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ABSTRACT

Adequate supply of rural energy is being recognized as a major
development problem. Non-commercial fuels such as fuelwood, agricultural
waste and animal dung are now often the only energy sources available
in rural areas and are becoming increasingly insufficient to meet rising
rural energy demand for basic needs as well as production activities.
Moreover, large scale rural use of these fuels is causing widespread
deforestation and so0il erosion.

A Rural Energy Planning Exercise was initiated in Colombia in
May 1977. Our objective was to develop a practical approach for identifying,
preparing and implementing rural energy projects and programs, The first
phase involved qualitative studies in selected rural areas to define the
relationship between energy and rural development. The second phase
involves the detailed preparation of rural energy plans, development and
testing of rural energy equipment, and implementation of pilot projects
in selected rural areas to test the institutiomnal and infrastructure
requirements for a large scale rural energy projects.

A fundamental aspect of this approach is to rely almost completely
in local expertisze and institutions for the design and execution of these
projects and most of the work here described has in fact been carried out
by the Colombians. This report discusses the Bank's role so far, and
proposes directions for future work; though it deals with the specific
case of Colombia, it provides an approach applicable in most other LDCs.

The first part of the report (Sections I to VI, 11 pages) outlines the
approach that have been developed. The second part (Section VII, 41 pages)
consists of several Annexes and deals in greater detail with the specific
activities carried out in Colombia.

Prepared by: S. K. Chopra

January 1978
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1. SUMMARY

i. Rural Energy has become a major development problem since the oil
crisis. Large scale, indiscriminate use of non-commercial fuels such as
fuelwood agricultural waste and animal dung, which are more often the only
energy resources available in rural areas, is causing widespread deforestation
and soil erosion. 1/ Moreover, rural energy demand is rapidly rising both due
to increases in rural population, and due to growing consciousness of the
rural population for a better quality of life.

ii. Planned inputs of energy supplies are therefore urgently required

to meet the rising rural energy demand. While considerable work is being

done in developing new energy resources and technologies for rural areas in
many countries, there does not seem to be as yet available a practical
planning approach that will provide the basis for preparing rural energy plans,
involving the least-cost mix of new and existing energy resources, to meet
different types of rural energy demand for domestic consumption and production,
over a selected planning horizon. These rural energy plans are necessary to
identify, prepare, and implement bankable rural energy projects and programs
which would bring energy resources to large masses of rural population.

iii. A Rural Energy Planning Approach is presented in this report. The
practical worth of this approach is being tested in Colombia, as part of a

Rural Energy Planning Exercise conducted by Colombian professionals with Bank’s
technical assistance. The Exercise has been organized in two phases: Phase I
involves a qualitative assessment of the overall rural energy problem in Colombia
with a case study of a rural region to determine relationship between energy

and rural development. Phase II involves quantitative work for developing a
rural energy planning methodology, preparation of regional and national rural
energy plans on the basis of this methodology, and organizing pilot projects in
selected areas as preparation for regular rural energy projects.

iv. A Rural Energy Group consisting of Colombian Professionals from ICA,
ICEL, DNP and DRI 2/ was formed to work with the Bank during Phase I. The
Group conducted a case-study in Oriente region in Antioquia, with Bank’s
technical assistance, to study the relationship between energy and rural
development. During this study farmers in different areas of the region were
interviewed to assess existing patterns of energy consumption and farmers’

1/ See, for example, Eckholm E., The Other Energy Crisis: Fuelwood,
Worldwatch paper No. 1, Sept. 1975. Also: Proceedings of the UN
Conference on Desertification, Nairobi, August 1977.

2/ ICA =~ Instituto Colombiano Agropecuario
ICEL - Instituto Colombiano Energia Electrica
DNP - Departamento Nacional Planeacion
DRI ~ Desarrollo Rural Integrado
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perception of the rural energy problem. Also, a survey of existing insti-
tutions was conducted to assess local capabilities for tackling different
aspects of the rural energy problem.

Ve Phase I was initiated at the end of May 1977, and is now substan-
tially complete with the preparation of an in-depth, well-documented

report by the Colombian Rural Energy Group. 1/ This phase involved three Bank
missions in May, August and October, 1977,

vi. Major lessons learnt during this Phase I, regarding the feasibility
and implementation of the Rural Energy Planning Approach, were: (a) Energy in
rural areas is an integral part of all aspects of rural development, including
irrigation, mechanization, agro-industries, availability of rural infrastruc-
ture and services; (b) Rural energy planning therefore requires an in-depth
understanding of the overall rural situation, and its relation to the needs,
priorities and aspirations of rural communities; (c) Thus, rural energy plans
must be developed on a decentralized regional basis by regiomal local profes-
sionals who live in the region and work closely with their rural communities;
(d) Local professional capabilities in regional private and government insti-
tutions and universities must therefore be mobilized and trained to form
regional groups for conducting the rural energy planning exercise; (f) For
this purpose, a government set-up is required, that could organize these
groups, and coordinate all rural energy activities in the country.

vii. Based on the lessons from Phase I, it is recommended 2/ that Phase
II should be executed by a permanent Rural Energy Unit which should consist

of experienced professionals. The Unit should work under the direction of

a Ministerial Rural Energy Coordination Committee and organize, guide and
train regional rural energy groups. These groups would prepare regional rural
energy plans with the participation of local communities. The Unit would also
organize development and testing of equipment, 3/ training programs for
professionals, and pilot projects for testing institutional and infrastructure
requirements for full scale rural energy projects.

viii. Phase 11 is expected to result in preparation of a rural energy plan
for Colombia, involving rural emergy projects imitially in DRI 4/ regions.
This Phase is expected to extend for about one-and-a-half to two years and

1/ This is a 180-page report entitled: "Energia Rural, Informe del Grupo
de Energia en Areas DRI (El Caso de la region del Orilente Antioqueno)
prepared in Bogota in December 1977,

2/ These recommendations are derived from the Colombian Rural Energy Group
report, but have been further developed in this report.

3/ These equipment include, among others, microhydroturbines, solar heaters,
windmills, biogas plants, wood, kerosene, gas and coal stoves, small
refrigerators.

4/ DRI regions are those covered by Government National Rural Development
Program. In the initial phase, this program is localized in five areas
in Western Colombia. Three of these five areas are covered by Banmk’s
Integrated Rural Development.
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should lead to a third operational phase (Phase III), involving implementation
of the national rural energy program, which the Bank may support. However
Bank role, as a development agency, would be crucial during Phase II, when the
foundation of the program will be built, and problems in developing local
capabilities must be tackled.

ix. Bank involvement, for example, could ensure high level official
support vital in the formative stages of the program. Bank could assist in
identifying, training and motivating suitable professionals. Bank could
arrange appropriate technical and financial assistance when required. Finally,
Bank could assist in coordinating various institutions, professionals and
officials involved at different levels of the exercise, and, in the process,
safeguard the interests of the rural poor, to whose welfare both the Colombian
Government and the Bank are committed.

Xe Resource requirements in Phase II, including possible Bank’s
assistance in quantitative terms and scope for Phase III, will be determined,
subject to Colombian Government’s interest, in conjunction with Colombian
staff. The purpose of this report is to provide a comprehensive account of
Bank role so far, and propose directions for future work.

xi. The report is organized as follow: Section II presents the Rural
Energy Planning Approach; Section III explains the reasons for selecting
Colombia; Section IV discusses the organization of the exercise; Section V
draws conclusions from Phase I; and Section VI offers recommendations for
further work in Phase II. The Annexes contain reports of Bank missions during
Phase I, an evaluation of Colombian institutional capabilities related to
rural energy activities, a discussion of proposed Phase II activities, and a
bibliography.



I1. RURAL ENERGY PLANNING APPROACH

1. Since the oil crisis, the Bank is becoming increasingly involved

in energy planning of developing countries. Bank energy sector activities
have, up to now, been mainly confined to commercial energy resources. A vast
majority of some 2.20 billion people who comprise the rural sector in devel-
oping countries, however, continue to subsist on non-commercial energy
resources such as agricultural wastes, firewood, charcoal and dung. 1/ The
focus on commercial energy in many developing countries thus often disregards
energy requirements for the economic and social development of a major propor-
tion of their populationms.

2. The need for examining rural energy xrequirements has become espe-
cially significant for the Bank because of the leading role it is playing in
rural development. Many recent Bank Rural Development Projects, in fact,
include components on rural electrification and fuelwood. 2/ But no attempt
seems to have, as yet, been made to determine the relationship of these
components to the rural region’s overall energy setting, involving existing
and projected demand for domestic and productive activities, other renewable
and non-renewable energy resources such as kerosene, bio-mass, solar and wind,
and the technical, economic, institutional and social constraints in
converting various energy resources to meet demand over a specific planning
horizon.

