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EXECUTIVE SUMMARY 

BACKGROUND
 

This study was funded by AID to determine the financial, technical, and institutional 
bases for rural electrification in Central America. It was prompted by U.S. congressional 
interest in Central America's rural electrification needs. PL 99-81, the foreign 
assistance authorization bill for FY 1986-87, states: "It is the sense of the Congress that 
funds appropriated for fiscal years 1986 and 1987 should be used for a comprehensive 
rural electrification program in Central America in order to establish conditions and a 
foundation for economic development." 

RURAL ELECTRIFICATION AND CENTRAL AMERICAN DEVELOPMENT 

The overall goal of governments and development assistance agencies in Central America 
is to achieve political stability and economic growth. The primary problem to be 
addressed is that of the poor living conditions of the rural majority, the manifestations of 
which include substandard housing, low literacy rates, high infant mortality, a high 
incidence of disease, and general isolation from the basic public services available to 
urban populations. It is widely acknowledged that the underlying cause of this rural 
underdevelopment is the low income and consumption that arise from low rates of 
productivity. 

Rural electrification is generally seen as a strategy to directly address the 
manifestations of rural underdeielopment. Thus, electricity can directly improve the 
quality of life through the provision of lighting and relieve some of the drudgery of 
household tasks. It may provide refrigeration for rural health clinics and permit classes 
at night in rural schools, where students often must sleep because of the distance from 
their homes. Electricity facilitates the development of rural communications and the 
integration of rural areas into national life. Finally, the provision of lighting in public 
places may increase the sonse of security ard allow for the development of social 
activities in the community. 

When effectively carried out, however, rural electrification has a more important role. 
It is sometimes forgotten that electrification is an important element of strategies to 
attack the root causes of rural underdevelopment. Crop production may be increased 
dramatically through irrigation, while post-harvest yields may be increased through 
improved processing and storage. Off-farm employment opportunities may be created by 
providing anergy for the development of small rural industries. Thus, rural 
electrification has a multi-dimensional role and many linkages. 

A major finding of this study is that rural electrification's potential-as a multi
dimensional tool for development-is not being realized in Central America. Overall, 
85% of the region's rural population lacks access to electricity, and usage is very low. 
Rural electrification in Central America typically consists of electrifying towns and 
their immediate environs. Although the region is well-endowed with indigenous sources 
of electricity, imported diesel, kerosene, and fuel oils continue to provide the bulk of 
commercial energy used in rural areas. 

This problem applies to varying degrees throughout Central America. In Guatemala, 
Honduras, and El Salvador, where rural living conditions are worst and the plight of the 
rural poor poses a direct threat to regional stability, only 5%-10% of the rural population 
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has access to electricity. Costa Rica and Panama, in contrast, are at more advanced 
stages of development and are faced with the challenge of financing needed additions to 
energy supply over the medium to long term. Costa Rica has provided electricity to the
highest percentage of its rural population (45%), and is the only country of the region in
which rural electric cooperatives have been developed. Belize, with just 162,000 people,
has avoided the social and political unrest of its neighbors but is constrained by
partirularly costly power supplies and an acute dependenice on imported fuels. 

The study found technical, institutional, and economic constraints to rural 
electrification, all of which can be traced to structural deficiencies in the way in which 
it is organized at the national level. 

INAPPROPRIATE TECHNICAL APPROACHES 

A major reason for the weakness of rural electrification in the region is that least-cost 
technical solutions have not been employed. Inappropriate technical approaches have
been taken to both design and operational aspects of generation, transmission, and 
distribution. Design and construction standards for grid extension into rural areas have 
tended to reflect conditions in urban systems: in one case, it was found that costs of 
distribution systems could be reduced by as much as 37%. Technical and nontechnical
 
energy losses are sometimes as high as twice normally accepted levels.
 

Small, decentralized renewable-energy technologies, led by decentralized hydropower

and biofuels, could be employed to diversify from the present conventional approach to
 
power generation. Such projects may complement large-hydropower plants in optimal
 
power modeling. They permit investments to match demand growth and reduce foreign
currency requirements. They may be the most cost-effective supply option for isolated
 
communities. They also lend themselves to increased involvement of the private sector

and to decentralized management schemes. 
 The feasibility of these technologies has
 
been well established in Central America and elsewhere.
 

FAILURE TO OPTIMIZE BENEFITS 

Unnecessarily high costs feed a vicious cycle that discourages utilities from pursuing
rural electrification, keeps connection and consumption rates low, and depresses
demand. This is exacerbated by the utilities' failure to appreciate the importance of, and
therefore promote, productive uses of electricity in rural areas. In effect, the full 
potential of rural electrification to attack both the causes and the manifestations of 
rural underdevelopment is not being realized because of the failure to promote
productive uses. The enhancement of rural productivity through electrification requires
a multi-sectoral approach to planning. Credit must be allocated to consumer connections 
and the purchase of productive equipment, while information and technical assistance 
must be readily available to those who could use power in agricultural and related 
activities. 

FINANCIAL IMPLICATIONS 

Nearly all the electric utilities of Central America are facing financial difficulties. In 
four of the six countries considered, it has been calculated that currently available 
financing for the power sector will fall $500 million short of needs between 1984 and 
1988, even given higher tariffs and lower operating costs. Yet tariffs in Central America 
are high relative to other Latin American countries, particularly in Panama and Belize, 
and rural tariffs are often even higher. 
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Rural electrification should not be a casualty of this situation for a number of reasons. 
First, it has not contributed significantly to the financial difficulties of the utilities, 
most of which have invested little in rural electrification. In response to the oil crisis, 
the countries of Central America allocated as much as 40% of public-sector investment 
to large-hydropower projects during the early 1980s. With the onset of recession, 
however, demand has stagnated, and all of the countries of the region, except Belize, 
find themselves burdened with heavy debt service for projects that are not realizing 
expected benefits. 

Second, if properly conceived and executed, rural electrification need not be a financial 
drain on Central America: as a rule, an adequate rural electrification program should 
require about 10% of a nation's power-sector investment, or just 1%-Z% of total public
sector capital spending. Such an investment level for the six nations combined would be 
on the order of $35 million per year during the period 1986-90, of which some $15 million 
would go to Honduras and Guatemala. 

To the contrary, rural areas offer a vast and largely unexploited market for surplus 
electricity that could provide an important source of revenue for the utilities. In 
addition to the approximately 1.5 million rural households in Central America that do not 
receive electricity, significant agricultural and rural industrial demand for commercial 
energy is now either unmet or served by economically inefficient sources, such as 
imported fuels and scarce fuelwood. This is particularly true in cases where there are 
already established loads near existing transmission lines, as in Honduras; in areas with 
opportunities for distribution backfill, as in the PER-II regions in Guatemala; and in cases 
where there is heavy industrial use of alternative fuels to provide process heat or steam 
that could be converted to electricity, as in Costa Rica. 

Finally, it should be remembered that economic and development gains must be added to 
purely financial considerations in rural electrification projects. Rural electrification 
should--and will-proceed in Central America, as it has in every country that has 
succeeded in breaking the bonds of chronic rural poverty. It will be critically important 
to ensure, through appropriate technical and administrative approaches and a sound 
institutional framework, that costs are minimized and benefits maximized. 

INSTITUTIONAL ISSUES 

The study found that rural electrification generally suffered from insufficient logistical 
and organizational resources. Training is urgently needed throughout the region, in order 
to raise skill levels and resolve problems in technical, administrative, and analytical 
areas. Planning-of rural electrification, the power sector, and its integration with 
broader development policies--suffers from an inadequate database and a lack of trained 
staff. 

Most fundamental of all, however, are the structural problems. Rural electrification has 
become over-centralized and bureaucratic. It is clear that a greater role for both 
investor-owned and cooperative enterprises in specific aspects of electricity generation 
and distribution would greatly improve efficiency in the sector, while those functions 
that remain in the public domain would benefit from increased decentralization and local 
control. In no country is there an organization with a clear mandate to pursue rural 
electrification, which has consequently become lost in the power sector. 

This preliminary study has identified a number of priority concerns and recommends 
follow-up activities at both the regional and national levels. 
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RECOMMENDATIONS
 

A. 	 Policy recommendations 

1. 	 Each of the countries of the region should recognize that electrification is an 
essential element of rural development strategies and requires a strong institutional 
base, preferably an independent organization with the specific mandate to carry out 
and promote rural electrification. 

Z. 	 Greater decentralization and private-sector participation in rural electrification are 
necessary to realize the benefits associated with local control and private initiative, 
as opposed to the disadvantages associated with the current public monopoly and 
centralized control. 

3. 	 Appropriate designs and construction standards should be developed to ensure a least
cost approach to the expansion of distribution systems in rural areas. 

4. 	 Each country should embark on a concerted effort to promote productive uses of 
electricity in rural areas, which requires analysis, planning, demonstration, extension, 
and credit. 

5. 	 Utilities throughout the region should carry out training programs in a wide range of 
technical, administrative and analytical aspects of rural electrification. 

6. 	 A regional rural electric institute should be established to take the lead in conducting 
studies, organizing training programs, arranging technical assistance, and providing 
other common services. This would also lend continuity to follow-up activities and 
further the objective of strengthening local capabilities. 

7. 	 Indigenous renewable-energy resources should be developed to serve both urban and 
rural power-generation needs in a cost-effective manner. The resource assessment 
currently being carried out by LANL should be followed by the development of a 
portfolio of site-specific projects for funding. 

8. 	 Micro-power systems, based on renewable-energy resources, should be developed to
 
serve specific loads in isolated areas. Experience suggests that this type of effort is
 
best carried out by the private sector, in conjunction with community development
 
and rural technology organizations.
 

B. 	 Country-specific recommendations 

Belize 

1. 	 AID should continue to support the forthcoming World Bank-financed power project 
wherever possible. 

2. 	 BEB training needs, for linemen in particular, should be addressed at the earliest 
opportunity. 

3. 	 Feasibility studies for long-term power supplies should consider a combination of 
small renewable-energy projects, based on hyckropower, wood fuels, bagasse, and other 
resources, in order to avoid the risks of dependence on a single large project and the 
costs of transmission systems. 

x Executive summary 



4. 	 AID's Energy Planning Project should complement the power-supply studies by
 
addressing the need for a national energy plan and ministerial-level planning
 
capability, as well as small-scale isolated applications. It should lead to a national
 
energy balance, a national energy plan, and a capable Belizean energy-planning
 
institution.
 

Costa Rica 

1. 	 Productive uses should be promoted in connection with the IDB-funded rural
 
electrification program and previous AID- and IDB-funded programs.
 

2. 	 Cooperatives and other independent utilities should be strengthened. The feasibility 
establishing further cooperatives in the Northern Zone and the Osa Peninsula should 
be investigated. 

3. 	 SNE should be strengthened. 

4. 	 Private-sector participation in power supply should be actively encouraged through
 
legal reform and financial incentives.
 

El 	Salvador 

1. 	 The Government should define its position on the difficult question of the future of 
private electricity concessions, most notably that of CAESS. An insitutional 
assessment should then be made to determine how best to organize electricity 
service, capitalizing on the strengths of CAESS and CEL. 

2. 	 Given the importance of maintaining service in conflictive areas, AID should continue 
ts rehabilitation program. Frequent and costly outages due to sabotage should be 

countered by the installation of back-up generation facilities in major towns, 
particularly in the eastern portion of the country. 

3. 	 As soon as the security situation stabilizes, rural electrification should play a full 
part in concerted, integrated rural-development programs. In the meantime, limited 
system expansion should proceed in the southwest. 

Guatemala 

1. 	 The recommendations of the recent PER II evaluation should be implemented, 
particularly those regarding productive-use promotion and appropriate distribution 
system design. 

2. 	 Institutional reforms are needed to improve rural electrification planning and 
regulation while increasing decentralization and privatization in the subsector. 

3. 	 Further rural electrification investments should be linked with agricultural and other 
development projects for AID's target population in the Altiplano. Decentralized 

*power systems should be developed in conjunction with appropriate management
 
schemes, such as cooperatives, for areas isolated from the grid.
 

4. 	 Small-hydropowe" and biofuels projects should be prepared to supplement large 
conventional power-generation facilities on the national network. 
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Honduras 

1. 	 Rural electrification should be increased, particularly in areas targetted for
 
agricultural development such as the Guayape and Patuca basins.
 

2. 	 An early evaluation of the Aguan Valley rural electrification project should be carried 
out, and should give particular attention to productive-use promotion and appropriate 
management structures for rural areas. 

3. 	 Feasibility studies should be undertaken to prepare for the establishment of
 
independent rural electric systems, based on small-scale renewable technologies and
 
cooperative management, in areas beyond the grid.
 

4. 	 An in-depth study is needed on the structure of rural electrification in Honduras, 
including the feasibility of alternative institutional approaches, such as cooperatives 
and other forms of local self-management. 

5. 	 Planning and analytical capabilities of ENEE and CONSULPLANE should be
 
strenthened through training and technical assistance.
 

6. 	 The role of small biofuels and run-of-river hydropower plants in power supplies for
 
the main grid should be explored further. Technical assistance and positive
 
incentives, such as power-purchase agreements with ENEE, should encourage the
 
development of such projects by the private sector. 

Panama 

1. 	 Productire uses of electricity should be promoted in connection with the current 1DB
funded rural electrification program. 

Z. 	 CONADE should be further supported in its efforts to develop an energy-sector 
database, disseminate information, and formulate a national energy policy. 

3. 	 The recommendations of AID's Alternative Energy Sources Project evaluation should 
be implemented, to correct technical deficiencies at completed plants and develop 
cooperative management structures, as a basis for developing small-scale renewable 
power systems in areas isolated from the national grid. 

C. 	 Regional follow-up 

1. 	 The need for institutional reform should be addressed by an in-depth study into the 
structural and organizational constraints to rural electrification in the region. The 
purpose of the study should be to analyze the organization of rural electrification in 
each country and to recommend appropriate reforms. The outcome will be the design 
of an institutional framework for rural electrification and the power sector which, 
while reflecting the distinctive circumstances of each country, will result ii. a greater 
reliance on private initiative, greater decentralization, and a stronger basis for rural 
electrification. 

2. 	 In preparation of regional and national programs of productive-use promotion, a study 
should be carried out to detail the role of electricity in agricultural production and 
processing, assess the constraints that currently limit economically productive uses of 
electricity in rural areas, and evaluate current efforts by utilities to promote 
productive uses by addressing such constraints. Workshops should be held to discuss 
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the study's findings, increase awareness of the importance of the issue, and draft 
national productive-use promotion plans. Follow-up activities at the regional level 
should include demonstration, training, and technical assistance. 

3. 	 A comprehensive training program should be held to improve the administrative, 
technical, and analytical capabilities of utilities serving rural areas. To prepare for 
the program a detailed assessment of training needs should be carried out in 
conjunction with utility managers. Programs should emphasize on-the-job training 
and may also include classroom instruction, workshops, and overseas internships. 

4. 	 Appropriate technical approaches to electric system expansion in rural areas of 
Central America should be developed and disseminated. After a regional workshop to 
discuss such approaches and identify problem areas, a study team should carry out a 
detailed assessment of designs, equipment specifications and construction practices 
with a view to recommending appropriate standards. A second workshop should 
review the study team's findings. Follow-up activities should include training, further 
workshops, and publications. 

5. 	 To ensure a lasting impact on rural electrification in Central America, the prospects 
for establishing a regional rural electrification institute should be analyzp,°. A study 
should be undertaken to specify the functions of such an institute and provide a 
detailed blueprint for it. The Institute's functions may include a wide range of 
planning, research and development, technical aszi.stance and training activities. 
Support will then be given to the formation of such an Institute, as necessary. 
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L INTRODUCTION AND BACKGROUND
 

PURPOSE 

Background 

The report of the National Bipartisan Commission on Central America (Kissinger Report) 
outlines a long-term U.S. policy to support social, economic, and democratic 
development of the region. One aspect of the region's socio-economic and political 
situation to which the Kissinger Report gave particular emphasis was the generally poor 
economic status of its rural areas, citing low productivity, unacceptable living 
conditions, and the disproportionately small percentage of economic wealth that is held 
by the region's rural populations. The report recommends that strategies developed to 
deal with the region's problems include measures to improve the economic and social 
standing of the rural sector. The U.S. Congress adopted the report's recommendations 
with legislation known as the Jackson Plan, included in the FY 1986-87 foreign assistance 
authorization bill and proposed a comprehensive program of rural electrification in 
Central America as a part of a rural development strategy for the region. Public Law 
(PL) 99-81, Section 716 states, "It is the sense of the Congress that funds appropriated 
for the fiscal years 1986 and 1987 should be used for a comprehensive rural 
electrification program in Central America in order to establish conditions of stability 
and a foundation for economic development." 

In April 1985, the U.S. Agency for International Development (AID) contracted with the 
National Rural Electric Cooperative Association (NRECA) to conduct a rural 
electrification study in five countries-Costa Rica, El Salvador, Guatemala, Honduras, 
and Panama. The study was to determine the status of rural electrification in the region 
and the leading issues and potential for future efforts. In November, during the study, 
Belize was added after the AID Mission expressed its interest in including Belize. At 
AID's request, NRECA coordinated its research and field visits with a Central America 
energy study being carried out by the Los Alamos National Laboratory (LANL) in New 
Mexico. NRECA also provided LANL with regular updates of data collection and 
analysis. 

The underlying purpose of the Central America Rural Electrification Study (CARES), as 
suggested by the quoted sense-of-the-Congress statement, is to form a foundation for 
selecting appropriate policies and investments in the rural electric subsector of the 
region. While th impetus for this activity is AID's, CARES is not necessarily a precursor 
to a large rural electrification investment program for AID. The study is generally 
neutral on the issue of which organizations should fund and execute future activities 
suggested by the survey. Indeed, it is hoped that CARES will result in follow-up by a 
variety of public, as well as private, organizations. 

lIn this report, unless stated otherwise, references to the terms "Central America" or 
"Central American region" correspond only to the countries of the region that are 
considered in the study: Belize, Costa Rica, El Salvador, Guatemala, Honduras, and 
Panama. 
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Why ruralelectrification? 

A widely held tenet of economic development theory is that economic growth is greatly 
dependent on the growth of productivity in the agriciltural and agro-processing sectors. 
Countries that fail to make the most efficient use of their agricultural resources are 
usually those which are the slowest to develop just as countries which are poor in vital 
resources, such as water and arable land, encounter the greatest incidence of chronic
 
poverty.
 

However, the means of accelerating agricultural productivity, and rural development in 
general, are less clear. Constraints may involve technological backwardness, the lack of 
off-farm employment opportunities, poorly functioning markets for agricultural inputs 
and products, and a range of environmental, cultural, social, and political obstacles. 
Rural underdevelopment often results from a combination of these and other constraints. 

Central America exhibits an interesting spectrum of rural progress. The region includes 
one of the wealthiest rural economies in the Latin America and Caribbean (LAC) region,
Costa Rica, and one of the poorest, Honduras. The political systems are generally 
democratic, but these range from a model of liberal, constitutional government in Costa 
Rica, to others that until only recently were controlled by the military establishment. 
The region is also comprised of a rich and contrasting mixture of indigenous and western 
cultures. The quality and distribution of infrastructure and means of production is quite 
uneven, as is the functioning of rural marketing systems. In short, the welfare levels and 
potential of the region's rural populations are not uniform, but vary from country to 
country and among different areas within individual countries. 

There are also significant commonalities among these countries. Together they form an 
important geographic link between the Americas and are bound by mutual interests of 
trade, communications, and natural resource development and conservation. Each has a 
significant balance-of-payments (BOP) problem, and all have suffered from serious 
economic decline in recent years. Most are deeply in debt. With the exception of Costa 
Rica, each has a comparatively large, impoverished rural and urban slum population, in 
contrast to a fairly wealthy minority. 

Rural electrification, or more accurately, the lack of it, is one of the most striking
 
symbols of this disparity in the region, primarily in Guatemala, El Salvador, and
 
Honduras. The vast majority of rural populations of Central Americc. z_-e without
 
electricity. The combined population of Guatemala, El Salvador, and Honduras is
 
17.1 million, of which 11.8 million have no access to electricity. Over 90% of the rural 
populations in these three countries lacks electricity; for the six countries as a whole, 
only 16% of rural residents have electricity. 

The discovery and use of electricity was an integral part of the industrialization process 
which occurred a century ago in Europe and North America and is universally viewed as 
an essential need in mudern society. Not surprisingly, it is also a high priority among the 
rural poor in today's developing countries. Just as it spearheaded the rural development 
program of the R Josevelt years in the United States, rural electrification has been a 
cornerstone of rural development in several developing countries, as has been 
documented in AID evaluations of projects in the Philippines, Bangladesh, and Costa Rica 
over the past two decades. Electrification has been a successful investment because it 
provides many benefits: 

* It reduces drudgery on the farm and in the home. 
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* It increases crop yields and value-added through improved irrigation, processing, and 

storage. 

* 	It increases efficiency and labor productivity in agriculture. 

" It expands off-farm employment opportunities needed to draw off unproductive 
agricultural labor by increasing the range of service and home enterprises that are 
possible and by attracting new industry to rural areas. 

" It improves health standards by improving water-supply and water-purification 
methods, and to run electrical health-care equipment as well as store vaccines and 
medical supplies used in rural clinics. 

" 	It enhances education and social life through improved lighting and the use of
 
electrically operated learning and entertainment equipment.
 

" 	It contributes to national integration through improved telecommunications. 

Rural electrification has become an important initiative in many other countries because 
it symbolizes modernization and brings hope to the rural poor. It is a very tangible way 
of sharing a nation's wealth and its economic future with underpriveleged rural 
populations. 

Any one of the benefits that has been associated with rural electrification might be 
sufficient to justify investment in electricity supply. Properly planned and executed, 
rural electrification can result in all of them and thereby resolve many of the social, 
economic, and even political constraints to development. 

Rural electrification could make an important contribution to Central America's 
economic recovery because the region depends heavily on the rural sector for its well
being. One-quarter of GDP and over two-thirds of its export earnings, not counting 
service-oriented Panama, comes directly from agriculture. Since the Food and 
Agriculture Organization (FAO) estimates that commercial energy use in agriculture 
must grow by Z% for every 1% increase in agricultural output, rural energy supply is thus 
a significant concern in the region's economic future. 

Moreover, the majority of Central America's populations are located in concentrated 
agricultural communities, meaning that the per capita cost of distributing electricty 
could be low. In large areas of Africa, by contrast, this is rarely the case. Central 
America also has the richest hydropower resource in the world in proportion to landmass, 
meaning that there is a very cheap source of energy available, whether used for 
centralized or decentralized electrification strategies to serve these populations. 

This report discusses the causes for the lack of electrification in rural Central America, 
how rural electrification can contribute to the U.S. policy goals of social, economic, and 
democratic development, and what should be done. 

Objective 

The objective of the CARES was to assess several basic issues that can help define the 
status of rural electrification in the region and its relationship to the present crisis: 

* What are the financial conditions of the region's utilities and do these conditions
 
contribute to national foreign indebtedness?
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" 	What are the potential consequences of presently authorized or proposed power
supply projects and rural electrification investments in terms of the utilities'
 
financial status and regional economic problems?
 

" 	Are there organizational constraints to effective rural electrification in the region, 
including obstacles to the participation of the private sector, and what measures are 
needed to remove these obstacles? 

* 	What practical alternatives might mitigate the adverse impact of current power 
supply and rural electrification policies, programs, and projects on the region's BOP, 
or improve the overall financial performance of the utility systems? 

* 	What measures can be taken to expand the political and economic benefits of rural 
electrification to strengthen its contribution to productive economic or social 
development in the region's rural areas? 

As outlined in the final chapter of this report, the study concludes with recommendations 
on the issues and follow-up activities. 

SCHEDULE AND STRUCTURE OF CARES 

Schedule 

The study consisted of threc- stages: 

" 	Stage 1. Beginning in April 1985, a Z-month desk study was performed to collect and 

review current economic, energy and rural development information available at 
NRECA, the Inter-American Development Bank (IDB), the World Bank, and other 
institutions for the first five countries considered in the study. The team developed 
more detailed objectives for the study, and assembled additional engineering, 
economic and financial data requirements to be sought from national utilities, 
municipals, private companies and cooperatives involved in the process of rural 
electrification in the region. Discussions were held with LANL to reach agreement 
on how to coordinate the two studies. 

" 	Stage Z. The field work stage of the CARES proved to be a logistical challenge for 
the team, given the broad scope of the study, the limited amount of time--which 
averaged less than Z weeks in each country-and travel restrictions due to guerilla 
activity in two of the couutries, El Salvador and Guatemala. Country visits were 
made to each of the six countries to conduct interviews, gather written documents, 
and assess the status of, and potential for, rural electrification. Preliminary 
meetings were held with AID Missions and AID's Regional Office for Central America 
Programs (ROCAP) staff to discuss the objectives of CARES and make arrangements 
for other in-country meetings and trips to the field. The team's visits to the initial 
five countries took place over the period June 9-August 10, 1985; the trip to Belize 
was conducted in late November. At AID's request, the field visits and in-country 
meetings were coordinated with the LANL team to the greatest extent possible. Exit 
briefings were held with AID staff to review the key issues and findings of the study. 

* Stage 3. Data analysis and report writing began in late August and was completed in 
December 1985, at which time a draft of the report was submitted to AID for review 
and comment. 
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The team which undertook the research, analysis, and drafting of this report consisted of 
seven individuals: Alberto Val, Team Leader; Bard Jackson, Engineer; Paul Clark and 
Guy Stallworthy, Economists; Philip Costas, Financial Analyst; a d Jeffrey Mullaney and 
Silvia Torres, Survey Researchers. 

Summary of field activities 

Prior to the arrival of NRECA team members in each country, local in-country 
researchers were contracted and began collecting financial, engineering, and economic 
data. This process was completed when the team members visited the countries. In each 
of the six countries, interviews and visits were conducted with national energy-sector 
institutions, the national utility, and various smaller utilities, including municipals, 
private companies, and cooperatives involved in rural electrification. In some of the 
countries, case-study information was collected that illustrates the problems and 
benefits of rural electrification. Annex A summarizes the field portion of CARES, 
including the major institutions contacted and field investigations undertaken. 

Report structure 

This report deals first with the subject in a regional perspective, in Chapter II, and then 
presents an overview of rural electrification in each country, in Chapters ]I-VIII. In the 
country overviews, the study first frames rural electrification in the context of national 
priority needs, and then assesses the institutional and technical approaches which are 
being employed in each country to meet these needs. Considerable attention is paid to 
the broader energy/power sector institutional and policy environment, since the central 
questions the study was to address involve basic energy and power issues in the region. 

Chapter IX, Analysis and Conclusions, answers these questions by summarizing the 
findings of the country assessments. Chapter X presents the team's recommendations for 
follow-up activities. The annexes include a summary of field activities, a list of field 
contacts, and a bibliography, along with lists of definitions, abbreviations, acronyms, and 
conversion factors. 
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IL REGIONAL OVERVIEW 

CRITICAL ISSUES 

Introduction 

Since the turn of the decade, Central America has become an area of critical focus for 
U.S. foreign policy. Revolutionary socio-economic and political trends over the last
 
several years have thrown the region into what the Kissinger Commission termed in its
 
January 1984 report to the President a "genuine and acute" crisis. Central America has
 
become one of the most potentially explosive regions in the world today, with guerrilla
 
warfare or border tensions affecting every country except Panama.
 

The chief causes of the present crisis that are commonly cited are external ones. Ignited 
by the 1973 oil shock, a series of adverse economic trends, culminating with the severe 
debt crunch of 1982-83, are held mainly responsible for the region's economic decline 
after 1980. These trends included an unprecedented rise in interest rates between 1977 
and 1981 which had a crushing effect on large borrowers, a deep economic recession 
beginning in 1981 and lasting over 2 years, and the general decline in the value of 
developing countries' currencies and main export products relative to those of their 
industrial trading partners. 

In addition to these adverse economic trends, however, internal structural imbalances 
pose a serious threat to the long-term stability of the region. The first of these is the 
fragility of the region's political and administrative institutions. The Governments could 
not have foreseen all the problems, but they nevertheless chose to postpone inevitable 
cuts in domestic consumption that were in order. Tough decisions on price subsidies were 
deferred, for example, by turning to foreign capital markets to finance deficits. 
Decisions on the use of the loan proceeds were also not always prudent, notably in the 
energy sector. The planning and investment decision process remains weak, although 
there are extremely capable professionals working in the various government institutions 
who are open to new ideas. Unfortunately, the depressed salary scale throughout the 
region acts as a strong disincez:tive to these individuals to remain in government and deal 
aggressively with the problems. Finally, the underlying political uncertainty, combined 
with corruption in government, undermines the political and moral will to resolve these 
institutional problems, 

The second general area of structural imbalance is the more dangerous matter of 
economic inequities between rich and poor th-t are rooted in the region's historical social 
structure. The disparity of wealth between the poor of El Salvador, Guatemala, and 
Honduras and the empowered minorities may be as great a threat to the region's socio
political future as is its $10 billion-plus foreign debt. Central America is a land of 
tremendous natural and human productive potential. It is therefore more difficult to 
justify the poverty which is pervasive in the rural areas of the region than in, for 
example, the economically stricken but resource-poor Sahelian region of Africa. Yet, 
the economic future of the rural populations in countries like El Salvador, Guatemala, 
and Honduras may continue to go ignored, for the most part, even more now with the 
economic decline of the last several years and the preoccupation of the Governments 
with the crisis and its symptoms. 

While the region's donor organizations, including AID, must direct their main effort to 
equipping the region's countries to deal fiscally and monetarily with the economic crisis, 
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it is equally clear that they must also directly address these structural problems, which 
primarily means addressing the needs of the poor rural majorities in these countries. 
This study seeks to identify the appropriate role and form of rural electrification in 
strategies which are being developed to deal with both the external and internal 
implications of the crisis. 

The crisis 

The oil price increases of 1973-74 and 1981 dealt a staggering blow to the region's trade 
equilibrium and, consequently, its entire economy. In 1972, petroleum imports 
represented less than 4% of the total value of imports to the region. In 1974, they 
jumped to over 10% of total imports, and by 1982 they rose to 23%. Despite large 
investments over the past decade throughout the region to develop indigenous energy 
resources, oil imports as a share of export earnings in the region have actually increased 
to approximately 24% in 1984. 

Simultaneously, two global recessions spawned by disruptions in the energy market, 
accompanied by worsening terms of trade for the region's traditional agricultural 
exports, deeply eroded foreign-exchange earnings needed to finance the growing oil
import bill. Prices for the single most important export, coffee, fell sharply in 1978 and 
remain relatively low. At its peak in 1975, 1 ton of coffee was worth 148 bl of oil on the 
world market; in June 1985, it was worth just 104 bl. Similarly, in 1975 the export of 
1 ton of sugar would buy 42 bl of oil; in June 1985, it would buy just 2.15 bl. Overall, the 
region's trade deficit increased from $270 million in 1972 to over $1 billion in 1982. 
Table 2.1 is a summary of BOP and Table 2.2 shows the value of petroleum imports as a 
percentage of total exports for the past few years. 

Like much of Latin America and the rest of the developing world, the countries in the 
region resorted to borrowhg in order to finance the widening trade gap and the economic 
consequences of the energy crisis. Fiscal and trade deficits soared, and each country
began borrowing heavily abroad. For example, between 1980 and 1984, average central
government deficits ranged from 4.3% of GDP in the case of Costa Rica to 9.4% for 
Honduras (see Table 2.3). From 1980 to 1983, the six countries took in over $6 billion in 
new foreign borrowings. As is now well known, borrowing at these levels to cover the 
deficits fueled inflation and helped to bring about currency devaluations. 

Not surprisingly, the region's total outstanding foreign debt has swelled from $1.3 billion 
in 1974 to $10.6 billion in 1983. This may seem small compared to Brazil's $80 billion 
debt or Argentina's $25 billion debt, but the region's economies are also appreciably 
smaller. Brazil and Argentina have per capita debt figures of $819 and $615, 
respectively, whereas Costa Rica and Panama have per capita foreign debts of $1392 and 
$1493, respectively. The 1983 debt service payment for the region came to $1.4 billion, 
a burden which represented 36% of export earnings (50% in the case of Costa Rica).
While interest rates have lessened since 1981, they remain at historically high levels. 
The region's debt service burden is expected to reach its peak in 1987, when it is 
projected to exceed $2 billion. 

The recent economic recovery in the Organization for Economic Cooperation and 
Development (OECD) countries has helped to raise Central America's export earnings to 
finance this burden, but the ongoing economic crisis has already reversed a decade of 
development gains. After high growth rates for more than 20 years, the average per 
capita GDP of the five countries (excluding Belize) fell from $1374 to $1230 between 
1980 and 1981 (see Table 2.4). When adjusted for the effects of terms of trade, real per 
capita GDP has fallen at least 30% since 1978. 
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Table Z.1. BOP Summary (US$ Millions)a 

1979 1981 198Z 1983 1984 

Belize 
Total merchandise imports 131.9 149.7 145.4 1Z3.0 n/a 
Net petroleum imports 16.6 25.7 2Z.8 ZZ.4 n/a 

(13%) (17%) (16%) (18%) 

Costa Rica 
Total merchandise imports 1,Z57.0 1,088.8 805.0 893.6 1,002.4 
Net petroleum imports 168.4 180.5 168.0 157.0 151.3 

(13%) (17%) (Z1%) (18%) (15%) 

El Salvador 
Total merchandise imports 953.7 898.4 778.1 830.9 900.0 
Net petroleum imports 113.3 167.9 157.9 N/A N/A 

(12%) (19%) (20%) 
Guatemala 

Total merchandise imports 1,401.8 1,544.2 1,Zll.1 1,056.6 1,134.6 
Net petroleum imports Z54.9 344.3 Z41.5 195.7 Z40.6 

(18%) (2Z%) (ZO%) (18%) (21%) 

Honduras 
Total merchandise imports 783.2 898.6 641.3 760.7 844.1 
Net petroleum imports 112.8 161.1 168.7 14Z.6 157.5 

(14%) (18%) (Z6%) (19%) (19%) 

Panama 
Total merchandise imports 1,078.4 1,469.5 1,496.3 1,353.0 1,334.3 
Net petroleum imports 319.4 415.4 399.2 263.3 N/A 

(30%) (28%) (Z7%) (19%) 
o 

0 
aSource: Economic Reports for Costa Rica, El Salvador, Guatemala, Honduras, IDB, 1984 and Panama
0tructural Change and Growth Prospects, IBRD, 1985. 

< Source: Economic and Social Progress in Latin America 1985 Report, p.441, 1DB, 1985. 
I cSource: Economic Memorandum on Belize, World Bank, October 1984, data were for fuels imports. 
<. dPreliminary. 
(D N/A: not available 
:E 



Table 2.2. Total Value of Merchandise Importsa, Value of Net Imports of Petroleum and 

Derivativesb, 1979, 1981-84 (in US$ Millions and as a Percentage) 

1978 1979 1980 1981 198Z 1983 1984b
 

Belize 
Current account n/a -9.5 -9.3 -10.4 -25.8 -19.0 n/a
Merchandise trade balance n/a -40.9 -38.9 43.0 -54.4 -45.3 n/a
Exports n/a 91.0 110.8 119.0 91.0 77.7 n/a
Imports n/a 131.9 149.7 162.0 145.4 123.0 n/a
Balance of services n/a 15.7 13.2 14.1 11.0 8.5 n/a 

Costa Rica
 
Current account -363.3 -559.0 
 -663.0 -407.4 -Z76.3 -316.5 -392.9
Merchandise trade balance -185.5 -315.5 -373.4 -86.4 64.0 -ZZ.4 -37.9
Exports 8 941.5 1,001.5 1,00Z.4 8-69.0 871.Z 964.5 
Imports 1,049.4 1,257.0 1,374.9 1,088.8 805.0 893.6 1,002.4
Balance of services -194.4 -Z55.7 -304.0 -348.1 -374.2 -359.1 -434.3 

El Salvador 
Current account -285.8 21.4 30.6 -250.5 -143.3 -73.3 -117.1
Merchandise trade balance -148.8 T7___ 178.8 -100.4 -114.7 -95.5 -139.1
Exports 801.6 1,13Z.3 1,075.3 798.0 6 735.4 7-0.9 
Imports 950.4 953.7 896.5 898.4 778.1 830.9 900.0 
Balance of services -188.4 -Z08.6 -197.1 -Z10.5 -189.5 -Z1.2 -230.0 

Guatemala
 
Current account 
 -264.2 -204.9 -163.9 -580.7 -357.2 -226.4 -210.4
Merchandise trade balance -184.9 -180.0 47.0 -Z54.1 -8Z.1 34.2 18.5
Exports 1,097.5 1,ZZ1.8 1,518.9 1,Z90.1 1,129.0 1,090.8 1,153.1
Imports 1,28Z.4 1,401.8 1,471.9 1,544.2 1,211.1 1,056.6 1,134.6
Balance of services -194.7 -151.6 -320.6 -417.4 -334.2 -291.Z -Z54.9 

Honduras 
Current account -157.4 -191.6 -316.7 -30Z.6 -Z15.1 -2Z5.5 -252.0 
Merchandise trade balance -Z8.4 -_6__ -103.7 -114.8 -3.9 -66.5 -78.3
Exports 626.1 757.0 850.3" 783.8 637.4 694.Z 765.8
Imports 654.5 783.2 954.0 898.6 641.3 760.7 844.1
Balance of services -146.2 -185.8 -234.6 -Z15.4 -239.3 -Z03.4 -244.7 

Panama
 
Current account -170.1 -340.0 265.4 -414.Z -440.0 -183.8 -Z10.0

Merchandise trade balance -471.9 -625.4 
 -816.3 -976.0 -1,008.1 -916.3 -910.1 
Exports 385.8 413.0 5Z6.0 493.5 488.2 436.7 424.2 
Imports 857.7 1,078.4 1,34Z.3 1,469.5 1,496.3 1,353.0 1,334.3
Balance of services 304.0 Z71.1 538.2 53Z.2 534.7 691.5 650.1 

aData for 1978-1981 were taken from the following sources: 
Costa Rica: Economic Report-Costa Rica, p.7 Inter-American Development Bank (IDB), October 1984.
 
El Salvador: Informe Economico-El Salvador, p.11, DB, October 1984.
 
Guatemala: Informe Economico-Guatemala, p.18, IDB, October 1984.
 
Honduras: Informe Economico-Honduras, Appendix 3, IDB, November 1984.
 
Panama: Panama-Structural Change and Growth Prospects, p.184, The World Bank, February 1985.
 
Data for 1982-1984 for all countries except Belize were taken from Economic and Social Progress in Latin America 1985
 
Report, DB, 1985. 
Data for Belize: Economic Memorandum on Belize, World Bank, October 1984. 

bPreliminary estimate. 
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Table Z.3. Central Government Overall Surplus or Deficit by Country (% of GDP) 

1970 1980 1981 1982 1983 1 98 4 aCountry 

Belize n/a -Z.4 -3.9 -9.7 -9.3 n/a 
Costa Rica 0.1 -8.Z -3.6 -3.0 -3.5 -3.3 
El Salvador -1.6 -6.7 -8.Z -7.7 -3.6 -3.3 
Guatemala -1.3 -4.7 -7.4 -4.7 -3.3 -3.6 
Honduras -3.1 -8.0 -7.7 -9.7 -10.5 -11.0 
Panama -4.8 -6.0 -5.0 -6.6 -5.2 -5.2 

apreliminary estimates. 

Source: Economic and Social Progress in Latin America, Inter-American Development
 
Bank, 1985; data for Belize from Economic Memorandum on Belize, World Bank, 1984.
 

Table 2.4. Per Capita GDP, 1960, 1970, 1980, 1984 (US$)a 

Country 1960 1970 1980 1984a 

Belize n/a n/a n/a 980 b 

Costa Rica 956.9 1313.1 1765.9 1565.4 
El Salvador 609.5 793.4 855.0 707.9 
Guatemala 841.4 108Z.8 1413.2 1194.3 
Honduras 536.0 640.1 745.5 663.1 
Panama 884.0 1546.9 Z089.0 ZOZ1.7 

apreliminary estimate. 
b 19 8 3 figures. 

Source: Economic and Social Progress in Latin America 1985 Report, Inter-American 
Development Bank, 1985; data for Belize are from, Economic memorandum on Belize, 
World Bank, 1984. 

The rural areas, already underdeveloped and poor, have been hit particularly hard by the 
crisis. Of a total population in the six countries of Z1.8 million, some 1Z.4 million (57%) 
live in rural areas (see Table 2.5), where per capita GDP is even lower than the average, 
and basic amenities such as health care, roads, schools, water supply, and electricity are 
often lacking. 

Agriculture and rural underdevelopment 

Agriculture is the leading productive sector in the region, contributing significantly to 
each country's GDP and exports, and employing Z8%-55% of the labor force (see 
Table Z.6). But the agricultural sector also has the lowest productivity in the economy, 
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Table 2.5. Area, Total Population, Rural Population, and Average Annual Population
 
Growth Rate
 

1983 Average annual 
growth rate of 

Total total population 
Area z population Rural population for 1970-84 

Country ('000 km ) (millions) (millions) () (%) 

Belize 22.9 0.15 0.07 48 2.0
 
Costa Rica 50.9 2.4 1.1 45 z.6
 
El Salvador Z0.9 5.2 3.0 58 2.2
 
Guatemala 108.9 7.9 4.7 60 2.9
 
Honduras 112.0 4.0 2.5 62 3.2
 
Panama 77.0 2.1 1.0 47 2.5
 

Total 392.6 21.8 12.4 57 2.7 

Source: Economic and Social Progress in Latin America 1985 Report, Inter-American 
Development Bank, 1985; data for Belize from Economic Memorandum on Belize, World 
Bank 1984. (Note: average annual growth rate for Belize is for the period 1970-83.) 

Table 2.6. Labor Force by Sector (%) 

Country Agriculture Mining Manufacturing Construction Others 

Belize (1980) 30.7 n/a 30.3 n/a 39.0 
Costa Rica (1983) Z7.7 0.4 16.0 5.4 50.5 
El Salvador (1983) 40.1 0.2 13.8 4.6 41.3 
Guatemala (1980) 55.4 0.1 14.9 5.6 24.0 
Honduras (1982) 54.1 0.4 13.0 4.2 28.3 
Panama (1980) 33.7 0.1 10.8 6.9 48.5 

Source: Economic and Social Progress in Latin America, Inter-American Development 
Bank, 1985; Population Census of the Commonwealth Caribbean, Caribbean Community 
Secretariat. 

and the highest levels if underemployment. It is not surprising that rural incomes are 
notoriously low in Central America. Recently, a combination of declining external 
demand for the region's traditional agricultural products and internal pricing policies to 
maintain subsidies for food staples have seriously depressed rural incomes. There are 
also fundamental structural problems. With the exception of Costa Rica, agricultural 
productivity has remained low despite the economic gains of the 1960s and 1970s. 
Another long-term threat, which will keep productivity down, is the rapid deterioration 
of the natural resource base-soil, water, and forestlands-taking place because of a lack 

12 Regional overview 



of watershed-management and resource-conservation efforts. Finally, the traditional 
socio-cultural environment throughout much of the region has worked to the 
disadvantage of the politically powerless campesinos (rural dwellers) who for centuries 
have supplied an inexpensive source of manual labor for the all-important agricultural 
export sector. 

Energy clearly has a leading role in most strategies that could be devised to deal with the 

rural sector, since the lack of commercial energy has contributed to watershed 

degradation and low productivity levels, and since the provision of affordable 
commmercial energy supplies can have a tremendous impact on the living environment, 

day-to-day workload, and future outlook of the underprivileged rural class. 

Response to the regional crisis by multilateral development banks and donors 

The U.S. Government and multilateral development banks are devoting increasing levels 

of capital to the region, concomitant with its economic crisis and heightened political 

significance in world affairs. U.S. assistance to the region, through traditional AID 
programs and other programs, may total as much as $8 billion during FY 1986-90. All of 

the major donors and lenders, including AID, the World Bank, and the IDB, stress common 

themes in their strategies and project lending in the Central American region: 

o 	 Priority is given to stimulating new capital inflows to the region to counter the 
negative resource flow that has drastically reduced the investment capacity in the 
region. Major bilateral and multilateral agencies recognize the need to take a lead 
role in this, as private-sector banks reduc- their exposure in the area. Nevertheless, 
lending strategies will attempt to leverage private capital, both in loans and direct 

foreign investment, to the extent possible. The IDB, for example, stresses the need 

to attract direct foreign investment and multilateral loans to replace private bank 
loans. The World Bank is diversifying from its traditional infrastructure loans into 
structural adjustment loans and sector loans to bring about policy change. 

o 	Export promotion is seen as the key to restoring external equilibrium while resuming 
GDP growth. Traditional agricultural exports must be supported, while at the same 
time promoting diversification into nontraditional agricultural and other products. 
Policy tools include realistic exchange rates, specifically targetted investments, 
reviving the Central American Common Market (Mercado Comun de America 
Central, CACM) and improving access to traditional markets (such as through the 
Caribbean Basin Initiative). 

o 	Donors will encourage policies to reduce fiscal deficits, through both formal
 
adjustment programs and other loan negotiations. Such efforts usually involve
 
reducing or eliminating subsidies on basic foods and on public services such as
 
electricity. The public-sector role in the economy is coming under intense scrutiny.
 

o 	 In general terms, development strategies are to be outward-looking and create an
 
environment in which the private sector, both local and foreign, may develop.
 

AID's regional strategy addresses three goals identified by the Kissinger Commission: 
economic stabilization, resumed growth, and improved equity. Reflecting AID's interest 
in strengthening regional institutions, much of its strategy is to be carried out through 

organizations such as the Central American Bank for Economic Integration (Banco 
Centro Americano para Integracion Economica, CABEI), CACM, the Central American 
Institute for Business Administration (Instituto Centroamericano de Administracion de 
Empresas, INCAE), and the Central American Institute for Research and Industrial 

Regional overview 13 



Technology (Instituto Centroamericano de Investigacion y Technologia Industrial, 
ICAITI). 

The short-term goal of economic stabilization is to be met by stimulating capital inflows, 
particularly through CABEi, and by revitalizing intra-regional trade. The CACM had 
been a major vehicle for growth during the 1960s, and to a lesser extent during the 
1970s. By 1983, however, political turmoil and foreign-exchange shortages reduced 
intra-regional trade from $1130 million in 1978 to just $650 million. The CACM will be 
assisted in boosting annual intra-regional trade back-up to the $1 billion level, and a 
Central American Joint Venture company will be established. AID will also devote a 
large share of its resources directly to the stabilization effort, through BOP support in 
large doses of Economic Support Funds (ESF) and PL 480 funding. 

The longer-term goal of economic growth is expected to be led by exports. To this end, 
AID development projects will be designed to remove obstacles such as lack of 
investment capital and technical expertise in nontraditional exports. Emphasis will also 
be placed on efforts to improve agricultural and industrial productivity, and on 
management of natural resources and energy (such as deforestation, soil quality, and 
watershed management). This will include energy conservation and efficient, rural 
energy systems. 

Finally, AID will address equity goals by improving rural infrastructure, such as energy, 
roads, and housing, and through small-farmer appropriate-technology programs and social 
services, such as health and education. 

The private sector figures prominently in the strategy pursued by AIM and the 
multilateral lenders for the region. Key inputs of capital and technology will be sought 
from private sources. Policy dialogue will stress the importance of creating a positive 
legal and incentive environment for foreign and local private investment in exports and 
infrastructure. And even in the equity elements of AID's strategy, private initiative-
mainly through the development of cooperative enterprises-is seen as an important 
ingredient to raising economic standards in rural areas. The potential for cooperative 
enterprise development involves not only the business of farming and associated 
processing enterprises, but also could extend to infrastructural inputs, for example, 
housing, energy, and credit. 

ENERGY AND RURAL ELECTRIFICATION: AN INTRODUCTION TO THE ISSUES 

The organizational aspects of rural electrification in Central America and other issues 
dealing with supply options and the benefits of rural electrification are briefly introduced 
in the balance of this section. These themes will he encountered repeatedly in the 
individual country assessments which follow, and will form the basis of the study's 
conclusions in Chapter IX. 

Rural electrification and the organization of the energy sector 

Since at least the early 1970s, Governments and development agencies have been aware 
of the importance of energy in national economic planning and development. Energy, in 
one form or another, is a key factor in every sector of the economy. The oil crises 
dramatically illustrated the need to plan for energy: assessing available resources, 
analyzing and forecasting needs, setting objectives, and designing a plan to meet them. 
Institutions must be supported or designed to ensure that this planning takes place within 
the overall development strategy established by the Government. 
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In Central America, some progress has been made toward establishing a basis for national 
energy planning, partly as a result of the efforts of multilateral and bilateral 
development agencies. Yet there remains a complex situation of competing 
responsibilities among organizations involved in energy. Typically, several central 
institutions are involved, but the national electric utilities generally have primary 
responsibility, and the strongest influence on policy, for both electric power and rural 
electrification. Yet many of the utilities are neither equipped nor motivated to deal 
comprehensively with the needs of rural electrification. In short, most have approached 
rural electrification as an afterthought. 

