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EXECUTIVE SUMMARY 

The demand for electricity has been growing at a rate of over 7 percent per year, on average, for developing countries (in contrast, demand has been rising by less than 3
percent annually in the United States). While developing nations have traditionallyrelied on building new power plants to satisfy their increasing needs for electricity, thisstrategy has proven to be expensive, consuming over one-quarter of their development
budgets and over a quarter of their foreign borrowings. 

Load management, whereby an electric utility modifies its customers' demand
characteristics, offers developing countries an alternative for reducing the need to
construct new generating capacity and for better utilizing their existing supply facilities.While it has not been widely adopted in these nations, this strategy offers much promise
for alleviating power shortages, improving system reliability, encouraging the more
efficient utilization of a nation's resources, and reducing additional investmentrequirements in the power sector. Load management also provides environmental 
benefits through helping to reduce the consumption of fossil fuels (the combustion ofany carbon-based fuel such as oil, coal or natural gas produces atmospheric carbon

dioxide, the major contributor to global warming).
 

STUDY PURPOSE 

To mitigate the problems associated with high energy growth rates, especially in the 
power sector, the lack of investment capital for the electricity sector, and the growing
concern for environmental hazards including global climate change, the Office of Energypromotes energy efficiency, the role of private power and other supply options to ensure
sustainable development. 

In view of these objectives, this report examines the rationale for load management in
the electricity sector and summarizes the positive U.S. experience with these techniques.
Additionally, it recommends a strategy for achieving energy efficiency via load
management. Lastly, it recommends to A.I.D. a method for identifying priority Agency
assisted countries as candidates for load management assistance. 

THE CONCEPT OF LOAD MANAGEMENT 

Load management is part of the family of techniques known as demand-side 
management (DSM). DSM is premised on the very simple notion that a utility can
fulfill both its corporate objectives and its customers' needs by taking measures toinfluence the system's load shape. These measures focus on individual components of 
energy and demand contributed by various customer types. For example, a utility caninfluence energy demand by providing its residential customers with information and
technical assistance on energy utilization, or it can send them new "pricing signals." Allsuch actions will inevitably result in consumers changing the levels and patterns of their
electricity use, and in revised revenue requirements and prices for electricity. 
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Load management can be defined as the economic reduction in electric energy demandduring a utility's peak generating p.:riod. A utility employs load management initiativeschiefly to control customer demand growth and thus alter the shape of its load curve.
This report focuses on three types of load management: 

Peak Clipping, which is used during peak load periods to reduce capacityrequirements, operating costs, and dependence on critical fuels. 

Valley Filling, which is used to build off-peak loads. When load is added to thevalley load periods, energy use is increased without raising the peak and loadfactor is significantly increased, resulting in better utilization of existing supplycapacity. Valley filling is particularly attractive when the long-run marginal costof electricity generation is lower than the average price of electricity. 

Load Shifting, which achieves many of the goals of peak clipping and valleyfilling. It is used to shift load from the peak to the off-peak periods, allowing for
the most efficient use of capacity. 

Many utilities encourage load management by offering customers a choice of serviceoptions with various price incentives. To the utility, the prices set for each option reflectthe diverse cost of providing reliable service during different hours of the day andseasons of the year. Customers then make decisions about using electricity based ontheir requirements apd willingness to pay for the service. 

In general, utilities can pursue three means of achieving the desired modifications in 
their customers' load shapes: 

* Indirect lo:"d control by modifying tariffs (rate structures), which make it more
attractive for customers to use electricity at particular times of the day; theseinclude time-of-use rate structures, rate designs involving dynamic pricing,interruptible rate structures, and more innovative pricing. 

* Direct utility control of certain types of equipment (e.g., air conditioners andwater heaters), coupled with rate incentives for such service interruptions. 

* Promotional programs that provide iechnical services and information to utility
customers in order to identify options for greater reductions in demand and 
more efficient electric energy use. 

These mechanisms can be applied singly or in combination to reduce peak load. 

EXPERIENCE WITH LOAD MANAGEMENT 

The U.S. electric utility industry has undergone a change in attitude about the value ofenergy conservation technologies. This was brought about largely by changes in utilitycosts, consumer electricity consumption patterns, and regulatory mandates. 
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The average cost of electricity in the early 1930s was over 20 cents per kWh. By 1970,the price had fallen steadily to 4.6 cents per kWh. In the mid-1970s through early 1980s,however, the average cost of oil, fuel disruptions, and new capacity rose significantly.Together, these cost escalations have caused electricity prices to increase by more than50 percent in real terms since the early 1970s and have forced many utilities to shift
their use of oil to other fossil fuels, particularly low-sulfur coal.
 

Responding to rising prices, consumer interest groups, through the public utility

commissions, pressured utilities to increase their efficiency and limit their price
increases. Utilities found themselves being squeezed by rising costs on the one hand
and pressure to reduce prices on the other. 
 They reacted in a variety of ways, includingdeveloping programs to improve efficiency in the generation, transmission, distribution,and consumption of electricity, and developing load management programs to make

better use of their existing capacity.
 

At first, utilities pursued load management primarily for promotional purposes and inresponse to federally mandated audit programs. Load management was often treated asa minor expense item and was thus underfunded and given insufficient attention. Asexperience with load management grew, however, utilities gradually began to view it as aviable alternative to increasing power supplies; in addition, it has now become asimportant as supply-side planning in least-cost utility planning. 

Utilities have now moved from a supply-side dominated planning strategy to anintegrated resource planning approach that emphasizes demand-side management(DSM). The DSM approach includes peak load reduction or "shaving"; utility-controlled
load shifting; small-scale generation and non-utility owned generating capacity; andenergy conservation within the residential, commercial, and industrial markets. Inaddition, the transfer of blocks of electric power through contracts between non-localutility suppliers and municipal distribution utilities has begun, adding complexity to the
planning options of both electricity suppliers and consumers. 

Today, about 300 out of 2,500 U.S. utilities have initiated over 1,000 separate demandside management programs aimed at shaping future demand requirements and energyuse profiles. Nearly half of these utilities are actively engaged in some load 
management activity. 

In 1987, the U.S. Investor Responsibility Research Center (IRRC) conducted a survey ofelectric utilities in the United States in order to identify their demand-side management(DSM) activities (which include, but are not limited to, load management). The 123utilities surveyed represent 70 percent of the total installed generating capacity in theU.S. Of those surveyed, over 85 percent had implemented DSM programs and 55percent have load management programs. IRRC estimates that since their inception(most such programs were established in the 1980s), the DSM activities of these utilitieseliminated the need for a total of 7,240 megawatts (MW) in electric generating capacity(or almost 1% of the total utility-owned 1989 installed capacity in the U.S. of 730,659MW). The IRRC survey also reports that, as a result of DSM programs, 57 of these 
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utilities expect to achieve a 20 gigawatt (GW) reduction in their estimated peak growth
through 1995. 

In 1989, the North American Reliability Council (NERC) prepared forecast estimates ofload management targets for the U.S. based upon submissions from its member utilities.These cstimates indicate that under current plans, the load management target -excluding the impacts of time-of-use pricing programs -- was about 12,000 MW by 1998,or 2.8 percent of projected peak load. Although precise estimates of the impacts ofcurrent time-of-use pricing are not available, the aggressive promotion of such pricing,coupled with the NERC target estimates, could result in a total load management target
on the order of 5 to 10 percent in the mid term. 

Based on the positive experic.;-.c of U.S. utilities, load management can significantlyimprove developing nations' system reliability in the near term and reduce the need forgenerating capacity in the long term. However, load management has made only verylimited progress in developing countries, due to such constraints as inefficient electricityprices that provide little incentive to engage in load management, utility planners' andconsumers' lack of knowledge and information, utility mangement's lack of commitmentto the concept, lack of qualified utility staff, and the lack of equipment for implementing
load management programs. 

Load management should be implemented when it can be shown to achieve a highereconomic rate of return, or higher economic benefit/cost ratio, than traditional supplyside investment. For loads that have some degree of scheduling flexibility, there areeffective load management options which do achieve higher rates of return, and with

lower foreign exchange input per net kilowatt of capacity.
 

Load management is usually implemented to shave peaks on a capacity-strained
electricity system. The marginal cost of installing one kilowatt of generation capacity isabout $350 (for a gas turbine) plus transmission and distribution capacity, if needed.
(Marginal capacity costs vary widely for the individual country and utility, depending on
the generation mix, terrain, and other factors, but generally range from $500-$2,000 per
kW.) Thus, a utility should be willing to spend up to $350, or perhaps more, to obtain afirm kW of capacity relief through load management. There are many levels oftechnology which can be applied to obtain firm capacity, at costs below this threshold.First, time-of-use electricity tariffs provide the incentive for industrial and commercial
enterprises to adjust operations, achieving reductions in peak demand at essentially nocost to the utility. In Costa Rica, a cost of only $15 per kW was required, on average,for customers to install metering equipment which provided information about peakdemand to enable the proper load control decision to be made. In the worst caseCosta Rica's load management program, this investment was 

in 
about $160 per peak kW

saved for a payback of 15 months. 

In the United States, investment in remote load control technology has been significantlyreduced by the introduction of new meters. Depending on the application, the cost may 
vary from $50-$200 per kW. 
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Nevertheless, load management activities are beginning to take place in developing
nations, primarily through the support of international development agencies. In Costa
Rica, for example, a recent A.I.D.-funded pilot project resulted in 
a 14 percent reduction
in demand among participating industrial customers. In Thailand, the Electricity
Generating Authority has initiated time-of-use rates and has successfully demonstratedload shifting and increased system load factors through the implementation of these 
rates. Other A.I.D.-assisted countries have expressed interest in load management and 
possess a starting basis for a load management program through their excess
consumption penalties, maximum demand charges, and data gathering and other 
communication systems. 

IDENTIFICATION OF A.I.D.-ASSISTED COUNTRIES WITH LOAD MANAGEMENT 
POTENTIAL 

The A.I.D.-assisted developing countries vith the greatest potential for load 
management were identified in order to prioritize the Agency's future load management
assistance efforts. First, the 44 countries that are in the top 50 percent of FY 1988Development Assistance and Economic Support Funds recipients were identified.
Because detailed data on system characteristics and customer electricity usage were
lacking for countries with an installed capacity of less than 500 MW, they were 
eliminated, leaving 30 candidate countries. 

Next, these 30 countries were analyzed according to seven key power system attributes: 

" Current power situation - countries with existing power shortages and whose
utilities are enforcing load shedding as a means of coping with insufficient
supply capacity. (Such countries would benefit from immediate load 
management relief because their peak demand is obviously greater than the 
utility's firm capacity.) 

" Load factor - countries with a low load factor. (Countries with low load factors
have high peak loads, indicating a potential for load management. However,
this is an imperfect measure because load factors could be artificially high in
countries which shed loads and because a low load factor could be a result of
the load shape in the residential sector, whereas most load management
potential lies in the commercial and industrial sectors. To compensate for this 
potential inaccuracy, the following two attributes were included.) 

" Industrial electricity consumption - countries with a higher share of industrial
electricity consumption. (Industrial customers generally have the highest
potential for load management because it is easier and more cost effective to
implement load management in this sector.) 

* Commercial energy consumption - countries with a higher share of electricity
consumption in the commercial sector. (This sector has the second-highest
potential for load management.) 

VC
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Tariff st.'ucture - countries whose tariff strtctures provide load management
incentives. (Although major tariff restructuring is a long-term prospect in most
developing countries, those with load management incentives in their tariff 
structures will be further ahead in realizing their load management potential). 

* Power generation from oil - countries whose highest share of generation comes
from oil-fired plants. (Countries in this situa''on will be very interested in load 
management because most peaking units are oil fired.) 

* Institutional receptivity - countries whose energy and utility organizations have
initiated a load management program or are interested in undertaking such 
programs. (Such countries present an opportunity for load management since
there will be institutional support for undertaking these programs.) 

These indicators were then normalized using values from zero to five, depending on
their impact on load management potential. 
 For example, a country whose industrial

sector consumes over 50 percent of the nation's electricity was assigned a value of five,

while one with a share of less than 10 percent received a value of zero. 

The indicators were then assigned weights to rank them in order of importance. The
 
total weight was 100.
 

* Power situation 10 
• Load factor 15 
* Industrial consumption 20 
• Commercial consumption 10 
* Tariff structure 20 
* Oil-fired generation 10 
* Institutional receptivity 15 

The total scores for each of the 30 countries are presented in the table on the next page,in rank order by region. In the Asia/Near East Region, Tunisia, Bangladesh,
Philippines, India, Egypt, Morocco, Thailand and Pakistan show the greatest potential
for load management programs. However, because all of the countries in this region areexperiencing load shedding (with the exceptions of Thailand and Morocco), and havehigh economic growth potential (and hence high potential for electricity demand 
growth), they are good candidates for load management programs. In Latin America,the countries with the highest potential are Jamaica, Brazil, and Peru, while in Africa,they are Nigeria and Cameroon. Although it was necessary that the "scoring" approach
taken in this study be somewhat arbitrary, it is believed that the results are robust 
enough to be of use in meeting this study's intended purpose. 

STRATEGY AND ACTION PLAN 

Given the amount of resources required to undertake a full-scale national load 
management program (typically $10 million to $50 million for a medium-sized A.I.D.



Load Management Potential Ranking of Candidate A.l.D.-Assisted Countries 

Energy/
Load Load Indus. Comm. Demand Tariff Elec. Instit. Total***Attribute Shedding. Factor Consump. Consump Tariff TOD WOi Recep....... Score ........
 

WEIGHT 10 15 20 10 15 5 10 15 

Asia/Near East 

Bangladesh 
Burma 
Egypt 
India 
Indonesia 

5 
5 
5 
5 
5 

3 
2 
2 
2 
2 

4 
5 
4 
5 
4 

1 
1 
0 
1 
1 

5 
5 
5 
5 
5 

5 
0 
0 
5 
0 

1 
4 
5 
0 
3 

5 
0 
3 
3 
3 

370 
305 
330 
335 
320 

Jordan* 
Morocco 
Pakistan 
Philippines 
Sri Lanka 
Thailand 
Tunisia* 
Yemen A.R.* 

ia 
0 
5 
5 
5 
0 
5 

na 

na 
1 
3 
2 
5 
1 
4 

na 

3 
4 
3 
4 
3 
5 
5 
2 

1 
1 
1 
3 
2 
3 
1 
2 

5 
5 
5 
5 
5 
5 

na 
na 

0 
5 
0 
5 
0 
5 

na 
na 

2 
5 
1 
3 
0 
1 
5 
5 

3 
5 
5 
3 
3 
5 
3 
0 

210 
330 
325 
365 
325 
330 
315 
110 

Latin America & Caribbean 

Bolivia* 0 2 1 3 5 na 0 3 200
Costa Rica 0 2 2 2 5 5 0 5 265
Dominican R* 5 3 2 1 5 na 5 0 270
El Salvador 0 3 3 1 5 0 0 3 235
Guatemala* 0 2 3 2 5 na 1 3 240
Jamaica 5 2 5 0 5 0 5 5 380
Peru 5 2 3 0 5 5 1 5 325
Brazil 5 5 4 1 5 na 0 5 365 

Africa 

Cameroon 5 3 5 0 5 5 na na 295
Cote D'Ivoire* 5 1 na na 5 5 na 3 210
Kenya* na na 5 2 na 5 0 3 190
Mozambique 0 2 3 1 5 na 1 3 230
Nigeria 5 5 3 1 5 5 0 3 340
Sudan* 5 na 3 1 na 5 5 3 240
Tanzania* na na 5 1 na na na na 110
Zaire* 0 4 na na na 5 na 0 85
Zambia* 5 na 5 0 na 0 0 0 150 

* In countries with data gaps, the "na" is considered a zero for computation purposes. 
* TOD - time of day 

* ** Countries with a total score above 350 were considered to be top priority candidates for load management 
assistance, those with scores of 300-350 were considered very attractive candidates, those with scores of
250-300 were attractive, and those with scores below 250 were assigned secondary priority. 
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assisted country) and the limited financial resources available to A.I.D., it and other
development organizations should focus on activities that have the most impact on the
long-term utilization of load management potential in developing countries and that can
be conducted at the least expense. They should leverage their financial resources in the 
following ways: 

provide training, study tours, and arrange conferences to facilitate information 
dissemination, 

, contact the national utility and initiate a dialog to provide technical assistance, 

* provide "seed" funds to quantify load management potential, 

* 	 identify opportunities for improving the overall electric power situation in these 
countries through the implementation of load management measures, 

* develop lasting technical and management capabilities to identify and implement
load management measures, and 

develop the institutional and policy framework to support and promote load 
management in conjunction with other energy conservation and efficiency
activities. 

Once the notion of load management has become an acceptable one to utility planners
and government energy sector authorities, international development organizations
should pool their resources and direct their efforts toward widespread load management 
program implementation in the country. 

To achieve its load management objectives, the Office of Energy's load management
strategy should have both a short- and long-term focus. The short-term focus should be on micro-level activities designed to quantify load management potential in A.I.D.
assisted countries, while the long-term focus should be on macro-level projects designed
to exploit the load management potential available, focusing on sectors that offer thegreatest potential for load management implementation and on developing aninstitutional and policy framework for encouraging load management in those sectors. 

There are five steps to an effective load management action plan. These are: 

1. 	 Promote Load Management. To attract the support of A.D. missions and the 
electric utilities and Fublic and private sectors in A.I.D.-assisted countries, a
promotional effort kincluding brochures and demonstrations of load
management's potential) should be conducted. This effort should focus on 
information dissemination and awareness raising. 

2. 	 Scope Out Potential and Conduct Pilot Projects. This activity includes three
phases. In the first, lbad management potential would be surveyed by
identifying a representative sample of industrial and commercial customers, 
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metering their large electric devices, measuring their electrical usage anddefining their load profiles, determining and implementing load management
measures, remeasuring their electrical usage and assessing changes in their loadprofiles, and quantifying their electrical savings. In the second phase, possible
tariff changes and their impacts on load management would be assessed by
quantifying financial returns under existing tariffs and identifying tariffchanges/modifications. In the third phase, changes in load management
potential in the total service area would be identified by assessing load
management potential under existing tariffs and with possible tariff
modifications, and proposing optimal load management and tariff modification 
programs. 

3. 	 Promote National and Sectoral Load Management Programs. Once the pilotproject has been implemented and sizable load management potential within thesample customer groups realized, the program should be widely publicized togather enough support for the design and implementation of a large-scale load 
management program. 

4. 	 Assist with the Design and Implementation of Large-Scale Programs. Once
there is sufficient support for such a program, A.I.D. should pool its resources
with other development agencies and lending organizations such as the World
Bank, and provide technical and financial support for the design and 
implementation of such a program. 

5. 	 Monitor the Performance of Large-Scale Programs and Disseminate
Information. The monitoring effort should include the collection of data on
technology performance, costs and usefulness of equipment, cross-comparisons
of load management programs in different countries, and utilities' involvementin each program and their costs. Information dissemination activities should
include domestic workshops and semJaars to provide the data and results
obtained from pilot studies and full-scale projects, and international workshops
and 	conferences to share project and program results from the various 
geographical regions. 

Load management clearly offers developing countries a viable and cost-effective meansto use their resources more efficiently and reduce the need for capital investments in thepower generation sector. The 	Office of Energy is well positioned to promote loadmanagement via information dissemination and training of key developing country utility
staff. 

<1)
 



CHAPTER 1: INTRODUCTION 

Developing nations' electricity demand has been growing by an average of over 7 
percent per annum in recent years, and many of these countries are experiencing even
higher growth rates. In Indonesia, for example, the growth rate in electricity demand is 
over 14 percent per year, while the respective rates for Pakistan and Thailand are 9 and
11 percent. This stands in sharp contrast to the United States, Europe, and Japan,
where electricity demand has been rising by less than 3 percent per year. 

Traditionally, developing countries have relied on building new power plants as the
major strategy for satisfying their increasing needs for electrical power. This strategy,
however, has proven to be an expensive one, consuming over one fourth of most of
these nations' public development budgets and over a fourth of their foreign borrowings. 

Load management, whereby an electric utility modifies its customers' demand 
characteristics, offers developed and developing nations alike an alternative for reducing
the need to construct new generating capacity and for better utilizing their existing
supply facilities. While it has not been widely adopted in developing countries, this 
strategy offers much promise for alleviating power shortages, improving system
reliability, encouraging the more efficient utilization of a nation's resources, and for 
reducing additional investment requirements in the power sector. By helping to reduce 
the consumption of fossil fuels (primarily oil) in the generation of electricity, load 
management also offers environmental benefits (the combustion of any carbon-based 
fuel such as oil, coal, or natural gas, results in the release of atmospheric carbon dioxide,
the major contributor to global warming). 

This report examines the rationale for load management and summarizes the positive
U.S. experience with these techniques as a way to reduce the supply cost of electric 
power. Additionally, it recommends a strategy for achieving energy efficiency through
load management. Last, it recommends to A.I.D. a method for identifying priority
Agency-assisted countries as candidates for load management assistance. 

This chapter describes the concept of load management and the measures employed in
its implementation. Chapter 2 reviews the load management experience in the United 
States and selected developing countries. In Chapter 3, the load management potential
in A.I.D.-assisted countries is evaluated and countries with the greatest potential are 
identified. Chapter 4 presents recommendations for pursuing load management 
opportunities in these countries. 



1.2 INTRODUCTION 

1.1 THE CONCEPT OF LOAD MANAGEMENT 

Load management is part of the family of techniques known as demand-side 
management (DSM). DSM is premised on the very simple notion that a utility can 
fulfill both its corporate objectives and its customers' needs by taking measures to
influence the system's load shape. These measures focus on individual components of 
energy and demand contributed by various customer types. For example, a utility can
influence energy demand by providing its residential customers with information and 
technical assistance on energy utilization, or it can send them new "pricing signals." It 
can also stimulate new investments in more efficient technologies, and it can influence 
engineering design practices and appliance efficiency standards. Likewise, it can 
promote new industrial processes and technologies that enhance productivity, affect the 
types and amounts of materials and labor used, alter overall production cost structures,
and affect product throughput rates and quality. All of these actions will inevitably
result in consumers changing the levels and patterns of their electricity use. 

