,

1987). In integrated development which includes electricity, this may
lead developers to favor power investments to those in the services which
enable cffective use of power. When development funds are scarce, the
preferred tangible parts of the program may receive fundiug preference
over the intangible, and thereby - eduze the chances for successful
application of those investments that are made. A reduction in the
demands  for capital to expand elactric power services would,

paraloxically, improve the chances for these investments to be
productive.



5. COSTS OF IMPROVING ELECTRICITY SERVICES IN DEVELOPINC COUNTRIES

We have explored the foregone income and developmental activities
that would be sacrificed by unavailable and/cr unreliable power supplies
in developing countries. However, providing the power is by no means
costless either, In this chapter the consequences of making the
investments in the power sactor that would be required to meet demands by
1995. A number of financing options are at least theoretically possible

for meeting utility expansion demands. Governments could divert their
own tax-derived resources f{rom other programs to utilities. Finaucing
could ceme from domestic capital markets. Governments could engage in

deficit financing to fund power scctor development, although this might
amount to no more than government borrowing from domestic capital

markets. Foreign borrowing could be used. 4As a final alternative, by
raising electricity prices, utilities could finance the expansion from
internal funds. These options are not mutually exclusive and, in fact,

ordinarily would be undertaken in some combination with one another.
Rather than simply discuss the advantages and disadvantages of each of
these options individually, this chapter considers several financing
strategies that arc packages of these individual options., This offers
the advantage of ideutifying the financing problems that still remain
even when the arvay of individual financing options has been tailored to
best meet some development goals that a country might have.

Two polar financing strategies are considered. First, a country
might attempt to make the additional power sector investments without
reducing development spending in other sectors such as agriculture and
transportation. Additional capital would have to be raised domestically
and/or externally, both of which actions would have farreaching effects.
Alternatively, if capital availability is highly corstrained, expansion
of capital spending in the power sector would require curtailments in
other development areas. 1t is possible, perhaps even likely, that some
combination of these unattractive situations might bhe forced upon a
country: it might increase its overall level of capital expenditure and
nave to contract some of its nonpower investments.

This chapter begins with a consideration of the potential crowding
out of nonpower development investments by a big push in power
investments. We begin by examining the recent sectoral distribution of
capital expenditures in some high-priority AID-supported countries to
assess the size of potential impacts on other development efforts. Next
we consider the possibility of the increased power sector investments
coming from increased, rather than redirected, investment. Such a policy
could have significant macroeconomic impacts, and we study those
possibilities. 1In the last section we consider the problems associated
with borrowing.
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5.1 THE SIZE OF TV'E INVESTMENTS

The actual magnitudes of the investments required to "solve" the
power crises 1n individual countries are subject to considerable debate.
For example, one aggregate estimate of $522 billion between 1985 and 1994
has appeared in the literature. Of that, $172 billion was projected to
be in foreipn exchange requirements, the remainder in local currencies

(Heveon, 1985). That is a disturbingly large number, and there are
reasons to suspect  that it is  far too high, The study simply

extrapolated a o4 annual growth rate of aggregate electricity demand in
the developing  countries and ignored actions other than capacity
expansion that could bring supply growth into line with demand growth, as
well as foedback effects that would tend to damp electricity demand
prowth independently of deliberate policy actions. First, electricity
price retorm could go a long way to containing demand growth. At least
two ALD Missions claim rhat electricity price reform could go a long way
toward solving the respective countvies’ clectricity problems, From
Egypt: "The potential for rationalized rates to resolve the energy
[electricity] problem is high™ (AID, 1987a, p. 22). From Pakistan: "Qur
analyses indicate that were energy [electricity} prices raised to their
cconomic value, demand [for electricity] would fall substantially" (AID,
1987c, p. 32y, However, most developing countries have resisted rapid
electricity price veform because of its political sensitivity. Second,
lower-priced rehabilitation of equipment and judicious installation of
capacitors in transmission systems would incrcase the effective supply of
electricity often  more cheaply  than direct installation of more
generating capacity would,