The result is that the rural electric subsector has not been effectively integrated with
 
the overall energy sector and the rest of the economy. Since in most of the countries
 
there is no specific organization to champion it, rural electrification has become a
 
political orphan. Thus, rural electrification has not been used to its best advantage. One
 
of the consequences of this general lack of interest is that the full range of rural energy
 
sources and options for their exploitation have not been fully investigated. Expansion
 
plans and investment programs that have been selected were often not the best solutions,
 
from the perspective of national economic priorities and development goals.
 

Rural electrification planning also suffers from an inadequate database, itself a 
consequence of poor institutional development in the sector. Although much progress has 
been made in collecting and processing data on electricity demand, consumption, and 
sales, there is still a need to strengthen capabilities in this area. Hydrologic information 
(such as precipitation, run-off analysis, water quality, flow-duration curves, 
sedimentation) is essential for hydropower planning, but is often either lacking or 
dispersed among several organizations. Much remains to be done in assessing the 
potential for renewable and alternative energy technologies, and in disseminating the 
information among those who need it. 

Institutional weakness of the utilities 

Electric utilities that are engaged in rural electrification suffer from a number of 
administrative weaknesses regarding facilities, organization and skills, and staffing. 

Facilities 

The effectiveness of electric utilities is often hampered by the fact that their office 
facilities are scattered and inadequate. This leads to major problems of coordination and 
communications. Field staff, typically serving large and inaccessible areas, often lack 
such essentials as vehicles and fuel. Operations and maintenance staff frequently lack 
the necessary tools and measuring equipment, one consequence of which is high energy 
losses because of a shortage of detection equipment. Administration suffers from a lack 
of basic office equipment and materials. 

These weaknesses result in poor customer services in general, cumbersome 
administration, difficult operations and maintenance, and, all in all, needlessly high 
costs. 

Organization and skills 

In some countries, there is no central office with qualified staff to implement rural 
electrification programs, while others have small coordinating offices for specific 
projects. Personnel often lack the opportunity to develop their capabilities in rural 
electrification management, design standards, construction methods, and productive-use 
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programs. Training is needed in all of these areas. In some cases, this problem results 
from a lack of concern for rural electrification and a lack of appreciation for its impact 
on social and economic development. 

Staffing 

Electric utilities' need for training is compounded by a "brain drain" problem. As a result 
of the general economic situation, salaries have been declining in real terms, and mid- to 
upper-level management either move to the local private sector or leave the country. 
Experience is thus lost and is difficult to replace. This also results in higher costs when 
outside technical assistance is required. 

Alternative institutional approaches to rural electrification 

In Central America, as in most developing countries, there are legal constraints on 
private generation and sale of electricity. State-owned power companies generally 
monopolize the generation and sale of electric power, dating back to the enactment of 
laws whiclh transferred control of power facilities from foreign and local firms to the 
state. Current law typically does not permit private individuals or companies to sell 
electricity to tI'e general public, or to generate electricity for their own consumption 
beyond cartain capacity limitations. 

This monopoly has had a negative impact on rural electrification because of the 
companies' bias toward urban electrification and conventional practices. These large, 
centralized institutions have generally not been suited to the task of implementing and 
administering rural electrification programs, apart from their general lack of interest in 
the subject. With few exceptions, the utilities' concept of rural electrification has been 
to electrify only the more urbanized and industrial load centers in rural areas, not the 
agricultural communities and farms. Similarly, household connections among the poor 
are infrequent. Thus, during the field portion of the CARES-particularly in El Salvador, 
Guatemala, and Honduras-the team soon realized that the term "rural electrification" is 
subject to interpretation in Central America, a point which should be remembered when 
reading statistical data presented in the following chapters. 

Although some private electricity companies continue to operate, particularly in Costa 
Rica and El Salvador, private-sector institutional approaches are therefore more the 
exception than the rule. Even these are somewhat tentative. The concessions of private 
power companies operating in El Salvador are expiring and will probably not be renewed. 

Given the successful experience with privately run power-generation and distribution 
systems in Costa Rica and other countries, a fundamental question is whether the private 
sector should take a larger, rather than diminished, role in rural electrification in 
Central America, and what alternative approaches to rural electrification and rural 
power commerce should be supported. 

These alternative decentralized approaches could include rural electric cooperatives and 
other types of consumer or community-owned power enterprises that have been very 
successful in Costa Rica. They could include private energy producers from small diesel, 
hydropower, or biomass plants to sell energy to licensed utilities or powerplants. Also, 
mechanical energy provided by small powerplants based on hydropower, wood, biomass, 
and other renewable energy technologies could be implemented on a private, 
decentralized basis to meet small-scale agro-processing and industrial energy needs in 
remote areas. Many small-hydropower plants were installed throughout the region as 
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long ago as the turn of the century; some have fallen into disuse, although many continue 

to provide reliable service. 

Rural electrification and the financial crisis 

The relationship of rural electrification to the region's financial crisis is a central issuein this study. First, despite relatively high tariff levels in most of the countries,electricity supplied by state-owned utilities is generally subsidized in rural areas.However, rural electrification has had only a minor effect on the financial status ofthese utilities since very few rural electrification projects have been implementedwhen they have been, concessionary loans have usually been acquired 
and, 

to finance them. 

More to the point is the fact that comparatively low consumer density in rural areas hascreated a financial disincentive to the utilities to promote rural electrification that inturn has resulted in low connection and consumption rates and, therefore, low financialreturn on investment. This keeps tariff rates high, since costs are largely fixed, whichitself discourages demand. The financial problems the utilities have encountered withrural electrification programs are therefore at least partly self-fulfilling. It is criticallyimportant to identify ways to break this vicious cycle before large-scale electrification
is undertaken in countries like Honduras. 

There is also a supply-side dimension to the relationship. Large sums--mostly in foreigncurrency-have been expended in power-sector investments in recent years which areprincipal elements of some countries' foreign debt. Additional large investments arecontemplated-mainly for large-hydropower projects and associated power transmissionsystems--for which financing may not be available, according to recent analysis by theWorld Bank. The Governments of the region are faced with the problem of going deeperin debt or scaling back investment plans. The latter option could defer ruralelectrification programs that are needed to raise agricultural productivity, among otherthings. Less costly electricity-supply solutions are therefore needed in the region for
future rural electrification to succeed.
 

Technical approaches to power-supply and rural electrification 

Typically, rural electrification in Central America and in other countries has involvedextending the power lines of the large central utilities from the urban areas to rural loadcenters. Just as the focus is on serving the towns and larger loads in the rural areas, thedesigns, construction standards, and procedures are more appropriate to urban ratherthan rural needs. Construct;on tends t o be very expensive, and the facilities are costlyto maintain. In turn, high costf lead to the belief that rural electrification is noteconomically viable or that it is a luxury that developing countries cannot afford. 
The standard power-supply option for Central America for the last 15-20 years has also
been quite conventional, based primarily 
on large-scale hydropower. Each of thecountries under consideration, with the exception of Belize, has implemented, or is closeto completing, major hydroelectric projects. These projects have generally dominatednational investment budgets, have usually encountered cost overruns and delays, and havecontributed mightily to the region's public foreign debt. But the biggest problem hasbeen the surplus of energy that these projects have created during a period of economicdecline. The countries continue to make loan payments while waiting for demand tocatch up with supply. In response, the utilities with surpluses are hoping to exportelectricity to other countries. Although regional interconnection would permiteconomies, and will therefore be pursued, it is constrained by political and financial

difficulties among the countries. 
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and other energy-supplysuch as small hydropower, biomass,
Nonconventional approaches, 

The utilities' lack of experience with these 
options, have received insufficient attention. 

to consiIer small powerplants uneconomical, although this can 
technologies has led them 

Small systems offer the advantage of 
be largely attributed to the approach employed. 

flexible in reacting to 
reduced construction lead time, thus enabling planners to be more 

changes in demand trends, and they offer economies in transmission and distribution. 

These technologies are also economically attractive at a time of external economic 

more use to be made of local resources. Much of the 
disequilibrium because they permit 

cost associated with conventional approaches to rural electrification is derived from the 

On the other hand, local industrial capabilities
need to import materials and equipment. 

already present in renewable power equipment such as hydropower turbines and basic 
are 

found that, in most of the countries, 
electrical material. During the field trip, the team 

the necessary skills, resources, and workshop facilities exist to manufacture crossflow,
 
wood poles,
 

Pelton, and Francis turbines, penstocks, and distribution equipment such as 

and a similar potential for biofuels power generation systems. 

generally failing to realize the potential advantages of 
Utilities in Central America are 

low-cost, rural energy-supply approaches. 

and load developmentProductive uses 

Rural electrification in Central America has suffered from a general problem of low 
Perhaps

demand, particularly for income-producing or "productive" uses of electricity. 


the countries under consideration have access to
 
40% of the ZZ million people in 

as 7% (Guatemala).
In rural areas of these countries, the figure is as low

electricity. 
are undertaken, low disposable income and the 

Even where rural electrification programs 
minimal number of connections, primarily for 

high cost of connection result in only a 
are the utilities uninterested for 

higher-income household electrification. Not only 


financial reasons, but customer service (maintenance, meter reading, billing, and
 

a major administrative burden in rural areas where
 
collection) has become 

communications 
are poor. 

Low disposableas are consumer usage rates.
The connection rate is therefore low, 


incomes to pay for household connections, appliances, and energy result in household
 

as 7-15 kWh/month.
consumption levels as low 

A proven way of increasing connection and demand levels is to stimulate productive uses 

raise the disposable income of residential consumers 
of electricity, since productive uses 

These uses rarely develop spontaneously, especially in the relatively poor and 
over time. 

that are the target of rural electrification.underdeveloped areas 

uses will require close coordination of rural electrification 
The stimulation of productive 

consumer education, and agricultural extension 
with other rural development plans, 


activities to demonstrate the advantages and uses of electricity, and credit assistance,
 

among other things.
 

18 Regional overview 



Ji, BELIZE 

GEOGRAPHY AND DEMOGRAPHY 

Geographically the second smallest Central American nation, Belize possesses a 
favorable natural resource base which, although relatively undeveloped, is subject to 
little population~pressure. Belize's 22,970 km of land area has an average population 
density of 7/km , the lowest in Central America and one of the lowest in the world. 
Total population is 162,000 and has grown at an average annual rate of 2% over the past 
several years. Although the natural rate of population growth is hign (3.4%), emigration 
is also very high and creates a significant deficit of skill..I workers in Belize. 

Belize has three major geographical regions: the northern lowlands, the southeastern 
coastal region, and the south-central mountain region. The fertile northern lowlands are 
the primary agricultural lands and the most densely populated (see Fig. 3.1). Sugarcane 
grows abundantly in the Orange Walk and Corozal Districts. The southeastern coastal 
strip is the second most populated region and consists primarily of swampland. The 
central-south mountain region, accounting for some 40% of the total land area, is mostly 
forested and sparsely populated. At higher elevations of the Cayo and Orange Walk 
Districts, large areas have soils suited to rotation cropping or pastureland. 

Persons ocr square kiiometer 

0 10 50 !00 200 

0 26 130 259 518 
Persons noersquare ryle 

Fig. 3.1. Population density map. 
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The Belizean climate favors plant and livestock, but frequent flooding in the south 
prevents continuous cultivation. Annual average rainfall varies from 1250 mm in the 
north to 4500 mm in the south, with the main rainy season falling from June to October. 
Belize posesses many streams, rivers, and fresh-water lagoons; several springs and some 
artesian wells provide water for domestic and livestock use in the foothills along the 
Mexican and Guatemalan borders. 

Until the last two decades, the primary land use in Belize was forest exploitation for 
export. Since the 1960s, however, lanL. use has rapidly shifted to cultivation of sugar and 
citrus for export, as well as subsistence crops, including beans and rice. Private land 
ownership is highir skewed in Belize, with 95% of the land owned by 7% of the 
landholders. The Government has been introducing laws and tax modifications to deal 
with p-oblems of idle land and land speculation since the 1960s. 

ECONOMIC AD DEVELOPMENT CONTEXT 

Socio-economic indicators give a mixed picture of very favorable conditions in some 
areas contrasting with problems in others. Literacy is 92%, the highest of the six 
countries, and per capita GNP was $980 in 1983. Income distribution is the most 
equitable in Central America. Average life expectancy is 67 years and infant mortality 
is 30/1000 live births, with malaria constituting an increasingly serious health problem. 
Slightly more than one-half of the population is urban and concentrated in Belize City 
and six other towns. Of the rural population, one-half lacks access to potable water, and 
29% of the households had access to electricity in 1980. 

Belize is currently beset with a familiar duo of economic problems: slow economic 
growth and chronic fiscal deficit. In the 1960s and 1970s, real GDP grew, on average, by 
4.5%-5%/year '-r about 2.5% in per capita terms) because of growth in the sugar 
industry, resurgence of the banana industry, and the creation of new import-substitution 
and export industries. Excessive reliance on sugar, however, has become a problem for 
Belize's small, open economy. The international recession and the fall in sugar prices
that began in 1980 initiated an economic downturn. GDP stagnated in 1981, fell by 6% in 
198Z, and grew by only 1%-Z% in 1983 and 1984. Consequently, the Government has 
faced reduced tax revenues. As Belize's terms of trade worsened, the current-account 
deficit grew from 7% of GDP in 1979 to 16% in 198Z but had improved by 1984 because 
of increases of citrus and garment exports. The 1982 debt crisis contributed to the 
economic deterioration, decimating Belize's reexport trade with Mexico, which had been 
increasingly important. 

Significant domestic structural problems are now hindering the country's potential for 
economic growth. First, a lack of diversification in productive sectors makes the 
economy vulnerable to the world price of sugar and U.S. sugar quotas. Sugar production 
accounts for approximately 20% of GDP, with sugar and molasses together representing 
56.4% of all exports (1981-83). However, there is great potential in agriculture, 
livestock, fishing, agro-processing, and tourism that has yet to be tapped. Furthermore, 
failure to diversify in the agricultural sector, which the World Bank considers the most 
important factor in economic development in Belize, constrains the country's small, 
agriculturally based manufacturing sector. 

A second factor limiting growth is inadequate infrastructure. In particular, electricity is 
expensive and unreliable, the road system and port facilities are poor, and there is a lack 
of skilled labor. The Government is focusing on improving the electricity sector as well 
as shifting emphasis in the transportation sector from construction of major highways to 
rural access roads. 
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The deficit of the consolidated public sector, which has more than doubled since 1980 to 
reach 8.0% of GDP in FY 1983, has recently been a major impediment to development in 
Belize. As the public sector's financial status began to deteriorate over the past few 
years, it was not met with measures to reduce current expenditures, salaries in 
particular, or increase revenue to offset the declining tax base. 

However, the main cause of this chronic fiscal instability was the worsening operating 
deficit of eight nonfinancial enterprises, attributable in part to reduced revenues and 
increased fuel costs. In 1983, the Belize Electricity Board (BEB) alone accounted for 
about half of the operating deficit of all public-sector enterprises. The Government has 
been required to cover the operating deficits as well as contribute equity to these 
enterprises, although their financial situation has improved in recent years. 

An IMF stand-by arrangement undertaken in April 1984 required significant increases in
 
taxes as well as electricity and water rates. These measures helped reduce the overall
 
public-sector deficit to 3.7% of GDP in FY 1984, but reduced revenues will probably
 
prevent sustained improvement.
 

Borrowing by parastatals has made management of the public external debt more 
difficult, with debt-payment arrears reaching $6 million in 1984. Although service on the 
$70 million debt was still relatively small in 1983, it has been increasing as concessional 
loans are replaced by capital borrowed at commercial rates. Debt service is projected by 
the World Bank to grow from 4% of total export earnings in 1983, to 12% by the early 
1990s. 

A serious consequence of the fiscal deficit is reduced investment for development. 
Public investment declined by 45% between 1979-83. Government expenditures for 
development in 1983-84 were, according to AID's Country Development Strategy 
Statement (CDSS), "far below the level necessary for expansion of Belize's social and 
productive infrastructure." Substantial investment is needed to break the infrastructure 
bottleneck to growth, as well as to provide training needed to reorganize public 
institutions and provide skilled labor to productive sectors. 

Current policies 

The World Bank and AID believe that the Belizean Government's development policy of 
export-oriented growth is essentially sound. It gives priority to the agricultural sector 
and cultivation of nontraditional crops fo export; focuses on improving the country's 
inadequate infrastructure, in particular the transportation and power sectors to provide 
rural access roads and efficient energy; -nd provides for fiscal adjustment in the public 
sector and reforms to make the BEB financially self-sufficient. However, the World 
Bank cautions that these development plans require greater public savings and inflows of 
external capital. Public savings equivalent to 5% of GDP, if attained in the next few 
years, would only be enough to meet half of the needed investment. 

AJID's strategy 

In the short term, AID's development strategy addresses the need for fiscal stabilization, 
especially by addressing the structural causes of the Government's chronic fiscal 
deficit. Thus, in 1985, ESF were used to reform the consolidated, nonfinancial public 
sector through management reorganization and capital expansion. AID's strategy is also 
to apply development assistance resources to develop the private sector, boost 
nontraditional exports and tourism, diversify production away from sugar, and expand 
rural transport infrastructure. 
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Throughout 1985 and up to June 1986, AID BOP assistance to Belize will be $13 million, 
contingent on, among other things, improvements in BEB's management and financial 
performance. AID also plans to grant $500,000 for a project to assist the Government in 
formulating a national energy plan, which will complement the technical assistance 
components of the fiscal stabilization efforts. 

ENERGY SECTOR 

Statistics on the overall energy balance are not available in Belize. Nevertheless, it is 
clear that the country is dependent on imported fuels not only for transportation but also 
for virtually all public and private power generation. 

Although no systematic resource inventory has been carried out, Belize is apparently well 
endowed with indigenous energy resources that could provide alternatives to current 
dependence on diesel. The most serious constraint to their development is the lack of 
indigenous technical expertise to plan projects and disseminate information on renewable 
technologies to potential users. 

Hydropower is perhaps Belize's greatest natural energy resource, and has been 
extensively studied since 1952 by consulting firms and technical-assistance missions. 
Recent activities have included those of U.N. consultants, a Taiwanese firm, Peace 
Corps Volunteers (PCVs), a partnership of U.S. engineering firms, and Norwegian 
consultants. Some attempts have been made to document the small scale potential, 
particularly by PCVs assigned to the BEB. The Meteorological Department began to 
systematically collect hydrologic data in 1)80 and recently received funds from the 
Caribbean Development Bank (CDB) to install additional gaging stations. 

Other renewable energy resources in Belize include wood, bagasse and energy cane, wind 

and solar power, peat and wood wastes (see below, Power demand and supply options). 

Organization 

The organization of the energy sector is shown in Fig. 3.2. In practice, the Ministry of 
Energy and Communications (MEC), which has overall responsibility for the sector, is 
severely understaffed and lacking in technical expertise in the field. As a result, it 
usually defers to the national electric utility; but BEB has been unable to carry out 
effective planning in the power subsector, let alone in the entire energy sector. There is, 
therefore, a noticeable lack of coordinated planning in the energy sector. 

In 1980-82, the United Nations Development Program (UNDP) provided advisors to work 
with MEC and BEB to establish a framework for national energy planning. Their 
September 1982 draft report was never completed or approved by the Cabinet. The 
Energy Planning Unit that they proposed has not been set up, and the Inter-Ministerial 
Energy Planning Committee has been inactive. 

AID intends to address this problem in its energy planning project, obligated for FY 1986
87. The project plan will be developed in detail early in 1986. In this project, AID is 
planning to put together an interdisciplinary, interorganizational energy planning team. 
Representatives from MEC and BEB will be joined by two staff members from LANL and 
others to be provided by AID, which will provide a grant of $500,000 for the project. 

BEB and Ministry officials expect that this project will provide medium- and long-term 
technical assistance leading, above all, to the development of local institutional 
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capabilities in the field. Given that a proposed World Bank project, which is discussed
 
later in this chapter, will address long-term power supplies, they anticipate that the
 
overall energy balance and the rural areas will receive due emphasis in the AID planning
 
project.
 

House of Representatives 

Cabinet 

Ministry of Finance Ministry of Energy and Communications 

---------------------- Belize Electricity Board 

Fig. 3.Z. Organizational chart of Belize's energy sector. 

POWER 

BEB is a publicly owned company established in 1950. The Ministry of Finance has one 
ex-officio representative on the Board, as does the City Council. The remaining five 
Board members are appointed by MEC, although the Board selects its own chairman. In 
August 1985 the BEB had a total of 340 employees, of whom 79 were in administration, 
98 in production (or generation) and 163 in transmission and distribution. Fig. 3.3 shows 
the organizational chart of BEB in 1985. 

The BEB has a legal monopoly on electricity generation, distribution, supply, and sale 
within areas designated by the Minister of Energy and Communications. Due to its 
limited coverage and unreliable supply, however, many private and community-based 
entities also operate their own powerplants. Private electricity supply is reported to be 
found in most of the communities not served by BEB. BEB and MEC recognize that they 
are unable to provide service to large numbers of communities and do not oppose the 
provision of service in such areas by private individuals, community associations, and 
cooperatives. 

BEB's installed capacity of Z5.7 MW consists entirely of diesel generators, listed in 
Table 3.1. BEB estimates that, in addition, the installed capacity of privately owned and 
operated generators totals about 13 MW. With the exception of ZZ kV lines between 
Belize City and Ladyville and from Belmopan to San Ignacio, the electricity systems in 
Belize are all isolated (see Fig. 3.4). 

Generating costs of Bz$ 0.Z2/kWh for fuel and lubricants alone can be calculated from 
Table 3.2. If interest on capital equipment is included, the cost is at least 
Bz$ 0.30/kWh. These costs are unnecessarily high, however. In 1985, International 
Executive Service Corps volunteers assigned to BEB found that proper loading of 
generators in the Belize-Ladyville system alone would result in fuel savings of 
Bz$ 500,000/year; reduction of system losses to 10%-12% would save a further 

Belize Z3 



Board of Directors 

Manager/Board
 
Secretary
 

General Manager Consultants 

Operations[ Financial Controller 

Cas 

ie B 

Fig. 3.3. Organizational structure of the BEB. 



BEB headquarters above a store in Belize City. 

Table 3.1. Generating Facilities of BEB, 

Installed 
Number capacity 

Station of units (kW) 

Belize City 3 8,400 

Ladyville Z 5,860 

Subtotal 5 14,Z60 

Belmopan/San Ignacio 6 3,190 
Corozal 4 2,450 
Orange Walk 4 2,450 
San Pedro 4 1,130 
Caye Caulker 3 360 
Dangriga 3 858 
Punta Gorda 4 1,046 

Total 33 Z5,744 

Source: World Bank and BEB. 

1985 

Firm Peak 
capacity demand 

(kW) (kW) 

n/a n/a 

n/a n/a 

9,000 7,750 

1,950 1,600
 
1,560 1,0Z0
 
1,560 1,080
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Bz$ 1.3 million; replacement of damaged PV cells that control street lights on one Belize
 
City feeder, at a cost of just Bz$ 450, would save approximately Bz$ 5Z00 in fuel alone.
 
While significant improvements have been made, a recent distribution system study found
 
energy losses in the Belize City-Ladyville system amounting to 18.5%, of which 4.9%
 
were considered technical and 13.6% nontechnical. Nontechnical losses alone are thus
 
estimated to amount to Bz$ Z.1 million for fuel or Bz$ 4.Z million in lost revenue.
 
There is clearly great scope for reducing the annual fuel and lubricants budget of
 
Bz$ 11-12 million.
 

Table 3.. BEB Electricity Generation, Sales, and Fuel Costs 

Losses/gross Fuel and 
Gross generation Sales Losses generation lubricants 

Yeara (MWh) (MWh) (MWh) (%) (Bz$ in millions) 

1981-82 56,788 41,455 11,669 Z 9.6 
1982-83 64,798 48,547 13,542 21 10.8 
1983-84 65,502 46,288 16,575 25 11.9 
1984-85 66,622 51,196 12,609 19 11.3 

aThe BEB financial year ends March 31. 

Source: Belize Electricity Board. 

77,, 

Installation housing a 110 kW diesel generator operated by BEB to 
serve the island of Caye Caulker. 
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The effects of high supply cost go beyond the high tariff charged to BEB consumers, the 
consequent constraint to economic development, and the impact on the Government's 
fiscal deficit. From 1982 to 1984, diesel imports for electricity generation accounted, on 
average, for 4.2% of retained imports and 12.1% of the trade deficit. Electricity 
generation also consumes 20% of imported lubricants, as well as spare parts and 
equipment from abroad. The failure to develop Belize's indigenous energy resources thus 
contributes significantly to the country's external imbalance. 

Financial status 

BEB's current electricity tariff is Bz$ 0.43/kWh (US$ 0.215/kWh), for all consumers and
 
levels of consumption. Authority to set tariffs is vested in the Minister of Energy and
 
Communications.
 

In spite of the relatively high tariff, the BEB has incurred substantial financial losses 
during recent years and until very recently could be considered insolvent. The external
 
audit report indicates that for the year ending March 31, 
 1984, the BEB experienced an
 
operating deficit of Bz$ 
6.2 million, or Bz$ 0.13 per kWh sold, and sustained a decrease in 
working capital of Bz$ 6.0 million. Total assets of BEB amounted to Bz$ Z0.4 million,

while oustanding long-term debt (external and internal) amounted 
to 	Bz$ 33.7 million. 
Distribution system energy losses were 23% of energy generated, about twice the
 
standard level for electricity utilities with BEB's operating characteristics.
 

AID has funded the services of a senior management and financial consultant to work
 
with BEB for a period of two years, from September 1985. The advisor has been able to
 
secure the Government's approval of a plan to restructure BEB's finances. 
 AID had
 
conditioned disbursement of $13 million of ESF on such an agreement. 
 The absence of 
such a settlement had also held up World Bank funding for the power sector, which is a
 
high priority for the Government.
 

The plan involves these basic elements: 

* 	The Government will convert Bz$ 23.8 million of BEB debt to equity on BEB books as 
of March 31, 1985. 

* 	The Government, the City of Belize, and the Water and Sewage Authority will reduce 
their billing arrears for electricity to not more than 60 days, the proceeds of which 
will be used by BEB to reduce its short-term external indebtedness. 

* 	The Government will continue to service BEB's external long-term debt totalling 
Bz$ 21.1 million as of March 31, 1985. No interest will be charged by the 
Government or be accrued by BEB. Any surplus cash or accounts receivable from the 
Government after retiring BEB's short-term debt will be applied to assisting the 
Government in servicing BEB's external long-term debt, which consists of
 
Bz$ 6.1 million to the CDB, 
Bz$ 8.9 million to B. Ashworth and Co. (Overseas) Ltd., 
England, Bz$ 4.0 million to a consortium of local banks, and Bz$ 2.0 million to 
Barclays Bank. 

ITrade figures are from the Central Statistics Office, together with the analysis that 
51.2% of diesel consumption is for electricity generation. 
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For the year ending March 31st 1985, operating and overhead expenses were reduced by 
Bz$ 3 million, revenue was increased by Bz$ 4.5 million, and the deficit for the year 
reduced to just Bz$ 0.01/kWh sold. Long term debt was reduced under the above 
agreement to Bz$ 16.9 million. 

Power demand and supply options 

Table 3.3 gives details of public-service electricity consumption. It shows that 
commercial and industrial users account for approximately 57% of consumption, while 
households account for 37%. The national average for residential electricity 
consumption, over 1000 kWh/year, is modest, although higher than either Guatemala, 
El Salvador, or Honduras. Geographically, this consumption is highly concentrated in the 
Belize City/Ladyville District, as indicated in Table 3.4. 

Peak demand on the whole system is presently about 13 MW and forecast to increase to 
17 MW by 1990. Major planned investments by Coca Cola may involve fruit-processing 
and refrigeration facilities in Belize that require an additional 13 MW around 1995. It is 
not yet clear whether this load will be located in Orange Walk, Belize City, or both. The 
World Bank power project (see below, Future Plans) is expected to provide for diesel
based generating capacity to meet demand until about 1993. Thereafter, however, the 
need to both reduce the dependence on diesel and provide for increased demand will 
require substantial investments in alternative supply options. 

mi .............
 

The Northern Fishermen's Cooperative, a major productive consumer 
of electricity on Caye Caulker. 

A number of alternative supply options have been presented to the BEB and the Belizean 
Government. The possibility of interconnecting all the isolated systems and importing 
power through a transmission link with Mexico has been studied. At present, small 
quantities are purchased to serve loads close to the border la the north. Mexico offered 
ZO MW of power at $0.10/kWh, but plans have not proceeded, partly because of the scale 
of investments needed to build the transmission intertie. 
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Table 3.3. Public Service Electricity Consumption and Number of Customers 

Item (%) 
1982 

(MWh) (%) 
1983 

(MWh) (%) 
1984 

(MWh) (%) 
1985 

(MWh) 

Electricity sales 

Residential 
Commercial and industrial 
Street lighting 

36 
58 

6 

14,966 
24,002 

2,487 

36 
58 

6 

17,253 
Z8,382 

2,965 

37 
57 

6 

17,270 
Z6,391 

2,639 

nia 
n/a 
n/a 

Total 100 41,455 100 48,600 100 46,300 51,200 

Growth (%) (22) 17 (4) 11 

Average number of customers 

Residential 
Commercial and industrial 

16,367 
2,337 

16,027 
2,851 

16,551 
2,682 

17,006 
2,563 

Total 18,704 18,878 19,233 19,569 

Growth (%) 3.2 0.9 1.9 1.7 

Average consumption (kWh/year) 

Residential 
All customers 

910 
2,220 

1,080 
2,570 

1,040 
2,410 

n/a 
2,620 

Source: Belize Electricity Board. 



Table 3.4. Energy Sales by District for FY 1985 

Sales Sales 
District (MWh) (M) 

Belize City/Ladyville 33,634 65.7 
Belmopan/San Ignacio 6,714 13.1 
Orange Walk 3,697 7.2 
Corozal 2,983 5.8 
Dangriga 1,513 3.0 
San Pedro 1,468 Z.9 
Punta Gorda 935 1.8 
Caye Caulker 252 0.5 

Total 51,196 100.0 

Source: Belize Electricity Board. 

Hydropower projects have also been studied, but despite Belize's rich potential, no 
projects have been impleiaented. One reason is that they have usually been too large, 
requiring initial capital investments that the country cannot afford and costly 
transmission to link scattered load centers. A recent example is the proposal for two
phased development of hydropower on the Macal River. In Phase I, a 15 MW plant would 
be constructed, together with 52 km of 115 kV transmission to Belmopan ani further 
transmission to Belize City. In Phase II in 1997, a dam with a Z35 million m reservoir 
would be built, and 5 MW of capacity would be added for transmission to Belize City. 
Capital requirements would be $53.5 million for Phase I and an additional $60.4 million 
for Phase I. Peak demand on the Belmopan-San Ignacio system, some 13.5 km from the 
proposed site for Phase I, is just 1.6 MW. Thus, a much smaller project could meet local 
demand and place a much smaller burden on Belize's precarious fiscal and financial 
situation. However, the BEB lacks the technical capacity to study such options. 

Small hydropower, from a few kilowatts up to 1 MW, may also be an attractive option for 
serving small, isolated loads. The CDB is interested in financing pilot micro-hydropower 
projects in the Cayo District, pending the results of feasibility studies recently carried 
out. 

Belize also has vast areas of unexploited forestland that could be used to meet energy 
needs, although the environmental impact of such potential projects should receive more 
attention than has been the case to-date. A joint-venture proposal has been submitted to 
the BEB by a U.S. company to install a Z0 MW biomass (wood and wood-gasification) 
plant near Ladyville, together with a transmission line to Belmopan. BEB would contract 
to purchase a minimum of 50 GWh/year-an amount equivalent to total BEB sales last 
year--at a price of $0.10/kWh (Bz$ 0.Z0/kWh). The plant would require acctesz to 
Z0,000 ha of pioneer vegetation in initial years, together with 10,000 ha for planting 
rapid-growing fuelwood. 

Other energy resources include sugarcane wastes (bagasse) and new varieties of cane 
grown specifically for energy. Nearly Z5,000 ha are currently planted with sugarcane,
mostly in the northern Corozal and Orange Walk Districts, and over a million tons are 
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harvested in normal years. The realization of this energy potential could be particularly
advantageous to the local sugarcane industry, which is in a crisis because of world
 
market conditions.
 

On a smaller scale, there is also potential for solar photovoltaic (PV) and wind systems tomeet isolated loads. PV units of 40-400 W are currently being used for navigational aids,
rural communications, and even rural residential lighting. A local solar equipment
supplier believes that the technology has great potential for rural electrification, village
water supply, and communication and transportation applications, but that the major
constraint limiting its widespread development is that credit is unavailable. In at least 
two cases--St. George's Caye and San Pedro, on Ambergris Caye--individuals have
installed small wind generators to serve household and commercial activities. PCVs 
assigned to the BEB have begun to gather data, and the initial findings reportedly suggest
great potential along the coast and throughout Belize's many iiands. 

Studies have also indicated potential for commercial exploitation of peat deposits, while
sawmills in the Cayo District are reportedly interested in replacing diesel generators
with wood-chip boilers. 

The proposed World Bank-funded feasibility studies for long-term power supply will
probably address at least the options of interconnection with Mexico, wood fuels and
hydropower. Choices among technologies are complicated by questions such as the
optimal degree of interconnection of Belize's scattered local centers, the related choice
between centralized and decentralized generating facilities, the risks associated with
long-term demand forecasting, financial constraints, and national security
consideratio,. It is said, for instance, that the Government wishes to avoid dependence
on Mexico foi power. Since the BEB could encounter difficulty raising financing for 
power investments, there is also the question of what role private capital should play,
which involves legal and institutional issues. Questions such as these place power-sector
supply options in the broader context of energy planning and its coordination with
national economic development policies-hence the importance of AID's Energy Planning
Project. 

RURAL ELECTRIFICATION 

The present degree of household electric service is indicated in Table 3.5. Although 48%
of the population lives in rural areas, a World Bank study estimates that only 29% of the

country's 15,000 rural families has access to public electricity supplies. Since public

electricity service is primarily limited to the major towns, rural electrification in Belize
 
consists largely of private auto-generation. A 1982 U.N. study reported that self
generation was extensive in every district, and listed a large number of agricultural,
agro-industrial, household, and community-based generating systems, virtually all of
which operate diesel generators. As many as 30% of houses not served by BEB werefound to operate televisions from car batteries. This indicates a relatively high degree
of ability and willingness to pay for electricity in rural areas. 

The major problems associated with bringing electricity to approximately 11,000 rural 
households that do not have it are the low average population density of 7/km2 
nationwide and the related absence of major loads in these areas. In addition, however,
the issues discussed below are crucial to rural electrification and rural energy supplies in 
general: 

* 	Because of its chronic insolvency, BEB cannot raise investment capital to expand

service to rural areas, even where communities lie quite close to existing lines.
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Table 3.5. Household Electricity Service by District, 1985 

Households Households 
Number ot served without 

District Populationa households (number) (%V) electricity 

Belize 53,800 10,350 8,740 84.4 1,610 
Cayo 26,500 5,100 2,710 53.1 Z,390 
Orange Walk Z5,800 4,960 1,790 36.1 3,170 
Corozal 26,800 5,150 1,890 36.7 3,Z60 
Toledo 13,300 Z,560 450 17.6 Z,110 
Stann Creek 15,900 3,060 1,060 34.7 Z,000 

Total 162,100 31,180 16,640 53.4 14,540 

aPreliminary figures for 1985. 
bAssuming 5.Z people per household. 

Source: Belize Electricity Board. 

" 	BEB's extraordinarily high tariff, equivalent to US$ 0.215/kWh, limits connections and 
consumption growth in the system even where BEB lines exist. This explains the 
considerable number of properties that lie next to BEB distribution lines and yet do 
without electricity or even, in some cases, operate their own diesel generators. 

* The absence of national energy planning and the lack of in-country technical 
expertise have led to a failure to develop renewable, indigenous energy resources and 
a dependence on diesel to serve isolated rural loads. As indicated above, Belize has 
good potential in a number of renewable energy technologies for rural areas. In 
addition to biomass and bagasse, these include micro- and mini-hydropower and wind 
and solar power. 

" 	FinaJly, BEB's financial problems and inability to further expand its service areas 
result in both a need and an opportunity for developing other institutional forms of 
rural electrification. There are already a number of rural electric services based on 
cooperatives and other community organizations, but these have developed in an ad 
hoc fashion and lack access to the resources and information required to convert from 
diesel to more reliable and inexpensive energy sources. 

Future plans 

Future plans for rural electrification in Belize depend on the outcome of the World Bank 
and AID-supported energy and power planning efforts. Agreement on steps to resolve 
BEB's financial crisis has allowed preparation of the now long-delayed World Bank project 
to proceed. The project is still in the appraisal and preparation stage, but loan 
negotiations will begin shortly. Total project cost of $13.9 million is expected to be 
provided as follows: $7.5 million from the World Bank, $3 million from the CBD, 
$2 million from the Commonwealth Development Corporation, and $1.4 million from the 
Government of Belize. Interest during construction will be funded from BEB's own 

Belize 33 



cashflow. Physical and price contingencies are budgeted at $4.4 million. At present,

project components are expected to be the following:
 

" 	Diesel generators of 500 kW and 650 kW will be installed in San Pedro and Belmopan,
respectively. A 2200 kW unit, currently in use in Ladyville, will be rehabilitated and 
installed in Belize City. A small power station will be constructed in Punta Gorda 
using two units (260 kW and 300 kW) presently in San Pedro and Belmopan. In 
addition, two portable 1000 kW standby units will be provided to increase system 
reliability, and a spare parts inventory will be developed. Total cost for the 
generation component is expected to be $3.5 million. 

" Studies are currently under way to upgrade the distribution system. Approximately 
$Z.9 million will be allocated for this activity. 

" Equipment and tools will be acquired for operation and maintenance of generation and 
distribution facilities, including 14 vehicles, at a cost of approximately $500,000. 

" A second senior advisor will be appointed by BEB, in addition to the Management and 
Financial Advisor already provided by AID, other technical assistance will be 
provided, and a detailed training program will be implemented. Total funds for 
training and technical assistance are estimated at $1.32 million. 

" Engineering services will be provided, including the distribution study already under 
way, at a cost of $6Z0,000. The objective of these services is to reduce both 
technical and nontechnical losses. 

" Finally, $660,000 is budgeted for studies to assess future electricity requirements and 
the feasibility of supplying them from renewable sources. Since the main purpose of 
the project is to upgrade the existing system and provide for generating capacity to 
meet its needs until about 1993, these studies will provide the basis for a possible 
follow-up project that will secure long-term renewable energy supplies. 

Summary of key issues 

Social and economic indicators suggest that Belize is relatively well off compared with
 
other countries of the region. Its further development is constrained, however, by fiscal
 
instability, a narrow productive base, and a lack of productive infrastructure.
 

Supply issues 

Energy is recognized as a key element in these constraints. The BEB has been the largest
single contributor to the operational deficits of public enterprises, with its losses 
amounting to 2.4% of GDP in 1983. Diversification of productive activities is 
constrained by the high cost (Bz$ 0.43/kWh) and unreliability of public power supplies,
and their unavailability in most rural areas. Diesel imports contribute significantly to 
Belize's external imbalance, with fuel for electricity generation alone accounting for 
some 12% of the trade deficit. 

In the short term, the costs of generating from diesel in isolated systems can be 
significantly reduced. The World Bank project will upgrade generation and distribution 
facilities, while training and technical assistance will improve management and 
operational efficiency. The project may not be implemented until 1987, however. 
Ongoing and planned projects offer a clear opportunity for AID to participate in the 
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crucial areas of training and technical assistance. The AID-funded management and 
financial advisor is already in place, and clearly having a significant beneficial impact. 

In the long-term, however, indigenous and renewable-energy resources must provide the 
key to inexpensive and reliable power supplies for both urban and rural areas. For 
central system generation, evidence suggests that there may be good potential for 
technologies that utilize water, wood, bagasse, and sugarcane. These should be among 
the options studied under the World Bank project. 

The future of rural electrification and of rural energy in general, must be viewed in 
connection with these short- and long-term power-sector issues. BEB will not be able to 
expand its distribution systems until its current crisis is past. In any case, the 
extraordinarily high cost of central power generation is a major constraint to rural 
electrification, in contrast to other countries of Central America where large 
hydropower projects have resulted in minimal marginal power costs. For smaller isolated 
loads, wind and solar power, and wood wastes should be added to the list of potential 
renewable-energy technologies to replace diesel. Their development will depend, 
however, on the resolution of problems similar to those that block renewable-energy 
development for central system generation-above all, the lack of in-country technical 
expertise. 

Institutional issues 

All of these issues should be addressed in light of broader Belizean policies for economic 
development. Yet, in the absence of strong in-country planning capability in the energy 
field, the Government and BEB will continue to be dependent on short-term consultants, 
equipment salesmen, and foreign investors for advice. The proposed World Bank-funded 
studies of long-term power-supply options will help address this problem. There will 
remain a need, however, for building an institutional capability within BEB and MEC for 
energy planning in a broader sense, especially for rural areas. 
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IV. COSTA RICA 

GEOGRAPHY AND DEMOGRAPHY 

Located between Nicaragua Io the north and Panama to the southeast, Costa Rica has a 
total land area of 51,000 km and approximately 2.4 million inhabitants, 45% of whom 
reside in rural areas (see Fig. 4.1). The population is growing at an average rate of 
2.6%/year. The country can be divided into three distinct regions: the Caribbean 
lowlands, the interior highlands, and the Pacific coastal plain. 

The Caribbean lowlands comprise about one-fifth of the country and extend along the 
Caribbean coast, from Nicaragua to Panama. The lowlands include portions of the 
provinces of Alajuela, Heredia, and Limon, and 20% of the total population. The area is 
characterized by tropical forests, lowland plains, and coastal swamps. 

The interior highlands are made up of four mountain ranges--the Cordilleras Central, 
Guanacaste, Tulran, and Talamanca--which run the entire length of the country, forming 
part of the continental divide. The central valley of the highlands is the most densely 
populated region of the country, holding approximately 75% of the total population. The 
valley includes the capital city of San Jose and the provincial capitals of Alajuela, 
Heredia, and Cartago. In addition to portions of Alajuela and Heredia, the highlands 
include parts of Guanacaste, San Jose, and Puntarenas Provinces. Coffee, the main 
export crop, dominates agricultural activity in this region, although there is a significant 
level of rural industry, including livestock and dairy. Basic food crops of corn and beans 
are also grown. 
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Fig. 4.1. Population density map. 
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The Pacific coastal plain is generally more arid than the other two regions, and is low in 
population and agricultural activity. Two large peninsulas, Nicoya in the north and Osa 
in the south, are characterized by sparse agriculture and beef cattle, rugged hills and 
small plains. Both peninsulas have mineral deposits, including gold in the Osa region. 

ECONOMIC AND DEVELOPMENT CONTEXT 

In comparison to the other countries of Central America, Costa Rica possesses stable 
democratic political institutions and a more balanced economic structure. Since the civil 
war of 1948, there have been eight presidential elections and a steady progression of 
constitutional government. In general, the population enjoys better health and education 
standards than its regional neighbors. The estimated life expectancy is 7Z years, the 
highest in the region. Infant mortality was 18.8/1000 live births in 1984, by far the 
lowest in the region, and the literacy rate was approximately 90% in 1981. Health care 
and education account for 20% of the national budget. 

The economy is based on agriculture and agro-industry, with coffee, bananas, sugar and
 
beef constituting over 60% of exports, yet agriculture employs only Z8% of the labor
 
force. The industrial sector, which since the late 1970s has contributed more than 20%
 
of the GDP, accounted for 24% of total export income and employed 16% of the labor
 
force in 1983.
 

Infrastructure is relatively well developed in Costa Rica, including health and 
educational facilities, potable water and sewage systems, transportation and 
communication facilities, and the wide availability of electric service. This helps to 
explain Costa Rica's comparatively high agricultural productivity levels. 

As with the other countries of the region, the 1960s and early 1970s were years of 
economic growth and prosperity. Costa Rica's real GDP grew at an average annual rate 
of 6.5% between 1960 and 1975, while unemployment and inflation were kept low. 
Agriculture and manufacturing were the main sources of growth. Although growth 
slowed thereafter, severe economic recession did not come until the early 1980s, with 
negative GDP growth of 2.3% in 1981 and 9.1% in 198Z. Expansionary fiscal policies 
resulted in public sector deficits of 13% of GDP in 1980-81. This cuiit'ibued to a 1982 
inflation rate of 90% and a six-fold devaluation of the colon by 1985. By 1981, the 
nation's external debt was becoming unmanageable. The debt service ratio, which had 
averaged 9% between 1976 and 1977, averaged Z1% between 1978 and 1980. By 1983, 
debt service represented over half of export e-.rnigs. 

Currentpolicies 

Since 1982, the Government has taken steps to stabilize the economy. These measures, 
which included removing some price subsidies and freeing the colon to find its value on 
the world currency market, were instituted largely in response to conditions imposed by 
the International Monetary Fund (IMF). Growth resumed in 1983 and 1984, although the 
BOP failed to improve and the external debt reached $3.5 billion by the end of 1984. 

In March 1985, the Government signed a new agreement with the IMF to strengthen the 
Government's fiseal position and to address the BOP situation. The Government sought 
to reduce thfe public-sector deficit, maintain flexible exchange-rate policies, reduce the 
current-account deficits to 9% of GDP, and increase the foreign-exchange reserves of 
the Central Bank. Thus, the finances of public-sector entities have come under 
increasing scrutiny. 
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The Government has adopted an optimistic view of the potential for economic recovery 
because it believes that exports and export markets will continue to grow and that there 
will be an increase in private investment. Its long-term strategy focuses on diversifying 
into nontraditional exports, such as cardamom seed and macademia nuts in the 
agricultural sector. The economy has, in fact, continued to improve, led by the recovery 
in the United States and other industrial nations. 

AiD's strategy 

AID's short-term strategy is to stabilize the economy. Its longer-term focus is to 
diversify the economy, particularly the export sector, and to increase the role of the 
private sector. AID's program will therefore be dominated in the near term by the 
provision of Economic Support Funds to bridge Costa Rica's fiscal and trade deficits, 
linked with policy dialogue aimed at continuing fiscal and administrative reform, price 
adjustment, reducing protection of domestically produced goods, and policies that 
promote private investment. AID is pursuing this program in coordination with the IMF 
and other assistance organizations that are involved in Costa Rica's stabilization and 
recovery program. 

This assistance program is in sharp contrast to AID's traditional support of infrastructure 
development in Costa Rica. Given the priority of macro-economic recovery in recent 
years, AID has been able to maintain only a very modest level of support for 
infrastructure projects, including those of the energy sector. In past years, AID took a 
lead role in rural electrification, for example, but it does not envision initiating any new 
projects in this area. However, AID has recently been involved in energy analysis and 
planning activities, such as examining and identifying cost-effective, indigenous energy
supply options that can address BOP pressures caused by petroleum imports. 

ENERGY SECTOR 

The most noteworthy facet of Costa Rica's energy situation is the relatively minor role 
hydroelectricity plays compared to its enormous availability. Costa Rica ranks first in 
the world in hydropower potential per unit of land area, and it is also comparatively 
wealthy in other nonfossil energy sources. While hydropower accounts for 99% of total 
electricity generation, electricity itself accounts for just 13% of total energy in Costa 
Rica. Therefore, the continuing heavy reliance on imported energy is particularly 
troubling in Costa Rica's case. A lesser but important and widespread problem is 
dependency on fuelwood for meeting energy needs in rural areas. In 1983, approximately 
75% of the total energy consumed was derived from these two sources. 

Costa Rica also shares with Honduras and Guatemala the short- to medium-term problem 
of a hydropower surplus, and over the longer term, the general question of financing 
power-sector expansion during a period when public investment capital will remain in 
short supply. Other key energy issues involve distortions in energy pricing and the need 
to supply energy to remote rural populations. 

The Government's most immediate energy-sector concern is the problem of petroleum 
imports. In 1983, over 43% of the total energy consumed was from petroleum, and it 
accounted for 62% of all commercial energy consumed. Most of this consumption (53%) 
was in the transport sector, but 23% oi petroleum consumption was for industrial and 
agricultural uses. For the same year, petroleum imports in Costa Rica represented 18% 
of all imports. 
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Fuelwood accounted for approximately 33% of the energy consumed in Costa Rica in 
1983. While this dependence is lower than that of El Salvador, Guatemala, or Honduras, 
the resultant ecological problems are nevertheless serious. An environmental profile
prepared for AID reported that in 1981, forest areas were disappearing at the rate of 
55,000 ha/year largely due to land clearing rather than fuelwood consumption. 

Organization 

The energy sector in Costa Rica is organized under the Ministry of Industry, Energy, and 
Mines (Ministerio de Industria, Energia, y Minas, MIEM). Under the guidance of MIEM's 
Subsector Energy Council are the Costa Rican Institute of Electricity (Instituto 
Costarricense de Electricidad, ICE), the National Electric Service (Servicio Nacional de 
Electricidad, SNE), and the Costa Rican Oil Refinery (Refineria Costarricense de 
Petroleo, S.A., RECOPE). Within MIEM, there is a study and planning unit, the Energy 
Subsector Directorate (Direccion Subsectorial de Energia, DSE), which is primarily 
involved in energy policy and strategy development. While in theory the DSE has the 
responsibility for energy planning, in reality the institutions with direct responsibility for 
administering the various energy subsectors, such as the power subsector, have taken the 
lead in establishing policies. Fig. 4.2. depicts the organizational structure of the energy 
sector.
 

