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PREFACE

This report was prepared by the International and Remote Applications
Groups of.the Community and Consumer Branch of the Solar Energy
Research Institute (SERI).. It is the second in a planned series of
Developing Country Policy studies designed to provide information,
analytic support, and policy guidance to the International Division of SERI
and to decision makers in the U.S. Department of Energy and other U.S. -
government agencies. The objective of this paper is to provide a new
analytic tool for systematically matching the characteristics of energy
needs in developing country sites with those of available renewable energy
technologies, After the matching process is explained, examples of
matching technologies for four energy end uses are given to illustrate the
process. Recommendations for field-testing and refining this procedure are
developed, as are observations on needed research and development,
technology modification, demonstration, and commercial production for
each of the four illustrative end-use energy needs.
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SUMMARY

OBJECTIVE

This report provides an analytic framework for the identification and development of
renewable energy projects in developing countries. It is directed toward development
planners, -international financial organizations, and foreign assistance agencies who are
interested in the potential rural development of small-scale, decentralized renewable
energy sources as alternatives to fossil fuel and electrical generation.

DISCUSSION

Despite the expanded funding of renewable energy projects by foreign assistance and
developing country organizations, project planning and analysis normally have been
- restricted to either technological field testing or engineering feasibility studies. What
has been needed is a more comprehensive method of identifying and developing
renewable energy projects that will best serve the most urgent rural energy needs.. This
report attempts to provide such a thorough plannmg process.

This process offers to development planners and donor agencies a set of characterization
tools that, when applied to the energy needs in a particular location, will be readily
compatible with information on the output of available energy systems. By collecting
data on the specific characteristics of energy needs and technologies, the project planner
can match energy needs with the most appropriate technology. The matching process is
based on two -fundamental premises: (1) that the choice of an energy technology should
proceed from a careful identification of the final users' basic human needs and their
characteristies; and (2) the mateh between the characteristics of each energy need and
the output of each energy option should be as perfect as possible within the constraints
imposed by cost and maintainability. The concern is not only with the identification of
systems that can provide the required amount of energy, but also with the factors that
determine whether a particular technology will be adopted and supported by the local
user.

The report outlines the five-step matching process, briefly explains what information is
needed to complete each stage, and shows how each phase will help a project planner
choose the best energy technology. To further illustrate the matching process, seven
basic human needs for energy are selected along with seven potential renewable energy
technologies. Twelve criteria are developed to characterize each need as well as each
energy system. Because no individual site or group has been identified, this illustration
of need/technology matching only outhnes the process using characteristics common to
many developing country sites.

CONCLUSIONS

From matching the characteristics of technologies and needs, technology options are
identified along with some observations on additional research and development needed
to increase the quality of the matching between each need and one or more technology
options.

vii
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After illustrating the process, the report summarizes the advantages and difficulties
presented by the needs/technology matching process. Emphasis is on how such a process
can be integrated into existing development programs and how the results of the various
steps can be integrated into the project identification process and into the hardware
adaptation programs of energy research institutions and equipment manufacturers.
Because the matching process is only theoretical and general, the method should be field-
tested and subsequently modified to be usable by local-level development planners.
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SECTION 1.0
INTRODUCTION

In the past six years, the cost and availability of energy supplies have become main fac-
tors in determining the direction and pace of economic and social development in the
non-OPEC nations of the Third World. Spiraling costs of importing fossil fuels and con-
structing the distribution systems for centralized electrical generation, along with in-
creased restrictions placed on nuclear power systems, have led development planners,
international financial organizations, and foreign assistance agencies of industrial nations
to examine the potential of small-scale, decentralized, renewable energy sources for
meeting both immediate and long-range rural energy needs. A recent Solar Energy
Research Institute (SERI) report (Ashworth 1979) found that over $225 million currently
is ecommitted by foreign assistance organizations to the development, installation, field
testing, adaptation, and manufacture of renewable energy systems in developing coun-
tries. In addition, many Third World nations have committed substantial amounts of their
own internal development funds to promote these new indigenous sources of energy (Gall
1978; Ravenholt 1978).

Most of this activity in renewable energy systems has been undertaken on a project-by-
project basis. Project planning and subsequent analysis normally has been restricted to
either field-testing a particular renewable energy system in one or more developing
country or engineering a feasibility study of one proposed system to meet the particular
energy needs of a single site. An overall analytic framework is missing within which such
field testing or specific feasibility studies ean be conducted.

This report is a preliminary effort to provide that analytic context for the identification
and development of specific projects and has four major objectives:

e to provide development planners and donor agencies with characterization tools
that- when applied to the energy needs in a particular location will be readily
compatible with information on the output of available energy systems;

e to provide current renewable energy technology alternatives for meeting a given
rural energy need in a developing world setting;

e to identify basic and applied research, field testing, and adaptation that may be
required to improve the match between certain energy technologies and the
characteristies of a particular rural need for energy; and

e to identify areas where more information must be collected on the characteris-
tics of either energy needs or technologies to facilitate the choice of an ap-
propriate technology.

Specifically, this report provides a process for matching energy needs with available
energy technologies.* The process is built on two fundamental assertions, which are dis-
cussed at greater length in Sec. 2.1:

*Field projects that promote energy conservation through increased efficiency are also
needed. Except for the recommended research and development in biomass combustion
discussed in Sec. 4.0, this report focuses on projects that use new energy sources rather
than those that increase efficiency in fossil and traditional fuel use.

1
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e the choice of an energy technology (or of any technology) must proceed from a
careful identification of the final user's basic energy needs and their characteris-
tics; and

e the match between the characteristics of each energy need and output of each
energy option should be as perfect as possible within the constraints imposed by
the social and physical environment, the cost of the systems, and the ability of
local residents to keep the energy systems in satisfactory operating condition.

Built around the presentation of a process model, this paper does not serve as a compre-
hensive handbook to instruct program managers on what technologies to select for a
particular project. Rather, such selections are the result of the process described here,
with the solution being unique for each location and each energy user. The report pre-
sents potential technology options based on a limited number of important requirements
for each basic need. Before an appropriate match between energy systems and needs can
be made for a specific location, a careful survey of the local energy needs should be per-
formed, the characteristics of these needs determined, and the needs ranked in order of
priority by the villagers or local planning officials.

The concern here is not only with identifying systems that technically can provide the
required amount of energy but also with the social, organizational, and cultural factors
that determine whether a particular technology will be adopted and supported by the
local user. Throughout this paper, emphasis is placed on involving the final village
energy consumer in each step of the matching process. Although initially more costly
and time consuming, such active participation speeds the process of technology intro-
duction and adaptation, as well as facilitates maintenance and training activities. This
method needs to be tested in several Third World locations to determine if (1) all of the
criteria important for need characterization and technology selection have been included
or if (2) certain criteria could be eliminated without affecting the matching process.
Only through such field tests can this process be proven as a general procedure that
would apply to rural development projects in a wide variety of locations. Field testing
also will modify and simplify the approach so it can be easily used by local community
leaders as well as project planners.

Section 2.0 outlines a proposed five-step matching process, explaining briefly what in-
formation is needed to complete each stage and how each phase will help the project
planner in the choice of energy technology. The presentation closes by discussing the
pressures to abbreviate the technology selection process and the problems that may be
generated by neglecting one or more steps.

Section 3.0 illustrates the needs/technology matching process. Seven basic human energy
needs are selected along with seven potential renewable energy technologies. Twelve
criteria are developed that characterize each need as well as each energy system.

The authors drew upon published reports detailing energy demand in rural developing
country settings, energy resource availability, and the performance of specific renewable
energy technologies.* Because no individual site or group of energy users has been iden-
tified, this illustration of need/technology matching only outlines the process in general
terms, using a range of characteristics common to many rural developing country sites.

*For a discussion of available literature, see Appendix B.
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When applied to a particular location, this process ensures the acquisition and interpre-
tation of basic information such as local availability of energy resources (insolation, wind
regime, supply of flowing surface water, ete.), local energy need characteristics, and de-
tailed engineering cost estimates. The data on local energy resources are particularly
important for renewable energy systems, since their output varies according to local
weather and environmental conditions.

Cost information for renewable energy systems has been included mainly to illustrate its
position as a key criterion in the matching process and to indicate the enormous range of
costs possible within a given technology. The cost of delivered energy is determined by a
wide range of conditions including the sizing of the system, the amount of storage in-
cluded, the transformation of energy from one form to another, and the characteristics
of the local energy demand pattern. As energy system manufacturers and development
planners have repeatedly emphasized, the cost of energy output can be determined only
on a site-by-site analysis.

Section 4.0 summarizes the advantages and difficulties presented by the needs/tech-
nology matching process. Emphasis is on how the results of the various steps can be
integrated into the project identification process and the hardware adaptation programs
of energy research institutions and equipment manufacturers.

To illustrate further the actual mechanics of the matching process, the authors
conducted an initial matching of five illustrative basic needs (cooking, crop drying/food
preservation, food processing, refrigeration, and provision of potable water) with those
renewable energy technologies that appear to have a good potential "fit" with each need,
based on the initial screening performed in Step Three of the proposed matching
process. The findings of each matching are presented in Appendix A and are summarized
in the first portion of Sec. 4.0. A set of technology options is identified for each need,
along with some observations on additional research and development needed to increase
the quality of the matching between each need and one or more technology options.

As an aid to researchers, Appendix B includes a review of the recent literature that
touches on either basic needs for energy or the renewable technologies capable of pro-
viding energy to rural Third World villages. Each section closes with a brief analysis of
how these studies have raised many legitimate questions about future energy availability
and the choice of energy technologies for development; but the studies have not provided
satisfactory solutions to these problems.
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SECTION 2.0

A PROCESS FOR MATCHING ENERGY NEEDS
WITH RENEWABLE ENERGY TECHNOLOGIES

This section presents an analytic structure for matching basic human energy needs with
appropriate renewable technologies. A general framework has been developed that ap-
plies to all developing nations and is not oriented to any specific geographical area,
climate, or culture. ‘

The primary concern is with the particular problem of selecting energy technologies for
projects funded by national governments, international organizations, research institutes,
or nonprofit foundations and philanthropic groups. Such organizations and agencies have
a pivotal role in the introduction and development of most energy-producing technologies
in developing countries. This is particularly true for electrical generation and transmis-
sion, but it now is true for fossil fuel exploration and production. The public sector also
has introduced moderately capital-intensive, energy-consuming devices in the agri-
cultural sector such as tube wells and small-scale agricultural process heat systems, al-

-though the importance of this role has varied from country to country.

2.1 CENTRAL ASSUMPTIONS UNDERLYING THE PROCESS

This report concentrates on the decision-making process in governmental and philan-
thropic sectors and considers the social and environmental as well as the economic
benefit of development projects. Two basic assumptions about the proper role for out-
side stimulation of development and technology selection already have been noted; they
are outlined and defended here in detail before proceeding with the step-by-step outline
of the proposed technology selection procedures.

i.l.l Basic Human Needs Approach

A central tenet of the recent development programs of many Third World nations and of
most foreign assistance and multilateral finance organizations is that priority should be
given to projects that directly assist in providing life-sustaining goods and services for
the poorest segments of the population. An international group of development planners
described this orientation as follows:

The basic needs of human beings in any society include food, water, cloth-
ing, shelter, health, sanitation, and education . . . The Basic Human Needs
(BHN) development approach, then, is an equity-oriented effort at pro-

. viding, in a sustainable way, these essentials of life to all people. The im-
poverished members of society, especially in the least developed countries,
are the primary targets of the BHN approach. (Colglazier et al. 1978)

Any projects using the method developed in this paper are assumed to be designed from a
BHN perspective. This underlying assumption has important implications for the report:
the matching process focuses exclusively on meeting the energy requirements of basic
human needs. Infrastructure-creation tasks are considered only if they contribute
directly to the provision of energy for basic life-sustaining goods and services, such as
adequate food, shelter, space heating, clean drinking water, hot water for bathing and
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disinfection, and protection from disease. For example, the development of telecom-
munication or road networks is not considered, although these may be important com-
ponents of an overall national development program, but the provision for irrigation
water and rural sanitation is examined. The focus is on basic rural energy needs because
the majority of the poor in developing countries live in the rural subsistence agricultural
sector that does not have ready access to centrally generated energy sources or fossil
fuels. ' -

An important corollary of the BHN approach is that the choice of technology is governed
by the requirements of fulfilling basic needs rather than just by the desire to create
markets for existing technologies. This approach requires that energy needs be identified
and ranked before the selection process begins and that the project planner avoid select-
ing technologies until the total impact is estimated. Since the BHN approach is directed
toward the poorest segments of the population, the planner needs to analyze who re-
ceives the benefits of the energy system and examine the physical outputs of the energy
technologies.

