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EXECUTIVE SUMMARY
 

The Survey Component of the Renewable Nonconventional Energy Project
 
was designed to assist the scientists and engineers in different energy

technology components accomplish their research and development activities.
 
The survey was significant in that it provided a record of community

characteristics before, during and after the implementation of various
 
renewable nonconventional energy systems and technologies.
 

The purpose of the Village Survey was:
 

a 	 To find and present village data in order to promote
 
energy technologies in rural areas, including a
 
survey of alternate energy sources;
 

* 	 To coordinate work with various component projects
 
in order to choose villages or urban areas for the
 
utilization of renewable nonconventional energy
 
sources and equipment;
 

* 
 To give basic knowledge to villages concerning these
 
energy technologies in order to enable local communities
 
to have a role in establishing groups or organizations
 
to administer the project both before and after the
 
installation of the new technology. This includes
 
organizing village labor during the construction phase
 
plus maintenance and operation of the technology after
 
installation;
 

* 	 To coordinate efforts between officials of various
 
subcomponent projects and local officials in the
 
installation of the technology in the local area; and
 

* 	 To study the various problems which affect the project
 
and to find the solutions, including an estimation of
 
the economic and social impact to the villages or urban
 
areas which use the renewable nonconventional energy
 
technology.
 

The total surveying process for these research and development projects

consisted of four phases: preparation, baseline, transition and evaluation
 
surveys. In this report, evaluation surveys were not included because
 
they have not yet been conducted.
 

9
 



The underlying concepts of the Survey Component as it was originally
 
planned were to try to promote villagers' participation in carrying out
 
implementation activities which hopefully would lead to self-reliance
 
in technology operation and maintenance after implementation.
 

National baseline surveys were carried out in 1980. Fifty villages
 
from ten provinces were selected for a one-month survey based on
 
agro-ecological conditions and regional distribution. Since some
 
subcomponent agencies needed to select additional villages to install
 
their particular technology, the baseline survey then included an
 
additional fifteen villages. These surveys consisted of:
 

0 	 Baseline surveys in three villages concerning water
 
pumps utilizing renewable nonconventional energy;
 

a 	 Hydro-electric surveys of three areas including a total
 
of eleven villages; and
 

0 	 A survey for the Energy Master Plan Support in one village. 

These additional surveys were conducted simultaneously with the
 
operatioral survey because it was conducted after the installation of
 
the renewable nonconventional energy system in the selected villages.
 

The baseline surveys were a collection of energy data concerning
 
sources of energy, energy usage, energy .eeds and economic and social
 
factors. This included the availability of raw materials and the moral
 
support and physical participation of villagers which could be expected
 
in the installation of a renewable nonconventional energy technology
 
appropriate for each village.
 

There were two phases to the survey. The first phase was carried
 
out in April 1980 in the following provinces: Petchburi, Korat,
 
Sri Saket, Kampangphet and Lampang. The second phase was carried out
 
in May 1980, and the provinces included were Songkhla, Chantaburi,
 
Roi-et, Udorn Thani and Chiang Mai.
 

The data collected and analyzed does not claim to be a national
 
representation. Villages were selected for in-depth study in prepara­
tion for implementation of energy technologies available in the
 
Renewable Nonconventional Energy Project. Because of time restraints,
 
only the baseline data from Phase I was analyzed. Certain statistical
 
techniques were applied as a preliminary analysis and were included in
 
this report as demonstration cases. Full analysis may be carried out
 
at a 	later date.
 

The transition surveys considered the initial cooperational stage
 
after the energy technology had been selected for installation. This
 
stage was important because it required good cooperation between
 
technicians, analysts, villagers and local officials. Initially, the
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analysts estimated the willingness of the community to cooperate. They
 
conducted public relations efforts designed to familiarize the community
 
with the new technology that was to be installed. When the community was
 
ready to accept the new energy system, the next step established super­
visory agencies and prepared a labor force. The establishment of super­
visory agencies was a critical step for the analysts because these
 
agencies could determine the success or failure of the project since
 
after the officials departed, the agencies renained to administer the
 
project.
 

Transition surveys included in this report consist of data from:
 

" Woodlot surveys in four provinces (Sri Saket, Roi-et, 
Maha Sarakharm and Yasothorn); 

* Community Biogas surveys in two villages in Sri Saket 
and Roi-et Provincec; 

Micro-hydro surveys in eleven villages in Chiang Mai 
Province; and 

0 Water Lifting surveys in three villages in Sakhen Nakorn, 
Nakhon Ratchasima, and Yala Provinces. 

The evaluation survey was set up to determine the impact of the new
 
technologies on the social and economic situation of the villages. It
 
was to include the level of acceptance by the local community of the
 
installed renewable energy technology. Because of time restraints, the
 
evaluation survey has not yet been conducted in depth. This paper only
 
considered problems which arose and surveyed people's overall opinions
 
of the project.
 

The results of the surveys may be said to be good learning experiences.
 
Conditions were diversified and needed to be treated case by case. In
 
almost all cases, community settings were different, indicating that
 
baseline and transition surveys are essential if implementation is to be
 
carried out to meet the needs of the community. The introduction of a
 
new project should be welcomed by everyone concerned before implementation;
 
therefore, attention should be given to information gathered from the
 
survey, especially when there is an indication of differences in opinions
 
cr practices at the village level. Lessons learned and reported in this
 
volume should be treated as guidelines to assist in future projects.
 



CONCLUSIONS 

1. The implementation of an alternative eneigy technology requires not
 
only specific information of the locality but also a well formulated
 
technique designed to actively involve the local villagers in the
 
formation, implementation, operation and maintenance of the designed
 
technology.
 

2. For implementation of a project to be successful, one must not walk
 
into the community blindly. The baseline survey, when carried out prior
 
to implementation, should serve as a background and guideline for future
 
activities.
 

3. Baseline surveys need to be conducted on every component. Transition
 
surveys carried out prior to implementation will lead to successful
 
implementation if social problems identified by the survey are solved.
 

4. Evaluation surveys were not conducted for this study due to time
 
limitations. They are good measures of social and economic changes in
 
the community, they pinpoint problems of acceptance and provide technology
 
diffusion information.
 

5. The results claimed in the analyses by the Village Survey Component
 
can only be claimed as guidelines for use in the data analysis of other
 
energy surveys.
 

6. The surveys conducted by this component have provided important
 
baseline information regarding the rural areas of Thailand that will
 
have many uses in the future. Be cautioned that these surveys cannot
 
be considered as statistically representative of Thailand as a whole,
 
but they are still extremely valuable within themselves as they represent
 
provinces with specific energy resources.
 

7. The analysis of the structure of variables by factor analysis waG
 
not applicable for this set of data. We can view this analysis as an
 
exercise in factor analysis application.
 

8. These results will be useful in choosing the statistical methods
 
which should be used in future surveys. Thus, in turn, means that
 
scaling and quantification of variables can be built into the question­
naire and will not need to be a separate function during coding or
 
analysis.
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9. 	 As far as the analyses of the data are concerned, certain primary
 
conclusions were obtained from the analyses run (factor analysis, multiple
 
regression, discriminant analysis and Pearson's correlation matrix);
 

0 
 The decision to go further/nearer for fuel collection
 
depended on the size of the househ.id. hnw many household
 
members were responsible for fuel collection and how many
 
rais 	of land they had access to;
 

a 	 Neither the use of firewood nor charcoal were indicated by
 
household economic status. Traditional habits and familiarity
 
determined the energy practice in each household:
 

0 	 The amount of fuel used depended mainly on the needs of the
 
household as identified by household size;
 

* 	 Most people used fuel in traditional ways. Most did not
 
apply or even think about methods of fuel conservation,
 
methods of cooking or how to use fuel beneficially; and
 

* 	 Kerosene consumption showed a relationship to householic
 
income and lighting equipment.
 

10. The energy components cannot always consider themselves as isolated
 
units. The success or failure of a component might well rely on the
 
implementation of other projects, such as a new road to carry produce
 
to markcl-, produce that was grown using an improved noncon.entional
 
energy technology. Each element relies on each other.
 

11. 	 The value of the social scientist has been played down in many
 
instances. However, in several cases, project failures or project
 
marginal successes were due to social rather than technical failures.
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RECOMMENDATIONS
 

1. Special efforts should be made to equip the personnel (especially
 
the technicians) involved in the projects with a good understanding of
 
village life, concentrating on the community's ways of thinking, its
 

behavior and, if possible, important-village relationships. Project
 
personnel will, in short, be public relations representatives of the
 

Royal Thai Government and of their energy component, a responsibility
 

which is viewed with as much importance as their technical expertise.
 

2. Research and Development is important, but without a solid implemen­

tation program the results will not pass the "practical application"
 
test. Therefore, attention should be given to the implementation stage
 
with close supervision by the technical specialists.
 

3. Technical specialists need to give more attention to the implemen­

tation stage of the project so that technical/construction difficulties
 
do not cause a failure of project acceptance by the local community.
 

4. It is recommended that in the future, the Survey Component should
 
proceed with every phase of the surveys (preliminary, baseline,
 

transitional and evaluation) for every tecLnical component in the
 

project.
 

5. The evaluation surveys should be conducted over a long enough period
 
of time to ensure an accurate assessment of each project.
 

6. Training on participatory implementation techniques should be
 

offered and required for technicians working on rural energy development.
 

7. The training curriculum for implementation of nonconventional
 

energy technology should consist of:
 

* General knowledge on different energy technologies;
 

* General knowledge on participatory techniques; and
 

* General knowledge on implementation stages or project cycle.
 

8. If training cannot be offered, energy implementation personnel
 
should be made aware of the need to involve local people in every stage
 

of implementation, especially the initial stages.
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9. Energy personnel should have a positive attitude toward the local
 
people and should be able to work with the locai people with an under­
standing of how to involve the villagers in the formation, implementation,

operation and maintenance of the designed technology.
 

10. In Survey Data Analysis, if the volume of data is large and must be
 
divided into two phases, it is necessary to design the two phases to be
 
the same. Alternation of the questionnaire and alternation of the data
 
frame will only make the computer analysis more complicated and more time
 
consuming, especially if there is any lag time between data codingand
 
data analysis.
 

11. Data should be prepared for statistical analysis before coding.

Preparations such as scaling, arranging all answers 
to have the same
 
direction of scaling, and quantification of variables requiring it,
 
should be made prior to actual computer analysis.
 

12. The statistical tools that are to be applied in the analysis should
 
be identified before formulating the questionnaire. In this way, only

the necessary variables will be included and redundancy can be avoided.
 

13. Redundant and unnecessary variables should be minimized. It was
 
found in this analysis that many of the variables were not applicable
 
to Thailand.
 

14. The surveys should definitely be continued.
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Chapter 1
 

Introduction 



INTRODUCTION
 

The Survey Component of the Renewable Nonconventional Energy Project
 
was organized in 1980 to record socio-economic data from representative
 
villages in Thailand. Surveys were conducted and data were collected
 
before, during and after the implementation of specific energy-related

technologies, including those of zhe Charcoal-making, Biogas, Stoves,
 
Uoodlots and Water Lifting Components.
 

This report summarizes the activities of the survey component;

identifies the problems, weaknesses and strengths of the individual
 
surveys; gives reasons why certain alternatives were chosen; gives

explanations for the success or failure of a specific technology in terms
 
of its social-economic impact; and makes suggestions and recommendations
 
for future survey activities.
 

A. BACKGROUND
 

In 1980, Meta Systems Inc. (Boston) was contracted by the U.S. Agency

for International Development (USAID) to carry out a 5-year Renewable
 
Nonconventional Energy Project consisting of 14 components. 
 The components
 
in this project included:
 

Biomass Gasification
 
Charcoal Improvement
 
Energy Master Plan Support
 
Industrial Biogas
 
Micro-Hydro Project
 
National Energy Information Center
 
Pyrolysis of Rice Husk
 
Regional Energy Centers
 
Solar Thermal Processes
 
Solar/Wind Assessment
 
Stove Improvement
 
Village Survey
 
Village Woodlot
 
Water Lifting Technology
 

However, the Meta Systems Co. contract was terminated after 3 years of
 
work and responsibility for the project completion was transferred to
 
the National Energy Administration.
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This paper will deal with the findings of the Village Survey component.
 
Within the Survey component there are subcomponents, i.e., preliminary
 
preparation, together with baseline, transition, and evaluation surveys.
 
However, after the survey component was transferred to NEA, many of the
 

activities in the subcomponents were altered from the original proposal.
 
In writing this report, attempts are made to give as accurate a picture
 

of the activities involved as possible. For background information, a
 

brief description of the subcomponents is presented in the following
 
paragraphs.
 

B. OBJECTIVES OF THE SURVEY COMPONENT
 

Preliminary Preparation
 

Activities in this subcomponent included a study of secondary data,
 
design of the sampling framework, and preliminary site visits for base­

line village selection. The villages were selected in 10 provinces based
 

on regional location and ecological conditions. Fifty villages were
 

selected purposely to represent different types of villages in the country.
 

Baseline Survey
 

The baseline survey examined a number of village activities in detail.
 

The activities surveyed include:
 

0 Cooking - fuel selection and consumption, foods consumed, 
stove design and use; 

* 	 Industry - fuel use, level of production, production costs, 
labor productivity, production technology, 
marketing of inputs and outputs, financing; 

" Agriculture - Crops, planting cycle, land tenure, size of
 
holdings, use of agrochemicals and equipment,
 
extent and method of irrigation, yields, residues;
 

* 	 Fuels - prices, moisture content, calorific value, yields,
 
locations, uses, preparation, conversion, and
 
distribution;
 

" Water supply - location of source, allocation, level of
 
consumption, uses; and
 

" Markets - prices of major fuels, appliances, industrial products
 

and sources of fuels sold.
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Transition Survey
 

The transition surveys were technology-specific and were originally

intended to be conducted just prior to project implementation or during

the early stages of operation. These surveys collected a variety of
 
specific data related to the potential uses of the new technologies, the
 
activities and materials for which these technologies provide a substitute,
 
and the resources used prior to the introduction of the new technologies.
 

These surveys explored the problems associated with introducing the
 
technology into a village including: the difficulty in familiarizing the
 
villagers with the uses of the technologies, the training or availability

of the reqt5 red labor skills for constructing and operating the technology,

the operat4.onal problems with the technology during the start up phase,

and the ability of the community to organize support for the use of this
 
technology. Different surveys were prepared for each technology.
 

Evaluation Survey
 

Since evaluation surveys, as originally planned, have not yet been
 
carried out, the description in the following paragraphs is not what was
 
actually done, but rather a description of evaluation surveys as proposed
 
by Meta Systems Inc. in the original proposal submitted to USAID.
 

The evaluation surveys were planned to measure the changes resulting

from the operation of the new technology and the problems of acceptance.
 
The earliest evaluation surveys were to be used to revise the operation

of the existing units and to modify the design and implementation plans
 
for subsequent units. These evaluation surveys were also to provide

information to assist in planning the technology diffusion program and
 
to prepare cost-benefit analyses.
 

The evaluation surveys were to be conducted at intervals following

the start up of the technology experiments. The frequency and total number
 
of surveys would vary depending on the technology and the planned period

for experimentation. In general, evaluation surveys would be organized
 
every six months. They would be structured to determine both the problems

which had developed since the start up and the success which the technology

had achieved in reaching its goals (as stated in the plans developed from
 
the component scope of work and the baseline survey). 
 The survey procedures
 
and documents would be prepared following the acceptance of the plans for
 
the different technology experiments.
 

C. SIGNIFICANCE
 

In Research and Development, which requires the development of
 
technology research as well as the application of the research findings
 
to the development of the communities, the interrelationship between
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technology research and social science research is most crucial. Scientists
 
and engineers realize now that development in research on technology may
 
progress to the point where new technology is invented but the implementation
 
and acceptance of the newly developed technology in communities requires
 
another kind of research unfamiliar to the scientists and engineers. It is
 
at this point that cooperation between technical experts and social science
 
experts is necessary.
 

The survey component was designed to assist the scientists and engineers
 
in accomplishing their research and development activities. The significance
 
of the surveys lays in the provision of systematic records of the community
 
characteristics-before, during, and after implementation. These records will
 
help in identifying weaknesses and strengths of the projects leading toward
 
the failure or success of a specific technology.
 

D. SCOPE OF THE WORK
 

The Transition and Evaluation Surveys were carried out in the villages
 
where technologies wer- being tested. The surveyors were selected from
 
among the surveyors and supervisors who worked on the baseline survey. They
 
used both formatted iiterviews and participant observations. These survey
 
activities were designed to be less comprehensive than the baseline survey.
 
The survey formats were prepared by the consultants using the information
 
gathered for the baseline surveys and the implementation schemes for the
 
different technologies. The analysis of the data collected was pexformed
 
by the surveyors under the direction of the consultants who were then
 
responsible for preparing reports on the findings.
 

The number of sites and types of technologies determined the number
 
of survey visits to be performed, subject to budget limitations. Each
 
visit was expected to require two weeks with half a week of training and
 

preparation and half a week for analysis and debriefing. Frequency of
 
site visits were to be twice a year unless technical or seasonal factors
 
necessitated more frequent visits.
 

The experts in the technologies were to review the transition and
 
initial evaluation surveys to determine if design modifications and
 
operational changes needed to be instituted in the field to improve
 
performance. The surveys were also to be reviewed by the consultants
 
and their counterparts to prepare plans for subsequent implementation
 
and diffusion activities.
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E. ORGANIZATION OF THIS REPORT
 

Materials included in this report are:
 

1. Preliminary preparation activities carried out by Meta System,
 
Inc. (1981);
 

2. Baseline surveys carried out by Meta Systems, Inc., Phase I
 
(1981);
 

3. Transition surveys carried out by Meta Systems, Inc. in the
 
Woodlot Component and Community Biogas (although the technology of the
 
Biogas Component was developed using NEA funds) 1981-1982; and
 

4. Baseline/transition surveys carried out by the NEA Survey Team
 
in the Micro-hydro, Windmill, and Photovoltaic Water Lifting Components
 
(1983-1984).
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Chapter 2
 

Concepts of the Survey 



CONCEPTS OF THE SURVEY
 

A. BACKGROUND
 

The survey component is designed to be part of a large research and
 
development project on renewable nonconventional energy. It is therefore
 
appropriate to review some of the development concepts proposed and
 
utilized by many agencies working on development.
 

B. THE WESTERN DEVELOPMENT MODEL
 

For many decades, developing countries patterned their development on
 
the Western model; to reach the development stage, however, required one
 
to find both the means and the ways. The theory of 5 stages of development

(Rostow,1960 and 1971), is a good example of a theory following this concept.

According to this model, "underdeveloped" people auLd nations must change
 
their ways of living, their socio-cultural beliefs, their political

organization, etc. in order to become "developed" according to the Western
 
model. Technology transfer and diffusion were some of the concepts used,

especially in the earlier period of development studies (Rugers, 1962 and
 
Lerners, 1958). It was later found that technology could not merely be
 
brought into the community to make that community developed. It took more
 
than diffusion of technology or innovation for development to talz place.
 

Economic Indicators as Measures of Development
 

Following classical economic theories emphasizing demand, supply,
 
profit-making, and the like, a development model was one in which communi­
ties were evaluated to be more developed or less developed using certain
 
economic indicators, such as average nationwide per capita income. 
After
 
this development model was heavily criticized, the gini coefficient was
 
introduced as a second indicator to measure income disbursement or
 
distribution. 
However, many critics were still not satisfied because
 
not all social conditions were considered.
 

It appears that though economic indicators have enabled analysts to
 
make certain conclusions, final conclusions cannot be made because either
 
the micro-data were not accurate enough and/or qualitative data were not
 
included in the analysis. In the case of Thailand, Oey Astra Meesook
 
(1979), 
in her World Bank report, came to the following conclusion:
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"In considering the related Issues of growth and equity with
 
respect to Thailand, we thus conclude that economic growth has been
 
accompanied by a reduction in regional and urban-rural disparities
 
in household incomes and in the proportion of the poor population
 
in the total. Moreover, to the extent that the reduction in
 
disparities originates from direct improvements in the agzicultural
 
sector, then we have not witnessed any trade-off between economic
 
growth and equity; agriculture-based growth has itself improved
 
agricultural incomes, and hence also aggregate income, and at the
 
same time led to a reduction in disparities between agriculture and
 
non-agriculture, as well as across regions. One would, however,
 
have to know what has happened to the distribution of income within
 
the agricultural and non-agricultural sectors themselves before
 
drawing final conclusions on this issue. As far as the role of the
 
government is concerned, however, the resources available to it have
 
not been used in such a way as to contribute to a reduction in the
 
disparities in the living standards across major population groups."
 