Ministry of Industry, Energy, and Mines 

NRational Sectorial Counci Executive Secretariat 

(Planning) Sec toral Planning 

Energy Subsectorial Council Energy Subsecto Consulting Committee 
DirecorateCouncil of Industry 

Costa Rica Develop
ment Corp. 

ICE 
RECOPE 
SNE 

Technical Subsector Committee 

Fig. 4.2. Organizational chart of Costa Rica's energy sector. 

POWER 

The bulk power map shown in Fig. 4.3. shows an extensive, national power system. Of all 
the countries of Central America, Costa Rica, with 45% of its 1.8 million rural 
inhabitants electrified, has the highest percentage of total electrification and rural 
electrification in the region. 
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ICE, founded in 1949, is the national utility for power and telecommunication services. 
ICE has approximately 95% of the national installed capacity and provides over 90% of 
total electric generation. 

ICE is governed by a Board of Directors and administered by an Executive President (see
Fig. 4.4). Under the Executive President are a General Manager and Assistant Managers
for Administration and Finance, Electric Systems, Energy Development, and 
Telecommunications. Under the Assistant Manager of Electrical Systems, the
 
Department of Distribution and Electric Service has responsibility for planning and

implementing electricity distribution in the areas of the country that ICE serves.
 

Other companies that distribute electricity in Costa Rica include: the National Power 
and Light Company (Compania Nacional de Fuerza y Luz S.A., CNFL), a subsidiary of 
ICE; the municipal companies, Heredia Public Service Company (Empresa de Servicios 
Publicos de Heredia, ESPH) and the Administrative Board of Cartago Electric Service 
(Junta Administrativa del Servicio Electrico de Cartago, JASEC); and four rura. electric 
cooperatives, the Rural Electric Cooperative of San Carlos (Cooperativa de 
Electrificacion Rural de San Carlos, COOPELESCA), the Rural Electric Cooperative of 
Los Santos (Cooperativa de Electrificacion Rural de los Santos, COOPESANTOS), the
Rural Electric Cooperative of Guanacaste (Cooperativa de Electrificacion Rural de 
Guanacaste, COOPEGUANACASTE), and the Rural Electric Cooperative of Alfaro Ruiz 
(Cooperativa de Electrificacion Rural de Alfaro Ruiz, COOPLALFARORUIZ). The 
cooperatives, three of which were developed with AID assistance between 1965 and 1969,
purchase most of the electricity they use from ICE, although some also generate power
from small-hydroelectric plants. In addition, there is some 55 MW of privately owned
 
generating capacity in the country, including 1Z MW of hydropower and the balance
 
diesel. There are reportedly some 16 electricity companies in Costa Rica. Table 4.1
 
profiles the eight major utilities, while Fig. 4.5 shows their service areas.
 

Table 4.1. Retail Distributors of Electricity in Costa Rica, 1983 

Sales
Distributor Number of users (GWh) Service area 

ICE 153,000 701.0 nation-wide 
CNFL 204,000 1,204.9 metropolitan San Jose
ESPH 19,700 71.0 Heredia municipality
JASEC 27,500 98.0 Cartago municipality
COOPELESCAa 15,122 47.0 San Carlos area 
COOPESANTOSa 11,545 21.5 Los Santos area 
COOPEALFARORUIZa 2,006 3.Z Zarcero 
COOPEGUANACASTEa 14,Z78 36.0 Guanacaste 

Total 447,151 2,182.6 

a 19 8 Zdata. 

Source: Instituto Costarricense de Electricidad. 
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Headquarters of COOPEGUANACASTE, an AID-financed electric 
cooperative. 

ICE administers the power sector in conjunction with SNE, a regulatory body that has 
broad powers to regulate public services, set electricity and energy prices, and authorize 
water projects and power construction plans. Founded in 19Z8, SNE has regulated the 
power industry since 1941 and regulated RECOPE since 1981. SNDlE reviews rate changes 
proposed by the utilities to ensure that a reasonable rate of return (usually 10%) is 
earned, but also to protect the consumer's interest. DSE has responsibility for 
formulating energy-pricing policies for long-range development planning in Costa Rica. 
These policies serve as a guideline in SNE's review of and recommendations on tariff 
levels. 

SNE's capability to execute its mandate has diminished over the years according to the 
team's interviews with SNE staff. One of SNE's problems is that its operating budget 
comes from fees it is permitted to charge the entities it regulates; these were set in 
1941 and have not been amended since. As a result, SNE's budget has been steadily 
eroded by inflation, and there is some question whether it can continue to operate 
effectively as a regulatory body. It now has a staff of 15 capable professionals, but many 
are expected to depart because of the extremely low salary scale which budget 
constraints have forced on the agency. 

Financial status 

Table 4.2 summarizes basic financial data for six major utilities providing electricity in 
Costa Rica. The data include the rate of return, the times interest earned ratio (TIER), 
and the equity capitalization ratio for each utility. The following findings are derived 
from the data: 

9 	Earnings of CNFL, JASEC, and COOPEGUANACASTE were insufficient to meet
 
operating expenses and financial obligations during 1983 and 1984.
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Table 4.2. Financial Ratios for Selected Electric Utilities (W in millions)0 

ICE CNFLItem JASEC COOPELESCA1984 1983 1983 198Z COOPESANTOS COOPEGUAMACASTE1984 1983 1984 1984 1983 

1. Average net plant in 34,846 30,470 1,857 1,398 14 7 a 123 
3 2 bservice
 

Z. 1.1 x item 1 38,331 33,516 2,04Z 1,538 16Z 135 91 35 1363. Income before interest 3,618 3,Z00 10Z 0 (9) 8 10.3 2.7 (10.7)
4. Rate of return on estimated 9.4% 10.5% 5.0% 0.0% (5.6%) 5.9% 11.3% 7.7% (7.9%)rate base (item 3 divided 

by item 2) 
5. Interest and cash 3,315 2,825 140 133 17 5 1.1 0.4 5.4adjustme ts 
6. Times interest earned 1.09 1.13 0.7Z 0.0 (0.53) 1.60 9.36 (.98)ratio (item 3 divided by 

6.75 


item 5)
 
7. Equity Z0,749 16,66Z 1,497 1,32Z 200.8 47.0 80.7 36.3 48.6
8. Long-term debt 19,756 18,935 572 5Z3 97.7 93.3 43.4 20.6 
9. Capitalization (item 7 

77.8 
40,505 35.597 2,069 1,845 298.5 140.3 124.1 56.9 126.4plus item 8) 

10. Equity capitalization 51.2% 46.80 72.4% 71.7% 67.3% 33.5% 65.0% 63.85% 38.4%ratio (item 7 divided by
 
item 9)
 

aAssets reevaluated in 1984.bEstimates based on 1984 data. 

Sources: ICE and CNFL data taken from external audit reports; balance of data based on internal company reports. 



" The 1984 earnings of COOPELESCA and COOPESANTOS were sufficient to meet 
operating expenses, financial obligations, and modest equity surpluses. 

* 	ICE's earnings were marginally sufficient to meet operating expenses and financial 
obligations. 

" 	Significant public equity contributions were made during 1984 to keep JASEC
 
financially afloat.
 

" Immediate financial remedies were needed in 1984 to keep COOPEGUANACASTE 
financially viable. 

" 	Capitalization of COOPELESCA and COOPESANTOS is highly dependent on equity 
contributions from consumers. 

* 	ICE is burdened with a high level of long-term financial obligations-as of 1984, its 
external debt exceeded $500 million, approximately 18% of total public external debt. 

" Based on MIEM's 1985 annual report on the energy subsector, the contribution to 
national public external debt of all other electric utilities is less than $15 million. 

The data suggest that immediate attention should be given to revising ICE's wholesale 
and/or retail tariff schedules with additional adjustments by the other utilities, 
particularly JASEC and CNFL, and that these two distribution utilities should raise their 
retail rates in any case. The findings indicate further that ICE, CNFL, and JASEC should 
also consider the pos:sibility of increasing investment capitalization through customer 
aid-in-construction or donations. Furthermore, meaningful and successful expansion of 
rural electric distribution systems, such as cooperatives, depends on their ability to 
secure long-term loans with an ability and policy convenant to set retail rates which 
reflect the cost of service. 

It 	 is interesting to note that tho two utilities in the worst financial shape serve the two 
largest urban areas in the country, San Jose (CNFL) and Cartago (JASEC), despite the 
higher consumer density found in cities. The two strongest utilities, on the other hand, 
are both rural electric cooperatives, which, by government policy, are charged the same 
wholesale rate by ICE as the urban utilities. These findings support an earlier AID 
evaluation of the cooperatives, which found them to be more financially sound, in 
general, than the other utilities. COOPEGUANACASTE's financial problems arose from 
an overextension of its service area, which is by far the largest of any of the distribution 
utilities, and managerial problems. New management was installed in 1983 and its 
financial condition has improved. 

Power demand and supply options 

For 1984, total generation in the country was 3011 GWh, roughly 90% of which was 
produced by ICE. Of ICE's total production, 99% was from hydroelectric sources. 

Consumption of energy generated by ICE is as follows by sector: 27% by ICE's retail 
consumers; 51% by the other distribution companies and cooperatives; and 19% was 
exported to Nicaragua and Honduras. During discussions with the team, ICE officials 
said that losses were close to the historical levels of 10%-1Z%. 
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Total installed capacity in Costa Rica is 8Z9 MW, including private generation. Nearly 
80% of this capacity is hydropower. Table 4.3 summarizes Costa Rica's installed 
capacity. 

Table 4.3. Installed Capacity in Costa Rica, 1985 

Installed capacity (MW) 
Plants Start-up year Hydropower Steam Diesel Total 

ICE
 
Corobici 198Z 175 175
 
Arenal 1979 153 153
 
Cachi 1966 100 100
 
Garita 1958 30 30 
Rio Macho 1963 120 120
 
Thermal plants 10 145 155 

Cooperatives and municipals 41 41 

Private producers 12 43 55 

Total 631 10 188 8Z9
 

Source: Instituto Costarricense de Electricidad. 

All major public generating facilities and distribution systems in Costa Rica are 
interconnected through 508.3 km of Z30 kV transmission lines and 608 km of 138 kV 
transmission lines. In addition, a 138 kV line connects Costa Rica with Nicaragua which 
in turn interconnects with Honduras. To the south, a 230 kV intertie with Panama is 
scheduled to be completed in 1986. 

The present peak power demand on the system is estimated to be 484 MW, far below 
existing capacity. Excess capacity is due to the construction of the 328 MW Arenal-
Corobici hydropower project begun during the initial years of the energy cri "' but before 
economic difficulties began to reduce electricity demand. Energy de-nan"i .as also been 
lower than expected, due to the economic recession. Electricity consumption growth in 
the residential sector declined from a peak of 8.9% in 1979 to 3.6% in 1983. Industrial 
energy demand, which increased by 11.8% between 1979 and 1980, actually declined by 
15.9% in 1982. 

The economic slowdown has required a reevaluation of ICE's demand projections and its 
power-expansion plans through the 1990s. Based on 1985 statistics, ICE is projecting 
demand growth rates in public generating facilities through 1995 as shown in Table 4.4. 

An important decision thus facing the Government is the scope and timing of hydropower 
and geothermal expansion planned through 1993. A contract worth $8.7 million, was 
recently awarded for the construction of a 97.4 MW hydroelectric project at Ventanas-
Garita, scheduled for completion in June 1987. Plans also include the 50 MW Miravalles 
geothermal plant, the 30 MW Palomo hydroelectric project, and the 165 MW Angostura 
hydroelectric project. Other possible hydropower projects include those at Guayabo and 
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Siquirres, which total 630 MW. Given reduced demand projections and the current
financial constraints on government spending, some of these projects must be deferred or 
even dropped. The Government expects to define a firm expansion plan through 1990 by
early 1986. 

Table 4.4. ICE's Demand Forecasts, May 1985 

Peak demand Generation
Year (MW) (GWh) 

1985 
 508 2702
 
1986 
 532 Z842 
1987 556 
 Z991
 
1988 
 583 3157
 
1989 
 612 3339
 
1990 
 645 3550
 
1991 
 681 3772
 
199Z 7ZZ 
 4014
 
1993 
 764 4274
 
1994 
 810 4558
 
1995 
 861 4866
 

Source: Instituto Costarricense de Electricidad. 

The Government, like others in the region, is forced by economic and financial 
uncertainty to consider alternative power expansion approaches that could reduce the 
risks of "lumpy" power-investment programs based mainly on large hydropower. Some of 
the smaller utilities in Costa Rica are proceeding with plans to construct smaller 
projects, including small-hydropower projects totaling 16 MW (JASEC) and 5 MW 
(COOPELESCA, in collaboration with a local, private power company). Hydropower and
other decentralized power-generation technologies on this scale, and even smaller, should 
be considered as alternative elements of the national power-sector expansion plan. 

For example, there is significant potential for generating power from agricultural wastes 
in Costa Rica. Recent studies funded by AID have estimated that there are 130,000 tons 
of dried residue in ri,- husks, sugarcane, and corn husks which could not only meet the 
full energy requirements to process these crops but could also cogenerate surplus 
power. Some 60% of this residue is bagasse, which can be readily used to generate power 
on a decentralized basis. 

It is also estimated that coffee husks could supply more than 80% of the energy needed 
to dry coffee, which would eliminate the need for petroleum and 50% of the fuelwood 
now used in coffee processing. 

RURAL ELECTRIFICATION 

Rural electrification is comparatively well-developed in Costa Rica, where 
approximately 75% of the country is electrified. Rural consumers account for roughly
one-fifth of all electricity consumed. This would be equivalent to nearly one-half of 
total electricity consumption in Honduras, which has almost twice the population. 
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Nonetheless, over one-half million Costa Ricans, mostly residents of small isolated 
communities in remote areas of the country, do not have electric service. 

A locally fabricated 1 kW hydropower plant at 
San Gerardo, Costa Rica. Such micro-power 
systems can provide a cost-effective solution to 
the power needs of isolated areas. 

The Government is continuing to carry out a national rural electrification plan that was 
initiated in 1975 as part of a broad-based national development program. Progress with 
the program was forestalled by the recession, but a first phase (1976-79) resulted in 
18,000 new connections and the construction of over 1600 km of distribution lines. 

The Government seeks to achieve three basic objectives through rural electrification: 

" to assist in the social, economic, and cultural development of rural communities via 
the rational and productive use of electricity; 

" 	to reinforce and support the agricultural heritage of the campesino, since his active 
participation in agricultural production represents one of the most important aspects 
of the nation's economic development; 
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* to discourage the migration of the rural population into urban areas. 

One of the first programs of rural electrification in Costa Rica, and one that is unique in 
the region, was carried out between 1965 and 1969 under a coordinated effort by ICE, the 
National Bank of Costa Rica, and AID, which provided a $3.3 million loan for the 
project. The Government provided approximately $800,000 in local currency. The 
project included the organization of three rural electric cooperatives, all of which were 
connected to the national grid. NRECA provided technical and institutional assistance. 
These three cooperatives and COOPEALFARORUIZ, which was formed later, are the 
only rural electric cooperatives in operation in the region. 

ICE contractors installing distribution lines under an IDB-funded 
rural electrification program. 

The AID project involved the construction of 36 km of transmission lines, 836 km of 
distribution lines, and approximately 10,000 rural connections. In 1981, the cooperatives 
served 23% of rural consumers in Costa Rica. 

In 1981, AID conducted an evaluation of the project that found the three cooperatives to 
have been highly successful. Among other findings, the evaluation found that economic 
growth would have been significantly constrained without the existence of electric 
service in the areas. For example, in San Carlos, electrification had dramatically 
increased the profitability of several agro-industries, especially the dairy industry. In 
San Marcos, electrification helped quadruple coffee production. The evaluation indicated 
that one reason for these positive results was the quality of service provided by the 
cooperatives: "the cooperatives also seem to serve the rural poor better than other 
available electricity distribution systems." 

A fourth rural electric cooperative, COOPEALFARORUIZ, was organized in the early 
1970s without AID support. The residents of the area, where only two privately owned 
systems operated, serving just the central parts of the towns of Zarcero, Laguna, 
Tapesco, Zapote, and Santa Rosa, requested assistance from the Arkansas Electric 
Cooperatives, Inc. This private U.S. organization agreed to finance the project and 
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provide technical and organizational guidance in the implementation of the cooperative.
Work began in 1973. In December 1974, the cooperative initiated service with 57 km of 
primary distribution line and 950 connections. 

Future plans 

The Government has set a target of electrifying 90% of the country by the year Z000. In 
1984, ICE, with financial support from IDB, began work on the second phase of the 1975 
Plan, which will add over Z700 km of distribution and transmission lines and 20,000 new 
connections, primarily in remote areas of Guanacaste and the northern part of the 
country (see Fig. 4.6). ICE estimates that this phase will be completed in 1988. A third 
phase is under discussion. 

In 1983 at AID's request, NRECA assessed the possibility of organizing two additional 
rural electric cooperatives, one as a part of the AID-assisted Northern Zone 
Infrastructure Development Project and the other in the Osa Peninsula. ICE is currently
extending the grid into the northern area of the country that is now served by isolated 
diesel plants operated by ICE. The area to be electrified runs along the border w"th 
Nicaragua, stretching from La Cruz in the northwest to Upala and San Rafael. NRECA 
recommended that a new cooperative be created to implement and manage the 
distribution system in this region. The Osa Peninsuala is served by small scattered units, 
but most of the popluation is without electricity. As of July 1985, no action had been 
taken on NRECA's recommendations to implement a cooperative in the region. 

To serve the remaining 10% of the rural population, the 1983 recommendations also 
suggested developing decentralized hydropower facilities based on small cooperative 
management systems. 

Finally, AID asked NRECA to assess the advisability of enlarging the service areas of the 
existing cooperatives. NRECA found in March 1984 that most electric utilities in Costa 
Rica, including the cooperatives, were experiencing financial difficulties in servicing 
foreign debts. NRECA therefore recommended-and COOPELESCA and 
COOPEGUANACASTE agreed--that their service areas should not be expanded until 
their financial position had improved. 

Summary of key issues 

Costa Rica is in a unique position, compared to others in the region, in several respects. 
It already has a well-established rural electric network that is undergoing further 
expansion. Most of its population has access to electricity, thanks to the Government's 
steadfast support of rural electrification over the years. The basic institutional 
infrastructure is sound and reasonably decentralized, which is also to the Government's 
credit. Energy planning and data processing is comparatively sophisticated. Electricity 
costs are low, and the rate of rural electric consumption is high by most standards in the 
developing world. Electricity is firmly established as a basic element of Costa Rica's 
rural development and economic growth. But even when the Governments' current rural
electrification objectives have been reached, at least 10% of the rural population will be 
without electricity. 

Problems affecting Costa Rica's rural electric program also remain, but opportunities 
exist to make further improvements. 
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Instutional issues 

In the institutional area, the Government has supported the development of very
successful decentralized models for generating and distributing electricity-in the 
municipals, cooperatives, and private producers-but it has not fully capitalized on these 
successes by expanding their role in the power sector. Moreover, these decentralized 
utilities, which have various common interests, could be strengthened as a group by
formally collaborating in areas such as capital formation, training, and power generation
and pooling. Finally, the erosion of SNE's revenue support is clearly weakening a vital
 
agency in Costa Rica's power sector.
 

Supply issues 

Costa Rica's financial difficulties will constrain its spending for rural electrification and 
power investments in general. Conservation efforts and the selection of future energy
supply options that reduce foreign costs in the power sector will remain primary 
concerns. Costa Rica imports more oil than any other country in the region, and its 
power-sector foreign debt accounts for one-fifth of the national foreign debt. Local 
industry is capable of addressing this need, but thus far has not been encouraged to 
participate more actively. An obvious opportunity exists in the immense potential for 
small-hydropower and other low-cost renewable-energy systems that can be implemented
using largely local resources to feed energy into the grid or supply remote loads. 

Demand issues 

Substituting indigenous energy sources, namely hydroelectricity, for imported fuels used 
by industry represents a similar opportunity to help correct the serious trade imbalance. 
This will depend on Government action to reduce subsidies for imported fuels and 
possibly create positive incentives to encourage industrial conversion to electricity. A 
broad-based productive-uses program is needed which addresses not only the fuel
substitution problem, but which improves the coordination of rural electrification 
policies and projects with other national development priorities and activities. 
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V. EL SALVADOR 

GEOGRAPHY AND DEMOGRAPHY 

El Salvador, with a land area of 1,000 kin z , is the smallest country in Central America 
and the only one without a Caribbean coast. Its population is 5.2 million; the population 
density, 248/km", is the highest of the mainland American continent (see Fig. 5.1). 
Geographically, the country can be divided into four regions: the coastal plains, the 
Parific volcanic chain, the interior valley, and the northern mountain ranges. 

The coastal plains, interrupted twice by small mountain ranges, are an extension of 
Guatemala's southern plains. Th !se plains occupy about 10% of E1 Salvador's land area, 
hold over 20% of the rural population, and are devoted to cotton production, subsistence 
farming, and livestock raising. 

North of the costal plains lies a chain of volcanic cones that runs parallel to the Pacific 
ocean the entire length of the country. Most of El Salvador's export-oriented coffee 
production is on the lower slopes of this volcanic chain. 

Due north of the Pacific volcanic chain is the interior valley, which covers about 25" of 
the country. The population density is highest in this central corridor, which contains the 
country's three largest cities--Santa Ana, San Salvador, and San Miguel. El Salvador's 
urban population is primarily located in the cities of this valley and amounts to 
approximately 42,o of the total population. 

The northern mountain ranges, in the departments of Chalatenango, Cabanas, and 
Morazan, cover about 15% of El Salvador and hold what remains of the country's forest 
lands. Today less than 2% of the original forest, which used to cover over 60%, of the 
country in the 1800s, remains. 

0 0 0 lo) 200 

2626 30 259 51 8 

Fig. 5.1. Population density map. 
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ECONOMIC AND DEVELOPMENT CONTEXT 

Many of the social problems that characterize El Salvador today can be linked to 
overpopulation, as well as to socio-political struc, - es that have perpetuated unequal 
access to land and other resources. El Salvador is about the size of Massachusetts but its 
population density is more than that of any mainland country in the Western Hemisphere.
Agriculture contributes 25% of CDP and employs over half of the economically active 
population. Prime land throughout the country is devoted to the production of export 
crops. Coffee, cotton, and sugar account for 75% of merchandise exports. 

A small minority of landowners continue to control more than half of all agricultural
land, including the flattest and most fertile. Minority acquisition of prime agricultural 
lands has thrust an ever-increasing population onto marginal lands that are farmed for 
subsistence food crops of corn, rice, and beans. The result is that the steepest slopes and 
poorest soils are the most intensely cultivated. Small land holdings and low yields have 
prevented domestic food production from keeping pace with population growth, which 
remains around 2.5%/year. Intense population pressures on the land have also resulted in 
severe deforestation and erosion problems, the long-term effects of which have yet to be 
determined. 

Health and education are also inadequate. It is estimated that 43% of El Salvador's 
population is illiterate. The infant mortality rate is 44/1000 births. Approximatley 58% 
of El Salvador's population is considered rural. In rural areas, 69% of the population is 
without potable water and 83% is without sanitation facilities. Malnutrition is common 
among small children. Some of the most frequent diseases that afflict the rural 
population include meningitis, measles, diptheria, gonorrhea, and diarrhea. 

Having grown at an average of 5.4%/year from 1960 to 1978, the Salvadoran economy
deteriorated rapidly after 1980-production declined, public-sector finances worsened, 
domestic credit became scarce, and private capital fled the country. The capital-flight 
problem has been more severe than in other countries because of the political
uncertainty and the guerrilla conflict. The civil war had also displaced nearly 
500,000 persons by the end of 1982, while an equal number are thought to have left the 
country for the same reason. 

Another persistent problem has been the BOP disequilibrium. The foreign debt doubled 
from $509 million in 1980 to $1.1 billion in 1984. Debt service rose from $55.8 million to 
$92.2 million during the same period, accounting for 10% of expert earnings in 1984. El 
Salvador has the second-largest trade deficit of the six countries. Only U.S. foreign 
assistance, $1.75 billion over the last 5 years, has kept El Salvador from having the 
largest BOP p. oblem. 

In 1984, the economy began to show signs of recovery. GDP grew by 1.5%, which 
restored it to the 1974 level. The recovery was credited in part to the economic growth
in the OECD countries, large quantities of multilateral assistance, and an improvement
in the overall political situation. Confidence in the Duarte Government, together with 
initial movements toward peace talks, contributed to an improved socio-economic 
atmosphere. 

Current policies 

Recent progress has also been credited to agrarian reform, which continues to be a 
cornerstone of the Government's policy to deal with the causes of the civil strife. In 
1980, a major land reform program was launched to redistribute nonproductive estates 
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and to grant ownership titles to tenant farmers for the land they rent. There is some
 
controversy about the benefits achieved through the reform program to date. According
 
to a 1983 World Bank report, the program, which was mainly aimed at redistributing land
 
from large fincas (farms) with total acreage exceeding 500 ha, had benefitted some
 
35,000 campesino families. Two-thirds of the expropriated properties were organized as
 
cooperatives. Critics question the Government's data, and some assert that, even if
 
equity gains were made, they have been at the expense of agricultural efficiency. By
 
1984, however, output was up, partly because previously uncultivated lands were brought
 
under cultivation.
 

Notwithstanding the debate over the program's initial success, it is clear that land 
reform in El Salvador is essential to the resolution of the internal conflict. The main 
issue, rather, is how this can be accomplished under difficult logistical conditions, and 
what complementary rural development investments should be emphasized in the 
program. 

The mild recovery which began in 1984 is expected to continue, led by growth in 
manufacturing and agriculture. The Government's economic policy to sustain the 
recovery, in addition to consolidating recent political and social reforms, focuses on 
maintaining inflows of concessionary external financing and restoring former levels of 
private direct investment in the economy, creating export incentives to improve the BOP 
situation, and fiscal reform to increase revenues, including a new value-added tax on 
gasoline. 

AID's strategy 

In the face of the political violence and economic crisis that has plagued El Salvador 
since the turn of the decade, AID's strategy focuses on the development of national 
democratic institutions, economic stabilization and recovery, and the social service 
needs of the majority of Salvdorans, particularly those living in the war-torn eastern 
part of the country. Improving domestic economic and social conditions is seen as a key 
to reducing political unrest. AID's agricultural-sector strategy will focus on agrarian 
reform, including restructuring the rural debt and expanding credit availability. AID's 
strategy also emphasizes improvements in production and marketing of export crops and 
diversification into nontraditional exports. Attention is focused on private enterprise. 
Social services are directed towards rural health, education, low-cost housing, and 
family-planning programs. 

In energy, AID is concentrating its efforts on maintaining the power-supply system in the 
face of persistent war-inflicted damage to power lines and facilities. Since 1979, the 
public utilities, including electricity, telephone, and water, have incurred damages 
estimated at over $Z50 million. Overall, economic losses caused by guerrilla activity are 
thought to exceed $1.2 billion. 

ENERGY SECTOR 

Despite good indigenous energy potential-roughly 1000 MW each of hydroelectric and 
geothermal power-El Salvador is highly depenJ.!nt on rapidly depleting fuelwood for its 
overall energy needs and on imported fuel for its commercial energy. Electricity 
represents only 6% of total energy consumption. 

In 1984, 53% of the energy consumed was derived from fuelwood. Partly due to fuelwood 
consumption, once abundant woodlands have been deforested and today only Z% of the 
original forests remain. Deforestation has resulted in widespread soil erosion, losses in 
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ground-water storage capacity and natural vegetation, and accelerated siltation rates, 
among other problems. For the foreseeable future, however, El Salvador is confronted 
with continuing demand for fuelwood, primarily in rural areas. 

Petroleum accounts for Z4% of the total energy consumed and for 68% of commercial 
energy consumption. Hydropower and geothermal electricity, charcoal, and crop wastes 
accounted for the remaiuder. Petroleum imports totaled over 4 million bl in 1984, 
representing 13.5% of all imports. Electricity accounted for just 16% of commercial 
energy consumption. Some 94% of electricity generation in El Salvador is from 
renewable sources--6Z% hydropower and 32% geothermal. The remaining 6% is provided 
by thermal generation. 

Net energy consumption by sector in 1984 was as follows: 67% by residential and 
commercial users, 17% by industrial users, 14% by transportation, and 2% by others. 
Consumption of commercial energy by sector is as follows: 13% by residential and 
commercial users, 40% by transportation, 43% by industry, and 4% by others. 

Organization 

The Ministry of Planning and Coordination of Social and Economic Development 
(Ministerio de Planificacion V Coordinacion del Desarrollo Economico y Social, MIPLAN) 
has overall responsibility for establishing and coordinating development plans and 
policies. Responsibilities of the Ministry of Economy (Ministerio de Economia) include: 
regulating and monitoring the energy sector; developing the power sector; regulating the 
electric utilities; and approving tariffs. In addition, the Ministry of Economy grants all 
concessions for distributing electricity in the country. 

The Energy Division of the national power agency, the Lempa River Hydroelectric 
Commission (Comision Hidroelectrica del Rio Lempa, CEL), is responsible for energy 
planning and the development of nonconventional energy sources such as biomass and 

Staff of CEL's Rural Electrification Division outside the Santa Ana 
regional office. 
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solar energy. Since early 1985, an energy consultant has been assisting with the 
development of an integrated energy plan that will include an institutional framework. 
The sector's organization is depicted in Fig. 5.Z. 
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Fig. 5.?. Organizational chart of El Salvador's energy sector. 

POWER 

CEL was created in 1945 to develop and distribute the hydropower resources of the 
Lempa River. Over the years, its responsibilities have been expanded to include all 
forms of commercial energy within the country. 

A Board of Directors governs the utility and is comprised of a President appointed by the 
Minister of Interior, and seven directors (see Fig. 5.3). General administration is the 
responsibility of an Executive Director, who is appointed by the Board. Under the 
Executive Director, there are eight divisions: Production, Planning and Studies, 
Administration, Construction, Special Projects, Energ'y, Human Resources, and Rural 
Electrification. The Division of Rural Electrification is charged with planning, 
implementing, coordinating, and controlling the different activitie.- related to electricity 
distribution in the various geographical regions of the country assigned to CEL. 

In addition to CEL, there are eight other electric utilities in El Salvador: Electric Light 
Company of San Salvador (Compania de Alumbrado Electrica de San Salvador, S.A., 
CAESS); Electric Company of Cucumagaya (Compania Electrica de Cucumagaya, S.A., 
CECSA); Electric Company of Santa Ana (Compania de Luz Electrica de Santa Ana, S.A., 
CLESA); Electric Company of Ahuachapan (Compania de Luz Electrica de Ahuachapan, 
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CLEA); Electric Company of Sonsonate (Compania de Luz Electrica de Sonsonate, CLES); 
Electric Distribution Company of Usulutan, Association of Mixed Ownership 
(Distribuidora Electrica de Usulutan, Sociedad de Economica Mixta, DEUSEM); Electric 
Distribution Company of Sensuntepeque, Association of Mixed Ownerhsip (Distribuidora 
Electrica de Sensuntepeque, Sociedad de Economica Mixta, DESSEM); and Robert Matheu 
and Co. (Roberto De-Matheu y Co., RMCO). Of these companies, six are private and 
two-DEUSEM and DESSEM-are jointly owned by CEL and private investors. 

Headquarters of CLEA, a small investor-owned 
utility in Ahuachapan in western El Salvador. 

The largest private distributor of electricity in El Salvador is CAESS, whose service area 
covers the central part of the country, including the capital, and some western zones. 
CAESS is responsible for approximately 78% of the electrical distribution in El 
Salvador. In addition to its own II MW of capacity, it bought over 80% of CEL's 
generation in 1984. The second largest private company in El Salvador is CLESA, which 
accounted for 11% of total electricity sales in 1984. CLESA serves the urban area of 
Santa Ana. In 1984, CEL, CAZ>S, and CLESA together served 93% of the national 
demand and 89% of all users. CECSA is a small power producer that principally sells 
power to CLESA and CLES. The service areas for each of the distribution companies, 
which have remained virtually unchanged for the past 5 years, are shown in the map in 
Fig. 5.4. Table 5.1 shows total energy sales and the number of users for each company in 
1984. 
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Table 5.1. Retail Electricity Sales by Company, 1 9 84 a 

Retail sales Users 
Company (GWh) (%) (number) (%) 

CEL 13Z,393 9.7 57,008 13.5 
CAESS 1,010,241 73.8 Z74,797 65.0 
CLESA 135,384 9.9 46,058 11.0 
CLES 47,373 3.5 Z0935Z 4.8 
CLEA 14,570 1.1 6,701 1.6 
DEUSEM Z4,163 1.8 14,978 3.5 
DESSEM 3,101 0.Z Z,564 0.6 

Total 1,367,ZZ5 100.0 4ZZ,458 100.0 

aRMCO and CECSA are excluded because data was unavailable. Their sales are
 
understood to be minimal.
 

Source: Desarrollo del Sistema CEL hasta 1984, Comision Ejecutiva Hidroelectrica del
 
Rio Lempa, May 1985.
 

Although electricity is generated by seven of the nine electricity companies, CEL 
possesses some 90% of the total installed capacity of public service power companies
 
(678 MW), and accounts for approximately 92.3% of the total generation from these
 
facilities. Its share of the capacity and generation has grown steadily over the years.

Prior to the commissioning of CEL's first plant in 1954, total installed capacity 
was 
Z0 MW, al privately owned. Today, the smaller utilities own about Z.5% of the installed 
capacity. According to CEL, there is an additional 37 MW of installed capacity owned 
and operated by private auto-producers. DEUSEM and DESSEM purchase all of their 
power from CEL. Table 5.Z shows the national installed capacity as of 1985. Fig. 5.5 
shows El Salvador's bulk power system. 

In 1984, AID provided $Z5 million for the purchase and installation of a Z4.Z MW gas
fired powerplant in the city of San Miguel. AID Mission staff noted that more than half 
the project cost was for security infrastructure to safeguard the plant, which provides 
emergency power to the strategically important city of San Miguel and outlying areas. 
Reliable service remains unavailable for the surrounding towns, however, since the lines 
are so vulnerable to sabotage. AID is thus considering a $1.5 million investment to 
install back-up generators in the major towns of the Oriente. 

In addition to generation, CEL has built the national transmission system with which it 
has interconnected all the distribution companies. The transmission network includes 
617.10 km of Z30 kV and 115 kV lines and 18 substations. The transmission projects that 
are under way or that CEL contemplates for 1985-86 include: 

" a 30 km transmission line from Nuevo Cuscatlan to San Martin; 

" a 61 km transmission line from the 15 de Setiembre (formerly San Lorenzo)
 
hydropower plant to San Martin; and
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9 	a 112 km interconnection line between Guatemala and Ahuachapan (97 km in 
Guatemala and 14 km in El Salvador); substations in San Martin and Ahuachapan for 
the Guatemala-El Salvador interconnection are also planned. 

Table 5.7. Installed Capacity in El Salvador, 1985 

Company 

CEL
 
5 de Noviembre 

Guajoyo 

Acajutla 
Soyapango 
Cerron Grande 
Ahuachapan 
San Lorenzo 
San Miguel 

Subtotal 


Other public service 
utilities
 

CAESS 

CLESA 

CECSA 

CLES 

CLEA 

RMCO 


Subtotal 

Private producers 

Total 

Start-up/ 
expansion 

year(s) 
Installed capacity (MW) 

Hydropower Geothermal Steam Gas Total 

1954, 1966 
1963 

1965, 1969 
197Z, 1973 

1977 
1976, 1980 

1983 
1984 

82 
15 

135 

180 
95 

63 7 
58 

25 

82 
15 
70 
58 

135 
95 

180 
Z5 

412 95 63 90 660 

11 
Z 
2 
1 
1 
1 

11 
Z 
2 
1 
1 
1 

18 18 

37 

430 95 63 90 715 

Source: Desarrollo del Sistema CEL hasta 1984, Comision Ejecutiva Hidroelectrica del 
Rio Lempa, May 1985. 

Institutional issues 

The concessions of most of the independent utilities expire in 1986. For some time now,
CEL, the Government, and the smaller distributors have been considering the possibility 
of having CEL take over the six private and two mixed distributors. There is no 
concensus among the utilities, however, and the Government has not yet defined its 
position on the matter. 
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The majority of the small private and mixed companies seem to favor a CEL takeover,
provided adequate compensation is made. Since the companies are relatively small and 
heavily in debt to CEL, they are disposed to discuss the possibility of takeover
 
arrangements. The smaller private companies would also like to maintain a holding in
 
any new distribution entity. 

The concessions of CLES and CLESA expired in January 1986. Both, along with DESSEM,
which has financial difficulties, have been intervened. CLES is protesting the legality of 
the move in the courts. The major problem remains that of CAESS, however, since it is 
by far the largest of the companies and is run in a relatively efficient and professional 
manner. Its senior management is, .2oreover, steadfastly opposed to a CEL takeover,
and relations between the two companies are strained. Furthermore, U.S. shareholders 
hold 85% of CAESS' stock. In July 1985, CAESS management voiced concerns about 
CEL's ability to compensate CAESS in a takeover and CEL's ability to efficiently
administer CAESS' service area and distribution network. 

A number of major questions remain and appear to be receiving very little attention: 

* If, as seems likely, the concessions will not be renewed, how will the companies'
 
present owners be compensated, particularly in the case of CAESS?
 

" What legal form will the new national electric distribution company take? Is it to be 
entirely public, or of mixed public and private ownership? 

" Will experienced and professional staff, particularly in CAESS, be retained under the 
new arrangement? 

* Whatever the legal status of the new entity, what will be its operational and
 
administrative structure? 
 Will it be, for example, centralized or decentralized? 

" Will the Ministry of Economy and CEL agree to the continuation of private generation 
to supply the national grid? 

Financial status 

The economic and political crises in El Salvador have adversely affected the financial 
operations and performance of CEL and the other electric companies. In comparing the 
financial status of the two major companies, it should be noted that CEL enjoys access to
publicly guaranteed funds and other financial support from the Government. CAESS does 
not have this access, but rather benefits from serving densely populated urban areas. It 
has 110 consumers per kilometer of distribution line, whereas CEL has just Z1. 

Overall return on investment on CEL's operation has been about 5%, as shown in 
Table 5.3, a rate unsatisfactory to international lenders. In order to support CEL's 
capital structure, over 0 600 million of government contributions and loans have been
invested in CEL, as shown in Table 5.4. According to a 1984 external audit report, the 
deterioration of CEL's financial position is due primarily to the loss of sales and system
damage caused by the insurgency, together with insufficient fuel adjustment charges in 
current retail-rate tariffs. The 1984 audit report indicated that CEL had inadequate
accounting and financial controls, including investment accounts in rural electricity.
Furthermore, the audit report indicated that CEL's future financial performance will 
depend greatly on its ability to negotiate a long-term agreement to purchase povcr from 
Honduras. 
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Table 5.3 indicates that CAESS' financial return on investment is well below what may be 
considered a reasonable return on equity for a private utility. CAESS' equity 
capitalization rate is nearly 100%, indicating the inability of the company to obtain debt 
capital needed for orderly system -.-xpansion (see Table 5.4). Furthermore, CAESS 
reports that its current financial problems are worsened by its inability to set adequate
 
rates to meet its cost of service or to collect unpaid bills from municipalities and
 
government agencies. Guerrilla sabotage, the economic recession, and the financial
 
austerity of the last few years have forced CAESS to rely on its urban-area business,
 
primarily in San Salvador, to meet expenses.
 

Table 5.3. Return on Investment Ratios for CEL and CAESS ( in millions) 

CEL CAESS 
Item 1984 1983 1984 1983 

1. Average net plant in service 1244.1 9Z1.2 71.6 69.7 

2. 1.1 x item 1 1368.5 1013.3 78.8 76.7 

3. Income before interest 68.9 51.3 5 . 5 a 4 .8 a 

4. Rate of return on estimated 
rate base (item 3 divided by
 
item Z) 5.0% 5.1% 7.0% 6.3%
 

aAfter deduction of rental charges. 

Source: external audit reports prepared by Oscar Rene Marroquin, Public Accountants,
 
1983-84.
 

Power demand and supply options 

CEL's 1984 data show that net generation by all utilities was 1595 GWh; peak demand 
was 304 MW; and total electricity consumption was 1368 GWh, slightly below that of 
1979 (1415 GWh) when the economic and political difficulities associated with the war 
became manifest. Of this, 34% was consumed by the industrial sector and an equal 
percentage was consumed by households. The remaining 32% was consumed by 
commercial and public users. 

CEL predicted a 1985 consumption level of 1444 GWh (an increase of 5.5%) and net 
generation of 1701 GWh (up 6.7%). CEL estimates that peak demand and generation will 
increase by about 10%/year between 1985-Z000, although this seems very optimistic. 
Table 5.5 shows CEL's demand forecasts through the end of the century. 

On the basis of these estimates, CEL calculates that no new capacity will be needed until 
1988, at which time two proposed geothermal plarAs, Egrlin and Chipilapa, could add 
20 MW of capacity. To satisfy the expected increase in demand from 1990 to the year 
2000, CEL anticipates a need for additional installed capacity of over 900 MW, which 
would be met primarily by the addition of a combination of medium-sized geothermal and 
large-hydropower and coal-steam units, as shown in Table 5.6. 
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Table 5.4. Long-Term Capitalization Structures for CEL and CAESS (Win millions) 

CEL CAESS 
Item 1984 1983 1984 1983 

Equity capital 45.7 39.643.8 39.6 
Debt reserve 418.7 408.1 7.9 7.9 
Earnings for projects 21.5 19.5 
Contributions for 
projects 151.0 138.Z 
Other 4.3 4.3 

Total net worth 619.7 (44.6%) 594.4 (42.6%) 69.0 (88.5%) 67.0 (88.25%) 

Consumer deposits 9.0 8.8 
Notes and bonds 67.0 76.0 0.2 
Government loans 476.3 483.0 
International loans 208.9 220.5 
Other 16.2 Z0.1 

Total long-term debt 768.4 (55.4%) 799.6 (57.4%) 9.0 (11.5%) 9.0 (11.8%) 

Source: external audit reports, prepared by Oscar Rene Marroquin, Public Accountants, 
1983-84. 

Table.5.5. CEL's Intermediate Scenario Demand Forecast 

Peak demand Net generation
Year (MW) (GWh) 

1985 324.7 1701.0
 
1986 356.1 1834.8
 
1987 390.6 2018.0
 
1988 4Z8.5 2219.8
 
1989 470.2 2441.7 
1990 516.2 2686.0 
1991 566.7 2954.6
 
1992 62Z.2 3250.0
 
1993 
 683.3 3575.1
 
1994 750.5 3931.9
 
1995 824.5 4325.8
 
1996 905.8 4758.4
 
1997 995.2 5234.2
 
1998 1093.6 5757.6
 
1999 1201.9 6333.3
 
2000 1321.0 6965.2
 

Source: Revision y actualizacion del plan de expansion del sistema de generacion de Ia 
Comision Ejecutiva del Rio Lempa, April 1985. 
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Table 5.6. CEL's Plans for Additional Generating Capacity 

Capacity
Year Project Type (MW) 

1986 Berlina geothermal 10 
1988 Chipilapab geothermal 10 
1991 5 de Noviembre (expansion) hydropower 1Z0 
1992 Berlin geothermal 55 
1994 Chipilapa geothermal 55 
1994 San Vicente geothermal 55 
1995 Chinameca geothermal 55 
1995 Cerron Grande (expansion) hydropower 67 
1996 coal 50
 
1997 El Tigre hydropower 270 
1999 coal 100 
2000 coal 100
 

Totalc 947
 

aThis plant will be retired when the 55 MW plant is commissioned in 1992 (depending on 
gctual demand growth).
 

This plant will be retired when the 55 MW plant is commissioned in 1994.
CGEL is planning to retire 17 MW during thi. period. 

Source: Desarrollo del Sistema CEL hasta 1984, Comision Ejecutiva del Rio Lempa, May 
1985.
 

CEL's forecast that peak demand and energy consumption will triple in 10 years appears
unduly optimistic, even though economic conditions could continue to improve. In any 
event, it is neither likely nor prudent that El Salvador attempt to rely so heavily on 
expanding domestic power capacity to meet its future needs, given not only economic, 
but also financial and political constraints. Moreover, El Salvador's topography and 
population density limit its potential for building large-scale hydropower reservoirs, 
compared to other countries in the region. A less ambitious investment program of 
small- to medium-sized geothermal and hydropower plants appears more suitable, 
combined with importing hydropower from neighboring Guatemala in the short term, and 
possibly Honduras over the longer term. Such an approach would provide more flexibility
in terms of the financial implications of CEL's future power-supply needs, and would also 
reduce the risk of making major investments without much certainty of demand growth. 

RURAL ELECTRIFICATION 

Energy is a major constraint to rural development in El Salvador. The severe ecological 
consequences of dependence on fuelwood have already been noted. Agricultural and 
agro-industrial productivity are also constrained by the lack of commercial energy for 
irrigation and processing activities. Furthermore, the quality of life of the rural 
population, a priority concern for AD remains low due to the lack of basic services 
including electricity. Approximately 3 million people live outside the cities or towns and 
2.7 million of them are without electricity. 
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CEL has over 55,000 residential connections, primarily in rural areas, and is the main 
supplier of electricity to rural consumers. The majority of CEL's direct residential 
consumers are in rural areas, many connected under the rural electrification program 
carried out with the IDB in the early 1960s. Most efforts in rural electrification have 
been, and continue to be, undertaken by CEL. The total number of clients of CEL and 
CAESS in 1984 was 331,805, or 78% of all commercial, industrial, and residential users. 
Although CAESS serves 65% of the country's electricity consumers, the majority of these 
are in urban areas, particularly San Salvador. 

The other companies in El Salvador are essentially small-scale operations that serve the 
municipios (larger towns) outside San Salvador. Available statistics for CLES, DEUSEM, 
DESSEM, CLESA, and RMCO reveal that combined, they serve 90,000 users-
approximately Z0% of the national users-and that they have only 421 km of distribution 
lines. They have limited penetration in rural areas. These smaller companies also lack 
the manpower, infrastructure, and financial resources to embark on rural electrification 
programs. 

A problem that affects all the companies that serve areas outside San Salvador, 
regardless of their size, is guerrilla sabatoge. The problem is particularly acute in the 
eastern conflictive zones. Both DEUSEM and DESSEM have been particularly hard hit. 
Maintaining existing services is a constant struggle for both companies. In 1984, for 
example, DEUSEM received 0 172,000 from AID to reconstruct 13.7 km of damaged 
lines. The interruptions in service resulted in an estimated loss of income of 0 36Z,000 
in 1984 when the total accumulated operating deficit for DEUSEM was 0 1.5 million. 

Even in the more secure western zones, the companies encounter problems of sabotage. 
The team postponed its visit to RMCO because, the night before their planned arrival, a 
group of guerrillas attacked the utility's hydroelectric plant. CLESA service has been 
interrupted because of downed poles and the destruction of substations. 

While all the companies encounter some degree of sabotage, CAESS and CEL are 
confronted with Lhe problem of maintaining the largest share of rural electrification, and 
therefore have borne the greatest damage and cost. CEL, due in part to its more stable 
financial position as an autonomus state entity, has been more successful in maintaining, 
and in many cases expanding, power lines in rural areas. While CEL serves only 13% of 
the users, it has 2713 km of distribution lines, much of which reaches into the caserios 
(small villages) compared with CAESS' 2500 km, which includes distribution in the 
capital, San Salvador. CAESS, on the other hand, because of its current financial 
position and the uncertainty it faces regarding potential nationalization, has been 
unwilling to expand service to rural areas. In some cases, it has been unable to maintain 
existing service because of guerrilla activity. 

Since 1983, AID has supported a $58 million program to rehabilitate public services 
infrastructure in areas affected by guerilla activity. The re-electrification component of 
this program totals $12 million for FY 1986. It will provide equipment and materials 
worth $9 million for CEL's systems and $1 million (together with $2 million from financial 
year 1985) for those of the private companies. Two helicopters are provided, at a cost of 
$2 million, to assist in line reconstruction. The private companies had until recently 
been unwilling to participate in the program because the equipment remains the p.operty
of CEL when installed on their systems. The assistance, according to CEL's Division of 
Rural Electrification, has saved the national interconnected system from collapse. 

CEL's aggressive pursuit of rural electrification in the face of domestic upheaval is 
impressive. The entire organization, including the Division of Rural Electrification, is 
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staffed 'with capable and experienced personnel who have remained with the program for 
many years despite the country's economic crisis and the civil war, not to mention a 
substantial fall in real salaries in recent years. 