In  the wav  of  feedbacks, while not  a solution itself, the
continuation of reliability problems would lead industrial clectricity
consumers  to  substitute alternative power sources for grid-supplied
electricity cven if povernments did not let marker forces determine
electricity prices.  The Heron paper considered the feasibility of a $522
billion pover scector investment bill only  from the perspective of
multilateral  loan  avairability, ignoring the borrowing countries’
repayment capacities and the potential consequences for their natioenal
financial systems of investments and foreipn and domestic debts of that
magnitude . On the positive side, the Heron projection incidentally
directs attention o the feasibility of continuing to address the
developing country electricity sector’s problems principally by capacity
expansion programs.

katner than make independent projections of electricity demands,
this scetion  presents  some  information on planned power secto.
investments in several countries that are reperted to be facing major

power shortapes  over the next decade. Table 10 presents this
information, as well as  load growth forecasts and information on
clectricity prices. The figures are incomplete, and some are suspect as
will be noted. The developmental and national financial implications of

actually making power sector investments of the announced, planned
magnitudes are considered from several perspectives,


http:in'.'estm.nt

Table 10. Power sectol investment plans (in U. S. $)
Planned Forecast
investments annual Electricity
or reported Investment load Forecast tariff as
requirements plan pericd growth period $ of LRMC
Bangladesh $ 2.95 billion! 1985-92 16.6% 1985+
Egypt $ 4.41 billion 1986/7-92/3 7% 1986-2000 4.6-70%
India $55.3 billion 1984/5-89/50 10-11% 1984/5-94/5 60-70%
Indonesia $11.44 billion? 1987/8-93/4 10% 1987+
$42.2 billion3 1985-2000
Jamaica $417 million 1987/8-93/4
Pakistan $11.31 billion® 1985/6-92/3 10.6% 1983-88 66%
8.3% 1989-93
Philippines $ 2.67 billion 1986-96 5.7% 1986-96
Senegal $265 miilion 1985-90
Sudan $683 million 1986-95
Thailand $ 6.7 billion 1986-95 7.7% FY1986-FY9%2
5.3% FY1993+

lin 1985 prices.
2In 1987 prices.
3In 1980 prices.

Does not include investment plans of Karachi Electricity Supply Company which could amount
to an additional 20%.

Sources: World Bark, Asian Development Bank, African Development Bank, Inter-American
Development Bank.
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The power sector investmen:s planned or otherwise reported as
desirable are impressive, even when divicded by the number of years in the
investment plan period. Indonesia's recommended power sector investments
average between §2.3 billion and $5.6 billion per year, depending on the
expansion plan, for a six-year total of $11.4 billion or a 15-year total
of $42 billion. The Indian power sector expansion plans are even more
impressive, at just over $11 billion per year during the 1984/85-1989/90
Plan period. Pakistan’s plans call for just under $1.9 billion per year
for six years. For a small country, the Jamaican investment plans are
substantial at §$70 million a year for zix years. The cost of the
Epyptian expansion plan is relatively lew at only $882 million per year
over a five-vear period teo install 7190 MW of additional generating
capacity. Philippine plans call for a 1ll-year total of $2.6 billion,
while Thailand’'s call for $6.7 billion in ten years. These power sector
investment plans are especially impressive when compared with several of
the countries’ total extornal debts as of the end of 1982: Indnonesia,
$21.9 biilion; the DPhilippines, $20.7 billion; and Thailand, $11.1
billion (Schuh, 1986, p. 49).

Clearly, the planned expenditures are large enough to cause concern
about where the money is going to come from. To temper this picture
somewhat, the last column in Table 10 offers some numbers on electricity
tariffs as percentages of the long-run marginal cost of producing the
electricity. Indian and Pakistani tariffs are reported to run as high as
two-thirds of cost, while Egyptian rates are reporcved to range from 7 to
70 miliemes per kilowatt hour (U.S. $0.01 to $0.10), with generation
costs ranging between 100 and 150 millemes per kilowatt hour (U.S. $0.143
to $0.214). A doubling of rates, on average, with a price elasticity of
-0.5 and ignoring secondary income effects, could cut growth rates in
half, but half of the projected growth rates shown in Table 10 are still
in the respectable 4.1% to 8.3% per year range. Reducing the investment
requirements by half still would leave most of the countrics reperted in
Table 10 with serious f{iscal requirements for their power sectors. At
the same time, a doubling of real electricity tariffs in a short time
would face major political difficulties.