Although the method in this paper has been designed specifically to assist in the selection -
of renewable energy technologies for basic human needs, the process described in
Sec. 2.2 also could be employed for other types of energy applications in developing
countries. To do so, the criteria (and, in some cases, the definition of the character-
ization criteria) for matching needs and technologies would have to be redefined to suit
the application.

2.1.2 The Necessity of Matching Characteristics of Needs and Technologies

This report is predicated on the desirability of curefully mutching the characteristics of
a range of renewable energy technologies with the site-specific characteristics of each
basic energy need. There are three major reasons for this approach. First, the output of
most small-scale renewable energy systems is inlerinittent and variable. When the
quantity or timing of energy output diverges from the pattern of demand, some form of
mechanical or electrical storage mustl be used. This can adversely affcet the cost, re-
ligbility, and maintenance of a renewable energy system. A careful matching of output
with temporal and spatial requirements can minimize storage.

Second, each need requires particular energy forms: heat, mechanical shaft power,
electricity, or combustible gas. Some tasks can use more than one form; i.e., lighting
can be provided by electrieity, a lquid fuel luntern, or a combustible gas. Others require
a particular energy type, such as low-temperature heat for crop drying. Energy can be
changed from one form to another through conversion, but this increases the total cost,
decreases the overall system- efficiency, and increases the complexity and maintenance
requirements of the renewable energy system. An energy source may include energy
conversion if it assists in the coupling of a technology to an identified need, but this must
be determined on a site-by-site analysis.

The third rationale is that the acceptance and use of a new technology is more rapid in a
rural Third World setting if its introduction causes little disruption in the existing
practices and customs of the villagers. By first investigating & villager's particular
~ energy needs, the matching process can assist the analyst in selecting a technology whose
output fits traditional patterns.
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2.2 STEPS IN THE NEEDS/TECHNOLOGY MATCHING PROCESS

In this section, a five-step matching process is outlined to guide the choice of a renew-
able energy technology for any given basic rural energy need. The process is shown
graphically in Fig. 2-1; a discussion of the components of each phase follows.

The matching process should be viewed as an integral part of the energy project selec-
tion. Since each developing country's government and each development assistance
organization has its own planning process, this report cannot detail how the proposed
matching technique fits into each institution's internal project review techniques.* Some
parts of the matching process, like the social and cultural assessment components,
already may be required in the planning procedures of some institutions. The develop-
ment organizations may want to employ all aspects of the matching process to establish
a thorough planning mechanism for energy projects. Section 4.2 discusses further the in-
corporation of this process into existing institutions.

2.2.1 Step One: Choice of Program Goals

The energy technology selection process must consider a country's development goals and
programmatic objectives. National leaders and planners determine the energy needs of
the country and from these needs determine the long-term goals of the development pro-
gram. Energy is an intermediate good used to provide services and to perform needed
work. In areas where more energy is needed than is currently supplied, the development
of a new energy source may be set as an important programmatic goal. Where new con-
ventional electrical generating capacity or additional fossil fuel resources is expensive,
the goal may be to provide new renewable energy sources or increase the efficiency of
current renewable energy technologies. In the second case, there also may be substantial
private economic incentives to use new energy systems or energy conversion techniques.

Where a renewable energy provision has been identified as a major program objective,
development planners rank energy and other priorities in order of importance. Since
scarce resources such as capital, foreign exchange, skilled labor, management expertise,
or raw materials normally are rationed, this weighting of objectives allows the planner to
allocate the available resources to the most important (often meaning cost-effective)
tasks first. This process determines what resources will bé devoted to the energy proj-
ects. However, it is important to remember that energy is an intermediate good, not an
end unto itself. For each energy project, the planner must keep in mind one central
question: to what end am I introducing one or more energy technologies? Without such
objectives it is impossible to evaluate the success of a technology introduction. In the
final analysis, the important question is not how did the system perform, but how close
did it bring the user to the initial development goals.

Identifying project goals also marks the beginning of consultations with the final con-
sumers, the local villagers. The consultation process varies, depending on the social and
political structure of the local community, but should be an integral part of the choosing
and ranking of project goals.

*For an excellent recent example of the integration of a rural energy survey and a

renewable energy technology/basic needs matching process, see Burrill, Forman, and
Gomez (1980).
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Figure 2-1. NEEDS/TECHNOLOGY MATCHING PROCESS
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2.2.2 Step Two: Identification of Energy Needs

Having defined the development goals, the next task for the planner is to determine
which needs are of prime importance to the villagers and what particular activities re-
quire energy. Again, consultation with the villagers is essential to prevent the imposition
of outside biases. Too often project planners autonomously decide what is needed; e.g.,
street lights, gas for cooking, an educational television receiver. Because much or all of
the capital cost for the renewable energy systems is provided initially by governmental
agencies or other funding sources, the villagers are likely to accept what is offered.
However, if they do not have a substantial role in selecting what needs will be met first,
the villagers are not likely to actively support the technology introduction process, assist
in any necessary modifications, or maintain the system once it is installed.* Broad-based
participation also ensures that the benefits provided by the energy technology are not
appropriated by a small number of villagers based on their monopolization of one or more
factors: land, capital, elected or traditional authority, education, ete.

A brief analysis of the fundamental characteristics of energy needs—how much, when it
is required, where it must be delivered, and in what form—also should begin at this point
to facilitate the initial screening of technology options. A much more detailed assess-
ment of characteristics of energy needs is undertaken in Step Four.

2.2.3 Step Three: The Preliminary Screening of Technologies

At this point, the development planner or project manager begins to use the available
technical support. Having defined and ranked the energy needs that should be satisfied,
the planner and the technical support unit can begin to narrow the range of renewable
technologies capable of producing the required energy.

For this preliminary screening the planner can use analytic tools the authors call diserim-
ination criteria. These criteria characterize energy needs and technologies that are
relatively insensitive to site-specific variations or social and cultural patterns. Once the
characteristics of the energy need are defined using these criteria, energy technologies
can be examined using those same criteria and preliminary matches can be identified.
The major advantage is that diserimination criteria can eliminate inappropriate technol-
ogies before extensive site-specific data have been collected. The three major criteria
for each need are:

e type of energy output required,
e temperature of energy required, and

e spatial distribution required.

Each criteria imposes a different screen on the full list of technology options. The first
criterion selects those technologies that provide the required energy form to meet the
need without energy transformation. The second criterion identifies energy systems that
produce a sufficient level of thermal or kinetic energy to perform the task required. For
example, an absorption refrigeration system and a pottery firing kiln require
temperatures of 100°-130° C and 250°-500° C, respectively. Both are beyond the normal

*Substantial project data suggests that local financial parficipation in the building or
purchase of a system may be crucial to later maintenance and adaptation.



performance range of flat-plate collectors, and the higher temperature range is beyond
all but a small number of technologies including biogas generators, direct biomass com-
bustion, concentrating ecollectors, and, possibly, resistance electrical heating from a
large-scale generator. The third criterion, spatial distribution, addresses the problem of
providing the energy where it is required. If energy must be delivered to several sites,
the technology options are reduced rapidly to those sources whose output can be moved
efficiently from a central location--such as electricity, combustible liquids and solids,
and, to a lesser extent, combustible gases—or that can be located at each site.

By using these criteria, the planner and energy advisor can reduce the technology options
for each identified need. The criterion for the energy type is particularly useful in
identifying technologies that do not require energy transformation. The spatial distri-
bution criterion helps ensure that technologies are selected that most easily and ef-
ficiently serve the required locations. . An ideal technological option includes all three
need characteristics. Most feasible cholces readily matech the need on two of the three
criteria. :

Once certain technologies favorably match a need, then only these technologies need to
be evaluated on the other, more site-specific criteria. Consequently, the use of the dis-
crimination criteria allows a planner early elimination of certain technological options,
thereby reducing the time and resources required to assess each site,

Of course, the matching problems posed by the diserimination criteria can be overcome
by using energy-transforming and power-conditioning equipment. Mechanical wind
power, which is not easily distributed over great distances, conceivably can be used for
dispersed cooking sites by converting the power to electricity and letting it power
electric-resistance hotplates or stoves. This option is doubtful, given the efficiency
losses and cost of such a system, but the final screening is determined in Steps Four and
Five of the matching process.

2.2.4 Step Four: Matching Technologies with the Needs and Resource Base of Each Site

This step is the heart of the matching process. It provides the data on energy needs and
technologies that determine their compatibility in a particular location. Here, most re-
sources for the project assessment, both in terms of funds and personnel, is expended.
Planners and technologists together with a counterpart group of villagers inventory what
local renewable resources (i.e., sunshine, wind, water flow, etc.) are available to power
the technologies still under consideration. The energy resource base is evaluated on the
basis of the following three general criteria:

e physical availability—size of the resource base and current demands upon the re-
source;

e variability—changes in the resource on a daily, weekly, seasonal, and annual
basis; size of swings as a percentage of average resource availability; and

e constraints on use—ownership of the resource, historical, cultural, or economic
restrictions on use; conflicting or multiple claims on the same resource.

A more detailed list of site-specific criteria describing the energy resource and need is
given in Sec. 3.3. . '
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Acquiring accurate resource-availability information covering an entire year can be a
formidable task, particularly for renewable energy systems whose sizing is highly depen-
dent on the amount of local resource, such as wind energy conversion systems and small-
scale hydroelectric generators. At this stage, preliminary observations can be made and
simple measuring instruments installed for villagers to monitor. Readings collected over
several months or longer greatly assist in the final design of the selected technologies
and in the sizing of any storage and energy conversion devices.

While the resource assessment is being conducted, other members of the project team
can detail the characteristics of each of the local energy needs. The information col-
lected provides descriptions of all three discrimination criteria and other pertinent cri-
teria. The criteria used to describe the energy needs are virtually identical to those used
to characterize the output of the technologies, so that needs and energy systems easily
can be compared and matched. The focus of the data collection is the current pattern of
energy use: what quantities of fossil and renewable fuels are needed and what human and
animal energy is consumed, in what form, at what time, and for what purposes. In a
small rural community, this information can be gathered rapidly by various survey
methods, community discussions, or a combination of the two.*

The information collected in this phase of the project should be useful not only for the
selection of technolog'ies for an individual project but also for the later evaluation of the
social and economic changes produced by the introduction of the new energy systems.
Such information should be collected uniformly so that the results are comparable from
project to project. There has been a great deal of research in the United States on de-
veloping a common procedure for conducting surveys of rural energy needs and resource
availability. An effort is being directed toward creating of a survey instrument that is
broadly applicable and site specific.**

With information on the local resource base and the characteristies of the local energy
needs, the project manager and energy technologist can use an organized matching pro-
cess to select the energy system or group of systems that most closely matches the
needs. At the same time, the project team can identify the research and development
work, field-testing, or technology adaptation that will improve the match between the
needs and the candidate technologies. Where possible, this adaptation can begin while
the final detailed plans for the implementation of the project are being completed. This
minimizes delays in delivering the energy technology to the villagers. Incentives that
will make adoption of the energy system more attractive to users could also be con-
sidered at this stage. Preliminary in-country training programs for the installation and
maintenance of the renewable energy systems also can begin at this time so that the in-
frastructure will be in place by the time the systems are completed or purchased.

 *Based on work in Swaziland, Thomas Graham (1979) found that house-to- house surveys
were often inappropriate and misleading due to cultural strictures.

**For a good example of an approach to rural energy surveys,.see Donovan, Hamester, and
- Rattien (1979). The U.S. National Academy of Sciences, in conjunction with the U.S.
Agency for International Development, conducted a workshop in January 1980 that
discussed energy survey methods in the rural, urban, industrial, and transportation
ecetore.
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2.2.5 Step Five: Technology Choice and Installation

With the detailed local data, the planner now can specify the renewable energy systems.
This inecludes sizing each system, calculating the storage required (if any) to reliably
meet the energy needs, coupling the new energy system to existing power sources, and
providing energy conversion where needed. For locally designed and fabricated
systems, detailed designs incorporating readily available materials have to be developed
and tested.