Future plans 

Although AID has placed priority on rehabilitating the national power grid, CEL is 
planning a major rural electrification project in the western part of the country with 
funding from the Venezuelan Investment Fund (Fondo Inversion de Venezuela, FIV) (see 
Fig. 5.6). The project, estinated to cost approximately 0 27 million, would involve 
modifying substations and constructing 610 km of transmission and distzibution lines in 
the southeastern part of the country, including the departments of Santa Ana, 
Ahuachapan, and Sonsonate. The second phase of the project plans to add over 
9000 household connections. 

CEl is also planning to implement a rural electrification project in the eastern-central 
portion of the country with its own resources. The plan calls for constructing over 
100 km of primary and secondary lines and over 2500 new connections. 

Summary of key issues 

Energy supply constitutes a critical problem in El Salvador, particularly in rural areas, 
where scarce fuelwood supplies provide by far the majority of energy consumed at a huge 
cost to the natural resource base. There is also a marked lack of commercial energy use 
in productive activity in rural areas, which is critically important given the need for 
agricultural intensification arising from population pressures and the loss of cultivable 
land to erosion. 

Unfortunately, these energy crises must be dealt with in the context of a continuing civil 
war. Transmission and distribution systems are repeatedly the target of economic 
sabotage, requiring substantial effort on the part of AID and CEL just to maintain 
existing service. Second, the war results in continued lack of productive investment and 
low levels of economic activity, which have restricted demand to the levels of the late 
1970s. As a result, investments in infrastructure for rural development are severely 
constrained. Expansion of rural electrification appears feasible only in the southwest of 
the country, where the FIV will be financing a project described above. 

Although the civil war makes it difficult to contemplate a major investment in rural 
electrification in the areas of conflict for the time being, rural electrification could play 
a key role in reducing the ecological damage of dependence on fuelwood and in 
stimulating productive economic and social development in these areas once the security 
situation stabilizes. 

Institutional issues 

The organization of El Salvador's power sector requires urgent attention that cannot wait 
for the conflict to end. In addition to the national utility, CEL, there is one large private 
electric company, five smaller generation and/or distribution companies, and two 
companies of mixed ownership. In 1986, the concessions of most of the private and 
municipal e&ectric utilities will expire, leading in all probability to a unified national 
electric distribution company, although alternative options should be considered. The 
case of the large private utility, CAESS, is particularly difficult, since it is 85% U.S.
owned and its management is opposed to a CEL takeover. 
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Unfortunately, not enough attention has been given to ensuring an orderly and efficient 
transition. Once the problem of compensation is resolved, many questions will still 
remain unanswered concerning the legal status, organizational structure, and 
operational/administrative practices of a unified distribution and/or generation entity. 
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VL GUATEMALA 

GEOGRAPHY AND DEMOGRAPHY 

Guatemala, with a population of 7.9 million and a land area of 108,889 km Z, is the secondlargest of the countries surveyed by the team. Its diverse climate and terrain divide 
Guatemala into three topographical regions--the Altiplano, the Pacific coastal plain, and 
the Peten.
 

One-half of Guatemala's territory is mountainous. The Altiplano, or highlands area, runs
through the central part of the country, parallel to the Pacific, from the Mexican to the
Salvadoran and Honduran borders. The land in this mountainous belt, while known for its
beauty, is generally poor agriculturally. In the western highlands, high population density
and crude slash and burn methods of farming have resulted in deforestation and erosion.
Sparse cultivable lands produce basic subsistence crops such as beans and corn. Fruit and
livestock, as well as tobacco, which requires extensive ground-water irrigation, are
 
produced in the eastern Altiplano, which is drier than that of the west.
 

The Pacific coastal plain and the lower slopes of the highlands form an agricultural belt

where rich soils yield, along with basic commodities, the country's principal export

crops--cotton and coffee. 
 The mountain slopes running to the Pacific are characterized

by abundant rainfall and cool climates which, together with excellent soils, are well
 
suited to the economically important production of coffee. 
 Along the lower slopes,
sugarcane and cotton cultivation is widespread. Along the coastal plain, suitable climate
and fertile lands allow for the production of rubber, bananas, fruit, and cattle. The area 
is vital to the national economy and includes many large, mechanized farms. 

The other region, the northern slopes of the Altiplano and the northern lowlands (Peten),
for the most part consists of virgin territory. Large portions of this region are
underpopulated and developed far below their potential. The region has substantial
 
lumber and hydrocarbon reserves and excellent hydrologic characteristics for power

production. The Government is interested in opening up these areas 
to agricultural
development. The underlying obstacle to production in the northern areas is the lack of
 
infrastructure.
 

Although Guatemala has the region's second largest land area, nearly the entire 
population-the largest in the region-is crowded into a little more than half of this area
(see Fig. 6.1). Half of the population resides in the western Altiplano, and another half
lives along the lush Pacific coastal plain. Less than 1% of the population lives in this
northern region, which comprises 40/ of the country's land area. Consequently, the
population density in the southern half is comparable to El Salvador, one of the most 
densely populated countries in the world. 

ECONOMIC t ND DEVELOPMENT CONTEXT 

After a period of rapid growth during the 1960s and early 1970s, when GNP grew at an 
average of 6 %/year, Guatemala's economy began to deteriorate in 1978. In 1984,
economic growth in Guatemala lagged behind even the tentative recovery of its
neighbors and real per capita GDP fell to the 1971 level. A further decline in the 
standard of living is almost certain in 1985. 
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Fig. 6.1. Population density map. 

Guatemala, like El Salvador, is troubled by guerrilla warefare. Explanations for the rural 
guerrilla warfare, which reached its peak in 1980-82, must go beyond the recent 
international economic crisis, however. 

Although Guatemala is well endowed with natural resources, its distribution of wealth is 
the most inequitable in the region. At the beginning of the 1980s, more than 66% of the 
naticnal income was concentrated in the hands of the wealthiest 25% of the population, 
while the poorest 25% received only 7% of national income. Per capita income, at 
US$ 1159, is one of the highest in Central America, but the figure is deceiving. "By any 
measure its population overall is among the most ill-fed, uneducated and unhealthy in 
Central America, or Latin America for that matter" (AID's 1986 CDSS for Guatemala). 

It is estimated that about one-half of Guatemala's population is illiterate. Life 
expectancy is 58 years and the mortality rate is 64.4/1000 births. While the urban 
population, whicl_ totals about 40% of the country's inhabitants, generally has access to 
water, electricity, and other public services, the majority of the rural population has a 
subsistence income and lacks basic servicts. A 1978 World Bank study on Guatemala 
showed that the urban poor received five tin:es the income of the rural poor. To 
compound the disparities, Guatemala's indigen,is, rural population, divided by some 
13 languages and dialects, is not integrated into the national economic life. Low levels 
of modernization in the countryside, where 7?% of Lhe population is involved ir crude 
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subsistence farming, result in low crop yields. Many rural workers depend on migrant 
farming, particularly on the large export-oriented fincas of the southern coast, to 
survive. 

Among other problems in the agricultural sector is the fact that 54% of all land holdings, 
on which 80% of the rural population lives, are of less than 1.4 ha and considered too 
small to support a family. Fcod production has failed to keep pace with population
increases because of the lack of infrastructure, poor agricultural techniques, and 
unfavorable terms of trade. The best land, in the south of the country, is devoted to 
traditional export crops, for which international prices have declined over the long term. 

The industrial sector, which accounts for about 13% of exports, maintained growth of 
6%-8% from 1960 to 1978, due in large part to the stimulus of the CACM. By 1981, 
however, growth in this sector was negative. 

While Guatemala was able to register small trade surpluses in 1983 and 1984, deficits on 
the current account remained high, largely due to debt-service payments. AID expects 
the latter to account for 38% L" export earnings in 1985 and 47% in 1986. BOP 
equilibrium will be largely dependent on growth in exports of nontraditional products, 
given depressed world prices for the traditional commodities that continue to account for 
58% of exports. Economic recovery will depend to a large degree on access to the U.S. 
market and on opening new markets. 

Finally, the economy is fundamentally threatened by the region-wide capital-flight 
problem of the past 5 years, which in Guatemala's case is compounded by acute political 
unrest. Private foreign investment has played a central role in Guatemala's 
development. The constricted flow of foreign private capital in Guatemala makes the 
limited bilateral and multilateral assistance sources over the next several years critically 
important. 

The Government has had difficulty in dealing effectively with the economic crisis for 
several reasons, which are cited in the AID CDSS. The first is the Government's inability 
to raise sufficient revenue--tax collections have declined from 9.7% of GDP in 1979 to 
5.3% in 1984. This is partly due to the downward cycle of the economy, but also due to a 
narrow tax base and tax rates that have been kept low for political reasons. The lack of 
funds to support public-sector investments constitutes a serious threat to long-term 
growth. A second problem is the Government's foreign-exchange allocation system, 
which has not always succeeded in directing foreign exchange to priority uses. Another 
problem is unrealistically high interest rates that restrict private investment. Finally,
inadequate pricing and investment policies in the energy sector are viewed by AID as the 
greatest short-term constraint to growth. 

Current policies 

In an attempt to confront the economic recession in 1980-81, the Government adopted an 
expansionary fiscal policy which contrasted with years of traditional fiscal 
conservatism. Total government spending rose from 12% of GNP in 1978 to 16% in 1981, 
the majority of which was due to the increase in capital expenses, which rose from 26% 
to 44% of total expenditures in 1981. Public investments went principally to construct 
the Aguacapa, Chixoy, and Chulac hydroelectric projects. 

In the spring of 1984, after discussions with the IMF, the Government attempted to 
introduce an extensive economic reform package that would have increased tax revenues, 

Guatemala 77 



tightened foreign-exchange controls, and relaxed monetary restrictions. In the face of 
concerted opposition, particularly from the private sector, the package was dropped. In 
the wake of this defeat, the Government initiated a national dialogue on economic 
policy. Although many sectors and interest groups have participated, the small farmers 
and Indians, who together make up the majority of the population, have not. 

The Government's strategy to counter guerr.illa pressure and defuse the political crisis is 
to institute a process of democratization while at the same time addressing the problems 
of the rural poor. To this end, the Government has focused its attention on the Indians 
living in the northwestern Altiplano by providing assistance in food, education, housing, 
security through military presence, and expansion of its rural electrification program. 
The IDB is predicting moderate growth in 1985 for the Guatemalan economy. AID 
forecasters are more pessimistic, however, predicting low or negative rates of growth 
and investment in 1985; and, while the recent national election could improve the 
political climate, guerrilla activity is expected to continue. 

3ii
 

This guardhouse shows that civil conflict poses security problems for 
rural electrification in Guatemala, as in El Salvador. 

AID's strategy 

AID's development strategy for Guatemala deals directly with the problems of the rural 
poor and emphasizes agriculture complemented by investments to improve health and 
living standards. The agricultural development program features improvements in 
infrastructure to increase productivity and income levels in rural areas by means of 
irrigation, energy supply, storage facilities, transportation systems, and natural-resource 
management. Geographically, the focus of AID's program is on the poor Indian 
population of the Altiplano, where much of the country's poverty-and political 
violence-is found. AID will also address population-growth problems and will continue 
to provide BOP support through ESF and PL 480 funding. Even though Guatemala's trade 
deficit is the lowest in the region, the AID CDSS notes that the country's capacity to 
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import essential materials and capital goods must be strengthened before economic 
growth sufficient to reach the country's poor can occur. 

AID's strategy for Guatemala also addresses a number of energy issue- primarily in the 
agricultural sector. This develcpment strategy focuses on increasing productivity and 
bringing new land under cultivation, both of which require energy. Rural energy 
development could ah'o r iay an important role in other ai'eas of AID's program by 
addressing equity objectives and the BOP problem. 

AID's most significant activity in energy has been in rural electrification. In 1971, it 
provided $7 million toward a first stage program, the Plan de Electrficacion Rural No. 1 
(PER-I), that led to the construction of a backbone transmission system. AID is currently 
providing nearly half of the financing for the $23.2 million Plan de Electrificacion Rural 
No. Z (PER-II), that builds on the system established in the earlier project. AID is 
considering participating in the third phase of this program (PER-II), scheduled to begin
in 1989. Furthermore, AID is lending the National Electrification Institute (Instituto 
Nacional de Electrificacion, INDE) a 42 MW diesel generator following the technical 
problems that arose in implementing the 300 MW hydropower plant at Pueblo Viejo-
Quixal (formerly Chixoy). Regional program activities funded by ROCAP have provided 
assistance in the areas of industrial energy efficiency, watershed management, and 
fuelwood and alternative-energy technologies. 

ENERGY SECTOR 

Guatemala is particularly rich in energy resources-of the six countries surveyed, it ranks 
first in geothermal potential and second in hydropower potential. Oil and gas reserves, 
are located in the underdevelop, d Peten. In small-scale renewable energy resources, it 
has a vast potential in biomass feedstocks, including woody biomass (second to Honduras), 
sugarcane (first), and rice hu.ks (third). There is also some potential for wind- and solar
energy applications in cert.in areas. Small-hydropower potential is enormous over much 
of the country, particularly in the northern Atlantic slope of the continental divide, 
where year-round rainfall is heavy and sediment is not as great a problem as in the 
southern volcanic area. Guatemala has been slow to develop and distribute its energy 
resoi'rces, however, and consequently, energy shortages in the near to mid-term threaten 
the country's anticipated economic recovery. 

Guatemala's most critical energy problems are in fuelwood consumption and the power
expansion F:ogram. The most recent data from INDE show that 60% of the total energy 
consumed in Guatemala was derived from wood. Petroleum, including thermal 
generation of electricity, accounted for 32% of the total energy consumed. This 
percentage has not declined as expected because of problems with INDE's hydropower 
program. In fact, Guatemala's petroleum-import bill increased from 14% of merchandise 
exports in 1978 to 22% in 1984. Even with sustained efforts to develop hydroelectric and 
geothermal resources, rural energy use will consist mainly of fuelwood for the 
for.eseeable future. Thermal generation of electricity will be reduced significantly, 
however, as these other sour:es are developed. 

Organization 

Overall economic planning in Guatemala is the responsibility of the National Council for 
Economic Planning (Consejo Nacional de Planificacion Economica, CONAPLAN),
composed of the Ministers of StLte, the President of the Bank of Guatemala, three 
representatives of the President of the Repub!ic, and the General Secretary for 
CONAPLAN.
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Administration of the energy sector is fragmented and is divided into three subsectors: 
electricity, hydrocarbons, and other energy sources. The hydrocarbons subsector is 
coordinated by the Directorate of Hydrocarbons, which reports directly to the Ministry
of Energy and Mines (Ministerio de Energia y Minas, MIEM). Petroleum exploration andexploitation are carried out by private companies. Public electricity is controlled by the 
Ministry of Communications, Transport, and Public Works and primarily executed by two 
parastatal power agencies, INDE and the Guatemala Electric Company (Empresa
Electrica de Guatemala S.A., EEGSA). Several private and governmental institutions are 
involved in the other energy sources. 

Overall energy planning is carried out by the General Secretariat of CONAPLAN. 
CONAPLAN is working on a preliminary energy plan, which will be completed in early
1986. This effort, supported by the UNDP, will establish an economic model for energy
plmning and will also help create a technical planning office in MIEM. Fig. 6.2
 
illustrates the organizational scheme for energy planning and administration in
 
Guatemala.
 

Ministry of Ministry of Communications, 
Energy and Mines Transport, and Public Works 

Hydrocarbons Electricity INDE 

Fig. 6.2. Organizational chart for the energy sector. 

POWER 

Almost all electricity comes from the generating plants of INDE and EEGSA, which total 
97% of existing capacity in Guatemala. INDE is principally a generating and 
transmission utility that sells bulk power to EEGSA, a subsidiary of INDE, and to the
11 municipal utilities that are part of the national interconnected system. It also sells
directly to retail customers, primarily in rural towns. Pig. 6.3 shows Guatemala's bulk 
power system. Fig. 6.4 shows INDE's organizational structure. 

In 1977, faced with the need to reduce energy imports and to meet increasing demand,
INDE embarked on two major hydroelectric projects-Aguacapa (90 MW) and Chixoy
(300 MW). Both projects encountered problems, but the Chixoy project has been 
especially plagued by cost overruns and delay&due to major structural problems. After 
start-up in June 1983, the plant was forced to shut down after only 6 months of operation
because cracks appeared in the lining of one of the water tunnels. The Chixoy plant in 
now back on-line. The two projects have contributed .ignificantly to Guatemala's 
external debt, partly because delays resulted in the need for unexpected oil imports for 
power generation. The problems with these projects have also contributed to the
unreliability of power supply. By late May 1985, outages in Guatemala City were 
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averaging 5 hours/day. Both Chixoy and Aguacapa will eventually yield significant fuel 
savings-the IDB has estimated that, with both plants producing an average of 
2090 GWh/year, savings in fuel for thermal generation will amount to about $91 million 
annually. 

Table 6.1 gives details on the generating capacity of INDE and EEGSA as of 1984, 
excluding the generating facilities of the municipal and private companies. With Chixoy 
operating, INDE will have 489 MW of installed hydropower capacity, while the steam and 
gas plant at Escuintla pr)vides an additional 163 MW of capacity. By 1984, 
approximately 64% of INDE's and EEGSA's installed capacity was hydroelectric, but only 
19% of the net energy generated came from hydropower because of problems at Chixoy.
Gas turbines and diesels were responsible for 36% of the net generation, while steam 
generation, primarily from the plant at Escuintla, accounted for 45%. 

Table 6.1 . Installed capacity, 1985 

Plants 

INDE 
Small-hydropower plantsa 

Small diesel plants 
Los Esclavos 
Jurun Marinala 
Escuintla 
Aguacapa 

Chixoy 

Subtotal 


Isolated 


Subtotal 


EEGSA 
Diesel 

Laguna 


Total 

Start-up 
year(s) 

1960 
1960 
1966 

1970 


1972, 1977 

1982 

1984 


1960 


1955 

1961, 1977 

Installed capacity (MW) 
Hydropower 

25 

13 
61 

90 

300 


489 


" 

493 


493 


Steam Gas Total 

25 
2 2 

13 
61 

86 75 161 
90 
300 

86 77 652 

19 b 23 

86 96 675 

5 5 
30 59 89 

116 160 769 

ancludes Rio Hondo, Palin, El Salto, Santa Maria, and El Porvenir. 
bIncludes Puerto Barrios and Livingston. 

Source: Informe Estadistico, Instituto Nacional de Electrificacion, 1983. 
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Financial status 

INDE is charged with ensuring that electricity supply is adequate to satisfy the normal
demand of urban communities and to promote electricity use in the rural areas ofGuatemala. Financial data on INDE's rural electrification projects are consolidated into 
the financial statements of the utility. Balance sheets and income statements for INDE's
rural electrification projects such as PER-I are not maintained. Therefore, the

following analysis is generally limited to a summary investigation of INDE's financial
 
statements, not of its rural electric operations, per se.
 

INDE's financial performance during 1979-83 was unsatisfactory compared with generally
accepted public-utility norms in the United States (see Table 6.2). Financial return on 

Table 6.2. INDE'S Financial Profile (Q in millions) 

Item 1983 198Z 1980
1981 1979
 

Sales (GWh) 1053 882 971949 896
Average tariff (Q/kWh) 0.089 0.092 0.100 0.086 0.072Operating revenue 93.3 81.5 94.5 83.8 6
Operating costsa (51.3) (63.7) (86.6) (9.3) (53.2)
Other income (net) 6.3 10.3 0.9 (0.4) 0.1
Income before interest 48.3 28.1 8.8 4.1 11.7Depreciation 11.3 9.7 6.26.4 5.7
Gross internal generation 59.6 15.Z 17.437.8 10.3
Interesta 12.9 11.2 1.92.8 1.7
Net profit" 24.1 7.1 (0.5) (4.1) 2.5
Debt amortizationb 21.3 12.7 11.9 6.8 5.9 

Times interest earned ratio 2.87 1.63 0.82 (1.16) 2.47Debt service coverage ratio 2.19 2.09 1.241.04 2.66 

Net utility plant 1237 1137 657908 468
Current assets 106 105 110 73 66
Total assets 1415 1264 1029 744 555

Total capital 318919 768 661 441
Total long-term debt 417 386 236 199 172Current liabilities 75 106 131 105 65 

Return on 1.1 x net utility plant(%) 1.8 0.6 0.0 (0.1) 0.5Current ratio 1.41 0.99 0.700.84 1.02
Capitalization ratio (%) 68.8 72.9 68.973.7 64.9 

Government contributions 119.2 92.8 213.0 119.6 80.9
Local bond issues 16.3 98.9 
New external loans 43.9 60.9 53.5 35.3 61.4 

aAdjusted to include administrative costs which INDE capitalizes.
bExclides debt to suppliers and contractors. 

Source: nforme Financiero y Estadistico, Instituto Nacional de Electrificacion, i984. 
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investment was negligible for all years except 1983. Liquidity, indicated by the current 
ratio, was below generally accepted standards in all years except 1983. Debt-service 
payments on international loans were maintained through internally generated cash, but 
new capital investments and working capital shortfalls had to be maintained through the 
issuance of local bonds and equity subsidies from the Government totalling nearly 
Q 	750 million during the period. 

Arevalo Perez and Associates performed an external audit of INDE's 1984 operations. 
This was the first external audit conducted for INDE. The audit was tentative in nature 
and concluded that: 

" Due to insufficient accounting procedures and records, work-in-progress accounts, 
property accounts, depreciation accounts, consumer-deposit accounts, accounts 
payable to suppliers, receipts actually received from local bonds, and contributions 
actually received from the Government could neither be verified nor reconciled. 

" 	No financial policies or procedures exist to account for obsolete inventory and to
 
amortize project studies.
 

" Administrative costs to the capital account are not accounted for properly. 

" INDE failed to reevaluate its plant assets or current costs. 

* 	INDE failed to comply with financial covenants of international loan agreements. 

" 	Delays in constructing hydropower projects had an extreme impact on financial 
return.
 

During 1984, INDE initiated structural and administrative reforms in its financial 
operations. Measures were taken to collect on outstanding bills from custcmers and to 
settle claims from suppliers and legal suits. INDE paid Q 34.8 million on outstanding 
supplier and contractor claims, leaving an outstanding balance of Q 148.0 million on 
claims. Negotiations were held with various international lenders for additional loans to 
cover these outstanding claims. 

During 1985, financial administrative reforms continued and efforts were made to 
complete construction on INDE's Chixoy hydroelectric project and other power-supply 
projects in order to avoid additional financial costs involved in these projects. The World 
Bank provided a Q 44.6 million loan to co,,, ,r pending obligations for the Chixoy project
and associated 69 kV transmission lines. lgotiations were held with other international 
lenders to finance investments needed to repair the damaged water tunnel at Chixoy. 
The IDB provided two loans totalling Q 52.6 million to study and construct a new 
geothermal plant at Zunil. Guatemala is also seeking the IDB's support for the Santa 
Maria hydropower project. Negotiations were held with FIV to obtain credit to finance 
230 kV extensions in the country. INDE has not been able to secure financing for Chulac 
or any other large-hydropower plant, however. 

In summary, the short-term financial outlook for INDE appears to be poor. 
Administrative reforms and implementation of an array of prudent management
procedures must continue in tandem with measures to expedite completion of the Chixoy 
hydroelectric plant. Once in operation, the energy produced and sold will greatly
improve INDE's revenue-generatlng capability. Current retail rates should be adequate 
to generate a fair and equitable return on investment. With the administrative reforms 
and completion of the Chixoy plant, INDE should be in a firm financial position and 
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additional internally generated resources can be expected, part of which could be 

allocated to consumer and extension activities in rural areas. 

Power demand and supply options 

As in other countries in the region, Guatemala's power consumption in recent years has 
not met the expectations which accompanied the large power-sector investments begun
in the mid- to late 1970s. Because of the negative per capita GDP growth between 1981
and 1984, demand on the interconnected system is expected to be lower in 1985, at
1441 GWh, than it was in 1980. This compares with the demand projection for 1985 of
208Z GWh made in 1982. Ironically, Guatemala finds itself today in a serious power
supply crunch because of the technical problems which have plagued the two largehydropower projects it initiated after the oil crisis. The ongoing difficulties are forcing
INDE to generate 900 GWh from thermal stations as well as shedding loads because of 
temporary undercapacity due to the delays at the Chixoy project. Nonetheless, when

both are on-line, there will be a surplus of electric energy until at least the end of the
decade. INDE estimates that there is an equivalent of 200 GWh of unmet, suppressed

demand in the system because of the problems with the Chixoy and Aguacapa hydropower 
plants. 

INDE is forecasting a rapid increase in peak demand and annual energy consumption
during the period 1985-86, to reflect the economic recovery that is expected to continue
and to catch up with latent demand caused by the failure of Chixoy. Growth in peak
demand would then slow somewhat to an average of 5%-6%/year until 1990, and would

slow further to a 3%-4% annual growth rate in 1990-95. Following an initial surge,

annual energy consumption would drop to a 4.5% rate in 1986-90, but then would

gradually accelerate to a 7.5% growth rate by 2000. 
 Based on these estimates, INDE
projects that new capacity must be added between 1991 and 1993. Table 6.3 summarizes 
INDE's demand forecasts for the interconnected system for the period 1985-95. 

Table 6.3. INDE's Demand Forecast for the Interconnected System, 1985 

Peak demand Generation
Year (MW) (GWh) 

1985 291 1441 
1986 
 347 
 1734
 
1987 
 365 
 1811
 
1988 
 385 
 1891
 
1989 
 406 
 1975
 
1990 
 432 
 2063
 
1991 
 446 
 2172 
1992 
 462 
 Z288
 
1993 
 478 
 Z409
 
1994 
 494 
 2537
 
1995 
 512 
 2671
 

Source: Informe Estadistico 1983, Instituto Nacional de Electrificacion, 1984. 
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INDE is faced with the short- and medium-term problem of utilizing the surplus energy 
potential of its new hydroelectric facilities, and a longer-term problem of determining 
future power-supply options. The short-term problem could be resolved through the sale 
of electricity to El Salvador and, after the proposed interconnection between El Salvador 
and Honduras is completed, to other countries in the region. INDE may have to compete 
for this market with Costa Rica and Honduras, which have a similar problem of surplus 
hydropower. The interconnection linking Guatemala to El Salvador is scheduled to be 
completed 1986. 

The long-term supply problem is reflected in the difficulties encountered with Chixoy 
and Aguacapa. First, the volcanic geologic features of Guatemala create considerable 
engineering difficulties with large dams and tunnels. In addition to the delays in 
constructing Chixoy and Aguacapa, the Government was forced to halt work on a third 
large-hydropower site, the 400 MW Chulac project, partly due to technical problems at 
the site. A separate executive unit outside INDE, answerable directly to the President, 
was created in 1981 to develop this site, but the project was abandoned after spending 
nearly $70 million. 

A second problem is the risk associated with unrealized demand forecasts. The Chulac 
project, if constructed to come on-line in 1993, would by itself almost equal the 
projected peak-demand level on the system. INDE is already carrying a tremendous debt 
burden from existing large-hydropower projects that will take years to fully utilize. 
Uncertainty about the country's economic future attaches a substantial risk to additional 
power investments of this scale. 

Chulac is still in Guatemala's power-expansion plans. An even larger hydroelectric 
project, the Usumacint:. scheme that would be implemented jointly with Mexico, is also 
under consideration. INDE presently plans to add the 62 MW Santa Maria hydropower 
plant and two geothermal units, at Zunil and Amatitlan, for a total capacity of 70 MW 
between 1989 and 1994. The Zunil plant is currently under construction and will have a 
capacity of approximately 15 MW. It has also prepared an inventory of 40 other 
hydropower projects in the range of 15-450 MW for future development. 

The Government is seeking intermediate alternatives to a conventional hydropower 
expansion program, including the addition of smaller hydropower and geothermal plants. 
Guatemala has a considerable forest resources and potential for hydrocarbon deposits in 
the northern Peten that could be harnessed to generate electricity at small, 
decentralized plants. There are also possibilities for generating electricity on a 
decentralized basis from rice husks, bagasse, and other crop wastes. 

INDE has prepared an inventory of about 50 small-hydropower sites of up to 10 MW, and 
a technical group has been formed with representatives of MIEM, INDE, and EEGSA to 
study the role small hydropower may play in the nation's power supply. However, the 
inventory is incomplete and does not include any designs for or economic analyses of the 
sites. Moreover, feasibility work which has been done on an initial site does not appear 
to have employed design-optimization techniques to reduce costs. A $65 million power
sector loan from the World Bank will be used in part to assess various generation options. 

RURAL ELECTRIFICATION 

INDE has been quite effective in addressing its obligation to meet urban power demands, 
to the exclusion of the rural sector-only 7% of Guatemala's rural population has access 
to electricity, the lowest rate in Central America. Fig. 6.5 shows the areas of rural 
electrification distribution in Guatemala. Approximately 4.4 million people in rural 
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areas and about 1.5 million urban dwellers in Guatemala are without electricity. While 
Guatemala contemplates selling energy to neighboring El Salvador, 5.9 million people 
within the country are without electricity. Fuelwood will continue to be the major 
source of energy in rural areas, primarily for cooking and heating, but this leads to 
deforestation and erosion and does not address the commercial energy requirements of 
most of the rural population. 

INDE 

INDE is currently implementing a rural electrification program (PER-f) under a project 
partially funded by AID. Although the loan. agreement was signed in May 1979, 
implementation did not begin until July 1980. Originally a $15 millicn project with 
$8.6 million from AID, it has since been amended to a total cost of $Z3.Z million, of 
which $10.6 m:llion is provided by the AID loazi. As currently planned, the project will 
include 56 km of transmission lines, 3Z1 km of primary distribution lines, 901 km of 
secondary distribution lines, and one subz;ation, resulting in T0,000 consumer 
connections. 

Distribution backfill is clearly needed in the 
Altiplano. In t his village, for instance, where 
only 60% was connected by INDE under PER-Il, 
the remainder of the villagers are eager to be 
included. 
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The implementing unit for the PER-I' project is currently a department within INDE's 
Division of Works and Production. As of July 1985, its staff totalled 152, including 107 in 
Engineering and Construction and 24 in Social Work and Promotion. This unit has drawn 
on experienced construction crews from INDE's Construction Department since PER-l is 
the major construction activity currently under way. Designs are carried out in 
conjunction with the Planning and Projects Division. 

Although scheduled for completion by December 1985, the project will require further 
extension. Delays are due to excessively complex procurement procedures within INDE, 
and disruptions caused by the sudden overhaul of the agency's management in 1984. 
Consultants reported a delay of 16-24 months between the initiation of a purchase order 
and receipt of the materials, although efforts are apparently under way to speed up this 
process. 

A 1985 NRECA evaluation of the project found that PER-il is geared primarily to 
household and public lighting needs in small rural towns and few service connections have 
been made to farms or other agricultural consumers. The construction design standards, 
specifications, and practices are also geared more to urban than to rural areas. The 
evaluation also found that more appropriate designs for distribution systems would 
reduce costs significantly. 

Average household electricity consumption for the PER-Il project has thus far been very 
low-150 kWh/year compared to the projected level of 200 kWh. INDE's revenues 
average just Q 2.54 per household consumer per month. Little is being done as yet to 
promote the use of electricity, particularly in productive activities. The evaluation of 
PER-Il strongly recommended that a productive-uses program be adopted in rural areas, 
with the help of technical assistance provided for in the budget but not yet utilized. 
Training activities were also recommended in the areas of rural electrification design 
standards and construction practices, system management, and procurement. 

INDE promotion workers assigned to the AID-funded PER-I project, 
shown with villagers of Chicua I. This staff should form the basis of 
a program to develop "productive" uses of electricity (see 
Recommendations). 
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Municipal utilities 

A distinctive characteristic of the electricity subsector in Guatemala is the role played
by municipal utilities, listed in Table 6.4. Four municipals (Quetzaltenango, Retalhuleu, 
Huehuetenango, and Tejutla) have their own generating facilities and additional power 
from INDE as needed. 

Table 6.4. Major Municipal Electricity Companie%in Guatemala 

Energy purchased 
from INDE Peak demand Generating capacity (kW)

Municipalitya (MWh) (kW) Thermal Hydropower Total 

Quetzaltenzngo 23,866 5,660 1,000 1,000 
Puerto Barrios 8,958 1,690 
Zacapa 5, 548 1,080
Huehuetenango 5,018 1,460 477 415 893 
Retalhuleu 4,401 1;040 780 693 1,473 
Jalapa 2,305 810 
San Pedro 2,150 730 
El Progreso 1,161 430 
Gualan 1,059 z00 
San Pedro Pinula 170 70 
Tejutla 34 40 60 60 

aNot all municipal companies are listed. There are also a few, small private companies 
and some smaller municipal utilities. 

Source: Informe Estadistico 1983, Instituto Nacional de Electrificacion, 1984. 

The main advantage of the municipal utilities, their small size, also constitutes a major
obstacle to their effectiveness as a vehicle for expanding rural electrification in 
Guatemala. On the one hand, they are efficiently run and, because they are locally 
controlled, responsive to the needs of their customers. Their costs are lower than 
INDE's, and, therefore, they are generally preferred by the townpeople. Because they 
are small, independent utilities, however, there are technical and financial limits to what 
they can do. As a group, they have neither the generating capacity nor the financial 
reserves to expand their systems, which are already overburdened. The chief complaint
by users about the municipal utilities is the voltage fluctuations caused by overloads. 
Their ability to cxpand to mec t demand growth in their service areas has been restricted 
by INDE's monopoly on power and their limited access to credit. It is clear that the 
municipal utilities are in a financial crisis. The Government recently reimbursed INDE 
the Q 7.4 million ($3 million) the municipal companies owed it, and transformed the debts 
into 20-year loans to the Government at 3% interest. The municipal companies are now 
collectively lc;ying the Government to write off the debt entirely. 
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Demand characteristics 

The national power supply-demand situation is barely affected by the rural electric 
subsector. With only a small percentage of the rural population connected to the system, 
and most who do receive electricity using only a minimal amount, rural electricity 
consumption constituted less than 1% of total demand in 1983. In that year, 7% of the 
rural population was electrified, compared with 45% for Costa Rica and 16% for the six
country region combined. 

As Table 6.5 indicates, the average residential consumption for direct customers of INDE 
and EEGSA was 982 kWh in 1983. This figure is distorted by consumption in the city of 
Guatemala and the Departments of Sacatepequez and Escuintla, where the average was 
1420 kWh in 1953. If this region is excluded, the average amual consumption for the rest 
of the country was just 42Z kWh (or 35 kWh/month). Municipal companies are not 
included in Table 6.5, so the national average consumption would thus be somewhat 
higher. On the other hand, since the municipal companies serve the larger towns, these 
figures give a good idea of rural electric consumption. in fully 123 (or 14%) of the 896 
communities served directly by INDE, average consumption per consumer (for all 
categories) was less than the 10 kWh/month minimum. Eighty-four of those communities 
were in the western highlands and Pacific coastal plain. 

Table 6.5. Residential Consumption for INDE and EEGSA by Region, 1983 

Residential Consumption Average consumption 
Region consumers (MWh) (kWh/yr) 

Central 196,900 279,800 1,420
 
West 75,600 31,300 414
 
East 52,800 Z1,000 398
 
North Central 17,100 8,Z00 480
 
Atlantic 5,600 z,900 518
 
Peten 3,700 Z,000 541
 

Total 351,700 345,200 982 

Source: Informe Estadistico 1983, Instituto Nacional de Electrificacion, 1984. 

Future plans 

The Government is proposing to continue its rural electrification program as part of the 
next 5-year plan, although final plans for PER-II have still not been drawn up nor has 
funding been identified. AID is considering the most appropriate way it could support 
future rural electrification, including ways to address the priority energy needs of 
populations in remote mountainous areas and other target areas of its rural development 
program, primarily along the Altiplano. 

92 Guatemala 



Summary of key issues 

Political unrest continues in the rural areas of Guatemala, where socio-economic
 
conditions remain among the worst in Latin America. Income disparities are acute, land
 
holdings are too small to support families, productivity is low and failing to keep pace
 
with population growth, and infrastructure is inadequate. The majority of the peope
 
living under these conditions is in the western Altiplano and constitutes AID's target
 
population.
 

Experience suggests that resumed economic growth, as in the 1960s and 1970s, will not 
be sufficient in itself to improve the living conditions of this population and bring 
genuine political stability to the rural areas. An integrated approach to development in 
the rural areas of Guatemala is needed, in order to increase productivity and improve 
living standards. Energy will be a key factor in any such approach. 

The vast majority of energy needs in the rural areas are currently met by traditional 
sources, notably fuelwood. Commercial energy consumption is minimal and limited to 
kerosene and some diesel-both of which must be imported. The ccsts and inconvenience 
associated with these sources are a major constraint to balanced development in the 
rural areas. Approximately 4.4 million people-over 90% of the rural population-do not 
have access to electricity. Furthermore, development of the nor-thern slopes of the 
Altiplano will also require basic services such as electricity. Future electrification 
efforts should continue to focus primarily on the poor populations of the Altiplano. 

Productive uses 

Electric service in rural and urban areas alike is currently the monopoly of INDE, the 
national utility, and EEGSA, its subsidiary, although a number of municipal and private 
companies provide electricity in various municipalities. NRECA's recent rural 
electrification evaluation found that average consumption of new consumers was very 
low, which resulted in inadequate revenues for INDE and limited benefits to the 
communities involved. A program to promote productive uses of electricity may be 
required to stimulate electricity consumption in rural areas and increase its economic 
benefits. It should include credit assistance to encourage consumers to convert diesel 
machinery to electric motors. This should be linked to other projects in the fields of 
agriculture, health, and education. An economic impact assessment of PER-f1 could be 
useful in determining priority uses of rural electricity and specific measures needed to 
promote these uses. 

Supply issues 

Given INDE's medium-term excess capacity and financial health, the major burden of 
rural electrification must continue to be met by grid extension primarily based on a 
generation mix of medium- to large-hydropower and geothermal units. Much can be done 
to improve the way in which this is carried out, however, in order to reduce costs and 
streamline management. Costs can be reduced by adapting designs and construction 
practices to the needs and resources of rural areas. The analysis of PER-I[ found that 
design standards and construction practices are inappropriate for rural areas and could be 
made much less costly. 

In many areas isolated from the existing grid, such as on the Atlantic slope of the 
Altiplano, small-scale hydropower appears to offer the greatest potential for meeting 
energy needs, although biofuels potential for serving remote populations in the Peten 
should be assessed. Micro-hydropower is a traditional technology in Guatemala, and local 
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capabilities have been developed. Making credit available on reasonable terms and 
providing limited technical assistance, particularly in the area of turbine design, could 
substantially stimulate Guatemala's small-hydropower industry. The likely beneficiaries 
of such a program, however, woule. be the relatively wealthy landowners, many of whom 
are already capable of paying in advance for their own hydroelectric schemes. The 
challenge lies in developing this technology to benefit the rural poor directly. Projects 
would have to be thoroughly integrated with productive uses such as rice hulling, corn 
milling, cr coffee hulling. If implemented through PVOs, cooperatives, and local, private 
hydropower developers, this technology can provide the least-cost energy alternative to 
countless isolated communities in Guatemala. 

Future supply constraints on the interconnected system should be anticipated by 
feasibility and design studies on smaller hydroelectric projects in the range of several 
megawatts. Because of their short construction leadtime, such projects would enable 
planners to respond more effectively to short-term changes in supply and demand. 

Institutional issues 

The breathing space Chixoy provided should be used to improve INDE's administrative 
and operational efficiency through training and providing essential equipment. Also, the 
administrative burden of serving poor, isolated areas could be alleviated by the 
development of institutional alternatives to centralized public-sector management. The 
present legal structure of electricity supply limits the commercialization of energy by 
the private sector. A careful review of these legal constraints is necessary. For 
example, decentralized power systems could be developed to serve isolated communities 
by working through, or establishing, cooperatives to ensure ownership and direct benefits 
on the part of the target population. 

94 Guatemala 



VIL HONDURAS 

GEOGRAPHY AND DEMOGRAPHY 

Honduras, the largest of the six countries the team visited, is also the poorest. With a 
land area of 112,000 km 2 and a Ropulation of 4 million people, 14ondurs has a relatively 
low population density of 38/km (see Fig. 7.1), compared with 73/km for Guatemala 
and 248/km Z for El Salvador. 

The country can be divided into five geographic/economic regions: the western 
mountainous region, the Caribbean coastal region, the central region, the tropical 
lowlands region, and the southern Pacific coastal region. The most densely populated is 
the western inountainous region, which includes the capital of Tegucigalpa. About 70% 
of the population lives here. Those living outside the city are generally employed on 
small traditional farms and coffee fincas. 

The second most populous region is the agriculturally rich Caribbean coast with 20% of 
the population and the economically important banana plantations. The agro-processing 
center of San Pedro Sula is located in this region. South of this area are the 
underpopulated central ranges and valleys where a great deal of the country's 
undeveloped agricultural potential can be found. This central region, together with the 
Caribbean coast, has become an important target area for the Government's socio
economic reform and rural-development program in recent years. 

Persons per square kilometer 
o 10 30 60 100 260 

o 	 25 75 150 250 650 
Persons Qer square rde 

Source 1974 Cen us o Ho,".ras 
(data sno *rl ,tnu'rc cc 

Fig. 7.1. Population density map. 
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The two remaining regions are comparatively unimportant, in terms of food production 
and industry. Hot, humid tropical lowlands dominate the easternmost fifth of Honduras, 
which is sparsely populated and mostly covered with coastal swamps and virgin 
forestlands in the higher elevations. This region's forest reserves are an important 
source of foreign currency, however. Finally, the small, Pacific coastal zone in the 
south, with 5% of the population, is generally dry much of the year and poor in 
agricultural and natural resources. 

Honduras is also the most rural of the six countries. Nearly two-thirds of its population 
lives in rural areas, and a comparable percentage of the labor force in 1983 was 
employed in agricultural activities. However, the rural population has declined by 6.5% 
since 1980 because of a continuing transmigration problem from rural areas-where the 
per capita income is less than one-third the national average--to the sprawling urban 
centers. 

Although by Central American standards the rural resource base is large in relation to 
the population and more than sufficient to support rural dwellers, it has not been 
effectively utilized. Only one-quarter of the total land area is currently used for 
agricultural production (cropland and pasture), compared with 88% for El Salvador and 
nearly 60% for Costa Rica. The IDB estimates that only 30% of cultivable land in 
Honduras is being used. Moreover, forestland, which accounts for nearly 60% of 
Honduras' land area and is perhaps the country's single greatest natural asset, has been 
diminishing at an alarming rate. According to a recent environmental report prepared 
for AID, deforestation, because of a combination of land clearing, timber production, 
firewood cutting, and crude farming techniques, is contributing to a growing degradation 
of the resource base and a resultant loss of agricultural productivity. 

ECONOMIC AND DEVELOPMENT CONTEXT 

Honduras' per capita income, $663 in 1984, is the lowest in the region and less than half 
that of Panama or Costa Rica. Because the population is growing faster than that of any 
other country in the region, at an average annual rate of 3.2%, economic growth must 
accelerate just to maintain present per capita income. Nevertheless, Honduras was one 
of only two countries whose GDP was greater in 1984 than in 1980 (service-oriented 
Panama was the other). The econcmy contracted somewhat in 1982 and 1983, but 
registered a Z.8% GDP growth rate in 1984. The IDB predicts that growth will continue 
during 1985 at the rate of 3%-4%. 

This comparatively light treatment by the recession may, however, be due to the fact 
that since 1980 the Honduran Government has gone into debt at a faster rate than any of 
its Central American counterparts. The public deficit as a percentage of GDP has 
increased steadily each year since 1980, to a region-wide high of 11% of GDP in 1984, 
while it has actually declined for all other countries. 

Simultaneously, Honduras' external public debt has exploded. It has grown by over 1600% 
since 1970, one of the steepest increases in Latin America. At the same time, debt 
service as a percentage of exports went from the lowest in the Central American region 
to the second highest behind Costa Rica. One reason for this debt was the construction 
of the El Cajon hydroelectric project, which contributed heavily to the power sector's 
40% share of total public investment during 1981-85. Another is the continuing problem 
of trade. Honduras is the only country in the region that has run deficits in both 
merchandise and services every year since 1978. Its BOP deficit over the past Z years 
was the second largest in the region and the highest as a percentage of total foreign
exchange earnings in 1983. Honduras has experienced a $Z25 million drop in its 
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international reserves since 1980 during a period of unprecedented foreign lending and 
capital assistance. 

The cumulative effect of the negative BOP during this period poses a significant threat 
to continued recovery and makes the fragile Honduran economy more vulnerable to 
external circumstances and world market fluctuations. Much of the current policy effort 
directed at Honduras by creditors and development organizations focuses on correcting 
basic problems with the Government's fiscal and price management. The near- to mid
term effect of these stabilization policies will be felt most accutely by the poor, who 
already consume very little by any standard and will be asked to consume less. 

Even by Central American standards, life is hard in rural Honduras. The social inequities 
and political instability that plague neighboring Guatemala and El Salvador are not as 
evident in Honduras, but poverty is more pervasive. Over three-quarters of rural 
dwellers in Honduras live below the official government poverty line, fashioning a crude 
subsistence out of available reso'.ces. One-quarter are landless, and most who have 
property farm on uneconomically small parcels of marginally productive land. Household 
potable water is available to only 11% of the rural population, sewage service to Z6%, 
and electricity to only 1Z%. Infant mortality, at a rate of 87/1000 live births, is the 
highest in the region, and the average life expectancy of 60 years is the lowest. 

Since 1975, the Government has carried out agrarian reform and agricultural 
development to improve living conditions among the rural majority, but agriculture 
remains well below its potential. Honduras relies on agriculture more than any other 
country in the region, but it has one of the least efficient agricultural sectors. In 1978, 
the average Honduran farmer produced only two-thirds of the regional average, lower 
even than overcrowded El Salvador. The productivity of its land compared to the region 
was worse still-less than half the regional average. By contrast, per-hectare output in 
El Salvador was almost four times as great. Thanks largely to favorable weather 
patterns, there has been some improvement in recent years, but there is clearly a need to 
improve basic agricultural-production methods. 

Agriculture's poor performance has been attributed to several factors. Farming 
conditions are difficult in most of the areas where traditional farmers grow basic grains, 
beans, rice, and vegetables to support their meagre existence, because of poor soil 
quality, plant disease, and irregular rainfall patterns, which also hamper livestock 
production. Technological solutions to treat these problems--fertilizer, pesticides, 
irrigation, improved storage and processing systems, and modern transport-are generally 
insufficient or unavailable to poor farmers. Crop yields are further reduced by inefficent 
post-harvest processing, storage, and marketing practices. 

Another problem is land tenancy. The land redistribution policy initiated in 1972 has 
progressed slowly and has had mixed results. By 1984, only 14% of campesinos had 
received land, and most land holdings are less than 3.5 ha. The new settlements have 
generally been organized into cooperatives, but the hard realities of frontier life, with 
limited infrastructure and support services, sent a growing number of families into the 
cities after 1978. The situation worsened with the economic recession, and the 
Government has since decided to concentrate its limited resources in areas where 
agricultural potential is greatest-primarily in the series of lush central valleys running 
northeasterly from the mountains to the Caribbean, including the Aguan, Guayape, and 
Patuca Valleys. 

Possibly the greatest constraint to agricultural development is the lack of incentives to 
farmers to produce crops for sale outside the rural market. Although the Directorate of 
Cooperative Promotion (Direccion de Fomento Cooperativo, DIFOCOOP), the leading 
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national cooperative organization, actively supports this new class of farm owners, the 
advice and tangible support the farmers receive is limited. These ftrmers have little 
control over the commercial markets outside the immediate rural vicinity. They 
generally must rely on those who buy their products to truck goods out-mainly rice in 
the valleys-and they receive prices for unprocessed products far below what they pay 
for finished goods. 

Current policies 

The Government's current economic approach stresses increasing exports and reducing 
unemployment. These primary goals will be pursued under a policy framework of fiscal 
restraint and efforts to expand the role of the private sector in the economy. No large 
investment projects are contemplated in the near term following the completion of El 
Cajon; this, together with favorable agreements recently reached with the IMF and 
commercial lenders for easier repayment schedules, will help keep the public budget in 
check. New tax increases will increase public-sector revenues. Developing the export 
sector continues to be the leading development aim of the Government, both to create 
jobs and to address the BOP problem. 

AID's strategy 

AM's short-term policy focuses on economic stabilization in the form of BUJ' support, 
while providing assistance to the poor to help soften the blow of corrective measures in 
fiscal and pricing policies. This more direct assistance is being provided in the form of 
programs to reduce the high rates of unemployment and underemployment which, 
according to the IDB, account for 40% of the labor force. The employment effort 
concentrates on urban unemployment, mainly through support of infrastructure projects 
in the housing sector, while in rural areas a natural-resource conservation effort, 
including reforestation, has been proposed. 

AM is emphasizing small farmer productivity within the framework of the on-going 
agrarian reform movement. The strategy for achieving this objective is to include 
infrastructure projects in roads, irrigation, energy, and natural-resource conservation and 
development. A rural electrification project is planned but still undefined. Projects in 
the $5-$10 million range were considered for the Guayape Valley (central region), and the 
Choluteca sector (Pacific coastal region), but alternative sites for a rural electrification 
project are being sought. Guidelines for selecting target areas set out in the CDSS 
include productive agricultural and agro-processing use potential and areas that require 
concessional financing to conduct rural electrification. These would presumably be poor 
and/or isolated areas, but with tangible economic potential, primarily where agrarian 
reform is under way. 