Social Indicators as Measures of Development
 

The criticism of economic indicators as a means to measure development
 
led to the identification of social indicators to measure development. So
 
far, no one has come up with an agreed upon set of social indicators.
 
Many have reached the conclusion that it is not possible to identify a
 
specific set of social indicators. However, the social indicators
 
identified or those in the process of being identified are items which
 
are quantifiable, such as life expectancy, literacy rate, infant mortality
 
rate, etc. (Morris, 1979). Even if these sets of variables are identified
 
as social indicators, critics will still not be satisfied because non­
quantifiable items were excluded.
 

C. 	NON-WESTERN DEVELOPMENT MODEL AND
 
RENEWABLE NONCONVENTIONAL ENERGY
 

Many international agencies now promote development concepts which
 
are more relevant to the quality or characteristics of development processes
 
than to the measure of development itself. This approach stems from the
 
rejection of Western Development Models which were appropriate for Western
 
societies but were not necessarily appropriate for non-Western societies.
 
Third World countries should have a different process of development. They
 
will not be able to reach the take-off stage of development identified by
 
Rostow, and they should not try. Ways of living are different due to
 
different ecological and geographical conditions as well as socio-political­
economic conditions. If Third World countries try to follow development
 
models designed by the West for the West, they will end up being dependent
 
on a Western economic system and will become worse off economically and
 
socially than they were before.
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Two important concepts which were being promoted and followed as
 
appropriate development strategies for Third World countries were the
 
concepts of self-reliance and popular participation (Uphoff, Cohen and
 
Goldsmith, 1979 and van Heck, 1979). In this project, these two concepts
 
were 	used in developing questionnaires for baseline surveys and it is
 
recommended they be followed in t'.e implementation of technology. They
 
are elaborated upon in the following paragraphs.
 

Self-Reliance
 

In the renewable nonconventional energy project, energy supply and
 
demand of the comiunities were two of the most important factors to be
 
identified. The identification of available sources of energy supply
 
indicated the energy technology most appropriate for implementation. The
 
identified energy demand helped determine the magnitude or amount of
 
energy needed to make the community self-reliant. In other words,
 
self-reliance in energy supply is the goal of energy technology in any
 
given community. A reaewable energy supply will prevent community
 
dependence on imported fuel.
 

Participation
 

The process of making energy available for community use should be
 
participatory. Villagers should be involved in identifying the energy
 
problems and the energy demand and supply for their village, as well as
 
in deciding upon an alternative energy supply which could be introduced
 
through the implementation of energy technology. Once appropriate energy
 
technology is identified, villagers should contribute their labor and/or
 
income in making the energy technology available. Energy technology
 
should not be handed out, leaving it up to the community members to accept
 
or reject the technology. Villagers should be involved and participate
 
from 	the very beginning in bringing energy technology into their community.
 
Their participation will indicate their needs and their willingness to
 
operate and maintain the technology in the future. Villagers' participation
 
will also create a sense of belonging in the project and in the community,
 
and will prepare them for O&M (operation and maintenance) after the project
 
is completed.
 

D. 	 THE CONCEPTS OF SELF-RELIANCE AND
 
PARTICIPATION IN THE SURVEYS
 

The concepts of self-reliance and participation were built into the
 
survey design during preliminary preparation, the baseline survey, the
 
transition survey, and the evaluation survey.
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Preliminary Preparation
 

SeCondary data sources were studied to help in identifying regions
 
where certain sources of energy supply were located. For example, the
 
South was identified as having available sufficient wind as required in
 
the windmill water lifting component. The Northeast was identified as
 
having available biomass material such as agricultural waste and animal
 
waste. The North contained sources of water for minihydro and wood for
 
charcoal making. And the Central region represented an ecological zone
 
of fruit growing and other lowland caltivation. The identification of
 
the survey area based on ecological zoning and availability of resources
 
was done in order to make the selected communities self-reliant in energy
 
supply.
 

Baseline Survey
 

In the baseline survey, in addition to collecting information on
 
energy supply and demand, information on sociocultural conditions, existing
 
factionalism and/or group participation activities were also collected.
 
The baseline questionnaires and researcher's observations and field notes
 
were designed to enable the survey team to identify villages for implementa­
tion of appropriate energy technology leading towards self-reliance in
 
energy supply through participation of villagers. For site selection,
 
potential group participation in energy activities was one of the most
 
important criteria considered.
 

Transition Survey
 

The concept of popular participation became very clear in the transition
 
survey. In order to implement energy technology in a village, the social
 
science researzher made preliminary contacts, got villagers together in a
 
meeting to introduce the technology, and asked for their agreement and
 
cooperation. This step was necessary for the transition survey to be
 
carried out properly according to the proposals in the concept papers.
 
It was at this stage that interrelationships between technical people,
 
social science researchers, and villagers became crucial. Where
 
cooperation was possible, villagers contributed towards the implementation
 
of the technology. They felt that the technology was community property
 
to be looked after for the well being of the community. The concept of
 
participation and involvement of villagers was a technique to bring
 
villagers into the project at the earliest possible stage and to prepare
 
them to take over the project when the technical people left the project.
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Evaluation Survey
 

Criteria for evaluating the success or failure of the implementation

of any energy technology was not simply a question of whether or not the
 
technology worked, but the evaluation was based on how the technology

worked in the community setting. 
A biogas digester might work technically

but if the villagers did not use it, the implementation of this particular
 
energy technology was evaluated to be a failure. 
 When technology failed
 
to serve the community, something must be wrong --
and the evaluation
 
survey of any research and development project should be designed to
 
detect the weakness in implementation and to make adjustments acc3rdingly.

A successful project is a project 'iere users (villagers or another target

group) adopt the technology and ar. able to maintain and operate the
 
technology without having to depend on outside assistance.
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Chapter 3
 

Baseline Survey 



BASELINE SURVEY 

A. BACKGROUND
 

Baseline surveys were carried out by Meta Systems Inc. with consultants
 
from Chulalongkorn University, Chiang Mai University, Khon Kaen University,
 
and Kapetsart University. In addition to consultants, field coodinators,
 
field supervisors, and enumerators were also recruited from the four
 
universities. The 10 provinces were selected based on their ecological
 
zone and after the provinces were selected, 5 villages were chosen in each
 
province. 
The 5 villages were required to be located in the same vicinity
 
in order for field supervisors to visit the enumerators regularly, using
 
motorcycles as their means of transport. 
The survey of the 10 provinces
 
took place between March and June of 1980. The surveys were divided into
 
2 phases covering 5 provinces in each phase.
 

However, additional requests were later made to carry out baseline
 
surveys in Nan and Buriram Provinces. Therefore, Phase III was included
 
in the survey, but the data were not included with the original data and
 
are not d:iscussed in this chapter.
 

B. PURPOSE OF THE BASELINE SURVEY
 

The baseline survey had two goals. The fitst was to provide general
 
data on village activities and energy-use patterns which might be changed
 
by the introduct on of renewable energy technologies. These data were
 
used for the selection of sites where the technologies would be demonstrated
 
and for comparison with data to be gathered in evaluation surveys following
 
the demonstrations. The second goal was to provide basic research data for
 
the participants in various components of the project. The baseline survey
 
was extended to include: collection and analysis of biomass samples for
 
the Biomass Assessment component, observation and measurement of the uses
 
and availability of different species of trees for the Woodlot component,
 
experiments on stove operation and efficiency for the Stove component,
 
observation and measurement of charcoal making for the Charcoal Kiln
 
component, observation and measurement of rural industry for the Industrial
 
Conservation component, survey questions on water supply and irrigation for
 
the Water Lifting component, measurement and analysis of animal dung
 
production for the Biogas component, survey questions on electricity use
 
and community organization for the Micro-hydro component and survey questions
 
on local examples of appropriate technology and local sources of credit for
 
all technology components.
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C. SURVEY HISTORY AND LOCATION
 

The survey was performed in two phases. In the first phase teams
 
were sent to Petchburi, Korat, Srisaket, Kampangphet, and Lampang during
 
the period March-April 1981. In the second phase teams were sent to
 
Songkhla, Chantaburi, Roi-et, Udorn Thani and Chiang Mai during May 1981
 
(see Table 1). Preparation of the survey documents, pretesting and
 
training survey teams occurred from mid-February until the beginning of
 
the Phase I survey. Data processing commenced after Phase I but did not
 
become a full-time activity until the middle of June. The analysis of
 
all data except computerized questionnaire data was completed by the end
 
of July, and the computer data was processed in the month of September 1981.
 

The first phase of the survey was conducted during the dry season.
 
The only interruption occurred during the period of the abortive April 1
 
coup attempt. The second phase occurred at the beginning of the rainy
 
season in all provinces except Roi-et. The collection and transport of
 
samples was hampered by the weather.
 

D. DEVELOPMENT OF SURVEY 
DOCUMENTS AND PROCEDURES
 

The survey documents and procedures were to a large extent derived
 
from on-going research activities in Thailand. The basic household
 
survey evolved in four stages: the preparation period, the baseline
 
survey, the transition survey, and the evaluation survey. First, existing
 
household survey documents developed by the participating universities
 
were reviewed and a composite document was prepared by the survey super­
visors. To this was appended Thai translations of an energy survey which
 
had been used in Indonesia and a water supply survey derived from survey
 
work in South America. The completed document was reviewed by the survey
 
coordinators in a three-day workshop. The revised document was then field
 
tested in the central region of Thailand by the survey supervisors and a
 
final revised version printed for Phase I of the survey. Following
 
Phase I, the document was reviewed by the survey supervisors and coordinators
 
in a three-day workshop. Inappropriate or meaningless questions were
 
eliminated, vague questions were reworded, and additional questions
 
evolved in Phase I were incorporated. The revised document was printed
 
for use in Phase II. A final workshop was held with the coordinators
 
and supervisors at the end of Phase II to determine basic problems with
 
the survey document and procedures as well as with the planning and
 
implementation of the survey.
 

The methodology and procedures for the measurement, collection and
 
analysis of biomass samples and mapping of village land use were prepared
 
by participating researchers from the Faculty of Forestry at Kasetsart
 
University whose expertise included forestry, scatology, and watershed
 
management. They prepared a manual of instruction for the collection
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TABLE 3.1 

AREAS SURVEYED 

PETCHBURI (17 march-.17 April) POPULATION SONGKHLA (4-29 May) POPULATION 

MAE PRACHAN (1) 750 PACHING 500 

WANG KAI 700 TUNGPHRA 300 

NONG 'ATUMP 600 PABHU 300 

TAHUALOB 800 SAX XHUNG 319 

MAE pRACHAN (2) 602 CHAI NA 250 

XORAT (17 march-17 April) CLANTABURI (4-29 May) 

NONG SALA 300 BANG RAHONG 420 

NON LEUM 800 NAZA 480 

NON NGUE 850 BAN GROG 400 

SRA NOI 580 KLONG BON 420 

SRA NOI 450 PAX TAPON 250 

SRISAXET (20 March-20 April) ROi-ET (7-29 May) 

KAO 580 NONG VANGYAO 658 

KOK 853 PA NAI 532 

PRAN 520 PA VER 462 

MAIKAND - SANGKAN 582 BAN XUAJ 420 

PONG 575 BAN KO 917 

XAMPANGPHET (25 March-22 April) UDORN THANI (7-29 May) 

PPXUKMAXUD 550 NONG BUADEANG 1019 

.HUATUNGNOI 600 KRA WUA 631 

WANGC2iAPOO 2100 BAN MEN 568 

BO- TOM 19D0 SAM XHA SAN TISUK 953 

HADCHAON 1200 )CHOK SRICHEINGMAI 1440 

LAMPANG (25 March-22 Aorilj CHIANG MAI (7-29 May) 

MAEPUNG 500 MAI HO PRA 731 

LAI H=-N 1857 KHEELEK LUANG 700 

SALADONG AN 1011 SANPATOUNG 600 

RAINANOI 2012 BAN HONG 535 

BAN PAO 604 TONG GUY 1159 
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FIGURE 3.1 BASELINE SURVEY SITES 
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of different types of biomass and instructed the supervisors on these
 
techniques. Following Phase I these techniques were reviewed by the
 
researchers and the supervisors and revisions in procedure were made.
 
Also, at the researcher's suggestion, five forestry students were recruited
 
to assist the survey teams in cartography and identification and maeasure­
ment of local wood sources. Following Phase II, meetings were held with
 
the researchers to discuss additional problems. A summary of these
 
problems was included in the report, "Collection and Analysis of Biomass
 
Samples".
 

The methodology and documents for the stove testing activity were
 
derived from the work of Stephen Joseph and his colleagues at the Inter­
mediate Technology Development Group. For the charcoal-making activity,
 
procedures and documents were prepared by research personnel from Meta
 
Systems Inc. The rural industry survey methodology and documents were
 
developed from a similar survey conducted in Indonesia.
 

Additional survey documents were developed by the survey coordinators
 
and researchers, field tested-by the survey supervisors and revised based
 
on the experiences of Phase I.
 

The training of the survey supervisors in survey procedures was
 
performed by the survey coordinators and research personnel. All documents
 
and all instructions were in Thai with the exception of the instructions
 
in stove testing, charcoal making, mapping and general measurement
 
procedures which were given in English and Thai.
 

E. CHANGES BETWEEN PHASES
 

The household questionnaire was edited between Phases I and II in
 
order to account for problems in Phase I and to expand on certain areas
 
such as credit and transportation.
 

The sample collection procedures were modified between Phase I and
 
Phase III because of the problem of deterioration in samples which were
 
stored in the field for long periods without being dried. Specifically,
 
the dung and recently-cut biomass samples were sun-dried before being
 
placed in containers in Phase II.
 

The mapping and forest survey procedures remained unchanged from
 
Phases I to II. However in the second phase graduate forestry students
 
from Kasetsart were brought in to assist each team. The increase in
 
quality of data collected was significant.
 

Other procedures and activities were unchanged between the first
 
and second phases.
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The writing of essays as a mechanism for data collection was
 
introduced after the first phase, but the enumerators were unprepared
 
to answer accurately many of the questions posed in the essay outlines.
 
Following Phase II, the enumerators were much better prepared.
 

The sample size was cut by 10% from Phase I to Phase II due to time
 
constraints imposed on the enumerators by the end of their vacation period.
 
The charcoal-making observations were reduced because of limited activity
 
during the start of the rainy season. Field residues were also less
 
available during the second phase.
 

F. 	DESCRIPTION OF SURVEY COMPONENTS
 

The survey as conducted by the enumerators, supervisors and coordinators
 
involved a number of activities. These activities included interviews,
 
physical measurements and participant observation. A summary of these
 
activities is presented below:
 

0 	 HOUSEHOLD QUESTIONNAIRE - 19u" households in 50 villages in
 
10 provinces were interviewed. The subjects covered included
 
employment, agricultural practices, energy use for cooking
 
and lighting, cooking and stove characteristics, credit, water
 
supply, community participation, transport, livestock ownership,
 
use of fish ponds, tree crops, hrme industry, possessions, and
 
house construction.
 

INFORMANT INTERVIEWS - Unstructured interviews were conducted
 
with local leaders including the village headman, abbot,
 
teacher, health worker, community development worker,
 
agricultural extension agent, agricultural bank manager,
 
and energy sellers.
 

" 	 LAND USE INVENTORY - Maps were prepared of the land use within
 
the village. An inventory of the land use was indicated
 
within the blocks of a 0.5 by 1.0 kilometer grid by the
 
enumerators.
 

" 	 CHARCOAL MAKING OBSERVATIONS - Measurements were made of the
 
amount of fuelwood used to make charcoal and the amount of
 
charcoal produced. Samples were collected to be analyzed for
 
moisture and energy content. The process, length of time and
 
amount of labor required were also recorded. About 67 charcoal
 
making activities were observed.
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" 	 STOVE TESTS - Three tests were conducted on selected household
 
stoves: 
 a boiling water test to determine absolute efficiency,
 
a cooking test to determine relative efficiency and a cooking
 
observation test to determine hov villagers use their stoves
 
for normal cooking activities. These observations were made
 
for different types of stoves and different types of fuels.
 
In total about 125 stoves were tested.
 

" 	 BIOMASS SAMPLE COLLECTION - Samples of dung, fuel wood, charcoal,
 
and agricultural residues were collected. These were tested
 
for moisture and energy content. Approximately 1000 samples
 
were tested for moisture content and about 150 for energy content.
 

" 	 DUNG COLLECTION - Data was collected on the amount of dung
 
produced by buffaloes, cows and pigs. Samples were collected
 
for testing. Data on the species, size and sex of the animals
 
was recorded,
 

* 	 FOREST SURVEY - Wooded areas supplying fuel for the villagers
 
were surveyed to determine the amount of standing biomass and
 
the species. Data was also collected on the uses for different
 
species.
 

* 	 FIELD RESIDUE SURVEY - Field residues (following recent harvest
 
activities) were measured to determine the amount of biomass
 
available from a harvested field. Samples of potential fuels
 
were collected for analysis.
 

* 	 PHOTOGRAPHIC SURVEY - Photographs were taken of the stove and
 
charcoal-making tests, the land use, village technologies,
 
rural and home industries, and village architecture and layout.
 

* 	 RURAL INDUSTRY SURVEY - Small-scale rural industries were
 
observed in each province. A total of 55 establishments
 
were visited and the managers were interviewed about their
 
operations. The amount of fuel used as related to the product
 
was measured. Fuel samples were collected where biomass fuels
 
were used.
 

* 	 APPROPRIATE TECHNOLOGIES - Local technologies and renewable
 
energy technologies were selected in each changwat and
 
interviews were conducted with the owners.
 

" 	 ENERGY SELLER - A structured interview was conducted with
 
tradesmen who sold fuels in tie survey villages.
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G. DESCRIPTION OF DATA ANALYSIS
 

Computerized Questionnaire Data
 

A large part of the data collected in the household questionnaires
 
was machine-coded for computer processing. The data which was captured
 
on the computer are marked on the questionnaire forms contained in
 
Report XII (Meta, 1982). The format in which this data was stored
 
was presented in Report XIII (Meta, 1982).
 

The data were initially entered through a data entry system and then
 
transferred from diskette to tapes. The tapes are 9 track, 1,600 EPI,
 
EBDIC-coded records. The basic record structure was formatted according
 
to the pages of the questionnaire records and these were sorted according
 
to village and province.
 

The data on the tape were checked in five ways; first by the supervisors
 
spot-checking the questionnaires in the field, second through verification
 
of the data during keypunching, third by range checking during entry,
 
fourth by visual inspection of the resulting data and fifth through a
 
series of consistency checks performed by the computer. Where problems
 
were identified, the original questionnaires were consulted and corrections
 
made where indicated. Where the data reported on the questionnaire and
 
entered onto the tapes were illogical, the entry record was marked. Where
 
pages were missing from a questionnaire, a code was added to indicate that
 
the data were not available. This is distinguished from questionnaire
 
pages in which no answers were given because the questions were not
 
applicable to the household.
 

The computerized data was transferred to disk at the Asian Institute
 
of Technology. Data processing was done using the SPSS software system.
 
Programming was performed by project research assistants.
 

Forty questionnaires were prepared for each of the villages in the
 
first five provinces. The exception was village number 4 in Srisaket
 
where only 30 households were interviewed. Thirty-six questionnaires
 
were prepared in each of the villages in the second group of five provinces
 
with the exception of village 2 in Roi-et where only 18 questionnaires were
 
prepared. Households were selected by the survey personnel in consultation
 
with the village leader. The population was divided into three classes
 
of wealth and into agricultural and non-agricultural families by the
 
village leader and the survey sample was chosen on a proportional basis.
 

The questionnaires were identified by a basic code which indicated
 
the province, the village and the number of the family. A translation
 
of this code together with the sample size is shown in Table 2. The
 
questionnaire page record numbers were identified by a separate code.
 