3. In the absence of such comprehensive energy planning for the rural
sector, it is difficult to determine the extent to which isolated projects, or
project components, on rural electrification, fuelwood, or other resources,
will meet energy needs for rural development. Moreover, without a systematic
analysis of rural energy, as a part of national planning, it will not be
possible to establish the least=cost energy solution, that will usually involve
a mix of non-commercial and commercial resources, depending on the demand and
constraints existing at different phases of the rural development process.

be Although many studies on rural energy have been conducted, 3/ they
are either too qualitative, or focus on a limited aspect of the problem, such
as development of altermative technologies for renewable energy resources, or
rural electrification, or forestry, without adopting the comprehensive approach
outlined above. These studies, however, are very useful because they provide

1/ The non-commercial energy consumption as a percentage of total energy
consumption, for example, is 45%Z in South America, 51% in Africa and 587
in Asia (Source: Joel Damstadter, Energy in the World Economy, John
Hopkins, 1971).

2/ The recent Bank Integrated Rural Development Project in Colombia includes
rural electrification and fuelwood components.

3/ See Annex 6.
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the basic data on various facets of the rural energy problem. The next step,
therefore, is to integrate available information, and identify practical
measures, at the policy and operational levels, that will provide guidelines
for bankable rural energy projects and programs. For this purpose, it is
proposed that a practical exercise in rural energy policy and projects planning
be conducted in a selected developing country in which the Bank has ongoing
Rural Development projects.

5. The proposed exercise should consist of the following steps:

Region Selection

(i) Select a region/regions with ongoing rural development projects.
Determine the economic structure of the region and its relatiomship
- with the rest of the economy. Choose a planning horizon consistent
with the national planning process.

Energy Demand

(ii) Determine existing energy use for various activities in
agricultural production, domestic, transportation, agro-
business and community sub-sectors of the rural region.
Project energy demand for subsistence-level needs and for
economic and social development over the planning horizon
by: (a) macroeconomic indicators such as income-elasticity,
price—-elasticity, end-use of fuel trends and (b) microeconomic
analyses involving household surveys.

Energy Supply

(iii1) Compile information on energy resources used in the existing
setup to meet various demands. Most of these resources will
be typically non-commercial. Determine the availability of
non-commercial resources, for meeting projected demand over
the planning horizon. Determine availability of other energy
resources, both within the region, and those imported from
other parts of the country or abroad, over the planning horizon.

Energy Conversion

(iv) Determine the availability of appropriate technology at different
periods in the planning horizon, for converting available renew-
able and non-renewable energy resources to meet existing and
projected demand. Determine the conversion efficiencies, and
technical characteristics of these technologies. Identify tech-
nical, economic, institutional and social constraints for each
alternative.
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Energy Pricing

(v) Determine the delivered cost for each emnergy alternative
(cost of production plus cost of transportation and distribu=-
tion). Determine the financial and social costs for each
alternative (a) to the user, (b) to the region, and (c) to the
economy, at various phases in the planning horizon.

Energy Plan

(vi) Based on the above information, propose an energy plan for the

region, consistent with the rural development plan, and national
energy and economic policies. :

Energy Projects

(vii)

Identify energy projects for the region on the basis of the

energy plan. Determine the least-cost mix of energy projects

at various phases in the planning horizon to meet different types
of demand from available and new supply resources within the given

constraints.

This exercise will provide an insight into the practical problems

involved in rural energy planning. The experience gained from the exercise
will be utilized in developing guidelines for future possible rural energy
projects and programs, which the Bank may support.
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III. SELECTION OF THE COUNTRY

Colombia was selected for testing the Rural Energy Planning Approach

for the following reasons:

8.

(a)

(b)

()

(d)

(e)

Colombia has a sizeable rural sector that makes up about 40%
of the total population and 30% of the GDP.

The Government is committed to rural development, and has launched
a Rural Development Program (DRI) which aims especially at removing
constraints faced by small farmers. The Bank is supporting one

of the three Rural Development Projects managed by the DRI program.
(The other two projects are supported by CIDA and IDB.) The Bank
is also closely involved in Colombia’s energy sector through
financing of power projects and energy sector studies.

The main commercial energy resource in rural areas is electrical
energy. However, electricity is utilized by some 15 to 20% of the
rural population. The remaining population must rely on non-
commercial sources such as: wood, candles, agricultural waste and,
in some instances, coal, kerosene, etc. These energy resources
are mainly used for domestic consumption such as cooking and
lighting. Other agricultural tasks (for example, cultivation,
irrigation, harvesting, etc.) are usually done manually by small
farmers.

Colombia has abundant supply of underutilized energy resources
such as hydro, gas and coal that could be used in rural areas.

For example, out of a hydro potential of 100,000 MW, only about

3%Z is being currently utilized. In this context, some Colombian
institutions (Las Gaviotas and the University of Los Andes) have
developed small hydroelectric schemes (50 kw capacity, approximate
cost 15,000 pesos/kw) that could have widespread application,
after suitable modifications, in different rural regions of the
country. Other equipment such as solar heaters, windmills,
refrigerators have also been locally developed.

Thus, both material and human resources, including professional
capabilities, exist in the country. But a planned approach for
utilizing and organizing these resources to bring efficient energy
inputs within the reach of large masses of rural population seemed
to be lacking.

The Bank offered to assist the Colombian Government in developing a

planning approach, along the lines described above, that could be used for
preparing rural energy projects and programs. The then Colombian Minister
of Energy expressed enthusiasm at the idea, and a Rural Ernergy Planning
Exercise was initiated in May 1977.



IV. ORGANIZATION OF THE EXERCISE

9. Although the formal approval of Colombia’s Ministry of Energy was
obtained for conducting the rural emergy planning exercise, it was recognized
from the start that a practical rural energy planning approach could be
developed only if it evolves from within Colombia, that is, it is initiated,
organized and developed by Colombian professionals who work in close contact
with their rural people. The Bank’s role would be limited to that of a
catalyst for locating the right institutions and professionals, and providing
them with technical assistance in organizing the exercise, investigating the
problem and formulating their own systematic strategy for tackling it.

10. In keeping with the above approach, it was decided, after discussions
with Colombian officials during the first mission, that the exercise will be
organized in two phases:

- During Phase I, a Rural Energy Group will be set up, consisting
of professionals from DNA, DRI, ICA and ICEL, which will, with
Bank technical assistance, study the overall rural energy problem
in Colombia and conduct a case study in a rural region in
Antioquia to determine relationship between energy and rural
development.

- During Phase I1, a permanent Rural Energy Unit will be formed
to carry out detailed quantitative work required for formulating
rural energy plans for different regions. The Unit would also
organize and promote indigenous research, development and produc-
tion of energy hardware, training programs for local professiomnals
for rural energy activities and eventually prepare rural energy
projects. However, the Unit”s tasks will be defined in more
detail at the end of Phase I.

11. Phase 1 consisted of three Bank missions involving the following
tasks:

Mission I (May 23 to 30, 1977)

Discussions with officials and institutions regarding (i) the
feasibility of the rural energy planning approach, and (ii) the
organization of the exercise.

Mission II (August 8 to 12, 1977)

Formation of a Rural Energy Group comnsisting of professionals from
ICA, ICEL, DRI and DNP. Visit to a rural area in Area 3 (Antioquia)
to discuss the exercise with regional staff of ICA, DRI and
Electrificadoras, and obtain first~hand account of the rural energy
situation from farmers and members of the rural community.



Mission III (October 2 to 18, 1977)

Investigative survey with the Group in Oriente region of Area 3 to
determine qualitative relationship between energy and rural devel-
opment. Study of overall rural energy setting, including institu-
tional and technical capabilities, in Colombia. Initiating a Rural
Energy Report to be prepared by the Group.

Mission reports are given in Annex 1.

12, Phase I is now substantially complete with the preparation of a
report by the Colombian Rural Energy Group. Lessons learned from this phase,
and directions for Phase II tasks, are given in the following sections.
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V. CONCLUSION: LESSONS FROM PHASE 1

A detailed discussion of the tasks in Phase I is given in Annex I

(mission reports) and in the report prepared by the Colombian Rural Energy
Group. Given below are the main lessons learnt during Phase I, that are
related to the feasibility and implementation of the rural energy planning
approach and the organization of Phase II,

- During the visit to rural areas, and the Oriente survey, it
was found that rural people would become involved in rural
energy planning only if it would aim at providing them with
energy for productive, income=generating, activities that
would create employment opportunities for their growing
families.