ENERGY SECTOR 

Nearly one-third of all energy consumed in Honduras is imported, despite its large 
indigenous energy potential. It has the largest forest resource in the region and has 
substantial potential fuel supplies from rice wastes and bagasse. Recent geothermal 
exploration in the volcanic Pacific coastal region has been encouraging. Furthermore, 
Honduras' hydropower potential is very large, estimated to range from 2800 MW to nearly 
6000 MW, or 10-20 times the existing power demand in the country. 

The DB estimates that the addition of the 292 MW El Cajon hydroelectric project will 
substantially reduce the nation's dependence on energy imports, saving approximately 
$Z0 million annually through oil substitution. However, Honduras will have a power 

98 Honduras 



surplus for several years, since the addition of 1312 GWh from El Cajon will almost 
double existing generation potential, and by itself will roughly equal demand on the 
system in 1986. 

A critical energy problem in Honduras, as in Guatemala and El Salvador, is its low 
productive consumption of energy, particularly in agriculture. Industry accounted for 
just ZZ.4% of energy consumption in 1983; agriculture, only 1.3%. By contrast, 
residential and public sectors consumed over 60%. Industry's share of electricity 
consumption actually declined between 1978 and 1983, largely because of the economic 
recession. Agriculture consumed only 6.6%, although this represented a doubling of the 
1978 power-consumption level. Since 1978, energy consumption in agriculture has 
increased by only 0.4%/year. The low rate of energy consumption, and especially its slow 
rate of growth in agriculture, will remain a constraint to growth in this vital sector. 

An additional energy problem is fuelwood consumption. The reliance of the rapidly 
growing population on fuelwood for energy is placing pressure on the country's large, but 
dwindling, forest resources. Fuelwood accounted for 63% of all energ y consumed in 
Honduras in 1983. Annual fuelwood consumption exceeds 5 million m and is said to be 
one of the chief causes of the loss of one-third of Honduras' forest resource. The 
fuelwood problem is particularly severe in the growing urban slums of Tegucigalpa and 
San Pedro Sula. The Honduran Forest Development Corporation (Corporacion Hondurena 
de Desarollo Forestal, COHDEFOR) is responsible for both the economic exploitation of 
forests and their protection, and has been criticized for stressing short-term profits at 
the expense of sound resource management. 

O rganization 

Another critical problem is the organizational and administrative weakness of the 
bureaucracy which manages the energy sector (see Fig. 7.2). An inter-ministerial 
commission set up several years ago to deal with energy no longer exists. Presently, 
several entities participate in the energy policy process: the Ministry of Natural 
Resources (Ministerio de Recursos Naturales, MRN), the Ministry of Economy, the 
Ministry of Public Works and Communications, COHDEFOR, and the National Electric 
Power Company (Empresa Nacional de Energia Electrica, ENEE). The National Planning 
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Fig. 7.2. Organizational chart of the energy sector. 
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Council (Consejo Superior de Planificacion Economica, CONSUPLANE) has overall 
authority for planning in the Honduran Government, including energy. CONSUPLANE's 
Department of Energy is theoretically responsible for coordinating activities of the 
different entities involved in the energy sector. However, since the department has only
four professionals, most of whom have little experience in energy, CONSUPLANE is not 
in a position at this time to create effective policy in the energy field. 

In 1986, a joint UNDP/World Bank mission will conduct an assessment of the energy 
sector in Honduras. The mission will concentrate on three sets of issues: energy 
investment priorities in relation to the country's macroeconomic context, energy demand 
management, and energy institutions and planning. 

The 1982-86 National Development Plan states that general objectives for the energy 
sector are to support the underlying goals of the overall plan: to reduce the BOP gap,
reduce the fiscal deficit, create employment, and to increase income and its 
distribution. These objectives are to be achieved mainly by optimizing use of energy 
resources. This policy involves guaranteeing the supply and reliability of electricity;
increasing or improving petroleum exploration; determining the feasibility of exploiting 
geothermal, small-hydropower, solar energy, and other nonconventional energy resources; 
minimizing consumption of hydrocarbons by optimizing their use in industry and 
transport; and stimulating production of fuelwood and charcoal. The Plan also stresses 
institutional strengthening to coordinate agencies that deal with energy, and to improve 
the integration of energy policy with other development programs. 

Specific short-term objectives include obtaining petroleum supplies from Mexico and 
Venezuela, extending electricity service to new areas, and improving the use of financial 
resources in the electricity sector. In the mid-term, Honduras intends to train personnel
in areas of energy planning and administration, promote appropriate use of forest and soil 
resources, and establish links with local and municipal development programs in order to 
improve demand forecasts. 

Moreover, in order to achieve the Government's productivity and equity goals, the Plan 
implicitly proposes to increase the availability of commercial energy in rural areas, 
including electricity, and to accelerate its consumption rate in agriculture and other 
productive sectors. 

POWER 

ENEE is effectively the sole provider of electricity in the country. Fig. 7.3 presents 
ENEE's organizational chart. Prior to the large-hydropower construction program 
initiated in the early 1970s, small-hydropower and diesel facilities scattered throughout
the country provided the bulk of power, many of them privately owned and operated.
With the addition of larger centralized power stations, these decentralized generating
plants were absorbed into the system and many were retired as the large-hydropower 
plants came on-line. 

Table 7.1 lists existing power facilities on ENEE's interconnected power system. ENEE 
presently has 560 MW of capacity, of which 546 MW supplies the interconnected system. 
Three-fourths of the capacity is provided by hydropower installations, including
El Cajon. There are three steam plants totaling 87 MW and four combustion generators, 
including diesel and gas turbines, totaling some 36.5 MW. With the completion of El 
Cajon, the hydropoi.,er facilities will provide all baseload power and energy and the 
thermal plants will be used for peaking and reserve requirements. 
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Table 7.1. ENEE's Interconnected System, 1985 

Start-up Installed capacity (MW) 
Plant year(s) Hydropower Steam Gas turbine Diesel Total 

Canaveral 1964 28.5 28.5 
Rio Lindo 1971-1978 80.0 80.0 
El Nispero 1982 22.5 Z2.5 
Cortes I 1980 30.0 30.0 
La Ceiba 1974 26.6 26.6 
Santa Fe 1968 5.0 5.0 
Miraflores and 1970-1972 31.5 31.5 
La Puerta 
Cortes II 1984 30.0 30.0 
El Cajon 1985 292.0 292.0 

Total 423.0 86.6 31.5 5.0 546.1 

Source: Empresa Nacional de Energia Electrica. 

ENEE also operates 15 plants at demand centers isolated from the grid that total 14 MW, 
including five hydropower plants ranging in size from 40 kW to 1Z00 kW. Table 7.2 lists 
ENEE's off-grid power facilities. ENEE's existing power network and facilities are 
illustrated in Fig. 7.4. 
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Isolated ENEE generating station at Juticalpa, in the Guayape 
Valley. 
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Table 7.2. ENEE's Isolated Powerplants, 1985 

Installed capacity (kW)
Plant Diesel Hydropower Total 

Santa Rosa de Copan Z,500 2,500
Ocotepeque 600 600 
Juticalpa 1,130 1,130
Danli 4,300 4,300
Marcala 330 40 370 
La Esperanza 610 7Z 682 
Santa Maria Rtal 1,Z00 1,Z00
Amapala 300 300 
Catacamas 1,080 1,080
San Marcos de Ocotepeque 325 60 385 
San Marcos de Colon 300 300 
Copan Ruinas Z90 Z90 
Gracias (Lempira) 330 100 430 
Coxen Hole Z40 Z40 
Utila 185 185 

Totals 12,520 1,47Z 13,99Z 

Source: Empresa Nacional de Energia Electrica. 

There are also numerous auto-producers that generate power from diesel generators and 
small-hydropower plants, both inside and outside the areas presently served by ENEE's 
central grid. The reliability and quality of service from small diesel sets in rural areas, 
however, is reportedly poor. 

Financial status 

Recent data on ENEE's operations indicate an improving financial picture (see
Table 7.3). This picture, however, is clouded by the cost burden of construction projects
in progress and poor liquidity. In 1984, ENEE's assets totalled L Z051 million. Net utility
plant in service was valued at L 697.3 million. Construction-work-in-progress related to 
the El Cajon project was valued at L 1105.8, or 54% of ENEE's assets. The power sector 
has been the largest borrower of foreign currency during this decade, accounting for 37% 
of total foreign debt in 1984. 

ENEE's future financial operations depend directly on completing this project in a timely
fashion and securing a power market for energy generated by El Cajon. According to the 
Price Waterhouse auditor's 1978 report, loan covenants with international financial 
institutions have attempted to prevent ENEE from further investment exposure by
placing limitations on the utility's ability to undertake new loans not related to the El 
Cajon project. ENEE apparently favors disposing of El Cajon's excess energy by selling it 
to Nicaragua, despite the presence of unmet demands for electricity in the country. 
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Table 7.3. ENEE's Rate of Return on Investment (L in millions) 

Item 1984 
 1983
 

Fixed assets in service 977.6 904.0 
Accumulated depreciation (280.3) (249.9) 

697.365.
 
Net utility plant (average ior year) 675.7 
 637.6
 

Working capital 58.3 51.0 

Total permanent investment 734.0 688.6 

Income before profit 74.7 56.0 

Rate of return on investment (%) 10.Z 8.1 

Target rate of return (%)a 12.0 9.8 

aUnder 1DB lcan contract. 

Source: external audit report, Price Waterhouse April ZZ, 1985. 

ENEE's liquidity position needs to be improved, however, since the current ratio (total 
current assets divided by total current liabilities) in 1984 was 0.42, up from 0.35 in 
1983. A contributing factor to the liquidity problem concerns ENEE's difficulty in the 
collecting revenues. During 1984, L 10.9 million of overdue consumer bills were written 
off, equal to 6% of total electricity sales that year. To ameliorate ENEE's liquidity 
problem, the Government has deferred current interest obligations owed to it by ENEE 
for the El Cajon project (see Table 7.4). The El Cajon project, moreover, has forced the 
Government to make substantial equity additions to ENEE in recent years. During 1984 
alone, L 88.8 million of government funds was allocated to ENEE as equity. 

In sum, ENEE is responsible for a major share of the Government's domestic and foreign 
debt, mostly the result of the huge capital rc-quirement for El Cajon. The utility's
.inancial outlook depends to a disproportianate degree on the ability of the utility to earn 
revenue from this project. It is therefore reasonable to assume that ENEE would seek a 
market for this excess power that increased revenues in foreign curreny. This concern 
could raise a conflict between ENEE's financial needs and Honduras' economic and 
development priorities. 

Power demand and supply options 

Energy demand on ENEE's interconnected system was forecasted in August 1983 to grow 
at an average rate of 7.7% between then and 1995 and to double in 1991 from its 1982 
consumption level of 855 GWh. This forecast assumed that economic recovery would 
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Table 7.4. ENEE's Long-Term Capital Structure 

1984 1983 
Item (L in millions) (%) (L in millio- (%) 

Government contributions 257.9 14.7 146.7 10.7 
Accumulated profits 27Z.0 15.5 225.9 16.4 
Revaluation reserve 346.9 19.8 336.3 24.4 

Net worth 876.8 50.0 708.9 51.5 

Foreign loans 843.8 48.2 646.9 47.0 

Supplier notes 8.1 0.5 9.7 0.7 

Capitalized interest loan 21.2 1.2 11.4 0.8 
(Government/El Cajon project) 

Long-term debt 873.1 49.9 668.0 48.5 

Total capital structure 1749.9 100.00 1376.9 100.0 

Source: external audit report prepared by Price Waterhouse, April 22, 1985. 

begin in 1983 and build to an average of 4% real GDP growth per year, beginning in 
1987. GDP in fact has grown at a faster rate in the past 2 years, but electricity sales 
have failed to reach the forecast level, increasing by only 5% between 1983 and 1984. 
Table 7.5 presents a summary of ENEE's demand forecast through 1995. 

Table 7.5. ENEE's Demand Forecast for the Interconnected System 

Peak demand Generation 
Year (MW) (GWh) 

1985 225 
 1240 
1986 240 
 1324
 
1987 256 
 1415
 
1988 278 
 1532
 
1989 
 299 1655
 
1990 
 323 1785
 
1991 
 348 1921
 
1992 
 374 2064
 
1993 
 401 2215
 
1994 
 430 2374
 

Source: Empresa Nacional de Energia Electrica, August 1983. 
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When El Cajon was still in the planning stages, in 1978, two separate load forecasts 
prepared for ENEE by outside consultants predicted electricity consumption levels to 
reach 1243 GWh and 1223 GWh by the time the big project would come on line in 1984. 
In fact, sales grew only half as fast as expected, reaching just 973 GWh in 1984. This 
miscalculation delayed expected benefits from the El Cajon investment by at least 
3 years, since the 1984 demand predicted in 1978 will not be reached until 1987, 
according to the present forecast. Furthermore, the new 30 MW steam plant at Puerto 
Cortes has been idled, with its workforce laid off indefinitely. 

To redr.ce this loss, ENEE is hoping to sell its surplus from El Cajon to Nicaragua, but 
this plan is being undermined by heightened military hostilities between the two 
countries and the fact that Nicaragua is purchasing surplus electricity from Costa Rica. 
ENEE is proposing to build a transmission link to El Salvador, but not until 1989, and 
guerrilla activities could delay this project further. Panama is also reportedly interested 
in purchasing power from Honduras, although this may pose technical problems. 

On the other hand, underestimating demand could be equally harmful to the economy.
Development programs to expand urban employment and export sectors while raising 
agricultural productivity will require commercial energy inputs, and could be adversely 
affected if energy supplies are inadequate. Guatemala, for example, is currently facing 
economic losses due to electricity shortages in the wake of Chixoy's technical problems. 

Under the current forecast, ENEE will not have to add power-generation facilities to 
meet the demand on its interconnected system until the early 1990s. A power-expansion 
study recently prepared by Chas. T. Main International, Inc. estimates that ENEE will 
have to add the equivalent of one 100 MW hydropower plant every 3 years beginning in 
1994, when ENEE proposes to commission the 125 MW Remolino plant. These would be 
complemented by annual additions of thermal peaking units. Main's study of large
hydropower expansion alternatives showed that the must economic expansion plan would 
involve the construction of seven large-hydropower plants, including one over 400 MW. A 
plan which ENEE is currently preparing will apparently place even greater emphasis on 
large-hydropower facilities than suggested in the Main study and would speed up the 
construction schedule while elminating most of the thermal plants. 

Since these plans place heavy emphasis on large-hydropower plants, they entail 
considerable risk, given the uncertainty about the economy and energy demand in 
Honduras, and due to the "front-loading" investment characteristic of hydropower
investments as opposed to thermal alternatives. The large-hydropower projects are not 
only risky from the standpoint of demand, but they are also expensive (over $2000/kW
installed) by Main's estimate. Moreover, some 70% of this cost will require foreign 
currency financing. The study also noted that some of the more attractive sites bear 
certain social and environmental consequences, such as requiring the resettlement of 
populations. 

To reduce this risk, thought is being given to including small-hydropower plants in ENEE's 
future grid-expansion program. These could have a unit cost comparable to, or less than 
large-hydropower and geothermal facilities, would require less foreign currency, and by 
delaying the need to add large-hydropower stations, they would reduce the discounted 
(present-worth) cost of the investment program. An 8 MW run-of-river plant recently
studied by a Canadian consulting firm cost under $1500/kW installed, and when added to 
Main's least-cost expansion plan, reduced the present-value cost of the plan. Table 7.6 
shows ENEE's present power-expansion plans through the year Z000 and the results of 
Main's study. 
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Table 7.6. Alternative Power-Supply Expansion Plansa 

Chas. T. Main's 
ENEE's most economical Most economical plan

Year expansion planb expansion plan with small bydropower 

1992 Steam plant
 
1994 Remolino (125 MW) Remolino (125 MW) Cuyamel (8 MW)

1995 Sico (82 MW) and Remolino (125 MW)
 

Naranjito (72 MW) 
1998 Cuyamel (525 MW)
2000 Piedras Amarillas (Z10 MW) Steam 
2002 Cerro Malin (230 MW) Cerro Malin (230 MW)
2005 Naranjito (72 MW) Naranjito (72 MW)
 
2007 Cayetano (118 MW)

Z008 Cayetano (118 MW)
 
2009 Raity (403 MW)
 
2010 Raity (403 MW)
 

Costc 848.9 846.7 

aThermal combustion units for peaking and reserve purposes were included in each 
gcenario, but are not shown. 
Data received during interview with senior ENEE staff, July 1985; plans after 2000 were 

not available. 
CPresent worth in US$ millions discounted at 1Z%; no estimate for ENEE's plan. 

Source: Updating of the Hydroelectric Potential in Honduras, Chas. T. Main 
International, Inc., 1984. 

ENEE is conducting inventories of small-hydropower plants up to 30 MW in collaboration 
with the Taiwan Power Company and recently contracted on a turnkey basis with a 
French hydropower firm for a 1.2 MW facility at Santa Maria del Real. It reportedly cost 
$3125/kW installed, the majority of which is foreign exchange. ENEE will have to 
consider alternative means of developing projects in this capacity range, if small 
hydropower is to have a role in its power investment program. ENEE could also consider 
other small power-generation fuels to reduce the cost and risk of future power-supply 
investments, including wood and agricultural residues. 

RURAL ELECTRIFICATION 

Under Decree No. 48, the law establishing ENEE in 1957, the utility was given broad 
powers to carry out studies, construct facilities, and provide electric service to the 
public. These responsibilities included rural electrification. Although the law granted 
ENEE authority to allow private enterprise to carry out electrification where it deemed 
such an approach appropriate, in practice it has a monopoly on the commerce of electric 
power in rural areas. 

There is no unit in ENEE that is specifically devoted to rural electrification. This 
responsibility is dispersed throughout the utility under separate functional divisions for 
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administration, engineering, and operations. The operations division is geographically
 
divided into five units including one that has responsibility for regional electrification
 
which administers the isolated diesel systems.
 

ENEE's investment in rural electrification has been small to date. Rural electrification
 
in Honduras generally amounts to the connection of consumers located around the urban
 
centers and towns where ENEE provides service. There has been only one formal effort
 
to extend the grid to a mainly rural area: a recently completed project in the Aguan
 
Valley which received $10 million in AID support.
 

Since rural electrification is not treated as a separate enterprise, it is difficult to
 
develop a precise picture of rural electrification in Honduras from data provided by
 
ENEE. Table 7.7 lists the number of rural electric consumers and electricity
 
consumption in 1984, according to ENEE's estimates. By its own definition, ENEE
 
counted 34,968 rural consumers in 1984 out of a total number of 197,865, or 18% of its 
total subscription. Most of these consumers are concentrated in the populated central 
highlands of the country stretching from Puerto Cortes in the north to Choluteca in the 
south. Two-thirds of all rural consumers are located in the four departments of Santa 
Barbara, Francisco Moran, Choluteca, and Cortes. This figure includes the outlying 
suburban areas of Tegucigalpa and San Pedro Sula, considered to be rural by ENEE. 

Table 7.7. ENEE's Estimates of Rural Electric Consumers and Consumption, 1984 

Number of Energy 
Department consumers consumption (MWh) 

Cortes 19,635 59,946
 
Francisco Morazan Z,99Z 8,6ZZ
 
Choluteca Z,09Z 4,001
 
Santa Barbara 3,189 Z,494
 
Atlantida 1,59Z Z,213
 
Yoro 1,Z18 1,537
 
Comayagua 1,47Z 1,517
 
Itibuca 896 88Z
 
Olancho 1,090 653
 
De La Paz 686 678
 
Ocotepeque 106 84
 

Total 34,968 82,627 

Source: Empresa Nacional de Energia Electrica. 

ENEE estimates that, in all, 12% of rural Hondurans receive public electricity service, 
and, in 1984, they accounted for 10.8% of ENEE's electricity sales. But since 75% of the 
total consumption listed as "rural" by ENEE is in the regions surrounding Teguicigalpa 
and San Pedro Sula, rural electrification is probably somewhat below ENEE's claims. If 
these areas are omitted, less thai. j%of the rural population receives public electric 
service, accounting for just Z% of total sales in 1984. 
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Moreover, the consumption levels are quite low. In the Guayape Valley, for example, 
rural consumption averages 50 kWh/month, while household use averages 30 kWh/month. 
Urban users in the valley--in the towns of Jutigalpa and Catacamas--consume over twice 
as much, both in household and other uses. There is also a low level of productive use. 
Excluding the suburban regions, ENEE tables show that, in 1984, only 20,600 MWh was 
consumed in rural areas in income-producing activities, out of a total national 
consumption of 973,000 MWh. 

ENEE does not appear to be making any formal effort to promote the use of electricity 
in the rural areas it serves. Its training division has indicated an interest in developing a 
program to instruct farmers in the productive uses of electricity, but there are no plans 
to create such a program, nor are there any signs of aggressive power-use promotion in 
the utility. 

5 
fat 

A 60 kW diesel generator serving a small municipal system,
 
6-10 p.m., in Santa Rosa de Copan.
 

Rural electrification's impact on ENEE's financial difficulties is minimal, due not only to 
the low investment level, but also because ENEE's charges to rural consumers for its 
services are relatively high. Electricity tariffs average around $0.10/kWh, and although 
the utility used to finance the cost of consumer connections in anticipation of expected 
revenues, this practice was discontinued-first because of the costs of thermal power 
generation, more recently because of lack of funds. ENEE now requires that customers 
pay in advance the full cost of connection, which was as high as $8000/km to extend the 
distribution line in one area the team visited. The Director of the Zamorano 
Panamerican Agricultural School said that Honduran farmers in that area need the 
energy, but that most small farms and cooperatives cannot afford to finance such a large 
investment, given existing credit terms. 

This conservative policy may also be contributing to the low rate of conversion from oil 
to electricity by industrial and commercial businesses. Nontransport energy needs of this 
sector account for 30% of all imported petroleum consumption, but ENEE is not 
aggressively promoting conversion to lower-cost hydroelectricity. 
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to ENEE, particularly where diesel generators are used. However, ENEE's pricing policy, 
combined with its weak promotion of electricity consumption in rural areas, may be 
short-sighted. The high tariffs are contributing to low usage, which naturally depresses 
the utility's enthusiasm for rural electrification. By providing price inducements, 
possibly through long-term financing of consumer investment costs in power use, both the 
subscription and energy consumption rates could increase, making ENEE's rural 
oper.ations more financially profitable while contributing to oil-import substitution and 
rural productivity. 

Family corn mill driven by electricity in the Aguan Valley. 

Aguan Valley 

The Aguan Valley project illustrates the problems surrounding rural electrification in 
Honduras (see Fig. 7.5). Major benefits were anticipated from rural electrification in 
this area because many economic development activities are being carried out or planned
there. However, project benefits have been limited thus far by a failure to promote 
electricity use in the area, as well as by administrative difficulties. Plans for a revolving
fund to provide credit to consumers for connection costs were dropped, which resulted in 
fewer household connections. Even when residents are prepared to pay the full cost of 
connection, the utility responds very slowly. Some residents waited as much as 1 year 
after having paid the required deposit before finally connecting their homes themselves. 
This was illegal, but they are now formal clients of ENEE and receive a bill every month 
with a flat-rate charge because the meters are not yet installed. Initial project plans 
called for providing 20,000 consumers with meters, internal wiring, and fixtures. 
However, while some 16,000 consumers were connected to the system in 1984, 
information collected by the team indicates that so far, only 5000 new connections can 
be attributed to the project, since many were already served by ENEE's isolated plants in 
the area and by the grid in the La Ceiba district. 

Administrative and operational difficulties have compounded what appears to be a lack 
of interest in ENEE to serve these communities effectively. An ENEE commission of 
inquiry on the Aguan Valley Rural Electrification Project reported in June 1985 that the 
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lack of resources has had a very negative effect on the system. Prolonged outages are 
frequent because of a complete lack of radio communications; transmission lines joining 
the Reguleto, Coyoles, Isletas, and Bonito Oriental substations are not being maintained 
and palm plant growth is interfering with lines and frequently causes power failures. 

Existing personnel is insufficient. The Reguleto, Coyoles, Isletas, and Bonito Oriental 
substations, for example, lack operators. The Olanchito electric system serves nearly 
Z000 customers and some 100 km of line, but its staff consists only of one chief, one 
secretary, one electrician, and one electrician's assistant. 

Another major problem is the lack of an adequate communications system with La Ceiba, 
the thermal plant where ENEE maintenance personnel are assigned, as well as lack of 
other equipment. Consequently, prolonged interruptions of Zdays or longer are not 
uncommon. For example, when transformers burned out in the community of Balfante, 
the lack of any communications system meant that the community had to rely on 
someone travelling to La Ceiba to inform the utility. The repair crew was sent out, but 
road conditions caused it to turn back to find a vehicle capable of making the trip. 
Balfante was without electricity for 7 days. In Tocoa, communications are limited to 
mail and telegraph. Olanchito and Trujillo have access to a telephone, by appointment. 

ENEE now maintains centralized control of billing for the entire country in Tegucigalpa, 
which results in billing delays of several months. In the case of the Aguan Valley, a 
modest investment in a computer and printer at the new Atlantic Coast Division in La 
Ceiba could expedite billing. 

Future plans 

The Government is interested in pursuing rural electrification, and is courting bilateral 
and multilateral donors for financial support. AID has considered the possibility of 
funding another project, and financing is being sought from other Governments for rural 
electrification in priority development zones. Finally, the UNDP/World Bank energy 
assessment will specifically assess the merits of expanding rural electrification as a 
strategy to utilize the surplus created by El Cajon. 

Fig. 7.6 indicates areas which are being considered for future electrification, either by 
means of grid extension or by isolated small-hydropower plants. FIV is considering 
funding an extension of the national grid to the Guayape Valley; the Italian Government 
is similarly considering an extension to the La Paz/La Esperanza region. The German 
Government has plans to finance extensions to the Danli and Santa Rosa areas, at a total 
cost of $15 million, which could include some additional distribution in these areas. The 
Government is also seeking funding for a feasibility study for a nation-wide 
interconnection program that may be funded jointly by the World Bank and Japan. 

Summary of key issues 

Honduras does not have an electricity-supply problem, at least in the short term. Its 
problem, rather, is to make better use of its huge power sector investment in a period of 
recession and reduced energy demand. Some 40% of national investment has gone into 
this sector in recent years, and as a result, other investment was sharply constrained. A 
top priority of the Government should be to maximize the economic return from this 
investment, particularly in ways that will increase the gains from other development 
projects. It should also seek energy-supply solutions that will reduce the probability of 
confronting its present dilemma again in the future. 
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A key part of ENEE's plan to capitalize on its investment is to export the surplus to 
Nicaragua, but this possibility has been dimmed by the political conflict in the region. 
Ant .her possible target, already identified by the Government, is the rural sector, 
primarily in the new agricultural settlements which are designed to relieve pressure in 
urban centers and take advantage of productive, but underutilized agricultural 
resources. Irrigation and processing could be important components of this agricultural 
strategy. Based on earlier experience with its resettlement policy, affordable electricity 
must be offered for residential use in order to ensure a sustained migration of surplus 
labor from the overpopulated regions to the frontier areas. 

Some energy loads in these regions will be too distant and/or too small to justify 
extending the grid. In such cases, small renewable power facilities could be installed. 
Small-hydropower plants could be constructed in stages-initially modest investments to 
meet primary energy needs, to be upgraded at a later date to feed energy into the grid. 

Productive uses 

In addition to a realistic policy on tariffs and connection fees, rural electrification must 
be accompanied by well-conceived productive-use training and support services. The 
lack of consideration to this need has limited both the economic and financial return of 
prior electrification projects. Load development could also be strengthened by actively 
promoting conversion from diesel and fuel-oil consumption to electric energy. The 
Government has explicitly endorsed this concept, but seems to have failed to effectively 
encourage this conversion. 

Institutional issues 

The absence of a specific rural electrification division within ENEE has clearly restricted 
rural electrification. There is a need to establish a politically strong and technically 
capable rural electrification institution, and develop productive-use training programs as 
part of this effort. Moreover, ENEE's monopoly on power generation should be 
loosened. The Government may be considering measures to encourage auto-generation 
and/or private development of small renewable powerplants for sale to ENEE. 

Supply issues 

ENEE will have to begin adding new generating capacity by about 1992, but the projects 
identified for future development cost in the range of $Z000-$3000/kW installed at 
today's prices, largely in foreign currency. In view of the financing gap facing ENEE, 
alternatives need to be considered to the present expansion plan, including adding smaller 
increments of power in the forui of small-hydropower and bioenergy power systems using 
wood and agricultural waste. These alternative generation means could be used for both 
isolated loads or feeding energy directly into the main grid. 
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VIIL PANAMA 

GEOGRAPHY AND DEMOGRAPHY 

Panama, with a land-area of approximately 77,000 km z , forms the southern part of the 
Central American isthmus. The Cordillera Central mountain range forms the backbone 
of the country, extending from Costa Rica in the west to Colombia in the east. The 
Panama Canal crosses the isthmus through the low hills in the middle of the country. 
Areas north of the Cordillera and east of the canal, in the Darien, are sparsely populated 
and covered by virgin forest and swampland. 

Panama's population is estimated at 2.1 million with an average density of Z3.7/km2 . 
Fig. 8.1 shows the population density. The population is primarily of Hispanic origin, 
although Guaymi, Cuna, and other Indian groups constitute an economically depressed 
minority in isolated areas. In general, settlement and development has been highly 
concentrated in the Panama City-Colon corridor, which has 54% of the population and 
accounts for about 70% of GNP. The Panamerican highway forms a second corridor of 
development west of Panama City, towards the border with Costa Rica. 

Panama's climate is tropical, although more moderate climates are found south of the 
Cordillera. Soils are of poor quality, however, and deforestation has become a serious 
problem: forests have decreased from 60% of the land area as recently as 1947 to an 
estimated 37% in 1984. 

0 

Persons per square kilometer 
10 25 50 100 

0 26 65 130 260 
Persons per square mile 

Basec on 1980 census 

Fig. 8.1. Population density map. 
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ECONOMIC AND DEVELOPMENT CONTEXT 

Over half of Panama's labor force is employed in the internationally oriented services 
sector, which accounts for two-thirds of GDP, and in the Government. Agriculture is 
comparatively small by Central American standards-about 34% of the labor force. The 
economy suffered from a weakening of the service sector caused by the regional 
recession in 1981-84, during which time the Government became increasingly constrained 
by debt. The unemployment rate of 1Z% has becam- a serious national problem. 

Nevertheless, Panama is comparatively well off. Not only is per capita GDP, at $20ZZ in 
1984, the highest in the region, but health and literacy indicators compare favorably with 
those of other middle-income countries in Latin America. Infant mortality is relatively 
low, at Z0/1000 live births, and the literacy rate is 88%. During the 1970s, the 
Government invested heavily in services for its rural population, including schools, health 
and family-planning services, potable water, electricity, and communications. Poverty 
persists, however, in many rural areas, particularly among the Guaymi Indians, whose per 
capita income is as low as $300/year. Conditions are also very bad along the Panama 
City-Colon corridor, where unemployment rates are as high as Z5%. 

Economic growth rates were high in the 1960s and early 1970s and were sustained, until 
recently, by heavy government spending and investment. GDP began to fall in late 1981, 
and had registered only .4% growth in 1983. In 1984, GDP growth slipped to a negative 
1.Z% and was expected to stagnate in 1985. The Government, prodded by international 
donors, is focusing on economic growth but with decreased public spending. 

Panama has an open economy and uses the U.S. dollar as legal tender. Negative balances 
on the current account are considered normal, as are merchandise trade deficits of over 
$900 million/year. The surplus on the service account-largely due to the Canal and the 
transisthmian oil pipeline-makes up for about two-thirds of the merchandise deficit. 

As a result of concerted government efforts, the current-account deficit has been falling 
since 1982, although public foreign debt reached $3 billion by 1983. In 1984, service on 
the debt accounted for approximately 34% of exports of goods and services. Debt 
service in relation to public-sector revenues, which the World Bank considers more 
meaningful than GDP in the case of Panama, was 40% for the period 1980-83 and 
projected to rise throughout the remainder of the 1980s. 

Current policies 

Since 1983, economic p)licy has been set in accordance with an economic and financial 
reform program support.!d by the IMF and all major donors. These policies have been 
designed to promote a reorganization of the public sector and reduce its role in the 
economy, promote exports and generate employment in the industrial sector, and 
increase agricultural productivity. The agricultural sector has stagnated in recent 
years-such that per capita agricultural output in 1983 was 10% below that of the 
1970s. In turn, employment in the sector has fallen. Policies in this area are designed to 
reduce the state's role in the sector, particularly by removing price controls, and 
establish a stable social and political climate for export-oriented private investment. 
The industrial development strategy includes the overhaul of the tariff system as part of 
an effort to Gtimulate exports and deemphasize import substitution. 
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AID's strategy 

As outlined in the CDSS for Panama, strong U.S. interest is based on a number of key 
factors, including: shared responsibility for the Panama Canal; the presence of U.S. 
military bases; Panama's importance in international banking; and heavy U.S. private
investments (the third largest in Latin America) and trade. Long-term political stability 
in Panama is a major U.S. objective which requires a growing economy that can benefit 
the majority of the population. Of particular concern to AID are private-sector-oriented 
programs that seek to increase productivity and output as well as remedy Panama's 
growing unemployment problem. 

In addition to supporting the stabilization and reform efforts of the IMF and the World 
Bank, AID is supporting analytical, technical and training assistance for several 
ministries, including the Ministry of Planning and Economic Policy (Ministerio de 
Planificacion y Politica Economica, MIPPE), aimed at developing growth-oriented macro
economic policies. 

In the agricultural and industrial sector, AID will continue to support programs that: 
promote private-sector development; emphasize increased efficiency and output; 
promote free-market mechanisms to determine prices; and encourage agricultural 
exports, particularly of nontraditional products. 

ENERGY SECTOR1 

The energy sector in Panama is characterized by heavy dependence on imported fuels and 
by attempts to increase the share of the country's major energy resource-hydropower
in overall supply. In 1984 oil products accounted for 54% of net energy supply, compared 
with 14% for electricity. Net supply of oil products has decreased by about 2Z% since 
1977, due largely to a 47% decrease in the use of fuel oil because of greater reliance on 
hydroelectricity. The role of hydropower in electricity generation has increased from a 
negligeable level in 1970 to 67% of gross generation in 1984. 

The share of fuelwood in net energy supply is Z5%, lower than elsewhere in the region 
because of Panama's relatively high degree of urbanization. Nevertheless, as population
increases fuelwood supply will continue to be a problem for the rural poor who depend on 
it. 

Organization 

Fig. 8.Z depicts the organization of the energy sector. The National Energy Commi:ssion 
(Comision Nacional de Energia, CONADE) was created in 1980 to investigate and plan all 
matters related to energy supply and consumption in Panama. The Executive Board is 
chaired by the Director of the IRHE and includes representatives from the Office of the 
President of the Republic, the Ministry of Commerce and Industry, the Association of 
Panamanian Engineers, and the Ministry of Planning and Economic Policy. CONADE's 
staff is drawn from IRHE, where it has recently been elevated to the level of 
Directorate.
 

1This section draws from the draft Los Alamos National Laboratory study, The Energy 
Situation in Five Central American Countries. 
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Fig. 8.2. Organizational chart of the energy sector. 



In practice, responsibility for the energy sector continues to be diffuse. The Ministry of 
Commerce and Industry regulates hydrocarbons; the Ministry of Finance and Treasury is 
responsible for the national refinery; the Ministry of Agricultural Development is 
responsible for biomass and, through its National Directorate for Renewable Natural 
Resources (Dirercion Nacional de Recursos Materiales Renovables, RENARE), for 
reforestation; IRHE is responsible for the electric subsector, renewable resources, and 
conservation. While CONADE has been able to centralize energy information collection 
and dissemination, it has not yet been able to formulate an integrated national policy. 

POWER 

The institution that dom?'nates public service electricity supply in Panama is IRHE, which 
was created in 1961 as an autonomous government agency. Fig. 8.3 presents IRHE's 
organizational chart. IRHE is responsible for identifying, analyzing, and developing 
renewable-energy sources and applications based on the Government's priorities and 
economic-political objectives. With the acquisition of the Panamerican Light and Power 
Company in 1972, and other smaller companies later in the 1970s, IRHE is also 
responsible for most power distribution. 

Communications is one of the many public 
services made possible by the provision of 
electricity in rural areas. 
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The major exception to IRHE's monopoly is the Canal Zone, which is still served by the 
Panama Canal Commission and has an installed capacity of 210 MW. The systems of the 
Commission and IRHE are, however, interconnected and power is exchanged daily for 
economic and technical reasons, although there are no formal energy contracts. In 
addition, small municipal systems, powered primarily by small diesel units, continue to 
operate in isolated villages. Many of these systems receive technical assistance from 
IRHE. Fig. 8.4 shows Panama's bulk power system. 

Until 1976, Panama relied almost totally on thermal generation to supply electric 
energy. The oil crises in the 1970s induced IRHE and the Government to undertake an 
ambitious program of large-scale hydroelectric projects. Upon completion of the 
150 MW Bayano plant in 1976, and the 90 MW La Estrella/Los Valles powerplant in 1978, 
IRHE had reduced its thermal generatic: from 94% in 1975 to 33% by 1984. 
Nevertheless, in 1984 IRHE's systems still consumed 16.6 million galons of diesel and 
47.3 million galons of fuel oil, at a total cost of B/. 6Z million. IRHE plans to reduce the 
dependence on thermal generation to 3% when the 300 MW Fortuna hydroelectric project 
becomes fully operational. 

Electrical consumption by sector in 1984 was as follows: Z9% residential; 32% 
commercial; 12% industrial; Z% public lighting; 18% government; and 7% other. The 
total installed capacity of Panama is shown in Table 8.1. By the end of 1984, the 
national transmission and distribution grid of IRHE totalled over 5200 km of line (see 
Table 8.2). 

Financial status 

As mentioned, IRHE is the sole entity responsible lor public electric service in Panama, 
except for supply of the Canal and adjacent areas. The country's rural electrification 
program thus falls under the auspices of IRHE. IRHE is in the midst of implementing a 
5-year rural electrification program which is designed to serve 13,500 consumers at an 
investment of $26 million. This program comprises a relatively small proportion of 
IRHE's net fixed assests in service, which totaled approximately $700 million at the end 
of 1983. 

No regulatory body has jurisdiction over IRHE's electric tariffs. Tariffs are designed 
jointly by IRHE's Board and the Economic Cabinet and approved by the Cabinet. IRHE's 
annual budget is subject to the approval of the Economic Cabinet. 

Government legislation allows IRHE to earn an annual rate of return of 8.75% on its rate 
base-revaluated assets in operation plus working capital of 3 months. Under a loan 
covenant with the World Bank, IRHE's tariffs were to be set to generate revenues to 
allow for this 8.75% rate of return starting in 1980. Actual returns were 8% (1980), 9.Z% 
(1981), 7.4% (1982), and 5.Z% (1983). The low returns in 198Z and 1983 were due to the 
need to operate thermal generation plants at higher levels than expected, in part because 
of the drought, without making adequate provision to recover added fuel costs in rate 
tariffs during the period. Also, IRHE experienced serious cashflow difficulties in 1982 
because of cost overruns and construction delays on its Fortuna hydroelectric project. 
Subsequently, supplemental refinancing was secured. Table 8.3 shows IRHE's capital 
structure as of December 31, 1983. 
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Table 8.1. Installed Capacity, 1985 

Start-up Installed capacity (MW) 
date Hydropower Steam Gas/diesel Total 

IRHE 
Interconnected 

Las Minas 1964, 1974 144.0 144.0 
San Francisco 1955, 1976 11.5 40.Z 51.7 
Chitre 197Z 14.0 14.0 
Bayano 1976 150 150.0 
Estrella 1978 43 43.0 
Los Valles 1979 47 47.0 
Fortuna 1 1984 300 300.0 
La Yeguada 1967 7 7.0 
Small hydropowera 1980, 198Z 4 4.0 
Small diesel 1961, 1975 71.8 71.8 

Subtotal 	 551 155.5 126.0 832.5 

Isolated 	 6.0 6.0 

Subtotal 	 551 155.5 132.0 838.5 

Others
 
Small diesel 60.0 60.0
 
Canal commission 94.5 55.5 60.0 210.0
 

Total 	 645.5 Z11.0 252.0 1108.5 

aExisting plants include Macho Monte, Dolega, and Coclesito. 

Source: World Bank. 

Table 8.2. Transmission and Distribution Lines, 1984 

Length 
Type Voltage (kV) (kin) 

Transmission lines 	 220 546
 
115 Z53
 
44 	 12 

Distribution lines 34.5/19.9 1197
 
13.8/7.6 3261
 

6.6/4.4/2.4 470
 

Source: World Bank. 
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Table 8.3. IRHE's Capital Structure, 1984 

Amount 
Item (US$ in millions) (%) 

Capital 132.5 

Retained earnings Z29.9 

Revaluation reserve Z73.5 

Total equity 635.9 59.5% 

Long-term debt 433.1 40.5% 

Total capitalization 1069.0 

Source: external auditor's report. 

Approximately 50% of long-term outstanding debts were attributed to World Bank and 
IDB loans. The equity capitalization ratio was comparable to equity levels of private 
U.S. electric utilities. TIER for IRHE was 2.36 (198Z), 2.56 (1983), and 2.78 (preliminary 
estimate for 1984). A ratio of 3.50 is the generally accepted standard used by 
commercial banks in the United States to assess the financial strength of an electric 
utility as satisfactory. 

During 1984, the average basic IRHE tariff was $0.114/kWh with a fuel charge of 
$0.017/kWh. Based on IRHE's 5-year financial plan, tariffs will be increased 7.2%, on the 
average, per year through 1989. This rate structure is expected to generate adequate 
cash to cover IRHE's scheduled debt-service obligations and finance 66% of new 
investments between 1984 and 1989. The plan envisions a 8.6% rate of return on rate 
base during 1985-86, and a rate of return of 8.75% in 1987 and thereafter. TIER at year 
1987 and beyond is expected to exceed 3.50. 

The World Bank loan appraisal found IRHE's accounting and auditing procedures to be 
satisfactory. However, fixed-asset revaluation procedures need some improvement, as 
do bill-collection procedures for municipal and antonomous public-agency customers. 

Overall, IRHE's financial performance during recent years has been satisfactory. During 
the remainder of the decade, financial performance is expected to improve. 

Power demand and supply options 

IRHE is predicting sales for the period 1983-90 to grow at an average rate of 6%/year. 
This forecast takes into account the relatively low growth in sales in recent years and 
includes sizeable new bulk sales to Petroterminales and the Chiriqui Land Company, 
which will purchase the balance of their electric needs from IRHE rather than continue 
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with their own generation. Table 8.4 presents a forecast of energy sales in Panama by 

consumption categories. 

Table 8.4. Electricity Consumption in Panama 

1977 1984 1990
 
Type of user (GWh) (%) (GWh) (%) (GWh) (%) 

Residential 403 34 52Z 29 688 Z5 
Commercial 397 33 573 3Z 821 29 
Industrial 128 11 Z27 12 365 13 
Public lighting 23 2 37 2 57 z 
Governmenta 196 17 3Z8 18 566 20 
Otherb 35 3 1Z8 7 300 11 

Total 118Z 100 1815 100 2797 100
 

aIncludes municipalities public companies and services such as port authority, 

international airport, water-treatment plants, etc. 
bIncludes bulk sales and IRHE's own consumption. 

Source: World Bank. 

To meet this projected demand, IRHE's expansion program aims to: install least-cost 
capacity to supply demand growth; substitute hydropower for thermal generation; and 
improve system reliability to secure against losses. In 1984, IRHE carried out a system 
expansion study for the period 1984-2003 that compared eight alternativc plans by 
combining the following projects in various arrangements and time sequences: 

" raising the Fortuna dam; 
" Bayano unit No. 3 hydropower project (75 MW); 
" Changuinola I hydropower project (300 MW); 
" Teribe I hydropower project (Z37 MW); 
" Esti-Barrigon hydropower plants (1Z0 MW); 
" Baru geothermal plant (110 MW); 
" Colon coal-fired steam powerplant (150 MW); 
" Colon oil-fired steam powerplant (75 MW); 
" gas turbine powerplant (50 MW); and 
" new transmission grid at Z30 kV or 500 kV. 

IRHE selected the tentative expansion plans shown in Table 8.5. Because of the current 
economic difficulties that confront the Government, IRHE believes that there will be 
substantial changes in its expansion plans, particularly after 1990, and that a firm 
construction program could only be confirmed sometime in 1986. As of July 1985 IRHE 
has decided to postpone construction of the large Changuinola hydroelectric project, 
which had been tentatively scheduled for 1996. IRHE is presently studying the feasibility 
of 15 intermediate hydroelectric power projects in the range of 20-100 MW--particularly 
in the area called Baru Cerro Colorado--to meet future generating needs. These studies, 
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Table 8.5. Grid Extension and Capacity Expansion Plan 

Project Type 
Year 

energized 

Installed 
capacity 

(MW) 

Average 
generation 

(GWh) 

1983 
investment 

(US$ millions) 

Interconnection Costa Rica 

Fortuna II 
500 KV David-Panama 

Bayano Unit No. 3 
Esti-Barrigan 

transmission 
line 

hydropower 
transmission 

line 
hydropower 
hydropower 

1986 

1989 
1991 

1991 
1993 

n/a 

75 
300 

Z44 

1,605 

n/a 

57.6 
n/a 

11.9 
5Z4.3 

Source: World Bank. 



Typical distribution line in rural Panama. 

up to the feasibility level, will be carried out with the help of a $51 million loan from the 
World Bank, which will also be used to increase generation capacity by Z47 GWh/year at 
the Fortuna hydroelectric plant by raising the level of the dam. This work is scheduled 
to be completed in 1989. 

An IDB-funded project package, pending approval, will provide $60 million for new 
transformers to serve Panama City, as well as a study and meters for power-system loss 
reduction, maintenance and repair of transmission lines, a central dispatching study, and 
repair of thermal generating units. 

RURAL ELECTRIFICATION 

Of Panama's nearly 1 million rural inhabitants, approximately 760,000 are without 
electricity. The degree of electrification in Panama is indicated in Table 8.6. 

Electricity consumption varies considerably within Panama. The national average annual 
residential consumption was 2191 kWh in 1984. This is distorted, however, by the 
unusually high consumption in the Panama City-Colon and Canal Zone areas, where 
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Table 8.6. Household Electricity Service, 1984. 

Households Households 
Population 
(in millions) (%) 

Number of 
households 

served 
(number) (M) 

without 
electricity 

Urban 1.2 53 242,000 195,000 81 47,000 

Rural 0.9 47 185,000 44,000 24 141,000 

Total 2.1 100 427,000 239,000 56 188,000 

Source: Instituto de Recursos Hidraulicos y Electrificacion and Bureau of Census and 
Statistics. 

average consumption was as high as 4800 kWh/year. Consumption in more rural areas 
was below 1000 kWh, while IRHE assumes an average of 646 kWh/year for residential 
clients in newly electrified rural areas. The minimum consumption for residential 
subscribers is 10 kWh/month. 

Urban areas account for 80%, 83%, and 74% of residential, commercial, and industrial 
connections, respectively. Urban consumption of electricity in these categories accounts 
for 91%, 95% and 82%, respectively, of the total. Overall, 80% of IRHE's customers are
in the urban areas, and the 47% of the population that lives in the rural areas accounts 
for just Z0% of domestic electricity consumption. Table 8.7 shows electrification in 
Panama by provinces. 

Table 8.7. Electrification in Panama by Province, 1984 

Households
Population Number of Households served withor"

Province (thousands) householdsa (number) (Y) electricity 

Bocas del Toro 71.2 14,240 480 3 13,760
Cocle 156.5 31,300 12,730 41 18,570
Colon 192.9 38,580 17,950 47 Z0,630
Chiriqui 338.6 67,720 29,200 43 38,5Z0
Darien 35.0 7,000 660 9 6,340
Herrera 96.6 19,200 11,020 57 8,180
Los Santos 80.3 16,060 10,210 64 5,850
Panama 962.2 192,440 145,650 76 46,790
Veraguas 200.9 40,180 10,550 26 29,630 

Total 2,134.2 4Z6,720 56238,450 188,270 

aEstimated on basis of five persons per household. 

Source: Instituto de Recursos Hidraulicos y Electrificacion. 
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The table illustrates sharp regional disparities in the degree of electrification. The 
provinces of Bocas del Toro, in the northwest, and Darien, in the east, have the smallest 
populations and the smallest perzentages of households with electricity (3% and 9%, 
respectively). Although there are some small isolated systems that do not appear in 
IRHE's statistics, these are unlikely to significantly alter the figures. 

The low degree of electrification is due primarily to the high dispersal of population in 
these provinces, and to their isolation f om the centers of economic activity. The Darien 
had a pgpulation density of only 1.5/km in 1980, that oi Bocandel Toro was only 
6.0/km , while the average for the whole countr 7 was 23.7/km . In 1984 there were 
small, isolated thermal generating units totalling 2,000 kW in Bocas del Toro and the 
Darien. They generated a total of 4,600 MWh and consumed 435,000 galons of diesel. 
Due to the costs of diesel supplies in these areas, fuel costs may be as high as $0.25/kWh. 