. Once the detailed specifications of the systems have been completed, traditional analytic
tools for assessing preproject feasibility, such as soecial benefit/cost analysis, ean be
employed. Major problems will arise in quantifying certain factors, particularly benefits,
because of the lack of information (the value of the traditional fuels displaced) and
site-specific data (the energy output of an installed system in a particular location).
Nonetheless, even rough estimates of the cost/benefit ratio will assist not only in the
final selection but also in comparing these systems with fossil-fueled and traditionally
powered systems. The emphasis in this phase is on minimizing costs and maximizing ef-
ficiency within the constraints imposed by the energy needs and other national develop-
ment priorities; e.g., expanding rural employment to slow rural-urban migration. This
might favor those systems that can be assembled on-site using labor intensive techniques.

This last stage in the technology selection process corresponds to two prefunding steps—
the benefit/cost analysis and the engineering feasibility study—that are performed
routinely for most major development projects today. It produces the detailed specifi-
cations for construction, system procurement, and project management. This phase also
identifies additional research and development needed to lower the cost of renewable
energy systems and still match the characteristics of the needs. For example, low-cost
manual tracking mechanisms.for concentrating collectors or solar cookers can replace
automated tracking subsystems. Field demonstrations of these proposed cost-reducing
modifications may be required to determine if they are durable, reliable, and locally ac-
ceptable.

2.3 ABBREVIATING THE TECHNOLOGY SELECTION PROCESS

The needs/technology matching process just described provides a wealth of information
to the development planner and renewable energy researcher. Tailoring the technologies
to site-specific energy needs should ensure that the energy provided is useful and
welcome. Involving the local villagers in each step of the matching process helps
identify and solve social, cultural, and religious obstacles to the technology diffusion
proccss: :

The collection and analysis of performance and baseline data is important for the
sponsoring development agency or donor organization, particularly when the organization
introducing the technology is relatively unfamiliar with it. Data are required to evaluate
the system's success in advancing the development objective. Without information on
preexisting energy consumption patterns, it is difficult to determine the impact of this
particular technology on the lives of the energy users. The information on the resource -
base also is important for evaluating the technical efficiency of the particular design and
for sizing systems for particular end uses.

Each step expends time and resources. The steps also may introduce activities or con-

cepts that are unfamiliar to the sponsoring organizations: rural needs characterizations,
time-series data on village energy resource availability, user-defined needs, and locally

12
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designed and constructed energy systems. The combination of cost and demands on staff
may lead the project designer to eliminate one or more steps in the process.

The most radical form of truncating the matching process is to send a team of outside
consultants to a site to examine the feasibility of installing one or more predetermined,
commercially available systems without assessing the needs of the area beforehand.*
Such a compression of the process may produce serious problems for the project
manager. The adoption of the technology is influenced heavily by how well it serves the
villagers' needs and how quickly it is adapted to the particular site requirements. The
neglect of these factors in the past, along with unanticipated maintenance requirements,
has led to abandoning many such systems installed in remote areas. A complete technol-
ogy selection process would help minimize the possibility of such abandonment. A
complete analysis may prove impractical, either because of a time restriction or because
of the small size of the project. However, for larger projects with normal planning
horizons, a major data acquisition and evaluation effort is both feasible and cost-
effective. The additional expense and time required to conduct Steps One through Four
may be recovered by reducing the information gathering required in Step Five. Early
acquisition of this information also eliminates the possibility of returning and assembling
it after the fact. :

*Photovoltaic arrays, wind energy conversion systems, and other decentralized electric
technologies are the most common prepackaged energy systems.
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SECTION 3.0

A GENERAL ILLUSTRATION OF THE MATCHING PROCESS

The needs/technology matching process has been designed for use in a specifie location.
To illustrate how the process actually works, an initial matching analysis is presented
based on the general characteristics of fundamental needs that are applicable to most
developing regions. This initial match does not identify which technologies are best
suited to a given task in any one developing country site, but is useful to a developing
country and foreign assistance officials for the following reasons:

it illustrates the method for site-specific matching;

it indicates the types of information that must be collected to fit needs and
technologies for a certain location;

e it shows which technologies may be potentially useful in providing energy for
certain basic needs; and

e it indicates where further research is needed on
- the performance and energy use of basic need tasks, and

- the applications of renewable energy technologies on rural, developing vil-
lages where low-cost and small-scale technologies are required.

The initial matching process employs general characteristies of needs and technologies
that are not descriptive of any particular region. By examining research on how basic
human needs are met in diverse locations, it is possible to identify certain common char-
acteristics that describe the seasonal, temporal, and energy requirements for basie
needs. The cultural factors are not generalizable and, because of their importance, must
be studied for each location. In the initial matching process the general basic need char-
acteristics are compared and matched with the characteristics (i.e., form of energy out-
put, temperature, spatial distribution) of the technologies that are not dependent on cli-
mate conditions. When initial matches between the need and technology characteristies
are found, the technology is noted as a potentially good source for meeting the basic
need. This is contingent on cultural and climate factors as well as the availability of the
renewable energy resource required to power the technology.

Portions of the procedure have proven difficult to execute in such a general case. This is
particularly true of factors that are highly dependent on the local climate, seasonal vari-
ability, time of day, ete. In these cases, a range of possible conditions is presented.
Storage was found to be such an important factor, because of its impact on the ability of
a technology to perform certain tasks and on total system cost, that it has been included
as a separate option for each technology.

Cost has proven to be a particularly difficult problem because of the technological
options included within each category, which range from simple field-assembled systems
to manufactured products. The focus is on manufactured systems for two reasons: their
costs are known and they form the upper limit of expenditure to meet a given need. This
does not imply that they are necessarily more (or less) appropriate; that depends on the
local circumstances and requirements for energy. Wherever possible, the cost figures for
village-built systems are given for comparison.
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3.1 IDENTIFICATION OF BASIC NEEDS FOR ENERGY

To illustrate the matching of basic needs/technologies, research has been assembled on
two topics: the characteristics of basic needs and the properties of a number of re-
newable energy technologies. Literature on basic human needs, their definition, and
their importance for development has been reviewed. From this review and discussions
with development planners and foreign assistance officials, a list of seven basic needs has
been chosen for analysis. These needs are universally essential for human and animal
subsistence, health and sanitation, and agricultural and village industrial production.
They are listed in Table 3-1. Of course, there are a great number of other needs that
could be added to this group depending on individual site requirements, such as power for
small-scale village industries and fertilizer production.

Table 3-1. BASIC NEEDS FOR ENERGY

Type of Activity Identified Need
Food Preparation Cooking'
‘ Drying

Processing

Health Maintenance Provision of potable water
Space heating
Refrigeration

Agricultural & Village Irrigation

Industirial Production

Specific research has been done on how each basic need is performed, drawing upon liter-
ature that describes the economie, social, historical, cultural, and religious aspects of
basic need fulfillment in particular developing countries and villages. Information has.
been collected on the set of characteristics for each basic need that best describes the
conditions under which the basic need is fulfilled.

3.2 RENEWABLE ENERGY TECHNOLOGY ALTERNATIVES

A list of small-scale renewable technologies available to meet one or more of these
needs has been compiled. Although meant to be comprehensive, this listing does not in-
clude experimental systems, such as metal hydride/flat-plate collector combinations, be-
cause a successful working model has not yet been constructed. The seven technologies
selected are listed in Table 3-2, along with the type of energy that normally is produced
without power transforming equipment.
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AND THEIR OUTPUT
Available Energy Technology Type of Energy Produced
Flat-plate solar collector Heat (hot water or air)
Concentrating solar collectors Heat (hot liquids or steam)
Biogas generator Combustible gas
Wind energy system Electricity, shaft power
Small-scale hydroelectric/ Electricity, shaft power
hydrokinetic generator
Photovoltaic cells Electriecity
Direct biomass combustion Heat or process gas

This is not an exhaustive list of the technologies or the possible forms in which output
~can be generated. Fuel-cell systems as well as energy devices using wave and tidal
power have been proposed by some researchers for remote locations. Wind-mills have
been constructed to produce heat directly without mechanical power. Concentrating
photovoltaic cells can generate considerable supplies of useful heat as the by-product of
their electrical generation. The seven technologies examined are the major alternatives
available today to individuals or organizations seeking to install decentralized renewable
energy systems in remote sites.

3.3 DEVELOPMENT OF CHARACTERIZATION CRITERIA

Twelve characteristics were developed that describe each basic need based on the
physical and temporal requirements for meeting the need, the amounts and kinds of
energy that have been and could be used, the traditional social and cultural context of
meeting the need, and the cost restraints for fulfilling the need in a new manner. This
set of descriptive characteristics, which is referred to as characterization criteria in this
report, provides the context for describing the essential conditions for satisfying each
basic need. The characterization criteria are restricted to those that are also appropri-
ate for describing the renewable energy technologies, their essential properties, appli-
cations, and climatic and economic requirements. As explained in Seec. 2.2.3, three
criteria have been selected as discrimination criteria, since they are less site-specific
than the other characterization criteria. The remaining nine matching factors are
divided into three categories: temporal and climatic criteria, social/cultural/environ-
mental criteria, and cost considerations. Table 3-3 lists the twelve criteria, explains how
the characteristics apply to basic needs and energy, and gives the unit of measure for
each characteristic.*

*A somewhat different approach is taken by researchers of the East-West Center, who

have developed criteria for comparing and evaluating alternative energy systems and
classifying these ecriteria into four major categories: energy quality and quantity,
temporality of tasks and technologies, spatial relationships between energy-consuming
technologies and the energy-producing technology and energy resources, and versatility
of energy technologies. See Smith, Santerre, and Schlegel (1980) for details of these
criteria and for a presentation of the variation on this analysis.
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It must be emphasized that these criteria are highly site-specific. This is true not only
for each characteristic, since daily energy use will vary from village to village, but also
for the relative importance of each criterion. In some locations, the time of day may
override all other considerations for certain tasks (cooking, for example), while in other
places the key consideration may be the spatial distribution (communal cooking versus
individual home units). Such priorities can be determined only by direct consultation
with the energy consumers. Nonetheless, the overall criteria includes all the char-
acteristies reported by field researchers that affect the success of the introduction of a
new technology into a rural village setting.
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Table 3-3. CHARACTERIZATION CRITERIA

Criteria

Basic Needs

Renewable Energy
Technologies

Unit of Measure

Type of output

Temperature of
output

Spatial dispersion

Seasonality

Time of day

Duration

Sensitivity to
interruption

I. Diserimination Criteria

Form of energy that can
satisfy demand

Level of heat to perform
required work

The number of locations per

village needed for the
performance of the basic
need task

Form of energy produced

Range of temperature of
energy system output

Capability to distribute the
energy output produced by
the technology

II. Site-Specific Temporal & Climatic Criteria

Time of year when the energy

demand occurs

Time of day when energy is

required to perform the
basic need task

Duration of time per day
required to perform the
basie need task

Length of time the perfor-
mance of the task can be
halted

Time of year when the
resource produces useful
energy output

Time of day when the useful
energy is produced

Duration of time the tech-
nology provides useful
energy during the day

Variability of output of the
energy source

Not applicable

°C

Number of sites per
village required

Growing season, non-
growing season, or
all year long

Morning, daytime,
night, or 24-hour day

Number of hours per day

Can be inter- Variable
rupted or or not
cannot be variable
interrupted
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Table 3-3. CHARACTERIZATION CRITERIA (ccncludad)

Criteria

Basic Needs

Renewable Energy
Technologies

Unit of Measure

Usage by type of
person

Historical, social,
& religious
influences

Traditional energy
sources used

Environmental and

ecological faetors

Cost

Ill. Site-Specific Social/Cultural/Environmental Criteria

Persons participating in
the basie need task
affected by changing the
energy source

Historical, social, and
religious requirements/
customs that affect how
basic needs are met

Sources of energy used to
satisfy village require-
ments

Climatie and resource
conditions that limit
local ability to satisfy
needs or that alter
relative importance of
basic human needs

Persons likely to be involved

~in operating the renew-
able energy technologies
and their various skills

Traditional patterns that
could create resistance to
the use of the energy
technology and energy use

Traditional use of renewable
energy sources

Traditional technologies
used to protect renewable
energy sources

Factors that influence
energy system performance,
durability, maintenance
requirements, etec.; also
factors that are affected
by the installation of an.
energy system or the
reallocation of resources

IV. Cost Considerations

The cost limits for new

energy technologies (given

the monetary, labor, and

social costs of traditional

and conventional energy
used for basic need

requirements and the firan—
cial resources available to

the village)

Costs of the technology's
local application

By sex, age, and
class

Description of the
historical, social,
& religious customs
that affect basic needs

Units eonsumed per capita
or per task (kilograms
of firewood, charcoal,
dungs, ete.)