This code and a description of what was contained in the record was
 
included in Report XIII (Meta, 1982).
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TABLE 3.2 

VILLAGE SAMPLE SIZ-

Code Name Sammle 

Size 

Total 

Household 

1. Petchburi 

11 

12 

13 

14 

15 

MAE PRACHAN 

MAE PRACHAN 

WANG XAI 

NONG-KATUMP 

TABUALOB 

LI) 

(2) 

40 

40 

40 

40 

40 

124 

73 

109 

83 

163 

2. . orat 

21 

22 

23 

24 

25 

NONG SALA 

NON LEUM 

NON NGUE 

SRA NOI 

SRA 1.01 

40 

40 

40 

40 

40 

67 

140 

155 

85 

78 

3. Srisaket 

31 

32 

33 

34 

35 

AO 

XOK 

PRAN 

MAIKAND-SANGIGN 

PONG 

40 

40 

40 

30 

40 

85 

134 

82 

87 

86 

4. yatangh et 

41 

42 

43 

44 

45 

PREUKOAXUD 

EUATUNGNOI 

WANGCHAPOO 

B0- '2m 

HAYCHAOM 

5. mpn 

40 

40 

40 

40 

40 

100 

120 

447 

340 

150 

51 

52 

53 

54 

55 

MAEPUNG 

LAI EMN 

SAIAONGLAN 

RAINANOI 

BANPA0 

40 

40 

40 

40 

40 

100 

327 

272 

334 

123 
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TABLE 3.2 (Continued) 

VILLAGE SAMPL SIZE 

Code Name Sanule Total 
Size Household 

6. Songkhla 

61 PACHING 36 140 

62 TUNGPHRA 36 76 

63 PABHU 36 100 

64 SA7 }HUNG 36 115 

65 CHAI NA 36 60 

7. Chantaburi 

71 BANG RAHONG 36 77 

72 NAZA 36 85 

73 BAN GROG 36 73 

74 KLONG BON 36 80 

75 PAK TAPON 36 45 

8. Roi-et 

81 NON VANG YAO 36 94 

82 PA NAI 18 76 

83 PAVER 36 66 

84 BAN KUAJ 36 60 

85 BAN KO 36 131 

9. Udorn Thani 

91 " NONG BUADEANG 36 105 

92 IMU WUA 36 86 

93 BAN MEN 36 78 

94 SAMKHA SANTISUK 36 100 

95 KROK SRICHEINGMAI 36 180 

10. Chiang Mai 

01 M HO PRA 36 160 

02 MKE LEK LUANG 36 176 

03 SANPATOONG 36 141 

04 BAN HONG 36 107 

05 TONG GUY 36 236 
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Included in this report (in Chapter IV) is an analysis of the

baseline data, since the cross-tabulations of variables recorded by

Meta Systems in 1982 was considered inadequate. Statistical analysis
 
was attempted. However,due to time constraints and data recording

difficulties, only data collected in Phase I was analyzed and presented

in Chapter IV. Additional analysis will be made in due course.
 

Essays for Non-household Data
 

Information about the village racher than the individual households
 
was collected through informant interview:. and participant observation.
 
The data from the informant interviews was initially recorded in field
 
notebooks. 
 After returning from the field the enumeratois were asked
 
to prepare a series of essays on specific topics related to energy use

and renewable energy technologies. The essay outlines covered most of
 
the questions asked in the informant interviews. Where additional datum
 
was needed to complete the essays, the enumerators had to rely on their
 
field notebooks. 
 The e.says were prepared jointly by the two enumerators
 
that worked in each village.
 

The nine essay topics were:
 

1. 	 Basic Data ­ describing the village and basic demographic data;
 

2. 	 Agricultural Crops and Activities;
 

3. 	 Agricultural Processing and Marketing;
 

4. 	 Energy Supply and Demand;
 

5. 	 Woodlots ­ describing the resources available for establishing

woodlots and the need for the woodlot;
 

6. 	 Cooking Stoves and Charcoal Kilns - describing the types of
 
stoves and kilns used in the village and their use;
 

7. 	 Biomass, Pyrolysis and Gasification - sources of biomass and
 
their potential use for pyrolysis and gasification;
 

8. 	 Solar, Crop Drying, Water Distillation, Water Lifting and
 
Mi:ro-Hydro; and
 

9. 	 Village Development - describing village leadership and
 
paths of innovation.
 

In addition, the enumerators completed questionnaires listing village

problems and useful project technologies and rank ordered them for each
 
village.
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Photograph 3.1 
 Preliminary Preparation: Coordinators and Sup&rvisors

Planning and Preparing the Questionnaires.
 

4I 

Photograph 3.2 	 Supervisors Receiving Basic Training on Renewable
 
Energy Equipment Systems.
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Photograph 3.3 Supervisor Interviewing Village Headman for the
 

Village Profile in Yala Province.
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Ancillary Questionnaires
 

Questionnaires used in addition to the household questionnaire
 
included those used to interview operators of rural industry, owners
 
of appropriate technology, energy sellets, and energy administrators.
 
The data from all of these questionnaires was manually processed.
 

The data on rural industries included information on technologies,
 
processes, utilization of labor and fuel, and sources of capital. The
 
findin~s from some 55 establishments were compared with earlier survey
 
work uidertaken by the NEA in Thailand as well as secondary sources
 
including the International Labour Organization (ILO), the United Nations
 
Industrial Development Organization (UNIDO) and others.
 

The questionnaire regarding appropriate technology presented problems
 
because of difficulties in defining "appropriate technology". Among the
 
technologies examined were powered water pumps, portable power units,
 
biogas digesters, stoves using rice husk and sawdust, water lifting
 
devices, small-scale generators, foot-powered threshers, small transport
 
units, small crop-processing units, and water filters. The owners'
 
responses regarding the uses, benefits and disadvantages of these
 
technologies were summarized in the interim report.
 

The questions asked of the energy sellers and administrators concerned
 
current and future problems affecting the supply of and demand for energy.
 
The majority of the energy sellers handled petroleum products. The energy
 
administrators included the village headman and the district officers.
 

Biomass Samples
 

Five types of biomass samples were collected during the survey:
 

1. Fuels used in stove tests and charcoal-making tests;
 

2. Agricultural field residues;
 

3. Animal dung;
 

4. Cooking fuels other than those used in the stove tests; and
 

5. Fuels used in rural industries.
 

The samples were collected and placed in plastic bags or aluminium
 
foil. The weight of the sample and the container was recorded as well as
 
the reason for collection. The samples were then brought back to the
 
laboratory where they were weighed a second time and transferred to
 
drying ovens. The losses of weight between collection and transfer to
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the laboratory and while in the drying ovens were added and compared with
 
the initial sample weight to determine the moisture content. The samples
 
were then screened and a sub-sample selected for testing in a bomb
 
calorimeter to determine their heat value*.
 

The data on moisture content were used directly in energy calculations
 
concerning the samples. 
 Since only a subset of the samples was tested
 
for heat value, an attempt was made to determine standard values. The
 
data on heat values of the dried matter were analyzed for consistency for
 
each type of biomass and between points of collection. Where the energy

content for a given type or 
species of samples proved to have a low variance,
 
a standard number was calculated and used in the energy calculations for
 
the untested samples.
 

Stove Tests
 

Two stove tests, one for calculating absolute and the other relative
 
efficiency, were conducted on 72 charcoal stoves and 58 wood stoves. 
For
 
the first, the heat captured in the boiling water tests was computed by

recording the increase in temperature of the water and the amount of water
 
evaporated during the test. The calculation of heat released from the
 
fuel was computed from the heat value and moisture content of the fuel
 
and the amount burned. Where not directly measured, the heat value was
 
estimated from the standard number for that fuel. 
 The information on
 
efficiency of different units was aggregated according to basic stove
 
and fuel types. The reasons for variation in efficiency were examined
 
to determine the important variables affecting stove operation.
 

Charcoal Making Tests
 

The observations of charcoal making included the measurement of the
 
fuel input to the process and the charcoal produced. This data was
 
calculated on a weight and energy content basis for both inputs and
 
outputs. The energy content was computed by taking samples of both the
 
input fuels and the charcoal and performing tests for moisture and heat
 
content. The information on the quality of charcoal (as measured by

heat value and moisture content) and the efficiency of conversion (as

measured by energy input versus energy output) was aggregated according
 
to type of input fuels and kilns. The variables associated with the
 
production process were then examined to determine their effect on the
 
conversion efficiency and quality.
 

* 	The information determined from a bomb calorimeter is properly referred 
to as the calorific value or heat value. However, in parts of this 
report the terms energy content or heat content are used as synonyms
 
though in fact they are not.
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3.4 Charcoal-making Survey to Test the Efficiency of
 
the Charcoal Stove.
 

3.5 	 Fuelwood Measurement for Assessment of Cooking Fuel
 
Potential in Chiang Mai Province.
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Agricultural Field Residues
 

Where recent harvest activities had taken place or were about to
 
occur, measurements were made of the amount of plant residue left in
 
the field following harvest. A fixed area was demarcated and the residue
 
within that area collected and weighed. A sample of the residue was
 
taken and processed in the laboratory to determine the energy and moisture
 
content. The energy content per unit area was calculated and statistics
 
prepared for the same species in different locations. Factors affecting
 
the variation in these statistics, including density of planting and plant
 
height, were analyzed.
 

Animal Dung
 

Data on the amount of dung produced by different animals were collected
 
by hiring villagers to observe the number of times during a day that the
 
animals produced dung and then weighing typical feces. A sample was
 
collected from these feces and sent to the laboratory for moisture and
 
heat value measurements. This data was then used to calculate the energy
 
content of the dung produced by the animal. Statistics were collected
 
for the different species. Variations within species were compared with
 
data collected on the size, sex and location of the animals.
 

Forests and Wooded Areas
 

The wooded areas which provided fuelwood for the survey villages
 
were surveyed by demarcating a sample plot and inventorying the trees
 
within that area for species, height, and diameter at chest height.
 
These data were used to estimate the biomass productivity of the sample
 
area and by extrapolation to the entire wooded area. Data on the uses
 
of the different species were collected by interviewing villagers. Other
 
sources of wood in tree crop areas, in agricultural fields and within
 
household compounds were surveyed either through field measurements or
 
as part of the household survey. The data included information on
 
species and number of trees.
 

Graphical Data
 

Three types of graphical data were collected as part of the survey
 
activity. The first was a land-use map for each village. These maps
 
were drawn by the supervisors in the first phase and the forestry
 
assistants in the second phase. The maps were prepared by direct survey
 
of the area using motorcycle odometers and compasses to layout the main
 
village road as the baseline. From this baseline a grid pattern was
 
walked by the enumerators with the land use being noted every half
 
kilometer. The measurement of the 0.5 kilorieter distance was accomplished
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3.6 Rural Industry Survey in a Red-brick Factory in Udorn
 
Thani Province. Data Collected was Used in the Energy
 
Master Plan.
 

3.7 Efficiency Testing of a Stove Commonly Used by Rural
 
Villagers.
 



3.8 Supervisors Receiving Training on Sampling Plot for
 
Agricultural Assessments.
 

3.9 Biomass Collecting: Buffalo Dung Sample.
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by fixing the time it took the enumerator to walk cross-country. The
 
maps with the land use marked on them were prepared in the field.
 
Reproductions of these with a standardized scale and format were prepared
 
by the project draftsmen using a 1:10,000 scale. These were further
 
reduced to report size. Copies' of maps in the report format were included
 
in Report XIV (Meta, 1982).
 

The second type of graphical information was the layout of the house
 
compounds. For each house that was interviewed, the enumerator prepared
 
a sketch of the land use within the compound including the buildings.
 
The orientation of the compound with respect to magnetic north was also
 
indicated. These drawings have been collected in their original form
 
by changwat and were stored in folders at the project office.
 

The third type of graphical data was dimensioned field drawings of
 
stoves, pots and charcoal kilns. These were prepared as part of the stove
 
testing and charcoal making observation activities. These drawings are
 
included with the backup data for the stove and charcoal files in the
 
project office.
 

Photographic Documentation
 

Each survey team was provided with a camera and film. They were
 
instructed to take pictures of all stoves and charcoal kilns which were
 
tested. In addition, they took pictures of the village layout and
 
architecture, major sources of biomass, appropriate technologies, and
 
scenes of general interest. The supervisors and coordinators who took
 
part in the rural industry survey were also provided with cameras and
 
film and were instructed to take pictures of the establishment and the
 
production activities. The film was Kodacolor II and prints were produced
 
from all developable negatives. The negatives were catalogued by province,
 
roll number and negative number and a brief description of the subject of
 
each picture was provided. The prints were labeled as to the negative
 
number, roll number, province number, and subject and were stored in photo
 
albums. The albums were separated according to subject as follows: 

* Stoves 

" Charcoal making 

" Rural industry 

" General - Petchburi and Korat 
- Srisaket, Kampangphet and Lampang 
- Songkhla, Chantaburi, and Roi-et 
- Udorn Thani and Chiang Mai 

" Training and personnel 
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H. LOCATION OF DATA
 

About 60% of the information on the household questionnaires was
 
entered onto computer tapes at the Asian Institute of Technology. A
 
description of this data base and the means for analyzing it were included
 
in Report XIII (Meta, 1982). Copies of the tape and access to the data
 
are available for use by project and non-project researchers under the
 
supervision of Robert Vernstrom, the project manager, and the research
 
assistants responsible for programming.
 

The remaining 40% of the data collected in the questionnaires was
 
manually processed by the survey staff. The data tables were stored in
 
project files.
 

The non-household questionnaires have been manually analyzed and the
 
data work sheets were stored in project files. All completed questionnaires,
 
household and non-household, were stored in boxes at the project office.
 

A series of data files were compiled for the physical data collection
 
activities. These include the data collection forms, backup calculation
 
sheets, and preliminary graphics. The files were divided according to
 
subject matter and stored at the project offices. The subjects were:
 

* Charcoal-Making
 
* Stove Testing
 
a Biomass Samples
 
a Dung
 

* Field Residues
 
* Forests and Woodlots
 

A complete collection of prints and negatives for all photographs
 
taken by the survey personnel were stored in photo albums and binders.
 

Typed copies of the essays prepared by the enumerators were stored
 
in the project files by subject and village. The classification of the
 
answers given in these essays was stored with the essay as were a limited
 
number of English translations of the better essays.
 

f1aps for each of the fifty villages in report format were prepared
 
with legends to describe the land use within the village. The field
 
originals and report originals were stored in tubes at the project office.
 

I. ADDITIONAL SURVEYS CARRIED OUT
 
IN 1983, 1984 BY THE NEA SURVEY COMPONENT
 

Since many of the component leaders prefer. d to select sites for
 
implementation outside of the sites included in the baseline survey,
 
additional surveys were carried out to record baseline information.
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However, the questionnaires and field technique used in the survey were
 
less comprehensive in these cases. Data collected are general
 
socio-economic conditions of the villages. Since these surveys were
 
carried out at the time of implementation, they may also be considered
 
transition surveys as well as baseline surveys. Cases where the surveys
 
of this type were carried out and documented included.
 

Component Location 

Windmill Village 4; Tha Thong Subdistrict, 
Raman District, Yala Province 

Micro-hydro Village 3; Huai Kaew Subdistrict, 
San Kamphaeng District, 
Chiang Mai Province 

Village 6, 7, 8; Pa Mieng Subdistrict, 
Doi Saket District, Chiang Mai Province 

Village 1-7; Huai Puei Subdistrict, 
Phrao District, Chiang Mai Province 

Photovoltaic Cell Village 1; Non Hom Subdistrict, 
Muang District, Sakon Nakhon Province. 

Village 10; Ban Sukon, Chum Phuang 
Subdistrict, Chum Phuang District, 
Nakhon Ratchasima Province. 

Since these surveys served as both baseline and transition surveys,
 
detailed discussion is given in Chapter V on Transition Surveys.
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Chapter 4
 

Analysis of Phase I Baseline Survey 

~ii_ 



ANALYSIS OF PHASE I BASELINE SURVEY 

A. INTRODUCTION
 

Baseline surveys made in 1981 were separated into 3 phases. Details
 
were presented in Chapter III. Attempts at analysis were made by Meta
 
Systems Inc. in two stages. Stage one was the preliminary presentation
 
of the data in a 14-volume report where descriptions and tabulations were
 
presented (Meta, 1981). At Stage two analysis was presented in a three­
volume series prepared as part of the Energy Master Plan component (Meta,
 
1983). Since analyses were made for the benefit of the baseline survey
 
data from a socio-economic point of view, it is hoped that the new dimensiol
 
will provide planners with more insight and a different perspective regard­
ing rural energy use.
 

B. OBJECTIVES OF ANALYSIS
 

This analytical Study attempted to reinvestigate the data collected
 
in the baseline survey of 1981, and to see the possibility of applying
 
statistical tools for meaningful analysis. In order to narrow down the
 
above objectives, the following specific items of analysis were proposed.
 

* 	 An analysis of factors influencing the amount of fueis used
 
in a household;
 

* 	 An analysis of the indicators o' fuel scarcity;
 

" 	 An analysis of the differentiation between households
 
using different types of fuel; and
 

" 	 An analysis of appropriate variables to be included in
 

baseline rural energy surveys.
 

These objectives of analysis were proposed after the overall data
 
reinvestigation had been made. The existing data partly showed what
 
should be analyzed. When the proposed objectives of analysis were put
 
forward, however, it did not guarantee reliable results. Observations
 
of raw data investigation revealed that there were many errors in recording
 
the raw data onto the tapes and in some cases, variables were missing.
 
Because of these limitations, the validity of results from this imperfect
 
data cannot be guaranteed. Therefore, methodology for future project
 
analyses are proposed.
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C. SCOPE OF THE ANALYSIS
 

The data source used in this analysis was the Phase I - baseline
 
survey. It included data from 5 provinces, namely, Petchburi, Korat,
 
Lampang, Kampangphet and Srisaket. The analysis included all 5 provinces
 
since the separation into individual provinces might affect the completeness
 
of data, e.g. it may not reach the requirement of sampling size of a
 
particular analysis. Moreover, though the sampling method was explicitly
 
purposive, the preliminary investigation of basic data from frequency and
 
cross tabulation tables indicated that there was not much difference in
 
fuel consumption among the provinces.
 

An attempt to include data from the Phase II - baseline survey was
 
not possible since the data was recorded onto computer tapes using
 
different format; an analysis using complicated statistical tools for
 
t .o phases with different formats was, therefore, not possible.
 

This analysis confined itself to charcoal and firewood as cooking
 
fuels and to kerosene as a lighting fuel. This was for three reasons.
 
First, there were studies on the demand and supply of LPG and oil using
 
econometric models. Second, the available data from the Phase I - baseline
 
survey indicated charcoal, firewood and kerosene were the major sources
 
of household fuel. Third, special attention should be given to traditional
 
and noncommercial fuels used in households since there were technology
 
components for firewood and charcoal, e.g. woodlots, charcoal producing
 
unit, etc., in the Renewable Nonconventional Energy Project for which the
 
baseline survey was conducted.
 

D. METHODS OF ANALYSIS
 

This analysis tried to involve many variables because it was believed
 
that a single factor could not determine or explain a phenomenon.
 
Consequently, the statistical tools used in the analysis were multivariate,
 
including factor analysis, multiple regression and discriminant analysis.
 
Each objective used a different statistical method. In some cases
 
bivariate analysis, e.g. chi-square test and Pearson's correlation were
 
applied to support multivariate analysis. The methods of analysis for
 
each objective were as follows:
 

Multiple Regression
 

Multiple regression helps to identify the variables which determined
 
the amount of fuel used in each household (as corresponds to the first
 
objective of analysis). Besides indicating the relationship between
 
dependent variables and independent variables, multiple regression can
 
identify the pattern of the relationship as well.
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The amounts of firewood and charcoal used in the household were set
 
as dependent variables, and these variables were tested to prove their
 
power, of determination. Accordingly, an hypothesis was proposed to help
 
select the variables to be entered in the analysis.
 

Besides the amount of fuel used in the household, multiple regression
 
was applied to sources of non-commercial fuel and other variables. This
 
was to help explain the situation of fuel scarcity as proposed in the
 
second objective.
 

Discriminant Analysis
 

Discriminant analysis is used to meet the third objective. It can
 
reveal the important discriminating variables which differentiate one
 
group from another. In this case, discriminant analysis was used to
 
differentiate the households using firewood from those using charcoal.
 
A list of potential variables was entered into the formula and the output
 
indicated the weight as a discriminating variable. An hypothesis was
 
also needed to identify the possible groups of variables to be included
 
in the analysis.
 

Factor Analysis
 

A great variety of information was collected from the field surveys.

Factor analysis can help reorganize all this information into different
 
groups. Variables which do not correlate with the major groups of
 
variable can be extracted. The results of factor analysis can specify
 
which variables should be included in the over-all analysis. This is
 
only expected to be an exploratory factor analysis. Actually, factor
 
analysis should first be applied for all variables in order to screen
 
related variables and to help organize hypotheses for other analyses.
 