Neither of these provinces is included in IRHE's plans for rural electrification. Given the 
cost of transmission and diesel-based generation, small-scale renewable energy systems 
could offer viable forms of commercial energy in these provinces and other rural areas. 
A recent assessment by the Los Alamos National Laboratory reportedly found potentially 
significant peat deposits in Bocas del Toro. 

Much can be learned about the application of smaller-scale technologies from the AID
funded project for Alternative and Renewable Energy Sources. The project, which was 
beg-an in 1980, was designed to improve IRHE's capability in designing and implementing 
renewable energy projects for rural, isolated areas, and to provide a basis of information 
and experience that could be used in future projects. Project activities were to include 
training and institutional strengthening, feasibility studies, demonstration projects, and 
the preparation of an alternative-energy master plan. Several changes were made during 
implementation, the most important being the introduction of seven micro-hydropower 
demonstration projects to replace the cancelled Yaviza biomass plant. 

Although micro-hydropower received the most emphasis, a recent evaluation of the 
project found serious problems in the design and implementation of the model sites. The 
two completed projects have achieved only 20% of their intended output, due to low 
turbine efficiency. The experience provided evidence that national utilities like IRHE 
may not be the most appropriate institutions for the development of small scale, low
cost energy systems in isolated areas, except for major maintenance tasks. Institutional 
needs may be better handled by organizations geared for development, such as private 
voluntary organizations, cooperatives, and local private industry. 

Unfortunately, problems encountered during the implementation of the Alternative 
Energy Sources project prevented a thorough investigation of alternative energy 
technologies that use wood and agricultural wastes (from sugar and rice), which may have 
great potential for the rural areas. CONADE is currently gathering information on these 
sources. Panama has over 4 million ha of forest or woodland, 40,000 ha devoted to 
sugarcane, and 100,000 ha of rice. Efforts to realize the potential of these resources 
should learn from the institutional lessons of the earlier AID-funded program. 

Outside of the provinces of Bocas del Toro and Darien, IRHE's lines are already quite 
extended. Most of the unelectrified population in these provinces lives close to existing 
or planned distribution lines. In this case, isolated systems are not economical. An 
NRECA review of the potential for micro-hydropower for the IDB in 1985 found that, of 
33 potential small-hydropower sites identified by IRHE but not yet constructed, Z3 lie 
within 10 km of existing or planned electricity lines. Isolated hydroelectric systems were 
not considered for those communities because of the possibility that lines would be 
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extended to them before even Z0-year, concessional loans were repaid. The study also 
found that, due partly to deforestation, hydrological conditions in the Azuero Peninsula 
often do not permit power to be generated year-round at isolated micro-hydropower 
sites. 

Except for the most isolated rural communities, grid extension may provide a more 
appropriate solution in these provinces. The major concern of IRHE however is the high 
cost of extending transmission and distribution lines, coupled with the traditionally low 
consumption levels in rural areas. Costs could be reduced with more efficient designs of 
transmission and distribution systems and actions designed to stimulate increased 
productivity and increased consumption in rural areas. Consideration could also be given
to the possibility of decentralized administrative structures for IRHE in rural areas. 

Future plans 

IRHE is currently implementing a 5-year rural electrification plan (PQER) with the help
of a $19.8 million loan from the IDB (see Fig. 8.5). Because of the economic downturn,
implementation of the project has been delayed, but it is expected to add 1400 km of 
lines and connect 13,500 new users over the next Z years. The total cost is estimated at 
$Z4 million. Although in theory the project provides for a concerted effort to promote
productive uses of electricity in connection with the system expansion, little has been 
done to date. 

Summary of key issues 

Relative to the other countries of Central America, Panama is urbanized and 
prosperous. In particular, it does not suffer from the civil conflict or the border tensions 
that have plagued the other countries of the region in recent years. The economy, which 
is distinguished by a highly developed service sector and by the use of the U.S. dollar as
 
local currency, has been in recession in the last few years and the export and private
 
sectors are deemed crucial to economic recovery.
 

Energy sector problems include dependence on imported fuels and high tariffs for 
electricity. Central organization and coordination of the energy sector remains an 
elusive problem that CONADE is attempting to resolve. CONADE's work with the World 
Bank and OLADE is crucial for coordination and maximum utilization of energy 
resources. CONADE's position and recent elevation within IRHE should give the 
organization the political and financial leverage to improve both energy sector 
information and planning. 

Compared to the other national utilities in Central America, IRHE's administrative and 
financial condition appears solid, according to the external audit reports. F?,rthermore, 
IHRE appears to have the capacity to implement new investment projects, including
plant expansion and rural electrification. In recent years, IRHE's work with the World 
Bank has permitted the utility to achieve crucial institutional improvements in the 
organizational structure, which was modified in 1983, staff training and financial 
projections, as well as financial and load forecasting. 

Given the current economic situation in Panama, IRHE's expansion plans will certainly be 
modified. However, IRHE is working to select a plan that meets expected demand 
growth, maximizes efficiency, and keeps costs down. The plan now focuses on smaller 
hydropower projects, in the Z0-100 MW range. 
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Poverty and underdevelopment in rural areas, although present in Panamay are not as 
acute as in El Salvador, Guatemala, or Honduras. Although there are about 141,000 rural 
households without electricity, a large proportion live near existing or planned 
distribution lines. IRHE's rural electrification project (PQER) is moving ahead after 
many delays, and will connect some 13,500 rural consumers. A critical ingredient in the 
project's success will be the promotion of productive uses. Although IRHE has been 
promoting electricity use through public-relations programs, a more organized and 
technical approach to promoting productive uses could boost financial returns on the 
PQER project by increasing energy consumption in rural areas. Average electric 
consumption in Panama is over 2000 kWh/year; however, for newly electrified areas, the 
forecast average is 646 kWh/year and actual consumption is somewhat lower. Most 
importantly, a program aimed at agricultural and commercial productivity with 
electricity in newly electrified areas could enhance rural development. 

Grid extension may be appropriate to serve specific areas targetted for development, 
such as the south of Veraguas and the Azuero Peninsula. Other areas, such as the 
Guaymi reserve, Bocas del Toro and the Darien, are much more isolated. Decentralized 
renewable technologies that utilize micro-hydropower, biomass, and peat resources would 
be an appropriate means of providing energy for the development of such areas, provided 
that they were designed and implemented in a cost-effective manner. This requires, in 
addition to appropriate designs and financial support, an appropriate institutional 
framework which has been lacking to date. 
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IX. ANALYSIS AND CONCLUSIONS 

This chapter presents the implications of providing rural populations with energy through
rural electrification in Central America. The categories of analysis, in the order in 
which they appear below, concern: the role of rural electrification in Central American 
development; the financial implications of this role; institutional considerations;
technical problems and options; and means of maximizing the productive benefits of rural 
electrification. 

RURAL ELECTRIFICATION AND CENTRAL AMERICAN DEVELOPMENT 

The problem 

As the Kissinger Commission noted, "the commanding economic issue" in Central 
America is "the impoverishment of its people." It further observes that the regional
economic growth of the 1960s and '70s did not resolve the nations' underlying economic 
and social problems, in part because not all sectors benefitted. Perhaps the most 
important neglected group was the rural poor. 

The primary economic problem in rural Central America is that the majority lives on 
marginally productive, small parcels of land. The best agricultural land is used for 
export and cash crops which generally benefit a wealthy few. The campesinos must 
scrape a subsistence living from the rest, mostly on steep, increasingly eroded hillsides. 
As the land is depleted and deforestation proceeds at an alarming rate, rural poverty is 
exacerbated and ecological crisis threatens. 

The solution to these problems, and to the low living standards they impose, must involve 
providing rural populations with better means of production-primarily land, but also 
credit, technology, and an affordable and reliable supply of energy. Equally vital are 
technical assistance and training in the use of these resources, and help in creating local 
institutions to manage them effectively. Yet rural electrification's potential in 
addressing the problems of rural development is being very unevenly realized in Central 
America. 

The need for rural electrification is greatest in El Salvador, Guatemala, and Honduras. 
Their populations are mostly rural-nearly 60%, versus less than 50% in Belize, Costa 
Rica, and Panama. Standards of living compare unfavorably with the other countries 
studied, particularly in health and education (see Table 9.1). Furthermore, El Salvador 
and Guatemala face internal military conflict and a greater political, if not moral,
imperative to raise the welfare of the poor rural majority. There is, however, virtually 
no rural electrification in this subregion: only 7%-12% of its rural populations have 
access to electricity, in contrast to 29%-45% in Belize, Costa Rica, and Panama. Energy
is a significant bottleneck in the rural development strategies of the three countries, 
limiting agricultural, and hence economic, development. 

Panama and Belize, with smaller populations and less dismal indicators of aggregate
social welfare, do not face the same political and economic pressures. Some 29% and 
24% of their populations, respectively, have access to electricity. Panama's income and 
consumption figures, however, are distorted by the banking sector and canal-related 
activities, which mask poor conditions in rural areas. 

Analysis and Conclusions 135 



Belize is clearly constrained by the high cost of commercial energy, which deters its use
in agriculture and the rural economy in general. It does not have the severe income 
inequity of most of the other countries, but suffers chiefly from insufficient development
of its resources, particularly in agriculture. 

Costa Rica is in a category by itself, owing to its much higher rural economic standards,
including infrastructure, such as rural electrification. With 45% of its rural population
electrified, Costa Rica's primary challenge is a medium- to long-term problem of keeping
pace with an expected acceleration in electricity demand in the face of severe financial 
constraints on investment. 

Rural electrification and the manifestations of rural underdevelopment 

The need to raise living standards of rural populations in Central America is evident from 
socio-economic indicators. Health, housing, and literacy standards are inhumanely low.
Rural electrification, as will be discussed below, addresses the problems of low incomes 
and low rural employment (hence income distribution) by increasing productivity. It also
directly addresses their manifestations by providing electricity to households-for both 
consumption and labor-saving-to health clinics, schools, and for public lighting, to name 
the most important uses. 

The indicators in Table 9.1 are countrywide statistics; rural conditions are significantly 
worse. In Honduras, it is estimated that 75% of rural housing is below government
standards, 50% of the rural population is without potable water, and 60%-70% is without 
even the most rudimentary sanitation systems. In El Salvador, one of the most densely
populated countries in the world, unemployment and underemployment in rural areas 
affects 75% of the labor force. In 1983, only 57% of the population was literate. In 
Guatemala, the income disparity between rich and poor is almost unparalleled anywhere
in the world, and the relatively high per capita income level is deceptive. Real incomes 
of poor families in Guatemala were actually lower in 1980 than in 1970. In 1980, there 
was one doctor for every 8610 persons, and infant mortality was 64 per 1000 live births. 

Electric-powered corn mills, such as this, are used extensively in 
Guatemala to produce flour for tortillas. 
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Table 9.1. Socio-Economic ndicators 

Population Ene 
Rural population Per capita Per capitaPopulation Population as percentage of electricity fuelwood

density growth rate total population consumption Population consumption1983 1970-84 1983 1983 electrified (%)Country (hpq "/ l mn ) (%) (%) 
1983 

(BEP) Total Rural (BEP) 

Belize 7 2.0 48 n/a 59 29 n/aCosta Rica 47 2.6 45 75 45 1.2El Salvador 248 2.2 58 
0.53 
0.15 40 11 1.8Guatemala 7Z 2.9 60 0.12 25 7 2.5Honduras 35 3.2 62 0.13 30 5 1.9Panama 26 2.5 47 0.60 56 24 1.1 

Socio economic welfare 
Daily per capita
calorie supply Life 

as percentage of Per capita GDP Population Infant mortality expectancyLiteracy requirement 1984 per physician rate per 1000 at birthCountry (%) 1982 (US$) 1980 live births (years, 1982) 

Belize n/a n/a 980 n/a 30.0 (1983) n/aCosta Rica 89.9 (1981) 118 1565 1460 18.8 (1984)El Salvador 57.1 (1983) 90 
74 

707 3220 43.8 (1983) 63Guatemala 56.4 (1984) 97 1194 8610 64.4 (1984)Honduras 59.5 (1982) 95 
60 

663 3120 17.5 (1983) 60o Panama 88.1 (1981) 108 2021 980 26.4 (1983) 710 

Source: Inter-American Development Bank; nutritional and health-care indicators from World Bank, World Development0 Report, 1985; The Energy Situation in Five Central American Countries (Draft), LANL 1986. 
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The effect that increasing the low level of energy consumption would have among these 
disadvantaged populations is the particular focus of thiS study. In Guatemala and 
Honduras, for example, the average rural household consumes in a year less than half of 
what an average family in the United States uses in a month. This is important because 
it also indicates low energy use in income-producing activities in the agricultural sector, 
as will be seen later. Per capita consumption for all commercial energy forms in these 
three countries is less than one-third the levels that have been achieved in Panama and 
Costa Rica. There is substantial evidence that this low level of energy use is impeding 
economic progress in these countries. 

Rural electrification and the causes of rural underdevelopment 

A major theme of this study is that the potential for rural electrification in addressing
the structural causes of poor living conditions has not been fully realized. Electrification 
is a critical element of efforts to stimulate agricultural production, agro-processing, and 
other employment opportunities. 

Agricultural production 

The economies of Central America rely heavily on agriculture for income, foreign 
exchange, and employment, including industrial employment. Yet per capita agricultural
production has been declining or stagnant since 1975. In El Salvador and Guatemala, per
capita production fell by some 10% from 1975 to 1984. In Costa Rica, Honduras, and 
Panama, 1984 production was at 1977 levels. For all of the countries studied, except
Belize, declining agricultural productivity, relatively high population growth rates, and 
high concentrations of people on small parcels of land indicate a need to increase output 
by raising the productivity of land, even where land reform is being attempted. This 
need is critical not only to provide basic food crops, but also to fuel the economic 
recovery and growth strategies, which are based on increased agricultural exports,
including diversification to nontraditional crops in which the countries have a 
comparative advantage. 

Central America 1 has fallen behind by an average of about 2% in per capita food 
production each year since 1978. According to the FAO, commercial energy use must 
increase considerably if this trend is to be reversed. It is estimated that commercial 
energy use must grow by Z% for every 1% growth in agricultural output in the developing 
countries as a group. Yet per capita commercial energy use in El Salvador declined by
10% between 1976 and 198Z. In Guatemala, it declined by Z0% during that period. Based 
on the correlation between agricultural output and energy use, and bearing in mind that 
population growth is averaging between 2% and 3% for the rcgion, commercial energy 
consumption must increase by a minimum of 24% just to return to 1978 per capita
production levels, and then be sustained at an average annual rate of between 4% and 6% 
in order to keep up with population growth. Achieving food self-sufficiency by the end of 
the decade would require a rate of increase in commercial energy consumption in excess 
of 10%/year, with higher rates of increase in the countries that have fallen the farthest 
behind: El Salvador, Guatemala, and Honduras. 

Irrigation provides a means of stretching limited land resources to iirease agricultural
productivity by exLending crop growing into seasons with insufficient rainfall, as well as 

lIncluding Nicaragua. 
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by supplementing rainfall during temporary shortages. Electricity can contribute by 
providing power to pump groundwater for irrigation or from gravity-fed systems to even 
higher altitudes. In Bangladesh, for example, irrigation made possible by rural 
electrification, along with use of fertilizer and high yielding seed varieties, resulted in 
dramaticaly increased production of major crops, as reported by the Bangladesh Rural 
Electrification Board. Yields of rice, sugarcane, and cotton increased by 462%, Z25%, 
and Z50% respectively. 

In El Salvador, the desirability of increasing land productivity through irrigation is noted
 
by the World Bank (Updating Economic Memorandum, 1983). The dry season from
 
November to April makes irrigation important for multiple cropping, having an effect
 
similar to that of adding more land to the severely restricted natural resource base. The
 
Salvadoran Ministry of Agriculture estimated that 32,000 ha of land-some 40% of the
 
potential cropland-could be advantageously irrigated for crop production.
 

The need to increase productivity per unit of land cultivated is also critical in the 
Guatemalan Altiplano: it holds 46% of the total population and has a population density 
of 191 persons per square kilometer, but only 19% of the land is suited for cultivation. 
While the land could profitably produce fruits and vegetables, productive potential is not 
now being met. According to AID, small-scale irrigation would increase annual 
production (CDSS, 1986). 

In Honduras, the dry season and rainfall irregularities in the wet season make crop 
cultivation without irrigation risky in much of the country. Surface water is ample for 
the country as a whole, but many areas with the highest populatign density and demand 
are located in zo yes with lower water yields. In 190,1, only 40 m /s of a conservatively 
estimated Z90 m /s of available surface water were used for irrigation, and practically 
no groundwater was used (see Draft Environmental Profile of Honduras, University of 
Arizona, 1981). Food imports have risen from an average of $ZZ million per year during 
1969-71 to $91 million during 1979-81. The U.S. Department of Agriculture estimates 
they could reach the $130 million level by the end of the decade. Together, food and fuel 
imports are costing roughly $Z50 million per year. By comparison, ENEE is hoping to 
earn an average of just $16 million a year from possible electricity sales to Nicaragua 
between 1986 and 1991. 

In Panama, only 4% of cultivated land is irrigated, while only ZZ% of cultivatable land 
was yielding more than one crop per year. In its Economic Report on Panama (1984), the 
IDB proposed that irrigation projects should be undertaken that could subsequently be 
integrated with broader schemes. The future of Costa Rica's agricultural sector also 
depends on greater agricultural productivity. Irrigation could contribute substantially to 
increasing yields by making use of land in the dry season, yet only 0.9% of the total 
available waterflow is being used. Some 30% of the total cultivated area could be 
irrigated, according to the Inter-American Development Bank (Economic Report on 
Costa Rica, 1983). 

Another area in which electricity can contribute to increased agricultural production is 
that of livestock farming, particularly poultry. Electricity is critical in providing 
controled climate conditions and an adequate, safe water supply for domestic livestock. 

Agricultural processing 

Energy is also an essential prerequisite of efforts to increase the proportion of value
added that is realized in rural communities by means of agicultural processing and small 
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agro-industrial activities. These have the effect not only of increasing the farmers' 
income but also of stimulating increased production through improved
commercialization. The development of nations that rely primarily on agricultural 
exports will largely depend on their capacity to increase the value-added of their 
products by processing. The major applications in Central America are in the processing
of coffee, rice, cane, and grains, particularly corn. Refrigeration would reduce spoilzge
and allow farmers greater control over the marketing of fruits and vegetables. 

Diesel-powered coffee huller near Copan, 
Honduras. 

Farmers in Honduras' Patuca Valley, for example, earn $6/CWT for unprocessed rice 
picked up at the farm, and pay $30/CWT for the processed rice they buy back from the 
dealers. At these prices, the average farmer in this valley earned about $100 for his 
labor in 1984. Creating a processing capability in this farming region and other priority
development areas would not only increase the value paid to farmers, but give them more 
control in timing the marketing of their goods. 

Some cooperatives in Honduras have procured diesel-powered processing equipment, but 
it is inefficient and costly to operate. The rice-milling equipment is said to deteriorate 
rapidly since farmers do not have the means to reduce the moisture content in the rice 
prior to hulling. 

140 Analysis and Conclusions 



Rural employment 

There has been a serious problem of rural-to-urban migration, particularly in El Salvador, 
Guate-nala, and Honduras. Table 9.2 shows that urban population growth has been 
greater than overall population growth in these three countries, reflecting migration to 
cities and suburbs. The poor quality of housing, including the absence of conveniences 
such as electricity, has been cited as a contributor to this movement. . major cause is 
widely accepted to be the search for employment. 

Table 9.2. National and Urban Population Growth Rates 

National Average annual 
population growth rate, Urban growth 

growth rate urban population in excess of 
1970-84 1973-83 national average 

Country (%) (%) (%) 

Belize 2.0 n/a n/a
 
Costa Rica 2.6 3.2 0.6
 
El Salvador 2.2 3.6 1.4
 
Guatemala 2.9 4.1 1.2
 
Honduras 3.2 5.8 2.6
 
Panama 2.5 3.0 0.5
 

Source: Economic and Social Progress in Latin America, Inter-American Development 
Bank, 1985, and World Development Report, World Bank, 1985. 

Because there is no electricity available, this rice huller at the 

CARUCPAL Cooperative in Honduras is run by a diesel engine. 
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Unemployment and underemployment are serious concerns in many parts of the region, as 
reflected in Table 9.3. While unemployment was exacerbated by the economic recession, 
the inability to create jobs in the rural areas is an important cause of structural 
unemployment. Increased and diversified agricultural production will create more jobs as 
incomes grow and new economic activities develop. Over the longer term, increasing 
emphasis is likely to be placed on rural industry and service enterprises. Commercial 
energy will be a key input to this strategy. Electricity has been a major bottleneck in 
the industrialization process of the more advanced developing countries, with the most 
recent evidence seen in the major industrializers, such as India and China. Costa Rica, 
among the Central American countries, is already in the rural industrialization stage, but 
the other countries should appreciate the importance of electricity supply as an 
important part of the foundation for rural industry and the employment opportunities it 
brings. 

Table 9.3. Labor Underutilization 

Unemployment Underemployment Total 
Country (%) (%) (%) 

Belize n/a n/a n/a 
Costa Rica 9.4 14.4 Z3.8 
El Salvador 23.0 50.0 73.0 
Guatemalaa n/a n/a n/a 
Honduras 10.0 30.0 40.0 
Panama 14.0 Z0-25 34-39 

aAID estimates in its FY 1986 CDSS that labor underutilization in rural areas is roughly 

50% of the labor force. 

Source: Inter-American Development Bank; for Panama, AID CDSS. 

Rural electrification and energy efficiency 

The Central American countries are facing two fundamental energy crises: excessive 
household demand for fuelwood in rural areas, which is contributing to a progressive 
degradation of the natural resource base, and continued excessive dependence on 
imported fuels, the costs of which constrain economic growth and contribute to external 
imbalance. Rural electrification can play a part in integrated strategies to confront 
these crises. 

The fuelwood crisis 

A severe deterioration of the natural resource base is occurring in nearly all of Central 
America as growing population pressures and the need for more land have resulted in the 
disappearance of forest cover from large tracts of land in the most densely populated 
areas. Although large-scale clearing is the major cause, fuelwood consumption has also 
contributed to deforestation. Table 9.4 shows that fuelwood accounts for the majority of 
energy use in the region, particularly in El Salvador, Guatemala, and Honduras. In these 
countries, 94% of household energy is derived from this source. Additional supplies of 
fuelwood must be created or substitutes must be found. 

142 Analysis and Conclusions 



Table 9.4. Final Energy Supply by Source, (1983) 

Energy supply by fuel type (T) 
Country Electricity Biomass Fuelwood Oil 

Belize n/a n/a n/a n/a 
Costa Rica 15 10 37 4Z 
El Salvador 6 6 65 24 
Guatemala 3 6 69 ZZ 
Honduras 4 6 62 28 
Panama 14 11 25 51 

Source: The Energy Situation in Five Central American Countries (draft), Los Alamos 
National Laboratory, 1986. 

The role rural electrification can play in strategies to preserve forestland, and the 
natural resource base that depends on maintaining forests, requires further study. To the 
extent that electricity use can increase the productivity of croplands, rural 
electrification could help ease the primary cause of deforestation-to create additional 
agricultural land. 

Electricity's role as a direct substitute for fuelwood, however, is less clear. The majority 
of fuelwood use is for cooking. Studies have shown that electricity could serve as a 
limited substitute for much of this use, particularly in poor rural households where the 
problem is greatest. However, reforestation and afforestation will be necessary, 
together with continuing efforts to develop and disseminate more efficient cookstove 
technology. It should be noted that electricity could also serve as an indirect fuel 
substitute for cooking, by meeting residential lighting needs now being met by kerosene, 
the second most important residential fuel in rural areas. Kerosene, in turn, could 
replace fuelwood for some of the cooking requirements. This substitutive chain was 
recently documented in a U.S. Census Bureau survey conducted in Indonesia. 

Dependence on imported fuels 

Increased use of electricity can play a part in strategies to reduce the dependence of 
Central American countries on imported sources of energy. Oil products account for 
60%-90% of commercial energy supply for the countries of Central America. In 1983, 
imports of crude oil and petroleum derivatives ammounted to 30 million bl equivalent of 
petroleum, at a cost of almost $ 1 billion. El Salvador, Guatemala, and Costa Rica each 
spent approximately 15% of their export earnings on oil, Honduras 20%, and Panama 5%. 

The challenge lies in reducing this dependence on imported fuels without creating a 
constraint to economic recovery and development. Over half of the imported oil is 
consumed in the transport sector, where there is some potential for substitution with 
sugarcane-based alcohol. Approximately one-third of petroleum imports is consumed in 
the industrial and agricultural 3ectors, as indicated in Table 9.5. Conservation, 
cogeneration, and substitution with biomass and electricity present a significant 
opportunity for reducing use of oil imports in these sectors. For example, a study by the 
Mitre Corporation using 1980 data indicated that as much as 50% of this use in Costa 
Rica could be converted to electricity. Legal, institutional, and pricing policies will be 
needed to reduce oil consumption in these sectors. 
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Table 9.5. Agriculture and Industry Share of Total Oil Consumption 

Agricultural and industrial share of 
Country total oil consumption (%) 

Belize n/a 
Costa Rica Z3 
El Salvador 30 
Guatemala 27 
Honduras 35 
Panama 58 

Source: Costa Rica, DSE; El Salvador, CEL; Guatemala, MIEM; Honduras, 
CONSUPLANE; Panama, CONADE. 

An example of such substitution is to be found in the Aguan Valley of Honduras. 
Facilities of the Standard Fruit Company represent a substantial potential load
including 14 packing plants with a load of 450 kVA, Z0 overhead irrigation units, and 
some 28 housing complexes. These loads are presently being met by diesel. Connection 
to the nearby electric distribution system would eliminate as much as $2.4 million of 
diesel imports, and significantly raise the productive use of electricity in the area. Also, 
some Z000 resident employees would have access to electricity. Although the company
has already staked and surveyed about one-fourth of the required line and budgeted for 
the remaining costs, delays are the result of Standard Fruit's efforts to negotiate a lower 
tariff with ENEE, giving as its reason the $400,000 cost of extending the line to the area 
45 km away and that of converting its irrigation machinery to electric pumps. 

Central America has minimal fossil-fuel resources. There is some locally significant 
energy potential from agricultural wastes and peat. Without doubt, however, the major 
energy resources in Central America are hydropower and geothermal (Table 9.6), both of 
which are converted to electricity. And yet electricity provides a very small share of 
final energy supply in the region-as low as 3%-6% in El Salvador, Guatemala, and 
Honduras (see Table 9.4). Recent investments to develop these low-cost energy 
resources have brought about a short- to medium-term electricity surplus in Costa Rica,
Guatemala, and Honduras. Plans are under way to develop more, and even larger, plants
that could produce similar surplus patterns in the future. 

Transmission links between the countries are being installed to permit the utilities to 
achieve the economies which were originally envisioned in the projects, as well as earn 
foreign exchange. While there is undeniable value in a regional strategy to share 
economies of large power projects, the Governments--which share in the foreign debt 
resulting from the projects-should not overlook foreign-currency savings possible from 
first satisfying domestic, rural energy needs with at least part of this surplus
hydroelectricity. 

FINANCIAL IMPLICATIONS OF RURAL ELECTRIFICATION IN CENTRAL AMERICA 

While the power sector has recently added substantial financial strain to the region's
economies, little of this burden can be attributed to rural electrification. The large and 
growing financial requirements of power investments will require diligence on the part of 
the utilities to reduce costs while increasing benefits. The utilities will require 
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Table 9.6. Power Demand and Major Renewable-Energy Resources 

Peak demand Hydropower Geothermal 
1985 potential potential

Country (MW) (MW) (MW) 

Belize 13 n/a n/a

Costa Rica 484 9071 720
 
El Salvador 319 1377 720
 
Guatemala 291 5426 
 1800
 
Honduras 
 225 2800 under investigation
Panama 436 3031 n/a 

Source: National utilities; 1980 Mitre/EDI study; 1984 World Bank report. 

assistance in addressing these problems, which have clear institutional implications.

The power sector places a considerable burden on the financial resources of countries in
 
the region. In Panama and El Salvador, power-sector investments represented nearly

30% of public investment in 1983 and 1984, respectively. In Guatemala, the power sector
 
accounted for 38% of investment between 1980 and 1983; in Honduras, it claimed 
over 
40% of investment between 1981 and 1985. Power also accounts for a substantial 
percentage of existing public-sector foreign debt: 18% in Costa Rica, 21% in Guatemala, 
and 33% in Honduras. 

Although Central American utilities are in better financial shape than some of their 
larger Latin American counterparts, they are facing a common and growing financial 
crisis. Debt service in 1983 accounted for roughly 40% of total power-sector revenues. 
Several of the major utilities in the region would be insolvent without massive doses of 
government support. 

A recently completed analysis by the World Bank, moreover, suggests that their problems
will worsen during the balance of this decade. As a group, they may have difficulty
raising sufficient financing to enable them to meet expected demand on their systems.
The combined financing requirement for the power sectors of El Salvador, Honduras,
Costa Rica, Belize, and Panama between 1984 and 1988 is estimated to be over 
$3 billion. 1 The analysis shows that, counting all available funding sources during the 
5-year period, they remain $482 million short of this requirement. The "existing sources" 
include over $730 million that will be poured in by the Governments and various lenders 
on top of the utilities' net earnings. 

Moreover, the utilities will be hard-pressed to squeeze out the internal cash generations
that are already assumed, since the analysis is based on an average tariff increase of 
24%, while average operating costs per unit of electricity sold would have to decrease by
15% over the period. Presumably, the financial performance of the power sectors in 
these countries may have to improve even further, if the additional $0.5 billion in 

IWorld Bank. 
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financing needed can be attracted. Yet tariff levels in the region are comparatively
high, as illustrated in Table 9.7. Of the Latin American countries, Panama's tariff level 
is the highest, while Guatemala and Honduras are ranked second and fourth, respectively,
excluding the smaller island republics and Belize, which use costly oil for virtually all 
their power generation. The average tariff of the six countries studied was over twice 
that of the remaining Latin American countries for which data were available. 

Moreover, tariff structures are confusing and irregular, as in El Salvador where there are 
85 different tariffs. The issue is further complicated by the fact that tariff setting is,
inevitably, a political process involving not just the utility but the highest levels of 
Government. Government users are typically delinquent in paying their electricity bills, 
moreover, which further restricts the utilities' freedom to improve their financial 
condition. Also, deterioration in the value of local currencies is eroding the real value of 
these tariff levels. Tariff reform is therefore another pressing policy concern. 

Table 9.7. Average Electricity Tariffs in Latin America, 1 9 8 3 a 

Average
Country ($/kWh) 

Belize 0.178 
Costa Rica 0.039 
El Salvadorb 0.040 
Guatemala 0.089 
Honduras 0.083 
Panama 0.124 

Average 0.922 

Argentina 0.054 
Brazil 0.030 
Chile 0.037
Colombiab 0.045 
Ecuador 0.044 
Mexico 0.019 
Paraguay 0.08 
Peru 0.040 
Uruguay 0.051 
Venezuela 0.00 

Average 0.4Z8 

aNot including Caribbean Island nations.
 
bAverage tariff of these countries corresponds to a combination of final and
 
intermediate sales.
 

Source: World Bank; data for Guatemala from INDE.
 

Rural electrification has clearly been a 
casualty of this financial shortfall. With the 
exception of Costa Rica and to a lesser extent Panama, very few rural electrification 
programs have been implemented, particularly outside small rural towns. Thus, in 
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absolute monetary terms, the financial burden of rural electrification in Central America 
is insignificant, in the overall financial context of the regional crisis. 

Rural electrification need not represent a major financial burden for the utilities. It is
 
estimated that the financial requirements of meeting the electricity needs of r~iral 
areas 
in most developing countries are equal to just 10% of total power investments. 
Assuming that power-sector investments normally account for perhaps 10%-15% of total 
public investment in developing countries, rural electrification would then require as 
little as 1% of total public-sector investment. This is not an inordinate share of public
investment, considering the economic, social, and political significance of rural 
electrification. This investment level for the six countries combined would be on the 
order of $35 million per year during the period 1986-1990, of which $15 million would go 
to Honduras and Guatemala. Central American countries have thus far spent far below 
this required level of expenditure and should take steps to increase their investment. 

The utilities, preoccupied with their own financial problems, have understandably not
 
been eager to engage in large investments in rural areas, which inevitably involve
 
subsidies in the early stages. 
 But even where the major investments have been made in 
transmission and primary distribution, the utilities have not had sufficient funds to make 
the consumer connections or to help consumers adapt to electricity. Rural residents and 
businesses in recent rural electrification projects in Honduras and Guatemala have had to 
bear this expense. Not surprisingly, few of these potential users have been able to do so, 
given the low level of disposable income in rural households and the low availability and 
high cost of domestic credit. As is discussed in more detail at the end of this chapter, 
usage is low in these rural areas, and consequently, so is the return on investment to the 
utilities. 

In Guatemala, for example, average monthly electricity consumption by all INDE 
residential customers was 35 kWh in 1983. Average usage for commercial customers was
 
133 kWh. By contrast, average monthly usage for all rural electric (PER-fl) 
customers 
was 1Z kWh. In all, nearly 40% of the rural communities that were connected in 1983 
showed an average monthly consumption of under 20 kWh/household. By contrast, 
monthly electricity consumption in tl.e United States averages 750 kWh/household. Rural 
household customers clearly are not contributing earnings to INDE. They are being 
subsidized, in most cases. 

In sum, given the financial constraints, significant levels of rural electrification will take 
place in the region only when there is strong government support and, in general, 
concessionary financing. This has been the case in Costa Rica, and support is beginning 
to emerge in the other countries, particularly Honduras and Guatemala. 

INSTITUTIONAL CONSIDERATIONS 

Linkages to energy-sector planning and organization 

Efficient, national economic planning and administration should integrate the energy and 
power sectors and comprise plans for rural electrification. At present, the degree of 
coordination and integration in Central America is mixed. At one extreme is the case of 

1Retrospective Analysis: NRECA's Activities with AID Funding, 1962-15)81, NRECA, 
1981. 
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El Salvador, where the national utility has full responsibility for the energy sector. At 
the other extreme are the cases of Belize and Honduras, where planning and development 
of the energy sector have yet to be organized in a concerted fashion. The sector has 
been particularly neglected in Belize. In Guatemala, the Ministry of Energy and Mines 
was set up in 1983, but the utilities continue to be responsible to the Ministry of 
Transport, Communications, and Public Works, and electricity is poorly integrated in 
energy planning. In Panama, IRHE is the key player in a nascent energy-planning 
organization, while in Costa Rica ICE participates fully in the Energy Subsector 
Directorate of the Ministry of Industry, Energy, and Mines. Thus, although efforts are 
being made to integrate electricity in planning and organization of the energy sector, 
progress has been mixed and the variety of institutional frameworks continues to evolve. 

Insufficient attention to the natural resource base is one consequence of the failure to 
integrate power and energy planning with that of other sectors. In particular, more 
effective efforts to manage watersheds and combat deforestation will require 
institutional structures that facilitate coordination between ministries responsible for 
natural resources and those responsible for power supplies and rural energy. This is 
particularly important in Belize, where power generation is the critical energy-sector 
issue, where projects for woodfuels and hydropower are the major ones under 
consideration, and where planning and coordination are least developed. 

A basic problem is the lack of good data. Sound economic and energy planning-including 
its implications for rural electrification-will not be possible without better and more 
readily accessible data. Data would establish clearer indications of where energy needs 
are the greatest in productive sectors of the economy. For example, in some of the 
countries, there is little information available that could provide a better understanding 
of needs for irrigation and processing in agricultural production. Data on the financial 
operation of some utilities were also poor. In general, data problems were greatest in 
Belize, Guatemala, and Honduras. 

Recent progress ha3 been made by the various government agencies in data collection 
and processing, thanks to assistance from AID, the World Bank, the IDB, OLADE, the 
OAS, and others. AID's current support of institutional strengthening in the energy 
sector by LANL will further improve the situation. 

Power-sector organization 

Electric power in Central America was first developed by small private and/or 
municipally owned utilities as long ago as the 19th century. As economic development 
progressed in the 1950s and 1960s, national parastatal companies were tstablish.v i' 
recognition of the importance of abundant and reliable power supplies for 
modernization. In most cases, these companies were granted virtual monopolies in power 
generation and distribution and absorbed many of the smaller concerns as their networks 
expanded. These national companies now dominate generation and transmission in every 
country of the region, although alternative distribution systems survive in Guatemala, 
Costa Rica, and El Salvador (see Fig. 9.1). In all cases, over 80% of public-service power 
generation is in the hands of the national utility. 

The situation regarding distribution and retail sale to the public is more complicated, 
however. In Belize and Panama, distribution is almost entirely in the hands of the 
national utility (except for the Canal Zone, in the latter case). In Costa Rica and 
Guatemala, the bulk of distribution (55% and 65%, respectively) is carried out by 
subsidiaries of the national utility that basically serve the capital city; small and large 
municipal companies account for 8% and 5%, respectively. In Costa Rica, there is also a 
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role for cooperatives, which account for 5% of distribution. El Salvador is distinct in 
that 90% of distribution-including the capital city-is carried out by private companies,
although most their concessions expire in 1986. In all of the countries, very small 
municipally owned systems continue to serve villages not yet reached by major
distribution networks. 

The cases of El Salvador, Guatemala, and Costa Rica, where distribution in the capital
city and its environs is the responsibility of separate utilities, should be noted. In 
Guatemala and Costa Rica, these utilities, EEGSA and CNFL, are over 90% owned by
their respective national companies, INDE and ICE. Both are operated and managed
independently, however, and enjoy the same access to international financial sources as 
their parent companies. The major distribution company in El Salvador, CAESS, is 
presently in private hands and 85% owned by U.S. shareholders. Its concession expires in 
November 1986, however, and its future is uncertain. Whatever the juridical status of 
the company, the advantage of this arrangement is that the utility has a relatively well
defined mandate-to carry out electricity distribution in the metropolitan area. 
Although each company has some generating facilities, they buy most of their power
from the national generation and transmission utility. 

Rural electrification 

Just as in the power sector as a whole, a balance has to be struck in the organization of 
rural electrification between centralization and decentralization and between public and 
private enterprise. Rural electrification presently suffers, like the power sector, from 
excessive centralization and limited private-sector initiative and local control. It is 
essentially lost within the power sector. One of the most obvious consequences of this 
absorption is that there is little distinction between rural electrification and the rest of 
the power sector: specific data on rural electrification are difficult to find; design and 

ENEE regional office, Honduras. National utilities generally find it 
difficult and costly to serve isolated areas where demand is low. 
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construction standards are not always appropriate for rural areas; and management
practices are inefficient. There is very strong evidence of a need to establish clearer 
definitions of rural electrification in the region. 

Most rural areas that have electricity are currently served by either the national utility 
or small, long-established municipal and private companies. The national utilities have 
carried out most of the rural electrification programs of Central America-not so much 
out of institutional commitment as due to political pressures and thrnks to access to 
international financial resources. From the consumer's perspective, there are advantages
and disadvantages associated with each alternative. 

National parastatal companies often appear unresponsive to local needs and excessively
bureaucratic. Complaints and problems have to be addressed to faceless bureaucrats in
 
the capital city, or to functionaries in regional offices who typically lack the motivation
 
and/or resources to serve individual consumers adequately. Billing and collection
 
procedures are made difficult by the inaccessibility of rural areas, the centralization of
 
commercial control in the capital city, and the shortage of basic logistical resources in
 
regional offices. Consumers often wait months for connections, for example.
 

The major advantage of these companies lies in the reliability of supply, primarily of the 
voltage level, which is of major concern for those who use power for productive
activities or for any but the most basic household appliances. Although the national 
utilities in Central America are well-run by general standards of state-owned enterprises
in developing countries, a number of commmon organizational problems are preventing
these agencies from being fully effective. Morale is being restrained by depressed salary
scales and poor working conditions, which has caused a "brain drain" at the top and 
middle levels of management. Communications are also poor, partly due to the 
conditions in the buildings that house the utilities-particularly the field offices. Efforts 
to set up coordinating units between the power agencies and other branches of 
government have generally been less successful than was hoped by their sponsors. Skills 
levels are also weak in certain areas, and training is needed in a wide range of 
activities. These include: distribution planning, analysis, and design; financial 
management; tariff design; technical and administrative loss analysis; and the general 
area of decentralized power systems. 

The major advanta7,e of small private and municipally owned local companies consists in 
their proximity to the rural communities they serve. Their smaller size allows for less 
bureaucracy and more personal service. Tariffs may often be lower than those of the 
national utility, but this is usually because they have not been set to cover the full cost 
of service-they may, for example, cover recurring costs without providing a reserve for 
capital replacement. As a result, the major disadvantage of such companies is typically
the unreliability of their service and fluctuating voltage levels. In Guatemala, for 
example, IIDE was invited and paid to extend service to communities served by
municipal and investor-owned utilities that could not provide sufficient and reliable 
power as -roductive activities developed. 

The electric cooperatives in Costa Rica, most of which buy their power from the national 
utility, are an exception to this rule and combine good service with efficient 
management. 

This brief review, together with evidence from elsewhere in the world, suggests that 
investor-owned, cooperative, municipal, parastatal companies, and other central 
government agencies may all have a role to play in the complex of activities involved in 
rural electrification. Yet although the strengths and weaknesses of alternative 
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institutional approaches appear complementary, the trend in Central America has been
toward increasing reliance on centralized parastatals and a limited role for both 
decentralized public-sector agencies (such as municipalities) and private utilities
(investor-owned and cooperative). In El Salvador, for example, the concessions of most
of the independent utilities expire in 1986, while no major independent services remain in 
Belize, Honduras, or Panama. 

However, a number of characteristics of rural electrification make it particularly
difficult for central power-sector agencies to develop it successfully. These arise from: 

" the high degree of inter- and intra-agency coordination required for successful 
implementation; 

" the difficulty of integrating nontechnical, sociological, and development issues into 
organizations that have an engineering orientation; 

" the rural nature of the task, which poses distinct technical, administrative, and 
logistical problems; and 

" the politicized nature of rural electrification. 1 

The functions necessary for the successful implementation of rural electrification are
listed in Table 9.8. The key lies in designing an organizational structure in which the
 
functions are carried out by the kinds of organizations best suited for them in each
 
country, and in ensuring adequate coordination among them. NRECA's experience in
rural electrification worldwide clearly demonstrates that successful programs have
 
emerged where there is balanced participation between national and local institutions.

Problems arise where national power institutions have attempted to manage the day-to
day operation of small systems. 
 Examples cited in Guatemala and Honduras bear this
 
out.
 

Rural electrification programs often start out very centralized and become less so as

local institutional capabilities develop. 
 A national agency should generally be responsible
for the formulation of policies and programs and for central planning, as outlined in
 
Table 9.8. Additionally it should be involved in:
 

* assisting in the development of local institutions (regional offices, cooperatives,
municipal, or private companies);
 

" conducting feasibility studies;
 
" establishing technical and financial standards;

* providing financial assistance and access to international funding;

" monitoring operations to ensure compliance with standards;
 
" providing special technical assistance and training;
 
" approving tariffs;
 
" temporarily taking over the management of systems, if necessary, to correct
 

unsatisfactory conditions and practices. 

IThis section, including Table 9.8, draws on Report of the regional rural electrification 
survey to the Asian Development Bank (draft), D.V. Smith, D.B. Mehta, P.J. Hayes, 
October 1983. 
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Table 9.8. Functions in Rural Electrification 

1. 	 Policy and Program Formulation 

a. 	 Integration with national plan and budget 
b. 	 Program intelligence and statistical information flows 
c. 	 Establishment of tight appraisal norms, realistic demand and cost estimates and 

scheduling 

Z. Central Planning 

a. 	 Forecasting 
b. 	 Budgeting 
c. 	 Market identification 
d. 	 Inter- and intra-sectoral coordination 

3. Secondary Planning 

a. 	 Engineering planning 
b. 	 Project design 
c. 	 Monitoring and evaluation 

4. Construction 

a. 	 Right-of-way clearance 
b. 	 Construction 
c. 	 Equipment procurement 
d. 	 Project cost control 
e. 	 Quality control 

5. Operation 

a. 	 Maintenance (identification) 
b. 	 Maintenance (repairs) 
c. 	 Reliability 
d. 	 Maintenance, statistics, and linkage to design department 
e. 	 Inventory control 

6. Commercial 

a. 	 Accounting 
b. 	 Record keeping 
c. 	 Billing 
d. 	 Connection/disconnection 
e. 	 Consumer relations and load promotion 

7. Personnel 

a. 	 Supervision and staff functions 
b. 	 Personnel planning 
c. 	 Promotion 
d. 	 Training 
e. 	 Consultants and contractors 
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Responsibility for day-to-day operations of a rural distribution system is most effectivelyhandled by a local entity, such as a cooperative, municipal company, investor-ownedutility, or regional division of the national utility. These responsibilities include theoperational and commercial functions in Table 9.8. As the system matures, it canembrace secondary planning, construction, and most of the personnel functions. 

The distinctive characteristics of rural electrification are not recognized in the way thatrural electrification is organized in Central America. In Belize and Honduras, thenational utilities include no unit specifically charged with rural electrification,responsibility for which is dispersed among regional and functional divisions. Panama,Costa Rica, and Guatemala each have executing units that have responsibility forcoordinating the implementation of specific rural electrification projects--funded by theIDB in Panama and Costa Rica and by AID in Guatemala. These units typically haveresponsibility for site selection, project designs, and construction or construction
management. They have no institutional permanence, however. 
 Only in El Salvador isthe rural electrification division of the national utility responsible for administration ofrural service (because most of the towns are served by private or municipal utilities) aswell as re-electrification in conflictive zones. 

Thus, in none of the countries studied is rural electrification championed by a strongorganization. Instead of being considered as an essentially rural development activity
that has strong links with the power sector, it is organized as a minor element of the
power sector. A major survey of rural electrification for the Asian Development Bank
 
concluded that: 

What is obvious in the success stories is that either a strong separate
division within the national or regional utility, endowed with the requisite
mandate and authority to proceed apace, 
or a strong uniquely mandated REagency is necessary to develop RE. To vacillate in-between results in a programmired in contradictions and inter-organizational rivalries... 

As the above report noted, "there are no universally applicable institutional structures"for rural electrification. Furthermore, an institutional analysis that is sufficiently
thorough to constitute the basis for detailed recommendations appropriate to each
country was beyond the scope of this study. It is clear from this overview study,however, that the structures in Central America are not conducive to effective rural

electrification.
 

TECHNICAL PROBLEMS AND OPTIONS 

The basic approach to rural electrification will continue to be the extension of subtransmission and distribution networks into rural areas and their supply from centralsystem generating plants. There is, however, a continued role for smaller generatingsystems, especially those based on a wide range of renewable resources, both to reducethe cost of central system supply and to serve isolated grids. Finally, micro-power
systems may serve specific isolated loads. 

Central-systempower generation 

Financial constraints have forced all of the utilities in the region to confront the issue ofelectricity-supply cost. This is important for rural electrification because power-supplyprojects have a major impact on the financial health of the utilities, and hence on theirability to embark on rural electrification, and because the long-range marginal cost ofpower is an element in the benefit/cost analysis of rural electrification projects. 
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As discussed earlier in this chapter, there is an excellent range and supply of power
generation options in the region, particularly geothermal and hydropower but also 
including biomass, wind, solar, and peat (see Table 9.6). 

Table 9.9 illustrates the scale of investment needed for power generation and 
transmission facilities. The Central American countries are planning to obtain the 
majority of their power from large-hydropower plants. Based on the initial round of 
projects'of this type, the unit capital cost of construction is $Z000-$Z500/kW installed. 
These projects are typically complemented by additions of thermal combustion units for 
peaking and reserve purposes. 

Table 9.9. Capital Cost of Large-Hydropower Units in Central Amercia 

Unit capital

Capacity Cost ($ in Year cost
 

Country Plant (MW) millions) comissioned ($/kW)
 

Costa Rica Ventanas-Garitaa 90 1z 1987 1300
 
El Salvador Rio Lempa 180 300 1984 1700
 
Guatemala Chixoya 300 1000 1986 3300
 
Honduras El Cajon Z9Z 700 1985 2400
 
Panama Fortuna 300 484 1983 1600
 

Total 116Z Z604
 

Weighted average unit capital cost per kilowatt ZZ40 

aUnder construction. 

Source: Respective national power companies. 

A major problem wi'h such projects is the high foreign-currency component. The turbo
generating equipment and most of the electrical equipment must be imported; 50%-60% 
of the civil works, including engineering and supervision, also requires foreign currency. 
Approximately 70% of the total capital cost of large-hydropower plants in Central 
America must be paid in foreign exchange, together with 100% of the fuel expense to 
operate the thermal peaking units. This constitutes a serious financial burden for all of 
these countries. 