5.2 SECTORAL INVESTMENT TRADE-OFFS

suppose  developing  countries undertook these major power sector
investments but determined vot to expand their total levels of foreign
borrowing beyond what they would have been without this major investment
push in one scctor. This is an unlikely scenario, but it is one ¢nd of
the spectrum of choices between simply adding the additional power sector
bill to the rest of the development investmen: list on the one hand, and
on the other hand, towing the line on foreign borrowing and taking the
power sector investment out of other expenditure items. Additionally, it
highlights the potential costs of the power sector spending in terms of
other foregone development investments . However, getting an empirical
handle on this scenario is complicated by the dispersed and inconsistent
character of dats on public investment in developing countries. These
problems and some approaches to reducing or solving them are discussed
below,
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The major sectoral claimants on public capital development
expenditures are energy, agriculture and rural development,
transportation, and industry. Education, wurban development, and
population, health, and nutrition are comparatively minor claimants.
Consolidated information on government capital expenditures in developing
countries 1is difficult to obtain because IMF data do not include
expenditures of public enterprises which sell goods and/or services to
the public (IMF, 1986, p. 6). However, some alternative source<s may be a
rough guide to overall capital expeuditure patterns inclusive of
parastatals. The following discussion describes utility funding sources
and the portions of those sources for which at least partial data exist.
With that information, we can interpret the existing data, with care, to
rouphly estimate shares of capital development spending going to
different secctors. From those estimates and additional information on
levels of power sector capital spending, we can assess the potential
impacts ot redirecting investment to the power sector.

The tvpical government enterprisc may cover its production costs but
generally is not profitable encugh to generate its investment capital
internally, partcicularly in the power sector. Investment comes
predominantly from borrowing, occasionally from grants, usually foreign
borrowing since 450% to 80% of investment requirements are in foreign
exchange. The public corporations undertake some of the borrowing in
their own names, and the government often borrows some on behalf of the
utility, sometimes having to relend the money at a slightly higher
interest rate. The corperations’ shares of the borrowings appear to be
larger than the governments' shares, at least for the power secto:.

Prefcrred borrowing has been from official lending agencies such as
the World Bank, the various regional development banks such as the Asian
Development Bank, and the development agencies of the industrialized
countries, but borrowing, sometimes extensive, also has been conducted
from commercial banks. Funds borrowed by the government f{xom both
official and commercial sources would show up in the IMF statistics on
govermment finances as government borrowing, and the expenditure of these
funds would appear as government capital c¢xpenditures. Grants to the
government, but not to the parastatals, would appecar in the capital
expenditure data if they are used for investment purposes rather than
current expense items such as training. Funds borrowed by both the
public corporations and the government from official lending agencies
would appear in the fipgures for those agencies’ loans to the country in
question.

Direct parastatal borrowings from commercirl banks and internally
generated capital funds would be the only figures not to appear in either
of these two sources--the government borrowing and capital expenditure
figures on the oune hand, and the development bank lending figures on the

other. For most of the countries specifically considered in this
section, these wmissing investments could account for relatively small
shares of total power sector investment. Both Pakistani and Jamaican

power corporations are forecast to be able to generate some 40% of their
next decade’'s investment from internal sources, but at least in
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Pakistan's case, the forecast is dependent upon substantial electricity
tariff yreform. Of othev sectors, the most likely to be able to attract
commercial loans ave the industry and mining and possibly the roads
categories. Agricultural and rural development projects are less likely
destinations of  commercial loans, as are education and urban
infrastructure projects. Population, health and nutrition projects are
almost certain to be officially funded through loans and/or graunts. In
any case, any commercial loans to those sectors would 1likely be to the
government rather than to a publicly owned corporation and thus would

appear in the [MF statistics.

Table 11 offers some figures on the pattern of official multilateral
loans and credits as well as numbers on power sector investment as a
percent of total public investment, including government investment in
parastatals. Table 12 veports the 1980s pattern of government capital
expenditures going, to the category "electricity, gas, stcam and water™
and, for one country, the percent of net lending to the government going
to that category of activities. The figures of Table 1l are higher-end
estimates of the sccetoral distribution of public investment to the nower
sector, and those of Figure 12 are lower-end estimates, although they are
not really upper or lower bounds. Actual numbers can be attached easily
to the lower-cnd distribution estimates, but not so readily to the upper-
end estimates because the loan data do not always include all sources of
loans, particularly commercial loans, and they exclude equity capital
investments.  Conscquentlv, neither sectoral distribution nor total level
of investment figures are as firm for the upper-end estimates. However,
Table 13 offers some partial nunbers on assistance levels in the power
sector in several developing countries. These amounts are restricted to
official loans, pgrants, and credits, and exclude commercial loans,
utilities’ equity investments, and goverrment contributions to power
sector investment that do not originate in official borrowing, but they
do generally include povernment-signed official borrowings to re-lend to
the power scctor,