- Rural energy planning would, therefore, require (i) identifi-
cation of possible farm and non-farm productive activities
(e.g., mechanization, irrigation, agro-businesses) in the
region that would increase farm income if they are made
more energy-efficient; (ii) assessment of their energy
resource requirements; (iii) assessment of technical and
financial assistance requirements, including institutional
and infrastructure arrangements {(equipment installation,
maintenance and operations, raw material requirements,
marketing, cooperative formation, training, etc.);
and (iv) assessment of their socio-cultural and technical
impact. 1/

- Thus, rural energy planning is intimately related to all
aspects of rural development and requires in-depth knowledge
of the rural situation in the region, as well as considerable
understanding, perseverance and committment on the part of
those undertaking it. For this reason, the exercise should
be decentralized. Professionals and institutions located
in, or close to, the rural region, who are prepared to live
in the region, and are committed to work through all
stages of planning and implementation, should be identified and

For example, small farmers in Oriente region were making bags by drying
locally-grown fiche plants. But they were unable to sell these bags

in competition with synthetic bags produced in urban factories. A

local university group, in conjunction with ICA, was studying the possi-
bility of developing mechanical, possibly powered equipment, for these
farmers. But providing such powered equipment, and assessing energy
requirements for fiche agro-business will also require an assessment

of a number of other aspects such as: resource requirements for develop-
ment, testing and productiom of the motorized equipment; provision of
credit to purchase them; other raw material, organization of production,
and training requirements; formation of marketing cooperatives; socio-
economic impact of this agro-business on the rural community.



suitably trained to conduct the exercise., During the
Oriente survey, for instance, it was found that such profes-
sionals and institutions exist, 1/ although they have little
contact with government activities and programs now.

- A suitable governmental set~up therefore needs to be created
that would locate, guide, and train professionals and institutionms,

to form regional rural emergy groups, and coordinate all rural
enpergy activities in the country.

1/ See Annex 2 for a fuller discussion on this subject.



14‘

VIi. RECOMMENDATIONS FOR PHASE 11

Based on the lessons learnt during Phase I, the following general

guidelines are proposed for Phase IIl.

A Ministerial Rural Energy Coordination Group, consisting of
the Minister of Energy, and Ministers or senior officials from
the Ministries of Agriculture, Industry, Commerce, DNP,

etc., and representatives from Las Gaviotas, universities,
private institutions and industry, should be formed.

This Ministerial Group should direct the activities of
a Central Rural Energy Unit, charged with executing
Phase 1I.

A discussion of the tasks of the Unit, and the activities during

Phase II is given in Annex 3. Briefly, these are as follows:

15.
(a)
(b)
(c)
(d)
(e)
16.
(a)

Preparation of an integrated rural emergy plan, compiled
from regional rural energy plans that are formulated by
regional rural energy groups, 1/ under the Unit’s guidance.

Organizing and coordinating, development and testing of
rural energy equipment, including microhydroturbines, solar
heaters, windmills, bio-gas plants, wood and charcoal
stoves, etc., in various regiomns by universities and other
institutions.

Preparation and implementation of Rural Energy pilot projects
in selected regions to test the institutional arrangements
and infrastructure requirements for regular rural energy
projects.

Organizing training programs for local professionals for
various rural energy activities--including planning, design
and development of equipment, project preparation, extension
work-—-to prepare them for implementing future rural energy
projects.

Preparation of a National Rural Energy Program consisting of
rural energy projects initially for DRI regions.

Major problems anticipated during Phase II include:

Locating, training and motivating suitable professionals to
work in the Central Rural Energy Unit and rural energy groups;

1/ The regional groups may be located in and coordinated by the regional
Electrificadores, as suggested in the Rural Energy Group’s Report.
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(b) Organizing and coordinating activities of regional groups
and the Central Unit;

(c) Organization at the rural level for ensuring active
participation of the rural commnities;

(d) Low priority to the exercise because it involves time-
consuming activities that do not offer immediate results.

17. In view of these problems, it is suggested that, in the initial
stage of Phase 1I, a regional rural energy group should be formed only in the
Antioquia region. The group 1/ should develop a rural energy plan for
Oriente, and conduct a pilot project in this region to test institutional and
infrastructure arrangements required for implementation of rural energy
projects. This group’s experience could be used for organizing similar groups
in other regions.

18. The Central Rural Energy Unit should, meanwhile, organize training
programs at the University of Los Andes and other universities for recently
graduated young engineers and other professionals from different regions to
prepare them for regional energy groups in their respective home regions. At
the same time, a promotional drive should be initiated by the Ministry of
Energy calling qualified young professionals, engineers and scientists to work
in the challenging field of rural energy, and offer them appropriate incentives
such as training abroad after three years’ work, attractive salaries, recogni-
tion of their work, and in the mass media, etc.

19. Thus, an overall program approach originating at the local rural
level, and culminating at the central Ministerial level, is necessary. It
should first be experimented within one region, and later replicated in other
regions. Only by going through all stages of this approach will it be possible
to organize a successul National Rural Energy Program during Phase III,

20. This National Rural Energy Program may include, among other compo-
nents, regional rural energy projects initially in DRI areas, research,
development and production facilities for energy conversion equipment, train-
ing programs for local professionals for rural energy activities, setting up
of a central rural energy institution and regional rural energy units. The
Program is expected to be large enough to require external financing and may,
if found technically and economically feasible, be supported by the Bank.

21. However, Bank role as a development agency is crucial in Phase 1I,
when the foundation of the program will be built. During this phase, problems
involving development of local institutional and professional capabilities
must be tackled, and Bank participation could help in several ways. Bank
involvement, for example, could ensure high level official support vital in

1/ See Annex 4 for organization and tasks of the Antioquia group.



- 11 -

the formative stages of the program. Bank could assist in identifying,
training and motivating capable professionals for working in the exercise,

and later in the program. Bank could arrange for appropriate technical

and financial assistance when required. Finally, Bank could assist in coordi-
nating the various officials, professionals and institutions involved at
different levels of the exercise and, in the process, safeguard the interests
of the rural poor to whose welfare both the Colombian Government and the Bank
are committed.



ANNEX 1

MISSION REPORTS




ANNEX 1

Page 1
Report on the
first Rural Energy Mission
May 23 to 30, 1977
1. The objectives of this preparatory rural energy planning mission

were as follows:

(1) Ascertain the view of various officials and institutions, and
collect relevant information on rural energy in Colombia.

(ii) Examine the possibility of organizing rural energy planning
and implementation on a continuing basis in Colombia along
the lines proposed in the notes on Rural Energy Planning
presented to Government officials by the mission.

(iii) Identify possible Bank assistance in the initial phase of this

task.
Observations
2. Based on the discussions with officials in the various institutions, 1/

and information available to it, the mission made the following observations:

(1) The Rural Sector in Colombia consists of some 40% of total popu-
lation and makes up about 30% of total GDP. Commercial farming
provides for about 60% of Colombia’s exports, but a major propor-
tion of the domestic output (some 70%Z) is provided by small farmers.

(ii) Output from the small farm sector, however, has been stag-
nating at a growth rate of 2.5% compared to 8% for commercial
crops. The Governemnt rural development program (DRI) mainly
aims at removing the constraints faced by the small farm
sector. For this purpose, some 70%Z of DRI’s resources are
allocated for credit, technology and training and 30% for social
services including health, education, electricity for the domestic
sector.

(iii) Thus, rural electrification is the only energy resource
in DRI’s present program. Furthermore, rural electrification is
provided only as a social input mainly for domestic lighting,
rather than for increasing production. ICEL, the executing agency
for rural electrification programs, selects communities for elec-
trification, in areas decided by DRI, on the basis of cost per
family: Communities with average cost of electrification program
less than $500/family are usually selected. No quantitative analysis
of the benefits of electrification is now conducted. Because of
resource constraints, only about 20% of the rural population have
received electricity since the rural electrification program began
in 1973.

1/ See Attachment 1, Annex l.
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(iv) The role of planned energy inputs for various productive
activities such as irrigatiomn, cultivation, threshing,
weeding, harvesting, transport and rural agro-industries, by
utilizing alternative commercial and non—-commercial energy
resources such as solar, wind, biogas, coal, charcoal,
kerosene, natural gas and small hydroelectricity schemes,
has not as yet been identified for rural development.

(v) Abundant supplies of energy resources such as hydro, gas and
coal exist in Colombia which could be utilized in rural
areas for providing energy inputs for rural development in a
planned manner. For example, coal production is expected to
be raised to 5 mt/year by 1980. A major constraint in
reaching this target, however, seems to be the shortfall in
demand. The use of charcoal, soft coke and coal in rural
areas may go a long way in stimulating demand for coal
production. Gas production now is some 130 billion cu ft.
LNG is used in some rural areas, but apparently without any
planning. Colombia has hydro potential of 100,000 MW of
which only about 3.0% is being presently utilized. Similarly,
solar, wind, biogas may be used for various tasks such as
heating, pumping, electricity om a regular basis in the
rural sector. Windmills for pumping, in fact, were found to
be used by some families (three instances) during a visit by
the mission to villages on the ouskirts of Bogota.