Q_ualitative descriptions

Costs given in dollars
(and/or person days) per
unit of work or per unit
of output; social cost
qualitatively described
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SECTION 4.0

OBSERVATIONS, RECOMMENDATIONS, AND CONCLUSIONS

4.1 RESULTS OF THE ILLUSTRATIVE MATCHING PROCESS

In this section the outcome of the matching process is presented in capsule form. The
complete matrix of technology characteristics versus need characteristics is contained in
Appendix A for four sample needs: cooking, crop drying, food processing, and refrig--
eration. :

This section also offers summary conclusions on the results of the matching process for
each of these basic needs, as well as for the provision of potable water. For each need,
an outline is provided for the key characterization criteria, the best technology match
for the need, alternative technologies, and the problems with these alternative energy
sources. In addition, site-specific social, cultural, and environmental considerations are
noted. Preliminary indications of needed basic R&D, demonstrations, and required tech-
nology modifications are given at the end. Section 4.2 offers general observations on the
usefulness of the matching process to development planners and program managers, and
Sec. 4.3 provides recommendations on the next steps required to refine and apply the
‘matching process specified in this report.

Many of the needs/technology combinations that emerge from the matching process are
time-tested and traditional: biomass combustion for cooking, windmills for water pump-
ing, flat-plate collectors for crop-drying, ete. Acknowledging these matches does not
necessarily aid the development planner or project designer. However, note that these
technologies have been employed in the past and are heing used today precisely because
their output characteristics, reliability, and cost are close enough to the pattern of need
to satisfy the end-user. It also demonstrates that certain new technologies have the
potential to displace energy systems whose use has undesirable side effects, such as de-
forestation caused by overcutting vegetation for firewood in arid or mountainous areas.
Problems with several of the potential technologies are indicated for each need and one
or two areas are singled out for increased research, development, demonstration, and
commercial production.

COOKING

Results of the Matching Process

Key Characterization Criteria. Temperature of output, time of day of output, and all
sociocultural criteria.

Best Matches with Need. Biomass combustion and biogas generation.

Other Possible Matches. Wind (electric) and small-scale hydroelectric generation and
direct concentrating collectors (solar cookers).

Advantages of Best Match Technologies. Biogas and biomass energy systems do not de-
pend directly on climate variations, but they do require a supply of organic material,
animal wastes, or agricultural residues. These materials can he stored, eliminating the
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need to store output energy. Biomass combustion is the most acceptable and convenient
technology, providing that sufficient supplies of fuel can be obtained easily and without
environmental damage. The exception is the combustion of dung and crop residues, since
it destroys the nutrient value of these wastes and lowers soil fertility. In areas where
there is widespread reliance on dung and residue combustion, biogas production is pref-
erable despite its greater complexity and capital costs. An indirect answer to shortages
of combustible forest products may be to introduce more efficient energy devices, such
as Lorena stoves, or the acceleration of biomass production through special plantations.

Problems with Other Possible Energy Soureces.

e Solar Cookers——Can only cook during daylight hours and outdoors in intense sun-
light; must adjust cooker every few minutes to track sun; moderate to high
capital cost; cannot use for many traditional foods. .

o FElectric Technologies—Extremely high cost per unit of delivered energy due to
conversion inefficiencies, losses during transmission, and losses from resistance
heating systems; also, high cost and maintenance of storage required when there
is insufficient power for cooking (i.e., cloudy days and evenings).

Site-Specifie Soeial/Cultural/ Environmental Considerations

Soeial and Cultural. Cooking is one of the most culture-bound human activities. Food
preparation, serving time and place, food flavor, and cooking participants often are es-
tablished by long tradition and, therefore, are resistant to change. Social and religious
customs may dictate all of the characteristics of the energy demand and may eliminate
certain technology options even if the energy output is a good mateh for the pattern of
demand.

Environmental. Rising populations and accelerated use of firewood have been major
factors contributing to deforestation in certain areas of the developing world. This is a
major concern in semi-arid and arid areas and in mountainous regions where desert-
ification, massive erosion, and siltation of major watersheds are occurring.

R&D, Demonstration, and Technology Modifications Needed

Basiec R&D. Solar cookers that can be controlled from indoors or that efficiently move
heat to a covered (and socially acceptable) location; accelerated development of small,
efficient, low-cost, low-maintenance batteries.

Demonstrations. Iligh-efficiency wood stoves; electric resistance cuuking units.

Technology Modifications. Use of new materials to lower the cost and maintenance of
family-sized biogas generators. Also biogas system modifications to allow optimal oper-
ation in colder climates. ’
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CROP DRYING/FOOD PRESERVATION
Results of the Matehing Process

Key Characterization Criteria. Form of energy, temperature of output, duration of out-
put.

Best Matches with Need. Flat-plate collectors and biomass direct combustion.

Other Possible Matches. Biogas generators and the solar electric technologies (photo-
voltaics, wind, and small-scale hydroelectric generation) with storage and resistance
electric heating systems.

Advantages of Best Match Technologies. Flat-plate collectors and biomass combustion
directly produce low to moderate temperature hot air without any energy transformation
or storage devices. Both require small amounts of capital and are simple to maintain and
operate. They are similar to traditional drying techniques so do not experience cultural
acceptance problems. They are superior, however, to traditional open-air methods be-
cause their drying speed and enclosed structure lowers spoilage and decreases insect in-
festation. Also, they can be used in either dispersed or centralized drying operations.

Problems with Other Possible Energy Sources for Cooking.

e Biogas Generators—The capital cost of biogas generators plus the need to stock-
pile feedstock before and during the harvest pose some problems. The cost might
be remedied by using the biogas output for other needs during the nonharvest
periods. The feedstock problem might be lessened by developing systems that
can use multiple inputs or do not rely only on agricultural residues.

e Solar Electric Technologies—The high capital cost combines -with conversion
losses through the use of resistance electricity. Some storage would probably be
desirable but not mandatory.

Site-Specific Social/Cultural/Environmental Considerations

Social and Cultural. The method of drying may affect the taste of the food. Sun-drying
and wood-smoking produce very different tastes and this may influence consumer ac-
ceptance. Drying food with gas derived from dung may not be acceptable to certain
cultures. Traditional spatial distribution of crop drying is also important. Large batch
dryers may be compatible with communal work traditions but unacceptable to farmers
accustomed to sun-drying on the family plot. The construction of large central dryers
may have profound implications for income distribution if they are owned and operated
by wealthy village grain dealers and landlords.

Environmental. Flat-plate collectors and biogas generators are better choices in areas
where biomass fuels are scarce and open fires are used for crop-drying. Efficient wood-
burning or crop residue-burning dryers would also help. For locations with little direct -
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sunlight or heavy rains after the harvests, enclosed dryers with biogas or biomass heat
sources have advantages over solar cabinet dryers or solar electric technologies.

R&D, Demonstration, and Technology Modifications Needed

Basic R&D. Use of waste heat generated by certain technologies to dry crops during
harvest season (large or concentrating PV arrays and biomass combustion for electric
power).

Demonstration. Use of solar electric technologies, originally installed for other reasons,
. to dry crops during harvest season.

Technology Modification. Linkage of biogas generator/blomass combustion device with
flat-plate collector to allow erop drying during periods of intermittent rain.

FOOD PROCESSING (Crop grinding, ete.)
Results of the Matehing Process

Key Characterization Criteria. Form of energy, seasonality of output, spatial distri-
bution, and sociocultural considerations.

Best Matches with Need. Hydro-mechanical power generation (with water storage), wind
turbines (mechanical), and biogas generators with modified internal combustion engines.

Other Possible Matches. Photovoltaic systems and concentrating collectors with Rankine
cycle or Stirling cycle engines.

Advantages of Best Match Technologies. All three technologies can provide high torque,
low-to-medium rpm shaft power for traditional processing techniques (stone grinding,
seed crushing, shelling, etc.) without the need for power conditional equipment. Also,
these energy sources easily can be adapted to power higher rpm modern hammer or burr
mills. Biogas generators and hydromechanical systems can provide shaft power on de-
mand, providing there is a sufficient resource base and adequate storage. All three tech-
nologies are ideally suited for centralized, village, or neighborhood processing centers
however, they are not necessarily appropriate for powering individual household mills
since the energy produced must be distributed to many sites. Because the time of day
that processing can be performed is normally flexible, dally fluctuations in the resource
base (especially wind energy converters) are not a major concern providing there is
enough power to process the crop prior to damage from moisture, insects, etec.

Problems with Other Energy Sourees for Food Processing.

e Photovoltaic Systems—The extreme high cost per unit of output is only partially
offset by the ability to size the PV array exactly to the demand of the food pro-
cessing equipment. This high cost is due, in part, to the inefficiency of using
electricity to produce shaft power; energy transformation would be logical only
if the power had to be transmitted either from a remote producing site or to a
number of end-use locations (i.e., household grinding mills).
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e Concentrating Collectors--Current systems are inefficient, due to the need to
transform heat energy to mechanical shaft power or electricity. Also, there is a
need for complex tracking mechanisms to optimize performance and for frequent
maintenance on the tracking mechanism and the system components that trans-
form the heat to mechanical power.

Site-Speeific Social/Cultural/Environmental Considerations

Social and Cultural. The preparation and processing of food is subject to many of the
cultural and social restrictions that affect cooking. Social customs may be particularly
important in determining the spatial distribution of food processing, dictating either a
central location (normally a village mill) or in each household. The method of food pro-
cessing also may be determined by tradition or religious restrictions and practices.
Moreover, the processing method affects the texture, cooking characteristies, and flavor
of the final product. For example, fine flour produced by high-speed grinding tastes and
bakes differently than coarse flour created by mortar and pestal hand crushing. Finally,
mechanized grinding may have a profound impact on the allocation of work and free time
within a community. Hand grinding and crushing are very labor-intensive and often are
performed by women. Mechanization may lead to a transfer of this work to village men
or to a professional miller.

R&D, Demonstration, and Technology Modifications Needed

Basic R&D. Low-maintenance, low-cost, nontracking concentrating collectors coupled
with efficient engines to produce shaft power from heated gases or liquids; internal or
external combustions designed to operate efficiently on biogas (50%-60% methane). -

Demonstrations. Small household grinding units coupled with individual PV arrays or with
power distributed from central PV or hydroelectric generators.

Technology Modifications. Development of modular, portable food processing units that
can couple with a range of power mputs ranging from hydromechanical shaft power to
human and animal power. .

REFRIGERATION
Results of the Matching Process

Key Characterization Criteria. Temporal considerations (especmlly 24-hour reliability)
and climatic conditions. '

Best Matches with Need. Small-scale hydroelectric generation, biogas generators, and
biomass combustion.

Other Possible Matches. Wind turbine (electric) and photovoltaics, both with battery
storage, and concentrating collectors with storage, either heat exchanger fluid or
electricity.
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Advantage of Best Match Technologies. Refrigeration demands a constant energy source
on a daily and seasonal basis. A technology must have either a constant output to fuel
the refrigeration unit or sufficient storage to compensate for periods of inadequate or
nonexistent output. Small-scale hydroelectric generators can meet these criteria in
many locations with moderate impoundment of water, and will provide electricity for
existing DC or AC refrigeration units. Biomass combustion units producing either heat
or electricity have similar reliability although they require constant feeding and some
storage during periods of maintenance and repair. Biogas generators produce a gas that
can be used to power existing refrigeration units; however, there is a normal daily fluc-
tuation in the output. Small amounts of the gas can be stored to smooth out these ir-
regularities. All these systems meet the criteria of producing sufficient heat to power
an absorption chiller.

Problems with Other Possible Energy Sources for Refrigeration. With the exception of
small-scale hydroelectric power, all the solar electric technologies suffer from the cost
of storage to guarantee 24 h/day reliability. This problem may be manageable with wind
energy conversion systems in locations with highly regular wind regimes. Often, how-
ever, seasonal variations make storage necessary for wind systems even in ideal sites.
Photovoltaic and solar thermal systems require substantial storage because of the flue-
tuations in system output within each daily eycle and on a seasonal basis.