Load management can be defined as the economic reduction of electric energy demand
during a utility's peakgeneratingper/od A utility employs load management initiatives (in
this report, we focus on three such initiatives -- peak clipping, valley filling, and load
shifting -- as discussed below) chiefly to control customer load growth and thus alter the 
shape of its load curve. Many utilities in industrialized countries encourage load 
management by offering customers a choice of service options with various price
incentives. To the utility, the prices set for each option reflect the diverse cost of 
providing reliable service during different hours of the day and different seasons of the 
year. Customers then make decisions about using electricity based on their 
requirements and willingness to pay for the service. In this way, the utility induces its 
customers to modify their consumption patterns in order to meet the load management
objectives of the utility. 

Before discussing in detail the load management options available to an electric utility,
the following paragraphs briefly describe the relevant features of utility's load 
characteristics and generation plant mix, which in many ways determine the !,ad 
management potential in a country. 

Electric Utility Load Profiles 

Utility customers display patterns of electric power use that vary considerably with 
respect to the time of day, day of the week, and season of the year. These patterns
comprise what is commonly referred to as the utility's load profile. The profile varies 
over time in a series of "peaks" and "valleys." The peaks represent periods of maximum 
demand on the utility system, while the valleys represent periods of minimum demand. 
Between the peaks and the valleys are periods of intermediate demand, sometimes 
referred to as shoulder periods. The peaks, shoulders, and valleys generally appear in 

,4
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regular patterns over a period of time, especially for weekdays within the same season;
different patterns may occur during weekend or holiday periods. 

The load profile may also vary widely over the course of a year. Some utilities are said 
to be "summer peaking"; these utilities experience their periods of maximum demand
during the summer. Others are "winter peaking," experiencing their periods of maximum
demand during the winter. The time and season in which the peak load appears are
influenced primarily by the types of customers, and the numbers and energy use profile
of each type of customer. Utility customers are grouped by "class." These classes
include the residential, commercial, industrial, and agricultural classes, and may be
further categorized into subclasses (e.g., large industrial, small industrial). 

The overall utility load profile comprises each utiliLy customer's load profile. Forplanning purposes, electric utilities examine the load profiles of individual customer
classes in order to determine how the shape of each influences the utility's overall loadprofile. Each customer class may have a unique load shape whose peak, valley and
intermediate demand periods may not correspond exactly to those of the utility system
as a whole. Examples of typical load profiles for selected customer classes are shown in
 
Exhibit 1.1.
 

Because individual customers' class load profiles can have a significant effect on the 
shape of the overall utility load profile, the utility must take them into account in
formulating its load management options. Often, the utility must design and implement
different types of programs for each customer class. 

Utility Generation Plant Mix 

Electric utility systems are designed keeping in mind that the system will experience 
some daily, weekly and seasonal variability in load. This variability allows for scheduled
maintenance of the generating units and equipment. Beyond this modest level of
variation, electric power is most effectively produced if fluctuations in the total system
load are kept as small as possible, that is, if load factors are kept high. 

The "load factor" is defined as the average demand (in MW) divided by the peak
demand (in MW), or stated in another way, the ratio of actual energy served divided by
the energy that would have been served if the demand were at the peak level for the
entire time period under consideration. In typical U.S. utilities, annual load factors are 
about 70 percent. 

The relationship between load factor and the shape of the utility's load profile is shown
in Exhibit 1.2. A poor load factor results in highly pronounced peaks and valleys in the
daily load profile. An improved load factor displays a flatter load profile, indicating that 
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Exhibit 1.1 
Typical Load Profiles for Selected Customer Classes 
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Exhibit 1.2 

Relationship of Load Factor and the Load Profile 
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a higher proportion of base and intermediate load units are used relative to peak units 
in order to meet demand. 

In order to serve their uneven load requirements effectively, electric utilities install three
different types of generating units which are used in combination to minimize both
production costs and total utility costs. These units are base load, intermediate load,

and peaking.
 

Base load units are designed to operate over 8,400 hours per year, generally have a 
capacity over 200 MW, and have the highest capital costs ($/kW) and the lowest
operating costs (o/kWh) of the three unit types. Examples are large fossil fuel-steam
and hydroelectric power plants. Utilities with high load factors use a higher proportion
of base load units than utilities with low load factors (narrow peaks). 

Intermediate units are peaking and base load units that have been converted to 
intermediate duty. They are generally operate for 2,000 to 7,000 hours per year and 
exhibit 	good load following characteristics. 

Peaking units consist of small-sized units (less than 150 MW) with short construction 
times. They are generally combustion turbines which burn distillate, natural gas or jet
fuel. They usually have the lowest construction costs and highest operating costs of the
three unit types. Peaking units generally operate under numerous starts/stops (over 100 
per year), with average run times of less than eight hours per day, and have lower fuel 
efficiencies than the thermal base load plants. 

Utilities generally operate their base load units (low operating cost) at their highest
capability and schedule intermediate and peaking units as load-following units. That is,
intermediate units are cycled, and brought on-line and off-line in response to the
changing load profile and in accordance with production cost curves (o/kWh per kW).
One of the purposes of load management is to reduce the cost of generation by shifting
load away from peak periods to periods when less costly base load units can handle the 
demand on their own. 

Utility 	Load Shape Objectives 

There are six approaches for accomplishing demand-size management, all of which result
in improved utilization of existing generation capacity and a reduction in the need for 
additional power plants. The first three of these are load management objectives and 
are the focus of this report. Exhibit 1.3 shows how each of these approaches can 
influence a utility's load. 

1. 	 Peak Clipping. Peak clipping is used during peak load periods to reduce capacity
requirements, operating costs, and dependence on critical fuels. 
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Exhibit 1.3
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2. 	 Valley Filling. Valley filling is used to build off-peak loads. When load is added 
to the valley load periods, energy use is increased without raising the peak and 
load factor is significantly increased resulting in better utilization of existing
supply capacity. Valley filling is particularly attractive when the long-run
marginal cost of electricity generation is lower than the average price of 
electricity. 

3. 	 Load Shifting. Load shifting achieves many of the goals of peak clipping and
valley filling. It is used to shift load from the peak to the off-peak periods,
allowing for the most efficient use of capacity. 

4. 	 Strategic Conservation. Strategic conservation involves a reduction in use of
 
electricity among customers and often includes a change in the pattern of use,

resulting in an overall lowering of the load 
curve. 

5. 	 Strategic Load Growth. Strategic load growth is a targeted increase in the
 
utility's sales of electricity, and often involves using electricity for services

normally provided by other fuels. While this may be an attractive approach in

developed countries where utilities have excess capacity, this option is generally 
not applicable in capacity-constrained developing nations. 

6. 	 Flexible Load Shape. Flexible load shape involves allowing customers to 
purchase some power at lower than normal reliability, resulting in a flexible load 
shape for the customer. 

1.2 THE IMPLEMENTATION OF LOAD MANAGEMENT 

Electric utilities in general can pursue three means of achieving the desired 
modifications in their customers' load shape. 

* Indirect load control by modifying tariffs (rate structures), which make it more 
attractive for customers to use electricity at particular times of the day 

* Direct 	utility control of certain types of equipment, coupled with attractive rate 
schedules for service interruptions 

" Promotional programs, which provide technical services and information to 
utility 	customers in order to identify options for greater reductions in demand 
and more efficient electric energy use. 

These 	mechanisms can be applied singly or in combination and are discussed below. 

/ 
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Indirect Load Control 

One means to achieve load management, at least from a technical standpoint, is the use
of tariffs that better reflect the costs incurred by the utility for providing electricity. For
example, tariffs are set higher during utility peak periods when production costs are
highest, thus encouraging customers to alter or reduce their electricity consumption

during these periods. This is accomplished by providing customers with incentives,

disincentives, or a combination of both, which 
are built into alternative rate structures.
A number of tariff structures are available to electric utilities for achieving their load 
management objectives; two of these are described below.' 

Time-of-Use (TOU) Rate Structures. These rates are a means of shifting load by
charging a premium price for energy consumed during the utility's peak load periods.

The rate offered to the customer under such a tariff may be a 
two-tier rate (different
prices for peak and off-peak hours) or a three-tier rate (different prices for peak,
intermediate, and off-peak hours). Lower rates would be in effect during off-peak
hours, higher rates during the intermediate hours (if a three-tier structure is used), and
the highest rates during the utility's peak load periods. Customers purchasing power
under these rates are expected to take advantage of lower-cost power during off-peak
and intermediate periods by reducing their consumption during the utility's peak load 
periods. 

From a ratemaking point of view, the utility computes the long-run marginal cost of 
power provided to specific customer classes for each hour in the day (and possibly taking
into account seasonal variations). It also determines which hours are considered peak,
intermediate, and off-peak hours. Average prices reflecting the cost of providing service 
to each class are then computed for each of the periods, and rates are set accordingly. 

While time-of-use tariffs are widely used in developed countries, particularly for large
customers, they have not yet been introduced in most developing countries. In fact, 
many developing countries have only incorporated an energy charge in their tariff 
structure, giving no incentive to electricity users to reduce their peak demand. 

To enforce time-of-use tariffs, electric utilities need to install multiple-register meters,
which record the electricity used during different rate periods. Because such meters are 
more expensive than regular meters, the application of time-of-use tariffs has been
limited to medium to large commercial and industrial customers. The cost of typical
time-of-day watt hour meters for business and industry ranges from $500 to $1,000,
depending on the load measured; for larger customers, prices for TOU meters and 
ancillary equipment may be as high as $2,000 per meter. 

A more detailed discussion of utility tariff structures is contained in Appendix A. 

'2/
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Interruptible Rate Structures. Interruptible/curtailable rate structures are primarily
offered to achieve load shifting and/or peak clipping. Under these tariffs, thc customer
is offered a lower rate on the condition that certain types of equipment can be removed
from service during peak demand periods or their scheduled use can be shifted to non
peak periods. 

From a ratemaking point of view, the utility determines the types and numbers of 
equipment eligible for this type of rate for particular customer classes. This allows the
utility to determine what benefit, in terms of peak load reduction, could be realized by
the customer voluntarily shedding this load. Using long-run marginal cost or other
approaches, the utility calculates the benefit of load reduction and offers the customer a 
rate or bill discount that takes into account the frequency and duration of the 
anticipated load shedding. 

Actual on-off control of the equipment may reside either with the utility (see below) or
with the customer. Where the equipment is under the control of the customer, the 
utility may rely upon a fixed usage schedule. The utility specifies the hours and days
during which the affected equipment may be used, and the customer pays a penalty if he
does not comply with the utility's request to curtail load. The utility examines the 
customer load curves (produced as part of the metering process) to ensure compliance. 

If the affected equipment is expected to be shut down infrequently, the utility may
telephone or telex the customer to request that the equipment be shut down. Generally,
for this type of arrangement, the utility requires that the equipment be shut down under
relatively short notice (less than one hour). As a result, the rate structure is designed to
offer incentives that encourage customers to accept the short notice. The nature of this 
approach makes it most suitable for the industrial sector and large commercial 
customers. 

Dynamic Pricing. The term "dynamic pricing" is used broadly to encompass tariff 
structures that have one or more elements which are calculated and posted close to the 
time of applicability. This definition embraces several concepts such as reai-time (spot)
pricing, responsive pricing, state preference pricing, "flexible pricing," and certain forms
of "incentive rates" and "economic development rates." By introducting these options,
which can more closely track the actual costs of providing electricity, the utility can 
essentially "unbundle" electricity service and offer its customers a range of rate-reliability 
choices. 

Innovative Pricing. In the U.S., there is substantial interest and activity in the
introduction of a wide variety of innovative rate designs in addition to interruptible
tariffs and TOU pricing. These include increasing block rates, industrial incentive 
development rates, demand subscription service, coincident demand charges, and special 

/
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rates such as super off-peak pricing. Many U.S. utilities see innovative rate structures as
strategic options to improve their competitive position by offering a choice of such rate
options to those customers who are most inclined to meet their energy requirements
from alternative energy sources such as natural gas and cogeneration. 

Direct Utility Control of Equipment 

Load management methods to include the direct electric utility control of selected types
of customer equipment to aid in peak clipping. Rather than subject all customers toindiscriminate load shedding during utility peak periods, direct utility control allows
certain non-critical electricity-consuming equipment to be removed from service when 
there is insufficient generation to meet load requirements. 

To implement the remote control of customer loads, the utility must know the type and
quantity of equipment that can be controlled. To gather this information, the utility
must first conduct load surveys of selected customer classes and subclasses to identify
the major types of equipment, their quantities, and the patterns of use associated with
them. Although in theory, any type of equipment or end-use load can be controlled by
the utility, direct load control is virtually always used in the form of air conditioner, 
water heater, swimming pool pump, and water pump/tripper cycling programs. 

The utility estimates the impact of interruptions to such equipment on the customer
classes load curves. It then conducts cost/benefit analyses using generation production
cost models to determine the impact on the utility's total cost and the incentive and/or
rate that can be offered to the customer for participation in the program. 

The utility calculates load management bill discounts based on the total benefits to the 
power system achieved from cycling these equipment and reducing peak load. Such
discounts may specify the maximum duration and frequency of the expected
interruptions without indicating the exact times of the outages, or they may specify a
fixed schedule of maximum demand. The latter arrangement is generally preferred by
customers, who can then reschedule their operations to integrate utility control with no 
adverse affect. 

Utility Promotional Programs 

Another way for a utility to encourage load management is the provision of technical
services and information to customers in order to identify and implement options for
demand reduction and more efficient electricity use. Once the options have been
identified, the utility will generally focus its technical service and information activities 
on the following types of programs: 
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Customer-oriented programs. These programs include energy audits, installation ofsimple improvements based on audit results, assistance in bill payments, and general
information dissemination. Customers are targeted according to their class (e.g.,residential, commercial, industrial). Programs may also be more narrowly focused oncustomers engaged in specific activities (e.g., hotels and hospitals). 

Equipment-oriented programs. These programs are intended to modify the demand 
patterns of specific equipment and include electric water heater jacket programs, processchanges for facilities that are operating at high capacity or are expanding production and 
cannot increase load to their electric panel, and agricultural process changes, such as
installation of gated irrigation pipes to replace siphons for surface irrigation, thus
allowing growers to avoid consuming electricity during peak hours. These programs
target equipment common to a number of customer classes (e.g., electric arc welders, air 
conditioners, electric motors). 

Load shaping programs that concentrate on a specific type of equipment for a narrow range of customers (e.g., electric motors in the metals industry, electrolytic processes in
the industrial gases industry) may also be developed. The key is to determine what type
of program effort will have the greatest impact on the utility's load curve or on the load 
curve for a particular customer class. These programs generally concentrate on reducing
electricity consumption, reducing/shifting peak demand, and improving power faciors.
However, these programs must achieve their objectives with a minimum effect on 
commercial or industrial activities. 

A discussion of the types of equipment that could be included under such equipment
oriented programs is included in Appendix B. 

/
 



CHAPTER 2: EXPERIENCE WITH LOAD MANAGEMENT 

Electric utilities in the United States have made much progress in developing and
implementing load management programs; many of these program" may be of direct
relevance to developing country utilities. This chapter summarizes the U.S. experience
with load management, and then reviews load management activities in selected
developing countries and describes the major impediments these countries face in 
implementating load management programs. 

2.1 U.S. EXPERIENCE WITH LOAD MANAGEMENT 

The U.S. electric utility industry has undergone a change in attitude about the value of 
energy conservation technologies, which affects its future capacity planning and
marketing strategies. This attitude was brought about largely by changes in utility costs, 
consumer electricity consumption patterns, and regulatory mandates. 

Until the early 1970s, utilities built nuclear or coal-fired plants in the 800-1,000 MW size range to meet their future capacity requirements for load growth (assumed to increase at 
a rate of about 6-8 percent per year) and to replace uneconomic generation plants that were being retired. Regulated utilities' annual earnings were based on allowed capital
and 	operating costs of electricity generation (the "rate base" approach). Increasing thecost and size of the generation system resulted in increased earnings for the company aslong as the actual costs incurred were allowed to be included in the rate base. Utilities
thus had an incentive to increase electricity sales in order to maximize revenues from 
existing capacity and new generating plants under construction. 

Public utility commissions and utility companies became accustomed to negotiating
reductions in electricity tariffs for nearly forty years. The average cost of electricity in
the 	early 1930s was over 20 cents per kWh. By 1970, the price had fallen steadily to 4.6
cents per kWh. While the average cost of electricity declined, per-person consumption
of electricity rose steadily, from 3,000 kWh/person in the 1930s to 22,000 kWh/person inthe early 1970s. Total U.S. electricity consumption grew at an average of 7 percent per 
year until 1973. 

In the mid-1970s through early 1980s, however, the average cost of oil, fuel disruptions,
and new capacity rose significantly. Coal-fired power plants, for example, now cost over
$1,300 per kW, while the installed cost of some nuclear plants exceeds $3,000 per kW.'Together, these cost escalations have caused electricity prices to increase by more than
50 percent in real terms since the early 1970s and have forced many utilities to shift
their use of oil to other fossil fuels, particularly low-sulfur coal.2 

Cogan, Douglas and Susan Williams, Generating Energy Alternatives at America's Electric Utilities,
IRRC, 1987 Edition, p. 3. 

2 	 Wellington, John B., "The Forgotten Factor in Least-Cost Planning: Cost Recovery," Public
 
Utilities Fortnightly, March 31, 1989, p. 11.
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Responding to rising prices, consumer interest groups, through the public utility
commissions (PUCs), pressured utilities to increase their efficiency and limit their price
increases. Utilities found themselves being squeezed from all sides: rising costs on the 
one hand and pressure to reduce prices on the other. They reacted in a variety of ways,
including developing programs to improve efficiency in the generation, transmission,
distribution, and consumption of electricity, and developing load management programs 
to make better use of their existing capacity. 

At first, utilities pursued load management primarily for promotional purposes and in 
response to federally mandated audit programs such as the Residential Conservation 
Service Program and the Commercial and Appliance Conservation Services Program.
Load management was often treated as a minor expense item and was thus underfunded 
and given insufficient attention. As experience with load management grew, however,
utilities gradually began to view it as a viable alternative to increasing power supplies; in
addition, it has now become as important as supply-side planning in least-cost utility
planning. 

Today, a major shift has occurred. Utilities have moved from a supply-side dominated 
planning strategy to an integrated resource planning approach that emphasizes demand
side management (DSM). The DSM approach includes peak load reduction or"shaving"; utility-controlled load shifting; small-scale generation and non-utility owned 
generating capacity; and energy conservation within the residential, commercial, and
industrial markets. In addition, the transfer of blocks of electric power through 
contracts between non-local utility suppliers and municipal distribution utilities has
begun, adding complexity to the planning options of both electricity suppliers and 
consumers. 

Overview of Load Management Programs in the U.S. 

Today, about 300 utilities in the U.S. (out of about 2,500) have initiated over 1,000 
separate demand-side management programs aimed at shaping future demand 
requirements and energy-use profiles. Nearly half of these utilities are actively engaged
in some load management activity. 

The extent and development of load management activities (and demand-side 
management in general) in the United States have been studied and surveyed by a 
variety of organizations over the past 10 years. Surveys have examined U.S. load 
management activities from several different perspectives: by customer class or sector 
(commercial, industrial, and residential), by purpose (e.g., peak clipDing), and by method
(e.g., time-of-use tariffs and load control). These surveys indicate that load management
is now firmly established in most U.S. utilities. While many programs have only recently
been established, load management is no longer considered to be a new or experimental 
technique. 

In 1987, the U.S. Investor Responsibili "Research Center (IRRC) conducted a survey of 
electric utilities in the United States to dentify their demand-side management activities. 
Of the 123 utilities surveyed (representing 70 percent of total installed generating
capacity in the U.S.), over 85 percent had implemented demand-side management 
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programs and 55 percent have formal load management programs.3 Most of these 
programs were established in the 1980s; only seven were established before 1976. 

The IRRC survey found that the most common objective of U.S. demand-side 
management programs was load shifting, named by 23 of the 123 utilities surveyed. The 
second-most common objective was load shifting in combination with strategic
conservation, named by 14 utilities. Eleven utilities named a combination of strategic
load growth and load shifting as the objective, and 10 reported a combination of 
strategic conservation, strategic load growth, and load shifting objectives for various 
portions of their loads. 

IRRC estimates that the DSM activities (including but not limited to load management)
of these utilities eliminated the need for a total of 7,240 MW in electric generating
capacity (the total utility-owned installed capacity in the U.S. in 1989 was 730,659 MW).
According to another source, from 1983 to 1988, DSM activities have reduced U.S.
 
energy consumption by 13 gigawatts.' Exhibit 2.1 displays DSM program options

available to major customer classes.
 

The North American Electric Reliability Council has estimated that 1.8 percent of 
current total national demand is controlled by load management systems, representing
8,000 MW.' It estimates that by 1997, this figure will reach 2.2 percent (13,000 MW). 

Load Management Program Methods 

Load management programs use a variety of methods for achieving their objectives.

Most programs in the United States combine tariff incentives (time-of-use and

interruptible or curtailable), direct control, and rebate programs. U.S. activities in each
 
of these areas are discussed below.
 

Tariffs. In the United States, the most common methods to encourage or achieve load 
management have been the use of bill credits and tariff design. Tariffs and pricing
incentives were designed to encourage customers to reduce or shift peak demand for 
electricity (Exhibit 2.2). 