Finally, we offer some evidence which probably is less direct than
it appears on sources and uses of funds in the power secctor, actual
and/or projected, for three countries, in Table 14. The funds reported
may include current as well as capital expenditures, and the projected
funding pattern in Indonesia is contingent wupon substantial tariff
increases, as is the optimistic forecast for internal cash geuneration in
Pakistan noted above.  What is particularly important is the share of
funds devoted to debt service compared to what can be devoted to capital
expenditure.

Now we are prepared to put together the information from these
tables. Consider the case of Thailand. From Table 13, it received $2.19
billion (in current dollars) of power sector loans in the thirteen years
from 1973 through 1985. We could double that figure, for a rough price
level adjustment, to $4.4 billion in thirteen vyears; the exact
adjustment would depend wupon the timing ¢f the loans, and doubling
probably exaggerates the price level change. From Tables 11 and 12,
the power sector has claimed between 3% and 26% of national public
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Table 11. Prominence of the power sector in national public investment

Power sentor

Power sector loans and credits
investment as as % of
$ of public World Bank loans/ AfDB/ ADB
investment IDA credit AfDF loans
Bangladesh 13%
Egypt 12% 32%,14%°3
India 25% 20%
Indonesia 18% 17%5
Pakistan 20% 3746
Philippines 26%1
Thailand 26% 3082 43%
Sudan 10%-30%4

}From Asian Development Bank.

“All energy loans from IBRD: 19.3% of all external loans go to
power,

332% of AfDB lending and 19% of AfDF lending.

aHigher figure contingent upon current loan approval.

A1l energy projects.

All energy assistance; lending has been primarily ror hydropower
and thermal power development.

Sources: World Bank, Asian Development Bank, African Development Bank.
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Table 12. Government capital expenditure patterns on power

A. Percent of government capital expenditures going to
electricity, gas, steam and water

1980 1981 1982 1983 1984 1985
Egypt - 1.9 2.4 5.6 7.1 5.3
Indonesia 9.9 11.2 1.5 8.3 12.4 -
Pakistan 14.5 13.1 12.5 - - -
Thailand 2.5 4.8 5.2 3.0 4.1 1.5

B. Percent of lending minus repayments going to
electricity, gas steam and water

1980 1981 1982 1983 1984 1985

Thailand 13.5 -24 8% 60.3 53.0 - 29.2

*Net repayment of loans

Sources: International Monetary Fund, Government Financial Statistics
Yearbook, 10 (1986).

investment, probably much closer to the higher figure, say 25% to be
conservative, From Table 10, its current plans call for $6.7 hillion
dollere in power sector iavestment in the ten years from 1986 through
1995, which on a yearly basis is double the real rate of investment of

the previous thirteen years. Thailand's veal GNP grew at an annual rate
of 5.1% from 1980 to 1985 which were relatively sluggish years tor the
world economy. Extending that growth race through 1395 would give a 73%

increase in GNP by 1995, so even by the end of the investment plan
period, a 100% increcase in annual power sector investment would not be
fully covered by GNP growth, and in the years between 1986 and 1895, the
shortfall would be even greater. To keep from expanding aggregate
Lorrowing more than proportionally to the growth of the economy, the
share of national public investment going to the power sector might have
to rise to as much as 7% in the late 1980s, gradually falling to 32% by
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Table 13. Official loans, grants and credits to the power sector

Assistance

level Period Agencies Included
{(Current US$) covered amorg lenders/donors
Bangladesh $295 million 1979-86 IDA
5347 million 1973-85 ADB
Egypt $325 million 1979-86 IBRD, IDA
India $4.9 billion 1979-86 IBRD, IDA
Indonesia $1.89 billion 1979-85 IBRD
$3.19 billion FY1982/3- All official &
FY86/7 commercial sources
Jamaica $68.5 willion 1978-87 IBRD
$42.7 million -85 IDB
Pakistan $2.33 billion 1975/6- Multilateral &
85/6 bilateral sources
$290 million 1985-86 ' IBRD
Philippines $2.3 billior 1968-86 All official

development assistance
to National Power

Corporation

Thailand $2.19 billion FY1973- All sources excepc AID

FY85 & technical assistance.
Sources: World Bank, Asian Developm : Bank, African Development Bank,

Inter-American Development Baak.