Site-Speeific Social/Cultural/Environmental Considerations

Social and Cultural. Cold storage or freezing of foodstuffs may be a new concept for vil-
lagers without previous access to refrigeration. Traditional ways of preserving foods
(particularly meats and fish) may be preferred because of flavor or texture. The need to
constantly fuel an energy system (particularly biogas and biomass ecombustion systems)
may conflict with restrictions on working at certain times or with certain materials-(i.e.,
dung). However, since it can preserve medicines in disease-prone areas, refrigeration
may have such a high priority that any system would be maintained.

Environmental. Biogas generators may be preferable to biomass combustion systems be-
cause they preserve the nutrient value of agricultural residue and dung while producing a
high-quality fertilizer as a by-product.

R&D, Demonstration, and Technology Modifications Needed

Basic R&D. High-efficiency, low-cost durable batteries to store output of solar electric
technologies; high-efficiency DC refrigeration units to couple with solar electric tech-
nologies.

Demonstration. Small-scale hydroelectric-powered refrigeration units.

‘I'echnology Modification.

e natural gas refrigeration units to couple with biogas generators;

e refrigeration units with little maintenance to operate in hostile environments;
and
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e cold storage units powered by variable energy sources to cool perishable produce
and fish.

Refrigeration or cold storage of perishable foodstuff may affect farmers' incomes be-
cause of the high market value of these goods in many developing countries.
PROVISION OF POTABLE WATER

Results of the Matching Process

Key Characterization Criteria. Form of energy required and geographical dlsperswn for
pumping; temperature and form of energy for purlflcatlon.

Best Matches with Need. Wind turbine (mechanical), hydraulic ram, and hydro-
mechanical power generation for pumping; biomass combustion, solar stills, flat-plate
collectors, and concentrating collectors for purification.

Other Possible Matches. Wind turbine (electriec), photovoltaies, hydroelectric power
generation, and flat-plate collectors driving a Rankine-cycle or Stirling cycle engine.

Advantages of Best Match Technologies. There are two problems in the provision of
clear drinking water: moving naturally usable water to the point of use or rendering
water from brackish or polluted sources into a form acceptable for human and animal
consumption. Pumping can be done on an intermittent basis, since the water itseif can
be stored, making this an energy need that couples easily with a wide variety of re-
newable energy sources. Mechanical power coupled directly to the pump is the most ef-
ficient form of energy and is provided by wind (mechanical) energy converters or by a
hydraulic ram (for surface water). Where there is a need for geographical dispersion of
the energy (many pumping sites) or a need for a submersible pump (a deep aquifer),
electricity provided by a wind (electric) system, a hydroelectric generator, or-a photo-
voltaic array may be more appropriate. ’

Purification may require either heat energy (for distillation) or electricity (to power a
reverse osmosis system). The simplest form of purification is boiling, which kills para-
sites but does not solve problems of high salt or mineral concentrations. Boiling can be
powered best using biomass.combustion and biogas generators, since they both provide
temperatures over 100°C.

Water also can be purified by distillation. The original water is heated to produce water
vapor which is condensed to produce clean drinking water. Solar stills or concentrating .
collectors provide the needed heat directly, the former producing vapor below boiling;
the latter, steam.

Problems with Other Possible Energy Sources. Solar electric systems require energy
conversion systems, which may increase maintenance and complexity. Flat-plate col-
lectors coupled to organic cycle engines are expensive and relatively complex.

27



SEQI ‘@l TR-514
Site-Speeific Social/Cultural/Environmental Considerations

Social and Cultural. A water pumping system may greatly alter the social or work pat-
tern of the individuals who traditionally fetch water (generally women and children). It
may also change the distribution of economic and political power within the village if
water is a scarce commodity rationed through a market or private monopoly. Cultural
traditions about the appropriate temperature of water may also affect acceptance of
purification systems. The advent of clean drinking water could affect the productivity
and standard of living of villages in areas heavily affected by intestinal parasites and
other water-borne diseases. Providing subsurface water sources would greatly facilitate

local cooperation with programs to eradicate malaria and other related diseases. '

Environmental. Migratory herdsmen often move their flocks in search of water. This
leads to the pollution of surface water sources as well as severe overgrazing in periods of
drought. Providing a number of subsurface water sources would lessen this, particularly
when coupled with irrigation for fodder and pastureland.

R&D, Demonstration, and Technology Modification Needed

Basic R&D. Batch water heaters designed specifically for water purification.

Demonstration. Village-scale water distillation and desalination systems.

Technology Modification. Zero-maintenance pumps to couple directly with wind or
hydroelectric systems in areas with harsh environments (high temperature, sand infil-
tration, ete.).

4.2 RECOMMENDATIONS

4.2.1 Application of the Matching Process to Village Locations

The validity of this report's assumptions and prescriptions can only be tested with actual
projects in developing countries. 'T'he method and individual characterization criteria
could be modified, expanded, or eliminated based on the experience of the project staff
and the developing country's planners. Ideally, this field-testing of the matching process
could take place within a quasi-experimental project designed so that the factors affect-
ing the project's success can be isolated from alterations in the process. The char-
acteristics and advantages of such a design is discussed in Ashworth (1979). If the ex-
perimental design proves to be impractical, results from three or more test sites or
separate projects should be used to modify the matching methodology. This would mini-
mize the effects of the environment and culture of any one location., These-tests would
answer four questions:

e Does the methodology work in its present form or are there major components

crucial to technology selection and project success that still need to be in-
corporated?
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e Can the methodology be simplified? Are there components that can be elim-
inated without affecting the final technology selection? '

e What resources are required from the planning agency, ministry, or donor organ-
ization in terms of time, funding, or technical expertise? How does this compare
with traditional engineering feasibility studies?

e How does it aid the adaptation of a technology to local needs and environment?

4.2.2 Survey on Component Costs of the Matching Process

Many components of this process have been used routinely by one or more development
organizations as part of their preproject feasibility studies or project management pro-
cedures. For example, in the last three years a number of projects have been initiated by
donor agencies that included site-specific inventories of available energy resources and
local energy needs characteristics.* Detailed cost engineering estimates along with
some procedure for identifying, and often quantifying, the accompanying benefits are
developed for all but the smallest development projects. Many development organ-
izations use sophisticated mechanisms for incorporating noneconomic criteria (e.g., the
impact on the environment, consequences for the role of women, and income disparities)
into the project identification and.technology selection processes.

Although preliminary technical results on energy need patterns and technology perfor-
mance are becoming available, little is known about what additional components such as
rural energy surveys and renewable energy resource assessments are required from the
sponsoring organization and how they affect energy delivery to the village end user. It
would be useful to gather such information now through discussions with project
managers and consultants used to perform field studies and distribute it to interested
development planners. Such information also would help focus discussions currently
underway in a number of development institutions on how to integrate components of the
matching process into existing internal practices with a minimum of cost and disruption.

4.2.3 Improving the Needs/Technology Fit

One of the major advantages of the mateching process is that it identifies characteristics
of each energy technology's output that are not compatible with the pattern of local
energy demand. The nature of the mismatch determines what activities are needed to
improve the usefulness of the technology. Where there is a fundamental disparity
between the characteristics of the technology output and the energy need, R&D may
eliminate or reduce technical problems and increase compatibility. @ Where the
need/technology fit is theoretically good but major operating difficulties have been en-
countered in experimental systems, applied research and technology adaptation may
overcome climatic factors, decrease maintenance, simplify operating procedures, in-
crease use of local materials, or accommodate local tastes and customs. Third, there
may be an apparent good match but little or no operating experience in the country or
region or for this particular application. A solution would be field demonstrations with
systems installed specifically to gather information on actual performance. Finally, a
technological option may provide the required energy but is too expensive for wide-
spread use. This requires efforts to lower delivered per-unit costs through expanded pro-
duction, increased local manufacture, the substitution of lower-cost components, ete.

*For brief overviews of six of these projects, see Ashworth (1979).
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The illustrative matching performed for this report indicates a number of specific areas
in each of these four categories where immediate attention seems to be warranted.
These need-specific requirements have been combined with more general recommen-
dations that also encompass other basic village-level energy needs besides the four used
in the sample matching.

4.2.3.1 Basic Research and Development

Low-cost, high-efficiency, zero-maintenance batteries. The development of such ef-
ficient electrical storage units would increase the attractiveness of all the solar electric
technologies for a variety of remote-site, end-use energy needs. The deep-cycle
lead/acid batteries currently in use in experimental solar systems today are expensive to
buy and maintain and have limited life spans particularly in regions that experience tem-
perature extremes. An alternative is to perfect a nonbattery storage for electrical or
mechanical energy.

Solar thermal units to sterilize drinking water. There is a pressing need for research on
the use of direct insolation to kill water-borne intestinal parasites and other water-borne
health hazards. This can be accomplished by maintaining a water temperature of 65°C
or greater for several days. This is particularly needed in areas (southern Africa) where
a shortage of biomass makes boiling water impractical.

Multifunction solar greenhouses. Community size units could be used to extend growing
seasons, distill drinking water, provide a central hot water heater, increase nutritional
value of village diets, etc. A

Renewable energy systems using linked technologies. A number of renewable energy
technologies have complementary temporal or seasonal output characteristics: one
delivers the desired form and amount of energy when another system is not producing
useful power. By linking units or creating units that can use energy inputs from several
types of energy sources, it is possible to minimize or eliminate storage requirements.
Complementary systems would also provide reliability for technologies that undergo
major seasonal fluctuations; (e.g., wind energy sysems and small-scale, run-of-the-river
hydroelectric systems). However, linking systems to perform one single task is not a pre-
ferred solution, since this creates an extremely expensive system that is idle most of the
year. Rather, the different components must be integrated into one system that can be
used for several purposes at different times of the year. One example of this approach is
the work being undertaken by the Central American Institute for Industrial Research
(ICAITI), using funds provided by the InterAmerican Development Bank, to create a solar
crop dryer that can be coupled with a biogas generator. This use of two energy systems
solves the problem often encountered by solar crop dryers in tropical climates: The in-
ability to perform efficiently during the rainy periods that closely follow some harvest
seasons. The biogas system can be used for other tasks except when needed to assist the
crop dryer (Ashworth 1979, pp. 11-13). An initial integration of two systems should be
less costly and complex than two distinet systems.

4.2.3.2 Applied Research/Technology Modification

Durability under environmental stress. Considerable work is required to modify existing
or proposed renewable energy systems to solve durability and performance problems
caused by the harshness of the local climate. For example, blowing sand in a number of
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African sites has contributed to rapid degradation of imported photovoltaic and solar
thermal systems; high humidity has proved to be a major design constraint in semi-
tropical and island field tests; and cold temperatures require major modifications in
biogas generators originally developed for operation in warm environments.

Use of local materials and construction techniques. Two major problems with imported
solar technologies—their lack of durability and the lack of readily available spare parts—
might be eased by increasing the use of locally manufactured components. Local vil-
lagers, artisans, and contractors have substantial experience on what materials are most
durable, most resistant to erosion or local pests, and most easily produced employing
standard local techniques. Using this knowledge will help alleviate maintenance prob-
lems in the future and decrease the severity of the problem of imported spare parts.

Modification of renewable energy systems to lower or eliminate maintenance. Existing
designs for renewable energy systems and storage and transformation units often require
substantial routine maintenance—lubrication, change of seals, replacement of glazing,
ete. These requirements present a serious problem for remote village sites in developing
countries. Applied research is needed to find low-cost solutions for reducing mainte-
nance needs. Sealed bearings and permanent seals on pumps, for example, would lower
the time lost on maintenance and partially eliminate the need for imported parts. Al-
though durable, low-maintenance designs exist (e.g., the French SOFRETES pumps), they
are very expensive because they are not mass-produced.

4.2.3.3 Demonstrations of Potentially Useful Systems

Small-scale hydroeleetric or mechanical systems. The analysis in this report has in-
dicated a wide range of potential uses for micro (less than 1 kWe) and small-scale (less
than 100 kWe) hydroelectric generating systems. Designs for traditional technologies,
such as water wheels, and modern water turbines are readily available. They appear to
be cost-effective in many remote installations, particularly for applications where some
fluctuation in output is acceptable on a daily and seasonal basis. This would minimize
the need for extensive water impoundments and other major construction normally as-
sociated with larger water projects. Water-powered systems can be used for everything
from irrigation pumping to cooking, although the feasibility of some applications will
have tn he confirmed by engineering studies or field installations.