E. FRAMEWORK AND HYPOTHESIS OF THE ANALYSIS
 

It should be noted that this analysis was made after the data had
 
been collected. Thus, the framework of analysis was limited within the
 
boundaries of the existing data. Variables were selected on the basis
 
of the completeness of coded data. Certain variables were not included
 
because the data were not complete. Framework and hypothesis were set
 
for each objective as follows:
 

Fuel Consumption
 

An analysis of the amount of fuel consumed by each household was
 
designed to identify the variables which apprise us of changes in fuel
 
amounts. In other words, there should be variable(s) to indicate or
 
determine the amount of fuel used in households.
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As mentioned earlier, -in the Phase I - baseline data the types of
 
cooking fuel used in households were charcoal and firewood; with kerosene
 
being used as a lighting fuel. This pattern is characteristic of households
 

in rural Thailand. The analysis assumed that each household used only one
 
type of cooking fuel, either charcoal or firewood, but not both. The data
 
on the amount of fuel used each day was collected based on the activities
 

in the kitchen of each household. Charcoal and firewood used in other
 

activities were excluded beoause this did not represent the picture of
 
a rural household.
 

Next, the question of different types of fuel in different seasons
 
arose in the analysis, but cross-tabulations showed no significant
 
differences in types of fuel used in different seasons*. Only small
 

differences among rice boiling, water boiling, and food cooking were
 
observed.
 

There was no observed usage of charcoal and firewood for livestock,
 
i.e., as mosquito protection for cows and buffaloes. People preferred
 

to burn agricultural residues or biomas, which could easily be collected
 

near the house, instead of firewood. Therefore, the use of charcoal and
 
firewood was narrowed down to only activities in the kitchen of each
 

household.
 

Having classified the types of fuel and the purpose of usage, the
 

hypothesis of the study was then examined. Regarding the amount of fuel
 

for household consumption, the factors which may influence the amount of
 

fuel consumed included the following:
 

0 Number of members in the household;
 
• Number of household members who go out to collect fuel;
 
0 Total household income;
 

* Total land holdings;
 
0 Number of times of cooking per day;
 
0 Number of cooking hours per day;
 
* Types of food cooked; and
 

0 Number of meals per day.
 

The reasons for selecting these variables were:
 

1. It was assumed that the amount of fuel used each day depended
 

on cooking hours which was determined by the number of times of cooking,
 
number of meals and types of food. Initially, the type of stove was
 

taken into account. However, stove type was not a numeric variable and
 
was not appropriate for multiple regression analysis. There was an attempt
 
to transform stove type into a numeric variable by giving scores for each
 

* This judgement was made simply from analysis of the cross-tabulation 

results available. It cannot be tested statistically, i.e. Chi square,
 

due to incomplete available data.
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type. 
 The attempt failed since there was no acceptable quantifiable method
 
based on amount of fuel used. Consequently, stove type was not included
 
in the analysis, though it 
was assumed that stove design affected the
 
amount of fuel used.
 

2. Besides variables related to cooking activities, the number of
 
household members could indicate 
the amount of fuel used as well. It
 
is easily evident that with more people in a household, more food will
 
be consumed. The number of people collecting fuel should also indicate
 
the amount of fuel used. The analysis positively assessed that the
 
number of fuel-collecting members correlated with the amount of fuel
 
consumed.
 

3. The latent variables which probably determined the amount of
 
fuel used in a household were fuel purchasing power and an available
 
source of non-commercial fuel. The former is considered as income and
 
the latter as land holdings. It was expected that the level of income
 
was more impoltant for households using charcoal than the one using
 
firewood. This was supported by the assumption that people buy charcoal
 
instead of producing it themselves. Likewise, the size of land holding,
 
whatever type of tenure, was expec-ed 
to be a relevant variable indicating
 
which household used firewood and which one used charcoal.
 

It was noteworthy to separate land ownership from land rentals since
 
this might also affect the amount of fuel available to be collected for
 
household consumption. Households who own their land should find it
 
easier to collect fuel and consequently should consume more of it.
 

Fuel Scarcity
 

Analysis of fuel scarcity included variables which should indicate
 
the situation of scarcity. Generally, the scarcity of fuel is measured
 
by the distance to source; approximately 5 kilometers from home to
 
source of fuel is considered as scarcity. Therefore, we can use the
 
distance to source to determine other variables which might indicate
 
a scarcity of fuel. Responses to the question of how low fuel is obtained
 
should be compatible with distance to source and should also indicate
 
the scarcity of fuel in that household. Two other variables, the changing
 
price of charcoal and the changing type of fuel used in the household,
 
should also indicate fuel scarcity, but these were not included in the
 
field survey. They could be taken into account but could not be put into
 
the analysis.
 

Differentiation Between Households
 

The analysis of differentiation between households using charcoal
 
and firewood focused on prosperi'y and the way of using fuel. In this
 
context, prosperity meant household income, property, land holdings and
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other household facilities. The way of using fuel included how fuel was
 
obtained, how much fuel was available and how the fuel was collected.
 
The demand for cooking fuel, as indicated by the total number of household
 
members, should have tole the type of fuel that households would decide
 
to use. The type of stove used should certainly have differentiated
 
households using firewood from those using charcoal.
 

It was expected that a household's prosperity would facilitate that
 
household's ability to use charcoal. This was based on the assumption
 
that people would prefer to use charcoal if they could afford it.
 
Furthermore, the modern household, indicated by household properties,
 
tended to use charcoal rather than firewood. In analyzing how people
 
gathered fuel, we assumed that a household using firewood searched closer
 
to home but had to go out to gather fuel more frequently because they did
 
not need to use good wood for cooking. Along with different types of
 
fuel, households also stored cooking fuels differently.
 

Other Variables
 

For factor analysis, as many variables as are available in the data
 
list should be entered in the two aualyses. Different functions of
 
variables were expected, for example, the demand for fuel, household
 
fuel supply, characteristics of the household, household-community
 
participation, and household modernization.
 

F. RESULTS OF THE ANALYSIS
 

The Structure of the Variables: Factor Analysis
 

Since there were almost 2,000 variables, the first requirement of
 
analysis was to determine the structure of all variables. Factor
 
analysis was used for this purpose. The process was limited due to the
 
SPSS program: only 100 variables could be included in one factor analysis.
 
Inevitably, all variables had to be divided into smaller sections. The
 
different sections were, namely, the demand for fuel consumption, house­
hold supply for fuel consumption, characteristics of household or
 
socio-economic status, community participation, and household innovation.
 
Variables in those different sections were initiated as shown in Table 4.1.
 

Some of the variables mentioned overlapped because they were indicated
 
in several categories. Having placed variables into categories, factor
 
analysis was first applied to energy demand and supply. The result found
 
a bad correlation matrix among all those variables written in the SPSS
 
programme 'see Annex, Printout 1).
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Demand for Fuel 


Source of Water 

- distance 


- season 
- usage 


Trpnsportation 

- tyje 
- number of trips 

- distance 


- purpose 


Type of Stove Usage 


Type of Food Cooked 


Type of Fuel Used 


- Household activities 
- Cooking f'el 

Household Size 


Househcld Activities 


Amount of Fuel Used 


Number of Hours for
 
Cooking/day 


Water Boiling, Volume 


Electrical Appliances 


Lighting Equipment 


Expenditure for
 
Electricity 


Table 4.1 Presupposition of Structure of Variables
 

Supply of Fuel Socio-economic Status Household inovatlin 


Source of Water 
 Household Size 
 Sickness & Treatment 

- distance 


- seasons 
 Sex, Age Birth Control 

- usage 
 Education 
 - Place
 

- Type
Source of Fuel 
 - Period 
Employment 


Availability - Occupation 

- Seasonal employment Electrical Appliances 


Fuel Storage - Type of remuneration Agricultural Equipment 


- Drying Income- TyeMftoesarethod 


- Place - Off-farmwokit 
- Time - Farm 


Fuel Gathering Style of House 


- Time in different seasons - Size 
- Method of transportation - ateral 

distancePondistance- Kitchen
 

- Found
 
Household Responsibility - Pens
 
on Fuel Gathering - Carden
 

- Compound
 

Fuel in Different Seasons Household Utilities
 

Agricultural Equipment
 

Land Holdings
 
- Cultivated land
 

Crep
 

- Type of crop
 
- Production distribution
 

Animal Husbandry
 
- Usage
 

- Production distribution
 

Loan, Money Borrowing
 
- Source
 

- Condition
 

Community Participation
 

Labour Exchange 
- Sex 
- Day
 

Group Involvement
 
- Type of group 
- meme rsh p 
- membership 
- benefit 

- meeting
 

Team Working
 
- Preferable person to
 

work with
 
- Participation in
 

community activities
 

- Period of participation
 



In the analysis, the principle component was used for factor
 
extraction, and factors were rotated by the varimax method. Only 60
 
variables were put into analysis but a bad correlation still existed
 
among those variables. Factor analysis cannot be processed unless there
 
is some relationship among variables. At this stage, it was assumed that
 
a bad correlation might be due to:
 

* 	 Missing data and/or error(s) in the data;
 

Variable transformation required to avoid small values
 
which could cause the computer system to miss values; or
 

0 	 Variables inappropriate for factor analysis due to a low
 
scale of variable data.
 

In the last case, it was evident that many variables had answers or
 
choices scaled from I to 3, for example yes or no questions, which were
 
not good for making a correlation matrix. The most appropriate variable
 
should have a scale of answers up to -2 or more (Tong-U-Thai, 1981).
 

The limitations due to a bad correlation matrix required a reduction
 
of the number of variables until it was accepted with better correlation.
 
Under testing, it was found that only 10 selective variables from this
 
set of data could be applied with factor analysis. Those variables were:
 

" 	 Household size
 
* 	 Income*
 
• Land holding
 
" Household member collecting fuel
 
* 	 Distance to source of fuel
 
* 	 Amount of charcoal
 
* 	 Amount of kerosene
 
" Frequency of fuel collecting in Summer
 
" Frequency of fuel collecting in the Rainy season
 
* 	 Frequency of fuel collecting in Winter
 

The results from the computer output are shown in Annex, Printout 2.
 

* 	 It should be noted here that net income was not computed due to 

incomplete available data. 
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The results revealed that there were four critical factors from 10
 
input variables. We selected variables which had heavy loadings (usually
 
above 0.3) in one particular factor. Considering loadings after rotation
 
variables could be arranged into factors as shown in Table 4.2.
 

Table 4.2 Critical Factors and Variables
 

Factor I Factor 2 Factor 3 Factor 4 

I. 	Frequency of fuel 1. Income 1. Household size 1. Distance to source 
collection in Winter of fuel 

2. 	 Frequency of fuel 2. Land holdings 2. Number of people 
collection in Rainy collecting fuel
 
season
 

3. 	Frequency of fuel 3. Amcunt of
 
collection in Summer charcoal 

4. 	Amount of
 
kerosene
 

Factor one explicitly showed variables related to the number of times
 
that people go out to gather fuel. This function was called FUEL COLLECTION.
 
The second factor included variables related to household economic status and
 
to the amount of fuel used. The household economic status was more or less
 
related to the amount of fuel consumed in the household, particularly charcoal
 
and kerosene. This function was called HOUSEHOLD ECONOMIC CAPACITY. The
 
third factor gave only twc variables dealing with people and their collection
 
of fuel. This function was known as the SOCIAL ASPECT OF HOUSEHOLD. The
 
last factor consisted of only one variable, distance to source of fuel.
 
Therefore it was a single variable with less correlation with other variables.
 
This factor was the variable itself, which was called DISTANCE TO SOURCE OF
 
NONCOMMERCIAL FUEL. Statisticians may not consider one variable as a factor,
 
but here it was considered as a guideline to variables included in the
 
questionnaire.
 

The names of variable groups have been presented, to show the structure
 
of the variables. (This is still an example of factor analysis.) Because
 
too few variables were included in the analysis, in terms of research, th.s
 
factor analysis was not meaningful. A good factor analysis should consist
 
of at least 4-5 variables. In this example it was not worthwhile to add
 
the correlation matrix among the factors ab well.
 

However, the results of the factor analysis revealed guidelines of
 
data to collect for further rural energy surveys. We may make further
 
interpretations of these factors as follows:
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The factor of FUEL COLLECTION presupposes that it is a necessity in
 
non-commercial fuel surveys, for example, firewood and charcoal collecting.
 
This factor may include more variables than the frequency of fuel collecting
 
in different seasons. For example, from the existing data, it may include
 
types of wood, methods of collection, transportation, expenditure, places,
 
and some additional personal attitudes towards difficulties experienced in
 
gathering fuels.
 

The factor of HOUSEHOLD ECONOMIC CAPACITY includes income, land
 
holdings, and the amount of fuel used. This is counter to the assumption
 
that social and economic household status should be combined. The economic
 
indicator, on the contrary, matches with the amount of fuel consumed rather
 
than social aspects which exist seperately in the factor of SOCIAL ASPECT
 
OF HOUSEHOLD. This HOUSEHOLD ECONOMIC CAPACITY is not purely economic but
 
is related to, if not determined by, the amount of fuel consumed. The
 
economic variables, therefore, should be geared to the economic capability
 
of the household to consume fuel. In the field of energy research, the
 
economic variables are cash incoie, expenditure for fuel purchasing,
 
occupations, types of fuel used, loans, etc.
 

The factor of SOCIAL ASPECT OF HOUSEHOLD is hard to explain further
 
since it involves only two variables. The existing variables in this
 
factor show how a household obtains and uses fuel. This social aspect
 
may be related to the attitudes of the people toward the types of fuel
 
used; and whether the attitudes are due to economic status, educational
 
level, or cultural heritage. Community modernization and changes in the
 
types of fuel used may give some ideas of what fuels people will prefer
 
to use in the future.
 

The last factor, DISTANCE TO SOURCE OF FUEL, reveals the implications
 
of fuel scarcity, though there are no accompanying variables in the factor.
 
The variables which indicate fuel scarcity are availability, quality, fuel
 
substitution, fu.l conservation, etc.
 

In addition, an investigation of the variables revealed that there
 
were some redundant and unnecessary variables in the questionnaire used
 
for the baseline survey. Variables which appear several times in the
 
same set of data, such as TYPE OF FUEL and TYPE OF STOVE, cause confusion
 
in analysis. Unnecessary variables, such as fuel used in the beginning
 
and end of a certain sbason, type of food, and number of people eating
 
per meal, are useless in the Thai social context. First of all, the food
 
in a vilage is not usually variable. Second, the seasons in Thailand
 
are too short to be divided. Third, it is too specific to deal with the
 
number of people eating at home and at each meal. Researchers should be
 
aware that data relating to stove efficiency are very technical and should
 
not be asked in the questionnaire. Unnecessary variables may cause
 
difficulties in using computer programs. This will become evident in the
 
section on multiple regression analysis.
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In conclusion, the structure of variables proposed at the beginning
 
of this section has not yet been reconfirmed, because factor analysis was
 
not efficiently applied for this set of data. However, a small number of
 
variables were tried for factor analysis. Factors derived from analysis
 
represented only part of a presupposed structure of variables. Therefore,
 
unrelated variables cannot be screened. (In other words, variables to be
 
used in the next analysis are eventually determined by the researcher
 
himself.)
 

What we can propose for future analyses, if factor analysis is
 
successful, is the indicator of a specific aspect of the energy situation
 
in various areas. To this extent, the equation is formulated as follows:
 

Fi = f(viai)
 

For instance, the coefficient of variables for factor I, FUEL
 
COLLECTION, was used in this equation.
 

F = .76284v + .89657v2 + .93841v3 

where = Frequency of Fuel Collection in SummervI 


= Frequency of Fuel Collection in the Rainy season2 


v = Frequency of Fuel Collection in Winter 

Values of variables, v1 to v3 , are changed from one area to another.
 
Consequently, the value of Fi in each area is different. The Fi value will
 
compare the situation of FUEL COLLECTION in different areas.
 

Other factors can be handled the same way. The results will be the
 
indicator of the energy situation under different aspects according to
 
different factors derived from factor analysis.
 

Scarcity of Fuel:
 
Regression Analysis and Correlation Matrix
 

In energy planning, it is necessary to know whether or not there is
 
a problem of fuel scarcity in a particular community. The criteria usually
 
used to indicate the scarcity of fuel is distance to source of fuel.
 
Generally, 5 kilometres (in some plcces even 2 kilometres) from home to
 
source of fuel is considered to be too far, and fuel is considered scarce.
 

From Phase I - Baseline data, if 5 km was considered as an indicator
 
of scarcity, people did not have to go too far for fuel collecting. It
 
means that fuel was still available nearby or within the village. Table 4.6
 
also shows that households using charcoal had to go farther, We may assume
 
that the better wood needed for charcoal production was often scarce since
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one-third of the households using charcoal had to go farther than 5
 
kilometres. It can also be observed from Table 4.3 that very few
 
households in the Phase I survey areas used other types of fuels such
 
as agricultural residues and rick husk. It means that people have not
 
yet considered other possible sources of fuel.
 

Table 4.3 Distance to Source of Fuel
 

Distance (Km) 
 -	 a 
TvpE 1-4 >5 	 Tota % 
of Fuel I 	 ______ I_ I 

1. 	 Firewood 330 34.2 36 3.7 10 1.0 376 38.9 

2. 	 Charcoal 242 25.1 122 12.6 11 1.1 37S 38.8 

3. 	Rice Husk 1 0.1 - - - - 1 0.1 

4. 	Agricultural 
Residue - - 1 0.1 2 0.3 3 0.4 

5. 	n.a. - - - - 209 21.8 209 21.8 

Total 573 59.4 159 16.4 232 24.2 964 100
 

Table 4.6 shows only the distance variable without regard for other
 
relevant variables. Therefore, we created the correlation matrix to
 
include variables other than DISTANCE TO SOURCE. However, our main
 
interest was to see whether any of the variables had a remarkable
 
relationship with DISTANCE TO SOURCE OF FUEL. (See Table 4.4).
 

The Correlation Matrix table revealed only 2 variables having

relationships with DISTANCE TO SOURCE. They were HOUSEHOLD SIZE and
 
FUEL COLLECTING MEMBERS in the household. However, neither seemed to
 
be very highly related: 0.1043 between DISTANCE TO SOURCE and HOUSEHOLD
 
SIZE, and -0.0754 between DISTANCE TO SOURCE and FUEL COLLECTING MEMBERS.
 

It was surprising that all of the selective variables presented in
 
the matrix could not reveal situations of fuel scarcity because there
 
was no relationship with any known variable indicating fuel scarcity.
 
On the other hand, it might be that DISTANCE TO SOURCE did not indicate
 
fuel scarcity, nor was DISTANCE TO SOURCE alone enough to indicate fuel
 
scarcity. We will discuss it later on.
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Table 4.4 Correlation Matrix of the Variables of Fuel Scarcity
 

1. 	 Fuel collecting 
in Winter 

2. 	Fuel collecting 


in Summer
 

3. 	Fuel collecting 

in Rainy season
 

4. 	Amount of 

Charcoal
 

5. 	Amount of 


Firewcod
 

6. 	Source of Fuel 


7. 	Distance to 


Source
 

8. 	Energy Producing 

Devices
 

9. 	Household 

Activities
 

10. 	 Household 

Income
 

11. 	 Fuel collecting 

members
 

12. 	 Household Size 


Notes: 


o Do 00C 	 bo 
r a r bo 

00 
uc0 u0 -0 0 N 44 0 0 

U 4 	 U U 0 r0 004 .cCJ .r- U. .0=V-U ,-4 C U m U W U (' > we 
1 W. colc4We 0 -4.0W 0 M0 0. W- 0 04 Z a OU 00 r 

0.4 	 1=1,.W4.- W~,QL c< a.04 X0. W 0 

+ + 	 + - - + 

+ + 	 ­ + +
 

+ + 
 +
 

+
 

- + + + 

+ 

- + 

+ -	 - ­

+ + 
 +
 

+ + + 	 ­+ 	 +
 

+ + + - - + 

+ + + + - + + + + 

1. + shows positive correlation
 
- shows negative correlation
 

2. 	This tables derived from Pearson Correlation with level of
 
significance from 0.05 to 0.000.
 

3. 	Absolute Figures of Correlation Matrix are shown in
 
Annex, Printout 3.
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The question which arose from this Correlation Matrix was how
 
HOUSEHOLD SIZE and FUEL COLLECTING MEMBERS were related to the DISTANCE
 

TO SOURCE. One primary assumption was that household size probably
 

indicated the demand of fuel. Big households certainly needed more fuel
 

which was more available at farther distances. In addition, if there
 

were fewer FUEL COLLECTING MEMBERS in the household, the need to go a
 

long distance was essential, a reverse relationship. However, we believe
 

that HOUSEHOLD SIZE and FUEL COLLECTING MEMBERS do not reflect scarcity
 

in terms of no available source, but they do reflect scarcity in terms
 

of an adequate fuel supply for the whole family. This means that a
 

household may have to go more or less often, farther or nearer than
 

another household, regardless of whether they are easily able to search
 

for fuel or not.
 