1995, still above the current share. Development funds going to other
sectors such as agriculture, transport and communications, industry, ete.
correspondingly would be squeezed. The prospects for most of the other

countries in Tables 10 through 13 entail equivalent or harder squeezes on
competing sectors.

5.3 BORROWING FOR MAJOR POWLR SECTOR INVESTMENT

The alternative end of the spectrum of choices to finance the power
sector expansions of the coming decade is to borrow. Currently, that may
be a very restricted option, particularly internationally, but it is
useful to oxplore the impacts that such borrowing could have on the
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aggregate economy of a developing country, particularly in light of the
recent developing country debt crisis

Foreign borvowing and public sector deficits to the extent
potentially involved in power secctor iavestments of the magnitudes of
those desired in India, Indonesia, Pakistan, and the Philippines could
precipitate some undesirable consequences which, once underway, could be
difficult to control. The borrowing and the deficits cculd fuel spending
on nontraded goods and services such as housing, causing the exchange
rate to become overvalued ana the trade balance te deteriorate. In
anticipation of devaluations, domestic interest rates could shoot up to
the range of 40% co 50%, cffectively choking off domestic investment

demand. Most  of the official loans have four- to five-year grace
periods, but that length of time can permit a country to compound its
domestic macroccenomic probiems as well as to resolve them. If exchange

rate overvaluation and consequent weakening of the traded goods sectors
lasted throughout  the grace period, the country could have serious
problems in making its debt service payments. If o large number of
developing countries bepan to expert more heavily to repay foreign debts,
pressure on the current accounts of the industrialized countries could
lead to populist political pressures for hipgher tariffs in those
countries, further aggravating the debt repayment problem. The cxporting
requirved to service the debt on an agpregate of $200 to $300 billion of
additional debt for power sector loans could be large encugh to initiate
such counterpressurces,



6. CONCLUSIONS

On the economic costs of power unreliability, this study has devoted
possibly excessive attention to the cases of 1India and Pakistan.
Unfortunately, that is simply where the data are, and we can only caution
against assuming that these two countries are necessarily representative

of electric power problems in all developing countries. Nevertheless,
these two examples do permit us to put some quantitative flesh on a
theoretical framework. Authorities in both India and Palistan consider

their countries to have serious electricity system problems, and that
fact alone suggests that other countries where the power system is
considered to have scrious trouble could be suffering economic losses of
similar proportions.

Current rveliability problems in electricity supply have been
imposing production losses at least as high as 1.5% to 1.8% of GNP in

India and Pakistan, respectively. These estimates include manufacturing
and agricultural losses in India but only manufacturing losses 1in
Pakistan. Including losses in the commercial, government, and

residential sectors would push these percentage losses higher, although
to an unknown extent. These loss estimates are particularly high when it
is considered that clectricity supplied only around 6% of total energy in
India and around 7% in Pakistan during the time period of the 1loss
estimates. These reductions in GNP can be compared to the effects of the
1982 recession in the United States, which reduced GNP by 1.8% between
December 31, 1981 and December 31, 1982.

Included in the losses for Pakistan are foreign exchange 1losses
amounting to at least 4.2% of 1983 foreign exchange earnings. This
estimate excludes the foreign exchange cost of items imported to
substitute for lost domestic production.

The power sector investments planned to meet expected electricity
demand growth of the coming decade are large. They are large relative to
previous annual rates of investment, and they would substantially
increase the share of national public sector investment going to the
power sector. Without major additional borrowing, much of it in foreign
exchange, development investments in other sectors would have to be
sacrificed and redirected to power, and without those other investments,
the power sector investments probably would not have their intended
effects, Additional foreign and domestic borrowing of the extent
envisioned for the power sector investments could crowd out borrowing for
other public and private investments or could trigger sizeable national
financial problems which could lead to unemployment, inflation, or both.
Capacity increases of the magnitudes contemplated for the developing
countries could significantly 1increase global atomospheric carbon
emissions. The use of cleaner coal technologies for generating equipment
to mitigate this problem could raise capital costs beyond those currently
projected.
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