(vi) Technological capabilities 1/ for harnessing renewable and
non-renewable sources of energy for rural areas exist
in the country. The Gaviotas project, for example, has
developed the following products (among others) for Orinoquia
region: a hydraulic ramp (20 meters lift, cost about
600 pesos), windmill pump (8 meters 1lift), small hydroelectric
schemes of 50kw capacity (cost about 15,000 pesos/kw). A
factory, for producing these equipment is being set up in
Gaviotas with UNDP and Dutch assistance. These equipment
with suitable alterations, or similar new equipment, may be
developed for other rural areas in the country. The
Mechanical Engineering Department of the University of Los
Andes, which is the technical wing of the Gaviotas project,
has workshops to design and test such new equipment. Its
future plans include development of photovoltaic cells and
energy conversion equipment for utilizing coal and gas.
Moreover, this Department also organizes regular seminars on
rural development and encourages its students to undertake
their term projects in rural areas on energy and related
subjects. This young engineering talent could be trained
and utilized in rural energy programs both for software

1/ Also see Annex 2.
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(planning, demand supply surveys) and hardware (energy
conversion equipment design and development). The mission
was informed, for example, that a group of recently graduated
young engineers have started a firm for providing consultancy
services to small farmers. Students are also encouraged to
provide advisory services to rural areas on an ad hoc basis.
These efforts could be organized, to good advantage, on
regular basis.

(vii) Some Colombian institutions have already initiated activities
in rural energy, but at present these activities have little
momentum. Los Gaviotas Project, for example, is currently
confined to one region only. ICA, which has experience in
conducting rural electrification demand surveys with ICEL,
informed the mission of its interest in conducting similar
surveys for overall energy demand. ICA has also introduced
small electical stoves in some rural areas and has plans to
test Las Gaviotas equipment. ICEL too plans to test
Las Gaviotas equipment, and is especially interested in
the use of gas in rural areas. But both ICEL and ICA have
not yet developed specific action programs for other sources
of rural energy besides electricity. The Energy Planning
Division of DNP is proposing to conduct a study in the use
of small hydroelectric plants for rural areas in about 2-3
months, but up to now its activities have been confined to
rural electrificaiton through centralized generation. DRI
has also been planning to study the role of various energy
inputs, including electrification for agricultural production,
and to develop guidelines and criteria for selecting areas
and farmers who will benefit most by planned supply of the
least cost mix of energy inputs. But this study has not
been initiated as yet.

Conclusions
The following conclusions emerge from the above observations:

(a) The need for providing energy in a planned manner for rural
development is generally recognized by Colombian institutions
and officials.

(b) Institutional and technological capabilities for providing
these energy inputs also exist in Colombia.

(c) However, to be effective, these capabilities must be utilized
by organizing them under an overall rural energy program that
integrates energy demand, supply, technology and planning
components.
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Recommendations

It is recommended 1/ that an overall rural energy program be orga-

nized in two phases in Colombia:

L.

Phase I will involve determining the qualitative relationship
between energy and rural development, especially agricultural
production, and guidelines for future work. A Rural Energy

Task Force should be set up to conduct the activities in this
phase. The task force may consist of representatives from

ICA, ICEL, DNP, DRI, among others, but work under the direction

of the DRI because of the urgent need of rural energy planning for
ongoing DRI programs. The tasks during Phase I may be as follows:

(a) Identify the existing situation regarding policies and
institutions related to various aspects of rural energy
in Colombia;

(b) Examine the overall rural energy problem in a selected
region/regions (Antioquia region in Area 3 of the DRI has
been tentatively selected) from the demand, supply,
technology and planning aspects, and establish the quali-
tative relationship between energy and rural development;

(c) On the basis of findings propose (i) directions for detailed
'~ quantitative and field work required for determining guide-
lines and criteria for rural energy policies and projects,
(ii) staff, training and resource requirements for a
permanent rural energy unit that will prepare and implement
rural energy program and projects.

Phase II will involve conducting detailed quantitative work proposed
in Phase I, followed by rural energy project planning, preparation
and implementation. A rural emergy project may consist of the least=
cost mix of energy alternatives, including rural electrification,
small hydroelectric schemes, coal derivatives, LNG, solar, wind,
biogas, etc., for meeting various types of rural energy demand over
the planning horizon. This phase will be the responsibility of the
permanent Rural Energy Unit (REU). The activities and staff of this
unit may be increased in stages. The unit may, for example, perform
the following functions:

Research: Field surveys and development of criteria

and its methodologies for rural energy
planning and projects.

1/ These recommendations are based on the discussions during the mission’s
final meetings with representatives from ICA, ICEL, DRI, DNP and
Dr. Sergio Duran and are therefore the result of their joint efforts.
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Project Planning
and Preparation: Preparation of Rural Energy Projects and
responsibility for their appraisal by
financial institutions.

Project Implementation: Project supervision, including organization
of rural energy extension service.

Technology and Training: Development of local technological capabili-
ties including universities, private indus-
tries, and other institutions for utilizing
their various renewable and non-renewable
energy resources in the rural sector.

Organizing financing and coordination of
local Research and Development and produc-
tion of rural energy hardware.

Organizing training programs for local
young engineers and other professionals for
rural energy programs.

These, however, are tentative suggestions whose feasibility may be explored
during Phase I.
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Report on the
second Rural Energy Mission
August 8 to 12, 1977
Brief Description
1. Santuario, in Antioquia (Area 3 of DRI program), was visited with

the Rural Energy Group to get an overview of the problem and assess feasibil-
ity of rural energy planning. It is about 250 ha with a population of about
800. The farmers are relatively well off, compared to other regions covered
by Government ‘s Rural Development programs. Farm size ugsually varies from

2 to 5 ha, and the main crops are cabbage, carrots, beans, maize and potatoes.
Other farm activities include poultry and cattle rearing. Farmers usually own
two Oor more cows.

2. The countryside is hilly and undulating. The only means of communi-
cation are mud roads and pathways, and the mode of tramsport is headloading and
mules. Also, the only means of water supply for agricultural and domestic
activities is rainfall, either directly or through its collection in small
rivers and streams.

Existing Energy Consumption Pattern

3. In the existing set up, energy is mainly used for domestic consump-
tion. Energy resources are:

(a) Fuelwood: Farmers either grow fuelwood on farms or obtain it by
cutting public trees. The general decline in fuelwood availability
seemed to be a matter of deep concern for the rural community.

(b) Charcoal: This is purchased from the market at about 20 pesos.
Farmers were reported to spend 10 to 20%Z of their annual income
on fuels for domestic consumption.

(c) Electricity: Electricity is available through the rural electri-
fication network but few families use it because of the high
costs of electrical connection. 1/

4. Major sources of potential energy demand for prbductive farm and
non—-farm activities that require further investigation are:

1/  About 20,000 pesos for each member of a group of 20. This is considered
prohibitive by most farmers. For example, one farmer had to maintain
another house near the city, where lighting was easily available, for
his children’s education. But the absence of his fawmily at the farm
house limited his farm activities and therefore his income. Another
farmer had recently renovated his house at a cost of some 60,000 pesos
but still felt that electricity was too expensive for him.
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(a) 1Irrigation: Diesel, -electric or solar pumps may be used to
replace farmers’ dependence on rainwater for irrigationm.

(b) Cultivation, Weeding, Cutting, Threshing, etc.: All these
operations are done manually in the present set up.

(c) Poultry, Dairy: Availability of cheap refrigeration may be
a major incentive in promoting dairy and poultry business,
besides improving efficiency and cutting costs in food usage.

5. Domestic consumption of energy would also increase as farm income
increases due to inputs provided by government development programs. Energy
would be required for radio, television, heating, iron, etc. Besides, farmers
were specifically concerned about giving their children improved education as
their living conditions improve., Because there is no secondary school in the
area, farm children usually go to the city for secondary education. This
often results in a shortage of farm~hands, especially during peak seasons,

and may be responsible for loss in production. Moreover, city-educated farm
children seldom wish to return to farming, which requires rigorous manual
labor in the absence of mechanized equipment and electricity. Thus, planned
energy supply for productive as well as domestic activities may have a signif-
icant role in stemming migration to urban areas.

6. Potential sources of energy supply are:

(a) Small streams which may be harnessed for setting up decentralized
hydroelectric schemes.

(b) Windmills: Several windmills were installed some distance away
from the region, in the outskirts of Medellin. Similar
windmills could be used by the farmers in this region also.

(c) Bio-gas: Most farmers own two or more cattle., Cattle dung was
found scattered all over; farmers do not seem to know about the
use of dried dung cakes for fuel, or about bio-gas.