Looking at the matrix, the amount of fuel consumed does not indicate
 

whether people are facing the problem of fuel scarcity; it only reflects
 

the need for fuel. No relationship was observed between AMOUNT OF FUEL
 

CONSUMED, no matter what type it was, and the DISTANCE TO SOURCE. At
 

this stage, variables which show no relation to DISTANCE TO SOURCE will
 

be ignored.
 

Previously, DISTANCE TO SOURCE OF FUEL was examined in a one-to-one
 

relationship with other variables. We will now look at the relationship
 

of many variables at the same time. Variables from the Correlation Matrix
 

were selected for Multiple Regression. The main question in this analysis
 

was what determines the DISTANCE TO SOURCE OF FUEL. The variables put
 

into the equation were:
 

X = NUMBER OF FUEL COLLECTING MEMBERS 

X = HOUSEHOLD SIZE 

X = LAND HOLDINGS 

X = TYPE OF FUEL 

X = SOURCE OF FUEL 

X = FREQUENCY OF FUEL COLLECTING 

Y = DISTANCE TO SOURCE OF FUEL 

The equation is as follows:
 

Y = f (XIX 2 X3 X4 X5 X6 ) 
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Results from Multiple Regression (Annex, Printout 4) show the equation
 
to be:
 

Y = 1.32079 ­ .95340X * + .64937X2 + .7591X3** + .01965X4,'
 

(-3.643) (3.731) (1.517) (-.123)
 

+ .07566X5*** + .07591X6**
 

(.515) (.953)
 

R2 = 0.02787
 

F = 4.54906
 

a = 0.0001 (Eq. 4.2)
 

where ( ) = t value 

* = level of significance at .0002 and .0003 

** = level of significance at .1297 

= level of significance above .3409
 

The equation indicated three significant variables, namely, FUEL
 
COLLECTING MEMBERS, HOUSEHOLD SIZE, and LAND HOLDINGS. 
The equation can
 
explain DISTANCE TO SOURCE OF FUEL to a power of only 3 percent. The
 
remainder would be explained by other variables which were not in the
 
equlation. 
 The result shows that perhaps no other variable is as
 
suitable as DISTANCE TO SOURCE OF FUEL to indicate the scarcity of
 
fuel. 
 Even though variables in the equation were very selective, the
 
level of explanation is still very low.
 

It may be that, while other variables are not shown to be related
 
to fuel scarcity, energy planners can rely on DISTANCE TO SOURCE OF
 
FUEL te help explain the scarcity of fuel. The intent of this analysis
 
was not 
to prove whether DISTANCE TO SOURCE is appropriate to judge the
 
scarcity of fuel, but to identify variables which could describe the
 
situation of scarcity. Despite the low power of determination, it was
 
learned that the decision to go farther or nearer for fuel collecting
 
depended on the size of the household, how many household members were
 
responsible for fuel collection, and how many rais of land they had
 
access to.
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The 	Indicator of Amount of Fuel Consumption
 

Cooking fuel consumption 

The 	data shows the average amount of cooking fuel used in a household
 
as 1.7 kilograms per day for charcoal, and 3.1 kilograms per day for
 
firewood. Charcoal and firewood were separate in the analysis for two
 
reasons. First, they were clearly different types of fuels whose amounts
 
could not be combined. Secondly, since their types were different, the
 
amounts may be justified by different variables.
 

Socio-economic Aspects
 

The first set of variables for Multiple Regression was found in the
 
household socio-economic condition. The variables included in the
 
equations were:
 

" 	 Amount of Charcoal;
 

" 	 Amount of Firewood;
 

* 	 Household Size;
 

* 	 Fuel Collecting Members;
 

" Household Income;
 

" Off-farm Income; and
 

" Land Holdings
 

The equation is shown below. (See also Annex, Printout 5).
 

*
YI 	 = 1.00134 + .09670XI* - 8.18958-3X2* + 1.85654-3X3 

(3.181) (-.284) (.004)
 

3
+ 2.74100- X4 ** + 8.63587- 3X5
 

(1.268) (.423)
 

R = 0.03298
 

F 	 = 3.56771 

= 0.0035 (Eq. 4.3) 
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where Y = Amount of Charcoal Consumed 

X = Household Size 

X = Off-farm Income 

X = Fuel Collecting Members 

X = Land Holdings 

X = Household Income 

and where ( ) = t value 

* = level of significance at .002 

** = level of significance above .2 

Eq. 4.3 indicates only one significant variable which has a level
 
of significance lower than .05: than is HOUSEHOLD SIZE. Other variables
 
in the same equation have no confidence to determine the amount of charcoal
 
used since the level of significance has not reached the standard of .05.
 
The power of this equation to explain the amount of charcoal used in a
 
household is only 3% (R2 = 0.03298). Out of this 3%, HOUSEHOLD SIZE is
 
the major variable in explaining the amount of charcoal used in the
 
household. The relationship of the amount of charcoal consumed to
 
household size goes in the same direction. In other words, when the
 
size of the household becomes larger, the tendency to consume more charcoal
 
increases. However a change in household size of 1 unit (one person)
 
causes a change in charcoal consumption of only .096 times the regular
 
amount used (coefficient of XI = 0.09760). The equation convinces us
 
to ignore other variables in the equation, namely, HOUSEHOLD OFF-FARM
 
INCOME, NUMBER OF FUEL COLLECTING MEMBERS, and LAND HOLDINGS, due to
 
the low level of confidence and the low coefficient of multiple regression.
 

It may be concluded here that the amounc of charcoal consumed by a
 
household was not related to the economic condition of the household; on
 
the contrary,it was related to the needs of the household identified by
 
its size. Of course, richer households woulld use charcoal rather than
 
firewood. But once they selected a type oi fuel to use, the amount of
 
selected fuel was no longer dependent on income. We will discuss the
 
classification of firewood consuming households and charcoal consuming
 
households in the following sEction. (See also Annex, Printout 6).
 

Y2 1.3890 + .23105X1* 
+ .01873X2** - .04750X3 ** 

(4.491) (2.918) (-.784)
 

+ .06418X4,** - 9.58308-4X5** 

(.920) (-.010)
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R2 
 = 0.13123 

F = 10.6349 

= 0.0000 (Eq. 4.4) 

where Y Amount of Firewood Consumed
 

X = Household Size 

- Land Holdings X2 


X3 = H,jusehold Income 

X4 - Fuel Collecting Members 

Off-farm Income
X5 


and where C) = t value 

* = level of significance at .000 

** = level of significance at .003 

= level of significance above .3 

Eq. 4.4 gives firewood as a dependent variable. In addition to
 
HOUSEHOLD SIZE, the size of LAND HOLDINGS was found to have a significant
 
relationship to the amount of firewood consumed. Since these are two
 
significant variables, the equation has increased its power of explanation
 
to 13.12% (R2 = .13123). Of this 13.12%, HOUSEHOLD SIZE dominates by 10.4%.
 
(R2 = .10388 from stepwise analysis).
 

It has been observed that the change in household size creates a greater
 
effect on the use of firewood than on charcoal, because the coefficient
 
value is higher (see Eq. 4.4). Size of land holdings, which has no
 
significant relationship to the amount of charcoal used, does have
 
importance in Eq. 4.4. It corresponds to the preliminary assumption
 
that firewood collection is usually not far from the household's
 
agricultural land. Again in Eq. 4.4, economic determination was not
 
shown to be highly related to the amount of firewood consumed, the same
 
as in Eq. 4.3.
 

Both equations gave a low value for R2 which clearly shows that there
 
must be other variables to explain the amount of fuel used. Due to the
 
limited time and the characteristics of the available data, the analysis
 
did not include other variables outside the scope of the original
 
hypothesis. We attempted autocorrelations among variables in the equations
 
which could cause a low value of R2 . As a result, the correlation matrix
 
(Table 4.2) was traced and it was found that HOUSEHOLD SIZE had a corre­
lation with many variables, though at low levels.
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Eqs. 4.3 and 4.4 were re-evaluated, taking variable HOUSEHOLD SIZE
 
out of the equi tions. Nevertheless, the R2 value did not increase.
 
In fact, the opposite effect was observed. Therefore, Eqs. 4.3 and 4.4
 
were retained.
 

In the case of firewood, the number of FUEL COLLECTION MEMBERS
 
showed its significance in Eq. 4.4 (a = .005). R2 was decreased from
 
.10388 in Eq. 4.4 to .0798 in the new equation. It was found in the
 
correlation matrix that HOUSEHOLD SIZE and FUEL COLLECTING MEMBERS had
 
a remarkable correlation. When these two variables were put in the same
 
equation FUEL COLLECTING MEMBERS did not show any significance. We must
 
just keep in mind that FUEL COLLECTING MEMBERS is a latent variable
 
connected with the amount of firewood.
 

As mentioned in the framework of the analysis, there might be 
some
 
distinction between land holdings and land owning in the amount of fuel
 
consumed. Therefore, other equations were tried in which land holding
 
were changed to land owning, excluding rented land.
 

In the case of charcoal, the results showed little difference from
 
Eq. 4.3: only R2 
was lowered from .03298 to .03187. However, this is
 
irrelevant since the information from Eq. 4.4 tells us that charcoal was
 
not contingent with land occupancy. What is more important is whether
 
there was any change in Eq. 4.4 if land owning was substituted for land
 
holdings. In this case, as in Eq. 4.3, R2 was reduced from .13123 to
 
.11936. The coefficient of variable land holdings and land owning was
 
similar, .01873 and .01232 respectively. The conclusion of this analysis

is that it is better to use the variable LAND HOLDINGS than LAND OWNING.
 

Non Socio-economic Aspects
 

We now turn to ,ncther set of variables which are less related to
 
the socio-economic aspects. Those variaLles are:
 

* AMOUNT OF CHARCOAL; 

" AMOUNT OF FIREWOOD;
 

* DISTANCE TO SOURCE OF FUEL; 

* HOUSEHOLD SIZE;
 

* FREQUENCY OF FUEL COLLECTION;
 

* FREQUENCY OF FUEL COLLECTION; 

* FREQUENCY OF COOKING PER DAY; and 

* HOURS OF COOKING. 
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The multiple regression of this set of variables was separated into
 
two equations, with charcoal and firewood as dependent variables. These
 
are presented as follows (see also Annex, Printout 7):
 

Y1 " .58024 + .29604X * + .08279X2** + 2.24519-3X3** 

(3.949) (2.889) (.107) 

- 2.46756-3 ** - 3.03475-3X5 

(-.484) (-.018)
 

R2 
 = 0.05639 

F = 6.36305 

a = 0.0000 (Eq. 4.5) 

where = Amount of Charcoal Consumed Y1 


X1 Hours cofCooking
 

= Household Size
X2 


Frequency of Fuel Collection
 

X4 


X3 


Distance to Source of Fuel
 

X = Frequency of Cooking per day
 

and where ( ) = t value
 

* =i level of significance at .0001 

** = level of significance at .004 

level of significance above .6
 

Eq. 4.5 reveals a new significant variable called HOURS OF COOKING.
 
When HOUSEHOLD SIZE was accompanied by HOURS OF COOKING, its domination
 
in the equation decreased. Multiple Regression Stepwise analysis shows
 
that even without HOUSEHOLD SIZE, R

2 was already up to .04156 while R2
 

from Eq. 4.5 which includes HOUSEHOLD SIZE was .05639. Yet, the R2 value
 
of Eq. 4.5 was still low. This implies that the explanation of the amount
 
of charcoal consumed by a household depended very much on other variables
 
which were not in the hypothesis. This was also true in Eqs. 4.3 and 4.4.
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From Eq. 4.5, a primary conclusion emerged: that household size was
 
not as important as the number of cooking hours. Both the significance
 
level and the coefficient value supported this statement. A change in
 
cooking hours affected the amount of charcoal used morc. than a change
 
in the size of the household.
 

The analysis then dealt with types of food cooked. From experiences

in field surveys, it was observed that people in the same cormunity did
 
not eat different types of food. Moreover, data collected by questionnaires
 
relating to types of food cooked were incomplete, which rendered it
 
inappropriate for multivariate analysis.
 

In an attempt to prove the above statements, TYPES OF FOOD and NUMBER OF
 
MEALS wore surveyed. Types of food we.e calculated in terms of the
 
frequency of preparing different types of food, for example, beef, pork,
 
chicken, or duck. In addition, respondents were asked whether they drank
 
boiled water and if so, how much. In the case of charcoal, these variables
 
failed to explain the amount of charcoal used because the equation was
 
not significant.. (In the equation, F = .55931, with a significant F value
 
of .8305). For firewood, the relevant type of food entering the equation
 
was duck: Duck consumption did have an effect on the amount of firewood
 
used. As this was the only food to provide a correlating relationship
 
it is suggested that TYPE OF FOOD should be analyzed by qualitative methods.
 

Longer cooking time might also be connected to cultural aspects, for
 
example, the methods of cooking or the taste of food. These types of
 
information should also be explained qualitatively.
 

The remaining variables in Eq. 4.5 will not be discussed since their
 
levels of significance did not show a good statistic and the explanation
 
may not be accurate.
 

Equation 4.6 gives the amount of firewood as a dependent variable.
 
(See Annex, Printout 8).
 

Y2 = 1.53693 + .29347X * - .01'/4X2** + 7.20747-3X3* 

(6.350) (-1.010) (.409)
 

+ .01438X4"* - .06537X * 

(.112) (-.333)
 

R2 
 = 0.10716 

F = 8.52135 

a = 0.0000 (Eq. 4.6) 
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where Y = Amount of Firewood Consumed 

X1 = Household Size
 

X = Distance to Source of Fuel 

=
X3 Frequency of Fuel Collection
 

X = Hours of Cooking 

X = Frequency of Cooking per day. 

and where ( ) t value 

* = level of significance at 0.0000 

** = level of significance above .3 

This equation does not give new information about variables concerning

the amount of firewood consumed by households. Only HOUSEHOLD SIZE
 
remains in the equation. As a result, amount of firewood is not 
indicated
 
by cooking hours as it was with charcoal. This is supported by the fact
 
(also observed in the field) that people do not extinguish firewood after
 
cooking. They leave it in the stove until it gradually burns itself out.
 
This is different from using charcoal. Charcoal is burnt in a small pot,

extinguished after cooking, then used for the 
next cooking. The results
 
from the equation and from observations indicated that people are careless
 
about firewood. They use it wastefully. This is why the number of cooking

hours is not necessarily related to the amount of firewood consumed by
 
household.
 

A description of the indicators for the amount of cooking fuel used
 
has been presented. Charcoal and firewood have a common variable
 
indicating their amount: HOUSEHOLD SIZE. The amounts of both types

relate to the need of fuel in the household, not the economic status.
 
For charcoal, which is more expensive and less accessible, people tend
 
to economize the utilization. Thus, the amount of charcoal consumed
 
also depends on number of COOKING HOURS, whereas the amount of firewood
 
used has no relationship with it. Another observation from the equations

is that the amount of firewood has some relationship with the number of
 
FUEL COLLECTING MEMBERS in the household, while that of charcoil has none.
 
This implies that firewood collection needs more people than does-charcoal.
 
More people look for firewood at shorter distances, fewer people look for
 
wood for charcoal making at longer distances.
 

Lighting fuel consumption
 

Kerosene is a common fuel found in rural areas, and often used for fire
 
starting. It is applied with simple lighting equipment such as a kerosene
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jar, wick, or pump. We will investigate what variables indicate the
 
amount of kerosene used by a household. We put the variables in
 
Multiple Regression Analysis, and obtained the following results
 
(see also Annex, Printout 9):
 

Y! 8.20291 + 1.9971XI* + 2.55503X 2 5.59407X3
 

(4.908) (2.589) (1.138) 
2.36316X 4** + 10.13226X5'** - 1.85618X6 .04618X7 

(-2.872) (2.360) (-2.941) (-.228)
 

+ .63362X **** + 5.11267X9*** + 2.93033X 0**** + .18587X **** 

(1.670) (.634) (1.427) (.587)
 

**
 + .10221X12'*** + 8.49681X13 * - 2.81132X14*** 

(1.90) (1.699) (-.633)
 

R = 0.16309 

F = 6.24983 

a = 0.000 (Eq. 4.7) 

where Y = Amount of Kerosene 

X = Household Income 
X2 Number of Kerosene Jars
 

X = Number of Kerosene Pumps 

= 

X = Number of Kerosene Wicks 

X4 Household Activities
 

X6 = Off-farm Income
 

X7 = Kilowatt-hours per Month 

X = Household Size 

X9 = Number of Fluorescent Lights 

X = Number of Kerosene Pump Working Hours 
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Xll 	 = Number of Kerosene Jar Working Hours 

X12 	 = Number of Kerosene Wick Working Hours 

X13 	 = Number of Incandescent Lights 

X14 	 = Number of Fluorescent Light Working Hours 

and 	where ( ) = t value 

* = Significance level at .0000 

** 	 = Significance level below .004 

= Significance level below .01 

= Significance level above .09 

This equation is the first one to find that amount of fuel consumption
 
is related to economic status. The amount of kerosene from Eq. 4.7
 
explicitly shows that it is dependent on INCOME, and the capability to
 
afford lighting equipment, particulaly KEROSENE JARS and KEROSENE WICKS.
 
Furthermore, number of HOUSEHOLD ACTIVITIES is also important, though it
 

R2
shows a negative relationship. of this equation is higher than those
 
before. However, it appears there were many unnecessary variables in
 
this equation.
 

It was decided that another equation should be tried by eliminating
 
variables having significance levels below .05 so that R2 might increase.
 
However, R2 actually decreased after eliminating those variables. A new
 
equation was formulated which included another significant variable, the
 
number of KEROSENE PUMPS, to explain the amount of kerosene used- The
 
equation is shown below. (See Annex, Printout 10).
 

Y 11.08067 + 1.85976X1 * + 3.26034X2* + 10.96695X 3 *
 

(4.657) (4.023) (2.761)
 

- 2.45840X4** + 10.35536X5* - 1.28939X6 ,** 

(-3.102) (3.041) (-2.285) 

R= 0.14504
 

F = 12.92180
 

= 	 0.0000 (Eq. 4.8) 
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where Y 1 Amount of Kerosene
 

XI Household Income
 

X2 n Number of Kerosene Jars
 

X3 = Number of Kerosene Pumps 

X4 Number of Household Activities
 

X5 = Number of Kerosene Wicks 

X = Off-farm Income 

and where ( ) = t value 

* = Significance level at .0000 or .0001 

** = Significance lvel below .006 

= Significance level at .02 

Both Eqs. 4.7 and 4.8 reveal that Household Income (cash) certainly
 
determined the amount of kerosene consumed. This is simply explained
 
by the fact that kerosene must be purchased. It is not available in the
 
local environment like firewood is. However, since it is necessary to
 
use kerosene in certain amounts, a change in income does not make a big

difference in the amount of kerosene consumed (coefficient of household
 
income = 1.85976). In richer households kerosene may be used for soaking
 
firewood or charcoal for fire preparation. In poorer houses kerosene is
 
the only source of lighting. In some cases, kerosene is used to operate
 
electrical generators, for example, in Petchburi and Lampang.
 

The number of lighting equipments obviously shows the amount of
 
kerosene consumed. Generally, people use kerosene jars made from small
 
bottles or cans. 77.7% of the total sampling households used kerosene
 
jars. Each of those houses usually had two (36.7%) or three (18%) jars.
 
Fewer households used kerosene wicks (6.25%) or kerosene pumps (5.7%).
 
Usually, households use kerosene jars for their daily activities, but
 
use a kerosene wick or pump for special occasions. It is evident that
 
people use kerosene jars for 6 hours each day (mode value) while wicks
 
and pumps are used occasionally, 1 hour per day (mode value). This
 
corresponds to the equation where kerosene jars have a higher level
 
of confidence. However, kerosene jars consume less kerosene, therefore,
 
the change in number of jars does not make a big difference in the amount
 
used. On the contrary, wicks and pumps consume much kerosene: one wick
 
or pump may increase ten times the amount of kerosene regularly used
 
(coefficients of 10.96695 and 10.35536 for pumps and wicks respectively).
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Two astonishing variables were NUMBER OF HOUSEHOLD ACTIVITIES and
 
OFF-FARM INCOME. It was assumed that household activities and off-farm
 
income would be related to amount of kerosene in the same direction.
 
The equation reveals the opposite expected result. Off-farm income was
 
put in the equation because it was expected that a household would earn
 
cash from off-farm employment. They prcbably use cash to purchase kerosene.
 
The result from the equation shows a negative sign in front of off-farm
 
income. In other words, when off-farm income increases, amount of kerosene
 
may decrease. The reason for this is unknown. Only one assumption can be
 
made: that people spend their cash from off-farm income for other purposes,
 
and not for lighting fuel. It may not be necessary to separate off-farm
 
income from total household income.
 