The 1987 IRRC survey found that since the early 1970s, 85 of the 123 utilities sampled
have adopted time-of-use rates (Exhibit 2.3), 45 have offered off-peak rates, and 76 have
offered seasonal rates. Currently, 74 programs are in operation on a system-wide basis,
8 are in the pilot stage, and 6 are in the research stage. Of the utilities responding to
the IRRC survey, 5 reported participation rates greater than 1 percent for residential 
customers and 10 utilities reported participation rates of over 1 percent for commercial 

3 Cogan and Williams, op. cit. 

' Gellings, Clark W. and John H. Chamberlin, Demand-Side Management: Concepts and Methods. 
Electric Power Research Institute, 1986, p.430. 

Hayes, William C. (Ed.), "Demand-Side Management: A Cornucopia of Techniques and
Technologies," Electrical World, Vol. 203, No. 2, February 1989, p. 54. 



Exhibit 2.1
 

DSM Program Options Available to Major Customer Classes
 

LOAD-SHAPE AND DEMAND-SIDE ALTERNATIVES 

Example of CustomerUtility Load Shape Objectives Residential Options Commercial Industrial 

Peak clipping, or reduction of load during peak periods, is gen- uAccept direct control o Accept direct control o Subscribe to interruptibleerally achieved by directly controlling customers' appliances, of air conditioners of water heaters rates
 
This direct control can be used to reduce capacity require
ments, operating costs, and dependence on critical fuels.
Valley filling, or building load during off-peak periods, is par-
 0 Ue off-peak water o Store hot water to o Add nighttime operationsticularly desirable when the long-run incremental cost is less he atng augment space heating
than the average price of electricity. Adding properly priced
off-peak load under those circumstances can decrease the av
erage price.

Load shifting, which accomplishes many of the goals of both 0 Subscribe to time-of- o Install cool-storage 0 Shift operations from daypeak clipping and valley filling, involves shifting load from use rates equipment time to nighttime

on-peak to off-peak periods, allowing the most efficient use
 
of capacity.


Strategic conservation involves a reduction in sales, often in- 0 Supplement home insu- 0 Reduce lighting use o Install more efficient proceluding a Lhange in the pattern of use. The utility planner lation esscs

must consider what conservation actions would occur natu
rally and then evaluate the cost-effectivenes, .f utility pro
grams intended to accelerate or stimulate conservation
 
actions.
 

Strategic load growth. a targeted increase in sales, may involve o Switch from gas to o Install heat pumps 0 Convert from gas to elecincreased market share of loads that are or can be served by electric water heating tric process heating

competing fuels, as well as development of new markets. In
 
the future, 
 load growth will include greater electrification
electric vehicles, automation, and industrial process heating.


Flexible lead shape involves allowing customers to purchase o Demand subscription o Group load coopra- o Interruptible ratessome power at lower than normal reliability. The customer's service fives 
load-shape will be flexible, dependizg on the real-time relia
bility conditions.
 

Source: Adapted from Clark Gellings. "Demand Planning in the 80s," EPRI Journal. p. 10, Dec. 1984. 
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Exhibit 2.2 
Reported Incentive Structures for Load Control 
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Source: Rabi and Blevins, 1989. 

Exhibit 2.3 
Time-of-Use Rate Programs -- Chronology of Implementation 
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customers. Industrial participation is much higher, with 28 utilities reporting
participation rates of over 1 percent and 6 utilities reporting 100 percent participation
(in 	some utilities, participation is mandatory for large industries). 

Utilities also offer interruptible or curtailable rates to limit demand. More than 75 
percent of the utilities surveyed by IRRC, or 94 utilities, have interruptible and/or
curtailable rate programs targeted at their large industrial customers. 

Direct Control/Appliance Control. Appliance control and the direct control of 
appliances and equipment are also widespread among U.S. utilities.6 A detailed 
explanation of approaches to utility control is included in Appendix B. The IRRC 
survey identified 61 utilities that have been involved in some form of load control 
program. Currently, there are 35 active appliance control programs involving 625,000 
customers and 37 direct load control programs involving more than 830,000 customers. 

The most common point of control for load control projects in the United States has 
been electric water heaters and air conditioners. A 1989 EPRI survey found that over 1
million water heaters and over 950,000 air conditioners, representing over 80 percent of 
the 	total number of control points, were under direct utility control (Exhibit 2.4). The 
most common method of controlling loads is with radio signals. Time clock controllers 
and 	power line carrier and ripple controllers are also used. 

Rebate Programs. Many U. S. utilities offer rebates to customers to encourage the 
purchase and installation of energy-efficient appliances and equipment. Rebates are 
commonly provided for the installation of efficient air conditioners and heat pumps. 

DSM program expenditures between 1982 and 1985 shifted from information 
dissemination activities to rebates and loans for installing efficient appliances and 
equipment, and for improving building weatherization. Although the primary motivation 
for such programs is usually electricity conservation, the majority of the programs are 
also designed to reduce peak load. 

In a 1987 survey by EPRI, 132 utilities reported 59 energy-efficiency rebate programs, of 
which 49 were in full operation and 10 were in the pilot stage.7 According to EPRI, 35 
to 50 percent of the nation's electric utility customers are now served by utilities that 
have some form of an energy efficiency rebate program. On average, the commercial 
and industrial programs realized demand reductions of over 70 MW for 22 utilities 
reporting data, and residential peak demand savings averaged 9.7 MW. The programs
also proved to be cost-effective when compared to building new capacity: the overall 
average cost of these programs was $300 per kW saved; the median was $200 per kW 
saved. 

6 	 Appliance control is also referred to as distributed control; here, autonomous control devices are 
installed on electric appliances to control their use of electricity. Direct control involves equipment
that responds to signals from the utility, often through radio waves or power line carrier waves. 

7 	 EPRI, A Compendium of Utility-Sponsored Energy Efficiency Rebate Programs, EPRI EM
5579, December 1987.
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Exhibit 2.4
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Source: Rabi and Plevins, 1989. 

Some U.S. utilities are promoting alternative financial incentive programs, includingloans, for the purchase and installation of weatherization and energy-efficient appliances
and equipment, and shared savings programs. For example, Central Maine Power
Company (CMP) is implementing a shared savings program whereby it provides thecapital for energy-saving investments and is paid back from the energy saved. CMP alsohas an efficiency buy-back program that provides funding for up to 50 percent of aproject's total cost in order to reduce the project's simple payback to two years.8 

Load Management Programs by Sector 

Load management programs in the U.S. take on different characteristics, depending on
their target sector. Exhibit 2.5 shows the distribution of electricity sales by major
customer class -- commercial, industrial, and residential. This section discusses the 
differences between these classes. 

Linn, Jonathan J., "Energy Management Programs for Large Commercial and Industrial Electric
Utility Customers," in Demand-SideManagementStrategiesfor the 90s: Proceedings:Fourth National
Conference on Utility DSM Programs,EPRI CU-6367, 1989, pp. 64-73. 
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Exhibit 2.5 

Distribution of Electricity by Sales Class 
(million kWh) 
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Source: U.S. Department of Energy, Energy Information Administration, Monthly Energy 
Rev'ew, May 1989. 

Commercial Class. This sector accounts for 30 percent of the nation's peak demand forelectricity. Forty percent of its demand is for lighting applications, 30 percent for airconditioning, and 10 percent for space heating. This would indicate that there ispotential for achieving significant demand reductions in the lighting and HVAC (heating,
ventilation, and air conditioning) segments of the commercial sector through loadmanagement. However, savings have been difficult to achieve due to the diversity and
complexity of these customers' commercial load. 

In response to this challenge, a large western utility has pioneered a concept known asthe "energy park," where it contracts with its commercial customers to reduce individualcoincident peak demand. The demand pattern and associated tariff of each participating
customer are tracked using a computer-based monitoring and communication system.Despite the system's complexities, it has been noted that "building owners and managers
are making very substantial progress in managing building load and consumption by
employing local energy management smair systems."9 

Rabl, Veronika A. and Robert P. Blevins, "Overview of Utility Commercial-Sector DSMPrograms," in EPRI, Demand-Side Management Strategiesfor the 90s: Proceedings: Fourth
NationalConference on Utility DSM Programs, EPRI CU-6367, 1989, pp. 55-62. 

9 

12 
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EPRI surveys conducted in 1987 found that more than 170 utilities had implemented 
over 350 DSM programs in the commercial sector, affecting approximately 250,000
customers. The programs most frequently implemented were for high-efficiency lighting,
cool storage, and HVAC control. These utilities had 78 load control programs and 20"alternative pricing incentive" programs either underway or in the planning stages in the
commercial sector. The majority of these programs began in the 1980s. In 1986 and
1987, the number of programs started was more than double that of any previous year
(Exhibit 2.6). 

Exhibit 2.6 

Commercial DSM Programs by Start Date 
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Source: Rabi and Blevins, EPRI, 1989. 

EPRI's surveys of commercial programs have also shown a per-customer, on-peak
demand reduction in the range of 1 to 331 kW for load control, and 29 to 1,500 kW for 
storage air conditioning. 

Industrial Class. The industrial sector has received less attention than the commercial 
or residential customer classes in load management programs, despite its large potential.
Because industrial customers employ a vast number of processes during production, the 
shapes of their load profiles vary widely. As a resu't, generic load management 
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programs are unsuitable for this sector, and custom programs must be designed and 
operated for each customer. 

In the past, utilities developed DSM programs for a customer class as a whole. The
primary load management tools used for the industrial class included alternate rate
designs, namely time-of-use and interruptible/curtailable rates, or direct customer 
programs including audits, engineering assistance and feasibility studies. The 1987 IRRC 
survey found that 94 utilities (more than 75 percent of the utilities surveyed) had
interruptible or curtailable rate programs designed primarily for large industrial 
customers. The survey also found that 38 utilities had load shedding programs invarious stages of implementation. These programs generally instruct large-load
industrial customers to interrupt electricity-intensive manufacturing processes in the 
event of impending capacity shortages. 

To make DSM more efficient and effective, utilities are now focusing their efforts onindividual and homogeneous subgroups of industrial customers, and are conducting
market research to identify the needs of and benefits to these subgroups. Customer end 
uses, needs, and technology choices are the focus of utilities' load modification objectives
for this sector. 

A 1986 EPRI-sponsored survey found that 83 utilities implemented 264 DSM
promotional programs in the industrial sector. Direct incentive and alternative pricing
accounted for 49 (19 percent) of the programs, field tests/demonstration projects
accounted for 72 (27 percent), and the balance involved customer contact and general
promotion. 

Residential Class. U.S. utilities have been very active in developing and promoting
residential load management programs. Although these programs vary widely, appliance
control and direct load control, time-of-use tariffs, and high-efficiency appliance rebate 
programs predominate. 

A 1988 EPRI study found that the number of residential sector load control projects of
458 surveyed utilities rose from 41 in 1977 to 384 in 1985 (Exhibit 2.7).1" Of the 259
projects active in 1985, 66 percent had been implemented and 34 percent were either 
test, demonstration or monitoring projects. Ten projects used distributed control, 24
used local control, and 225 used direct control. In 1985, over 2 million points of direct
appliance load control were installed in the residential sector. The study also noted that
approximately 210 additional rural cooperatives and municipal utilities are actively
involved in load control. 

EPRI, 1985 Survey of Utility ResidentialEnd-use Projects,EPRI EM-4578, May 1986, pp. S-3 
to 4. 

10 
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Exhibit 2.7 

Reported Residential Load Management Projects 1977-1988 

Numbtwof Project
 
400
 

384 

259 

210
 
2 W.0. . .. .. ...... .......
 

168 

100 .. . . . 93I 

1977 1978 1979 1980 1981 1983 1985 1988 

Source: EPRI, 1985 Suvey of Utility Residential End-Use Projects, EM-4578, May 1986 and EPRI, 1988 Swvey
of ResidentialDemand-Side ManagementProgrtns,CU-6546, October 1989. 

The 1987 IRRC survey found that most utilities had more than 1 percent of theircustomers enrolled in appliance control or load control programs, and a few utilities had 
over 10 percent participation. This survey also found that 51 utilities reported having200,000 residential customers on time-of-use tariffs, with one utility, General Public
Utilities, reporting that 5.5 percent (85,000) of its residential customers were being billed 
under the time-of-use tariffs. 

Utilities often use time-of-use tariffs in combination with their other programs toprovide an incentive to residential customers. In the United States, time-of-use rateshave been successful in the residential sector, and have reduced peak-period electricity
consumption by up to 30 percent.11 

Utility rebate programs for high-efficiency appliances are often promoted forconservation purposes. However, some utilities have developed these programs to meetpeak reduction and load shifting objectives. The 1986 EPRI survey found that 58 high

t' Faruqui, A. and J.R. Malko, "The Residential Demand for Electricity by Time-of-Use: A Survey ofTwelve Experiments with Peak Load Pricing," Energy, 8:10, 1983, as referenced in World BankEnergy Department Paper No. 32, End-Use ElectricityConservation:Optionsfor Developing Countries,
October 1986, p. 64. 

http:percent.11
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efficiency appliance rebate programs were intended to reduce peak, and 10 were 
intended to shift load. 

'A 1986 EPRI report compiled estimates of the number of residential customers
affected by DSM and load management programs in 1983 (Exhibit 2.8). This study
reported that over 42 million of these customers were involved in DSM programs. Over
2.5 million of these customers were involved in load control (peak clipping and load
shaping) programs. The 1988 EPRI study requested information on the short-term
(within one year) load shape modification objectives of the surveyed utilities. As shown
in Exhibit 2-8, for example, 61 percent of the responding utilities reported that peak
clipping was an objective of their residential demand-side management program. 

Future Savings 

According to 1986 EPRI projections, by the year 2000, utility peak clipping efforts will
reduce peak demand on the peak-load day by almost 10 percent or 17 GW (for an 
estimated saving of $100 billion), with time-of-use rates having the largest impact. In
addition, utility load shifting efforts will reduce peak demand by almost 8 GW on the
peak-load day, with thermal energy storage having the large:st impact. The overall
impact of DSM on future electricity consumption is shown in Exhibit 2.9. 

The IRRC survey found that, as a result of DSM programs, 57 utilities expect to achieve 
a 20 GW reduction in their estimated peak demand growth through 1995. However, the
study notes that "five utilities based in the South account for more than one-half of the
projected reducticnis, suggesting that total industry savings could be substantially higher
if more utilities adopted aggressive demand-side programs." 

A more recent forecast of load management targets has been prepared by the North
American Electric Reliability Council (NERC) based on submissions from its member
utilities. 3 These data indicate that under current plans, the load management target -
excluding the impacts of time-of-use programs -- is about 12,000 MW in 1989, rising to 
over 17,000 MW by 1998, or 2.8 percent of projected peak load. Although precise
estimates of the impacts of current TOU pricing are not available, when the NERC
forecast impact is factored in and coupled with the aggressive promotion of future TOU
and dynamic pricing, a picture begins to emerge. Under this projection, a total load 
management target (including direct load control, interruptible loads, and pricing) on the
order of 5 to 10 percent should be realistically achievable in the mid term. Indeed, the
ability to control peak demands through load management (as defined by NERC)
currently varies between 0.9 and 3.2 percent among the nine "NERC regions" and is
projected to range from 1.1 to 5.3 percent of projected demand by 1998. Further, the 

12 EPRI, Impact of Demand-Side Management on Future CustomerElectricityDemand, EM
4815-SR, October 1986, pp. 4-16. 

13 North American Electric Reliability Council, 1989 ReliabilityAssessment. Princeton, New Jersey. 
NERC, September 1989. 
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Exhibit 2.9
 
Imprict of DSM on Future Electricity Consumption
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projections shown in Exhibit 2.10 are on the conservative side (e.g., NERC's 1989 
forecast for load management in 1998 is 29 percent higher than the forecast made in 
1988). 

2.2 DEVELOPING COUNTRY LOAD MANAGEMENT ACTIVITIES 

This section discusses load management activities taking place in developing countries.
The various electricity sector activities that affect load management in these countries 
are also discussed. Most of these activities are funded primarily through the support of
international development agencies working together with the developing country utility. 

In most developing countries and all A.I.D.-assisted countries, electric utility systems are
facing severe technical and economic constraints. Although overall system reliability is
of primary concern to the utility, customers are often inconvienced by unreliable
electricity service. The load management strategy most often employed by countries
faced with inadequate power supplies and reliability is forced load shedding. 

With the exception of Costa Rica and very recently, Thailand, no developing country
examined in this stijdy has implemented load management programs. However, 

/2 



2.15 EXPERIENCE WITH LOAD MANAGEMENT 

Exhibit 2-10
 

Projected U.S. Load Management
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elements of a load management systems are present in some countries. For example, a
supervisory and computer aided data acquisition (SCADA) system is seen in many
countries. Further, communication facilities such as power line carrier (PLC) and a
VHF/UHF radio link are used frequently as well. This system is typically used to 
communicate to utility management the status of network control, repairs, new
construction work, and other management-related information. Communication forms a
critical element in practicing load management and therefore the presence of a SCADA 
may present opportunitieE for a load management project. 

Other load management practices currently in use in developing countries include tariff
incentives, allocation of usage quotas to major customers, and the staggering of work
shifts. Tariff incentives consist of time-of-use rates, excess consumption penalties, and
maximum demand charges. Time-of-use rates are implemented by relatively
sophisticated utilities in the non-A.I.D.-assisted countries of Taiwan (Taipower) and
Korea (KEPCO). The excess consumption penalty comes into effect when actual 
consumption exceeds the contracted level. This tariff is effective in controlling abuse as
it usually fines customers heavily. A maximum demand charge tariff encourages
consumers to spread their load more evenly or to achieve load shifting and valley filling. 

A brief discussion of load management programs in Costa Rica, Thailand and other 
A.I.D.-assisted countries is presented below. 



EXPERIENCE WITH LOAD MANAGEMENT 2.16 

Costa Rica 

ICE, the national utility, demonstrated a successful load management program by
participating in a load management pilot project funded by A.I.D. The primary goal of 
this 	program was to reduce the system peak demand from the participating customers by
10 percent. The project's effectiveness was measured by the reduction in its participants
coincidental peak demand for electricity. The customer group achieved a 14 percent
reduction in demand and an improved system load factor. A detailed description of 
Costa Rica's load management program is presented in Appendix C. 

Thailand 

The 	Electricity Generating Authority of Thailand (EGAT) has initiated "time-of-use" 
rates, and has successfully demonstrated load shifting and increased system load factors 
through the implementation of these rates. EGAT also levies a maximum demand 
charge on its customers, encouraging them to spread their load uniformly over the 
working day. 

Two other Thai utilities, PEA and MEA (which are distribution utilities), levy minimum 
and maximum demand charges on their customers. EGAT and MEA have installed 
SCADA network control systems and use PLC and microwave communication with some 
of their large customers. 

Other countries such as India, Indonesia, Pakistan, Philippines show some variation in 
the 	level of sophistication of their utilities as well as interest in load management. The 
vast 	majority of their utilities levy an excess consumption penalty and a maximum 
demand charge. Additionally, many of their utilities own and operate a SCADA system
and 	a VHF/UHF radio link for transmitting network control and other management 
related information. 

2.3 	 BARRIERS TO LOAD MANAGEMENT IMPLEMENTATION IN DEVELOPING 
COUNTRIES 

Load management has made only very limited progress in developing countries, where it 
is hampered by technological, institutional, economic, strategic and political constraints,
and past decisions that affect future electricity supply and usage. For the electric utility,
the issues are dependent on the development status of the country, the availability of 
funds, and the design, operation and maintenance of its system. Five major barriers to 
the implementation of load management in these countries have been identified. 

1. 	 Inefficient electricity prices. One of the most important impediments to load 
management in developing countries stems from subsidized electricity rates, which 
do not provide financial incentives for electricity users to modify their load 
characteristics in such a way as to reduce the need for new generation capacity. In 
some countries, the electricity tariff consists only of an energy component, which 
does not give customers an indication of the value of capacity or the cost of 
satisfying demand (as compared to energy). 
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In general, these distortions in electricity prices can be defined as economically
inefficient pricing, where the price of electricity does not fully reflect the cost of 
supply and the structure of tariffs -- demand charges, time-of-day rates -- does not
reflect the economic cost of supply. This is a neccessary precondition for 
implementing a load management program. 

2. 	 Lack of knowledge and information. Many utility planners as well as electricity end 
users may not be aware of the load management options available to them or the
magnitude of load management potential that can be realized in their system.
Therefore, they make no attempt to take advantage of such potential. 

3. 	 Lack of utility management commitment. Traditionally, most utilities have relied on 
building new power plants as the sole option for satisfying demand. In cases where
demand surpasses supply, utilities often introduce load shedding as the only way of
coping with the shortage. However, load shedding is pursued only as a short-term
solution to the supply constraint -- until additional supply capacity is brought on line.
In such cases, utilities do not commit their resources to a long-term strategy and 
program for managing the demand in a way that has the least economic impact on 
their customers. 

4. 	 Lack of qualified staff. Even if a utility is aware of the potential for load 
management, it may not be able to design and implement such programs because it 
lacks qualified staff. 

5. 	 Lack of equipment. Finally, the equipment required for implementing load 
management programs is often not available to developing countries, which works as 
an impediment to the introduction of such programs. 

Despite these barriers, load management activities are beginning to take place in 
developing countries, primarily through the support of international development
agencies and lending institutions. Based on the positive experience of U.S. utilities, load 
management can significantly improve developing nations' system reliability in the near 
term and reduce the need for generating capacity and the necessity of incurring high
capital costs in the long term. 

Load management should be implemented when it can be shown to achieve a higher
economic rate of return, or higher economic benefit/cost ratio, than traditional supply
side investment. For loads that have some degree of scheduling flexibility, there are
effective load management options which do achieve higher rates of return, and with 
lower foreign exchange input per net kilowatt of capacity. 