(d) Solar, diesel and natural gas could also be utilized as sources
of energy for heating, pumping, etc.

Conclusions

7. The following conclusions emerge from the above observations regard-
ing the feasibility of conducting a systematic energy planning exercise for
this rural region:

- In the present set-up, energy is a constraint to both economic
and social development of the region, Farmers have improved
their income because of other inputs provided by government’s
rural development programs, but are unable to further develop
their potential because: (a) manual labor is the only means
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available for farm operations, especially cultivation and irri-
gation; (b) of lack of cheap electricity, and other efficient
sources of energy, for non-farm income-generating activities,
and for improving efficiency and quality of domestic life.
Moreover, the rapidly decreasing supply of wood is causing
long-range problems of deforestation and soil erosion which
must be tackled immediately.

Various energy alternatives are available, but the techno-
economic feasibility of each option to meet different types

of energy demand for subsistence and production has to be
evaluated in quantitative terms, This matching of energy
demand and supply can be done only within the framework of an
energy plan. Projections of demand will have to be made on
the basis of existing consumption patterns and assumptions on
future consumption to be assessed by surveys. Energy supply
and technology availability will also have to be assessed from
available data and surveys. 1/ Thus, a detailed study will be
required to develop the guidelines for energy planning of this
region (or a larger region that includes this region). This is
proposed to be done in the next mission.

1/

See Annex 5 for survey formats.
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Report on the
third Rural Energy Mission
October 2 to 18, 1977
1. During this mission, discussions with the Colombian Government in

the last mission (August 8 to 12, 1977) were followed up and assistance was
provided in organizing a Colombian Rural Energy Group. The group consisted
of local professionals including a rural economist-cum—sociologist from DRI
(Desarallo Integrado Rural), an electrical engineer from ICEL (Instituto
Colombiano Energia Electrical) and an agricultural engineer and an irrigation
engineer both from ICA (Instituto Colombiano Agropecuario).

2, The group’s first assignment was to conduct a field study, with my
participation and assistance, in Oriente, 1/ Area 3 of DRI program. The
objective of the study was to use the Oriente case to examine the relation-
ship between energy and rural development and thereafter to determine the
feasibility of rural energy planning. For this purpose, the group was charged
with the following main tasks during the study:

(a) understanding farmers’ perception of different types of energy
needs, and where these needs fall in their scale of priorities;

(b) 4identifying existing patterns of energy consumption, especially
in relation to the utilization of available electricity supply
and fuelwood;

(c) determining potential sources of energy demand, especially for
production (such as irrigation, mechanization, agro-industries)
and potential sources of energy supply from different renewable
and non-renewable sources.

(d) determining how the existing institutional set-up could be
coordinated for rural energy planning and implementation.

3. During the study, which was held between October 5 to 15:

(a) selected farmers belonging to different income levels and
eco-systems in the region were interviewed;

(b) discussions were conducted with regional and field staff of
various private and government institutions involved in
rural development, energy and planning;

1/ The region has a population of about 150,000 and an area of some 30,000
ha. It includes Santuario, which was visited during the last mission.
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(c) Local capabilities, including universities and some industries,
for developing and producing energy conversion equipment 1/
were investigated.

4, After the study, we analyzed the data and observations to determine
the organization of the report (see attachment). The group is preparing the
report in Bogota. 2/

5. The report should provide an initial document on which future course
of action in rural energy planning and programs in Colombia may be decided by
the Colombian Government and the Bank. Present indications are that the next
step may involve developing a full rural energy plan for the region, requiring
detailed demand surveys and techno-economic evaluation of energy supply and
technology alternatives by local consultants.

1/ These included microhydroturbines, windmills, solar heaters, bio-gas
plants and motors and refrigerators for use by small farmers. It was
found, for instance that microhydroturbines have been successfully
developed, and are being promoted in this region by a local private
institution with the help of the University. Also, locally developed
windmills and bio-gas plants were being used by some groups and households.

2/ The report is now ready.
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Attachment 2

REPORTE DEL GRUPQ COLOMBIANO DE

ENERGIA RURAL

Prefacio : Terminos de Referencia

Compesicidn del grupo

Introduccién El problema de la energia en el sector rural en Colombia.

Caso del Oriente, Area 3 : San Vicente, Guarne, Santuario y El Carmen.

Situacién socioecondmica

Patrones de consumo energéticos (uso doméstico y produccién)
Infraestructura rural : existente y propuesta , y su relacién con el consumo
de energia (doméstica, ogua, irrigacién, electricidad, etc.)

Electricidad: costos, usos, beneficios. Anadlisis.

Fuentes potenciales de demanda de energia (produccién y agroindustria)
Fuentes potenciales de suminisiro de energia, discusién de las restricciones
en su desarrollo.,

Instituciones y grupos relacionados con [a energia en esta regidén y el tra-
bajo que estdn desarrollando ICA, Universidad, Electrificadora, Caja Agra-
ria, etc.

Tipos de campesinos en las diferentes partes del Oriente. Sus opiniones y
manera de utilizacién de la energia.

(Receptividad a nuevas ideas)

Conclusiones con base al estudio del Oriente

a- Efecto de la energia en varias indicaciones

Ingresos

Produccién

Calidad de vida

Migracidn areas urbanas

Hasta qué punto es la energic una restriccidn para su desarrollo?

b- Utilizacién de la electrificacién rural. g Es efectiva?

c- Necesidades de otros recursos de energia.
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d=- Necesidad de un método de aproximacion al programa de energia
rural como parte del desarrollo rural.
10~  Recomendaciones
a- Generales
" be Especificas
b.l. A corto plazo

b.2. A large plaze

c= Re.cursos requeridos para recomendaciones especificas :
c.l. Recursos humanos
c.2. Recﬁrsos financieros
d=- Cronograma de actividades
1=  Anexos
a- Entrevistas con campesinos

b~ Datos sobre electrificacién
c- Datos sobre instituciones

d- Datos sobre situacidn socicecondmica

Octubre 10 de 1977
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Local Institutional Capabilities
1. Capabilities of important institutions that the mission visited are

discussed below for identifying their role in future phases of the rural
energy planning exercise. These institutions are either currently engaged in,
or plan to become engaged in, some aspect of rural energy hardware or software
activities. The institutions may be classified into four categories:
Government institutions, private institutions, academic institutions, and
industries.

Government Institutions

2. Among the government institutions, ICEL appears to be the most
active in rural energy. ICEL has been responsible for the country’s rural
electrification program. In the recent past, it has been diversifying into
other energy resources besides electricity. For example, it has ordered 400
solar heaters from Las Gaviotas to be installed in rural regions with no rural
electrification. Also, ICEL is investigating the possibility of using micro-
hydroturbnes, windmills, etc., in rural areas. Moreover, its management is
keen to develop a planning methodology for making investment decisions

on various energy resources for rural areas. ICEL has played a major role in
this exercise from the initial stages, and is likely to play an even more
active role in the next Phase.

3. Other major government institutions interested in rural energy are
ICA and DRI. ICA’s infrastructure division has an ongoing program in Antioquia
in which it is testing various types of simple equipment, including improved
designs of electrical stoves, sanitary fittings, etc., in about 100 selected
households. Because ICA is responsible for providing technical assistance

to farmers, it has a vast network of field offices and field staff who have

a good understanding of the rural situation and of farmer needs. ICA has

been involved in working with ICEL in conducting rural electrification demand
surveys. It provided valuable staff inputs during the Antioquia study, and
should continue to be involved in the next phase.

4, DRI is responsible for the Integrated Rural Development Program in
Colombia, and in that capacity coordinates various institutions involved in
rural development including ICA, ICEL, and others such as Caja Agraria,
INDERENA (responsible for fuelwood), SENA (for training of farmers), etc.
Thus, its staff has a good understanding of the overall rural institutional
set up. Moreover, its Evaluation Unit consists of rural economists and
sociologists who could provide useful inputs into a rural energy program. DRI
was responsible for coordinating Phase I of the exercise, and would continue
to play a major role in Phase II along with ICEL.

5. Las Gaviotas: This is an autonomous government agency responsible
for the new settlements in the Orinoquia region of Eastern Colombia. The
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Technical Division of this agency has developed a number of rural energy equip-
ment such as solar heaters, axial microhydroturbines, windmills 1/ and is now
setting up a factory for their manufacture, with Dutch and UNDP assistance.

The possibility of using these equipment with suitable modifications in other
rural regions should be examined. The modification work could be carried out
at the Mechanical Engineering Department of the University of Los Andes where
the Gaviotas equipment were initially created.