Number of HOUSEHOLD ACTIVITIES is in the same situation as OFF-FAPM
 
INCOME. Household activities here means activities which need some light
 
to facilitate work, for example, reading, social activities, cooking,
 
eating, security, etc. It was assumed that more light had been used and,
 
consequently more kerosene consumed. The result is reverse from our
 
assumption however, due to the negative sign in front of X4 in Eqs. 4.8
 
and 4.7. This requires deeper analysis cf how households manage lighting
 
equipment. One kerosene jar, or other rdlevant equipment, may be used
 
for various purposes, for example, eating, talking, and reading. This
 
analysis is unable to make a clear explanation on this situation
 

The consumption of kerosene as a lighting fuel is better understood
 
now that INCOME and LIGHTING EQUIPMENTS can partly indicate the amount of
 
kerosene consumed by a household. This confirms our preliminary assumption.
 
However, the number of working hours of a particular lighting equipment
 
does not seem to be a significant indicator. Two variables, OFF-FARM
 
INCOME and HOUSEHOLD ACTIVITIES, show negative relationships with the
 
amount of kerosene consumed. This is reverse from our preliminary
 
assumption and needs more analysis for a better explanation.
 

Differentiation Between Households Consuming
 
Charcoal and Firewood
 

It was evident earlier that a change in income does not effect a change
 
in the amount of fuel consumed. Yet, we still believe that a household's
 
initial decision regarding the type of fuel selected was most likely
 
related to that household's economic status and its modernization. Moreover,
 
the household's decision on the type of fuel to use and its energy consumption
 
behavior was assumed to be different with each type of fuel. Therefore, we
 
now want to make it clear whether there was a distinction between households
 
using charcoal and households using firewood or not. If there was, then,
 
what discriminates them from each other? It is essential for energy
 
planners to learn the differeintiation of groups of households using various
 
type of fuel since the way they cope with their energy problems may not be
 
the same.
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We used discriminant analysis for this purpose. In this analysis the
 
relationship between two groups, charcoal and firewood, was justified by
 
Canonical Correlation with chi-square or F-test as the significance
 
assessment. The method of analysis is stepwise, selecting only significant
 
discriminating variables. The discriminating power of such significant
 
variables was considered by their loadings in a particular function.
 

As mentioned in the Framework of Analysis at the begining of this
 
chapter, the differentiation of households focused on variables concerning
 
economic status or household prosperity, and the way of using and managing
 
fuel. They are itemized in the following list and in Annex, Printout 11.
 

Household Economic Status Fuel Managing
 

Household Size Household Collecting Member
 

Type of Occupation Household Activities***
 

Movable Properties* Method of Fuel Obtainment
 

Unmovable Properties** Fuel Availability
 

Land Holding Fuel Storage
 

Household Income Distance to Source
 

Off-Farm Income Frequency of Fuel Collection
 

In this list, MOVABLE PROPERTIES include the electric generator, car,
 
motorcycle, bicycle, motorboat, rowboat, radio or cassette player, television,
 
electric fan, refrigerator, sewing machine, electric iron, charcoal iron,
 
thermos, rice storehouse, small tractor, large tractor, rice mill machine,
 
sprayer, hand water pump, plough, water wheel, water sprinkler, threshing
 
machine, pick-up truck, electric water pump, minibus, animal cart, trailer,
 
push-cart and other engines.
 

UNMOVABLE PROPERTIES include a pond, latrine, pens, gaL en, compound,
 
and others; while HOUSEHOLD ACTIVITIES include any activities using light
 
such as for sewing, socializing, movement, night work, meals, cooking,
 
security and others.
 

A total of 959 households were divided into two groups. The first 
group consisted of households which used charcoal (588 households) while 
another 300 households were defined as the firewood group. The remaining 
households used other type of working fuels and were not included in.the
 
discriminant analysis.
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An analysis of the selected discriminating variables showed nine
 
significant variables, namely, HOUSEHOLD SIZE, FUEL COLLECTING MEMBERS,
 
UNMOVABLE PROPERTIES, MOVABLE PROPERTIES, LAND HOLDINGS, HOUSEHOLD
 
ACTIVITIES using light, method of FUEL OBTAINMENT, FUEL STORAGE, and
 
frequency of FUEL COLLECTION.
 

Since there were only two groups and the number of variables was also
 
small, we derived only one discriminant function. The discriminant function
 
derived from the computer output showed only 5 variables having remarkable
 
loadings (usually above .3). They were HOUSEHOLD ACTIVITIES using light,
 
LAND HOLDING, FREQUENCY OF FUEL COLLECTION, FUEL STORAGE and MOVABLE
 
PROPERTIES. All five variables were considered to have power in discrimina­
ting one group from another - i.e., charcoal from firewood. Among these
 
five variables HOUSEHOLD ACTIVITIES showed the highest power of discriminating
 
variable; the lowest was MOVABLE PROPERTIES. The remaining variables in the
 
preliminary list were ignored due to low levels of loadings as shown in
 
the computer results.
 

The five discriminating variables included in one function clearly
 
showed that HOUSEHOLD FUEL, MANNAGEMENT dominated the function. 

If we plot the discriminant score of each household on one line, we 
see that the charcoal and firewood groups partly overlap, though group 
means (groups centroids) were quite separated, 0.47878 and - 0.93842 for 
charcoal and firewood respectively. The canonical correlation between 
groups was nearly high (0.55890) which implies that these two groups do
 
not completely separate
 

The results also reported that, on the basis of 9 significant 
discriminating variables, 75% of valid households were correctly 
classified. In other words only 25% of valid household were not 
characterized by those discriminating variables. These 25% were the 
overlapping cases. There was no doubt that 2harcoal and firewood house­
holds were mainly differentiated by HOUSEHOLD ACTIVITIES, LAND HOLDING, 
FREQUENCY OF FUEL COLLECTION, FUEL STOR,\GE and MOVABLE PROPERTIES. 

When subjected to each of the five discriminating variables by 
comparing average values (mean) between the charcoal and firewood groups,
 
it was found that there was a tendency for a higher mean of household 
prosperity in the charcoal group, namely, MOVABLE PROPERTIES and LAND 
HOLDINGS. (See Table 4.8). In addition, firewood group has a higher 
means in fuel management. There were variables of FUEL STORAGE* and 
FREQUENCY OF FUEL COLLECTION. We also observed that the charcoal group 
used light for many purposes and many activities. 

* There were four levels of fuel storage, ranked by the convenience of its 

location: I. Open Air; 2. House Shade; 3. Shelter; and 4. Shelter 
with Wall. 
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Figure 4.1 Plotting of All Groups 
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Table 4.5 Group Means of Remarkable Discriminating Variables
 

Movable Land Household Fuel Frequency of
 
Properties Holdings Activities Storage Fuel Collection
 

Charcoal 6.01361 31.48129 1.00850 0.42177 1.40646
 

Firewood 4.68000 11.96333 0.29667 0.02333 3.74000
 

Total 5.56306 24.88739 0.76802 0.28716 2.19482
 

We may make a primary conclusion about group differentiation: That
 

households are separated, on the basis of type of fuel used, by variables
 
related to household economic status and household fuel management. The
 
specific discriminating variables were mentioned above. Our hypothesis
 
of group differentiation is partially confirmed. Not all variables of
 
economic status explain the differences between charcoal and firewood
 
groups. The results revealed economic status in terms of household
 
modernization, identified by MOVABLE PROPERTIES, rather than income.
 
LAND HOLDINGS was another economic status variable that discriminated
 
the groups. In addition, due to the different types of fuel used, fuel
 
management was definitely different between the two groups. The variables
 
of fuel management were FUEL STORAGE, FREQUENCY OF FUEL COLLECTION and
 

HOUSEHOLD ACTIVITIES.
 

It is unfortunate that only one discriminant function was derived
 
from the analysis. One discriminant function does not give us new
 
dimensions of group classification. We would expect to get more
 
discriminant functions if morc variables were in the analysis. This
 

shows that preparation of complete data is very important. This
 

analytical study was not able to do that due to time limitation.
 

An additional result from discriminant analysis was the classifica­
tion coefficient used for classifying unknown groups. (See Table 4.6).
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Table 4.6 Classification Coefficients Derived from the Analysis
 

Variables Charcoal Group Firewood Group
 
(Group 1) (Group 2)
 

Household Size (HS) .9951200 1.072179 

Household Fuel Collecting Member (HP) .4531794 .5578930 

Unmovable Properties (UP) 1.376394 1.657592 

Movable Properties (MP) .2377153 1.020885 

Land Holdings (L) 
 .241469D-02 .2988483D-01
 

Household Activities (HA) 1.040330 
 .2540472
 

Fuel Obtainment (FO) .9247860 1.110441
 

Fuel Storage (FS) .1989480 -.2837266
 

Frequency of Fuel Collection (FC) .1899678 .3350856
 

(Constant) 
 -9.403052 -10.54680
 

To classify the cases 
in the target sample, use the following transformation:
 

Group 1 = .9951200HS + .4531794HF + 1.376394UP + .2377153MP +
 

.241469D-02L + 1.040330HA + 
.9247860FO + .1989480FS +
 

.1899678FC - 9.403052
 

Group 2 = 1.072179HS + .5578930HF + 1.657592UP + 
1.020885mP +
 

.2988483D-OIL + .2540472HA + 1.110441FO ­ .2837266FS +
 

.3350856F'C - 10.54680
 

The result of each computation was compared with the centroid value of
 
each group which was mentioned earlier. 
 The value close to the centroid
 
of either group will be classified respectively.
 

This methodology can be applied in areas where a planner has to
 
identify households, for example, to participate in an energy technology
 
project. The set 
of variables can be changed and any group identification
 
can be used.
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Chapter 5
 

Transition Surveys 



TRANSITION SURVEYS 

A. BACKGROUND
 

A description of the transition surveys as planned by Meta Systems

Inc. in the early phase of the project follows:
 

Transition surveys have two goals. 
 The first is to collect additionp!

technology-specific data for use in conjunction with the baseline and
evaluation surveys for evaluating technologies. The second is tc ouserve
the implementation of the technology in the field and to identify the

problems in training villagers to coniotruct, operate, use and maintain
 
the technology, establishing a pattern of ownership administration, and
disseminating information about the technology. 
These surveys would oe

conducted in the period preceding and closely following the introduction
of the technology. 
 Where the component and technology permit, the

activities would be conducted in 

two
 
a single period of survey commencing


approximately three weeks before the implementation and lasting until
 
three weeks after.
 

The manpower requirements for this survey activity include a two
week preparation phase during which the survey supervisor, the technical

assistant and the research assistant assigned 
to that tecbaology would
 prepare a list of data requirements, determIne a methodology, and produce

and print the necessary documents for conducting the survey. Following

this activity the research assistant would go into the i'1lage for a period
during which he 
or she would collect the required data. The same individual

would spend another period (up to four weeks) in the village during or

after the introduction of the technology to observe the process and the
problems. The information from this second phase would be collected

through participant observation and recorded in 
a field notebook. The
 surveyor would then return 
to Bangkok and spend up 
to four weeks preparing

the data from the first phase either in tabular form or as computer data
for coding. The observations from the second phase would be summarized

in a report prepared under the supervision of the technical assistant.
 
This survey would then be submitted for review by the component leaders.
 

However, in practice there were both major and minor changes. 
Meta
Systems Inc. invited a Chulalongkorn University Social Research Institute

(CUSRI) team to act as consultants and to work closely with research assis­tants in two Survey Components. 
 These were the Woodlot and Biogas Components

(even though the two Community Biogas Digester units installed in the
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villages were not part of the United States Agency for International
 

Development (USAID) Renewable Nonconventional Energy Project). Other
 

transition surveys carried out by the National Energy Administration (NEA)
 

Survey Component were the Micro-hydro and Water Lifting (windmill and
 

photovoltaic) Components. To date no other transition surveys have been
 

carried out by the survey component team. Other components have either
 

not reached the implementation stage, their technologies were implemented
 

without conducting a transition survey, or they carried out transition
 

surveys on their own. In this chapter only transition surveys conducted
 

by the Survey Component (both the CUSRI team and the MEA team) will be
 

summarized. Actual reports may be consulted if further detailed information
 

is required.
 

B. TRANSITION SURVEYS: WOODLOT COMPONENT
 

The purpose of the Village Woodlot Project was to plant fast-growing
 

trees in selected public areas at a rate of approximately 128 hectare (ha.)
 

per year. The principal concepts of the Village Woodlot Project were:
 

" 	 To be a reforestation project able to provide firewood for
 
people in selected villages;
 

* 	 The administration of the project should be the responsibility
 

of each selected community; and
 

* 	 The project area should fall within the public grounds of 

each community. 

The Village Woodlot Project component is under the jurisdiction of
 

the Royal Forestry Department of Thailand. The first stage of project
 

implementation was the selection of sample communities for experimental
 

village woodlot cultivation according to the following criteria:
 

" 	 The village should have enough public land to operate the
 

woodlot project without affecting other activities on this
 

land, i.e. grazing of cattle, etc.;
 

" 	 There should be no forest near the village and the problem
 

of firewood shortage should exist; and
 

* 	 The priority in demand by villagers for the village 

woodlot project should be determined by examination
 

of the baseline data.
 

Tree Type
 

The types of tree which should be planted are the fast-growing
 

varieties which may be grown in a rotation period of not les.3 than five
 

years. The type selected for the project sites considered here was
 

Ev:"alyptus camaZdulynsis.
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Stages in Implementation
 

In principle, thp stages of implementaLion for the Village Woodlot
 
Project should be as follows:
 

* Site selection;
 

* Public relations with the people in the area;
 

* Plantation; .nd
 

• Maintenance.
 

The site selection and public relations stages should be the responsi­
bility of the project officers, while the plantation and maintenance stages
 
should be the responsibility of each community.
 

Site &election
 

The site selection stage was divided into two phases due to the
 
d.fferent management of operations in each.
 

Phase I (Year I: 1981)
 

The initial year of the Village Woodlot Project was 1981 when three
 
pilot villages were selected from the baseline data, all of which were
 
located in the Northeastern Region. The initial purpose of selection
 
was only to compare project success with the difference in demand
 
priority among the villages. The three chosen sites were Ban Khwao,
 
Ban Pong, and Ban Chang Khra Darn, all located in the Pri Bung district
 
of Si Saket province.
 

According to tile baseline data, the dagree of denL.nd in each village

differed. Among the ten types of energy technology introduced to the
 
community (for instance community biogas, windmills, etc.) the village
 
woodlot method was the first choice of respondents in Ban Khwao, while 
Ban Pong and Ban Chang Khra Darn selected it as their second and third
 
choices.
 

Due to space constraints, however, the Voodlot Project was not 
operable in Ban Khwao, since the public land in the village covered 
only 2.56 ha. What was accomplished in Ban Khwao was the planting
of the recommended type of fast-growing tree, EZzayl!ptzi uwrialc y;i',
in the small public area and on the temple grounds as demonstration 
plots, while seedlings were given to the villagers to plant in their
 
own fields.
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Figure 5.1 	Administration Chart of Village Woodloc Project
 
for The First 2 Years
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Although Ban Pong and Bar Chang Khra Darn did not rank the Woodlot
 
Project aE their first choice, both were nevertheless selected as pilot
 
sites in the first year of Woodlot Project implementation due to the
 
severe problem cf a fuel wood shortage in that area.
 

Under the project plan, the total land covered by all village woodlots
 
would amount to 128 ha. annually for all sejected villages. However, due
 
to the time constraint, the full 128 ha. could not be put into operation
 
and only 31.5 ha. were used in p2lot areas during t!.e first project
 
year (1981).
 

Phase 2 (Years 2, 3, 4: 1982-1984)
 

The second phase of implementation began in January 1982, when the
 
component leader delegated the responsibility of site selection and
 
project management to local foresters in the chosen provinces. During
 
this phase, the criteria for woodlot village selection were: (I) The
 
public ground must be large enough to grow sufficient fuel wood to meet
 
community needs; and (2) these grounds should be adjacent to a public
 
road for proper demonstration ot the project.
 

In the second project year, sites selected were in Maha Sarakham,
 
Roi-et, and Yasothorn provinces. The total area planted in 1982 was
 
160 ha., above the area specified in the plan since Yasothorn province
 
had exceptionally large public areas available for woodlot planting.
 
All of the selected public areas aJ3o served as the local grazing
 
pasture.
 

Pubiic ruiations
 

Due to the main project concept that administration should be conducted
 
by the people in each project area, public relations with local residents
 
had to be taken into account during implementation. For the project to
 
succeed, it must be certain that the villagers understood their responsi­
bilities and were ready to manage the project themselves under the
 
supervision of project officials.
 

Public relations concerning the Woodlot Project was the job of the
 
social scientists working with the villagers from the initial stages of
 
implementation onward. They attempted to coordinate activities between
 
villagers and officials in order for both groups to work closely toward
 
project goals. The most important task of the social scientists, however,
 
was to help villagers form a project committee to administer the woodlot
 
operation after the departure of the officials.
 

Plantation
 

The optimum planting times for woodlot trees were August and September,
 
since this was the middle of the rainy season. Land for planting had to be
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cleared and prepared before the rains began. Work done in this period
 
included land clearing, staking, and planting. Due to the differences
 
in management between the three chosen provinces each province will be
 
discussed individually below.
 

Maintenance
 

In theory, maintenance should be the responsibility of individual
 
villagers or of the village woodlot committee. However, in practice,
 
maintenance was- relegated to official management except in the case of
 
Yasothorn province. In Si Saket and Roi-et some villagers were hired
 
to care for the trees, and in Maha Sarakham province, upon agreement by
 
the Woodlot committee, some village volunteers w..re established as
 
guardians of the project plantings.
 

For years 3 and 4, each prov.ncial forester was given an assignment
 
to plant a certain amount of woodlot. Each forester followed his own
 
policy and strategy in carrying out the project with one common agreement,
 
there would be no volunteers in the planting of the trees. Villagers
 
must be hired for the purpose. This was in order to set up a pattern
 
to be followed in every province to avoid discrepencies.
 

However, sincE no transition surveys were carried out on the woodlot
 
project for years 3 and 4,discussion in this section will include
 
transition surveys for years 1 and 2 only.
 

Si Saket Province
 

Although three villages were chosen in Si Saket, one (Ban Khwao)
 
had to be eliminated due to a shortage of public land, as mentioned
 
earlier. Ban Pong and Ban Chang Khra Darn remained the only sites in
 
the province (planted in Years 1 and 2).
 

Ban Pong 

The village's public area measured 40.7 ha. and was used for cattle
 
grazing. The project administrator established a plan L grow 8.8 ha.
 
of Eucalyptus trees annually. The public land was located in front of
 
the village, adjacent to the main road. All plans for the village were
 
made by project officers with no participation by villagers. During
 
planting, laborers from the Plantation Center and a small number of
 
students were hired to work.
 

Ban Chang Khra Da2rn
 

The public land in this village was far from the settlement, about 2
 
kilometers away, and measured approximatrly 32 ha. It was planned to
 
plant 6.8 ha. per year in woodlot trees.
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During the first year of implementation no one in the village, not
 
even the headman, was aware of the project. He only knew that foresters
 
came and planted trees in the area, but he was not aware of the purpose
 
of the project. As with Ban Pong, the planting phase used labor from the
 
Plantation Center, with no outside help.
 

Considering the results of first-year implementation in Ban Pong,
 
the trees were thought to have grown well since the officials had hired
 
the village headman and his assistant, who lived on the public land, to
 
take care of the trees. In Ban Chang Khra Darn, however, nearly all the
 
planted trees died because no one took care of them and cattle were
 
allowed to graze in the area.
 

Due to the problem of tree survival, especially in Ban Chang Khra
 
Darn, the project chief had to change the management plan during the
 
second year of implementation. The nain cause of low tree survival was
 
lack of participation by villagers; no one took responsibility for the
 
Woodlot Project. To solve this problem, the chief used the technique
 
of agro-forestry, where villagers would be permitted to grow cash crops
 
in the area between rows of trees on the condition that they helped
 
maintain the trees. The results were good in that trees grew well,
 
with a better suivival rate, in Ban Pong and Ban Chang Khra Darn.
 

Although this situation appears to have better participation by
 
villagers, it is nevertheless not true participation: people having
 
permission to grow cash crops in the project area did so without knowing
 
the purpose of the project. They knew that the government allowed them
 
to plant there because the woodlot area was within their village
 
boundary, and they knew it was their duty to take care of the trees for
 
the government. They were told that the trees belonged to the villagers
 
and it would be up to the subdistrict council to decide what to do with
 
the trees. No definite plan was made. To date they do not consider it
 
proper to use these trees as a fuel. They believe the tree trunks should
 
be used to build houses or furniture, and that they are too good to make
 
fuel wood.
 