Second, although economies of scale can be achieved with larger plants, they also involve 
high investment risks, given uncertainty regarding future exchange rates, interest rates, 
the costs of alternative fuels, and--above all-electricity demand. Even under the best 
planning circumstances, the costs of large power investments are borne far in advance of 
receiving the full benefits of the projects. The penalty lies in the severe discounting of 
latter-year benefits due to the time value of resources and money. 

A further disadvantage of large-hydropower projects lies in the environmental and social 
costs of large dams and reservoirs. The proposed Usumacinta project between Mexico 
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and Guatemala, for example, has raised a storm of protest because the large reservoir 
required would cover valuable property, including ancient Indian ruins. 

The future of large-scale hydropower, including several projects exceeding 1000 MW 
under consideration, could depend on the timing anu i."bstance of interconnection and
power-pooling agreements that will likely be reached among the countries of the region.
An interconnection study for the region was carrried out with I1DB funding several years 
ago, and it was recently announced that the U.N. Economic Commission for Latin 
America (Comision Economica para America Latina, CEPAL) will provide $1.Z million 
for preinvestment studies of Central American power-network integration. The Central
American Electrification Council (Consejo de Electrificacion de America Central-

CEAC) 
was recently established to coordinate policies for interconnecting the electrical
services of the region. Progress has been slow, however, and the agreement has not yet
been ratified by the six member countries. 

Distribution systems 

Irrespective of the power supply, standards for distribution system design and
 
construction should be geared to the realities of rural areas. 
 Although they vary greatly,
the average costs of transmission and sub-transmission facilities in Central America are
approximately $30,000/km for 230 kV transmission line, $20,000/km for 138/115 kV lines,
and $15,000 for 69 kV lines. Primary distribution costs between $8,000/km and 
$14,000/km for both 34.5 kV and 13.2 kV lines, while secondary distribution (120/240 V) 
can cost from $5,000/km to $8,000/km. 

Evidence gathered during field visits and from recent evaluation reports indicates that 
some of the major utilities are not using appropriate standards, partly because they are
primarily geared to urban, not rural, electrification. A good example was discussed in a 
recent AID evaluation of INDE's PER-I project, where simple modifications in the length
and type of poles and the size of the conductors could reduce costs by 37%. 

Until recently, the project used 30 foot and 35 foot concrete poles for primary and
 
secondary distribution lines. 
 Because of their weight, only four or five could be
transported by truck at a time. Handling these heavy poles required as many as
 
36 employees where tractors could not be used. 
 The use of wooden poles, by comparison,
reduced transport costs, allowe i easier handling, and resulted in fewer losses from
breakage. They are also less expensive: a 35 foot concrete pole costs Q 175 in 
Guatemala, while a wooden pole of the same length costs just Q 79. For 30 foot poles,
the costs are Q 165 and Q 62, respectively. Similarly, costs can be reduced by using the 
longer 35 foot poles, since the span between them can then be increased to 160 m, and
the pole-top transformer assemblies simplified. Smaller conductors can be installed in
the initial stztges of rural electrification since heavier conductors are not needed until
loads have buiiL up over time. Use of No. 4 ACSR conductor instead of 1/0 ACSR 
conductor in the PER-i project would have reduced the conductor cost per kilometer 
from Q 540 to Q 240. Finally, the use of single-phase distribution in newly electrified 
areas, instead of the more standard three-phase, appears particularly appropriate. 

There is a tendency for centralized utilities to overbuild initial systems with oversized 
conductors and transformers. This reduces future-year costs of upgrading facilities as
the load grows. The utility can "build the line and then forget about it," as expressed by
one system engineer. With this approach, only the larger loads can be economically 
served.
 

An approach that keeps initial costs as low as possible, extends service to as many as
possible, and trains local linemen to upgrade the system as loads develop allows the 
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advantages of electric service to reach more households, creates rural employment, and 
stages system investments as income is generated. The overbuilding of initial facilities 
is thus closely linked to the institutional framework under which rural electrification is 
conducted (see above, Institutional considerations). 

Another important area for cost reduction is in energy loss reduction. Losses, while not 
as high as in many developing countries, are still well above accepted norms in the 
United States, ranging from lZ% in Costa Rica to ZO% in Belize. 

Decentralized power-supply alternatives 

In the past, small generating plants served isolated systems and tended to fall into disuse 
as the main interconnected network was extended. Given the cost of extending
transmission lines to the less developed load centers that are still unconnected, this role 
remains important for small power systems. Moreover, recent experience with large 
power plants suggests that small generating systems should play an important role in 
supplying power to the national interconnected network. Smaller increments in installed 
capacity permit supply to more closely follow demand patterns and entail less investment 
risk. Depending on the technology, moreover, they can reduce the foreign cost of power
expansion programs. Possibilities in Central America include diesel, geothermal power, 
small hydropower, biomass, and other technologies. 

Diesel 

Diesel has both advantages and disadvantages. One advantage is that the average capital 
cost of a diesel unit is low, ranging from $400/kW to perhaps $1000/kW. Distribution 
costs are minimized because the plants are mobile and can be located close to the load. 
Their mobility offers the additional advantage of being easily moved from site to site. 
However, most of the cost of installing and operating diesels in Central America requires
foreign currency. Also, recurring costs are high, averaging between $0.15/kWh and 
$0.Z0/kWh, depending on the unit's efficency. Even higher unit costs are found in 
particularly isolated areas because of the difficulties and cost of supplying diesel. 

In general, diesels are most competitive in meeting loads with low energy (kWh) 
requirements but relatively large demand (kW) requirements, that is, when the load 
factor is low. For example, they are appropriate as peaking units on-grid, and for 
meeting large mechanical loads of short duration in isolated settings. 

Geothermal 

Central America is rich in geothermal resources, particularly along the volcanic Pacific 
slope of the isthmus. Several projects have been constructed or are presently in the 
planning stages in El Salvador, Guatemala, and Costa Rica. Panama and Honduras are 
also planning geothermal investments. Geothermal power has the advantage of being a 
sizable renewable-energy resource, and has a reasonably competitive capital cost. The 
15 MW Zunil scheme in Guatemala, planned for construction in 1987, is expected to cost 
$3000/kW. However, to properly study a potential geothermal field requires costly
exploratory drilling that makes the cost usually p. hibitive for units under 10 MW. LANL 
is currently assessing the potential for this technology and plans to drill exploratory wells 
in Honduras. 
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Small hydropower 

Central America has excellent hydrology and topography for small-hydropower
development. The World Bank, in a 1984 study of the role of hydropower in 
100 developing countries, credited Costa Rica with having the highest ratio of 
hydropower potential per square kilometer among all developing countries, while 
Panama, El Salvador, and Guater1 .:a were listed in the top Z5 countries, and Honduras 
was not far behind. 

Small hydropower is suitable for implementation in capacity sizes from a few dozen 
kilowatts to several megawatts, depending on capacity definitions. It is also a suitable 
technology for both grid-supply and isolated, regional-grid approaches to rural 
electrification. Locally fabricated turbines, g~:.,, and civil structures can hold costs to 
under $1100/kW, with only 30% foreign-currency requirements. Imported equipment
needed for larger, more efficient, units would drive the cost up to an average of 
$2000/kW and the foreign-currency component to 50%, but this option would still be 
competitive with large-hydropower and geothermal systems. 

The potential for grid-connected small hydropower is illustr ited by a case in Costa 
Rica. The largest plant in the country is the Corobici-Arenal complex, which has 
substantial active storage cap bility. However, due to the hydrology of the river and the 
demand profile, the reservoir v'11 rarely remain full. There will be excess storage
capacity that would be extremely valuable during peak demand periods-or drought
periods-since it has the effect of converting energy to firm power. Any storage that
 
could be captured, therefore, would be worth the equivalent of the high-cost thermal
 
peaking energy. Small, run-of-river hydropower could complement large-hydropower

installations by supplying energy requirements during the wet months, thus allowing more 
storage in the reservoirs to be retained for use in the drier months. In addition to
seasonal storage, daily storage can be more effectively utilized to supply daily peaking
loads if small, run-of-river plants are used for base demand. Another cost-saving benefit 
is earned by postponing investment in new hydropower storage facilities, as was seen in 
the C.T. Main power-expansion study in Honduras. 

A private power company plans to construct a 5 MW run-of-river plant to serve this 
function in the COOPELESCA service area of Costa Rica. Presently, Empresa Electrica 
Matamoros supplies the cooperative with Z MW of hydropower capacity; the remainder is 
purchased from ICE. With the additional 5 MW, Matamoros could supply 7 MW of 
capacity. The problem with this project is that Matamoros would not have a 1-uyer for
the energy available during off-peak hours. ICE, however, could make good use of off
peak power by substituting the energy it purchases from Matamoros for energy it would 
otherwise generate from the Arenal project. In effect, it could store this off-peak 
energy in the reservoir to sell back to Matamoros during the next peak period. 

Provided that there is a continuing excess-storage problem in the region, this approach
could be developed in other countries on a fairly substantial scale. Small hydropower
would not eliminate the need for additional large plants, but it could reduce the number 
and cost--most importantly, the foreign-currency cost-of power-expansion
investments. If further analysis shows that this concept provides the least-cost solution,
then thought should be given to focusing the large-hydropower construction program on a 
smaller number of projects with large storage reservoirs in unpopulated areas. 

A more classical use of small hydropower is to serve small isolated or regional systems.
Less than three decades ago, much of the electricity supply in the region was provided in 
this manner. There are still opportunities to develop small-hydropower facilities for off
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grid rural electrification, particularly in the frontier agricultural zones on the heavily
rain-fed Atlantic slope of the continental divide. The team observed two cases-one in 
Guatemala and one in Honduras-where small hydropower, possibly in tandem with a 
complementary back-up energy source such as a diesel- or mixed-fuel combustion 
generator, could form the basis for off-grid rural electrification. 

Biomass 

Biomass could also complement the primary power source of large hydropower for rural 
electrification. The costs of biomass schemes varies-depending on the fuel source, cost 
of transporting fuel, and the sophistication and efficiency of the conversion equipment-
but may be competitive with most alternative-energy technologies, particularly as they 
can often be located close to the demand center. Typical equipment costs are around 
$Z000/kW fcr units under 1 MW. For units over 1 MW, the cost per kilowatt decreases 
sigificantly, with units in the 3-5 MW range costing around $1200/kW. The foreign
exchange component could be reduced by efforts to support local industry. 

Variable costs, mostly for fuel, are the main disadvantage of biomass power g-. neration. 
If trees are harvested and transported to the powerplant, this cost can be substantial. In 
the case where the feedstock is the waste product of another commercial activity, such 
as a sawmill, the fuel cost can be reduced to almost zero. 

The disposal of waste sawdust f im lumber mills observed in Costa Rica and Honduras is 
a growing problem. In the county of San Carlos, Costa Rica, there are over 30 lumber 
mills, five of which are lccated in the town of Quesada. A private power company has 
proposed a scheme to collect sawdust from the five local mills and use it to fuel a boiler 
to be located behind the community hospital. The boiler would supply high-pressure 
steam to drive a turbo-generating unit, and the electricity would be sold to the rural 
electric cooperative. The low-pressure discharge would be used to supply steam to the 
hospital and to dry freshly cut, green lumber. 

On the other hand, a land area of approximately 1600 ha is needed to grow trees to 
support a 3.2 MW dendro-thermal plant in the Philippines. In such a case, the cost of 
growing, harvesting, and transporting the fuel may be substantial. The land need not be 
of high quality, but plantations should be concentrated and also close to a point where 
the power can be used. Such plots exist in the unpopulated, swampy areas of southern 
Panama, northeastern Guatemala, and eastern Honduras and Costa Rica, but these areas 
are fat, from the centers of economic adtivity and the power grids. There may be greater
potential near the main Belize City-Ladyville system in Belize. 

A 1Z0 kW biomass project considered by AID in southern Panama would have required six 
full-time laborers to plant, cut, and haul the wood required for a direct-combustion 
steam boiler/turbo-generating system. This represented a high operational cost that 
would have been added to an estimated $31Z5/kW for equipment and the cost of 100 ha 
for fuelwood trees. The project was cancelled after detailed feasibility studies. 

Biogas production from animal manure and agricultural residues has a lower variable cost 
and is already receiving attention in Central America. Demonstration units for dairy
farms and swineries have been successful in Costa Rica, and the technology is 
commercially available. Bagasse is another important fucl for generating power. The six 
Central American countries have several hundred thousand hectares of land devoted to 
sugarcane production. Utilization of bagasse can make sugar mills energy self-sufficent 
and generate surplus electricity. During periods when demand for sugar declines or 
prices fall, it may be feasible to grow energy-rich cane specifically for energy 
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production. Rice, corn, and coffee provide other crop wastes that can be used.for power 

generation in Central America. 

Other technologies 

Another technology that is being considered is the application of wood or charcoal
gasifiers as gas producers for running internal-combustion generators. A Z x 60 kW
demonstration site is being funded by AID in Costa Rica, which should provide data for 
evaluation in a few years. 

Wind has been used in the region for some time to pump water and drive small dc

generators in isolated areas. 
 OLADE has compiled a preliminary wind atlas for Central
American and the Caribbean. Generally, wind speeds of 3 mph are needed to pumpwater, and speeds over 5 mph are needed to operate an electric generator. Windmills
continue to be a competitive method for pumping water in many areas. Areas with
 average wind speeds above 5 mph are found along the coasts of Central America and
 
sometimes in mountain passes.
 

Parts of Central America have good average daily solar radiation, particularly in ElSalvador, Guatemala, Belize, and Costa Rica. Water-heating systems are available forhomes and industry, as are air heating systems for crop- or wood-drying. For
electrification, small isolated loads, such as water pumping, refrigeration, etc., can be
supplied economically by PV collectors. 
 However, the number of hours available forsolar generation per month varies considerably during the year. Over the long term, assolar-electric technology costs come down, the intermittent use of solar energy for
general rural electricity supply may become more feasible. 

Micro-power systems 

Although the foregoing discussion of alternative, decentralized pnwe3r systems focused ontheir use in more conventional rural electrification projects, many of these technologies
are appropriate for very small applications in remote areas. There are many areas inCentral America where population centers are small and the potential for economic
activity is limited. They nevertheless have pressing energy needs for lighting, cooking,
cold storage, and particularly for reducing the drudgery of time-consuming tasks such as 
milling crops and pumping water. 

Area-coverage rural electrification may not be the least-cost method of meeting theceneeds due to the isolation of the communities. A more appropriate approach could be topackage specific productive uses with micro-power systems. This targeted approach hasthe advantages of lower cost and a more rapid recovery of invested capital. The critical
feature of a micro-power supply option is that it requires a different institutional
approach from that of a traditional power-sector project. Micro-power systems areideally suited to community-oriented management approaches that stress private-sectorinvolvement in project design and supervision. The experience of electric utilities withthis technology, notably in a recent AID-funded program in Panama, has not been good. 

Another important advantage of micro-power systems is that the resources used canoften be found locally. For example, small micro-hydropower mills have been operating
throughout Central America for many years to perform traditional tasks: grinding corn
and coffee, hulling rice, crushing limestone and sugarcane, cutting wood, etc. There are numerous other applications for this energy technology, including virtually any machine
that can be operated by mechanical power. Several of these end uses could be operated
at a given site, simply by extending the length of the drive shaft and adding drive belts. 
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Although capital costs can be minimized by using simple shaft power, electricity can also 
be generated by adding another belt and pulley to the drive shaft for a generator. 

Projects implemented by private groups and cooperatives have shown that micro
hydropower plants in isolated areas can provide energy more cheaply than alternative 
sources such as grid electricity or diesel. Since they are locally designed, fabricated, and 
installed, the costs are quite low. For example, projects implemented by small private
firms in Nepal cost about $500/kW installed, as illustrated in Table 9.10. An evaluation 
of ten mills in 198Z indicated that seven were operating with a net profit, with a return 
on total investment ranging from 6%-37%. 

A basic, Z5 hp mill installation in Central America would cost approximately $Z0,000. A 
locally fabricated crossf low turbine would typically drive a corn mill as the primary load,
plus additional machine(s), such as an electric generator, a cold-storage compressor, a 
lathe, etc. Costs would, of course, be increased by adding other end-use machinery to 
the project, or by generating electricity. 

Table 9.10. Costs for Typical Micro-Hydropower Plants in Nepal Implemented by
 
Private Firms
 

Coft 
Component (US$) 

Survey and design zoo 
Turbine 1100
 
Mounting frame, pulleys, and belts 800
 
Agro-processing machinery 1700
 
Penstock 
 1000
 
Installation 
 500 

Total capital costs 5300 

Source: Nepal: Private-sector approach to implementing micro-hydropower schemes, A 
case study, NRECA, 1982. 

Micro-hydropower turbines are being manufactured in several Central American 
countries. The team visited machine shops in Guatemala, Panama, and Costa Rica that 
are designing and fabricating several types of micro-hydropower turbines. In Honduras, a 
small firm has a licensing arrangement with a U.S hydroelectric firm to fabricate Pelton 
units. 

This industry, given adequate technical and government support, could lead an important
rural energy initiative in the Central American region to meet the needs of very poor,
izolated populations. Over the long rua, moreover, the experience gained from this 
effort could help raise the technical capability and standards of local industry to 
fabricate larger and more efficient small power equipment for general electricity supply, 
as has occurred in several Asian cou-ntries. 
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PRODUCTIVE USES OF RURAL ELECTRIFICATION 

The pattern of low electricity use in rural areas of Central America is th result of amixture of economic, political, and socio-cultural factors that contribute to what may betermed a "low-level electricity usage trap." The core of the problem is economic-wide 
population dispersal in rural areas leads to relatively high costs of providing electric
service. To recover this high cost, consumption by each user and/or the tariffs charged
must also be relatively high. Yet not only is the consumer density lower in rural than in
urban areas, but consumers also tend to be poorer. Therefore they can neither pay higher
prices nor purchase more energy than their urban counterparts. 

There are also cultural and political constraints to electricity usage, since culturally or
geographically insulated rural dwellers may be unaware of the advantages of using
electricity and of income-producing activities that are made possible by the availability
of power. They may also lack access to credit, training, and markets. 

Low consumption has caused tariffs, although still subsidized, to be higher than they can
afford, and the returns on investment earned by utilities are consequently low.
Understandably, utilities have not given rural electrification high priority. The 
consequent lack of reliable and inexpensive energy supply is in turn a major constraint toeconomic development and the alleviation of rural poverty, hence helping to keep rural 
incomes low. Thus, the cycle is renewed. 

This situation is not unique to Central America. Almost everywhere, subsidies have been necessary initially to mount a program of rural electrification. The challenge in each 
case, in addition to minimizing the subsidy through appropriate technical and insitutional
approaches, is to interrupt the cycle that gives rise to the need for subsidization.
 
Without lifting rural consumers out of this low-usage trap, subsidies may become 
a
perpetual feature of rural electrification, which undermines its economic basis. 

A proven means of breaking the low-usage cycle is to create conditions that lead to
productive economic and social uses of electricity. "Productive" end uses of electricity
 
are those involved in agricultural production, agro-processing, agro-industry, home or 
cottage industry, rural commerce and service enterprises, and rural public services.

They may be further defined as those uses of electricity that bring about new work

activities and/or result in reduced costs for rural enterprises aiid individuals, which in 
turn results in new employment and income opportunities in rural areas. A major finding
of this study is that productive uses of electricity do not always arise spontaneously, and
 
that deliberate efforts are required to promote them.
 

In addition to the economic and social function of productive uses, their promotion may
also be used in meeting the goals of utilities involved in well-managed rural
electrification programs. Productive-use promotion may be deliberately planned, for
example, to maximize project load factors, minimize energy losses, and improve project
financial rates of return. Elements of such a program are discussed below. 

The cornerstone of a comprehensive productive-uses program is effective planing andcoordination between energy-producing and energy-consuming sectors of the economy.
Proper planning should, at a minimum, identify priority national development goals that
rural electrification can help achieve. Effective coordination at the executive level
should ensure that electricity is supplied in an optimal manner and that the planned
productive loads are ready to receive the electricity. On paper, rural electrification
plans appear to be coo,'dinated with other national planning activities in the countries
studied, as suggested &nsome of the energy-sector organizational charts in this report. 
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However, some of the results of rural electrification efforts indicate that planning and 
coordination at the national level needs improvement. 

The Aguan Valley Rural Electrification Project in Honduras offers an example of how 
proper planning and coordination are essential. The Government, with heavy
international donor support, has expended large sums to stimulate development in this 
valley. The rural electrification project was designed to serve a major sawmill and 
wood-pulp operation that was to be developed near Olanchito. The mill project was the 
responsibility of COHDEFOR. However, 8 years after AID initiated the electrification 
project, the pulp mill has not been built. The sawmill now operates at about 40% of 
capacity and is not viable without the pulp mill. The electrification project, on the other 
hand, suffers from a low level of power use. 

Another impediment to the growth of electricity consumption in Central America is the 
cost of electricity. Thus, potential consumers are discouraged from connecting because 
of the poor quality of service that is provided by some of the utilities-which exacts an 
economic cost in the loss of productivity and output-and because the costs of 
alternative fuels are lower. 

Reliability may be the most serious concern. A survey of public and private utilities in 
Latin America, conducted by a Harvard University team some years ago, found that 
industrial consumers viewed the economic losses from service unreliability as a greater 
disincentive than high prices. Similar conclusions are reached in this study. Voltage 
fluctuations often damage equipment, and outages are not uncommon. In some cases,
agro-industrial users have been reluctant to substitute public service for existing auto
generation using diesel because of concern over reliability. In Honduras, for instance, 
there are over 350 privately owned diesel motors and generators in use, many in areas 
presently served by ENEE. 

Where the quality of service is high, the reverse is true. In Costa Rica, hundreds of 
small-hydropower facilities were abandoned in areas where the cooperatives and ICE 
brought in power, even though the cost of operating the existing hydropower plants is 
virtually zero. 

Given these preconditions, a number of interventions may make productive-use
promotion a reality in rural areas. These include: 

" consumer credit assistance; 
" consumer or product-marketing assistance; 
" technical research on electrical equipment; 
* consumer or staff technical training;

" demonstration of successful applications and technologies; and
 
" consumer education and information.
 

An important function of a productive-uses program is to identify credit bottlenecks in 
the electrification process and provide potential consumers with access to credit. That 
numerous instances can be found throughout the region where farms and rural enterprises
have failed to convert from diesel, fuel oil, and kerosene to electricity can likely be 
explained by credit constraints as much as any other factor, given the present financial 
environment. 

Financing for the purchase of electrical equipment-motors, compressors, power tools-is 
likely to amount to a more serious credit problem than household connections. Credit for 
investments of this kind is beyond the reach of most rural individuals and businesses. 

Analysis and Conclusions 163 



Even where commercial credit is available, the terms are often difficult to meet, as 

indicated in Table 9.11. 

Table 9.11. Prevailing Commercial Lending Terms 

Typic-l interest Typical loanCountry rate (%) term (years) 

Belize n/a n/a
Costa Rica Z4 3
El Salvador 18 2
Guatemala 12-14 3
Honduras 19 1-2 
Panama 10-11 Z-5 

Source: Commercial banks in the respective countries. 

Even if potential productive loads are present, the cost of electricity is low, and credit isavailable, small farmers and cooperatives in newly elkctrified areas may not be aware ofthe ways and means of taking full advantage of these resources. Successful rural
electrification programs require outreach programs using agents who are broadly
knowledgeable in the technical, economic, and financial aspects of electricity use on
farms and other rural enterprises. Applied research and demonstration programs have

had a tremendous and continuing impact on electricity-induced productivity gains in

agriculture, in particular, and should be an integral componient of a comprehensive
productive-uses program. In the United States, these need. are being met by a

combination of government-sponsored rural extension servi :es, electric equipment

manufacturers and their distributors, the utilities and their affiliated organizations, and

major universities. No comparable effort takes place in Central America. 

Intermediate technology groups such as the Technical Education Institute (Instituto
Tecnico de Capacitacion y Productividad, INTECAP) in Guatemala, and rural cooperative
organizations such as DIFOCOOP in Honduras, are staffed with capable and energetic

extension agents, but they did not seem adequately knowledgeable in electricity and its
 uses. The Zamorano Panamerican Agricultural School is becoming increasingly involved
in electricity use in its farm education program. It would be an obvious candidate to
conduct research and training activities and to establish demonstration farms as part of a 
rural electric productive-uses curriculum. 

As with any energy-supply effort, rural electrification should begin from a needs
oriented perspective, both to determine primary energy needs and to serve those needs in
the most cost-effective, appropriate manner. The utilities do not have a needs-oriented
approach. They are concerned primarily with the technical task of getting the job done
and the financial challenge of making ends meet. However, the problems they are now
experiencing with financial performance, technical service standards, and even the large
power investments, ,.ould be rooted in their lack of attention to a needs-driven
approach. A productive-uses perspective within the utilities would help to redress thisimbalance, but thought should also be given to placing at least part of the responsibility 
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for productive-uses planning and program management outside the power agency to 
ensure the proper commitment and coordination needed for such a program to succeed. 

Failure to promote productive uses of electricity is illustrated by
this corn mill in Guatemala. Electricity is used for lighting only
while the mill consumes expensive imported diesel. 

SUMMARY 

The successful rural electrification program in Costa Rica illustrates the benefits rural 
electrification could bring elsewhere in the region, and possibly constitutes a model. The 
foregoing review of the critical issues concerning rural electrification in the region
shows that, by virtually every standard of comparison, Costa Rica enjoys a substantial 
margin of superiority. Interviews in rural Costa Rican communities that received 
electricity 10, 15, even 20 years ago suggest that its arrival is still seen by residents and 
businessmen as the single most significant positive event to have occured in these areas. 

AID's evaluation of the rural electrification project in Costa Rica credited its success to 
the fact that a combination of favorable conditions was present: a national orientation 
toward equitable development, supportive local institutions, and an abundant potential
for hydroelectric power, which results in lower energy costs. In its summary, the 
evaluation report established the following key lessons from the rural electrification 
project: 

* Electrification, in combination with other rural development interventions, enhances
 
the attractiveness of rural life.
 

" 	Rural electrification can be financially at risk until a certain degree of development

is accomplished, but, as income goes up, the increased ability to utilize rural
 
electrification productively in turn further raises income.
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" The impact of electrification on agriculture and agro-industry can be partially
predicted according to the types of productive activities taking place in the area. 

" Electricity can be a favored type of household energy even for the very poorest; yet
use of electric stoves to replace firewood for cooking appears to be rare. 

The Costa Rican experience suggests that certain preconditions should be in place beforerural electrification is attempted, among them: an afforable supply of electricity, the
availability of reasonably priced credit, including concessionary financing for the initial
capital investment, and an appropriate, supportive institutional. framework. 

The priority countries-Guatemala, Honduras, and El Salvador-can certainly satisfy thefirst condition, provided that future development of hydropower and other renewable 
power sources is pursued in a cost-effective manner. Despite the difficult financial
circumstances, the relatively modest financing requirement needed for rural
electrification, and the apparent interest among a wide range of donors to provide
capital assistance for rural electrification, places the second condition within these
countries' grasp. Perhaps most important is the third condition, since a strong
institutional commitment is needed to ensure that the adequate electrical energy and
financial resources are devoted to the task of rural electrification. The institutional
 
requirements 
are also typically the most difficult condition to meet. 

There is a final fundamental precondition-a national policy aimed at increasing the rural
population's access to the means of production and national wealth. This includes thedevelopment of rural infrastructure as part of a socio-political environment which
permits and even encourages self-improvement among the rural poor. This is important,
because rural electrification clearly depends on wide participation of the area population
to succeed. Creating this broad-based developmental framework is a fundamental 
objective of the Jackson Plan for Central America. Rural electrification can be a veryuseful tool for consolidating and building upon the gains of political, social, and agrarian
reforms. For these reasons, finally, it is concluded that rural electrification could
provide the greatest benefit in Central America in areas where land reforms and otherdevelopment initiatives to raise the participation of the disenfranchised poor are under 
way. 
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X. RECOMMENDATIONS 

The reliable supply of low-cost energy is a critical need in rural Central America. 
Therefore, high priority in the development strategies of Central American countries 
should be given to addressing the household fuelwood crisis and accelerating the rate of 
rural electrification investment. Section A below recommends a number of structural 
reforms and policy guidelines for rural electrification throughout the region. Section B 
presents more detailed country-specific recommendations, including follow-up
activities. Finally, Section C presents five recommendations for regional follow-up. 

A. REGIONAL RECOMMENDATIONS 

1. Institutional basis 

In recognition of the importance and distinctive characteristics of electrification in rural 
areas, each of the countries should establish an effective agency with a specific mandate 
to carry out and promote rural electrification. This agency should be either a strong
division of the national utility or an independent organization outside it. Policies and 
programs should be based on the recognition that rural electrification is a rural 
development activity and not a minor extension of the power sector. 

2. Decentralization and privatization 

The importance of decentralization and privatization in rural electrification should be 
recognized by Governments and development assistance agencies. Rural electrification, 
and the power sector in general, presently suffers from the disadvantages associated with 
centralized public monopolies. It shou 1. be recognized that a balance has to bc 
restored--toward local control and private initiative and away from centralized control 
and public monopoly. 

3. Distribution system design 

The costs of extending subtransmission lines and distribution systems in rural areas are 
unnecessarily high and must be reduced. System designs, equipment specifications, and 
construction practices are needed that are appropriate to rural areas, make greater use 
of local materials and resources, notably manpower, and minimize costs. 

4. Productive uses of electricity 

Active promotion of productive uses is a universal need in the rural electrification 
programs of the region. Experience suggests that such promotion involves activities at 
both "macro" and "micro" levels. The role of rural electricity use must be analyzed in 
the light of social and economic development priorities, leading to plans for productive
use programs, institutional development, and training. Such plans should then serve as a 
guide for concerted intervention at the "micro" level, such as extension programs and the 
provision of credit, in order for greater benefits to be derived from rural 
electrification. Although country plans and programs must be developed individually to 
fit specific economic and institutional circumstances, some activities need to be carried 
out on a regional basis to reduce the costs of workshops, tUaining, technical assistance, 
end-use research and development efforts, etc. 
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5. Training 

Utilities throughout the region should conduct training programs in a wide range of
technical, administrative, and analytical aspects of rural electrification. The needs that 
have been identified in this preliminary study include: distribution system design and 
construction; distribution system operation and maintenance; loss reduction; billing,
collection, and customer service; tariff design; financial management; data collection 
and management; load forecasting and demand management; strategic planning and 
analysis; design and implementation management for small power systems; and project 
preparation and evaluation. 

6. Regional rural electrification institute 

The lack of strong local instituti-ns dedicated to rural electrification is one of the major
problems identified in this study. Establishing an institute for rural electrification,
within an existing regional organization, would provide a focus for efforts to strengthen
local capabilities in this field. It would also further the process of Central American 
integration, which is supported by all the major donors. 

In cooperation with national authorities and other electric utilities, the institute would 
coordinate and direct such activities as: developing appropriate technical standarIs and 
designs; organizing training programs; establishing criteria, methodologies, and other
planning tools for rural electrification; developing national, regional, and local plans,
feasibility studies, and funding proposals for rural electrification; integrating rural
 
electrification with national development plans, energy policies, and natural resource
 
management; conducting studies of appropriate management and organizational forms;

providing a forum for communication and the exchange of experience between and among
utilities, ministries, the private sector, and bilateral and multilateral donors; and 
conducting studies of the long-term social and economic impact of rural electrification. 

7. Decentralized renewable power systems 

Future power-supply needs, for both national systems and decentralized networks, should
be met through the development of small-scale renewable-energy resources. Given 
foreign-exchange shortages and uncertainty in demand growth, reliance on large
generating projects should be avoided for the short and medium term. The resource 
assessment currently being carried out by LANL should be followed by the development
of a site-specific portfolio of fundable projects-particularly run-of-river hydropower and 
biofuels. Studies should also assess the potential for establishing and strengthening local
industries involved in renewable-energy technologies, through technical assistance and 
partnerships with experienced U.S. firms. They should pay special attention to the 
problems of deforestation and watershed management in the project area. Local
capabilities in planning, design, and appraisal of small projects should be strengthened,
through both specific training programs and counterpart participation in feasibility 
studies. 

8. Micro-power systems 

Micro-power systems (up to about 250 kW) are recommended for small loads that are 
isolated from national and regional electricity distribution networks. Renewable-energy 
resources for such systems include hydropower, wind, wood, bagasse, rice husks, coffee
hulls, and other agricultural wastes. Experience suggests that such small projects should 
not be developed by agencies devoted to power supplies and rural electrification, but 
rather by community devedlopment organizations and private initiative. Efforts to 
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establish a micro-power industry as a self-sustaining enterprise should take a long-term 

perspective-at least 5 years. 

B. COUNTRY-SPECIFIC RECOMMENDATIONS 

Belize 

1. AID should continue its valuable support of the World Bank-assisted power project in 
Belize. Moi eover, AID's activities in the energy field should be guided by the need to
 
complement and. reinforce this project, avoiding unnecessary duplication of effort.
 

2. BEB has urgent training needs that should be addressed to as soon as possible. In 

particular, an intensive on-the-job training program for linemen would: 

" lead to an immediate improvement in service by reducing the outage time for repairs; 

" 	reduce the unacceptably high level of job-related injuries and otherwise improve
 
morale in BEB's staff; and
 

* 	establish within BEB the technical skills that will be required to upgrade the
 
distribution system without further delay when the World Bank program is
 
implemented.
 

AID could further lay the groundwork for the more comprehensive World Bank-funded 
training program by providing the services of a senior Training Coordinator for a period 
of 6 months. This advisor should be assigned to BEB prior to disbursement of the training 
funds in the Wur!d Bank package. He should wirk with BEB manageizent and unions to 
develop a detailed plan for a training program that could begin as soon as the World Bank 
funds become available. 

3. The World Bank-funded feasibility studies for long-term power supplies can be 
expected to address the possibilities of interconnection with Mexico and the construction 
of a single large (20 MW) hydropower or woodfuels project to serve the entire country. 
These projects imply incurring the costs of interconnection of the country's scattered 
load centers and the risks of dependence on a single major investment. Smaller 
renewable-energy investments on the other hand, could be planned to closely reflect 
demand growth, thus avoiding the costly excess capacity that has been installed 
elsewhere in the region, and would allow the construction of transmission systems to 
await the development of more sizeable loads. They could potentially relieve the burden 
on BEB's financial situation by allowing for private-sector participation in power-sector 
investments and operations. A combination of the following options should be studied: 

" 	a 2-5 MW hydropower project on the Macal River to serve Belmopan, San Ignacio, and 
Benque Viejo del Carmen; 

* 	a 7-10 MW woodfuels plant, supported by afforestation, to serve the Belize City-

Ladyville system;
 

" bagasse and cane-fuel plants, up to 5 MW in capacity depending on the degree of 
interconnection found to be warranted, to serve the Orange Walk and Corozal 
districts; and 

" 	small-hydropower projects up to 1 MW to serve loads in the Toledo and Cayo
 
Districts.
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Careful attention should be paid to objectively assessing the environmental impact of all 
options, particularly those involving fuelwoods. Given BEB's financial predicament, the 
studies should also investigate the potential for combining World Bank or other external 
funds with local private investments, primarily from major agro-industrial and other
 
consumers currently dependent on diesel. The legal and institutional implications of
 
possible funding packages should be fully analyzed.
 

4. The purpose of AID's Energy Planning Project should be to support and complement 
the World Bank-funded feasibility studies of long-term power supply-options. It should, 
therefore:
 

" 	establish a National Energy Plan against which power-supply options may be judged; 

" 	establish an Energy Planning Unit, within the Ministry of Energy and 
Communications, capable of analyzing energy-sector issues and advising the GOB on 
policy; and 

" 	address the smaller-scale needs of isolated areas. 

In designing this project, careful attention should be paid to ensuring durable outcomes
projects ready for funding and/or Belizean institutions capable of continuing energy

planning activities beyond the life of the project. AID should establish close contact
 
with the Ministry of Energy and Communications to ensure that counterparts are hired
 
and trained and that the institutions established are given necessary support.
 

Costa Rica 

1. Given Costa Rica's success in achieving a high level of rural electrification and the 
ongoing 1DB-funded rural electrification program, additional major capital investments in 
distribution system expansion should not be given high priority in the near term. 

2. Farmers, cooperatives, and others should be encouraged to make full use of 
electricity in their productive activities. Consumer education, technical assistance, and 
credit should be made readily available to rural consumers. 

3. The independent electricity companies, both cooperative and municipal, should be 
strengthened by working together in areas of common concern. These may include 
training, materials procurement, power sharing, and joint representation. 

4. Feasibility studies should be carried out to further investigate the potential for 
extending the successful cooperative model of rural electrification to two new areas--the 
Northern Zone and the Osa Peninsula. A key element of these studies should be an in
depth demand survey to justify extending the distribution systems in those areas. 

5. SNE should be supported in its essential regulatory functions, particularly in 
establishing a pricing policy. It should have an adequate operating budget and access to 
selected technical assistance as needed. 

6. The private sector should be encouraged to take an active role in future power-supply 
expansion through technical assistance, credit, and--above all-power purchase 
agreements such as PURPA in the United States. AID should support this concept in its 
policy dialogue with the Government and by providing technical assistance for a pilot
project to establish a precedent. A candidate project would be the proposed 5 MW 
Matamoros/COOPELESCA hydroelectric plant. The technical assistance should: 

170 Recommendations 



" review engineering designs; 

" establish the project's economic and financial feasibility and its role in ICE's supply; 
and 

" assist in drafting model legal documents and power-purchase agreements. 

El Salvador 

1. It is critical that the Goverxhment make an early decision, at the highest level,
 
regarding the future of the private electric concessions-particularly that of CAESS.
 
Once such decisions have been made, there will be an urgent need for technical
 
assistance to advise on the optimal organization of the electricity subsector. A major
 
objective should be to maintain and build on the skills, professionalism, and experience of
 
senior staff in both CAESS and CEL. It should be recognized that this institutional crisis
 
affords a remarkable opportunity to establish a strong and efficient basis for both rural 
and urban electrification. Options to be considered include the establishment of a single

entity for electricity distribution throughout the country, with central planning and
 
oversight authority but decentralized operations and administration that may include a
 
role for municipal, cooperative, and investor-owned companies. 

2. Given the importance of maintaining electric and other public services in the areas of 
conflict, AID should continue its support of the Government's rehabilitation program.

This support has been critical in efforts to maintain existing levels of service.
 

Plans to complement the investment in the San Miguel power station, by providing back
up diesel generators in major towns of the east where service is frequently interrupted by

guerrilla sabotage, should proceed with urgency. Technical assistance will be required
 
to:
 

" estimate the economic and financial impact of service interruptions and establish
 
load priorities;
 

" recommend optimal plant location, based on technical and security considerations; 

" recommend plant capacity and specifications; and 

" establish guidelines for operations management, and maintenance of generators. 

3. As soon as security conditions stabilize, electrification should play a key role in 
concerted and integrated rural development programs. Active efforts should then be 
made to realize the full potential of rural electrification in addressing the causes of rural 
poverty, particularly agricultural productivity, agro-processing, and off-farm 
employment opportunities. In the meantime, however, new rural electrification 
initiatives are practical only in the southwestern region, for which a project has been 
prepared and funding is being negotiated. 

Guatemala 

1. In the short :erm, the recommendations of the recently completed PER-il evaluation 
should be implemented. The major recommendations of the evaluation can be 
summarized as follows: 
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* INDE should examine and amend its purchasing procedures in order to speed up the 
procurement of equipment and materials, delays in which have required extending the 
project completion date. 

* The promotion unit of the executing agency has been doing admirable work and should 
be strengthened through adequate staffing levels and the provision of logistical 
support. Staff of this unit should form the basis of efforts to educate consumers in 
the use, care, and repair of appliances and equipment used in the home, on the farm, 
and in commerce. 

" Rural distribution system designs and construction practices should continue to be 
improved. Appropriate design criteria should be established for pole types, pole span
lengths, pole height, cable sizing, conductor sagging, protective equipment,
distribution transformer sizing, and household connections. Costs should be reduced 
by using higher wood poles, longer span lengths, and smaller conductor sizes. Single
phase lines should be installed and upgraded later as loads develop. 

" The administrative structure of the executing unit should be strengthened by filling
the position of Deputy Director. Relations with other departments of INDE should be 
further defined. 

" Full use should be made of the training component provided for in the loan. Detailed 
proposals were made in the evaluation for training in: productive-use promotion,
design standards, construction practices, management and administration, 
procurement, and safety. 

2. In the medium and long term, institutional reforms are needed to integrate rural 
electrification planning and regulation while strengthening and expanding the principle of 
decentralization in power supply for rural areas. These reforms should include the 
establishment of a permanent entity for rural electrification, either within the existing
structure of INDE or outside it. They should further include measures to promote sales 
of energy from privately managed decentralized powerplants to regulated utilities. 

3. Follow-on investment in rural electrification, particularly the planned PER-rn 
program, should emphasize distribution backfill in the Altiplano and other areas of 
PER-II, together with new areas where programs are under way to improve the 
productivity and living standard of small farming communities. The selection of 
communities for inclusion in future projects should generally follow the criteria that 
were established for PER-Il. 

4. Specific consideration should be given to the establishment of consumer-owned and 
locally managed systems, based on small, decentralized power-supply options, in the 
agriculturally rich but isolated valleys on the Atlantic side of the continental divide. The 
physical and rainfall characteristics for small hydropower are excellent, and 
electrification could stimulate agricultural productivity and employment in these 
underdeveloped areas. Technical assistance will be required to establish priorities among
the sites that INDE has identified and carry out feasibility studies on the most
promising. The studies should include detailed guidelines for the establishment of 
cooperatives to manage the systems. 

5. Further consideration should be given to the role of decentralized power systems,
including biofuels (particularly in the Peten and Pacific regions) and small hydropower, to 
supplement large conventional power-generation facilities on the national power
network. Although there is a good basis of knowledge and experience in INDE, technical 
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assistance will be needed in the areas of small-hydropower analysis and design. A team 
of U.S. and counterpart specialists from INDE should review the inventory of sites that 
has been prepared and identify priorities for preinvestment studies. The technical 
evaluation should focus on design optimization to reduce costs, particularly those in 
foreign exchange. For example, a design optimization study should be conducted on the 
4 MW Palin IThydroelectric project, for which INDE has prepared a feasibility study. 

Honduras 

1. The pace of rural electrification should be stepped up in areas where complementary 
rural development investments are being made to attract unemployed and underemployed 
populations and to sustain them in new agricultural communities. These areas should
 
include the isolated but agriculturally rich valleys where rural development programs 
are 
under way, such as in the Guayape and Patuca basins. On the other hand, rural 
electrification of presently overpopulated areas adjacent to urban centers should be 
given lower priority to encourage the reemigration of unemployed people to the target
 
rural areas.
 

2. The Aguan Valley rural electrification project should be evaluated as soon as 
possible. The evaluation should pay special attention to constraints--such as ENEE's 
tariff structure and the cost of connection and equipment--that have limited the use of 
electricity, particularly in productive activities, despite the presence of complementary 
land-settlement and agricultural development projects. It should also assess the 
logistical, operational, and administrative problems that have affected service in the 
area. As a prelude to further investments in rural electrification, the lessons of the 
Aguan Valley project should be applied to the broader issues of productive-use promotion 
and the design of appropriate management structures for rural electrification in 
Honduras. 

3. In view of the technical and administrative problems associated with extending the 
national grid to the more remote agricultural target areas, the Government should 
encourage the establishment of independent rural electric systems based on self
management and renewable-energy resources. AID should support this concept by 
providing technical assistance for feasibility studies on small (100-1000 kW) hydropower 
projects identified by ENEE in isolated areas. The studies should include draft model 
bylaws and a work plan for the establishment of cooperatives to manage the systems. 
The most promising project should be implemented as a pilot rural electric cooperative. 

4. A detailed study of ENEE's rural electrification structure is needed to identify 
evident weaknesses in promotion, conceptualization, analysis, design, and operation of 
this subsector. The possibility of creating a separate rural electrification entity with the 
political strength to pursue rural electrification priorities should be included in such an 
assessment. Institutional alternatives to the current approach could include establishing 
rural electric cooperatives or other forms of local management. The study should 
recommend guidelines for the organization of such an entity at ,he national level, and for 
its relationship to the pilot rural electric cooperative recommended above. 

5. In order to improve rural electrification planning, project design, and execution, the 
Government should continue to develop its energy- and power-analysis and planning 
capabilities. Specifically, it should create financiJ.l incentives to attract qualified 
individuals into key energy-management positions and provide for "hands-on" trainiLig in 
areas of analysis, design, and operation of energy systems. It should also delineate 
specific actions to improve coordination among government institutions responsible for 
rural energy and power supply, such as CONSUPLANE and ENEE, and between these 
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institutions and the public and private organizations that influence or represent rural 
energy consumers and consumption. 

6. Further analysis should be conducted to confirm a preliminary indication that least
cost medium- and long-term supply solutions for areas served by the interconnected 
power grid will include run-of-river hydropower plants and small powerplants using woodand agricultural by-products for fuel. This investigation should determine issues such as
the cost and size parameters of such projects and the scale of development that iswarranted. Inventories of such projects that are currently being prepared by ENEE

should therefore include 
areas which are served by the grid. Preinvestm-nt studies of
the most promising sites, including projects to rehabilitate abandoned small-hydropower
plants, should be given priority over the development of new site inventories. 

7. Private-sector alternatives should be considered for the development of small-scale 
power facilities that could sell electricity to the grid or develop off-grid commercial energy systems. ENEE is reportedly considering plans to offer to purchase electricity
from private power producers. This concept should be encouraged and developed in more
detail to fit the country's legal and administrative conditions. A budding small
hydropower industry to supply small power equipment and to design and install systems

should be supported. This could be done on a regional basis within CACM. 
 The transfer
of U.S.-developed technology in renewable-energy power systems should be used toaccelerate the development of local capabilities in this area. AID should consider taking
a support role in the technology transfer and at least consider its role in supporting
policy changes to encourage private-sector participation in this area. 

8. The conversion from imported petroleum consumption in rural areas to hydropower orother indigeneous energy sources should be more actively promoted, particularly in view
of the surplus of hydroelectric power presently available. This could involve substitution
of imported fuels in agricultural or industrial applications or in the generation of
 
electricity for remote areas.
 

Panama 

1. The 1DB-funded rural electrification program now under way should be complemented
by a study of productive uses of electricity, with special emphasis on agro-industrial and
other development priorities. The study should develop a plan for strengthening IRHE's
existing productive-uses program, beginning with a workshop for IRHE staff and
 
counterpart representatives from other public and private agencies that have a bearing
on the productive-uses progrrm. 
 Not only should it be better focused on productive uses,
rather than general public consumption of electricity, but it should be expanded to
become a permanent feature of IRHE's overall rural electrification program. 

2. Efforts to develop concerted energy planning should be supported by the provision of
technical assistance to CONADE. This assistance should focus on the collection and
analysis of reliable energy data ancd on the development of a national energy plan.
CONADE should eventually become an independent entity with full responsibility for 
developing energy-sector policy. 

3. The rect .nmendations contained in the evaluation of AID's Alternative Energy Sources
Project should be implemented, especially those relating to correcting deficiencies at 
two completed micro-hydropower projects and assisting IPACOOP in providing for soundoperation and management of all the projects on a cooperative basis. This small 
hydropower/cooperative approach, if correctly implemented, could provide an
institutional basis for future energy projects beyond the national electricity grid. 
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4. Technical assistance should be given to IRHE for special studies that deal with sub
transmission and distribution system design, electrical system losses and loss-reduction
 
measures, and electricity tariff design.
 

C. RECOMMENDATIONS FOR FOLLOW-LP 

The following specific activities are recommeaded to follow-up the findings of CARES.
 
This study recognizes that there are good opportunities for capital investments in rural
 
electrification in Central America, and that such projects will continue to be supported

by bilateral and multilateral funding agencies. The recommendations that follow are
 
designed to maximize the impact of such investments and to minimize their burden on
 
the econor.ies of the region. They will lead to fundable projects and programs that
 
address the priority issues identified in this stuiy. 

1. !nsn+ttutional reform 

The policy recommendations should be furthered by an in-depth study into the structural
 
consTraints to rural electrificat." - in the region. The purpose of the study should be to
 
analyze the organization of rur; _.i:-.ctrification in each country and to recommend
 
appropriotc institutional reforms. The outcome of this effort should be the design of an
 
ins+itutional framework for rural electrification and the power sector which, while
 
reflecting the distinct circumstances prevalent in each country, will result in a greater
 
reliance on privat-. initiative, greater decentralization, and a stronger basis for rural
 
electrification. The study's activities should include the following: 

" 	Given the importance of tecbnical, administrative, and economic differences between 
urban and rural clectrification, the study should recommend appropriate criteria for 
distinguishing rural electrification in each country. 

" The study should establish guidelines for the appropriate roles, if any, of the 
centralized public sector, the decentralized public sector, cooperatives, and investor
owned utilities. Experience in the United States and elsewhere suggests that there is 
a legitimate role for each in the complex of activities involved in the generation and 
distribution of electricity, while none can be exclusively relied upon. 