Load management is usually implemented to shave peaks on a capacity-strained
electricity system. The marginal cost of installing one kilowatt of generation capacity is
about $350 (for a gas turbine) plus transmission and distribution capacity, if needed.
(Marginal capacity costs vary widely for the individual country and utility, depending on 
the generation mix, terrain, and other factors, but generally range from $500-$2,000 per
kW.) Thus, a utility should be willing to spend up to $350, or perhaps more, to obtain a
firm kW of capacity relief through load management. There are many levels of 
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technology which can be applied to obtain firm capacity, at costs below this threshold. 
First, time-of-use electricity tariffs provide the incentive for industrial and commercial 
enterprises to adjust operations, achieving reductions in peak demand at essentially no 
cost to the utility. In Costa Rica, a cost of only $15 per kW was required, on average,
for customers to install metering equipment which provided information about peak
demand to enable the proper load control decision to be made. In the worst case in 
Costa Rica's load management program, this investment was about $160 per peak kW 
saved for a payback of 15 months.' 

In 	the United States, investment in remote load control technology has been significantly
reduced by the introduction of new meters. Depending cn the application, the cost may 
vary from $50-$100 per kW. 

14 	 RCG/Hagler, Bailly, Inc. Costa Rica: Load Mamagement Project, PhaseI: Planning. Prepared for 
Instituto Costarricense de Electricidad and USAID/Costa Rica, April 1988. 
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CHAPTER 3: IDENTIFICATION OF A.I.D.-ASSISTED COUNTRIES WITH LOAD 
MANAGEMENT POTENTIAL 

This chapter identifies those A.I.D.-assisted developing countries that present the
greatest potential for load management so that they can be prioritized for future load 
management assistance. In the following sections, the methodology for evaluating the
load management potential in each candidate country and the application of that
methodology are described, and the results of t~e prioritization analysis are presented. 

To identify the appropriate candidates for load management activities, we initially
concentrated on the 44 countries that are in the top 50 percent of the recipients of FY
1988 Development Assistance and Economic Support Funds, which include project
funds. By eliminating countries with an installed capacity of less than 500 MW from our
analysis (detailed data on these countries' system characteristics and customer electricity 
usage were often lacking), 30 candidate countries remained and are shown below. 

Asia/Near East Region 

Bangladesh Pakistan 
Burma Philippines 
Egypt Sri Lanka 
India Thailand 
Indonesia Tunisia 
Jordan Yemen A.R. 
Morocco 

Latin America & Caribbean Region 

Bolivia Guatemala 
Costa Rica Jamaica 
Dominican Republic Peru 
El Salvador Brazil 

Africa Region 

Cameroon Sudan 
Cote D'Ivoire Tanzania 
Kenya Zaire 
Mozambique Zambia 
Nigeria 

3.1 METHODOLOGY 

Seven power system attributes were selected to indicate a developing country's load 
management potential. These are: 
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1. Current Power Situation 

Countries with existing power shortages and whose utilities are enforcing load 
shedding as a means of coping with insufficient supply capacity were considered a 
priority for load management activities because their peak demand is obviously
greater than the utility's firm capacity and they would benefit from immediate 
load management relief. 

2. Load Factor 

The load factor is an indication of how uniform a utility's load is, or in effect,
how effectively its existing power supply capacity is being utilized. Countries with 
low load factors have the greatest potential for load management. However, such 
a generalization encompasses two inaccuracies. 

First, in countries with power shortages (and therefore, load shedding) load 
factors would be artificially high since by shedding load the utility is in effect 
enforcing peak shaving (a form cf load shedd'ng). Therefore, in assessing the 
potential for load management :. indicated by the load factor, one has to keep in 
mind the importance of load shedding. 

Second, the overall load factor of the system may not be a good indication of its 
load management potential because most of this potential lies in the industrial 
and commercial sectors, while a "peaky" load shape (and therefore a low load 
factor) could be the result of the load shape in the residential sector. Although
the load factor for industrial and commercial customers would be a more 
appropriate indicator of load management potential, this information is not 
readily available. To compensate for this inaccuracy, we have included the 
following two attributes as well. 

3. Industrial Electricity Consumption 

Since industrial customers in general have the highest potential for load 
management, countries with a higher share of industrial electricity consumption
present a greater opportunity for load management. Therefore, in countries 
where most industries have their own generation facilities and do not rely on the 
national grid for electricity supply, or in countries where the share of industrial 
power consumption is very low, load management. potential will be limited. 

/i 
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4. Commercial Energy Consumption 

Similarly, since the commercial sector presents the second-highest potential for 
conducting load management programs, countries with a higher share of 
electricity consumption in the commercial sector will have a greater potential for 
load management. 

5. Tariff Structure 

As discussed in Chapter 2, electricity tariffs can be an effective mechanism for 
inducing load management among electricity users. Although major tariff 
restructuring is a long-term prospect in most developing nations, countries with 
tariff structures that provide load management incentives will be further ahead in 
realizing their existing load management potential. 

Three attributes in the tariff structure should be taken into account: (1) are 
there subsidies in the tariff?, (2) is there a demand charge in the tariff?, and (3) 
are there any provisions for sophisticated tariff structures such as time-of-day
(TOD) and interruptible tariffs? 

The other side of this issue is that in some countries there are energy and 
demand components to the tariff, but the demand charge is often underestimated 
and will not result in a meaningful incentive for load management. And finally, it 
may be that countries with no energy demand charge may represent a greater
potential for load management since customers may have no appreciation for 
changing their load curve. But often, changing the tariff structure to include a 
demand charge will be an elaborate and time-consuming effort. 

6. Power Generation from Oil 

Most countries are trying to reduce their use of high-cost oil and oil products for 
power generation (particularly the net importers of oil). Therefore, countries 
whose highest share of generation comes from oil-fired power plants will be very
interested in load management, since most peaking units are oil-fired. 

7. Institutional Receptivity 

Finally, countries whose energy and utility organizations have initiated a load 
management program or are interested in undertaking load management 
programs present the greatest opportunity for load management since there will 
be the institutional support and commitment for undertaking these programs. 
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Exhibit 3.1 assigns values to these seven attributes for the 30 candidate A.I.D.-assisted
 
countries.
 

These indicators were then normalized using values from zero to five, depending on

their impact on the load management potential. 
 For example, higher industrial 
electricity consumption as a share of total electricity consumption in a country indicates
 
a higher potential for load management (since most load management potential lies in

industry). For an industrial electricity consumption share of below 10 percent, we have 
assumed the relative impact of load management potential will be minimal and have

assigned it a value of zero. 
 In contrast, in countries where industrial share of electricity
consumption is over 50 percent, we have assigned the maximum value of five. A

description of the normalization values assigned to these seven attributes is presented in
 
Exhibit 3.2.
 
These indicators where then assigned weights to rank them in order of importance. The 
total weight was 100, broken down as follows. 

Attribute Weight 

Power Situation (Load Shedding) 10 
Load Factor 15
 
Industrial Electricity Consumption 20 
Commercial Electricity Consumption 10 
Tariff Structure 20 

(Energy/Demand Tariff - 15, 
TOD Tariff - 5) 

Oil-Fired Electricity Generation 10 
Institutional Receptivity 15 

There are three limitations inherent in this approach. First, the scoring method used 
does not result in a distinct ranking of all the countries. Rather, it leads to the
identification of clusters of candidate countries within each A.I.D. region. Second,
because the data from which this analysis was drawn are generally taken from 1987 or
1988 reports and personal communications, the analysis is of necessity slightly dated. 
Last, the screening method is a somewhat coarse one, relying on such criteria as"expressed interest" in load management. Nonetheless, this coarse screen helps toestablish a comparative basis (via distinct groupings of country scores) upon which A.I.D.can base its load management assistance decisions. 

3.2 RESULTS 

The total scores achieved by the candidate countries are presented in Exhibit 3.3, in 
rank order by region. All of the countries in the Asia/Near East region (except 
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receptive 
receptive 
receptive 
receptive 

most receptive 
most receptive 

receptive 
receptive 

most receptive 
receptive 

not receptive 

Latin America & Caribbean 

Bolivia 
Costa Rica 
Dominican Rep 
El Salvador 
Guatemala 
Jamaica 
Peru 
Brazil 

no 
no 

yes 
no 
no 
yes 
yes 
yes 

61.0 
60.0 
57.0 
59.0 
61.0 
69.0 
67.0 
49.0 

13 
26 
24 
32 
36 
59 
38 
47 

24 
22 
12 
15 
23 
3 
6 

13 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 

na 
yes 
na 
no 
na 
no 

yes 
yes 

4 
8 

58 
5 

19 
97 
12 
2 

receptive 
most receptive 
not receptive 

receptive 
receptive 

most receptive 
most receptive 
most receptive 

Africa 

Cameroon 
Cote D'lvoire 
Kenya 
Mozambique 
Nigeria 
Sudan 
Tanzania 
Zaire 
Zambia 

yes 
yes 
na 
no 
yes 
yes 
na 
no 

yes 

60.0 
69-85 

60.0 
60.0 
31.0 

na 
55.0 
50.0 

na 

63 
na 
51 
31 
37 
36 
55 
na 
55 

0 
na 
17 
11 
12 
8 
9 

na 
1 

yes 
yes 
na 
yes 
yes 
na 
na 
na 
na 

yes 
yes 
yes 
no 

yes 
yes 
na 
yes 
no 

na 
na 
15 
17 
1 

44 
na 
1 
0 

na 
receptive 
receptive 
receptive 
receptive 
receptive 

na 
not receptive 
not receptive 

,l
 



Exhibit 3.2: Normalization of Power Sector Profiles in Candidate A.I.D.-Assisted 
Countries 

1. POWER SITUATION 
1a. Load Shedding in Place 
lb. Absence of Load Shedding 

2. LOAD FACTOR 
0.49 and below 
0.50 to 0.54 
0.55 to 0.59 
0.60 to 0.64 
0.65 to 0.69 
0.70 and above 

3. 	 INDUSTRIAL ELECTRICITY CONSUMPTION 

0 to 9% 

10% to 19% 

20% to 29% 

30% to 39% 
40% to 49% 
50% and above 

4. 	COMMERCIAL ELECTRICITY CONSUMPTION 
0 to 7% 
8% to 15% 
16% to 23% 
24% to 31% 
32% to 39% 
40% and above 

5. 	 ELECTRICITY TARIFFS 
Energy/Demand Charges 
Time-of-Day Charges 

6. 	 OIL-FIRED ELECTRICITY GENERATION 
0 to 9% 
10% to 19% 
20% to 29% 
30% to 39% 
40% to 49% 
50% and above 

7. 	 INSTITUTIONAL RECEPTIVITY 
Most Receptive 
Receptive 
Not Receptive 

VALUE 
5 
0 

la. 
5 
5 
4 
3 
2 
1 

lb. 
5 
4 
3 
2 
1 
0 

VALUE 
0 
1 
2 
3 
4 
5 

VALUE 
0 
1 
2 
3 
4 
5 

YES 
5 
5 

NO 
0 
0 

VALUE 
0 
1 
2 
3 
4 
5 

VALUE 
5 
3 
0 



Exhibit 3.3: Load Management Potential Ranking of Candidate A.I.D.-Assisted Countries 

Energy/Load Load Indus. Comm. Demand Tariff EIec. Instit. Total***Attribute Shixidng Factor Consump. Consump. Tariff 'TOD** W Oil Recp. ScoreWEIGHT 10 15 20 10 15 5 10 15 

Asia/Near East 

Bangladesh 
Burma 
Egypt 
India 
Indonesia 
Jordan* 
Morocco 
Pakistan 
Philippines 

5 
5 
5 
5 
5 

na 
0 
5 
5 

3 
2 
2 
2 
2 

na 
1 
3 
2 

4 
5 
4 
5 
4 
3 
4 
3 
4 

1 
1 
0 
1 
1 
1 
1 
1 
3 

5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
0 
0 
5 
0 
0 
5 
0 
5 

1 
4 
5 
0 
3 
2 
5 
1 
3 

5 
0 
3 
3 
3 
3 
5 
5 
3 

370 
305 
330 
335 
320 
210 
330 
325 
365 

SriLanka 
Thailand 
Tunisia* 
Yemen A.R.* 

5 
0 
5 

na 

5 
1 
4 

na 

3 
5 
5 
2 

2 
3 
1 
2 

5 
5 

na 
na 

0 
5 

na 
na 

0 
1 
5 
5 

3 
5 
3 
0 

325 
330 
315 
110 

Latin America &Caribbean 

Bolivia* 0 2 1 3 5 na 0 3 200
Costa Rica 0 2 2 2 5 5 0 5 265
Dominican R* 5 3 2 1 5 na 5 0 270
El Salvador 0 3 3 1 5 0 0 3 235
Guatemala* 0 2 3 2 5 na 1 3 240
Jamaica 5 2 5 0 5 0 5 5 380
Peru 5 2 3 0 5 15 5 325
Brazil 5 5 4 1 5 na 0 5 365 

Africa 

Cameroon 5 3 5 0 5 5 na na 295
Cote D'lvoire* 5 1 na na 5 5 na 3 210
Kenya* na na 5 2 na 5 0 3 190
Mozambique 0 2 3 1 5 na 1 3 230
Nigeria 5 5 3 1 5 5 0 3 340
Sudan* 5 na 3 1 na 5 5 3 240
Tanzania* na na 5 1 na na na na 110
Zaire* 0 4 na na na 5 na 0 85
Zambia* 5 na 5 0 na 0 0 0 150 

In countries with data gaps, the "nan is considered a zero for computation purposes.
• * TOD = time of day

Countries with a total score above 350 were considered to be top priority candidates for load management 
assistance, those with scores of 300-350 were considered very attractive candidates, those with scores of
250-300 were attractive, and those with scores below 250 were assigned secondary priority. 



3.8 
IDENTIFICATION OF A.I.D.-ASSISTED COUNTRIES WITH LOAD
MANAGEMENT POTENTIAL 

Thailand and Morocco) are experiencing load shedding, and therefore load management
programs would be extremely relevant. Overall, because of their economic growth
potential (and hence projected electricity demand growth), most countries in this region
are good candidates for load management programs. Tunisia, Bangladesh, Philippines,
India, Egypt, Morocco, Thailand and Pakistan are the countries with the greatest
potential for load management programs within this region. 

In the Latin America and Caribbean Region, the greatest potential for load management
is seen in Jamaica, Brazil and Peru. 

Finally, in the Africa Region, Nigeria and Cameroon offer the greatest potential for load 
management. For the other countries, lack of sufficient data prevented a complete 
analysis. 

Although it was necessary that the "scoring" approach taken in this study be somewhat
arbitrary, it is believed that the results are robust enough to be of use in meeting this 
study's intended purpose. 



CHAPTER 4: STRATEGY AND ACTION PLAN 

4.1 	 PROGRAM OBJECTIVES 

Load management's potential for reducing the need for additional generating capacity
and improving the utilization of existing power plants has been well demonstrated in the
U.S. The lack of previous activities in promoting load management in developing
countries means that international development agencies could play a beneficial role in
assisting these nations' energy planners and electric utilities to recognize the benefits of
load management and to take advantage of their load management potential. This
chapter focuses on setting priorities and developing an action plan for load management
initiatives by international development agencies, and in particular, the A.I.D. Office of
Energy. The program strategy introduced here can be pursued by developing country
governments and electric utilities as well. 

Given the amount of resources required to undertake a full-scale national load 
management program (typically $10 million to $50 million for a medium-sized A.I.D.
assisted country) and the limited financial resources available to A.I.D., it and other
development organizations should focus on activities that have the most impact on the
long-term utilization of load management potential in developing countries and that can 
be conducted at the least expense. A.I.D. and other international development
organizations should leverage their financial resources in the following ways: 

1. 	 contact the national utility and initiate a dialogue to provide technical
 
assistance,
 

2. 	 provide training, study tours, and arrange conferences to facilitate information 
dissemination, 

3. 	 provide "seed" funds to quantify the load management potential in developing 
countries, 

4. 	 identify opportunities for improving the overall electric power situation in these 
countries through the implementation of load management measures, 

5. 	 develop lasting technical ard management capabilities to identify and implement
load management measures, and 

6. 	 develop the institutional and policy framework to support and promote load 
management in conjunction with other energy conservation and efficiency 
activities. 

Once the notion of load management has become an acceptable one to utility planners
and government energy sector authorities, international development organizations 
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should pool their resources and direct their efforts toward widespread load management 
program implementation in the country. 

4.2 LOAD MANAGEMENT STRATEGY 

To achieve its load management objectives, the Office of Energy's load management
strategy should have both a short-term and a long-term focus. The short-term focus 
should be on micro-level activities designed to quantify the load management potential
in A.I.D.-assisted ,.ountries. Such a focus would incorporate an immediate assessment of 
the potential for implementing a tariff restructuring plan with the national utility. This
would entail conveying the role of load management as a complementary activity to the 
tariff structure. This assessment would provide a realistic basis for verifying future 
energy supply savings attributed to load management measures in the national energy
development plans of A.I.D.-assisted countries. The long-term focus should be on
macro-level projects designed to exploit the load management potential available in the 
electricity sector. The macro-level activities should concentrate on the sectors that offer 
the greatest potential for implementing load management, and on developing an 
institutional and policy framework for encouraging load management in those sectors. 

To achieve the most efficient and cost-effective implementation of this strategy, the 
Office of Energy should coordinate all of its load management activities with and seek 
advice from A.I.D. missions, other international donor agencies, and the public and 
private sectors in A.I.D.-assisted countries. 

The Office of Energy's load management strategy and the focus of its activities should
also be shaped by the growing concern about the environmental impacts of energy
development and use, particularly the "greenhouse effect" and its implications for global
climate change. Load management provides an effective way to combat the greenhouse
effect by reducing the need for building new fossil power plants (especially peaking units 
such as gas turbines) as well as by reducing the consumption of oil, gas, coal and other 
fossil fuels. 

4.3 A.I.D. ACTION PLAN 

There are five steps to an effective load management action plan. These are discussed 
below. 

Step 1: Promote Load Management 

The first step in initiating an effective load management program will be to attract the 
attention of A.I.D. missions, and electric utilities and the public and private sectors in
A.I.D.-assisted countries. The goal of this promotional effort would be to provide
information packages that effectively highlight the advantages of load management and 

6-f'
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its appropriateness for developing countries faced with increasing electric power needs.
Some of the important points to be made are: 

* 	Load management can substitute for building expensive power plants that
require increasingly scarce public resources and can be implemented far more
quickly and cheaply than a construction program for new supply capacity. 

* 	The implementation of load management measures can result in 
environmental benefits. 

• Mission funds can be more efficiently used for other priority activities if they
are not used to fund energy efficiency and conservation activities on a 
continuous basis. 

• 	 Pooling m'.ssion funds, country resources, and Office of Energy seed money to 
promote load management can result in shared benefits. 

The brochures should be disseminated worldwide to all A.I.D. missions, and focus on thepriorities set by the respective missions for the energy sector. Follow-up visits todemonstrate the advantages of load management and to provide evidence of savings
achieved elsewhere as a result of load management measures should be conducted 
on 	a
selective basis. 

The final objective of the marketing initiative is to secure co-funding for a loadmanagement pilot study from A.I.D. missions and other international donors, and in-kind 
resources from the public and private sectors in various countries. 

Step 2: Scope Out Potential and Conduct Pilot Projects 

The starting point of a load management program should be pilot projects todemonstrate the load management potential within each target utility's service area.
These activities can be organized in three phases, as discussed below. 

Phase 1: Survey the Load Management Potential 

Most utilities have different consumer categories such as residential, commercial,industrial, bulk supply, public lighting, and agriculture. Because load management willusually be limited to large industrial and commercial customers, in this phase, typical
work elements would include: 

Identifying a representative sample of industrial and commercial customers toidentify those with high maximum demands and thus, potential for load 
management. 
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* Metering large electric devices such as motors, melting furnaces, air 
conditioners, etc. 

" Measuring electrical usage (through the development of load curves) to 
produce base-line demand profiles. 

" Determining and implementing load management techniques. 

" Remeasuring the electricity consumed by the devices. 

* 	 Quantifying electrical savings. 

Phase 2: Assess Possible Tariff Changes and the Impacts on Load Management 

Because customers will only implement load management measures if they are 
financially attractive, this phase involves calculating the monthly electricity bill savings
under possible tariff scenarios. Work elements during this phase might include: 

* Estimating the rate of return on the load management option, for each 
representative customer, for each type of load management option under 
existing tariffs. 

" 	 Identifying tariff modifications that could encourage or discourage consumers 
to manage their electricity loads at peak times. 

Phase 3: Calculate Load Management Potential in the T . Service Area.-


Once the load management potential under different tariff scenarios has been 
determined for the representative sample, the potential for load management across the 
entire service area is analyzed. Work elements in this phase might include: 

" Extrapolating the financially attractive load management options across each 
customer group, and then aggregating them across the entire service area. 

" Assessing load management potential with different tariff options. 

" 	 Proposing, in consultation with the utility staff, an optimal load modification 
program with associated tariff modifications. 

*1 
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Step 3: 	 Promote National and Sectoral Load Management Programs 

Once the pilot load management project has been successfully implemented and sizable
load management potential within the sample customer groups realized, the program
should be widely publicized to gather enough support for the design and implementation
of a large-scale (perhaps national sectoral) load management program. Often at this
 
stage a national "onference or workshop on load management, which would relate the
 
international experience with load management and review of the results of the pilot

study, would be an effective way of obtaining additional support for load management in 
the country. 

Step 4: 	 Assist with the Design and Implementation of Large-Scale Programs 

Once there is enough support in the country to initiate a large-scale load management 
program, A.I.D. should pool its resources with other international development agencies
and lending organizations such as the World Bank to provide technical and financial 
support 	for the design and implementation of such a program. The goal of donors such 
as the World Bank and the Asian Development Bank in recent years has been to 
support 	structural adjustment activities in the energy sector. These activities are 
directed 	at financing programs aimed at removing economic inefficiencies such as price
subsidies, tariff protection, and improper price signals from the energy sector. Because 
an economically efficient environment is necessary for the successful implementation of 
load management measures in the long run, the Office of Energy must coordinate its 
efforts with these donor agencies. 