A Woodlot committee e isted in each village, but this committee only
 
took responsibility for sc ervising villagers who grew cash crops and
 
agreed to care for the tri.s. Project administration was solely under
 
the direction of the chief of the Plantation Center.
 

Maha Sarakham Province
 

In Maha Sarakham, one village woodlot project was implemented over
 
a public land area of approximately 64 ha. located about 3 kilometers
 
from the village and adjacent to the main road. Twelve ha. per year of
 
woodlot trees were planned for planting.
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Woodlot project management in Maha Sarakham was under the jurisdiction
 
of the provincial forestry official and the Village Woodlot committee. At
 
first, the forestry official managed the project by himself without
 
informing any of the villagers of its purpose, only reporting to the
 
subdistrict council to request permission to plant trees in the specified
 
area. As a result, some misunderstandings in the selection of the project
 
area within the total public land and in the hiring of laborers during
 
the plantation phase were evident.
 

The problem concerning the selection of the woodlot area was related
 
to forest encroachment oin the public land, where in fact another nearby
 
village was using area ,nought to belong to the Woodlot Village. The
 
forestry official selected the encroached area for planting; this resulted
 
in a conflict between the two villages over rights to the public land.
 

The problem of labor hiring for planting centered around the number
 
of laborers hired from the Woodlot Village, which was small. Villagers
 
complained to the forestry official and in the end he was forced to hire
 
most of the villagers for planting by reducing the daily wage.
 

Subsequently, the villagers, on the advice of the social scientist
 
working on the project, formed a Woodlot committee to manage the project
 
in conjunction with the forestry official. Problems such as the land
 
conflict between villages were solved by using agro-forestry, as in
 
Si Saket province, allowing the poorer residents of the two villages
 
to grow cassava between the lines of planted trees.
 

A conflict over the use of the public land of a third village not
 
originally included in the project was solved by inviting two members
 
of the third village to join the committee and have rights over the use
 
of the land for intercropping. Whether the third village will be
 
allowed to benefit from the harvast of the woodlot or not will be
 
decided when the time comes. The present reaction is that the land
 
belongs to the two villages and since the third village does not own the
 
land it should have no right over the harvested product.
 

In summary, in the case of Maha Sarakham province, the project results
 
closely approached the main concept of the plan, since villagers partici­
pated in the project and the project committee became quite strong.
 
Moreover, there was cooperation between the forestry official and
 
the committee. It is hoped that this concept and its operation will
 
spread to nearby villages in the future as well.
 

Roi-et Province
 

Two project plots were planted in Roi-et province with each plot
 
including three villages as follows.
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Plot 	1
 

Three villages were located in a one-kilometer radius around the
 
total public area of 240 ha., of which the Woodlot Project took 36 ha.
 
It was planned to grow 12 ha. of trees in 1982, and 8 ha. thereafter
 
for the next three years. The public land was being used for grazing
 
by the nearby villages; so~ie 7,000 head of cattle were said to have used
 
it before the project.
 

Plot 	2
 

Three villages located about 2 kilometers distant from the public
 
area shared this woodlot, which comprised 24 ha. of the total 64 ha. of
 
public land.
 

The reasons these two plots were chosen for woodlots included the
 
following:
 

0 	 The plot sizes were large and used only for grazing, not
 
agriculture;
 

* A Public Voluntary Tree-Planting Project had been located near
 
the Woodlot Project area; and
 

0 	 A demonstration garden already existed near Plot 1, tended
 
by the abbot of the village temple.
 

Two reasons(the nearby location of a Voluntary Tree-Planting Project
 
and the existence of a demonstration garden) were important for the
 
Woodlot Project. The provincial forester held the opinion that villagers
 
were accustomed to tree planting and thus should readily adopt the
 
Woodlot Project.
 

Most villagers in the pilot Woodlot Villages, however, did not
 
participate in the project. Furthermore, a serious conflict between
 
villagers took place in Plot 1. The then-provincial forester paid no
 
attention to the conflict, thinking it would not affect the outcome of
 
the project. In his opinion, the villagers were not relevant to project
 
management and it was solely his responsibility to carry it out. This
 
resulted in the absence of an active Village Woodlot Committee, since
 
project administration was handled by the forester alone.
 

During planting a small number of residents of the woodlot village
 
were hired to work, including the head of the senior village committee,
 
who was hired to care for the trees. Nevertheless, most villagers were
 
still unaware of the project since there was no communication between
 
the provincial forester and the residents. Despite the efforts of the
 
social scientists to clarify the matter to villagers, the result was the
 
same: no participation in the project except by those hired to plant trees
 
Even when told that the trees would belong to the village they had no idea
 
how such a benefit could be utilized.
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In May 1984 when the survey team visited the woodlot sites, a new
 
provincial forester was met. From discussions with him it became very

clear that he knew nothing of the participation and self-reliance concept.
 
His understanding of the Woodlot Project was that it was an USAID support
 
activity where USAID provided the necessary funding and the it was the
 
responsibility of the Department of Forestry provincial personnel to see
 
that the trees got planted and grew well. The project was just another
 
job to be done.
 

However, when the concepts of participation and self-reliance were
 
discussed he seemed sympathetic and indicated that the concepts might
 
be introduced after the trees were grown and almost ready for harvesting.
 
From the team's observation, it appears that the new provincial forester
 
has no choice but to follow the pattern set up by the previous provincial
 
forester. Alternative strategies may be possible in the future.
 

Yasothorn Province
 

Implementation in Yasothorn province was very differeut than in others.
 
Since the public land areas were very large but the soil quality poor, with
 
the agreement of the governor the provincial forester promoted the woodlot
 
project by selecting two villages in Kho Wang district and allowing them
 
to grow cashew nuts in the public area. He provided an incentive by also
 
allowing them to lease out ownership of the trees. Each village would
 
receive rights to 200 trees per household. This project was initiated
 
in 1980 before the operation of the Village Woodlot Project.
 

Although grazing land was used to implement the Woodlot Project,
 
no problems of disturbance by cattle occurred since the villagers were
 
required to maintain their own trees. From their experience in the
 
volunteer reforestation project, it is expected that people in this
 
area will readily accept the concept behind the Woodlot Project.
 

No hired labor was used in the Yasothorn project areas; people
 
living near the public land and interested in the project could
 
participate by giving their names to the provincial forester, and
 
were required to implement the planting on their own with advice and
 
supervision from him.
 

In using this different method of management, the Yasothorn Woodlot
 
Project covered a larger area than planned but nevertheless did not need
 
extra budgeting due to the free labor available for planting.
 

However, after the trees were planted it was decided that all labor
 
used must be paid. Since Yasothorn was the only province where participa-,
 
tion of villagers in woodlot planting was possible, Yasothorn should
 
follow the practice of other provinces and pay for the labor. As a result
 
labor contributed was later compensated for in cash. This practice has
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been carried out in Woodlot Projects in following years. The provincial

forester claims, however, that when UASID funds terminate, it will still
 
be possible to request labor contributions from the villagers for planting
 
additional woodlots.
 

It turns out that the Eucalyptus trees are now growing at 
a faster
 
rate than cashew nuts. In fact, many of the cashew nut trees are dying.

The villagers prefer Eucalyptus trees for their woodlots and the
 
acceptance of this species ir no 
longer a problem. Instead, seeding

permeation to serve 
the demand of the public has become a problem instead.
 

Woodlot Activities in 1983 and 1984
 

Woodlot area0 for 1983 and 
1984 were planned using the availability

of large plots of land as the main criterion. No baseline survey was
 
conducted. The woodlot activities of 1983 and 
1984 were treated as a
 
regular duty of the provincial foresters. And, since there were no
 
transition surveys conducted to 
record woodlot activities in 1983 and
 
1984, in this section it will suffice to present a summary report. 
 It
 
was agreed among the implementation agencies, i.e. the provincial
 
foresters, that woodlots would be planted by hired 
laborers and the
 
foresters in each province 
 were responsible for seeing to it that the
 
trees grew well. 
 A few years after the trees were grown, the woodlots
 
would then be transferred to be under the responsibility of the sub­
district concil. 
 Members of the subdistrict councils would then make
 
decisions regarding the woodlots.
 

Table 5.1 Village Woodlot Activities for 1981-1984
 

Total Area Planted (Rai)
Province 

1981 
rai) 

1982 1983 
(rai) (ha) (rai) (ha) 

1984* 
(rai)(ha) 

Kalasin - - - 600 96 200 32 

Yasothorn - 200 32 550 88 250 40 

Roi-et - 250 40 580 92.8 180 28.8 

Maha Sarakham - 150 24 580 92.8 250 40 

Khon Kaen - - - 450 72 170 27.2 

Surin - - - 200 32 100 16 

Sri Saket 200 200 32 540 86.4 350 56 

Total 200 800 128 
 3500 560 1500 240
 

* target figures 
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Photograph 5.1 
 Village Woodlots Growing (Si Saket Province, 1981).
 

A' 

Photograph 5.2 
 The Village Woodlot 2 Years After Planting
 
in Maha Sarakham Province.
 

113
 

Previous Pcxc skak 



C. 	TRANSITION SURVEYS:
 
BIOGAS COMPONENT
 

Background
 

The aim of the Community Biogas Project was to construct a large
 
biogas digester capable of producting sufficient gas to supply electricity
 
for an entire pilot village, whose size should include approximately 100
 
households. Though the digesters were not built with USAID funds, the
 
survey component was involved in the transition survey, and the component
 
is therefore included in this chapter.
 

Pre-Implementation Period
 

The first phase of the pre-implementatit- itage was village selection.
 
The selected villages must fulfill the following requirements:
 

" Need a renewable source of energy;
 

" Have a considerable amount of livestock
 
(e.g. 	cows, buffaloes, and pigs);
 

* 	 Have strong leadership and local institutional support;
 

* Have the physical form of a clustered village;
 

" Lack an electrical supply;
 

* 	 Have a year-round water supply to mix with the biomass; and
 

" 	 Have the organization and potential for following up
 
the work plan.
 

Data from the baseline survey was used for village selection according
 
to the above criteria established by the project implementors. Social
 
scientists joined the technicians during the implementation stage.
 

From the 50 villages covered by the baseline survey, two villages

in the northeastern region were selected as demonstration sites for the
 
Community Biogas Project. These villages were Ban Khwao and Ban Pa Haen.
 

Ban Khwao in Si Saket province, is located 8 km from the district
 
site and 32 km from the provincial town. Transportation is by a year-round
 
laterite road connecting Ban Khwao with the main highway. The village is
 
characterized by strong leadership and strong group organization.
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Ban Pa Haen in Roi-et province, is located 35 km from the provincial
 

town. Transportation consists of a 12-km dirt road connecting Ban Pa Haen
 

with the main highway. Physically there are two settlement clusters in
 

the village, Pa Haen and Nong Rai, approximately 800 meters apart. This
 

village is also characterized by strong leadership and group organization.
 

Both villages fulfill the seven criteria required for village
 

selection, and those need not be detailed here.
 

The second phase of the pre-implementation stage was the preparation
 

of villagers foi the adoption of the new technology. The Biogas Project
 

required both understanding by villagers and their participation. The
 

villagers needed to be convinced that the project belonged to their own
 

community and that they must assume the responsibility for maintaining it.
 

Technicians explained the project in detail to the villagers who
 

accepted it at once,thinking they needed electricity. Some were captivated
 

by the idea of changing cow dung into electricity. Overall, they were
 

willing to try the project.
 

The technicians explained that a large biogas digester would be
 

constructed which could produce enough gas to generate electricity. The
 

electricity generated should be sufficient to provide light at least
 

four hours daily, using a total of 40 watts per household. Some help in
 

construction was needed from the villagers. This meant that villagers
 

would participate in the project from the very beginning. In addition,
 

they were to organize a working group to maintain and operate the
 

digesters j.n the two villages. The required maintenance organization
 
structure was to include:
 

0 Village Biogas Digester Committee;
 

* Digester biomass filler group;
 

* Watchmen;
 

* Village technical representatives;
 

* Local technicians.
 

These g_-,ps were formed by the villagers under the guidance of local
 

leaders. Some of the people selected to sit on the Village Biogas
 

Digester Committees were members of the village committee as well, voted
 

in as popularly respected by the community. In Ban Khwao, nine people
 

were recommended to sit on the Biogas Committee, including five average
 

villagers with no title and four formal village leaders. In Ban Pa Haen,
 

villagers voted 13 people onto the Biogas Committee, consisting of seven
 

formal leaders and six villagers. The duties of the Biogas Committees
 

in the two villages included the following:
 

116
 



* 	 Organizating work groups to carry out the jobs of the digester
 
biomass filler group and local technicians as noted in the
 
previously mentioned structure;
 

* 	 Selecting the site for digester construction; and
 

0 
 Planning the work jointly with technicians.
 

In the organization of the work group, each committee memoer was
 
required to form his own subgroup. Nine subgroups were thus formed in
 
Ban Khwao and 13 in Ban Pa Haen. These subgroups were responsible for
 
filling the digester with biomass and for general care of the system.
 
Every household head was required to sit on a subgroup; therefore, all 
village households would be involved in the biogas project. The subgroup
 
tasks were organized by the villagers themselves, while the social
 
scientists merely guided and provided assistance when necessary.
 

After organizing the work group, the committee selected the site for
 
the construction of tile biogas digester with the approval of the villagers.
 
Both villages chose to construct the digester in the village center, for
 
convenience to all members. Ban Khwao selected the temple grounds as 
the
 
construction site, while Ban Pa Kaen chose the area between the two village
 
residential clusters.
 

Work was jointly planned with the project technicians by means of
 
a village schedule for Lime and labor contribution. The construction
 
period was set for mid-March, since at that time the rice harvest would
 
be finished and the villagers would have the spare time to participate
 
in the project.
 

The first task in construction was the clearing of the selected site
 
before the arrival of the technicians, in order that work could start
 
immediately upon their arrival in the village. The technicians, social
 
scientists, and villagers fixed the following time schedule and work plan
 
for project operation:
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Photograph 5.3 Analysts Coordinating Social Affairs Work with
 
Technicians in Roi-et Province.
 

Photograph 5.4 The Introduction of Technological Knowledge on
 
the Biogas Community Project in Si-Saket Province.
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Photograph 5.5 The Construction of a Biogas Digester Using Human
 
Labor (Biogas Community Project, Si-Saket Province).
 

Photograph 5.6 	Installation of an Electric Generator in the
 
Biogas Community Project in Roi-et Province.
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Table 5.2 Time Scbedule and Work Plan for Biomas Project Operation
 

Activity Ban Pa Haen 	Ban Khwao Responsible
(1982) 	 (1982) agent
 

Ground preparation 	 10-17 Mar 17-27 Mar Villageru
 

Construction 
 17-27 Mar 	 28 Mar - Technicians
 
12 Apr and villagers
 

Insertion of master design 	 28 Mar - 13-27 Apr Technicians
 
11 Apr
 

Removal of master design 	 12 Apr 28 Apr Technicians
 

Filling of biomass (30,000 	 16 Apr 1 May Villagers
 
liters of biomass and
 
30,000 liters of water)
 

During the construction period, approximately two work groups a day
 
came to work with the technicians, a total of about 20 people. Some
 
limitations 	in the villagers' technical skills appeared. Since the
 
workers from the two villages could not be classified as skilled laborers,
 
they thus worked as helper,: under close instruction from the technicians.
 
Work during 	this period included bricklaying and concrete mixing.
 

A fixed-dome, Chinese-style digester was chosen for construction at
 
the two sites. It was approximately 6 meters in diameter and 4 meters
 
high, with 2.50 meters above ground and 1.50 meters below ground. The
 
water and biomass capacity was 60,000 liters (30,000 liters of biomass
 
and 30,000 liters of water).
 

According to the work plan, construction was to be finished and
 
villagers able to use the digester to generate electricity as of mid-May,
 
1982 in both villageo. In practice; however, this was not feasible due
 
to many te.hnical problems and the completion date was delayed. Furthermore,
 
a flood occurred in the Northeast during August 1982 which caused further
 
delay.
 

The main problem preventing project completion was the digester's

failure to hold gas. This may have oeen due to an error in concrete
 
mixing; however, the technicians and village helpers cannot be blamed
 
since the technical cause is unknown. Even though the villagers could
 
not use electricity, they sti" had to fill the digester every week for
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another 6 months (until December 1982), when a second group of technicians
 
arrived in the two villages and replaced the fixed-dome digester with a
 
floating-dome type. Finally construction was complete, and the villagers
 
couId use electricity as of January 1983.
 

Villagero' Labor Contribution
 

The construction period may be separated into two stages: the
 
construction of the fixed-dome digesters and that of the floating-dome
 
digesters. The latter was an attempt to solve the problems arising from
 
the former's construction.
 

The first phase of digester construction was completed in June 1982.
 
The work of the technicians during this period consisted of:
 

a 	 Demonstrating the techniques of electricity use to
 
villagers; and
 

0 	 Teaching and demonstrating how to control the gas and
 
electric generator.
 

The villagers formed a group of village technical reptesentatives
 
to be responsible for learning this information. As most of the villagers
 
had a low educational background, it was difficult to teach them in the
 
short demonstration time available.
 

The work of the villagers during the first (fixed-dome) stage of
 
digester construction included:
 

1. Filling with biomass. As mentioned earlier, subgroups were
 
organized to fill the digester with biomass each week. Sue to the number
 
of cattle in the village the amount of biomass was not a problem. For
 
the first filli-.g, however, it was necessary to obtain additional biomass
 
from nearby vi lages as well. Villagers attempted to fill the digestor
 
regularly since they wanted to use the electricity.
 

2. Operat±ng and maintaining the biogas digester. A technical
 
group was formed by the villagers to care for the digester under
 
supervision by the technicians.
 

Although the fixed-dome digester was constructed by June 1982 and
 
filled weekly with biomass, villagers were not able to produce electricity.
 
The digester developed holes on the surface and could not retain gas. It
 
was necessary for technicians to return nany times to the two villages to
 
make repairs. A second major problem was the de.ayed arrival of electrical
 
accessories from the central project office in Bangkok. This was not the
 
fault of the technicians, who could only continue to encourage villagers
 
to keep filling the digester while waiting for the accessories.
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Inplementation Period
 

Project implementation, in the seiLse of using biogas to generate
 
electricity, was temporarily achieved in October i982 during the first
 
phase of construction, i.e., that of the fixed-dome digesters. However,
 
the problem of poor gas storage cou'.d not be solved, and it was
 
necessary to replace the type of digester. In December 1982, the second
 
stage of construction was started with the installation of two floating­
dome digesters.
 

Implementation was finally achieved in January 1983 when the
 
digesters became operable as a source of village electricity.
 

However, implementation of the project did not proceed smoothly, due
 
to the lack of experience and the low educational background of the
 
villagers in operating the electrical generator. After only three
 
months the electricity generators in both villages broke down. The
 
following will detail this event in each village:
 

Ban Khwao Minoz problems were reported and solved both by villagers
 
and technicians until May 1983, when the generator broke down. The NEA
 
technician brought the generator to Bangkok for repairs and a new generator
 
was tested for installation in the village. The village had had electricity
 
for a total of three months, i.e., Januaiy - March 1983. In early
 
September it was reported that the generator had been sent from Bangkok
 
for installation.
 

Pa Haen Minor problems were also reported during the first few
 
months of utilization, and the villagers partially solved the problems
 
by reducing the number of watts allowed per household. The technician
 
also helped solve the problem by installing a diesel generator. Therefore,
 
the biogas was complemented by diesel and the system ucilized mixed fuel
 
instead of biogas alone. In April 1983 the generator broke down and was
 
sent to Bangkok for repair.
 

In early 1984, problems again occurred at both sites, and technicians
 
were later sent in. It was decided that the generators were too small
 
for Ban Pa Haen. The two generators were .then sent to Bangkok and a
 
larger generator was returned to Ban Pa Haen at the end of April. In
 
the case of Ban Khwao the same generator was fixed and returned in March
 
and the system operated well the entire month of April. However, when
 
the survey team visited the site in early May 1984 it was found that the
 
generatcr was turned on for only 1 hours each night or not at all even
 
though there was a sufficient amount of gas to electrify the village for
 
3-4 hours every night. The young men responsible for operating the
 
generators did not see the need to electrify the village for a longer
 
period since this required them to remain in the village until 9 or 10 P.M.
 
Since these young men preferred to go to town or to carry on their own
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Photograph 5.7 
 Flood Problems Causing Difficulties in Trans­
porting Equipment and Materials. (Flooding
 
was one reason behind the delay of 
the Biogas
 
Community Project at Si-saket Province).
 