6. Another government institution that could make a valuable contribu-
tion to a Rural Energy Program is SENA. This institution is responsible for
rural training programs and has had some experience in rural energy also. For
example, it had sponsored experiments with bio-gas plants 2 to 3 years back
in Santa Barbara coffee areas. (These were large-size community plants with
1,050 liter capacity costing about 12,000 pesos. The experiment had to be
stopped partly because electrification came to the area and partly because

of technical reasons including insufficient gas production due to shortage of
pig dung.) The Medellin Office of SENA has a division called Program Mobil
Rural Unit. This Unit has 15 instructors working in rural areas and has
organized about 850 courses teaching some 16,000 farmers last year. Its rural
training courses include maintenance of small machines, electrical installa-
tion and repair. SENA is also involved in developing appropriate technology
equipment for rural areas, though this aspect was not investigated in detail
by the mission. Thus, SENA could have a valuable input in the training,
operation and maintenance, and perhaps, development of rural energy hardware.

7. Caja Agraria is the official responsible for providing loans for
rural electrification. Loans have also been provided for windmills. Though
these loans have been given mostly to rich farmers, the possibility of
arranging special soft loans for small farmers for energy equipment such as
solar heaters, biogas, turbines, windmills, etc., requires examination.

8. INDERENA is responsible for promoting and providing technical assis-
tance for fuelwood plantations to farmers. However, up to now (during the
last one-year period) no small farmers have applied for a fuelwood loan from
DRI. INDERENA officials in Medellin informed the mission that small farmers
will only accept the idea of fuelwood plantations if the service is provided
free. This question needs to be further investigated to determine INDERENA’s
role in the exercise.

9. The Ministry of Agriculture’s Secretaria de Agricola’s department is
responsible for the reforestation program in the country, but this program is
concentrated on forestation for industrial purposes. Thus, only 15 ha of
fuelwood plantations were planted last year. This office, however, initiates
deterrent measures to prevent deforestation, which are enforced by INDERENA.
But these, again, have made little impact (only $5,000 were collected in fines
last year). Other measures include conducting educational programs and
associating farmers with Caja Agraria for electrification loans. Agricola

1/ Also, see First Rural Energy Mission Report, Annex l, page 3.
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also organizes Tractor Hire and Animal Traction Services for small farmers.
But the supply of these services seems to fall far short of the demand. For
example, in the Rio Negro Area, Agricola’s Office owns only 2 tractors which
are able to plough about 200 ha/year for 150 farmers, although there are some
700 farmers in the area. (There are 4 private contractors owning about 15
tractors.) But tractors can plough land with a slope up to 30%, while oxen
can plough up to 45% slope. Animal traction services therefore are often in
greater demand (in Antioquia at least) especially because farmers do not want
to purchase oxen. 1/ Thus, the role of energy requirements for mechanization
need to be examined in detail, and Agricola could provide significant inputs
in this examination.

Private Institutions

10. Futuro para la Ninez. This is a private organization based in
Medellin. Its distinctive characteristic is its novel approach to rural
development. This is a three-pronged approach:

(i) Entree is gained in the rural household by arousing the family’s
concern regarding the future of their children.

(1ii) Promoting self-reliance: Working on the minds of the farmers,
who may not be intellectuals but have considerable practical
intelligence, to make them realize that they must solve their
own problems.

(iii) Chain reaction effect: Selection of key farmers who have
been ‘converted’ to promote, new innovations in the community
by the "demonstration" effect.

11. This approach has been developed and tested over a period of 10
years and is reported to have met with considerable success in rural communi-
ties. It has also been able to attract many competent Colombian professionals
who work with the organization as volunteers. In the Energy Sector, Futura
is currently testing odcrohydroturbines in various rural communities in con-
junction with Universities of Los Andes and Pontificia. (See also page 8,
Annex 2.) Also, one of Futura’s volunteers, Dr. Alvair, a senior and an
experienced forester, has been active in promoting bio-gas plants in the rural
areas of Antioquia. He has also some sound ideas regarding the use of land
and water resources, solil conservation and fertility, and the location of
farms and hydropower plants.

1/ In Rio Negro area, for example, tractors require 8 to 9 hrs per ha for
ploughing and the cost is 1,500 pesos/hr. Oxen ploughing requires
12 days/ha at the rate of 60 pesos/day. Manual ploughing is 120 mandays/
ha, and the cost is assigned as 70 pesos/day. Cost of oxen is 15,000
pesos/oxen. Normally three oxen are required and these compete for land
used for food crops. The cost of tractor is 600,000 pesos and with
Rotovator, 100,000 pesos. For a fuller discussion on energy require-
ments for mechanization, see Chapter VI of the Colombian Rural Energy
Report.
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12. Rural Reconstruction. This is another private institution of about
12-year standing based in Bogota but with some 16 Rural Centers in various
parts of the country. Its main focus is on conducting education programs for
improving productivity and quality of rural life. It has also been active in
promoting Rural Electrification. A paper was presented by this organization
on Rural Electrification in Colombia in the Third Latin American Rural
Electrification Conference held in Bogota in 1972. 1/

13. Society of Engineers. The Medellin Branch of this society recently
organized a seminar on altermative sources of energy for rural areas. The
Society has been active in organizing a number of seminars and meetings on
various subjects related to engineering and development. The quality of these
seminars, and the capabilities of its members, however, need to be further
investigated to determine the role the Society could play in rural energy
planning and implementation.

Academic Institutions

14. The mission visited three Universities, and held discussions with
their Engineering Departments regarding rural energy matters.

15. University of Los Andes. The Mechanical Engineering Department has
developed solar heaters, microhydroturbines, windmills, etc., for the Las
Gaviotas Project. It is also coordinating with the University of Pontificia
and Futura in developing and testing pelton wheels and generator sets in
Antioquia. These Pelton wheels (cost about 1,600 to 2,000 pesos/kw) have been
developed by using a local lost wax investment casting process. Also, a
simple, inexpensive hydraulic governor has been developed which will allow the
Pelton wheel generator set to be coupled to small motors and electricity can
be used for production purposes. 2/ The department has a number of other
ongoing experiments, including prototype development of water pump and coal
burner. It is also investigating into the possibility of manufacturing small
generators, which are currently imported. Under the guidance of

Prof. Loboguerrero, the Department head, some recent graduates are setting up
small industries for the manufacture of Pelton wheels and other equipment.

The Department also runs course on basic design of equipment for rural areas.
Thus, this University could play a key role in the design and development of
rural energy hardware.

1/ According to Rural Reconstruction, farmers use electricity in the follow-
ing sequence: light, electro-domestic appliances (juicers, radio, televi-
sion, iron), and finally machines for working in the land. Thus, energy
use for domestic needs precedes use for production. ’

2/ Existing microhydroturbines are used for domestic lighting and heating
only, because of the high cost of conventional governor systems.
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l6. University of Pontificia. The Engineering School of this University
has organized 5 ongoing programs, im conjuction with Futura, for the testing
and development of microhydroturbines in rural areas of Antioquia. 1/ The
microhydroturbines consist of Pelton wheels (cost 1,000 pesos) and generators
(imported, cost: about 12,000 pesos).

17. The five programs are located as follows:
(a) Santo Domingo:

3 kw hydro generator for a school and sugar plant.
No electricity line exists in the vicinity.

(b) San Luis:

Electricity line is close by.
The economics of microhydroturbine vs. centralized generation have
to be worked out.

(c) Sopotran:

Electricity line is about 25 km, but would cost the villagers
$0.5 million.
Cost of microhydroturbine has to be determined.

(d) Abejoral:

One house using Las Gaviotas microhydroturbine
(Las Gaviotas turbine is an axial turbine costing about
6,500 pesos.)

(e) Cisnero:

Electrification in 12 houses a 23-kw hydrogenerator (20 years old)
bought by villagers for 20,000 pesos.

These programs provide valuable opportunity for young engineering
students to work in rural areas. The possibility of developing such programs
on a large scale needs to be investigated.

18. Universidad de Minas. The Engineering Department in this university
(4 professors from chemical, electrical, agricultural and sanitary engineering
departments) has started a Center for Envirommental Affairs for work in the

1/ Dr. John Burton of the British Overseas Technical Mission, who is also a
Professor in this University, is playing a key role in these programs
along with his Colombian staff colleagues and students.
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rural areas. The Center has been asked by ICA Infrastructure Division to
participate in ICA’s program in the Oriente region. However, the Center’s
efforts have not yet got off the ground. One reason for this may be the
strained relations between staff and students of this University. The students
were on strike when the mission visited it. The laboratories were in a state
of disrepair.) However, the Center’s plan to set up rural telephones (through
its Electrical Engineering Department) seems promising and should be followed
up. Also the Agricultural Engineering Department seems active (compared to
others). It runs 3 farms, has a well-organized workshop with machines and
repair equipment and works closely with ICA Regional Unit in Medellin, and
thus may have useful contributions in the agricultural mechanization aspects
of rural energy.