Step 5: 	 Monitor the Performance of Large-Scale Programs and Disseminate
 
Information
 

It is critical that the performance of national load management programs be closely
monitored and the results disseminated widely to ensure the proliferation of such 
programs throughout the developing world. Data collection for such an effort should 
include the performance of different technologies and practices in different countries, 
costs and usefulness of different equipment, the cross comparison uf load management 
programs in different countries, and the involvement of electric utilities in each program
and their costs. 

The information dissemination component of the load management initiative is an 
important part of the overall action plan. The focus of information dissemination will 
be both domestic and international. Domestic workshops and seminars should be held 
to provide the data and results obtained from the load management pilot studies and 
full-scale projects within the country, targeted to plant and building owners and 
operators, utility staff, government agencies, and equipment manufacturers. The focus of 
the international workshops and conferences will be to share the results of the pilot
studies and full-scale projects implemented in various geographical regions. Major 
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workshops in Asia, Latin America, and Africa can serve as forums to disseminate the
 
results of the load management initiatives taken in each of these regions.
 

4.4 A NOTE ON THE STRATEGY'S SECTORAL FOCUS 

Industry 

Historically, A.I.D. has focused its energy conservation assistance on the industrial 
sector. Industry has been an important target for energy conservation because this 
sector typically accounts for 20 to 35 percent of total energy consumption in developing
countries, and because technically proven, cost-effective energy conservation techniques
and processes can save such countries an estimated 10 to 30 percent of the sector's 
energy consumption. In addition, a few large industrial enterprises generally account for 
the majority of the sector's energy consumption in these countries, which means that 
focusing on a few large consumers can significantly reduce the sector's energy use. 
Furthermore, with the trend toward privatization, an increasing portion of industry in 
A.I.D.-assisted countries is privately-owned, providing these enterprises with a clear 
incentive to cut ccsts. Finally, most of the mission and country requests for energy
efficiency assistance have come from the industrial sector. 

Commercial Buildings 

The buildings sector is the fastest growing consumer of electricity in developing
countries. Demand for electricity in this sector is increasing by as much as 20 percent 
per year, and its energy use tends to be very inefficient. Therefore, the potential for 
energy conservation in the buildings sector is significant. 

The most serious obstacles to improving energy efficiency in the buildings sector are the 
lack of data on energy use in buildings, the lack of awareness regarding the need and 
potential for energy conservation in buildings, the lack of knowledge about 
energy-efficient building design, and the lack of building codes and standards to ensure 
energy efficiency. 

By developing a better understanding of energy use patterns in urban buildings, the 
needs and opportunities for conservation can be better identified and pursued. Given 
the impact of the buildings sector on electricity demari,' and the potential for energy
conservation within the sector, it is anticipated that an increased level of technical 
assistance for energy conservation programs in the buildings sector will be provided by
international donors in the future. 

Load management activities directed toward either sector cannot be effective in the long 
run if they are not integrated with on-going energy conservation and efficiency activities. 
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To ensure proper coordination, appropriate policy and tariff guidelines will need to be 
developed to encourage the acceptance of load management measures. 



APPENDIX A: UTILITY TARIFF STRUCTURES 

TARIFFS FOR CUSTOMER CLASSES 

Electric utilities generally have multiple rate schedules and tariffs which are applied
according to the customer class served. These tariffs are deviseG in order to recover

both fixed (or "capacity") costs and variable (or "energy") costs incurred by the utility to
 
generate, transmit and distribute electricity to its customers. Note that in the discussion
below, no mention will be made of any taxes or other "non-utility" charges that may be 
imposed. 

Fixed or capacity costs reflect the amortized cost for the construction of generation,
transmission and distribution equipment. For larger utility customers (generally
industrial or large commercial customers), these costs are reflected in peak billing
demand charges. For smaller customers (generally residential and small commercial
customers), these costs are reflected in a monthly service or meter charge, or are 
embedded in the energy charge minimum. 

Variable or energy charges reflect the utility's operating costs for generating equipment,
fuel, and maintenance of equipment. For all customer classes, these costs are reflected
in a cost per kilowatt-hour of electricity consumed. 

The simplest type of rate structure is generally applied to the residential and small
commercial customer classes. These tariffs generally include a monthly minimum
charge, a meter charge (which may be included in the monthly minimum charge), and a
charge per kilowatt-hour of electricity consumed. This may be a flat rate or, more
commonly, the energy charge is applied in "blocks." (The minimum charge may beincorporated into the first block of the tariff.) The example below shows a simple rate 
block structure: 

Consumption Energy Charge 

First 50 kWh $ 7.50 
Next 100 kWh $ 0.10 per kWh 
Next 200 kWh $ 0.08 per kWh 
Next 200 kWh $ 0.06 per kWh 
Each additional kWh $ 0.04 per kWh 

In this example, the meter charge is included in the first rate block. It should also benoted that demand charges are generally implicit in the energy charges. For residential
and other small consumers, demand metering is not cost effr;. tive, and the utility
generally combines fixed and variable charges in the energ, charge. For this reason, the
unit kilowatt-hour charges for these types of customer classes are generally higher than
those for customer classes whose demand is separately metered and billed. 

As can be seen in the example, the unit cost per kilowatt-hour declines with
consumption in this rate schedule. For this reason, such tariffs are sometimes referred 

LS 
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to as "declining block" tariffs. An alternative is a rate structure in which the unit costs
remain declining for the first few blocks, but then begin to increase with increased 
consumption. An example of such a tariff is given below: 

Consumption Energy Charge 

First 50 kWh $ 7.50 
Next 100 kWh $ 0.10 per kWh 
Next 200 kWh $ 0.08 per kWh 
Next 200 kWh $ 0.10 per kWh 
Each additional kWh $ 0.115 per kWh 

Comparing this sample rate structure to the previous example, the first three blocks (up
to 350 kWh during the billing period) are priced equally per kilowatt-hour. However, as
consumption increases beyond 350 kWh per billing period, the unit cost increases.
While this example is obviously geared toward the residential and small commercial 
customer classes, the increasing rate block structure may be applied equally well to the 
larger consumption customer classes. 

The purpose of the latter rate structure is to encourage energy conservation because 
there is no demand charge or time-of-use rate. 

Similar types of tariffs may be applied to small commercial customer classes, or to
subgroups of those classes (e.g., customers with electric water heating or space heating).
The main variation between the tariff structures for these different customer classes is
generally in the number of rate blocks, the number of kilowatt-hours, and unit cost per
kilowatt-hour, in each block. 

For utility customer classes with larger consumption (e.g., large commercial office 
buildings, manufacturing, and industrial customer classes), the tariff is organized
somewhat differently. For these customer classes, the demand and energy charges are
calculated separately. An example of this type of structure is shown below: 

Consumplion Enery Charge 

First 1000 kWh $ 0.08 per kWh 
Next 5000 kWh $ 0.065 per kWh 
Next 5000 kWh $ 0.05 per kWh 
Next 10000 kWh $ 0.03 per kWh 
All additional kWh $ 0.02 per kWh 

Demand: $12.00 per kW of billing demand 
Minimum charge: $ 50.00 
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In this example, the minimum charge reflects the meter charge. As can be seen, the energy charge is also on a declining block basis, although it is also common for the
 
energy charge to be a flat rate per kilowatt-hour regardless of the consumption.
 

The 	demand charge bears some explanation. Billing demand may or may not reflec, theactual metered demand during the billing period. The simplest case is that for an
electric utility which meters electricity demand and bills the customer for exactly that
amount of demand. In this case, the metered demand and billing demand are 
the 	same. 

In other cases, however, the billing demand and metered demand are 	not the same. Forinstance, some customer classes in which there is large consumption and demand are
required to contract with the electric utility for a fixed demand and the customer is
required to pay for this fixed demand even 
if it is less than the actual demand metered

during the billing period. If the customer exceeds the contracted demand, he pays for

the entire metered demand, and other penalties may be applied.
 

In still another example, the utility may compute the billing demand as the maximum of
 
three choices:
 

* The 	actual demand metered during the billing period; 

* A percentage (usually between 80 and 95 percent) of the maximum recorded 
demand during the last 11 billing periods; or 

* 	 A minimum "threshold" demand (this is generally only applied if the customer is
consuming an abnormally small amount of power during the month, during a
plant shutdown, for instance). 

From the utility point of view, this latter case ensures that the cost of unused or
underutilized capacity is still amortized. The 	philosophy behind such a demand chargecomputation is that the utility must provide the generating capacity, even if the customerdoes not use it to the same extent every billing cycle. The tariff is a load management
tool 	because it encourages customers to improve their load factors throughout the year. 

RATE STRUCTURES THAT CONSIDER LOAD FACTOR 

A rate structure which takes into account the load factor of the customer is also an
alternative for achieving demand-side load management through load shifting or valley
filling. An example of such a rate schedule is shown below: 
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Consi~ptionEnergy Charge 

First 100 hours times demand $ 0.15 per kWh
 
Next 100 hours times demand $ 3.12 per kWh
 
Next 200 hours times demand $ 0.10 per kWh
 
Next 200 hours times demand $ 0.07 per kWh
 
All additional kWh $ 0.05 per kWh
 
Demand: 
 $ 12.00 per kW of billing demand 

This rate schedule is not based solely on consumption, but implicitly takes the

customer's load factor into account through the use of "floating" rate blocks. A customer

with a low load factor will be charged based on the rates in the first few rate blocks,
while a customer with a high load factor will be charged based on the rates in most of
the rate blocks. Hence, the customer with a higher load factor will enjoy a lower 
average price per kilowatt-hour. 

As an example of this, consider two customers, each with a maximum demand of 1,000
kW. One of the customers consumes 650.000 kWh and the other consumes 450,000
kWh in a billing period of 30 days. The load factor for the first customer is 0.90, while
 
that for the second customer is 0.63. The total energy charge (excluding demand

charges) for the first customer is $63,500, yielding an average cost per kilowatt-hour of

$0.09769. The total energy charge for the second customer is $50,500, and the average
cost per kilowatt-hour is found to be $0.11222. As can be seen, the customer with the
 
lower load factor is penalized through higher average unit energy costs.
 

From a ratemaking point of view, the rates are set by assigning the cost of service
(through a long-run marginal cost or other approach) at the various load factors to each
of the rate blocks. The load factors corresponding to each block in the example
schedule above are as follows (for a billing period of 30 days): 

Consumption Implicit Load Factor 

First 100 hours times demand up to 0.14 
Next 100 hours times demand up to 0.28 
Next 200 hours times demand up to 0.56 
Next 200 hours times demand up to 0.83 
All additional kWh above 0.83 
Demand: $ 12.00 per kW of billing demand 

TARIFFS VS. THE COST OF PROVIDING ELECTRICITY 

The purpose of electricity tariffs for different classes of customers is to ensure that the 
revenues the utility collects from customers in those classes are sufficient recover the 
cost of providing electricity. In addition, enough additional revenue must be collected to 
ensure that the utility has sufficient funds for system expansion and the replacement of
aging equipment. In the United States and other developed countries, electric utility 
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rates are regulated by public utility commissions or similar bodies to ensure that the

utility is able to collect sufficient revenues a fair return
to provide on its investment and 
costs without overcharging customers. 

Electric utility ratemaking is a complex subject, combining both economics and

engineering skills. It is not the purpose of this study to give 
a detailed presentation of

the techniques used for this, but a few paragraphs of explanation are in order.
 

A common method of utility ratemaking (but by no means the only method) is called

marginal cost pricing. This involves determining the marginal cost of power supplied to

the consumer. The marginal cost of power supply is defined 
as the change in the total 
cost of service resulting from small changes in demand. Tariff prices that are at least
equal to the marginal cost allow for the cost of power to be recovered from revenue.

Long-run marginal cost analysis takes into account the ability of the electric utility to

plan expansions to meet growing demand, and also takes into account the effect of

demand-side load management programs on utility capacity requirements. The main
 
components of long-run marginal cost analysis' are:
 

Marginal energy costs: these represent the incremental operating costs of the
plant best suited to accommodate demand variations. The cost of generating
electricity depends on the type of generating unit employed. The marginal 
energy cost is the cost at a particular time of the last kilowatt-hour of electricity
generated. During peak demand hours, this reflects the cost associated with
operating the more expensive peaking units. Alternatively, the marginal energy
cost will reflect the cost associated with cheaper intermediate and baseload units 
during mid-peak and off-peak times. 

* 	 Marginal capacity costs of generation: these represent the expenses the utility 
can incur in order to maintain reliability of service, regardless of fuel costs. In
effect, this is the annualized investment and operating cost of new peaking
capacity, and accounts for any derating of the unit. 

" Marginal capacity costs of transmission and distribution: these reflect the 
constraints of transmission and distribution capacity at peak periods for each 
network component. 

The cost of supplying the incremental kilowatt-hour of electricity to a particular
customer class is the sum of these three components, including losses from point of
generation to point of delivery. If necessary, the cost is adjusted to reflect the fact that
the customer class's time of peak demand may not coincide with that of the utility 
system as a whole. 

In developing countries, social and development considerations often play a large part in
utility ratemaking. This often results in rates that are set 	below the long-run marginal 

A more complete discussion of marginal cost analysis is given in World Bank Energy Department
Paper No. 18: Guidelines forMarginal-CostAnalysis of Power Systems, June 1984. 
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cost for certain customer classes. As examples, preferential electricity rates may be
given to certain customer classes (e.g., industrial and agricultural sectors) in order to
help expand a country's economic base or ability to be self-sufficient in certain 
commodities. Similarly, residential rates may be subsidized in order to provide basic 
electricity service to low per capita income groups. It must be realized, however, that
these preferential tariffs may result in the utility's inability to generate sufficient 
revenues, despite government subsidies, to recover the cost of providing power. In 
addition, subsidized rates may act against the utility's goal of achieving demand-side load 
management by providing little financial incentive to the consumer to change his pattern
of consumption. 
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APPROACHES TO UTILITY EQUIPMENT CONTROL 

All remote control systems consist of three major parts: a central controller, receiver
 
switches, and the communications system.
 

The central controller determines when and how control is to be accomplished. The
controller may be computer based or manually actuated. The controller determines
which groups of controlled equipment are to be shut down or re-started, and the time
 
and duration of the co.itrol.
 

A major subcomponent of the controller is the message generator. This device creates
the message to be sent to the receivers. The message itself consists of two parts: anaddress portion and a control portion. The address portion specifies which individualreceivers or groups of receivers should take the action specified in the control portion ofthe message. Hence, the utility can address control messages to groups of customers
and stagger the on-off control to achieve a greater reduction in peak demand while

avoiding undue inconvenience or interruption to any one customer.
 

The receiver switch is a device which incorporates three major subcomponents: a signalreceiver, a decoder, and a switch. The receiver portion recognizes the signal sent from
 
the controller and passes it on to the decoder.
 

The decoder compares the address portion of the message sent by the controller to its 
own address, and if the addresses match, takes the action (usually opening or closing theswitch) ordered by the control command. If the message address and the receiver's
address do not match, no action is taken and the message is ignored. In this way, the 
utility can control multiple groups of customers. 

The switch component of the receiver switch energizes or de-energizes a relay which in
turn opens or closes the circuit to which the controlled equipment is connected. Whilemost receiver switches in use in the United States are intended to control only one load,
dual-function or multiple-function receiver switches are also available. These receiver
switches are capable of controlling more than one relay. As a fail-safe feature, receiverswitches normally incorporate a "time-out" function: after the controlled equipment has
been turned off, if a signal from the main controller has not been received within a
specified period of time, the receiver switch automatically will close the circuit on the
controlled equipment and allow it to operate normally. 

There are a number of communications systems in use. The three major types of 
systems -- radio, ripple, and power line carrier -- are described below. 

In the United States, radio control systems are the most widely used remote control
communications systems. This is due to the relatively ljw cost, simplicity, and reliability
of the systems. Most radio systems in use operae in the VHF-FM band (110 to 180
MHz). Utilities that already have a radio communications system in place (for service 
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crew dispatch and mobile communications) can often take advantage of the use of 
existing transmitters. 

There are some limitations to this type of control system, however. Radio signal
propagation may be severely reduced due to the presen.e of man-made structures or 
geographic obstacles. In the United States, the Federal Communications Commission 
limits the output power of such transmitters to 300 watts, limiting the range of the 
transmitter to less than 25 miles. In such situations, multiple transmitters with 
overlapping signal ranges may be required. 

An alternative to utility-owned transmitters is the use of subcarriers on commercial radio 
stations. Load management signals can be added to the subcarriers of powerful
commercial AM or FM radio signals. This allows the use of less sensitive receiver 
switches and takes advantage of an already established communications transmission 
system. 

Ripple control systems use the utility's transmission and distribution system as the 
control propagation network. This is accomplished by superimposing low frequency
impulses (less than 200 Hz) into the normal 50 or 60 Hz alternating current. Ripple
control transmitters are generally located in distribution substations. The low frequency
signal propagates over long distances, with little loss of signal fidelity or strength, even 
after passing through transformers or capacitors. While normal line noise is generally
high at the frequencies typically used, it is generally an easy matter to ensure that the 
injected control signal is at a high enough power to maintain a signal-to-noise ratio that 
the receiver can respond to. 

Power line carrier systems operate on the same principle as ripple control systems, but 
the frequency of the superimposed control signal is much higher: typically in the 3 to 15 
kHz range. This offers the advantage of reduced background noise (due to power 
system harmonics), resulting in lower signal power requirements. A disadvantage is that 
signal propagation is shorter, and the signal degrades after passing through capacitors or 
transformers. 

A hybrid radio/power line carrier system has also been used. In this system, a radio 
signal is sent to receivers located near distribution substations. These receivers are 
connected to small power line carrier transmitters which are in turn connected to the 
secondary circuit of the distribution transformer. The received signal is relayed from the 
radio receiver to the power line carrier transmitter, which then transmits it to the 
customer-site receiver switches by injecting an appropriate signal into the distribution 
transformer secondary circuit. 

DESCRIPTION OF LOAD MANAGEMENT SYSTEMS 

The following exhibits describe load management systems, load control systems, the 
geographic considerations related to communication systems, and other communication 
system considerations. 
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Description of Load Management Systems
 

LOAD MANAGMENT SYSTEMS 

* Central Ceramic Brick Heat 
Storage 

" 	Pressurized Water Heat Storage 

" 	Ice-Cooi Storage 

OPERATIONAL DESCRIPTION 

Central storage heaters are similar to 
room units in that ceramic bricks in 
the core are heated at night for fan-
forced convection heating of the entire 
building the next day. 

This storage system utilizes a sealed-
package boiler in which electric 
immersion heaters heat a waterlike 
fluid. A simple pipe loop through the 
boiler retrieves the heat as required. 

The ice-cool storage system utilizes 
an insulated tank containing coils 
immersed in water. In operation, ice 
is frozen around the coils during off-
peak hours. During peak hours the 
compressor of the freezing system is 
turned off and the stored ice is used 
to provide cooling. 

BASIC COMPONENTS 

* 	Electric thermal 

storage unit 


o 	By-pass and shut 

off damper section 


* 	 Night heating sec-

tion 


6 	Cooling cabinet 

(optional) 


* 	 Inlet, intermediate, 
and outlet plenum 
sections 

* 	Thermostatic device 

A completely packaged 
pressurized steel tank 
with electric elements, 
temperature safety control, 
pressure control and relief 
valve, and drain valve, 

• 	 Ice storage tank 
- immersed 


plastic tubing 

heat exchanger 


-	 override and low 

limit thermostats 


* 	 Mechanical package 
- evaporator/heat 

exchanger
 
- antifreeze pump
 
- secondary water
 

circulating pump
* 	Control panel 

APPLICATIONS 

Central ceramic 
heaters are most corn-
mutly found in the 
residential sector, 
The heater can be 
interfaced with a 
remote control s)stem 
for direct conirol by 
the utility. 

Usually installed in 
moderate-to-large com-
mercial buildings. The 
tank can replace the 
furnace and may be used 
with various distribution 
methods. Typically, 
control is provided by a 
time switch. 

Use of the ice-cool 
storage system is 
found in all sectors: 
residential, commer-
cial, and industrial. 
Control of the system 
is usually provided 
by a time controller. 

EVALUATION 

The cost of a central ceramic 
heater in addition to its impact 
on the distribution system varies 
directly with the storage capacity 
needed. 

The pressurized water heat storage 
system has had some use in the 
residential sector, yet the cost 
of the system tends to be high 
for individual houses. 

The benefit of a cold storage 
system improves with an increasing 
cooling load. In comparison to 
those systems using water only as 
a storage medium, the ice-cool 
system utilizes a smaller tank for 
the same storage capacity. 
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Description of Load Management Systems
 

LOAD MANAGMENT SYSTEMS OPERATIONAL DESCRIPTION BASIC COMPONENTS APPLICATIONS EVALUATION 

- Hybrid Systems 

Communication and Information 
Systems 

A hybrid system is a combination of 
two or more remote control sysi.os., 
One type of hybrid system uses ratio 
to communicate to a PLC system !frated 
close to the point of use. Another 
type of hybrid system involves two-way 
communication each way by a different 
method. 

Primary system con-
sists of central 
control front-end 
communication equip-
ment, and receivers 
located at disti-
bution points. 

* Secondary system(s) 
involves interface 
with prima.y s):tem 
and distribution 
transmitter and 
point-of-control 
receiver. 

Hybrid systems have 
the same applications 
end load control func-
tions as other remote 
control systems. 

By taking advantage of superior 
aspects of different systems a 
hybrid sytem offers greater flex
ibility in both the terrain that 
can be crossed and the concentra
tion of end-points that can be 
served. 