Biomass combustion for heat or electrical generation. In areas where there is a substan-
tial forest products industry or biomass resource base, direct biomass combustion could
be used for a variety of end-use needs, either as heat or as electricity. Although com-
bustion of firewood, dung, and agricultural residues is the primary source of heat for
cooking, water purification, and crop drying in many rural village locations, it has not
been widely applied to other more commercial applications. Biomass combustion for the
production of electricity and process heat is a highly developed technology in the forest
products industry of many nations and could be applied easily to selected remote sites on
a demonstration basis.

Cooking, water heating, and crop drying without storage. A surprising result of the
matching exercises was that electricity had advantages because it is easily distributed
and storage is minimal. Little is known about the impact of efficiency losses—
particularly through electric resistance heating coils and transmission lines—on the over-
all cost per unit of delivered energy from remote renewable energy sources. It would be
useful to install a small number of wind, photovoltaic, or hydroelectric systems for uses
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other than water-pumping, refrigeration, and lighting if there is a good match between
the pattern of daily and seasonal demand and the systems output. Such systems would
provide useful baseline information on the potential role of electricity in rural sites and
provide cost comparisons for planners considering the extension of grid electric lines to
rural villages. ‘

4.2.3.4 Commercialization Efforts

A number of solar technologies appears to be extremely attractive for rural basic human
needs right now. The problem is that the cost of an experimental system installed in a
remote village site is extremely high. Systems are often imported and installed by
foreign contract engineers. The delivery system for both the original components and for
replacement parts is often extremely long and complex, adding cost and delay. The sys-
tems often are fabricated specially for this one application, incurring additional design
and production expenses. In many cases what is needed is a simple local production
capability, with initial emphasis on standardization of design, high reliability, and contin-
uous reductions in per unit costs. Technologies that appear to be candidates for a major
commercialization effort are hot water heaters, water treatment or desalination plants,
small- and large-scale crop dryers, integrated wind-powered pumping systems, small-
scale hydroelectrie turbines, and run-of-the-river generators.

4.3 CONCLUSIONS ON THE USEFULNESS OF THE MATCHING PROCESS

4.3.1 Advantages

This report presents a process that development/energy planners can use to select the
best technologies where renewable energy sources are needed. This process has several
advantages and some important requirements that development organizations should
consider as they establish their energy project selection procedures.

There are several advantages to employing the matching process, at least in its general-
ized form. The process mandates that basic human needs first be identified and then
technologies chosen to meet these needs. This approach ensures that the introduction of
renewable energy technologies will serve the development needs of the poorest segments
of the population more directly and successfully.

The matching process also is flexible and general enough to be incorporated into a
variety of different development programs. The development policy makers and planners
must first determine their priorities. If the provision of energy sources is a major
priority, then the planners can use the matching process to select the most appropriate
renewable energy source. Since this process presents broad categories of criteria for
describing and matching needs and technologies, it is applicable in a variety of situations
and can be defined more specifically as on-site data is collected.

The most compelling reason to use the matching process is that it is more likely to pro-
duce a successful project, since it is more systematic and thorough. If a developing
country and/or donor organization is going to invest in a renewable energy project, then
they should expend enough time and resources beforehand to ensure its technological
objective.
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The matching process is worthwhile because it selects technologies based on criteria that
should ensure village adoption and use. These criteria are that: the technology provides
the desired end product; it operates in the local environment without major maintenance
and durability problems; it is not disruptive of or offensive to local social patterns and
cultural tastes; and it can be integrated without excessive readjustment on the part of
the villagers. The careful matching of the output of the technology to the need lowers
initial capital costs for equipment and storage, making the system more economical to
the user than many conventional or traditional energy devices. The use of a compre-
hensive set of selection criteria inereases the possibility thdat the energy system will be
adopted for long-term use, particularly when the villagers are consulted and involved in
the planning and implementation of the project.

Another advantage is that it contains steps that reduce the necessity of matching all the
characteristics of every technology with each need. As Sec. 2.2.3 described, a planner
can measure all. the technological options by the discrimination criteria of three char-
acteristics—form of output, temperature, and spatial distribution. If the technologies do
not have these three characteristics, then they can be eliminated from further con-
sideration. This avoids extensive site-specific data collection on the resource avail-
ability and social/cultural/environment effects, since these technologies do not fit the
basic diserimination criteria. Energy surveys need only be geared to the technologies
that do not meet the diserimination eriteria; which could save resources since site-
specific data collection is the most resource-intensive part of the technology selection
process.

A useful by-product of the matching process is the identification of technologies that
meet certain needs criteria but must be modified to be a good match. Once identified,
further research, development, and field testing of these technologies can be forwarded
to research and technical institutions.

4.3.2 Resource Considerations

As project planners consider the advantages of employing basic need technology match-
ing, they also should consider the institutional and financial resources required for this
process. Major resources are necessary for the matching process to succeed. A
commitment is needed from the development organization that the objective is to satisfy
basic energy needs and that the technology selection will be done systematically and
thoroughly.

Two types of personnel are needed, especially when the development organization is first
adopting, testing, and modifying the matching process. A renewable energy specialist is
important for designing methods to assess the energy resource availability of a site or
region and, ultimately, to define the characteristics of the technologies for the matching
process. Another specialist is needed to collect data on and assess the characteristies of
the basic energy needs. Since the matching process could not address all the data needed
to describe each village's basic need characteristics, particularly the social/cultural/en-
vironmental ones, the specialist should be able to define what data is essential for each
characterization category and design an appropriate data collection system.

In addition to the personnel just described, additional staff and money are required to
actually conduct the characterization survey for each project site. Although time-
consuming and labor-intensive, this survey is a vital part of the matching process and
may cost less than those not conducted in the context of the matching process. Because
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this process initially screens and eliminates some technologies, the energy survey does
not need to investigate the resource availability and effects of all renewable tech-
nologies for each site. Consequently, it will be less costly and time eonsuming.

As part of the energy/need data collection effort, the matching approach requires the in-
volvement of local villagers in the energy data collection and matching process. Time

- and staff, provided by the development organization or consulting company, must be al-
located to ensure that villagers are consulted about their energy needs and the intro-
duction of a new technology. Although this consultation procedure may require ad-
ditional staff at first, local villagers could be trained to collect energy data and be part
of the technology selection process. This would reduce overall staff requirements and
provide vital input from the villagers.

Although the matching process requires a substantial commitment of financial resources,
it does not demand more than other development project planning and selection tech-
niques that require a thorough preproject assessment of needs and traditional patterns.
The comprehensive needs/technology matching is particularly essential for renewable
energy projects because there is not much knowledge on what technology applications
have been successful in certain developing environments. In fact, the use of the
matching process could serve as a basis for assessing the field experience of particular
renewable energy technologies. The characteristics of a successful matching also can be
used to measure the technology's success by evaluating how well it satisfied the
temporal, distributional, temperature, social, cultural and other criteria of the basic
need.

In conclusion, this process can provide the best possible selection of renewable energy
technologies for a need even when they have not been extensively used locally. The
process identifies where R&D, and field-testing are needed on technologies that meet
some but not all of the energy needs criteria. The data from the matching method also
can serve as a framework for assessing the introduction of the technology so that a
compilation of field experience on technology applications can be collected for future
use.

34



S=RI @ TR-514

SECTION 5.0
REFERENCES
Ashworth, John H. 1979. Renewable Energy Sources for the World's Poor: A Review of

Current International Development Assistance Programs, SERI/TR-51-195. Golden, CO:
Solar Energy Research Institute.

Burrill, George; Forman, Sylvia; Gomez, Enrique. 1980 (April). Planning Rural Energy
Projects: A Rural Energy Survey and Planning Methodology. Washington, DC: Practical
Concepts, Inc.

Colglazier, William E.; et al. 1978. Basic Human Needs as a Development Strategy.
Consultants Working Paper for the Colombo. Plan Conference.

Donovan, Hamester, and Rattien, Inc. 1979. African Energy Survey Methodology.
Vols. I and II. Washington, DC: Donovan, Hamester, and Rattien, Inc.

Gall, Norman. 1978. "Brazil's Aleohol Program." Common Ground. Vol. IV (No. 4):
Winter; pp. 31-39. :

Graham, Thomas. 1979 (Nov.). Selected Issues in Rural African Energy Assessments.
Washington, DC: Donovan, Hamester, and Rattien, Inc.

Ravenholt, Albert. 1978. "Geothermal Energy in the Pacific Fire Belt." Common
Ground. Vol.1V (No. 4): Winter; pp. 43-54.

Smith, Kirk R.; Santerre, Michael T.; Schlegel, Charles S. 1980 (January). Criterion
Framework and Indicators for Comparing and Evaluating Alternative Energy
Technologies. Honolulu, HE Resource Systems Institute of the East-West Center.

35



[ oy
=&
[ =7

36



S=I @,, , TR-514

APPENDIX A

MATCHING BASIC NEEDS WITH RENEWABLE ENERGY TECHNOLOGIES

The following matrices illustrate the matching process for four village energy needs:
cooking, crop drying, food processing, and refrigeration. These represent different as-
pects of the energy problem. References follow the matrices.

Cooking is the major energy consumer in most rural areas and, therefore, is a top priority
for energy planners. Crop drying and food processing are good examples of intermittent
activities that can be coupled to a number of renewable technologies without extensive:
storage or energy transformation. The planner has a wide variety of options in selecting
technologies to power the required tools and can link this seasonal activity with other
energy demands. Refrigeration is not required in all rural loeations but is very important
where it is needed. It presents difficult technical problems for the creation of ac-.
ceptable low-cost renewable energy systems. ‘
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Usedi Annnal waste
Kerosene
11, Environmental !
X Wood fuet wood fuel Wood fucl 15 | Wood fuel is
Costs & Benefits 1s reduced Yes| s reduced Yes|  reduced  Yes reduced Yes|ves Yes
12. Cos Coomovsgnous |12t n Cont ot ot rop
Considerations each for $5.600-7.000 No { very high. plus No i $60.000-70.000 No| 150-300W Yes{No| No
. domestic use . storage factory-built
units

Conclusions: must
be madeona
site by site basis

@ it adequate resource ll adequate resource & Storage ©|l one site @no! needed
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Biogas gleiog Direct glciog Scale EREREL:
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. Generators | 2|3 |55 Combustion |2|2i85 Hydro S IBAEN
A. Discrimination
Criteria:
Heat from Heat El .-
methane gas With energy ectricily
1T fE wWith energy transformation: Shaft power
- Type ol Energy transformation: Yes shalt power With energy . No [Yes
electricity electricity transtormation:
shaft power (steam turbine) heat
2. Temperature 00° -aU0° G ' As heat:
4 100°-4U0°C Yes 100°-500°C 100°-400°C No | Yes
3. Spatial Moderate for v Poor lor heat: :::{' ’;’o'wer
istri i gas: good for es good for . Yes| Yes
Distribution Soctrieity etectricity QI‘"’“’ o
electricity
Conclusion on
Discrimination Yes No | Yes
Criteria
B. Site-Specific
Temporal & Cli-
matic Criteria:
Stream flow may
4. Seasonality Supply of waste Yes Suppty of vary. unless
varios biomass varivs large water
storage @
. Anytime when -
§. Time of Day waste is Yes Anytime 24 hours/day -
availably ®
6 D o 3 or more hours; 24 hours it
. Duration 24 hours if Yes input fuel is 24 hours/day
adequate storage availabte @
. Minimal inter- :’::2,:‘:‘;‘22 i
7. Sensitivity to May be interrupted ruptions if stream tlow is
Interruption :e‘::‘f‘:;i:supp'y Yes ?desa“_'a‘il'“e' ’ constant or water
is avanable an storage is @
fed to stove available
Conclusion on v
the above criteria es ®
C. Site-Specific
Social/Cultural/
Environmental
Criteria:
8. Usage by Requires laborers Less wood Traditional
Type of Person to coltect the gathering fuel gatherers
waste fuels required ° replaced
9. Historical/Social/ M dici
Religious New cookstoves 0’: elticient New cookstoves
needed cookstoves required
Influences required
10. Traditional
Energy Sources
Used
N tess biomass Less biomass Wood luel is
11. Environmental required plus plus less wood reduced it
Costs & Benetits tentilizer Yes pathering reservair made; Yes
produced: water required may use valuable
1s required land
. 1 kW: $4,525
12. Cost ;‘6835"',% X ® Cookstoves should 5 kW: $8.950
¢ ay: Yes be under $25 for No | No