Industries
19. Investigation regarding local capabilities to produce diesel generator
and pump sets and refrigerators for use by farmers in rural areas revealed the

following:

(a) Diesel Generators

These are currently imported.
Typical costs and capacities are:

Capacity Col. Pesos
1-3 kwh $ 30,000
2=-5 kwh 60,000
19 kwh 260,000

Foreign manufacturers such as Cummins and Lister have branches in
Colombia and it may be possible to develop local capability to
manufacture diesel generators in Colombia with their collaboration.
This matter needs further investigation.

(b) Refrigerators

The use of small refrigerators could significantly improve the
quality of life of small farmers. 1/ Refrigerators are
manufactured locally, but they are usually large sized
(industrial units) and used mainly by the richer farmers in
rural areas.

1/ Refrigerators could be used, for example, for preserving milk and poultry
produce and meat both for family consumption and sale.
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Some typical sizes and costs of local units are:

HP Capacity Col. Pesos

(m™)
1 4 103,000
1.5 10 134,000
2 15 214,000
2.5 20 263,000

Refrigerator manufacturers contacted expressed interest in
examining the marketability of small units for storing
vegetables, potatoes, etc. Local manufacture of small
refrigerators needs to be further investigated, with them.
Also, possibility of using currently available larger
refrigeration units, for storing potatoes by small farmers,
organized by farmer cooperatives requires investigation.

Conclusions:

l.

2.

The following conclusions emerge from the above discussion:

Government institutions such as SENA, ICA, ICEL, AGRICOLA
have the organizational framework to bring energy resources
and technologies to large masses of the rural population.
Because of their size these institutions seem to often lack
close contact with rural commnities.

Private institutions such as Futura and Rural Reconstruction
have the required confidence of the rural people, but lack
the organizational set up and resources to have large scale
impact.

Academic Institutions, especially Universities of Los Andes
and Pontificia, have the capabitilities to develop new rural
energy equipment that meet the needs of rural communities.
But, they too would have little impact unless large scale
testing, development and production of these equipment is
organized with the involvement of the govermment and local
industries.

Local Industries, though interested in the rural energy
market, will be prepared to undertake the risks of produc-
tion and marketing provided they are assued of Government
support.

Thus local capabilities existing in government institutions,

private organizations, universities and local industries complement each
other, and must be organized by the Government as part of an overall rural
energy program. The specific activities during the next phase of the
exercise, which are expected to result in such a program, are discussed in
the following sections.



ANNEX 3

RECOMMENDATIONS FOR ACTIVITIES IN PHASE 11




ANNEX 3
Page 1

Proposed Activities during Phase II

1. The following activities are proposed for Phase II:

(a) Formation of a permanent Rural Energy Unit. The Unit
should consist of experienced professionals drawn from
government institutions such as ICA, ICEL, private insti-
tutions such as Futura para la Ninez and Rural Recon-
struction and universities, and include Electrical,
Mechanical and Industrial Engineers, Agronomists, Financial
Analysts, and Economists.

(b) The Unit should work under the direction of a Ministerial
committee consisting of the Minister of Energy and Minister
or Senior officials from DNP, DRI, Ministries of Agriculture,
Industry, Commerce, universities, the industries, etc.

(¢c) The Unit should perform the following tasks:

(i) Organize qualitative rural energy surveys in different
regions and ecosystems of the country, similar to the
one conducted by the Rural Energy Group, during Phase I,
in Oriente. These surveys should be conducted under
the unit’s guidance by regional rural energy groups
that include professionals from regional imstitutions
and universities. The groups may be located in and
coordinated by the regional electrificadoras.

(ii) Prepare an integrated rural energy plan for the country,
as part of an overall national energy program. The
integrated rural energy plan should be made up of rural
energy plans for different regions prepared by the
regional groups. The Unit will provide the general
guidelines for planning, which may be based on the
Rural Energy Planning Approach outlined in Section II
of this report. However, the specific methodology for
each regional plan will be developed by regional
groups on the basis of their understanding of the local
rural situation, and with the participation of rural
commnities. In this way, a healthy spirit of regional
competition may be stimulated, and the Unit may provide
appropriate incentives for this purpose. The first
rural energy group should be set up in Antioquia. 1/

The experience of this group should be utilized in setting
up similar groups in the regions,

1/ See Annex 4.
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Organize development and testing of Rural Energy
equipment that utilize various renewable and non-
renewable energy resources, such as microhydroturbines,
solar heaters, windmills, charcoal and wood stoves,
pumps, refrigerators, etc. The Rural Emergy Unit would
coordinate these activities in different regions of the
country, and provide, or arrange, for appropriate
technical and financial assistance. The hardware
development and testing may be organized in conjunction
with the regional planning exercises.

Prepare and implement Rural Energy Pilot Project in
selected areas of one or more regioms. Such pilot
projects are necessary to provide experience for future
full-scale rural energy projects, on the institutional
and infrastructure requirements. These requirements
include, for example: relationship between energy and
rural development programs for irrigation, agro=-industries,
farm mechanization; production, marketing and credit
facilities for energy hardware; extension services for
the installation, operation, maintenance of energy
equipment. The first pilot project may be organized in
Oriente region by the Antioquia rural energy group.

Organize training programs for local professionals for
dif ferent types of rural energy activities, including
planning, design, development and testing of equipment,
rural energy project preparation and implementation,
rural energy extension services, etc. These trained
professionals will be required for the implementation
of pilot projects and later full scale rural energy
projects. Training may be organized in conjunction
with universities, private institutions and industries,
Societies of Engineers, etc. In this context it will
be especially worthwhile to attract local young engineers
and scientists to work in the rural sector, for example,
in setting up employment generating small enterprises

in rural areas for producing and marketing rural

energy conversion equipment. This idea is already
being experimented with by the University of Los Andes
and Pontificia and could be developed further during

the pilot project stage in Phase II.

Prepare a national Rural Energy Program. The details
of the program will be worked out on the basis of the
experience gained in Phase II, but it may consist

of:

(a) rural energy projects in different regions of
Colombia;
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(b) research, development and production facilities
in different regions, for rural energy equipment;

(c) training programs and institutions for regular
training of local professionals and rural
communities in rural energy activities;

(d) regional rural energy units and commnity-based
rural energy field staff;

(e) a central Rural Emnergy Institution which is
located in Bogota and coordinates all rural energy
activities in the country;

(£) a regular Rural Energy Advisory Unit in the
Ministry of Energy with the Minister of Energy as
Chairman.

Phase II is expected to extend for about one-and-a~half to two years.
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COLOMBTA: RURAL ENERGY PLANNING EXERCISE

Organization for Phase II

Ministerial Level Runal Energy
Coordination Group consisting of
Minister of Energy, Ministers or
Senior Officials from DNP, other

ministries, governmental and

private institutions

Rural Energy Unit
consisting of Enginecers,
Agriculturalists, eco-
nomists, etc.

o

M l
Regional Rural Energy Groups consisting of regional universities
local community organizations and private and governmmental insti-

tutions. Taskst! - Rural Energy Planning, Development and test-
ing of hardware.

Integrated Rural Energy Plan

[Aﬁilot Projects in Selected Areas

Preparation of a National Rural
Energy Program
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Formation of Rural Energy Group in Antioquia in Phase II
l. During the Oriente survey, the imstitutional and professional

capabilities in Antioquia region, and specifically in Medellin, the capital
of Antioquia, were studied to determine how these could be utilized in the
subsequent phases of the exercise.

2. It was found that there were a number of institutions and profes-
sionals (see Annex 2) who could make worthwhile contributions to rural emergy
planning and programs, both in Antioquia and in Colombia. But they were now
working individually, with little coordimation with each other or with

the Government. It was therefore recommended that a rural energy group be
formed in Antioquia. Because Antioquia is especially well-endowed with
capable professionals and institutions, this group would also be able to
provide directions and guidelines to similar groups im other regions.

3. Following are some suggestions regarding the objectives and tasks
of the Antioquia group:

Objectives

(a) To prepare a rural energy plan for Oriente region;
similar plans may be prepared later for other regions in
Antioquia.

(b) To conduct a pilot project in Oriente for testing the insti-
tutional and infrastructure requirements for large-scale rural
energy projects.

Composition

The group should consist of a coordination committee and an
executive committee:

(1) The coordination committee, should be chaired by a high-
ranking elected official of Antioquia. Its members should
include senior officials or representatives from: ICA, DRI,
SENA, CAJA AGRARTA, AGRICOLA, CIRCUITO, FUTURA, CHAMBER OF
COMMERCE, INDUSTRY REPRESENTATIVES, University of Pontificia
and Universidad de Minas.