- Multi-Building System This system groups together the load 
control efforts of multiple energy 
uszrs in an attempt to meet a util-
ity's peak demand constraints. All 
users have communications terminals 
from which they communicate back and 
forth with a computerized control 
center oL.-r - nc.-.- , of dj 'cated 
telephone lines. When the utility 
approaches their peak demand, the 
center instructs each user to 
reduce a certain amount of its 
electrical load. 

* Computerized infor-
mation control 
center 

* Dedicated telephon," 
lines 

* Remote communica-
tiun terminals 

When instructed, 
operation managers of 
large buildings of 
facilities are able 
to reduce, cycle or 
defer lights, ,rz,-
lators, PV',AC system., 
and thermal storige 
systems. 

Successfully operating multi
building systems have reduced 
utility peak loads by 25%. When 
the peak demand level can be ade
quately reduced, utilities benefit 
because they are now provided with 
a capacity that they could only 
otherwise achieve by binging into 
play more expensive fuel and 
equipment. Building operators 
benefit by sharing the risk of un
timely interruption of service. 

THERMAL ENERGY STORAGE SYSTEM 

Ceramic Brick Heat Storage-
Room Unitz 

Room electric storage heaters contain 
a magnesite brick storage core which 
is heated by electrical resistance 
wire coils at night for heat during 
the following day. 

* Room heating unit 
0 Outdoor temperature 

sensor 
* Control panel - can 

be centrally located 
for control of 
numerous rooms 

Room units are most 
often found in resi-
dential homes and 
apartment buildings. 

Utilities might achieve an 
improvement in the system load 
factor, but at some level of 
saturation the savings in 
generation are offset by the 
need to reb--ild and upgrade 
distribution facilities. Most 
distribution circuits are capable 
of handling only a limited number 
of units. 
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Description of Load Control Systems 

Remote Control 
System 

Power System
Design Preparedness/

Infrastructure Sophi tiaticn Reliability Flexibility 
Radio (Commercial) * Independent of power 

system design. 
Requires commercial 
AM or FM radio station 
with appropriate area 

* See Radio (Direct). • See Radio (Direct), 
but utility does not 
have full control 

, See Radio (Direct). 

coverage and frequency 
authorization. 

over systems. 

Telephone Independent of power 
system design. 

* Need access to tele-
phone system con.nected 
to load sites, 
Data transmission rate 

* Bidirectional ability 
is readily available. 

* Control of some sys-
tems may be shared 
with telephone system 
operator. 

* Ability to expand depends 
on coverage and quality 
of telephone service. 

depends on degree of 
circuit conditioning. 

Coaxial Cable Independent of power 
system design. 

• Requires availability 
of dedicated communica-
tion lines (e.g., cable 

* Bidirectional service, 
and numerous functions 
are available. 

* Usually highly reliable 
communications, 

• Dedicated "",es may allow 
non-load management uses. 

TV). Otherwise cost of 
installation will be 
high. 
Need right-of-way for 
line. 

Hybrid Need appropriate in-
jection points for 
change for communica-

tion methods. 

Appropriate radio fre-
quencies must be avail-
able. 

* 

-

Unidirectional involves 
only marginal increase 
in complexity. 

Bidirectional diffi

* Radio segment may be 
subject to interfer-
ence. 

• Allow.rs system to be 
tailored to services area 
need. 

culty greatly in
creased. 

Multi-building 
Systems 

Independent of 
power system design. 

Common building 
ownership or coopera-
tive organization. 

* Bidirectional commu-
nications required. 

* Requires reliable 
communication (e.g., 
coaxial cable or dedi-

* Can handle multiple 
functions of industrial 
commercial loads. 

cated telephone lines). 
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Geographic Considerations Related to Communication Systems 

System 	 Remoteness Density (Urban/Rural) Terrain 

Ripple 	 e Coverage of large areas requires * No upper limit on number of receivers per - Has no effect. 
higher-powered more extensive transmitter. 
equipment to overcome losses. 

Power Line Carrier (PLC) * Signals attenuate rapidly over 	 * Significant primarily because distance and - Has no effect.
long distances, changes cause attenuation. Economics improves
 

as number of receivers per injection unit
 
increases.
 

Radio (Direct) 9 Unidirectional radio signal has 
 0 No upper limit on number of receivers per trans- e Sensitive to hilly areas and range of 5-25 miles depending mitter. man-made objects.
on signal strength and terrain. 
May be farther if signal - Economics improves as number of receivers 
strength greater than 300 watts per transmitter increases. 
is allowed. 

Radio (Commercial) Commercial transmitters are - Has no effect. FM broadcasts are sensitiveoperat-d at higher powers 
to blockage by hilly areas(generrlly up to 100,000 watts) 
and man-made objects. AMthan are utility-operated 
broadcasts are less sensitransmitters, giving greater 
tive. 

area coverage. 

Telephone (Signal) Depends on existing telephone 9 Depends on existing telephone infrastructure. 9 Has no effect. 
infrastructure. 

Coaxial Cable 	 * Marginally more expensive to e Less dense areas increase cost of line per e Difficult terrain may makeserve remote areas, receiver. Density is a key determinant of costs. laying cable expensive
unless there is a pre
existing utility 
right-of-way.

Hybrid (Radio/PLC) * Hybrid systems may be used to 
penetrate "pockets* of load in 

9 	 Radio/PLC hybrid systems are specifically e Combination of radio 
designed for dense areas,

remote areas. and PLC may overcome 
radio's terrain problems. 

Multi-Building * Has no effect. e Close proximity reduces distribution system 9 Has no effect. Systems peak. 
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Other Communications System Considerations 

Remote Control 
System 

Power System
Design Preparedness/

Infrastructure Sophistication Reliability Flexibiity 

Ripple * Able to be injected 
at any T&D voltage
levels with system-
wide piqpotkx 

e No repmW problems 
penerating overa 

Transmission and Dis-
tribution (T&DI "-,-L 

0 

0 

Most applications are 
unidirectional. 
Bidirectional systems 
are now emerging. 

0 Widespread use in 
Europe and elsewhere 
for over 30 years 
-- no reported prob-

lems with inje-
tion and control 

0 

a 

0 

Multiple control of each 
location. 
Significant command 
flexibility.
Modular expandability. 

ares 
equipment 

-- receiver failure 
rate less than 11% 

Power Line Carrier , May have problems 
passing through 
transformers or 
capacity banks, 
Possible corrections 
include: trapping 
cbpacitors, inductors, 
amplifiers, repea-

tors, etc 

a 

0 

Transmission and Dis-
tribuion (T&D) system. 
Appropriate frequencies 
must be available so as 
not to interfere with 
radio. 

0 Higher frequency 
than Ripple; requires 
less power-consuming 
and cheaper solid 
state devices. 

* Bidirectional systems 
may allow multiple 
functions. 

per year.
0 Utility has full con

trol over system. 

a L.i management ex-
perience ,-nly now 
being devd.Ioped. 

0 Uiity has full con-
trol over system. 

0 Sensitive to noise on 
transmission :ine. 

0 

* 
0 

In some cases, other 
functions of bidi
rectional system may 
offset higher costs 
arising from power 
system problems. 
Modular expandability. 
With proper frequency 

selection, mutiple 
signals may be sent 

Radio (Direct) * Independent of power 
system design. 

a 

* 

Appropriate radio 
frequencies must be 
available 
Sites for trarnsi.ers 
and repeater must be 
available and accessible. 

0 Unidirectional is very 
simple -- no connecting 
hardware needed, 

0 Bidirectional requres 
much more sophis~i-
cated equipment. 

e Either AM (.5 -
2-0 MHz) or F1N'(80 -
160 MHz) may be used. 

0 AM propogation in cor.-
ductive structures is 
limited. 

0 Considerable experience 
in U.S. 

& Receiver switches have 
1-3% per year failure 
rate, preventive nudn-
tenance and repair and 

4 

• 
* 

simultaneously. 
Unidirectional digital 
switches offer con
siderable flexibility 
for performing many 
functions. 
Modular expandability.
May be used as part
of hybrid system. 

pretesting reduce in
field failures. 

* Risk of system tampering 
or other interference. 

* AM -- most affected by 
atmospheric conditions, 
especially night-time 
sky-wave propogation. 
Also may be affected by 
electromagnetic inter
ference. 

* FM -- high signal to 
noise ratio gives trans
mission reliability. 

* Fault location relatively 
easy because failure can 
occur at few sites. 

0 Utility has full control 
over system. 
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BACKGROUND 

The A.I.D. Office of Energy (S&T/EY), USAID/San Jose, and Costa Rica's electric

;ihy, the Instituto Costarricense de Electricidad (ICE), implemented 
a load 

management pilot project from 1987 to 1989. Its purpose was to demonstrate that thecoincidental electric peak load of a representative sample of industrial and commercialcustomers could be reduced by 10 percent at a cost acceptable to both the customers
and ICE. The project included the installation of meters to monitor electric energy useand demand at participating facilities; the identification, installation, and operation ofload control equipment and strategies; and the preparation and dissemination of
information on the results of the project. 

The project was implemented through A.I.D.'s Energy Cousevaticn Services Program(ECSP) by RCG/Hagler, Bailly Inc., with technical assistance from Florida Power &
Light through its FPL Qualtec subsidiary. Local consultants, the Compania de Fuerza yLLz (CNFL), and the private sector, as well as ICE staff, played major roles in the 
project. 

THE ROLE OF LOAD MANAGEMENT IN COSTA RICA 

In recent years, Costa Rica experienced a steady rise in evening peak demand, mainly
due to increasing electricity loads for cooking and lighting. ICE's 1987 expansion planswere based on a projected 5.5 percent per annum growth in demand. Statistics indicated
that peak demand was increasing at 10 percent per annum and ICE's expansion plans 
were recently modified to reflect this increase. 

To meet its forecast demand, ICE will have to install six 36 MW gas turbines before the year 2000, totaling US $90 million in foreign exchange. This investment will significantly
affect the government's development plans and its balance of payments, as both the
turbines and the fuel they use must be imported. Four of the turbines are needed
before 1992. In addition, ICE is installing additional geothermal and hydroelectric
capacity. 

Until the turbines and new geot'iermal and hydro capacity are available, ICE must relyon its thermal generating units 'or peaking power. Although these units have a nameplate capacity of 149 MW, they can only deliver between 20 MW and 70 MW, due tomaintenance problems and the lack of spare parts. As a result, when hydro generation
is reduced due to low water levels, ICE's forecast peak demand may exceed its peak
capacity. 

To prevent electricity supply interruptions in the near term and to reduce required
investments in the long term, ICE is pursuing two options: encouraging independent 
power generation and implementing the load management program. 
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THE CHALLENGE 

The challenge for this pilot project was to target a customer with load management
measures that would effectively and efficiently reduce ICE's peak load without affecting
the participating customer's operation. 

The typical daily load curve in Costa Rica has two peaks: a morning peak generally
between 10:00 a.m. and 12:30 p.m., and an evening peak between 4:30 p.m. and 8:00 p.m. The major contributor to the two peaks is the substantial use of residential electriccooking. In 1983, nearly 48 percent of all households used electricity for cooking, 43percent used an electric range and an additional 5 percent used an electric hot plate.Based on data available from ICE, other energy uses that contribute to the evening peakinclude lighting, TV and appliances, street lighting, water pumping, high load factorindustries that work two or more shifts, and convenience retailing enterprises/shops thatoperate during evening hours. Restraining Costa Rica's electric cooking load was notconsidered practical in the short term. Meal times are dictated by living patterns andhabits, and customers are unlikely to change their living patterns. Thus, the commercial
and industrial sectors were chosen as the target of the load management pilot project
because they, unlike residential customers, represent a significant potential for 
immediate load reductions. 

Customers with monthly consumption levels of at least 20,000 kWh or a maximumdemand exceeding 100 kW were targeted; this group consisted of about 400 accountswith an aggregate (non-coincident) billing demLnd of about 150 MW. Assuming thatthis load corresponds to 105 MW of coincident )oad, the target customers represent 18.5percent of the national system peak load of 565 MW. This group of customers wasaugmented by including large customers and water pumping loads served by municipalutilities and cooperatives. This combined target population consisted of approximately
425 accounts with an aggregate demand of about 175 MW non-coincident or 122.5 MW
coincident, 22 percent of Costa Rica's peak load.' 

PROJECT BACKGROUND 

Discussions on the pilot project began in June 1986, and agreement on the final scope ofwork was reached in July 1987. Funding was provided for the proj!ct from A.I.D.'s
Office of Energy, the USAID mission in San Jose, ICE, and the Government of CostaRica. Participating industries and businesses also invested their own funds for load 
management equipment and services. 

The demonstration project consisted of three stages: design, implementation, and 
information dissemination. 

The ratio of coincident to non-coincident demand was assumed to be 70 percent, based on a 
load analysis performed in Costa Rica and internationa! ex-rience. 
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Design 

The design stage began in October 1987. Meetings were held with ICE, potential
industrial and commercial participants, and potential consulting engineers in Costa Rica.
An initial list of participanits was developed, agreements reached with allwere 
participating organizations, and a detailed work plan for all participants was prepared. 

Implementation 

The implementation stage began in early 1988 and consisted of start-up and 
demonstration phases. 

Start-up. The start-up phase began with a workshop to obtain agreements from all
participating parties on the scope of work and to begin the training process. 

The initial round of plant visits in October-November 1987 yielded 15 suitable
candidates for the pilot project, based on their maximum demand, potential for load
reduction, and interest. With a view toward obtaining 30-40 candidates for the pilotprogram, another 32 sites were subsequently inspected, resulting in the identification of
18 additional candidates. As news of the pilot project spread in the industrial and
commercial sectors, additional customers came forward or were recommended by
consultants or other parties involved in the project. 

Potential candidates were screened on the basis of the following criteria: 

', Presence of controllable load, and controllable percentage of on-peak demand 

* Customer willingness to participate 

* Cost effectiveness. 

Other activities in this step included assigning staff roles in ICE, finalizing decisionsregarding monitoring hardware, installing computer hardware, de-bugging the software,
developing a project tracking database, and identifying and training ICE staff and 
consulting engineers. 

Demonstration. The demonstration phase consisted largely of installing equipment and
implementing load management programs in participating industries, collecting data and
monitoring progress, and analyzing the impact on the peak load. These program
elements are explained in greater detail below. 
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Information Dissemination 

Information disseminati-r. activities were undertaken to attract participation in follow-onactivities, to analyze the e-fects of the project, and to expand the load management 
program throughout the country. 

The next section explains the organization of the load management project itself. 

PILOT PROJECT COMPONENTS 

The pilot project consisted of five components: 

* Data collection and analysis 

* Load management measures 

* In-plant management activities
 

" Training
 

* Information dissemination and promotion. 

Data Collection and Analysis 

One of the key elements of the project was the installation of electronic recorders at thesites of participating customers to monitor electricity use, feed data into ICE's
computerized load management program, and provide direct data on the effectiveness ofthe load management efforts. ICE supplied and installed 35 Datastar electronicrecorders, and demand curves for each industry were prepared from the data collected.
Over the course of the project, changes in demand curves were monitored and analyzedto quantify the effects of load management on energy use. Ultimately, in somecompanies, the recorders will be part of an energy management system that will respondto control signals from ICE to interrupt processes (either automatically or manually) to
reduce ICE's peak demand. 

To provide baseline and end-of-project data for the analysis, 15-minute demand data on 
over 20 participants were collected from October 1987 to November 1988. 

Load Management Measures 

The core of the pilot project was the implementation of a selected set of loadmanagement activities by participating customers. These activities were supported by
training and information development and dissemination activities. 
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In-Plant Management Activities 

The aim of the project was to institute procedures that will reduce demand for electricity
during ICE's peak demand hours. These procedures started with simple, manual steps,
such as turning off high-electricity demand equipment during peak hours, and
progressed, in some cases, to more sophisticated automatic energy management control 
systems. 

Training 

To develop an indigenous capability for implementing a nationwide load management 
program, extensive training activities were included in the pilot project. ICE staff
received training in all aspects of industrial and commercial load management as well as
in project management techniques. Four engineers from ICE took a 5-day load 
management course at the Florida Power & Light (FPL) facilities in Miami. The
 
course, 
organized by FPL Qualtec, contained a blend of classroom and on-the-job

training. It provided ICE engineers with 
an opportunity to study, first-hand, FPL
 
experience with load control.
 

Joint visits to customers' facilities provided excellent opportunities to demonstrate how
to identify controllable loads and the measures for controlling them. Other training
included interpretation of load curves, selection of target customers and their subsequent
screening, drafting a load management tariff, and preparing promotional material. 

Information Dissemination and Promot'on 

A promotional brochure and information package were prepared to inform customers 
about the pilot project and to encourage their participation. 

FINDINGS 

Most of the project participants relied on manual load control for achieving their
demand savings. Typically, they used their own technical staff to study load reduction
possibilities and conducted load management operations with manual controls. Some
companies proceeded to a second manual control stage by installing simple equipment,
such as signal lights and alarms, to remind plant staff to implement load control
procedures. In a few companies, a limited degree of automatic load control equipment
was installed. At the conclusion of the formal pilot project, a number of companies,
with ICE's support, were in various stages of designing and installing a load management 
system. 

The primary goal of this project was to reduce the coincident peak demand from the
participating companies. Comparing the system peak demands for November 12, 1987 
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(pre-pilot) and November 18, 1988 (with load management) indicated that 18 of the
participating companies reduced their coincident demand from 20.1 MW to 17.7 MW.2 

Comparing the average aggregate maximum peak demand for the months of October
and November for 1987 and 1988 shows similar results: October demand was reduced
by 4.1 MW and November demand was reduced by 3.8 MW. An examination of the 
aggregate average demand curves for 1987 and 1988 (aggregating average load curves
for 24 companies) showed that the participants significantly changed their operations andreduced their electricity requirements during the peak hours (Exhibit C.1). Note that
during the on-peak hours, the total average demand curve in 1988 is strikingly "V"
shaped instead of being the typical "U"shape, indicating that although the participants
were able to reduce their demand, they did not sustain the load reduction throughout
the entire peak demand period. If they were able to sustain their demand reduction
throughout the peak hours, the reduction would be in the 3 to 5 MW range. 

Conservatively calculated, the 24 companies included in the analysis reduced theircoincident demand from 21 MW in 1987 to 18 MW in 1988, a reduction in evening peak
demand of 3 MW. If the participants had succeeded in extending their load reductionefforts throughout the entire peak period, it is estimated that their demand could have
been reduced by over 5.8 MW, or 27 percent. 

In summary, the initial goal of the program -- to reduce the participants' peak demand
by at least 10 percent -- was met: the 24 companies in the analysis reduced their
demand by 14 percent. Of the more than 75 facilities identified as possible participants
in the project, fewer than 17 were actively managing their loads as of November 1988.
The 18 participants for which data could be obtained, on average, reduced their demand
for power during the evening peak hours by 3.8 MW and by 3 MW on the day of 
maximum system peak. 

CONCLUSIONS 

The conclusions drawn from this project are: 

Participants Exceeded Target Savings 

This project has demonstrated that system peak load can be reduced by 14 percent, in Vrepresentative sample of 24 industrial facilities, and at a cost acceptable to both the 
customers and the electric utility. The results exceed the project goal of a 10 percent
reduction. 

2 Demand data for October and November of 1987 and 1988 (the months chosen for the 
analysis) were available for only a portion of the companies participating in thedemonstration project. Data were available for between 18 and 24 companies for the various 
analytic methods chosen. 
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C.8 COSTA RICA LOAD CONTROL DEMONSTRATION PROJECT 

MW Savings Could Exceed 27 Percent from Demonstration Participants 

The peak reduction demonstrated was measured as of November 1988 (the system peak
month); however, it does not reflect the full results of the program. Most of the
facilities analyzed had not completed their load control installation and many were stillin early stages of implementation. When the 24 participants in the statistical analysis
complete their installation and refine their load management procedures, it is estimated
that system coincident peak demand reduction will approximate 5.8 MW, or 27 percent. 

The Project is Cost Effective 

The approach taken to reduce peak demand and improve the load profiles of the sampleof 24 customers was cost effective. The group achieved monthly demand charge savings
of 2.1 million colones ($26,294), with project-related expenditures of 4.1 million colones
($51,702), mainly composed of purchased equipment and services. Overall, the simple
payback period for costs incurred by customers was less than two months. 

ICE also benefitted in terms of deferred costs of generation and transmission capacity,
estimated to have an annualized value of 12.3 million colones ($154,656) net of reduced 
revenue from lower demand billing. 



APPENDIX D: SUPPORTING DATA FOR LOAD MANAGEMENr 
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SUPPORTING DATA FOP, LOAD MANAGEMENT 

Exhibit D-1
 
Dependence on Energy Imports
 

Country 
Net Energy Imports As 

% of March Exports (1986) /1 

Bangladesh 
Bolivia 
Burma 
Cameroon 
Costa Rica 
Cote d'lvoire 
Djibouti 
Dominican Republic 
Ecuador 
Egypt 
El Salvador 
Gambia 
Guatemala 
Haiti 
Honduras 
India 
Indonesia 
Jamaica 
Jordan 
Kenya 
Liberia 
Malawi 
Mali 
Mauritania 
Morocco 

17 
2 
3 
4 
8 
5 

29 
28 
2 
8 
8 

28 
10 
4 

10 
19 
14 
23 
19 
21 
10 
8 

27 
8 

22 

/2 

/3 

Mozambique 
Nepal 
Niger 

37 
25 
9 

/6 

Oman I 
Pakistan 
Panama 
Peru 

23 
22 
I 

/4 

Philippines 
Portugal 

17 
20 

Portugal 
Senegal 

20 
25 

Somalia 
Sri Lanka 
Sudan 
Thailand 
Togo 
Tunisia 

8 
23 
27 
13 
13 
11 

/5 

Turkey 
Uganda 
Yemen 
Zaire 
Zambia 

26 
6 
x 
2 

12 

/1 	 Source: World Development Report 1988. 
/2 	 Soun,e: Volunteers in Technical Assistance. Djibouti Energy

Iniiaives: NationalEnergyAssessment 1984. Data for 1983.
/3 Source: InternationalFinancialStatistics (IFS), November 1988,

IMF. Figures represent petroleum imports as a percentage of total 
exports for second quarter 1987. 