Cnnsiderations

$10.000 fur @

electricity

domestic use

10 kwW: $12,660

plus electric
cookstoves @

Conclusions: must
be made ona
site by site basis
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Farm tamilies
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Basic Need: Technologies. Jo8)
> |CD‘° > >
. o | o IBE o |O o |®
Crop Drying ol5¢ 5155 3|54 S5
£15e 8y el elcg
Food Preservation o g ol5¢ 8 Mg s 13
®EE Blee DIEE DIEE
= = = <=
235 2 3] 239 335
L £ | £ o clcico £ | £ =0 £ | £ e
Characterization gl gleg g|ejeg Flat-Plate |26 ed Concentrating |s|siod
N - © . R E ©|w© <& (=
Criteria Wind s | = Is=| Photovoltaics |5 [s 55| Collector s | S =4 Collectors S|SB~
A. Discrimination
Criteria:
Electricity Electricity Heat Heat
Shaft power Shaft power With energy With energy
1. Type of Energy Heat With energy Yes| with energy transformation: Yes transformation: Yes
transtormation: transtormation: electricity elettricity
heat heat shalt power shaft power
-35°-400°C
-35°-400°C ‘with ener 45°-75°C
2. Temperature 30°-60°C from heat Yes st on from hot anr Yes 150°-300°C Yes|N/A
n1o heat
Depends on tra-
3. Spatial dition: either Good tor Yes Good for Moderate to ves| P:g; ',%’, heat: Ye
Distri . one site per electnicity electricity poor for heat g ; s
istribution community or electricity
ane oer famity
Conclusion on
Discrimination Yes Yes Yes
Crileia
B. Site-Specilic
Temporal & Cli-
matic Criteria:
4. Seasonality soeua’slgg\ the hiarvest varies @ Insolation varies Insolation varees @ Insolation varies
) 3 Daytime; varies Daytime: varies Daytime; vanes
5. Time of Day Anybime Varies Yes| pecause of because of Yes because of Yes
wceather weather weather
0-12 hours .
X Over 6-12 hrs/day: Highly varable 0-12 hours depending on 0-12 hours depending
6. Duration need 10 preserve 8-24 hours/day depending on weather @) !ves on weather: 24 hours ves|
hetore tood wilh storage weather: 24 hours 24 hours with ! with storage
spoils with storage storage .
7 Sensitivity to rCuap':nbde‘:yn’leu Will be inter- . Wil be inter- , Wil be inter- Will be inter-
Interruption snort periads rupted unless fea| iupted unless fuptea uniess Yoo 1upted untess voc
of ima adequate storage adequale slorage adeyuale storage adequatc storage
Conclusion on ® @
the above cniternia
C. Site-Specific
Social/Cultural/
Environmental
Criteria:
Wuormen and
8. Usage by chitdren ™~

9. Historical/Social/
Religious
influences

Techniques vary
with custom.
rehigion, ang taste

praterence ®

Requires electric
device more complex
than traditiena!

Electrical device
must be socially
accepiabte and
ca3y to operate

Similar to
traditional sun
Anying methant

Similar to
traditional sun
drving method

10. Traditional
Energy Sources
Used

Sunhght

Wood fuel @

burned for
arying/smoking

11. Environmental

Eomo food cpoiic
because drying
100 slow

Wood not needed
Drying occurs taster

WO000 Nyt neeuey
Orying occurs

Wuod tul needey

Drying occurs

Wood not needed
Orying occurs

former @

and storage

Costs & Benefits faster with less faster with less taster with tess
= Wood ltuel @ with less spoilage N
depleted spoilage spolage spoilage
2. ¢ oo o rage High cost of $170-500/m- of $25-100 for
- Cost . s cost of photovoltaic cells collector plus 1-1.5 m manually
Considerations ::al trans- plus transtormer the cost of tracked units
storage @

Conclusions: must
be made ona
site by site basis

@ it adequate resource ll adequate resource & storage ©d one site @nol needed
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Criteria

> > >
@ o | [}
oI c o | dl ol|oc
S |c g @ [c g @ |co
s log 5 g 5 ag
? e g o IEE 9 I|EE
S o N = = &
2|25 Biomass 339 Small ERERS
H < e H £ lc ey clc |c%
Biogas S|8cd Direct s|sofod Scale slo|cg
| & ls H S| ®io® S |a|cF
_ Generators | 3|3 |55 Combustion |2 |2 |85 Hydro S|S|8=
A. Discrimination j
Criteria:
Heat trom Heat Shatt
methane gas With energy Eleacus:‘n)!‘;e'
1. Type of Energy With energy transtormation:
y 9 transtormation: Yes [ves @ electricity Yes|N/A @ :N'"‘ |energ|y " No [ No [ Yes
electricity {steam turbine} "’;“5 °"’“a ron:
shalt power shatt power ea
100°-500°C direct 0°C
2. Temperature °.400° heal; lower temper- 25°-40
pere 100°-400°C ves|Yes |N/AL 4ure not alr for Yes [N/A|N/A fium heat N/AINZa] Yes
drying
3. Spatial Good tor gas Poor for heat Good tor etec-
. p !a . through pipe- Yes|Yes|ves| but could have ves|N/alnva tricity: can Yes|Yes| ves
Distribution tines several stove transform to
sites heat al each site
Conclusion on
Discrimination Yes | ves|(®) ves{N/A|(©) No | No | Yes

Site-Specific
Temporal & Cli-
maltic Criteria:

Stream flow may

4. Seasonalit Supply of waste Supply of bromass vary uniess
4 may vary @ @ may vary @ waler storage @
or pump
5. Time of Da Anytime if waste % Yes
Y 15 available Yes |Yes Anytime es Anytime
. 3-24 hours/day 24 hours f 24 "0“'|-‘>/UaY "
6. Duration depending on ®® biomass fuel 1s | Yes stream flow is Yes
supply of waste available constant or
water storage
P Minimat inter- May be inter-
7. Sensitivity 1o may"ezel;r:?s-(e ®® ruption «f adequate |yeg rupted 1f water ®
Interruption o v docroases tuel is available supply 1s not
pply and fed to siove constant

Conclusion on
the above criteria

C. Site-Specific
Social/Cultural/
Environmental
Criteria:

8. Usage by
Type of Person

9. Historical/Social/

Some rehigions

Similar to drying

Electrical device
must be sociatly

Cansiderations

cost of gas-fueted
Erop arying dévité

o replace open
buiting Me1noo

®

iqQi may hnd use methods by open
Religious onaceeptatle for burning. although acceptable and
Influences 1000 drying less smoke Havor easy lo operate
10. Traditional
Energy Sources
usea
. Fertizer by- Less wood fuel Drying 1s faster,
11. Environmental product used because GS:J:CIaI!ylnn a,elas
Costs & Benefit Drying occurs with stove is more with moisture. slow
o€ ts Iess sputaye giil e ron dryang, and tnnd
spoilage
$4.825 tor 5,000 $15-35/unit; stoves 1-kW Hopps unit;
12. Cost ft'/day plus need 10 be cheap $4.525 plus cost

of devices ftor
heal trastoiming
and drying

Conclusions: must
be madeona
site by site basis
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Food Processing 82§ glze 8|2 § gz
indi 2 Wy Ssg 18145 S Mg
(grinding, etc.) DIsE ZlEs oEg 3l
= S IE X s =
<228 3 34 3 (39 3 (25
. . @) c|lcle . clele s -
Characterization s|gleg , glefe S Flat-Plate’ |55 B €| Concentrated |5 |5 [52
o i A [} -] o
Critéria A Wind 2|2 |S5 Photovoltaics | 2 | S 85| Collector | 212185 collectors 2l2igy
A. Discrimination i
Criteria:
. Mechanical Shaft OC etectricity Heat Heat
1. T t Ener shalt power aft power With transforma- With energy With energy
ype of Energy intermediate lorm: Electricity @ tion: No | No| Yes transtormation: |No | NojYes| transtormation: No [No |Yes
electrical shalt power shaft power shalt power
@ efectricity electricity
2 T t Not Not o ane /
. Temperature Applicable Applicable N/A|N/aiN/A N/A 43_[:-’&2 N/AIN/A[N/A 150° /-300"0 Nza|n/alN/A
ith he:
. Varies with Good lor elec- .
3. Spatial village custom; Poor for shaft tricity, th Poor for
- wpatal om; power: good for Yes| !ricily. then ves | ves|v Poor for heat heat or shaft
Distribution al central sites or elec(rici(':y ©|©® transtorm power es|Yes|ves| 00 O power No [No |(©) powe" a No {No | ©
each dwelling at each site
Conclusion on ;
Discrimination ®©||©| No | No | Yes No | o |(©) No N6 [(€)
Qiileria * ¢
B: Site Speeifio
Temporal & Cli-
mati¢ Criteria:
R After the crop
4. Seasonality season Varies @ ® tnsotation varies Insolation varies @ Insolatinn varies
. L. Naytime: varies ! Daytime; varies Davytime; varies
5. Time of Day Anytime Varies Yes | Yes because of because of Yes because of Yes
weather weather weather
[
7 g
Varies widely: 0-12 hours/day 0-12 hours/day 0-12 hours/day
6. Duration As long as 8-24 nours with | (&) | ves . depenaing on depending on ® depending on
needed storage weather and weather and weather and
season season season
7. Sensitivity to ’ Can be Wil be interrupted Will be interrupted . Will be interrupted
Interruption interrupted unless adequate Yes | Yes unless adequate Yes| Will be interrupted Yes| unless adequate Yes
p storage storage . [ storage
Oonclusion on .
A) (A
the above criteria O O @
0. Gite-Gpeceific
Social/Cultural/. ’
Environmental
Criteria:
Primarily !
8. 95593 by woman and Labor may be Labor may be , Labor may be Labor may be
Type of Person children replaced replaced ) | replaced replaced
O[O)]
9. Historical/Social/ Religious and New processing New processing New processing New processing
Religious cultural patterns device must be device must be ;| device must be device must be
ol i} may affect how accepted and accepted and accepted and accepted and
ntluences tood 1s processed teasible to feasible to . feasible to operate il
operate operate ) teasible to operate
‘n Tranl'lnnal PIHNAN POWHT
Energy Sources Animal power
Used
11. Environmental
Costs & Benefits '
Sailwing windmill -
ana grinaer: 1.8-kW system $170-500/m?
12. Cost s:0500 O,y $50.400 ptus collector with 17m? system
Considerations :.]3:,‘?;.‘”:&7;'3" os | Yes milt hammer No | grinder and No | with 1 hour No
16-kW storage | storage Storage:
$5.600-7.000 ® (1) ® $4.000 )
Conclusions: must
be madeona
site by site basis

@ i adequate resource -I adequate resource & Slorage ©vl one site @nol needed
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B IEg &5 les A
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- zz_ Biomass 329 Small 329
N " cic lcy cle |ey
Biogas S|e([cg Direct s|gfsd Scale S|o|cé
< : o S
Generators |2 |3 55 Combustion |$|S(S8 Hydro S|S|88
A. Discrimination
Criteria.
Heat from methane Heat Electricit
a?sh With energy S::" I:év);ev
ith energy ! transtormation: b
1. Type of Energy transformation: No [No |Yes shaft power 0| NoYes| ~ With e ves|ves| B
shalt power electricity \ra:s ormation:
electricity {steam turbine) eal
2. Temperature N/A N/A N/A
3. Spatial Guod fur gas: P for h Poor for shaft
C Aere: gas: ves|ves | ¥ oor for heat N C vos| v
Distribution poor for shaft power o8 es or shaft power o [No © 2&?52&3;’“ for © o3| Yes
Conclusion on
Discrimination No [No |Yes No[No [© ©lves|®

B. Site-Specific
Temporal & Cli-
matic Criteria:

4. Seasonality

Supply of waste

Supply of biomass

Stream tlow may
vary without

may vary may vary water storage
or pump
. An;llime if ) .
5. Time of Day waste is Yes Anytime Yes Anytime Yes| Yes|
available f
i
24 houra/day it
. 24 hours/day it Anytime if biomass stream flow is
6. Duration waste supply @ tuel is constant ® constant or ® ves|-
constant ! water storage
l‘ available
Minimal inter- . Will not be
T H tion if interrupted it
. Sensitivity ¢ May be inter- rup N .
7. Sensit ty 0 rupted if waste Yes adequate fuel; Yes stream flow is Yes|ves
Interruption supply decreases is available; constant or
and led to ! ' water storage
stove available
Conclusion on .
the above criteria @ ' @ @ @
C. Site-Specific '
Social/Cultural/
Environmental
Criteria:
. Labor for pro- Labor for o
8. Usage by cessing replaced: DI'OCESS:HS re; Labor tor
labor tor fuel piaced: labor tor processing
Type of Person collection needed fuel collection replaced

needed

9. Historical/Social/

New processing
method must be

New processing
method must be

New processing
method musi be

Religious acceptable and acceptable and acceptabte and
Influences fteasible to teasible to operate feasible to operate
operate