* The study should recommend ways to strengthen the central rural electrification 
authority in each country, either by raising its profile within the national power 
utility or by establishing an independent agency with the specific mandate to develop 
rural electrification. 

" The study should recommend specific measures to carry out the prescribed reforms,
 
including tax incentives, credit programs, technical assistaice, and legislative and
 
regulatory reforms.
 

* The study should investigate ways to improve the coordination of rural electrification 
planning with that of the power sector and overall economic development policy. In 
addition to defining rur,-l electrification and providing for its independent 
institutional base, this will require data collection and analysis, financial monitoring, 
pricing policy, and the design of appropriate reglatory procedures. 

The team required to conduct this study should combine experience in Central America 
with a broad knowledge of rural electrification elsewhere ii' the world. It should include 
specialists in rural distribution system operations and management, rural energy 
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planning, utility finances, and power-sector regulation. The team should spend sufficient 
time in the field to fully appreciate the circumstances peculiar to each country and to 
explore the views of representatives of the Government, utility, and private sector. 

2. Productive-use promotion 

This effort should provide guidelines to be used in setting national productive-use
promotion plans, to be followed up with individual country projects to implement the 
resulting productive-use programs. This country-specific activity would be supported by 
a regional project aimed at developing an ongoing program of productive-use research
 
and development, demonstration, and training.
 

As a first step, a study should be made to: 

o analyze the actual and potential role of electricity in agricultural production and 
processing; 

o assess the constraints that presently limit economically productive uses of
 
electricity, such as the cost 
- *'connection, energy and equipment, the unavailability
of credit, and the lack of awareness and access to technical expertise; and 

o evaluate current efforts by the utilities to address such constraints and promote 
productive uses. 

The study's findings should form the basis for a series of national workshops on the role
 
of electricity in developing productive activities for rural areas. 
 These workshops would 
involve planning personnel in the utilities, decision-makers within appropriate ministries 
and government agencies, rural cooperative organizations, financial institutions, and the
private sector to design and adopt a comprehensive productive-uses plan for the rural 
electric sector. The final report should include guidelines for productive-use promotion
at the national level and a plan for further activities on a regional basis. Follow-up may
include the establishment of a regional productive-uses training program and an electric
use demonstration farm--a candidate location would be the Zamorano Panamerican 
School in Honduras. 

3. Training 

The outcome of this effort should be a a comprehensive, long-term training program to 
improve the administrative and technical capabilities of utilities working in rural areas. 
The first step should be to make a detailed assessment of training needs, in conjunction
with utility managers in the region and based on observation of operating practices. A 
comprehensive program, including on-the-job training, classroom instruction, workshops,
and overseas internships, will then be designed and implemented. Provision should be 
made for adequate evaluation of the program's achievements. 

4. Distribution bystem design 

This effort should lead to the establishment and use of uniform standards for sub
transmission and distribution system designs, equipment, and construction practices that 
are appropriate to the rural areas of Central America. 

The effort should begin with a regional workshop on design, construction, and 
maintenance of electric distribution systems in rural areas. It should focus on the 
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interchange of experience, the comparison of approaches, and the identification of 
priority issues and problem areas. 

A study team should be formed of Central American and U.S. electrical distribution 
engineers with extensive experience in rural areas of developing countries. Current 
design practices should be evaluated with a view to optimization. Questions to be 
considered should include: To what extent is single-phase distribution adequate for rural 
areas of Central America, and how can it be used in productive activities? What is the 
potential for achieving economies of scale within the regional market and supplying
material needs from local resources? How can designs and construction practices 
provide for maximum participation of the beneficiary population, and how does this work 
in practice? How should the trade-off between initial construction costs and recurring
maintenance costs be resolved, given the region's scarcity of investment capital and 
abundance of human resources? 

Upon completion of the team's study, a second workshop will be held to discuss its 
findings and recommendations and provide for follow-up activities. These may include 
training, further workshops, and publications. 

5. Regional rural electrification institute 

To ensure a lasting and continuing benefit to rural electric development in the region, a 
study should be undertaken to provide a detailed blueprint for a regional rural 
electrification institute whose charter should include authority and an adequate funding
base to carry out a wide range of planning, research and development, evaluation, and 
training activities. 

The first step in the creation of such an institute is the establishment of a study team to 
consult with Central American utilities and other interested parties, such as development
banks. The team should learn from te successes and failures of other regional 
organizations. Having confirmed the need for such an institute, the team should define 
its functions, recommend an appropriate structure, and establish a detailed plan for its 
formation. The interest and capability of candidate parent organizations should be 
assessed. Permanent facilities should be found in one of the Central American capitals,
and staff contributed by member organizations. It will be important to develop a formal, 
structured link with outside sources of technical assistance, providing for long-term 
advisors and short-term consultants as needed. 
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ANNEX A. SUMMARY OF FIELD ACTIVITIES 

BELIZE 

Team members 

Guy Stallworthy (November 25-30) 

Institutions contacted 

Agency for International Development (USAID)
 
Belize Electricity Board (BEB)
 
Ministry of Energy and Communications (MEC)
 

COSTA RICA 

Team members 

Alberto Val, Jeffrey Mullaney, and Misael Monge Alvarado (July 27-August 10)

Paul Clark and Bard Jackson (July 21-27)
 
Guy Stallworthy (July ZZ-August 6)
 

Institutions contacted 

Agency for International Development 
Catholic Relief Services
 
Compania Nacional de Fuerza y Luz, S.A.
 
Federacion de Cooperativas
 
Instituto Costarricense de Electricidad
 
Instituto Nacional de Fomento Cooperativo
 
Inter-American Development Bank
 
Ministerio de Industria Energia y Minas:
 

Direccion Sectorial de Energia
 
Ministerio de Obras Publicas:
 
Instituto Geografico Nacional 

Ministerio de Planificacion Nacional y Politica Economica 
Municipal Electric System of Cart.-go 
Municipal Electric System of Heredia 
Rural Electric Cooperative of Guanacaste 
Rural Electric Cooperative of Los Santos 
Rural Electric Cooperative of San Carlos 
Secretaria Ejecutiva de Planificacion Sectorial de Desarrollo Agropecuario de Recursos 
Naturales Renovables 

Servicio Nacional de Electricidad 
Universidad de Costa Rica: 

Departamento de Ingenieria y Laboratorio Hidraulico 

Field investigations 

Birris Hydroelectric Projects 
Coffee Cooperative Pilangosta, Ojancha 
Coffee Cooperative San Ramon, San Ramon 
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Durman Esquivel, S.A., San Jose 
Isolated private generation facilities:
 

Monte Romo Community Association micro-hydropower

Cerro Azul Coffee Cooperative micro-hydropower
 
Valle San Gerardo micro-hydropower:


Finca Monge, Finca Dada, Finca Chacun, Finca Urena, Finca Biquez
 
Municipal Electric System of Heredia
 
Municipal Electric System of Cartago
 
Private Electric Company of Matamoros
 
Rural Electric Cooperative of Guanacaste
 
Rural Electric Cooperative of Los Santos
 
Rural Electric Cooperative of San Carlos
 
Taller Mecanico Alfredo Chavez
 
Talleres Indubtriales Carazo
 
Taller Mecanico G. Sanabria
 
Westomatic, S.A., San Jose
 

EL SALVADOR 

Team members 

Alberto Val, Jeffrey Mullaney, and Dario Monteroso (June ZZ-July 5)
 
Guy Stallworthy (June Z8-July 9)
 

Institutions contacted 

Agency for International Development 
Comision Ejecutiva Hidroelectrica del Rio Lempa
Compania de Alumbrado Electrico de San Salvador 
Compania de Luz Electrica de Ahuacbapan 
Inter-Americ-m Development Bank 
Ministerio de Economia: 

Direccion de Energia y Recursos Mineros 
Ministerio de Planificacion y Coordinacion del Desarrollo Economico y Social 
Compania de Luz Electrica de Ahuachapan 
Compania de Luz Electrica de Sonsonate 
Hidroelectrica Sociedad de Matheu 
Universidad Centro Americana: Departainento de Ingenieria 

Fieldinvestigations 

Administrative offices and plants of: 
Comision Ejecutiva Hidroelectrica del Rio Lempa, Santa Ana 
Compania de Luz Electrica de Ahuachapan, Ahuachapan 
Compania de Luz Electrica de Sonsonate, Sonsonate 
Hidroelectrica Sociedad de Matheu de Juayua, Sonsonate 

Rural communities in Ahuachapan:
Rural electrification project being carried out by the Comision Ejecutiva 

Hidroelectrica del Rio Lempa and the Fondo Inversion de Venezuela 
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GUATEMALA
 

Team members 

Alberto Val, Jeffrey Mullaney, and Dario Monteroso (June 9-21)
 
Guy Stallworthy (June 16-28)
 
Bard Jackson and Paul Clark (July 15-21)
 

Institutions contacted 

Agency for International Development (Mission and ROCAP)
 
Asociacion Nacional de Cafe
 
Banco Central de Guatemala
 
Banco Nacional de Desarrollo Agricola
 
Empresa Electrica de Guatemala, S.A.
 
Instituto de Fomento Municipal
 
Instituto Geografico
 
Instituto Nacional de Cooperativas
 
Instituto Nacional de Electrificacion
 
Instituto Tecnico de Capacitacion y Productividad
 
Inter-American Development Bank
 
Ministerio de Energia y Minas
 
Secretaria de Integracion Economica de Centro America
 
Secretaria General del Consejo Nacional de Planificacion Economica
 

Field investigations 

Agro-processing watermill, Chichicastenango 
Aerial inspection of small-hydropower potential in Alta Verapaz
Communities electrified by 'TD Rural Electrification Project PER-li: 
Argueta and Chicua
 

Electric Municipal Company of Retalhuleu
 
Electric Municipal of Santa Barbara 
Instituto Nacional de Electrificacion: Palin Hydro Rehabilitation Project, Palin 
Mecanica Industrial Agricola J.A. Fumagalli, Guatemala City
Private Electric Company Castillo, Mazatenango 
Private Electric Company Luarca, Patulul 
Private generation facilities: 
Finca Santa Teresa, Patulul; Finca Fumagalli, Patulul 
Finca Semay, Senahu; Finca Monte Maria, Esquintla

Taller y Ferreteria J.A. Gutierrez, Guatemala City 

HONDURAS
 

Team members 

Alberto Val, Jeffrey Mullaney, and Dario Monteroso (July 5-15)

Gu; "-allworthy (July 9-21)
 
Paul Ciatrk (July 9-14)
 

Institutions contacted 

Agency for International Development 
Banco Central de Honduras 
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Banco Centroamericano de Integracion Economica
 
Banco Municipal Autonomo
 
Catholic Relief Services
 
Consejo Superior de Planificacion Economica
 
Direccion de Fomento Cooperativo
 
Inter-American Development Bank
 
Empresa Nacional de Energia Electrica
 
Standard Fruit Company
 
United Nations Representative
 
Zamorano Escuela Agricola Panamericana
 

Field investigations 

AID Aguan Valley Rural Electrification Project Area
 
Carucpal Regional Rice Cooperative, El Patuca, Olancho
 
Diesel and hydropower sites in La Leona, Tegucigalpa
 
Empresa Nacional de Energia Electrica:
 

Abandoned hydroelectric site (700 kW), Tegucigalpa
 
Government of France hydroelectric project (1 MW), Santa Maria Real, Olancho
 

Isolated systems of Empresa Nacional de Energia Electrica:
 
Danli, El Paraiso; Juticalpa, Olancho; Catacamas, Olancho; Copan Ruinas, Copan
 

Municipal electric system of La Entrada, Copan

Municipal electric system of Santa Rita de Copan, Copan
 
Zamorano Agricultural School:
 
abandoned micro-hydropower site (40 kW), Zamorano 

PANAMA 

Team members 

Alberto Val and Jeffrey Mullaney (July 15-27) 

Institutions contacted 

Agency for International Development 
Banco de Desarrollo Agrope :uario 
Banco Nacional de Panama 
Comision Nacional de Energia
Direccion General para el Desarrollo de la Comunidad 
Inter-American Development Bank 
Instituto de Recursos Hidraulicos y Electricos 
Instituto Panameno Autonomo de Cooperativas 
Ministerio de Planificacion y Politica Economica 

Field investigations 

Agency for International Development 
AID micro-hydropower project sites: 

Chitra (50 kW), Veraguas; La Tronosa, La Pintada, and Entrada de Tejera, Los Santos 
(under construction) 

Community electric association of Sora, Panama 
Finca of Ingeniero Pinzon, Santiago 
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IDB micro-hydropower project sites: 
Chepo, Herrera (under consideration) 

Instituto de Recursos Hidraulicos: 
Hydroelectric site, Santa Fe (5Z5 kW), Veraguas 

Taller Herrera, Santiago 
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ANNEX B. TERMS AND DEFINITIONS 

area coverage-in rural electrification, system construction policy that provides for 
service to every existing and potential consumer in the specified territory; it can imply 
uniform rates with no extra charge for individual line extensions. 

auto-generation--isolated generation facility not connected to a national grid system; it 
can be private, municipal, or nationally operated. 

avoided cost--that increment of system energy and/or capacity cost that can be saved by 
the purchase of given amounts of energy and/or power from another source. 

balance-of-payments (BOP)--the difference between exports of goods and services plus

inflows of unrequited transfers, and imports of goods and services plus unrequited
 
transfers to other countries e debt service).
 

base load--the average load (demand) over a period of time. 

benefits-project net outcomes, usually translated into monetary terms; benefits may
 
include both direct and indirect benefits.
 

biofuels or biomass fuels-combustible or fermentable material of vegetable origin, for
 
example, wood, charcoal, corn cobs, cotton stalks, rice husks, and dung cakes.
 

commercial energy--forms of energy that are generally bought and sold as marketable 
commodities, such as electricity, coal, charcoal, kerosene, diesel oil, fuel oil, and liquid 
gas. 

conventional energy--energy sources that have hitherto provided the bulk of the 
requirements for modern industrial society; these include coal (including lignite and
 
peat), petroleum (including fuel oil, gasoline, kerosene, diesel fuel, natural gas and
 
liquified petroleum), and electricity generated by burning one or other of these fuels, 
or 
from geothermal, hydropower, or nuclear power; wood is not included in this category, 
although it was used extensively in the past, and still is to some extent, for industrial 
purposes. 

cost-benefit analysis--the economic efficier'y of a program expressed as the relationship 
between costs and outcomes, usually meast .ed in monetary terms. 

cost-benefit ratio--a factor determined from dividing estimated monetary costs of a 
proposed undertaking by anticipated gains in monetary terms. 

debt-service--principal and interest payments on the debt (can refer to payments used to 
finance a project). 

discounting--the treatment of time in valuing costs and benefits; that is, the adjustment 
of costs and benefits to their present values, requiring a choice of discount rate and 
timeframe. 

distribution line--one or more circuits of a distribution system on the same line of poles 
or other support structures, operating at a relatively low voltage as compared with 
transmission line, generally 2.4 kV to 33 kV. 
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economies of scale-savings that come with increasing size of business or activity. 

energy-the capacity for performing work; the electrical energy term generally used is
kilowatt-hours and represents power (kilowatts) operating for some time period (hours). 

feasibility study-an investigation performed to formulate a project and assess its 
desirability for implementation. 

geothermal energy-energy derived from the earth's interior heat. 

geothermal power generation--the use of underground natural heat sources
commercial energy; this is usually superheated water deep in the earth that 

for
is used to 

generate steam to power turbo-electric generators. 

gross domestic product (GDP)--total final output of goods and services by the economy. 

gross national product (GNP)--the total market value of all the goods and services
 
produced by a nation during a specific period.
 

internal rate of return (IRR)-the calculated value for the discount rate necessary for
 
total discounted program benefits to equal total discounted program 
costs.
 

load factor-equals annual net generation divided by maximum 
net demand times 8760.
 

micro-hydropower--iydropower plant producing under 50 kW capacity.
 

mini-hydropower--hydropower plant producing 50-1000 kW of electricity.
 

national grid-main power supply and network for the country. 

natural gas-any hydrocarbon or mixture of hydrocarbons occurring in a gaseous state at
 
ambient temperature and pressure (principally methane).
 

opportunity costs-the value of opportunities foregone because of an intervention 
project. 

photovoltaic (PV) cells-solar energy devices that directly convert solar energy into 

electricity. 

primary-the electric line supplying power to a distribution circuit from the substation. 

primary energy-an energy form in which there has been no chemical transformation
before use; the term is of significance principally in relation to electricity generation,

where hydropower is regarded 
as primary energy and thermal-generated power as
 
secondary energy; nuclear power is commonly referred 
to as primary energy, although
 
not according to a strict interpretation of the definition.
 

recoverable reserves--reserves of oil and gas recoverable from known reservoirs, with
 
existing technology, under present economic conditions.
 

renewable energy-energy from sunlight, wind, falling water, or biological sources that 
are continually recharged by the sun. 
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rural-low-density populations outside villages, often living in clusters close to large
 
fa.rms.
 

rural electric cooperatives-an entity in which the individual consumers jointly own and 
control the electric system on a nonprofit basis. 

secondary lines-the low-voltage lines that connect the distribution transformers to the 
consumer's services. 

shadow price-imputed or estimated costs of goods and services when these goods and
 
services are not valued in the current marketplace.
 

solid fuels-forms of solid energy are coal and lignite; all primary solid fuels are 
converted from a volume or mass basis to a common ton of oil equivalent using specific 
national conversion factors. 

thermal power generation-a power station which uses oil, gas, or coal to generate 
thermal energy usually in the form of steam which is used to drive electric generators;
however, the term also includes diesel engines and gas turbines. 

traditional or noncommercial energy-those energy forms generally used in "traditional" 
or preindustrial societies; they are largely synonymous with biomass fuels and the term 
is generally regarded as excluding mineral fuels and hydropower, despite the fact that 
waterwheels have been in use for over 1000 years; these energy forms are sometimes
 
also referred to as noncommercial energy, even though wood fuels are also traded.
 

transmission line-that port on of an electric utility plant used to carry electricity in
 
bulk at high voltages.
 

ultimate recovery reserves (URR)-the total amount of oil and gas recovered and 
believed to be recoverable from both discovered and undiscovered reservoirs, in light of 
probable improvements in technology, and based on a geological evaluation of a 
particular area or territory. 
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ANNEX C. TECHNICAL ABBREVIATIONS
 

ac 

Bdoe=Bpd 

bl 

BPE 
Btu 

cal 
cf 
cfs 
cm 
fps 

GJ 

GW 

GWh 
ha 

hp 

J 

kcal 

kg 

km 

km2 


kW 
kV 
kWh 
I 

lb 

LPG 
m 
3
m


MJ 
MT 
mtoe 

MW 
MWh 
mz 
qq 

ST 
Tcal 

tce 

tep=toe 

TJ 

tpy 
TW 
V 

acres
 
barrel per day of oil equivalent
 
barrel
 
barrel of oil equivalent
 
British thermal unit
 
calorie
 
cubic feet
 
cubic feet per second
 
centimeters
 
feet per second
 
gigajoules
 
gigawatt
 
gigawatt-hours 
hectares 
horsepower 
joule 
kilocalorie 
kilogram 
kilometer 
square kilometer 
kilowatt 
kilovolt 
kilowatt-hour 
liter
 
pound
 
liquified petrcLeum gas 
meter 
cubic meter 
megajoules 
metric ton 
thousand tons of oil equivalent 
megawatt 
megawatt-hour 
manzana 
quintal
 
short ton 
teracalorie 
metric ton of coal equivalent 
metric ton of oil equivalent* 
terajoule 
metric ton per year 
terawatt 
volt
 

*toe = teI = 7 bl of oil with a caloric power of 10,700 kcal/kg and a specific mass of 
840 kg/in = 4 MWh of primary electricity at thermal replacement value based on a 
thermal electricity generation efficiency of 34%. 
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ANNEX D. CONVERSION FACTORS
 

1 billion = 1000 million 
1 cwt 1Q0 Ib 
1 km = 0.614 miles 
1 kmZ 100 ha = 247 ac 
1 mz = 0.699 ha = 1.7Z7 ac 
1 MT = Z204.6 lb = 21.74 qq 
1ST = 2000 lb = 0.907 MT 
1 qq = 46 kg = 101.5 lb 
1kg = 2.205 lb 
1gal = 3.785 1 
1 bl = 42 gal = 159 1= 133.5 kg = 571 kWha 
1 cf Z8.JZ 1 

31m = 35.31 cf 
1 Btu = 1055 J = 0.252 kcal 
1 kcl = 3.968 Btu = 4186 J = 1000 calories 
1 kW = 1.34 hp = 1000 W 
1MW = 1000 kW 
1GW - 1000 MW 
1 GWI = 86 tep 
1 kWh = 3.6 MJ = 860 kcal 
1GJ 1 = = 109 J1000 MJ 10 kJ 

1hp = 746 W
 

= 4
1 tep I toe 7 bl = 934.7 kg =10 kcala 

MWha = 39.73x 106 Btu = 41.9 x 109 J 

1 m toe = 41.9 'J = I03 toe 
1 Tcal 100 tep = 4.19 TJ 
1 bl gasoline = 5.19 GJ = 0.124 toe 
1 b diesel - 5.78 GJ = 0.138 toe 
1 bl bunker C = 6.20 GJ = 0.148 toe 
1 bl kerosene-jet fuel = 5.48 GJ = 0.131 toe 
1 bl crude oil = 5.78 GJ = 0.138 toe 
1 bl LPG = 4.00 GJ = 0.095 toe 
I ton coal imiported = 30.55 GJ = 0.730 toe 
1 ton oven coke = 26.79 GJ = 0.640 toe 
1 ton petroleum coke = 35.16 GJ = 0.840 toe 
1 ton charcoal 27.21 GJ = 0.650 toe 
1 ton fuelwood (10% humidity) = 18.00 GJ = 0.430 toe 
1 ton bagasse (50% humidity) = 7.66 GJ = 0.183 toe 
1 ton coffee husks = 17.79 GT = 0.425 toe 

aAlso in = 6 
Sfoudin the literature are these equivalents: 1 toe = 10.5 x 10 kcal and 1 toe = 

0.7 x 10 kcal. The value of 4 MWh is with efficiency of 34%.
 
Efficiency of 100% in thermal electricity generation.
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Currency Equivalents (July 1985)
 

Country Official rate Parallel rate
 

Belize US$ 1.00 = 2 Belizean dollars (Bz$) n/a 
Costa Rica US$ 1.00 = 48.50 Colones (T) 50.6 Colones 
El Salvador US$ 1.00 = 2.50 Colones (9) 5.0 Colones 
Guatemala US$ 1.00 = 1.00 Quetzales(Q) 3.0 Quetzales 
Honduras US$ 1.00 = 2.00 Lempiras (L) 2.5 Lempiras 
Panama US$ 1.00 = 1.00 Balboa (B) 1.0 Balboa 

Unless noted otherwise, all costs in the report are given in U.S. dollars. 
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ANNEX E. ACRONYMS
 

GENERAL
 

AID 	 U.S. Agency for International Development (Agencia para
 

Desarrollo Internacional de los Estados Unidos)
 

CABEI 	 Central American Bank for Economic Integration (Banco
 
Centroamericano de Integraci6n Econ6mica)
 

CACM 	 Central American Common Market (Mercado Comdn de
 
Centroamdrica)
 

CARES 	 Central America Rural Electrification Study (Estudio de
 
Electrificaci6n Rural en America Central)
 

CDB 	 Caribbean Development Bank (Banco de Desarrollo del
 
Caribe)
 

CEPAL 	 Economic Commission of Latin America (Comisi6n Econ6mica
 
para America Latina)
 

FAO 	 U.N. Food and Agriculture Organization
 

FIV 	 Venezuelan Investment Fund (Fondo de Inversi6n de
 
Venezuela)
 

IBRD 	 International Bank for Reconstruction and Development,
 
The World Bank (Banjo Internacional de Reconstrucci6n y
 

Fomento, Banco Mundial)
 

ICAITI 	 Central American Institute for Research and Industrial
 

Technology (Instituto Cent-oamericaro de Investigaci6n y
 
Tecnologfa Industrial)
 

IDB 	 Inter-American Development Bank (Banco Inter-Americano
 
de Desarrollo)
 

IMF 	 International Monetary Fund (Fondo Monetario
 
Internacional)
 

INCAE 	 Central American Institute for Business Administration
 
(Injtituto Centroamericano de Administraci6n de
 
Empresas)
 

IPD 	 International Programs Division (Divisi6n de Programas
 
Internacionales)
 

LANL 	 Los Alamos National Laboratory
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NRECA 	 National Rural Electric Cooperative Association
 
(Asociaci6n Nacional de Cooperativas de Electrificaci6n
 
Rural)
 

OECD Organization for Economic Cooperation and Development
 
(Organizaci6n para la Cooperaci6n Econ6mica y
 

Desarrollo)
 

OLADE 	 Latin American Energy Organization (Organizaci6n
 
Latinoamericana de Energia)
 

PURPA 	 Public Utilities Regulatory Policies Act
 

ROCAP 	 Regional Office for Central America Programs (Oficina
 
Regional de Programas en Centroamdrica)
 

SIECA 	 Permanent Secretariat for Central Economic Integration
 
(Secretaria Permanente del Tratado General de
 
Integraci6n Econ6mica en Centroamdrica)
 

UNDP 	 United Nations Development Program (Programa de
 
Desarrollo de Naciones Unidas)
 

BELIZE
 

BEB 	 Belize Electricity Board (Directorio de Electricidad de
 
Belize)
 

CARICOM 	 Caribbean Community Secretariat (Secretarta de la
 
Comunidad Cdribe)
 

MEC 	 Ministry of Energy and Communications (Ministerio de
 
Energfa y Comunicaciones)
 

COSTA RICA
 

CNFL 	 National Power and Light Company (Compania Nacional de
 
Fuerza y Luz, S.A.)
 

COOPEALFARORUIZ 	 Rural Electric Cooperative of Alfaro Rutz (Cooperativa
 
de Electrificaci6n Rural de Alfaro Ruiz)
 

COOPEGUANACASTE 	 Rural Electric Cooperative of Guanacaste (Cooperativa de
 
Electrificaci6n Rural de Guanacaste)
 

COOPELESCA 	 Rural Electric Cooperative of San Carlos (Cooperativa de
 
Electrificaci6n Rural de San Carlos)
 

COOPESANTOS 	 Rural Electric Cooperative of Los Santos (Cooperativa de
 
Electrificaci6n Rural de Los Santos)
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DSE 	 Directorate of the Energy Sector (Direeci6n Sectorial de
 
Energia)
 

ESPH 	 Heredia Public Service Company (Empresa de Servicios
 
Pdblicos de Heredia)
 

ICE 	 Costa Rican Institute of Electricity (Instituto
 
Costarricense de Electricidad)
 

INFOCOOP 	 National Institute of Cooperative Promotion (Instituto
 
Nacional de Fomento Cooperativo)
 

JASEC 	 Administrative Board of Cartago Electric Service (Junta
 
Administrativa del Servicio Eldctrico de Cartago)
 

MIDEPLAN Ministry of National Planning and Economic Policy
 
(Ministdrio de Planificaci6n Nacional y Piftica
 
Econ6mica)
 

MIEM 	 Ministry of Industry, Energy, and Mines (Ministdrio de
 
Industria, Energia, y Minas)
 

RECOPE 	 Costa Rican Oil Refinery (Refineria Costarricense de
 
Petroleo, S.A.)
 

SNE 	 National Electric Service (Servicio Nacional de
 
Electricidad)
 

EL SALVADOR
 

CAESS 	 Electric Light Company of San Salvador (Companfa de
 
Alumbrado Eldctrico de San Salvador)
 

CECSA 	 Electric Company of Cucumagaya (Companfa Eldctrica de
 
Cucumagaya)
 

CEL 	 Lempa River Hydroelectric Commission (Comisi6n Ejecutiva
 
Hidroel6ctrica del Ri6 Lempa)
 

CLEA 	 Electric Company of Ahuachapan (Companfa de Luz
 
Eldctrica de Ahuachapan)
 

CLES 	 Electric Company of Sonsonate (Companfa de Luz Eldctrica
 
de Sonsonate)
 

CLESA 	 Electric Company of Santa Ana (Companfa de Luz Elctrica
 
de Santa Ana)
 

DESSEM 	 Distribution Company of Sensuntepeque (Distribuidora
 
Elctrica de Sensuntepeque)
 

DEUSEM 	 Distribution Company of Usulutan (Distribuidora
 
Eldctrica de Usulutan)
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MIPLAN Ministry of Planning and Coordination of Socio-Economic 
Development (Ministdrio de Planificaci6n y Coordinaci6n 
del Desarrollo Econ6mico y Social) 

RMCO Robert Matheu and Company (Roberto De-Matheu y Compania) 

GUATEM.LA 

CONAPLAN National Economic Planning Council (Consejo Nacional de 
Planificaci6n Econ6mica) 

EEGSA Guatemala Electric Company (Empresa Eldctrica de 
Guatemala, S.A.) 

INAFOR National Forestry Institute (Instituto Nacional 
Forestal) 

INDE National Electrification Institute (Instituto Nacional 
de Electrificaci6n) 

MIEM Ministry of Energy and Mines (Ministdrio de Energfa y 
Minas) 

SEGEPLAN General Secretariat of the National Economic Planning 
Council (Secretarfa General del Consejo Nacional de 
Planificaci6n Econ6mica) 

HONDURAS 

COHDEFOR Honduran Forest Development Corporation (Corporaci6n 
Hondurefla de Desarrollo Forestal) 

CONSUPLANE National Planning Council 
Planificaci6n Econ6mica) 

(Consejo Superior de 

DIFOCOOP Directorate of Cooperative Promotion (Direcci6n de 
Fomento Cooperativo) 

ENEE National Electric Power Company (Empresa Nacional de 
Energfa Eldctrica) 

MRN Ministry of Natural Resources (Ministdrio de Recursos 

Naturales) 

PANAMA 

CONADE National Energy Commission (Comisi6n Nacional de 
Energla) 
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MIPPE 	 Ministry of Planning and Economic Policy (Ministerio de
 
Planificaci6n y Politica Econ6mica)
 

PQER 	 Five-Year Rural Electrification Plan (Plan Quinquenal de
 
Electrificaci6n Rural)
 

RENARE 	 National Directorate of Renewable Natural Resources
 
(Direcci6n Nacional de Recursos Materiales Renovables)
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ANNEX F. FIELD CONTACTS
 

BELIZE
 

Mr. Ismael Alpuche
 
Minister
 
Ministry of Energy and Communications
 
Belmopan, Belize, C.A.
 

Mr. Fernando Coye
 
Manager
 
Belize Electricity Board
 
Belize City, Belize, C.A.
 

Mr. Howard W. Evirs, Jr.
 
Management and Financial Advisor
 
Belize Electricity Board
 
Belize City, Belize, C.A.
 

Mr. Henry Gordon
 
Acting Permanent Secretary
 
Ministry of Energy and Communications
 
Belmopan, Belize, C.A.
 

Mr. Carl H. Menzies
 
Chairman
 
Belize Electricity Board
 
Belize City, Belize, C.A.
 

Mr. Doug Wilmore
 
Energy Officer
 
USAID/Belize
 
Gabourel Lane
 
Belize City, Belize, C.A.
 

COSTA RICA
 

Ing. Mario Alb. Amador S.
 
Jefe del Departamento de Planificaci6n y Disefto
 
Cia. Nacional de Fuerza y Luz, S.A.
 
Apartado Postal No. 10026
 
San Josd, Costa Rica, C.A.
 

Sr. Rolando Coto A.
 
Servicio Nacional de Electricidad
 
Apartado Postal No. 936
 
San Josd, Costa Rica, C.A.
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Lic. Palmari H. De Lucena
 
Director
 
Catholic Relief Services, USCO
 
Apartado Postal No. 5483-1000
 
San Josd, Costa Rica, C.A.
 

Ing. Milton Esquivel Hernandez
 
Jefe de la C' icina Capacitaci6n en Energta
 
ICE
 
Apartado Postal No. 10032-1000
 
San Josd, Costa Rica, C.A.
 

Lic. Leonel Fonseca Cubillo
 
Sub-Director
 
Se'rvicio Nacional de Electricidad
 
Apartado Postal No. 936
 
San Josd, Costa Rica, C.A.
 

Ing. Carlos Garcfa B.
 
Jefe del Departamento Programas de Distribuci6n
 
ICE
 
Apartado Postal No. 10032-1000
 
San Josd, Costa Rica, C.A.
 

Ing. Josd Luis Gomez Vargas
 
Gerente, Empresa de Servicios Pdblicos de Heredia
 
Apartado Postal No. 26
 
Heredia, Costa Rica, C.A.
 

Ing. Edgar Alexis Maldonado Maldonado
 
Gerente General
 
Diseftos y Montajes
 
Apartado Postal No. 171, Zapote 2010
 
San Josd, Costa Rica, C.A.
 

Sr. Luis Guillermo Main Rojas
 
Asistente de Relaciones Pdblicas
 
ICE
 
Apartado Postal No. 10032-1000
 
San Josd, Costa Rica, C.A.
 

Ing. Eduardo I. Marquez
 
Especialista Sectorial
 
Banco Inter-Americano de Desarrollo
 
Apartado Postal No. 1142, Centro Colon
 
San Josd, Costa Rica, C.A.
 

Economista Josd M. Martinez S.
 
Director Adjunto, Programa de Energta
 
INCAE
 
Apartado Postal No. 960-4050
 
Alajuela, Costa Rica, C.A.
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Ing. Jorge E. Montero C.
 
Especialista Local
 
Banco Inter-Americano de Desarrollo
 
Apartado Postal No. 1142, Centro Col6n
 
San Josd, Costa Rica, C.A.
 

Ing. Carlos E. Runnebaum
 
Jefe del Departamento del Proyecto Electrificaci6n Rural
 
ICE
 
Apartado Postal No. 10032-1000
 
San Josd, Costa Rica, C.A.
 

Sr. Guillmero Sanabria A.
 
Taller Mecdnico Sanabria
 
Apartado Postal No. 2403
 
San Josd, Costa Rica, C.A.
 

Ing. Luis Soto
 
ICE
 
Apartado Postal No. 10032-1000
 
San Josd, Costa Rica, C.A.
 

Ing. Gloria Villa
 
Sub-Directora
 
Direcci6n Sectorial de Energta
 
MIEM
 
Apartado Postal No. 126/2120
 
San Josd, Costa Rica, C.A.
 

Ing. Arturo Zufliga Oreamuno
 
CITCA, Ingenieros Consultores
 
Apartado Postal No. 5227, Zona 1000
 
San Josd, Costa Rica, C.A.
 

Duedos de Fincas en Valle San Gerardo:
 

Sr. Ulysses Monge
 
Sr. Juan Miguel Dada
 
Sr. Federico Chac6n
 
Sr. Delfin Urena
 
Sr. Miguel Biquez
 

Sr. Francisco Arguero
 
Gerente
 
COOPEPILANGOSTA
 
Hojancha, Hicoya
 
Costa Rica, C.A.
 

Sr. Aruilio Monge
 
Gerente
 
FEDECOOP
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Sr. Misael Monge
 
Gerente
 
COOPESANTOS
 

Sr. Norman Sanchez
 
Sub-Gerente
 
FEDECOOP
 

Lic. Danilo Hernandez
 
Gerente
 
COOPEGUANACASTE
 
Santa Cruz, Nicoya
 
Costa Rica, C.A.
 

Sr. Josd Maria Matarita Mendoza
 
Director
 
COOPEGUANACASTE
 

Sr. Francisco 0. Mera MLrales
 
Jefe de Compras
 
COOPEGUANACASTE
 

Lic. Alvaro Umana
 
INCAE
 
Apartado Postal No. 960-4050
 
Alajuela, Costa Rica, C.A.
 

Ing. Victor Hugo Gonz~les W.
 
Servicios Profesionales de Ingenierfa y Arquitectura
 
2a. Calle 35-25, Zona 7
 
San Josd, Costa Rica, C.A.
 

Sr. Jorge Dur~n B.
 
Gerente Producci6n
 
Talleres Industriales Agrtcola e Industrial
 
Apartado Postal No. 2297
 
San Josd, Costa Rica, C.A.
 

Ing. Ismael Lopez J.
 
Asesor Tecnico
 
COOPELESCA R.L.
 
Apartado Postal No. 38
 
San Carlos, Costa Rica, C.A.
 

Ing. Federico Baltodano G.
 
Presidente
 
Bel Ingenierfa S.A.
 
Apartado Postal No. 10263
 
San Josd, Costa Rica, C.A.
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Ing. Carlos Chaves
 
Empresa Eldctrica Matamoros
 
Ciudad Quesada, San Carlos
 
Costa Rica, C.A.
 

EL SALVADOR
 

Ing. Hernando Arnaiz A.
 
Sub-Representante
 
Banco Interamericano de Desarrollo
 
San Salvador, El Salvador, C.A.
 

Ing. Jorge Francisco Blanco
 
Colaborador de Proyectos Especfficos
 
Comisi6n Ejecutiva Hidroeldtrica del Rio Lempa
 
9a. Calle Poniente 950
 
San Salvador, El Salvador, C.A.
 

Mr. Charles Brady
 
Chief Energy Officer
 
USAID
 
Embassy of the United States
 
San Salvador, El Salvador, C.A.
 

Ing. Lucio Burgos H.
 
Gerente Comercial
 
Compatfa de Alumbrado Eldctrico de San Salvador
 
Apartado Postal No. 186
 
San Salvador, El Salvador, C.A.
 

Ing. Renato Campos A.
 
Superintendente de Electrificaci6n Rural
 
Comisi6n Ejecutiva Hidroeldctrica del Rio Lempa
 
9a. Calle Poniente 950
 
San Salvador, El Salvador, C.A.
 

Ing. Eric Casamiquela
 
Gerente del Departamento de Planificaci6n
 
Comisi6n Ejecutiva Hidroeldctrica del Rio Lerpa
 
9a. Calle Poniente 950
 
San Salvador, El Salvador, C.A.
 

Ing. Chavez
 
Comisi6n Ejecutiva Hidroeldctrica del Rio Lempa
 
9a. Calle Poniente 950
 
San Salvador, El Salvador, C.A.
 

Ing. Francisco E. Granadino
 
Director Ejecutivo
 
Comisi6n Ejecutiva Hidroeldctrica del Rio Lempa
 
9a. Calle Poniente 950
 

San Salvador, El Salvador, C.A.
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General Abdul Gutierrez
 
Presidente
 
Comisi6n Ejecutiva Hidroeldctrica del Rio Lempa
 
9a. Calle Poniente 950
 
San Salvador, El Salvador, C.A.
 

Mr. John R. Keilhauer
 
Director
 
Compaftfa de Luz Eldctrica de Ahuachapan
 
Boulevard del Ejdrcito Nacional
 
San Salvador, El Salvador, C.A.
 

Ing. Rafael Alfredo Luna
 
Gerente de Finanzas
 
Compaflfa de Alumbrado Eldctrico de San Salvador
 
Apartado Postal No. 186
 
San Salvador, El Salvador, C.A.
 

Ing. Jorge Salom6n Montesino
 
Superintendente de Planificaci6n
 
Comisi6n Ejecutiva Hidroeldctrica del Rio Lempa
 
9a. Calle Poniente 950
 
San Salvador, El Salvador, C.A.
 

Ing. Hector Manuel Murillo Lima
 
Compaftlfa de Luz Eldctrica de Ahuachapan
 
Boulevard del Ejdcito Nacional
 
San Salvador, El Salvador, C.A.
 

Ing. Rodolfo Navarez
 
Comisi6n Ejecutiva Hidroeldctrica del Rio Lempa
 
9a. Calle Poniente 950
 
San Salvador, El Salvador, C.A.
 

Ing. Salvador Ivan Navarrete
 
Jefe del Departamento de Estudios Distribuci6n
 
Superintendencia de Electrificaci6n Rural
 
9a. Calle Poniente 950
 
San Salvador, El Salvador, C.A.
 

Ing. Luis Palomo
 
USAID
 
Embassy of the United States
 
San Salvador, El Salvador, C.A.
 

Ing. Rafael Pefla
 
Energy Engineer
 
USAID
 
Embassy of the United States
 
San Salvador, El Salvador, C.A.
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Ing. Axel Soderberg
 
Vice-Rector Administrativo
 
Universidad Centroamericana Jose Sim6n Canas
 
Autopista Sur. Apartado (01) 168
 
San Salvador, El Salvador, C.A.
 

Ing. Antenor Uceda
 
Especialista en Energfa
 
Banco Inter-Americano de Desarrollo
 
San Salvador, El Salvador, C.A.
 

GUATEMALA
 

Lic. Arias
 
Sub-Gerente del Depto. Financiero
 
INDE
 
6a. Avenida 2-73, Zona 4
 
Guatemala, Guatemala, C.A.
 

Ing. Eduardo Barrientos
 
Jefe Depto. de Planeamiento
 
EEGSA
 
6a. Avenida 8-14, Zona 1
 
Guatemala, Guatemala, C.A.
 

Ing. Hugo Rolando Bethancourt
 
Delegado Residente Estudios Geotdrmicos
 
INDE
 
6a. Avenida 2-73. Zona 4
 
Guatemala, Guatemala, C.A.
 

Ing. Raul Castafeda Illescas
 
Director Ejecutivo del PER-If
 
INDE
 
6a. Avenida 2-73, Zona 4
 
Guatemala, Guatemala, C.A.
 

Mr. David Chavez
 
Chief Energy Officer
 
ROCAP
 
Embassy of the United States
 
Guatemala, Guatemala, C.A.
 

Ing. Roberto Figueroa
 
Office of Engineering
 
USAID/Guatemala
 
Embassy of the United States
 
Guatemala, Guatemala, C.A.
 

Ing. Juan Carlos Fumagalli Ferrigno
 
MecAnica Industrial Agrfcola
 
21 Calle 3-10, Zona 12
 
Guatemala, Guatemala, C.A.
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Asesor de la Presidencia
 
Banco de Guatemala
 
7a. Avenida 22-0i, Zona I
 
Guatemala, Guatemala, C.A,
 

Ing. Arnaldo Gomez
 
Miembro Comisi6n Interventora
 
INDE
 
6a. Avenida 2-73, Zona 4
 
Guatemala, Guatemala, C.A.
 

Ing. Victor Hugo GonzAles
 
Unidad de Planificaci6n del Sistema Eldctrico
 
INDE
 
6a. Avenida 2-73, Zona 4
 
Guatemala, Guatemala, C.A.
 

Economista Carlos Enrique Izas
 
Jefe Unidad de Planificaci6n Econ6mica y Financiera
 
INDE
 
6a. Avenida 2-73, Zona 4, 2do. Nivel
 
Guatemala, Guatemala, C.A.
 

Ing. Martin Lommatzsch
 
Consorcio LAMI
 
Ingeniero Civil, Director Residente
 
Proyecto Hidroeldctrico Pueblo Viejo-Quixal
 
Edificio "El Cortez" 4o. Nivel
 
5a. Avenida 12-31, Zona 9
 
Guatemala, Guatemala, C.A.
 

Ing. Leonel Lopez Rodas
 
Director General
 
Ministerio de Energfa y Minas
 
Diagonal 17, 29-78, Zona 11
 
Apartado Postal No. 1421
 
Guatemala, Guatemala, C.A.
 

Sr. Norman McLean
 
Representante
 
Banco Inter-Americano de Desarrollo
 
Edificio Geminis
 
Guatemala, Guatemala, C.A.
 

Ing. Cdsar Mendoza
 
Ministerio De Energfa y Minas
 
Diagonal 17, 29-78, Zuna 11
 
Apartado Postal No. 1421
 
Guatemala, Guatemala, C.A.
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Ing. Francisco Montero C.
 
Jefe de la Unidad de Planificaci6n del Sistema Eldctrico
 
INDE
 
6a. Avenida 2-73, Zona 4
 
Guatemala, Guatemala, C.A.
 

Ing. Edgar Florencio Montufar U.
 
Director Departamento de Planificaci6n
 
INDE
 
6a. Avenida 2-73, Zona 4, 3er. Nivel
 
Guatemala, Guatemala, C.A.
 

Mr. Lawrence "Doc" Odle
 
Office of Engineering
 
USAID/Guatemala
 
Embassy of the United States
 
Guatemala, Guatemala, C.A.
 

Lic. Ricardo Palacios
 
Jefe del Departamento Financiero
 
INDE
 
6a. Avenida 2-73, Zona 4
 
Guatemala, Guatemala, C.A.
 

Ing. Luis Alberto Paz Armas
 
Director "Proyecto Energdtico" GUA 81/002
 
SEGEPLAN, Edificio Finanzas, 12 Nivel
 
Guatemala, Guatemala, C.A.
 

Ing. Marco Tulio Santos Pena
 
Sub-Jefe Depto. Comercial
 
INDE
 
Edificio Cordon Horjales
 
6a. Avenida 2-73, Zona 4
 
Guatemala, Guatemala, C.A.
 

Ing. Oscar Perdomo
 
Sub-Gerente
 
INDE
 
6a. Avenida 2-73, Zona 4
 
Guatemala, Guatemala, C.A.
 

Lic. Cdsar A. Rodas R.
 
Jefe de la Secci6n Tecnol6gia
 

Asociaci6n Nacional del Cafd
 
Edificio Etisa, Plazuela Espafla, Zona 9 ".
 
Guatemala, Guatemala, C.A.
 

Ing. Fredy Edgardo Salguero Vidal
 
Ingeniero Agr6nomo en Producci6n
 
31 Avenida "A" 8-13, Zona 7
 
Colonia Centro America
 
Guatemala, Guatemala, C.A.
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Ing. Alfredo R. Szarate S.
 

Consultor
 
Oficina de Electrificaci6n Rural PER-II
 
INDE
 
6a. Avenida 2-73, Zona 4
 
Guatemala, Guatemala, C.A.
 

Taller y Ferreteria
 
J.A. Gutierrez
 
16 Calle 7-45, Zona 1
 
Guatemala, Guatemala, C.A.
 

Ing. Elmer Oswaldo Zelada
 
Jefe del Departmento Energdticos y Minerfa
 
Instituto Tdcnico de Capacitaci6n y Productividad
 
Calle Mateo Flores 7-51, Zona 5
 
Guatemala, Guatemala, C.A.
 

HONDURAS
 

Lic. Alcides Antonio Andrade Cruz
 
Direcci6n de Fomento Cooperativo
 
Apartado Postal No. 735
 
Tegucigalpa, Honduras, C.A.
 

Ing. Carlos Barahona
 
Oficina de ENEE
 

La Ceiba, Honduras, C.A.
 

Sr. Juan de Dios Bermudez
 
Oficina de ENEE
 

Tocoa, Valle Del Aguan
 
Honduras, C.A.
 

Ing. William Pierre Boesch
 
Electrical System Manager
 
Standard Fruit Company
 

La Ceiba, Honduras, C.A.
 

Ing. Hugo E. Elvir Castillo
 
Office of Engineering
 
USAID
 
Tegucigalpa, Honduras, C.A.
 

Sr. Domingo Cruz
 

Oficina de ENEE
 
Olanchito, Honduras, C.A.
 

Ing. Jorge Abilio Diaz
 
Jefe de la Divisi6n Litoral Atl~ntico
 
ENEE
 
La Ceiba, Honduras, C.A.
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Ms. Betty M. Facey 
Chief, Office of Engineering 
USAID 
Embassy of the United States 
Tegucigalpa, Honduras, C.A. 

Lic. Olga Patricia Falck de Nunez 
Jefe de la Divisi6n Servicios Tdcnicos 

Banco Municipal Aut6nomo 
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Honduras, C.A. 

Lic. Marco Antonio Garay S. 
Jefe del Departamento de Capacitaci6n de Personal 
ENEE 
Apartado Postal No. 99 
Tegucigalpa, D.C. 
Honduras, C.A. 

Ing. Radl Flores Guilldn 
Gerente 
ENEE 
Apartado Postal No. 99 
Tegucigalpa, D.C. 
Honduras, C.A. 

Sr. Amilcar Laboriel 
Oficina de ENEE 
Trujillo, Honduras, C.A. 

Sr. Bartolomd Lopez Chavez 
Extensionista, DIFOCOOP 
Apartado Postal No. 735 
Tegucigalpa, D.C. 
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Ing. Feliciano Lopez Peralta 
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Banco Inter-Americano de Desarrollo 
Edificio Los Castaftos 5o. piso 
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Lic. Miguel Mahfoud Arbaje 
Subdirector Administrativo 
Catholic Relief Services (Programa en Centro America) 
Avenida Principal 211 
Col. Reforma 
Tegucigalpa, Honduras, C.A. 

Ing. Ruben R. Matamoros 
Jefe de la Divisi6n Electrificaci6n Regional 
ENEE 
Apartado Postal No. 99 
Tegucigalpa, D.C. 
Honduras, C.A. 
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Ing. Roberto Medina
 
Gerente General
 
CORFINO
 
Bonito Oriental
 
Honduras, C.A.
 

Lic. Jorge Romano
 
Decano
 
Zamora Escuela Agrfcola Panamericana
 
Apartado Postal No. 93
 
Tegucigalpa, D.C.
 
Honduras, C.A.
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Divisi6n de Pequeflos Proyectos Hidroeldctricos
 
ENEE
 
Apartado Postal No. 99
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