/4 IFS, November 1988. IMF. Crude petroleum imoorts as 
percentage of total exports, for fourth quarter 1987.

/5 	 IFS, November 1988. IMF. Crude petroleum imports as a 
percentage of total exports, for second quarter 1987./6 	 World Deveopment Report 1987. Data for year other than 1985 or 1986. 



Exhibit D-2
Energy Consumption in Industry in A.I.D.-Assisted Countries: 1984 

Country 

1934 Fossil uet
ConsLegition in Industry 

(TJ) 

Total Commercial 

Total Fossil Energy Consump-
Consump. in tion in Industry
Industry (TOE) (TOE) 

Total Final 

Comm. Energy
Consumption 

(TOE) 

Energy 

Consump in 
industry 
as X of TFC 

Value Added in 

Manufacturing
1954 (in '000 
1980 US$) 20/ 

Industrial 

Energy 
Intensity 

21/ 

Bangladesh 
Bolivia 
Burma 3/ 
Chaeroon) 

Coat1,456 
3,986 
15,000 

Oil8,235 
6,978 

265,000 

Gas11,104 
1,515 

158,000 

Total20,795 
12,479 

499,080 
299,496 
438,000 

662,760 
328,032 
500,000 

1,817,208 
1,127,256 
1,1R3,000 

36.5 
29.1 
42.3 

1,381,000 
360,000 
692,000 

0.48 
0.91 
0.72 

Costa Rica 17/ 
Cote d".voire 
Djibouti 16/ 
Dom. Rep. 14/ 
Ecuador 
Egypt 
El Salvador 
Gambia 4/
Guatemala 1/ 
Haiti 15/
Honduras 
India 
Indonesia 19/ 
Jamaica 
Jordan 
Kenya 
Liberia 27/ 
Malawi 
Mali+ 
Mauritania 5/ 
Morocco 
Mozambique+3 

Nepal 
Niger 
Oman+ 
Pakistan 
Panama 1/ 
Peru 6/ 
Philippines 
Portugal 2/ 
Senegal 7/ 
Somalia 8/ 
Sri Lanka 
Sudan 9/ 
Thailand 18/ 
Togo 10/ 
Tunisia 
Turkey 2/ 
Uganda 11/ 
Yemen 12/ 
Zaire 13/ 
Zambia 

7 13,434 
x 7,594 
x 64 

996 282,015 
x 24,990 

24,952 300,659 
x 5,825 
x 3,300 
x 202,160 

35,500 38,734 
x 6,750 

1,550,000 247,136 
8,039 268,751 

x 34,895 
x 18,028 

3,107 5,314 
46,4G0 

1,055 83 

x 45,800 
2,828 41,709 

1,855 1,445 
x 1,311 

39,731 29,597 
x 157,220 

34,000 1,235,000 
30,675 74,395 
580,000 3,020,000 

x 154,635 
X 17,200 

82 12,740 
x 161,000 

8,324 64,052 
x 80,178 

2,128 24,277 
3,920,000 5,290,000 

x 23,000 
x 36,500 

88,010 149,140 
10,458 9,635 

x 
x 
x 
X 
x 

56,000 
x 
X 
x 
X 
x 

49,890 
158,240 

x 

x 

x 

x 
3,260 

x 
x 

85,841 
x 

32,000 
2 

X 
X 
x 
X 
x 
x 

3,970 
40,000 

x 
x 
x 
x 

13,441 
7,594 

64 

24,990 
381,611 

5,825 

202,160 

6,750 
1,847,026 

435,030 
34,895 
1P.028 
b,421 
46,400 
1,138 

47,797 

3,300 
1,311 

155,169 
157,220 

105,072 

12,822 

72,376 

30,375 

20,093 

322,584 
182,256 

1,536 
283,011 
599,760 

9,158,664 
139,800 
3,300 

202,160 
74,234 
162,000 

44,328,624 
10,440,720 

837,46,' 
432,672 
202,104 
46,400 
27,312 

45,800 
1,147,128 

79,200 
31,464 

3,724,056 
157,220 

1,301,000 
2,521,728 
3,600,000 

154,635 
17,200 

307,728 
161.000 

1,751,024 
80,178 
729,000 

9,250,000 
23,000 
35,500 

237,150 
482,232 

391,896 
238,080 

2,107 
286,983 
690,624 

9,993,552 
183,648 
4,500 

238,420 
87,966 
201,960 

50,713,464 
10,975,824 

968,976 
489,768 
297,264 
102,300 
44,904 

54,100 
1,293,336 

87,432 
48,600 

4,233,120 
195,020 

1,822,000 
3,106,560 
3,870,000 

287,322 
21,100 

376,176 
183,000 

5,194,000 
95,996 

845,808 
10,990,000 

31,"0 
51, 

477,7,' 
888,864 

865,584 
1,228,008 

87,912 
1,68!,820 
3,532,944 
17,032,200 

c.4,216 
,.7,100 

1,1?,7,920 
Z16,590 
598,248 

85,276,b52 
2',046.9. 
1,452,648 
1,915,080 
1,240,824 
284,600 
188,928 

135,900 
3,7-8,432 

164,496 
166,560 

11,041,512 
804,020 

',975,000 
8,446,200 
12,880,000 

588,800 
146,000 

1,298,640 
1,033,000 

20,082,964 
128,582 

2,363,256 
34,380,000 

213.000 
834,000 

1,520,130 
1,488,840 

+ 

45.3 
19.4 
2.4 

17.1 
19.5 
58.7 
29.4 
9.6 
21.0 
40.6 
33.8 
58.8 
38.0 
66.7 
25.6 
24.0 
35.9 
23.8 
+ 

39.8 
34.6 

.6,1 

53.2 
29.7 
+. 

38.3 
24.3 
36.6 
36.8 
30.0 
48.8 
14.5 
29.0 
17.7 
25.9 
74.7 
35.8 
32.0 
14.6 
6.2 
31.4 
59.7 

+ 

1,289,000 

1,068,000 24/ 
1,229,000 

21,000 26/ 
1,082,000 
2,214,000 
9,920,000 24/ 
454,000 
+ 

1,504,000 25/ 
+ 

316,000 
30,035,000 
13,165,000 

446,000 
585,000 
919,000 
63,000 
196,000 24/ 

+ 
178,000 24/ 

3,117,000
,0 0.1 

91,600 22/ 
63,200 23/ 

5,624,000 
344,000 

3,549,000 
8,644,000 
+ 
574,000 
86,000 

834,000 
623,700 23/ 

3.325,000 
.7,'00 

1,375,0C0 
15,692,000 

120,000 
273,000 
288,000 
729,000 

0.37 
0.19 
0.10 
0.27 
0.31 
1.01 
0.40 

0.16 

0.64 
1.69 
0.83 
2.17 
0.84 
0.32 
1.62 
0.23 

+ 
0.30 
0.41 

0.95 
0.77 
+ 

0.15 
0.57 
0.51 
0.36 
+ 

0.50 
0.25 
0.45 
0.29 
0.62 
1.43 
0.62 
0.70 
0.26 
0.19 
1.66 
1.22 

Source: United Nations. 
Energy Balances and ELectricity'Profiles 1984

TJ x terajoutes

),None/does not apply
+ Information not available for this country
 



Exhibit D-2 (cont'd.)

Energy Consumption in Industry in A.I.D.-Assisted Countries: 1984
 

1/ Source: The Energy Situation in Five Central American Countries, Los Alamos National Lab., 
June 1987. Figures in toe
2/ Source: Energy Policies and Programs of the lEA Countries, 1987 Review. Figures in toe for 1986.
3/ Source: UNOP/World Bank Energy Assessment 6/85. Figures in TOE for 1982/83.
4/ Source: UNDP/World Bank Energy Assessment 11/83. Figures 
in TOE for 1982. Industry/commerical included togetner.
5/ Source: UNDP/Wortd Bank Energy Assessment 4/85. Figures in TOE for 1983, including industry/mines together.
6/ Source: UNDP/World Bank Energy Assessment Status Report 8/85. Figures in TOE for 1983.
7/ Source: UNDP/World Bank Energy Assessment 7/83. Figures in TOE for 1981.
8/ Source: UNDP/World Bank Energy Assessment 12/85. Figures in TCE for 1984.
9/ Source: UNDP/Wortd Bank Erergy Assessment 7/83. Figures in TOE for 1981.
10/ Source: UNDP/World Bank Energy Assessment 6/85. Figures in TOE
11/ for 1982.
Source: UNDP/Wortd Bank Energy Assessment 7/83. Figures in TOE 
for 1980. All pow. gen. is hydro based.
12/ Source: UNDP/World Bank Energy Assessment 12/84. Figures in TOE for 1982.
13/ Source: UNDP/World Bank Energy Assessment 5/86. Figures in TOE for 1983.
14/ Source: RCG/Hagler, BailLy. Potential and Policy Issues of 
Industrial CogenerLtion in the Do.
15/ Rep. 4/87, and COENER.
Source: Bilan Energetique: Haiti 1983-1993, April 
1985.
Ministry of Mines and Energy Resources. Figures for 1983.
16/ Source: Volunteers in Technical Assistance. Djibouti Energy
Initiatives: National Energy Assessment. 
 1984.
17/ Source: For industrial consumption of fossil 
fuels: Ministry of
Industry, Energy, and Mines. 
 National Energy Plan 1986-2000. Industry/agricultural sector combined.
December 1986. 
Data for 1986.
18/ Figures for total energy consumption in industry and total final consumption are from "Energy Conservation in
Thailand," by Pravit Teetakaw, October 1988. Figures are converted from MLCOE in 1986.
19/ Figures for industrial energy use and industry share of total final 
consumption are from "Current
Energy Conservation Status in Indonesia," by Irzal 
N. Chatab, October 1988.
20/ World Development Report 1987; Note that value added in manufacturing does not
include mining aLivities, however figures for industrial energy consumptiongenerally do include mining. Therefore, the degree of energy intensity may be overstated
21/ !ncustrial energy intensity defined as total 
industrial 
energy consumption in toe divided by USS1,000 manufacturing value added
or GOP from manufacturing
22/ Figure is for GOP from manufacturing for year other than 1984.
23/ Figure Source: WDR 1986is for GOP from manufacturing f.,r 1985 (because 1984 data not available). Source: WOR24/ GOP from industry (manufacturing data not available) 1987

in 94.mining, construction, electricity, water, ond gas. 
Industry includes manufacturing,

Therefore, energy intensity based on these figures
may be understated. Source: WDR 1986.
25/ Manufacturing share of GOP (16%) 
 based on 1?&', date from American Embassy/Guatemala, Foreign Economic Trends Report, 1987.26/ Industry share of GOP (14%) based on 1982 data from Source 16/; 1982 GNP data from USAID Congressional Presentation, FY1989
27/ Source: UNDP/World Bank Energy Assessment 12/84. Figures in toe for 1983.
 



Exhibit D-3
 
Fossil Fuel Consumption in Power Generation
 

CutyPower
Country 

1984 Fossil Fuel 

ConuptionGeneration 
(TJ) 

Fossil Fuel 

Consmptionin Power Gen-
eration (TOE) 

Total Cons,_p. 

of Energy forPower Gen. 
(TJ) 

Total Consmp. 

of Energy forPower Gen. 
(TOE) 

Fossil 

ConsmpGen. as 
Energy 

Fuel 

in Power% Tot. 
for Power 

total Fossil 

FuelRequirements 

(TJ) 

Total Fossil 

FuelRequirements 

(TOE) 

Fossil 

Corwon. u 

Fossil 

Fuel 

in PoerIn ower 

Fuel Rt.-

Coal Oil Gas TotalBangladesh x 11,727 32,970 44,697
Salivia x 3,612 3,220 6,832Burma 3/ 100 10,050 38,260 
Cameroon+ 
Chad+Costa Rica 17/ x 2,917 x 2,917
Cote 0'Ivoire x 9,752 x 9,752
Djibouti 16/ 0Dom. Rep. 14/ 0 
Ecuador x 12,508 x 12,508
Egypt X 132,112 29,000 161,112
EL Salvador x 1,836 x 1,836
Gmbia 4/ x 9,200 x 
Guatemala 1/ x 260,470 x 
Hiti 15/ XA 
Huduras x 2,742 x 2,742
India 1,507,603 113,452 48,388 1,669,443 
Indonesia x 134,513 47,240 181,753Jmaica x 24,337 x 24,337
Jordan x 27,068 x 27,068
Kenya x 2,966 x 2.966 
Liberia 18/ 210,500Labei 18 297 AMalawi 297 x 385M&t+ 
Mauritania 5/ x 39,200 x 
Morocco 19,343 46,865 x 66,208 
Mozmbiqlue+Nepal x 680 x 680 
Niger 1,231 1,360 x 2,591QmWV+ 
Pakistan 483 48,084 80,146 128,13
Panma 1/ x 233,688 x 
Peru 6/ x 505,000 43,000
Philippines 8,023 87,067 x 95,090 
Portugal 21 200,000 1,500,000 x 

Seegal 71 x 192,100 200Somalia 8/ x 49,900 x 
Sri Lanka x 2,715 x 2,715
Sudan 9/ x 60,000 x
Thailand 21,254 63,536 79,446 164,236
Toga 10/ x 6,036 x 
Tunisia x 22,385 16,500 38,885
Turkey 21 4,200,000 1,400,000 0
Uganda 11/ x x x 0Yemen 12, x 178,600 x 
Zaire 13/ x 16,800 xZabia 346 510 x 856 

1,072,728 
163,968 
48,410 

70,000 
234,048 
35,908 

941,220 
300,192 

3,866,688 
44,064 
9,200 

260,470 
48,100 
65,808 

40,066,632 

4,362,072
584,088 
649,632 

71,184 

210,500
9,240 

39,200 
1,588,992 

16,320 
62,184 

3,089,112 
233,688 
548,000 

2,282,160 
1,700,000 

192,30049,900 
65,160 
60,000 

3,941,664 
6,036 

933,240 
6,000,000 

0
178,600 
16,800 
20,544 

55,476 
21,191 

38,660 
22,247 

50,907 
287,389 
20,627 

13,244 
2,373,276 

208,487
26,140 
27,068 
23,681 

6,201 

70,724 

4,466 
2,591~100.0 

286,711 

247,488 

27,839 

213,268 

39,245 

121,547 

1,331,424 
508,584 
130,820 

927,832
533,928 
35,908 

1,077,300 
1,221,768 
6,897,336 

495,048 
9,200 

423,360 
71,700 
317,856 

56,958,624 
5,003,688

627,360 
649,632 
568,344 

282,400
148,824 
39,200 

1,697,376 

107,184 
62,184 

6,881,064 
425,166 

3,099,000 
5,939,712 
4,110,000 

192,30049,900 
668,136 
248,000 

5,118,432 
6,509 

941,880 
8,300,000 

159,000
178,600 

1,145,550 
2,917,128 

80.6 154,844 
32.2 60,871 
37.0 

7.5 29,160
43.8 54,183 
100.0 
87.4 
24.6 283,816 
56.1 904,868 
8.9 23.786 

100.0 
61.5 
67.1 
2C. 25,642 
70.3 5,291,692 
87.2 1,348,679
93.1 82,019 

100.0 107,538 
12.5 56,190 

74.5 
6.2 7,0366 2,0 61 

100.0 
93.6 232,070 

15.2 6,887 
100.0 9,36117/17. 
44.9 652,472 
55.0 
17.6 
38.4 416,488
41.4 

100.0100.0 
9.8 56,260 
24.1 
77.0 612,583 
92.7 
99.1 144,870
72.3 
0.0

100.0 
1.5 
0.7 38,068 

3,716,256 
1,460,904 

1,147,550 

699,840
1,300,392 

107,753 
2,609,040 
6,811,584 

21,716,832 
570,864 
47,100 

926,520 
248,100 
615,48 

127,000,608 
32,368,296

1,968,456 
2,580,912 
1,348,560 
138505.3 

418,900 
168,864,8 45.5 

163,700 
5,569,680 

165,288 
224,664 

15,659,328 
630,840 

5,523,000 
9,995,712 
8,790,000 

588,8001.2,000 
1,350,240 
1,281,000 

14,701,992 
107,199 

3,476,880 
25,720,000 

213,000
968,600 
723,577 
913,632 

28.9 
11.2 

4.2 

10.0 
18.0 
33.3 
36.1 

4.4 
17.8 
7.7 

19.5 
28.1 
19.4 
10.7 
31.5 
13.4 
29.7 
25.2 

5.3 

50.3 

23.9 

28.5 

9.9 

19.7 
37.0 
9.9 

22.8 
19.3 

32.6
27.4 
4.8 
4.7 

26.8 
5.6 

26.8 
23.3 
0.0

18.4 
2.3 
2.2 

Source: United Nations. Energy Satances and Electricity Profiles 1984 
TJ = terajoules 
x None/does not apply
+ Information not available for this country 



Exhibit D-3 (cont'd.)
 
Fossil Fuel Consumption in Power Generation
 

1/ Source: The Energy Situation in Five Central American Countries, Los Alamos National Lab., June 1987.2/ Source: Energy Policies and Programs of the lEA Countries, 1986 Review. Fiiures in toe for 1985.
3/ Sos~ce: UNOP/World Bank Energy Assessment 6/85. Figures
4/ Sf.urce: LINP/Uortd 1snk Energy Assessment 11/83. 
in TOE for 1982/83.


Figures in TOE for 1982.5! Source: UNDP/Uorld Bank Energy Assessment 4/85. Figures in TOE6/ Source: UNOP/WorLd for 1983.Bank Energy Assessment Status Report 8/85. Figures7/ Source: UNOP/orld Bank Energy Assessment 7/83. Figures in TOE for 1981. 
in TOE for 1984. 

8/ Source: UNOP/Worid Bank Energy Assessment 12/85. Figures in TOE for 1983.
9/ Source: UNDP/World Bank Energy Assessment 7/83. Figures in TOE for 1981.
10/ Source: UNDP/WorId Bank Energy Assessment 6/85. Figures in TOE for 1982.
11/ Source: UNDP/World Bank Energy Assessment 7/83. Figures in TOE for 1980. Alt
12/ pow. gen. is hydro based.
 
13/ 

Source: UNOP/ortd Bank Energy Assessment 12/84. Figures in TOE for 1982.Source: UNOP/World Bank Energy Assessment 5/86. Figures14/ Source: RCG/agIer, Baitly. Potential and Policy Issues 
in TOE for 1983.of Industrial Cogeneration15/ Source: Bilan Energetique: Haiti 1983-1993, April 

in the Dam. Rep. 4/87, and COMER 
1985.
Ministry of Mines and Energy Resources. Figures for 1983.16/ Source: Volunteers in Technical Assistance. Djibouti Energy

Initiatives: National Energy Assessment. 
1964.
17/ Source: Instituto Costarricense de Electricided (ICE) - 1987 data18/ Source: UNDP/Wortd Bank Energy Assessment 12/84. Figures in toe for 1983 



Exhibit D-4
 
Energy Demand Growth Projections
 

. y--	 ....................................................
 
Country Comner-ciml Energy iPower DemandDe Growth Growth


(Avg %/Year) I (Avg %/Year)
 
Bangladesh 

...................................................................................
 