10. Traditional
Energy Sources
Used '

1. Enwronmema! Fertilizer Wood fuel Possible tand
Costs & Benefits by-product required lost to reservoir

12. Cost

Considerations

$10.000 for 3.00011%/

day of gas
®

with engine for
shaft power

Yes

Cost of boiler and
turbine to oroduce
shaft power

Yes

1 kW: $4,525
2 kW $8.950
plus grinding

equipment @

Yes

Conclusions: must
be madeona
site by site basis
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site by site basis

c
Basic Need: Technologies. pi
> oo >
o | o !BE o | >
ol5¢ (85 (5 ¢ 515
Ref 5 152 205 S[Eg gle
efrigeration S [0 slLe S Mg 5 Mo
@ [Sg DIES 3=t 7 s
2(35 % {37 HEE 335
. . £ | £ |£% £ | £ icg c |zl b
Characterization gleofod c|cgg Flat-Plate S5 1[4 Concentrating |5 |5 [E9
. R . ol oo N ol ® © © s is
Criteria Wind = | S |S5| Photovoltaics |3 | S £5! Collector $13 8| Collectors SISBS
= — - X
A. Discrimination
Criteria:
Electricity Heat {hot water Heat
Etectricity Shaft power Electricity or air) With energy
1. Type of Energy Heat With energy Yes|Yes | Yes With energy Yes |Yes|Yes :/:m: z:‘:,:g‘yion. Yes |Yes|Yes| transformation: Yes |Yes | Yes
® transformation: transformation: ;ez"ic“y : electricity
heat heat shaft power shalt power
Cooling: .
o. . 35°-400°C -35°-400°C Heat: Heat:
2. Temperature aea:g"c with encray N/AIN/A] Yes with energy N/AIN/Al Yes a5°.90°C No ) No |N/A 150°.300°C Yes|Yes|Yes
100°-300°C transtormation transformation
1-50 locations
3. Spatial per vittage: Good for G I o .
: ; - Yes |Yes | Yes| G00d for electricity: |yeg |ves Poor lor heat: yes| Poor for heat: Yes
Distribution 3;‘;:”""" site electricity poor for heat © good for electricity ©|©|r good for electricity ClC
Conclusion on
Riscrimination Yes | Yes | ves Yes|Yes (D) N | e fvae Yes |veas| Vs
Criteria
B. Site-Specific
Temporal & Cli-
matic Criteria:
. All year
4. Seasonality long Varies No @ No| Insolation varies No @ Insolaton varies Insotation varies
5. Time of Day 24 hours/day Varies No @ No | Daytime: but varies |No @ Daytime: but varies Daytime: bui varies
because of weather because of weather because ol weather
Highly variable; 0-12 hours/day 0-12 hours/day. 0-12 hours/day.
f 8-24 hours of but varies with but varies with but varies with
6. Duration 24 hours/day power with No @ No | weather: No @ weather; 24 weather: 24
_adequate storage 24 hours/day with hours/day with hours/day with
adequate storage adequate storage adequate storage
1. Sensitivity to Cannot be Will te interru Will be interrupted Will be int i
pted N errupte! il be interrupted Will be interrupted
Interruption interrupted unless adequate No @ 0 1 unless adequate No @ unless adequate unless adequate
’ slorage storage storoge storage
Conclusion on
thg ahnowe criteria No @ No No [@®) ®
C. Site-Specitic
Social/Cultural/
Environmental
Criteria:
Medical stafl: f
8. Usage by Persons who need
Type of Person food storage
9. Historical/Social/
Religious
Influences
10 Timlitivmal None. tood
Energy Sources . drying used
Used
11. Cnvironmental Improvea health
Costs & Benefits Can preserve
perishable crops
12. Cost 1-2-kW unit with 1-kW system 3-kW refrigerator 3-kW system
. R 16-kW storage: with storage and with 100-m? N with heat storage
Considerations 554604)-7.100g OC retrigerator: No|No}No collector: No [ and absorption No
$32.000 $12.800 refrigerator:
@ ® sis00 @
Conclusions: must
bemadeona
7/

@ i adequate resource ll adequate resource & storage ©|l one site @nox needed
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S 3 >
@ @ o [
o |5 c |5 c oloc
o 2§ o285 s |28
S Jis S u S |wg
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= § A = =
- 2 z_ Biomass |2 25 Small 2|35
. . £ |c £l @
Biogas S|&[eg Direct S|efsd Scale AR
: |
Generators [ 2|3 123 Combustion |S[2|EE Hydro 22|88
A. Discrimination )
Criteria:
Heat from Heat ici
methane gas With energy N EI::I(I'::::&:
1. Type of Energy with energy transtormation: N/A With ener
transtormation: etectricity Yes nanslormgl);on‘ Yes
electricity {steam turbine) heat ’
shaft power shafl power
Heat: 100°-400°C
2. Temperature 8 Heat: n/alnsa|  T35°-400°C N/A
100°-500°C with energy
transformation
Good as gas
. hrough pioe- [ tor heat: i
3. Spatial : oor 10 : Guod ltur elegleivit
- Spaty tincs or o3 U for electeicity v
Distribution efectricily: good for e N/A|Yest  poor for heat ves
poor for shaft
power
Conclusion on
Discrimination N/A| Yes Yes

B. Site-Specific
Temporal & Cli-
matic Criteria:

Supply of biomass

Stream flow may

4. Seasonality Supply of waste vary without
. No
may vary may vary water storage
or pump
* Anytime when
. nytime whe

5. Time of Day waste is Anytime Anytime Yes
available
24 hours/day 24 nours il

6. Duration it fuel supply biomass fuel supp} 4 hours/
is constant ISI cons\an‘: upply 24 hours/day Yes

.

or gas storage @

translormation

. Minimal inter- interrupted i
7. Sensitivity to Will be interrupted ruption if slreampllow is
Interruption if waste supply adequate fuel is constant or No
decreases available and fed
10 stove wa!_er storage
available
Conclusion on
- N
the above criteria °
C. Site-Speclfic
Social/Cultural/
Environmental
Criteria:
8. Usage by
Type of Person
8. Historical/Social/
Religious
Influences
10. Traditional
Energy Sources
Used
11. Environmental
Costs & Benetits
Combustion unit §
$4.825 for plus device to 1-kW Hoppes
12. Cost N . 5.000 ft Yday of use heat tor unit: $4,525
Considerations gas. plus waste refrigeration plus baltery andg/or
or energy

water storage @

Conclusions: must
be madcona
site by site basis
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APPENDIX B

CURRENT RESEARCH ON NEEDS AND TECHNOLOGIES

In the last five years the impact of energy prices and availability on the economic and
social development of rural areas of Third World nations has become a concern through-
out the development community. Reports have been directed primarily at producing
needed information for project design or for the testing and modification of new ex-
perimental energy technologies. For analytic purposes, these studies can be divided into
five categories. Each study has contributed to an increased understanding of the problem
of rural energy needs. How this understanding can be incorporated into the matching
process is described in this report.

B-1. BASELINE DATA COLLECTION: CURRENT ENERGY CONSUMPTION AND
RESOURCE AVAILABILITY

These studies focus on two fundamental questions: how is energy being used today by
consumers in developing countries, and what energy. resources are available to meet cur-
rent consumption needs or to substitute for energy sources with high costs or un-
acceptable environmental and social side effects? They normally report case-study in-
formation for one location [1-3], one country [4-11], a single geographical region [13-15],
or comparative groups of developing countries [16-19]. In some cases, a complete energy
flow analysis is provided that includes approximating the energy content of human and
animal labor by using the caloric content of the food as well as the relative efficiencies
of converting food into work [16, 20, 21]. Some studies have attempted a systematic as-
sessment of available energy resources that provide the additional energy required to
accelerate development activities [17, 22].

This literature has provided guidance for this study. First, the literature has established
the importance of nonfossil fuels in the life of the rural and urban poor. The major
emphasis has been on the role of firewood, but there also has been discussion of the use
of dung, peat, and agricultural residues as fuel. Second, the major energy consuming
tasks have been identified in the rural sector and assigned rough weights for the energy
inputs of each basic need. Third, anecdotal information has been provided on the impacts
of rising consumption of noncommercial energy on the rural environment and on the lives
of the rural villagers. Fourth, several studies have examined the low efficiency of cur-
rent energy conversion devices—particularly traditional cookstoves—and have indicated
how efficient, low-cost systems could greatly lower the environmental stress from
energy resource consumption. Last, case studies have shown what the site-specific
energy needs are, and how the temporal, spatial, and thermal characteristics of energy
needs can vary drastically from site to site even within a small region.

These studies have clearly shown the need for new energy sources to meet a small
number of basic human needs. They also have demonstrated that the energy choice must
be tailored to each site and need. However, they have not provided a selection process
for meeting primary energy needs or what technologies to use.

B-2. ENERGY FOR BASIC NEEDS

These" publications closely ally with the preceding studies. Rather than cataloguing
existing energy use patterns, they discuss what basic development objectives could be
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met if additional increments of energy were made available [14, 16, 22-24]. Often the
focus is on one or two basic needs, such as water pumping, cooking, grinding of crops,
potable water. Some reports estimate the amount of energy needed to reach a certain
level of output that currently is not met due to a lack of affordable energy or extreme
poverty or is provided by human or animal labor.

B-3. TECHNOLOGY PERFORMANCE REPORTS

Other literature discusses the performance and problems of experimental renewable
energy systems installed in laboratory settings [25-30] or in developing country locations
as part of a development project [31-38]. In most cases, the emphasis is on the ability of
the system or its individual components to perform with high efficiency rather than to
meet a clearly outlined set of development objectives. Nonetheless, these documents
characterize the technology options as well as estimate costs of field installations.

B-4. COMPILATIONS OF RENEWABLE ENERGY TECHNOLOGY OPTIONS

Several recent reports, often commissioned by foreign assistance organizations, provide
an extensive catalogue of system types available to developing countries. Some deal
with conventional and nonconventional energy technologies [39-40], some attempt to in-
clude cost estimates as well as system characteristics [41-45], while others provide an
extensive description of technologies available for end-use needs [42, 46, 47]. Most cata-
logues do excellent jobs of providing information on the size and nature of each system's
energy output, but little information on how that output couples with the different end-
use energy needs or with different social, cultural, and economic systems.

B-5. AGGREGATE STUDIES OF FUTURE PATTERNS OF ENERGY DEMAND AND
SUPPLY FOR DEVELOPING COUNTRIES

Within the last five years, there have been a large number of sophisticated computer pro-
jections of energy supply requirements of developing countries for the next 5 to 25
years. In some cases, the developing countries are taken as a residual, which balances
the projected energy demand and the supplies of conventional fuels available [48]. In
other models, developing countries collectively are seen as direct competitors with
developed countries tor limited supplies ot conventional tuels [49-50]. Several computer
simulations also have been run that focus directly on the developing countries, aggre-
gating the projected demand by country, region, or level of per capita income.

These reports are not particularly helpful for the development of the technology
selection process. They are important, however, since they indicate the global energy
shortage that affects the decision making of donor institutions. Also, they show just how
important rapid development and deployment of new energy sources in developing
countries are for meeting basic human needs and for alleviating pressures on global fuel
supplies.

The authors have been dependent on the reported results of energy consumption patterns
as well as the scanty information on the performance of installed renewable energy sys-

tems in developing countries. Data often is localized and region-specific. For example,
information on energy needs and resources in Africa and South Asia have been relatively

easy to locate, while little information has been collected or disseminated on rural
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energy usage patterns in Latin America, the Caribbean Islands, Southeast Asia, and the
Middle East. Several excellent compendia have been relied on for technology perfor-
mance data. In particular, Walton et al. [46] are extremely useful for information on
solar-powered irrigation systems and wood stoves, while Morgan and Icerman [42] provide
a thorough and clear analysis of the different operating characteristics of a range of
wind energy conversion systems and wood stoves. These broad analyses have been
double-checked, where possible, against the reported performance of individual systems
installed and monitored in developing countries. .
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