(2) The executive committee should be by the Regional Manager,
ICA, and include professionals from SENA, ICA, FUTURA, staff
and students from the Universities Pontificia and Minas,
and organize the work of the following teams:

(i) Education and Training Team: SENA, FUTURA, ICA.
This team will conduct education programs in rural




(i1)

(1i1)

(iv)

(v)

ANNEX 4
Page 2

communities to teach farmers how they could improve

their lives by utilizing efficient sources of energy

for domestic use and production. It will also conduct
training and demonstration programs for various rural

energy equipment.

Rural Energy Demand Team consisting of FUTURA, ICA,
University of Minas. This team will conduct household
surveys to assess energy projections.

Rural Energy Supply Team:

~ Bio-gas: FUTURA, SENA

~ Microhydroturbines: FUTURA, University of Pontificia

~ Solar, wind: FUTURA, University of Pontificia, CIRCUITO
- Rural electrification: CIRCUITO, University of Pontificia
-~ Fossil fuels: University of Minas

This team will conduct techno-economic assessments of various
energy alternatives and determine feasible options that need
to be examined and tested further.

Rural Infrastructure Team:

- Communication: University of Minas

- Irrigation: ICA, University of Pontificia

- Agro-business: ICA, University of Minas

- Agricultural mechanization: ICA, University of Minas

- Water supply, forestry: FUTURA, ICA

- Transport: SENA, ICA

This team will study the infrastructure requirements of

the rural region and assess energy implications of these
requirements.

Prototype testing team: University of Pontificia,
University of Minas, FUTURA, ICA. This team will

conduct testing of different types of equipment in

selected rural households communities and effect design
modifications on the basis of field trials.
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(vi) Preparation of rural enmergy plan for Oriente. This
will be a joint task of representatives of all teams
and will be directed by the executive committee.

Tasks

The tasks of the group may be divided into two phases:
Phase I:

This will consist of household surveys (Annex 5), assessment of
demand, techno-economic assessment of supply options, testing of
prototypes, determining acceptability of new energy technologies
by rural communities and, finally, preparing a rural emergy plan
for the Oriente region. These tasks.will be conducted by the
teams described above, under the coordination committee.

Phase II:

Organization of a rural energy pilot project in Oriente. The
details of this organization will be determined in Phase I
but should include employment-generating small enterprises
for production and marketing of rural energy equipment in
rural areas.

Both phases are expected to extend for ome-—and-a-half to two
years.

4, The Antioquia Rural Energy Group will coordinate with the Central
Rural Energy Unit located in ICEL, which will arrange for suitable technical
and financial assistance when required.
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ANTIOQUIA RURAL ENERGY GROUP_ORGANIZATION

RURAL ENERGY COORDINATION COMMITTEE FOR
ANTIOQUIA

Consisting of Senior Government
and Private Officials

RURAL ENERGY EXFCUTIVE COMMITTEE

Consisting of Senior
Professionals from Various
Institutions in Antioquia (e.g. ICA,
SENA, DRI, FUTURA, Universities)

RURAL ENERGY TEAMS

| Education Energy Energy’ Supply Rural Rural
~and Demand Alternatives Infrastructure Energy
Training - Asgessment Assessment Equipment
' Development

t:==!z==~_-ass::‘”_—_——‘_—fskr—

PREPARATION OF A RURAL ENERGY PLAN

FOR ORIENTE

Rural Energy
Pilat Project
| in Oriente
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RURAL ENERGY DEMAND AND SUPPLY SURVEYS

Suggested Formats




Conversion Factors for Gross Energy of
Different Fuels to Electricity Equivalent®

-

4

Electricity
Equivalent
Fuel Unit Kilocalories in 1000 KwH
Electricity " 1000 KWH 860,000 1
Dang Cake Tonne 2,092,180 2.438
Other Vegetable Fuels " 2,690,190 3.135
Firewcod "
- Monetized 4,286,560 L.995
- Non Monetized 2,956, 250 3.44S
Bagasse " 4,523,060 5.270
Soft Coke " 5,490,000 6.397
Coal n 5,912,500 6.889
Charcoal " 6,775,670 7.896
Kerosene " ’ 10,978,668 12.793

‘.

#(This data is based on Indian Fuels.

Indigenous data should be used, if available)




Averape Efficiency of Utilizing Various Fuels in Rural Areas *

(In Percent) ‘

‘Dung Cake 1
Vegetable Waste ’ 12
Firewood ’ 15
Soft Cole : . 28
Kerosene _i Ll
, Gas . 60
Electricity 75

*
(Based on experiments ccnducted in Indian Rural Areas,
Indigenous data should be used, if available)

r

¢



No. of persons: Vunber:
cores
Occupation:
T BOeTEy Average Price Average . of
Catagory dciivity Form per Unit Undlts Usad per Doy
(3.g.per_ton or Ibs
Subsistencs Cooking
. * | Heating .
Lighting ‘
Qthoera
Production Irzigation
(Farm) Cultivation
Weeding
Threshing
Harvesting
Qthers
Production Sewing
(lon-Farm) Weaving .
S bk '
Cthers
- {
Remarks:
o’ -




RURAL ENEPOY DEYAND SURVEY

Fumhex:

Corputation Sheet for Fousehold:
. Units | comversion mnerey
Energy . Used into Energzy Ioput Efficdency | Cutput
Category | Activities Form Per Day v in Kid of Use in Kl

Summary: (Totals for one year)
1. Total Energy Consumption (Input) in XWH [ Ee ]

2. Total Inergy Available for Effective Use (Catput) in XWH

3. (a) Proportion of Commercial Energy in &,

(b) Proportion of Nen-Cozmercial Energy in Eg

(%)

. Average Per Capita Energy Used (E,-~ No. of Persorsin Household)

S. Rerarks




RURAL ENERGY DEMAND SURVEY

Cormoutation Sheat
Aggregate for the Region:

1. Population | .
2. MNumber of Households: -

3. Aggregate Anmual Income:

k. Income Per Capita:

S. Average Per Capita Energy Use (Ep,)
Use (Average for All Households).

6. (a) Proportion of Commercial Energy in Ep,
(b) Proportion of Non-Commercial Energy in Ep,

7. Projections for Energy Demand for
(a) Short term (S years)
(b) long term (10 years)

Assumptions:

(2) Assume per capita energy u.se(ETo)and
proportion of cormercial and non-
commercial energy in Epg,on the basis
of data collected during survey.

(b) Assume averall efficiency of commercial
energy use and overall efficiency of
non-cormercial energy. .




7.

——— e o ——

Prgiertions for Rural Ehers;r Damrand (cont_l

Itenm

Perdod I

' (S years)

Period II
(10 years).

10

~ use (Epg)e

Projected rate of population
growth.

Average population during the
period.

Average per capita energy

Total enég iss
( (2) = (3))

Proportion of commercial
energy in F.ro.

Total Commercial energy ( (h) x (5))
used,

Proportion of non-cormercial
energy in Zro,

Total non-commercial energy
used ((L) x (7))

Total Commercial energy consumed
(Total commercial emergy used
(8) divided by overall commercial
energy efficiency) TC e

Total non-cormercial energy
consured.

(Total non-cormercial energy
used ) divided by overall
non-cormercial energy efﬁciency)
Cyp-

8.

Additional projections using (a) different values of Ep, for different

scenarios of rural development.

(b) different values of TC. and TCy
depending cn the ava:.lab:.l.:.ty 09
commercial energy supply to rural areas.

A suitable computer program ray be developed for this purpose.




2.

-3,

Survey to assess indigenous R&D capabilities for utilizing

renewabls and non-renewable energy resources in rural areas

’

Name of the institition:
Brief description of ongoing activities related to energy:

Names pf staff, and their professional and academic qualifications,
involved in these activities:

Details of specific activities, if any, related to altermative
energy resources and rural energy:

Have any prototypes,for activitiss in (L), been developed?
What were the results? What further work is planned?

What are the constraints, if any, in the activities under (L)?

’

Has coordinatim been established between indigenous and foreign
institutions working on similar problems?
What kind of coordination?

-’n

What are the sourcea'of funds and other resources?



2.

3.

h.

5.

i s C e e, - D me

Survey to Assess Production Capabilities fer
Utilizing Renewable and Mon-Renewable Energy
Resources in Rural Areas

Name of the firm:
Brief description of size, turnover and producuts:

Brief account of design capabilities:

(a) Availability of design engineer(s)

(b) Drawing office |
Does it desvelop its own desfgns or procures them from cutside?

Brief account of machine shop and tool rcom facilities:

What type of marketing organization does it have?

Interests in developing erergy-conversion equipment?
What will be its sources of funds?
If the firm is already engaged in developing ,or procducing,

energy conversion equipment, details of their design and
manufacture?
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