5.8 1985-2000 18/

Bolivia 	 12.9 1985-95 1/
5.8 1981-1991 1/ 
 6.5 1985-90 1/
Burma 
 4.3 1990-2000 1/ 
 7.5 1990-2000 1/

Cameroon
 
Costa Rica 4.1 1985-2005 15/ 
 6.0 1986-2000 2/
Cote d'livoire 
 2.7 19L. '3 1/ 	 7.7 1989-93 1/
Djibouti 
 6.0 1985-2000 16/ 
 7.5 1985-2000 15/
Dominican Republic 4.1 1985-1995 17/ 
 9.2 1987-95 2/
Ecuador 7.8 1990-2000 1/ 
 6.5 1985-95 1/
Egypt 
 7.5 1986-2000 7/ 
 7.5 1987-2000 3/
El Salvador 1.5 5/ 
 7.6 1988-2000 16/
Gambia 
 7.8 1985-1990 1/ 
 12.1 1985-90
Guatemala 1.3 (neg.) 5/ 	

1/

6.6 1985-93 1/
Haiti 
 4.8 1983-1993 11/ 
 10.0 1985-95 1/
Honduras 
 2.4 1984-19M5 1/ 
 7.0 1986-95 1/
India 
 6.4 5/


Indonesia 3.1 1984-1990 10/ 	
11.0 1985-95 4/

11.3 1986-94 1/
Jamaica 
 4.6 1985-2000 12/ 
 2.6 1983-2C00 12/
Jordan 3.5 1990-2000 13/ 
 7.0 1986-2000 5/
Kenya 
 0.8 (neg.) 5/ 
 6.0 1985-90 1/
Liberia 
 (neg.) 1/ 
 2.0 1985-95 6/
Malawi 
 4.0 19-j-1990 1/ 
 6.0 1985-90 1/
Mali 
 2.3 5/ 
 16.7 14/
Mauritania 5.1 1990-1995 1/ 
 8.3 1984-95 1/
Morocco 
 4.9 1985-1996 2/ 
 7.0 1987-96 7/
Mozambique 

9.6 1985-95 1/
Nt.oaL 4.6 !990-2000 , 
 14.3 1990-99 1/
Niier 5.3 1985-1990 14/ 
 10.9 1985-90
Omin 10.4 5/ 	

1/

10.0 1987-97 11/
Pakistan 7.3 1987-2002 8/ 
 9.7 1986-95 8/
Panama 
 4.9 5/ 
 6.6 1986-95 9/
Peru 	 3.2 1V90-2000 1/ 
 5.6 1986-2000 1/
Philippines 3.8 1987-1992 4/ 
 7.2 1987-2000 10/
Portugal 2.9 1990-2000 3/ 
 3.9 1985-2000 13/
Senegal 1.1 1/ 
 10.8 1985-95 1/
SomaI ia 1.8 5/ 
 10.4 1985-95 1/
Sri Lanka 3.4 
 5/ 
 7.4 1987-2002 1/
Sudan 
 6.8 1991-96 1/ 
 9.0 1984-90 1/
Thai land 3.4 1987-2001 9/ 
 6.0 1985-2000 2/
Togo 
 4.8 1982-1998 14/ 
 8.8 1988-98 1/
Tunisia 
 4.1 1984-1990 6/ 
 8.5 1983-91 1/
Turkey 6.0 1990-2000 3/ 
 8.0 1987-94 1/
Uganda 
 5.3 1990-2000 1/ 
 6.2 1985-90 1/
Yemen 7.5 1990-2000 13/ 
 12.3 1987-91 1/
Zaire 
 2.2 1983-1995 14/ 
 7.8 1985-2000 1/
Zambia 
 2.5 1981-2000 14/ 
 3.0 1985-95 1/
 

1/ World Bank Energy Asses mnts 

2 RCG/Hager, Bailty. Energy ia d 

1/ World Bank Reports; Yorld 6 nk/UNDP Country

Energ, Assessments.
Management in Morocco. Feasibility Study. 1987.
3/ Energy Policies and Prvjruume of LEA 	 2/ AID-sponsored studies on private power generation


Countries, 1986 Review. 	 3/ Egyptian Electricity Authority

4/ Central Electricity Authority
4/ IBRO staff estimate, 19f8. 
 5/ Jordan Electricity Authority
5/ Average annual growth rate of consumption 1980-86 
 6/ Central Energy Committee/ORNL, June 1985
Source: WorLd Develo nt Report 1988. 
 7/ Office National de l'Etectricite
6/ IBRD Loan Proposal For Energy Conservation 


Demonstration Project, 1966. 	
8/ Water and Power Dev,Lopment Authority

9/ Inter-American Development Bank Reports


7/ Government of Egypt 
 10/ National Power Corporation
8/ Pakistan Ministry of Planning aind
Devtopment, 8/87. 	 11/ Economic Intelligence Unit, 1985.
12/ Jaifica Public Service Company.9/ Thai National Economic & Social Devetopmnt Board, 10/85. 13/ International Energy Agency, 1987.10/ Indonesia Energy Options, IBRD 8/87. 
 14/ Projection computed from past trends (1981-198)
11/ 
Ministry of Mines and Energy Resources, 1985. 
 Source: U.N. Energy Statistics Yearbooks.
121 National Energy Policy Steering Comittee. Jamaica 
 15/ Volunteers in Technical Assistance.
Energy Policy Framework for Decision Making, 1986. 	
Djibouti Energy


Initiatives: National Energy Assessment.
13/ 	 1984.
World Bank, ENENA Regional Strategy Paper, Vol. i, 16/ Comision Ejcutive Hydroelectrica del Rio Lempa,Country Notes and Operations. Au'tuAst 1986. presented at AID regional workshop, August 198814/ Calculated from World Bank Energy Assessments.15/ ministry of Industry, Energy & Mines. National Energy

Plan 1986-20S. December 1986.
 

16/ Votunte.rs in Techr.4cal Assistance. Ojibouti Energy

Initiatives: National 
Energy Ass"naent. 1984.


17/ Comision Nacional de Politics Entrgetica (COENER)

18/ World Bank. Staff Appraisal Report on Refinery Modifi

cation and LPG Recovery and Distribution Project.

November 11, 1986
 

http:Votunte.rs


Exhibit D-5
 
1986 Total and Commercial Energy Consumption
 

in A.I.D.-Assisted Counties 

19a6 ComrciaL Energy Consmption ('OOU TOE) 1otb, Energy CO&.. Energy Total Fossil 

Country Solids Liquids Gas Elec. Total 
Requfrments 
(M0I0 TOE) 

Consum. as % 
of TER 

Fuel Ccnump. 
('000 TOE) 

Bangladesh 
Belize 
Bolivia 
Burkina Faso 
Burm 
Burundi 
Caoroon 
Cape Verde 
Cent. African Rep. 
Chad 
Comoros 
Congo 
Costa Rica 
Cyprus 
Ojibouti 
Dominican Republic 
Ecuador 
Egypt 
El Salvador 
Equatorial Guinea 
Gambi a 
Ghana 
Guatem ta 
Guinea 
Guinea-Bissau 
Cote d'lvoire 
Haiti 
Honduras 

Indonesia 
Israel 
Jamaica 
Jordan 
Kenya 
Lebanon 
Liberia 
Madagascar 
Malawi 
Mali 
Mauritania 
Mauritius 
Morocco 
P-ozambiqu, 
Nepal 
Niger 
Nigeria 
Oman 
Pakistan 
Panama 
Peru 
Philippines 
Portugal 
Rwanda 
Sao Tome-Principe 
Senegal 
Seychelles 
Sierra Leone 
Somalia 
Spain 
Sri Lanka 
Sudan 
Thailand 
Togo 
Tunisia 
Turkey 
Uganda 
Tanzania 
Yemen 
Zaire 
Zambia 

74 

35 
0 

181 
3 
1 
0 

0 
.. 
.. 

38 

0 

730 
.. 
.. 

i 
.. 
.. 
• 

0 
0 

99,784 
1,573 
2,256 

0 

60 
0 

10 
20 

3 
68 

702 
46 
107 
" 
78 

1,553 
3 

133 
1,261 
1,314 

.. 

.. 

.. 

0 

19,724 
1 
0 

1,701 
0 

59 
16,656 

3 

226 
2,863 

1,583 
64 

1,185 
144 
979 
49 

1,911 
9 
52 
70 
13 

528 
623 
957 
73 

1,925 
3,955 
13,041 

522 
27 
53 

648 
1,010 
322 
28 

1,394 
204 
556 

37,293 
24,436 
5,446 
1,795 
2,668 

921 
1,903 
204 
240 
142 
127 
190 
236 

4,260 
256 
168 
184 

8,629 
5,877 
7,471 

808 
5,866 
7,442 
7,281 

122 
11 

619 
41 
176 
356 

31,758 
1,103 
1,003 
11,139 

101 
2,826 
16,158 

258 
562 
844 
847 
655 

2,784 

212 

1,011 
.. 
.. 

.. 

.. 

.. 

2 
.. 

." 

" 
101 

3,905 
.. 
.. 
.. 

.. 

.. 
• 
.. 
.. 
.. 

5,006 
6,605 

37 
.. 
.. 
.. 

.. 

.. 

.. 
.. 
.. 
.. 

8 
.. 
.. 

2,936 
1,674 
7,694 

0 
549 

.. 

1 
.. 
.. 

.. 

.. 

2,329 
.. 

3,113 

7i5 
410 

.. 

.. 

.. 

.. 

.. 

? 4-,480 
0 64 

101 1,533 
0 14 

92 2,263 
6 58 

200 2,112 
9 

7 59 
.. 70 
•.13 

25 555 
254 877 

.. 995 
73 

77 2,002 
372 4,428 
916 23,592 
,. 666 

27 
53 

292 941 
58 1,068 
14 336 

28 
12i 1,515 
27 231 
89 645 

5,047 147,13 
623 33,23 
(32) 7,707 
13 1,808 

(20) 2,648 
193 1,174 
51 1,954 
27 2I31 
23 273 
4 20'6 
11 158 

193 
9 313 

42 5,084 
14 316 
37 312 
11 230 

181 11,824 
7,551 

1,218 17,936 
180 991 
856 7,404 
914 9,617
886 9,481 
16 139 
0 11 
.. 619 
.. 41 
.. 176 

356 
5,374" 59,685 

227 1,331 
44 1,047 

541 16,494 
20 121 
5 3,605 

1,091 34,315 
46 304 
53 618 

844 
377 1,450 
529 4,047 

61 
168 

2,136 
1,704 
6,336 
936 

4,824 
12 

744 
816 
24 

1,008 
2,808 
1,008 

72 
2,904 
6,984 
26,808 
2,304 

120 
240 

3,648 
3,192 
1,272 
10 

3,816 
1,656 
2,040 

217,368 
66,504 
7,752 
1,992 
2,664 
9,216 
2,184 
1,224 
1,848 
1,848 
1,248 

192 
768 

5,544 
3,672 
4,008 
1,128 

33,624 
7,584 

26,256 
1,944 
11,328 
19,512 
11,328 
1,512 

.... 
1,560 

48 
1,992 
1,416 
73,344 
3,768 
5,784 
30,240 

264 
4,248 
43,968 
3,072 
6,18 

1140 
9,144 
5,664 

38 
72 
8 
36 
6 

44 
75 
8 
9 
54 
55 
31 
99 
100 
69 
63 
88 
29 
23 
22 
26 
33 
26 
23 
40 
14 
32 
68 
50 
99 
91 
99 
13 
89 
19 
15 
11 
11 
100 
41 
92 
9 
8 
20 
35 
100 
68 
51 
65 
49 
84 
9 

40 
85 
9 
25 
81 
35 
18 
55 
46 
85 
78 
10 
10 

100 
16 
71 

4,441 
6 

1,432 
144 

2,171 
52 

1,912 
9 
52 
70 
13 

530 
623 
995 
73 

1,925 
4,056 
22,676 

522 
27 
53 
649 

:,010 
322 
28 

1,394 
204 
556 

142,083 
32,614 
7,739 
1,795 
2,668 

981 
1,903 
204 
250 
162 
127 
193 
304 

5,042 
302 
275 
219 

11,643 
7,551 

16,718 
811 

6 F48 
8,703 
8,595 

123 
11 

619 
41 
176 
356 

54,311 
1,104 
1,003 

15,953 
101 

3,600 
33,224 

258 
565 
a" 

1,073 
3,518 

Source: United Nat,,.ms Energy Statistics Yearbook 1986. 

a not applicable 
x not available 

/ 



Exhibit D-6
 
Energy and Electricity Intensity in
 
A.I.D.-Assisted Countries (1986)
 

Per Capita GNP Per Avg. Energy 
 Cow.. Etectri- 1986 Per Cap- 1986 GOPEnergy Con- Capita Consump, for % Above/ Energy city Con- Poputa- ita Etec-(mitLion ELecsumption (USS Simitar in-

(kgoe) 1/ 1986) 1/ 

Below Inten- sump. 3/ tion 1/ tricity US$) tricity
........... come Level 1/ Average
.......... sity 2/ (mitl
....... .... kwh) (miLL)
............................ ........ Consump. 1/
... ....... .... Intensity4/
... ..........
 
Bangadesh 46 
 160 86 -46.5 0.41 5,125
Bolivia 255 600 

103.2 49.7 15,460 0.33
346 -26.3 0.51 1,627 6.6 246.5 4,180
Burma 0.39
76 200 86 -11.6 0.77 2,217
Cameroon 142 910 
38 58.3 8,180 0.27
346 -59.0 0.43 2,385 
 10.5 227.1 11,280 0.21
Chad 
 + + 
 51
Costa Rica 5.1 10.0
565 1480 346 .63.3 0.66 2,995 2.6 ****** 4,260
Cote d'Ivoire 175 730 0.70
346 -49.4 0.52 1,817 
 10.7 169.8 7,320
Djibouti 202 6/ 480 7/ 0.25
346 -41.6 0.48 
 165 0.4 457.1 150 7/ 0.84 8/
Oomin. Repub. 337 710 346 
 -2.6 0.55 4,614 6.6 699.1
Ecuador 5,280 0.87
575 1160 


Egypt 
346 66.2 0.61 5,311 9.6 553.2 11,510 0.46
577 760 
 346 66.8 0.66
El Salvador 216 

25.1C0 49.7 505.0 40,850 0.61
820 346 -37.6 0.58 1,790 
 4.9 365.3 3,980
Gambia 0.45
69 6/ 230 86 -19.8 1.35 42
Guatemala 171 930 
0.8 54.3 178 5/ 0.24
346 -50.6 0.43 1,760 8.2 214.6 7,470 0.24
Haiti 
 50 330 86 -41.9 0.77
Honduras 192 740 

438 6.1 71.8 2,150 0.20
346 -44.5 0.69 1,233 
 4.5 274.0 2,960
India 208 290 0.42
86 141.9 1.07 202,489 781.4
Indonesia 259.1 203,790 0.99
213 490 346 
 -38.4 0.88 29,850 166.4 179.4
Jamaica 844 75,230 0.40
840 346 143.9 0.82 2,400 
 2.4 ****** 2,430
Jordan 0.99
767 1540 
 346 121.7 0.67 2,722 3.6 756.1 4,000
Kenya 100 300 0.68
86 16.3 1.55 2,720 21.2 128.3
Liberia 166 5,960 0.46
460 346 
 -52.0 1.24 
 819 2.3 356.1
Malawi 990 0.83
43 160 86 -50.0 1.6& 527 7.4
Mali 71.2 1,100 0.48
23 180 86 -73.3 0.76 
 172 7.6 22.6
Mauritania 114 1,650 0.10
420 86 
 32.6 0.26 
 92 1.8 51.1
Morocco 246 590 750 0.12
346 -28.9 0.38 7,156 22.5
Mozambique 318.0 14,760 0.48
86 210 86 
 0.0 0.85 600 14.2 42.3
Niger 42 4,300 0.14
260 86 -:).2 0.54 287
Oman 6.6 43.5 2,080 0.14
2146 4980 1527 

Pakistan 205 350 

40.5 1.04 2,906 1.3 ****** 7,320 0.40
 
Panama 

86 138.4 0.87 25,768 99.2 259.8 30,080 0.86
653 2330 1527 -57.2 0.38 2,736
Peru 2.2 ****** 5,120 0.53
478 1090 
 346 38.2 0.45 12,818
Philippines 180 560 
19.8 647.4 25,370 0.51
346 -48.0 0.64 22,320 57.3
Senegal 116 420 86 

389.5 30,540 0.73

34.9 0.42 
 758 6.8 111.5 3,740 0.20
Somalia 
 82 280 86 
 -4.7 0.61
Sri Lanka 143 5.5 26.0 2,320 0.06
139 400 
 86 61.6 0.64 2,652 16.1 164.7 5,880
Sudan 0.45
58 320 86 -32.6 0.77 1,052 22.6 46.5
Thailand 325 810 346 7,470 0.14

-6.1 0.72 26,671
Togo 52.6 507.1 41,780 0.64
52 250 86 -39.5 0.27 265 
 3.1 85.5 980
Tunisia 0.27
499 1140 346 44.2 0.55 
 4,210 7.3 576.7
Uganda 26 Y,790 0.54
230 86 
 -69.8 0.93 546
Yemen 15.2 35.9 3,310 0.16
102 55C 
 346 -70.5 0.18 310
Zaire 8.2 37.8 4,760 0.07
73 160 86 -15.1 1.52 4,521 31.7 142.6 6,020 0.75
Zambia 381 300 
 86 343.0 3.41 7,020 6.9 * 
 1,660 4.23
 

1/ Source: World Bank. World Development Report 1988
2/ Defined as toe of commercial energy consumption per $1000 GOP (1986). GOP in constant USS not available
3/ Source: U.N. Energy Statistics Yearbook, 1986

4/ Defined as kwh of electricity consumption per S1 of GDP (1986)

5/ GNP in 1986

6/ Calculated from data in U.N. Energy Statistics Yearbook and World DeveLopr'.. t Report 1988
7/ Source: USAID Congrelionet Presentation FY1989; data for 198'- data availcote 

for GNP, not GOP
8/ Electricity intensity calculation based on 1982 electricity conumption (126 million kWh) 



Exhibit D-7 
Government Debt and Budget Deficits 

..... ....................................... ................ o
 
Country 	 Debt Service Government Budget

Ratio (1986) 1/ Deficit as X of
 
GNP (1986)
 

.......................................................... 

Bangladesh 

Bolivia 

Burma 

Cameroon 

Costa Rica 

Cote d'Ivoire 

Djibouti 

Dominican Republic 

Ecuador 

Egypt 

El 	Salvador 

Gambia 
Guatemala 

Haiti 

Honduras 

India 

Indonesia 

Jamaica 

Jordan 

Kenya 

Liberia 

Malawi 

Mali 

Mauritania 

Morocco 

Mozambique

Niger 

Oman 

Pakistan 

Panama 
Peru 

Philippines 

Senegal 

Somalia 

Sri Lanka 
Sudan 
Thailand 
Togo 
Tunisia 
Uganda 
Yemen 
Zaire 
Zambia 

25.1 

23.7 

55.4 

11.2 

26.3 

23.3 

3.3 7/ 

20.6 

32.3 

21.3 

18.0 

49.0 2/ 

23.4 

6.0 


18.5 

17.9 

27.8 

31.7 

28.7 

22.5 

6.4 

40.1 

14.2 

17.4 

40.4 


+ 

27.9 

11.3 

26.8 

7.6 

14.4 

18.3 

19.9 

62.1 

17.5 

7.7 


16.1 

32.5 

28.5 

6.5 


59.6 

18.2 

16.8 


....
 
0.2 3/
 

28.3 3/
 
0.8 3/

0.8 3/
 
5.0
 
3.1 3/
 
2.0 5/
 
2.0 3/
 
2.1 3/
 

10.9
 
0.8 3/
 
10.2 4/
 
3.6 4/
 
3.3 5/
 
8.9 4/
 
8.1
 
3.9
 
11.5 5/
 
10.0 3/
 
6.7 3/
 
9.0
 
8.4 3/
 
9.6 3
 
2.2 5/
 
8.4 3/
 
+
 

0.0 6/
 
27.9
 
9.5
 
3.2 3/
 
8.3 5/
 
1.9 3/
 
1.3 4/
 
4.9 5/
 
9.2
 
11.2 4/
 
5.6 3/
 
5.1
 
4.6 3/
 
2.8
 

10.3
 
0.0 6/
 
16.3 3/
 

Source: World Development Report 1938
 
+ data not available
 
1/Debt service as percentage of exports of goods and services.
 
2/ Source: USAID Congressional Presentation, FY198o, for -!ear 1985.
 

Service payments on external public debt as X of total export eanngs.

3/ For year other than 1985
 
4/ Calculated from budgetary data inUSAID Congressional Presentation
 

FY1989, and GNP data from World Development Report 1987 and 1988
 
Years for data: Gamboia 1984; Guatemata 1984; Honduras 1986; Senegal 1987;
 
Sudan 1986;
 

5/	Calculated from International Financial Statistics (IMF) February 19039
 
Years for data: Djibouti deficit 1986, GOP 1983; Haiti 1987; Jamaica 1986;

Mauritania 1985; Peru deficit 1986, GNP 1985; Portugal 1983; S,-mtia 1982;
 

6/ Budget surplus (Niger 1986, Zaire 1985)

7/	Computed from USAID Congressional Presentation FY19987 and VITA
 

Djibouti Energy Initiatives: National Energy Assessment, 1984. Figures

for 1982/83
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The Omlice or Energy 

The Agency for Inte!-national Development's Office of Energy plays an increasinglyimportant role in providing innovative approaches to solving the continuing energy crisis indeveloping countries. Three problems drive the Office's assistance programs: high rates of energyand economic growth accompanied by a lack of energy, especially power in rural areas; severefinancial problems, including a lack of investment capital, especially in the electricity sector; andgrowing energy-related environmental threats, including global climate change, acid rain, and urban
air pollution. 

To address these problems, the Office of Energy leverages financial resources of multilateraldevelopment banks such as The World Bank and the InterAmerican Development Bank, the privatesector, and bilateral donors to increase energy efficiency and expand energy supplies, enhance therole of private powker, and implement novel approaches through research, adaptation, andinnovation. These approaches include improving power sector investment planning ("least-cost"planning) and encouraging the application of cleaner technologies that use both conventional fossilfuels and renewable enertcV sources. Promotion of greater private sector participation in the powersector and a wide-ranging training program also help to build the institutional infrastructure necessary to sustain cost-effective, reliable, and environmentally-sound energy systems integral to
broad-based economic growth. 

Much of the Office's strategic focus has anticipated and supports recently-enactedcongressional legislation directing the Office and A.I.D. to undertake a "Global Warming Initiative"to mitigate the increasing contribution of key developing countries to greenhouse gas emissions.This strategy includes expanding least-cost planning activities to incorporate additional countriesand environmental concerns, increasing support for feasibility studies in renewable and cleaner fossilenergy technologies that focus on site-specific commercial applications, launching a multilateral
global energy efficiency initiative, and improving the training of host country nationals and overseas
A.I.D. staff in areas of energy that can help to reduce expected global warming and other

environmental problems.
 

To pursue these activities, the Office of Energy implements the following seven projects:(1) The EnerLw Policy Development and Conservation Project (EPDAC); (2) The Biomass EnergySystems and Technoiouv Project (BEST); (3) The Renewable Energy Applications and TrainingProject (REAT); (4) The Private Sector Energy Development Project (PSED); (5) The EnergyTraining Project (ETP); (6) The Conventional Energy Technical Assistance Project (CETA); and(7) its follow-on Energy Technology Innovation Project (ETIP). 

The Office of Energy helps set energy policy direction for the Agency, making its projectsavailable to meet generic needs (such as training), and responding to short-term needs of A.I.D.'s
field offices in assisted countries. 

Further information regarding the Office of Energy's projects and activities is available inour Program Plan, which can be requested by contacting: 

Office of Energy

B:ireau for Science and Technology


U.S. Agency for International Development
 
Room 508, SA-18
 

Washington, D.C. 20523-1810
 
Tel: (703) 875-4052
 