'Previous 
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activities outside the village, they usually turned the generator off when
 
they went elsewhere. Apparently no one in the village complained and they


.relied on kerosene iamps after electricity was turned off every night.
 

When the villages were visited again in June, the team found that
 
the 	villagers had stopped filling the digester with dung and that the
 
village had not been electrified during the months of May and early June.
 
Apparently, electrification was not needed and filling the digester with
 
dung turned out to be too great a burden. Since the rainy season started
 
in May, villagers started their planting activities and they had no time
 
for 	this extra-curricular activity. They left their house early in the
 
morning and returned home late in the evening and had no need for
 
electricity.
 

At this point, it is necessary to ask the question of whether
 
electricity was needed in the Lwo villages. 
 Villagers responded very

eagerly to the idea and they participated regularly in the construction
 
of the digesters. It becomes obvious that when the villagers had the
 
choice to contribute labor planting (or other income generating activities)
 
or to contribute labor towards electricity generating activities, they
 
choose the former.
 

But in Ban Pa Haen, Roi-et, a solution was found. One man was
 
responsible for filling the biogas digester with dung at a cost of
 
5 baht per household per month. If this solution proves to be operable,

there is still hope for the project. Otherwise, implementation of biogas

digesters for village electrification will have to be seriously reconsidered.
 

D. 	 TRANSITION SURVEYS:
 
MICRO.-HYDRO COMPONENT
 

Background
 

In contrast to the previous two components, the implementation of
 
the Micro-hydro projects were made without using the Meta Systems

baseline data. 
There were three sites involved in this component, each
 
of which were selected for different reasons, and all of which were
 
located in Chiang Mai Province. Furthermore, surveys for this component
 
were carried out by the NEA survey component in 1983 and 1984 after Meta
 
Systems Inc. left the project. These surveys were considered transition
 
surveys since they were collected over a period of several months during

implementation. However, some baseline type data and a limited amount
 
of evaluation data were also collected at the same time.
 

Like the Biogas Digester Component, this component required villagers'

involvement in the following activities during the pre-operation stage:
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* 	 Construction of weir;
 

0 
 Construction of power house;
 

Construction of pipe line bringing water from weir to power
 

house; and
 
0 


* 	 Installation of electricity post lines, and household
 
lights and outlets.
 

During the operation stage the following subcommittees were identified:
 

* 	 Switch controller;
 

* 	 Pipe line inspector;
 

* 	 Electrical line inspector;
 

a 	 Electricians; and
 

• 	 Accountant.
 

Site Selection
 

In the three USAID supported Micro-hydro Components of the Renewable
 
Nonconventional Energy Project, sites were selected in Chiang Mai Province
 
because of its topographic requirements and the historical development of
 

NEA Micro-hydro projects in the area.
 

Kampong Project, San Kamphang District 

This is one of the King's projects. In 1980, an abbot and local
 

leaders of the District organized a field trip to Fang District to observe
 
a small hydro-power plant. The produced electricity was used for the
 

production of canned food by a local manufacturer. After the tour, the
 

villagers of San Kamphang expressed a desire for village electrification
 

using hydro-power. The next year, in 1981, His Majesty the King happened
 

to visit the village and learned of their request. He ordered one of
 

his team members to show village leaders another micro-hydro plant at
 
Pangbong, in Doi Saket District. (Pangbong Project was a joint project
 

built by a cooperative effort between the NEA and the villagers. The NEA
 

provided project officials, necessary supplies and equipment such as an
 
electric power generator, water pipes, electric wires, etc., for the
 

construction. The villagers provided local supplies and equipment, such
 

as rocks, sand, wood for electric poles, etc, and their labor. The NEA
 

responded to the King's project and sent its officials to the village to
 
conduct a feasibility study. Later, with the cooperation of the NEA and
 

the villagers, the construction of an electric power plant using micro-hydro
 
power (12 kw) was begun in December 1982.
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Photograph 5.8 The Building of a Wier for the Micro-Hydro
 
Project by Village Laborers Working in Teams
 
on Rotating Shifts (Kampong Project).
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Photograph 5.9 	 Analysts Observing Village Teamwork Closely on
 
Kampong Micro-Hydro Project.
 

2> 

Photograph 5.10 Village Council, Construction Supervisors, and
 
Analysts at a Meeting Concerning the Micro-Hydro
 
Project (Kampong Pioject).
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Pfiotograph 5.11 A Village Meeting, Arranged by Analysts, on 
How to Set Up an Executive Committee for the 
Micro-Hydro Project (Kampong Project). 

Photograph 5. 12 	 Analysts Work Jointly with the Village Council 

to Elect Administrative Officers to Administer 

Kampong Micro-Hydro Project 
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Photograph 5.13 	 Problem-,Solving Meeting: of Executive Colmmlittee 
of the Kampong Project. 

1 

-44,A 

Photograph 5. 14 	 A Viillage 'Meetinug Ar-ailged b%, a Temple Abbot 
and E'xeCu t IL emb Of the Kampong Proj ect on the 
Install at ion of Household Electrical Equipment. 
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Photograph 5.15 The Executive Conittee of the Micro-Hydro Project, 
Responsible for Installation of Electrical Equip­
ment in Village Households. 

Photograph 5. 16 E'.XectLiv.e Committee Members lIta]1 Electrical 
hlquipment for Villagers (Kampong Project). 
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Photograph 5.17 	 Local Officiali, Deputy District Chief, District
 
Developers, and Analysts Combine Efforts to
 
Administer Executive Committee Election in the
 
Micro-Hydro Project (Mae Ton Luang Projcct).
 

Photograph 5.18 	 Election of Administrators for the Micro-Hydro
 
Project (Mae Ton Luang Project).
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Mae Ton Luang Projedt Doi Saket District
 

As mentioned earlier, the NEA was constructing a micro-hydro power
 
plant at Pangbong Village (10 km from Mae Ton Luang Village). During
 
the initial construction phase of the Pangbong Project, villagers from
 
Vi1 nea 6 (5 km from Pangbong Village) came to contribute to the
 
construction because they wanted to be included in the village electrifi­
cation scheme. However, since this was a small project it was not able
 
to produce sufficieit electricity to supply another village. Thus,
 
Village 6 (Mae Wan) and two neighboring villages, Villages 7 (Pa Pan)
 
and 8 (Mie Ton Luang) sent a joint request for the NEA to consider a
 
new Mae Ton Luang Project. The three villages guaranteed to supply the
 
labor. The NEA began the project in 1983 by building the weir in
 
Village 7 and the powerhouse in Village 8.
 

Huai Pui Project, Phrao District
 

The NEA's program to build micro-hydro electric power plants for
 
village electrification was well-known to many villages in Chiang Mai.
 
One Chiang Mai representative suggested that the Long Kord District
 
Council officially request NEA to construct a micro-hydro plant for
 
seven of their villages, i.e. villages 1, 2, 3, 4, 5, 6 and 8. Villages
 
7 and 9 were excluded because of their distance from the proposed site.
 
The NEA agreed to this request and sent its officials to conduct a
 
feasibility study. Construction on the project began in April 1983.
 
All seven villages have significantly cooperated with the NEA by
 
donating labor, in rotation, towards the construction of the micro-hydro
 
power plant.
 

7ce-operation Stage
 

The initial stage involved introducing the participatory concept of
 
labor contribution during construction. N-. engineers responsible for
 
construction activities contacted subdistric and/or village headmen and
 
made clear to community members that hydro-power electrification would
 
become possible if and only if a labor contribution was made possible.
 
The Thai government, with assistance from USAID, would pay for construction
 
materials and personnel. In almost all cases, the cooperation of the
 
villagers was very good. Based on a technical survey, NEA surveyors
 
calculated the amount of electricity to be produced and the number of
 
villages and households to be electrified.
 

When more than one village was involved in the project and cooperation
 
between villages was required, written contracts were made to guarantee
 
full cooperation during the construction period. The household heads
 
were responsible for organizing labor according to requests made by NEA
 
engineers.
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For construction, after the number of vi'.lages were identified, labor
 
was organized into groups of approximately 20-30 households. By working
 
on the project, or paying for someone else to work, each household became
 
a member and was provided an electrical hookup. Each household was
 
responsille for sending one member of the household to join the work force
 
on a rotational basis. The rotation interval was determined by the number
 
of work teams organized and the number of laborers required on any particular
 
day. The NEA engineers had to tell the headmen the number of laborers
 
required for the next day and the headmen then informed the team leaders
 
to organize their teams. If the number of laborers required was small,
 
only one team would take its turn to work. But when 60 or 90 laborers
 
were required, two or three teams were then requested to work. This
 
arrangement worked out very well at all three sites.
 

Work teams were also organized for the installation of light bulbs
 
and electric wiring-in the houses and to the village mainline. In
 
Kampong Village, villagers paid only for the materials and the cost of
 
labor was not calculated. For 3 light bulbs, one outlet, one meter,
 
internal wiring (40 meters), and external wiring (40 meters), each house­
hold paid 900 baht. This was because electric wiring was carried out by
 
a work team organized in a manner similar to the construction work team.
 

In Mae Ton Luang Village, however, work teams were organized for
 
construction of the weir, the power house and.piping only. Electric
 
wiring was carried out commercially by a few subcontractors who charged
 
between 1,500-2,000 baht per household. Since construction was not
 
completed at the third site, wiring has not been done.
 

At Huai Pui, the topographic conditions proved to be very bad. Rocks
 
were the main obstruction and caused much delay. Finally, small dynarite
 
charges were used to break rocks and additional mechanical equipment was
 
borrowed from other sites. Construction of the weir and pipeline is
 
nearly completed after one full year of construction.
 

The unexpected delay made many villagers anxious and complaints
 
have been heard. Information that 2 of the 7 villages will be electri­
fied by the Provincial Energy Authority has also made the cooperation
 
of the villagers in those 2 villages less strong.
 

Since two of the sites are still at the pre-operation stage,
 
descriptions of the activities are summarized in Table 5.3.
 

Operation Stage
 

Since the Kampong Project is the only project in operation, the
 
discussion in section will concentrate only on the Kampong Project.
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Table 5.3 Time Schedule Work Plan for the Micro-Hydro Project
'.-nd 


Project 


1) Kampong, 

San Kamphaeng 

District 


2) 	Mae Ton Luang, 

Doi Saket
 
District 


3) 	Huai Pui, 

Phrao 

District 


Starting 


Date 

1981 


1982 


1982 


Aug 83 


1983 

Apr 83
 

1. 


2. 


3. 


4. 


5. 


6. 


1. 


2. 


3. 


4. 


5. 


6. 


1. 


2. 


3. 


4. 


5. 


6. 


Activities 


Technical Survey 


Construction 


Installation of
 
internal and
 
external electrical
 
supplies
 

Installation of
 
turbine
 

Operation 


Village committee 

for operation and
 
maintenance
 

Technical Survey 


Construction 


Installation of 

internal and
 
external electrical
 
supplies
 

Installation of 

turbine 


Operation 


Village committee 

for operation and
 
maintenance
 

Technical Survey 


Construction 


Installation of
 
internal and
 
external supplies
 

Installation of 

turbine
 

Operation 


Village committee 


for operation and
 
maintenance
 

Date Remarks 

Completed 

1981 All activities 
completed 

1983 

Nov 83 

Nov 83 

1982 

Apr 84 

Mar 84 

not yet Waiting for 
parts from 
Lina 

not yet 

not yet 

1983 

not yet Construction in 
difficult area 

1983 

not yet 

not yet 
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In this project villagers are familiar with the concept of participa­
tion since they participated and contributed labor during construction.
 
Therefore, when the NEA survey team introduced the idea of establishing
 
group organization for operation and maintenar- of the electrification
 
system, the villagers readily agreed with the idea.
 

Originally a village electricity committee was set up composed of
 
25 members having the abbot and the school headmaster as their advisory
 
members. Rules and regulations were set up. The committee was supposed
 
to meet 1-2 times a month or when necessary. NEA officials were to be
 
consulted closely when technical problems arose.
 

Mae Kampong is a small village of 120 households which is divided
 
into three groups. During the construction period, each group worked
 
once every 3 days with a rotation of one group per day. Each group had
 
a leader responsible for ensuring full participation of all the households.
 
When necessary, the labor contribution could be substituLed by someone
 
else or by paying the minimum wage of 61 baht (cash) per day. Money was
 
contributed to the village cooperative.
 

In July 1983 a new village committee was set up with the community
 
development officer, the agriculture extension worker, the abbot, the
 
school headmaster, and the 3 village headmen as members in addition to
 
29 villagers. The following subcommittees were also established:
 

Mae Kampong Number of
 

Subcommittees Committee Members
 

Electrician 9 

Pipeline 6 

Electric line 7 

Generator 3
 

Treasurer 4 

Advisory 13
 

Rules and Regulations Set Up By the Village
 

Electricity Committee
 

Operation hours
 

Week days 1600-0800 hours
 

Weekends and holidays 24 hours
 

Additional operating hours may be requested when necessary.
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Tariff
 

1. The rate is 2 baht per kwh. For 5 units or less, a minimum f.­
of 10 baht will be charged.
 

2. Tariffs will be collected on the fifth of 
every month. Members
 
of the treasury subcommittee are assigned with specific duties to be
 
carried out every month.
 

3. Tariffs are to be paid at once; at 7 days a warning will be
 
issued; at 15 days a monetary penalty (double the cost) will be issued;
 
at more than 15 days the electricity service will be terminated.
 

Regulations 

1. Electricity wiring cannot be extended to non-members.
 

2. Children of members are given the right to use the electricity
 
when they establish new homes.
 

3. High vulLage appliances are not to be used between 1800-2300 hours.
 

4. If regulations are broken, a warning will be issued for the
 
first offence, a monetary penalty of 100-1,000 baht will be charged for a
 
second offense, the termination of electric service of not less than one
 
month for a third o)ffense; at.d termination of membership for breaking
 
the rules more than three times.
 

Addition membership
 

1. Households which migrate into the community after operition of
 
the electric system commences must pay 1,000-5,000 baht to becona a member
 
of the cooperative (they must pay because they did not contribute towards
 
the construction of the system).
 

2. Households which lived in the community during the construction
 
period but did not contribute towards the construction must pay 2,000-8,000
 
baht to become members of the cooperative (they must pay a higher price
 
because they were given the opportunity to become members but did not
 
cooperate and contribute towards the construction).
 

Terms of the committee
 

1. The term of this committee is 2 years;
 

2. Committee membership is terminated in case of death, resignation,
 
end of term, or misbehavior (in which case the person will be voted out).
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E. TRANSITION SURVEYS:
 
WINDMILL WATER LIFTING COMPONENT
 

Background and Site Selection
 

Implementation of the Windmill Water Lifting Project was carried out 
by the NEA water lifting component. A request for the project was made 
by the Agriculture District Officer of Raman district, Yala Province to 
the NEA. Yala is a Thai-Muslim province and implementation of a develop­
ment project in a Thai-Buddhist and Thai-Muslim village was considered an 
admirable effort to help promote integration of the two ethnic groups. 
In Village 4 where the experimental plot was set up there were 562 Buddhists 
and 306 Muslims.
 

In 1982, an experimental plot was set up and a request for the 
windmills was made. Three windmills were set up by commerciai firms 
(paid for from the USAID budget) to irrigate the plot for dry season 
cropping. The experimental plot was situated on public pasture land. 
lle total available public pasture area was 400 rai (64 ha). But in the 
initial stage only about 100-120 rai (16-20 ha) were cleared. At present 
about 150 rai (24 ha) are cultiv ited with upland rice and is an example 
of rainfed agriculture. Approxinately 60 rai (10 ha) are irrigated for 
dry season cropping. 

Villagers' Participation
 

When the experimental plot was set up in 1982, there were 49 members 
from Ban Samoh, a Thai-Buddhist community, and Ban Champun, a Thai-Muslim 
community. There were 11 plots and members were separated into II groups, 
9 Buddhist and 2 Muslim. In 1983, 21 new members joined the project, 
19 were Muslims and 2 were Buddhist. A new Musl im group was then organized 
making a total of 12 groups. More members joined the project in 1984 and 
only 3 members left the project. The total membership is now 84 people. 

Eacl, of the 12 plots had a leader and distribit ion of the land to 
members of the plots as well as the management within the plots was under 
the supervision of the leaders. In 1982 and 1983, the maniagement and 
production of the experimental plots was reported to be successful although 
production was somewhat low. Water lifted from the deep and shallow wells 
by the 3 windmills helped villagers in terms of labor savings. Instead 
of having to lift water out of the wells by hand or with hand pumps, which 
were usually broken, water could be lifted by a windmill. Water was 
distributed into the different plots through extension pipes on a first 
come first serve basis. Villagers were reported to be quite generous to 
their neighbors and no one tried to keep the water on his plot selfishly. 
Conflicts or disputes over water rights were not reported. This was 
probably because water was abundant and the windmills served as labor 
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saving devices for dry season cropping, Besides the well water which was
 
lifted by the windmills, other water resources were also available. In
 
addition to the 3 windmills lifting water from the deep wells, three were
 
11 shallow wells (dug by the dry season employment budget) and 5 pounds
 
located within the 60 rai (10 ha) of irrigated land. Therefore, cultiva­
tors could always depend on water from the shallow wells and the pounds.
 
One villager reported that by piping water from the windmill he spent
 
45 minutes watering his plot. But without piping, and depending on the
 
shallow wells where he had to carry water with 2 buckets, he spent 2 hours
 
watering the same plot. This also counted rest periods between trips.
 

Although villagers' participation in activities of the experimental
 
plots are definite and crucial, in the installation of the windmill there
 
was no villager participation. The three windmills were installed by
 
commercial and professional (or semi-professional) firms under subcontract.
 
Unlike other projects, a labor contribution by the villagers was not
 
required at all.
 

Committees
 

The experimental plot committee consisted of:
 

0 Chairman;
 

0 Vice-chairman;
 

0 Accountant;
 

* Supply;
 

0 Pesticide;
 

* Water;
 

* Marketing; and
 

* Secretary.
 

This committee was responsible for the management of all activities
 
within the 12 plots of the experimental plot project.
 

L.-adership 

Nai Chuang Phromlek was the most active person coordinating all
 
activities relating to the experimental plot project. it is accurate to
 
say that without him this project would have faced difficulties. Since he
 
had connections with officers in other government offices, he was able to
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make a request for a tractor to clear the land before cultivation each
 
year and other similar requests. Although his contribution should be
 
commended, he also made ther villagers dependent on him and retarded
 
self-reliance and participation somewhat. At the moment, the Agriculture
 
officer has not been able to identify an assistant to replace him when
 
needed. It is risky to depend on only one person for the success of the
 
project.
 

Problems
 

1. Flood
 

In 1984 the experimental plots were flooded because of continuous
 
and excessive rainfall even during the dry season. In February, plots
 
were prepared. But before crops were planted, unexpected rain came and
 
continued at frequent intervals until it had to be decided that dry season
 
cropping was not possible. If one were cost-benefit conscious, one would
 
have to question the worth of the implementation of the windmills as this
 
year showed a loss. However, this aspect of the project is not in the
 
scope of the survey component and will have to be discussed in the
 
component report.
 

2. Production
 

Approximate production figures for 1983 were:
 

1) Watermelons
 

Total production 32,500 kg
 

Total sale value 50,000 baht
 

Total consumpLion value 10,000 baht
 

2) Supersweet Corn
 

Total production 5,000 ears
 

Total sale value 2,800 baht
 

3) Cucumbers
 

Total production 515 kg
 

Total sale value 2,060 baht
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4) String Beans 

Total production 200 kg 

Total sale value 1,200 baht 

It was reported that production was low and the size of the produce
 
was also small due to a lack of %ater in 1983.
 

Improvement Scheme
 

An economist would ask if the cost invested in windmill installation
 
was compensated for by the benefits gained in terms of labor savings and
 
time spent watering the plots. The answer would definitely be negative
 
even without doing any calculations. Since social benefits are difficult
 
to compute, it is necessary to maximize or optimize the potential benefits
 
at this stage.
 

One way to increase benefits is to try and develop the area into an
 
irrigation system where canals are dug around the area and secundary
 
canals channel the water into individual plots. This would also require
 
a reservoir to be dug to store the water lifted by the windmill during

the 24-hour period. When water was rpeded in the plots, water gates
 
could be lifted and the water could flow accordingly. However, this
 
system would require additional investment. The committee managing the
 
experimental plot tried submitting the proposal to the 5ubdistrict council
 
for funding through the dry season employment budget, but the subdistrict
 
council rejected the proposal and allotted the budget for road construction
 
instead.
 

Another suggestion was to buy tractors, since land must be tilled
 
every year before plots can be made. If the experimental plot members
 
acquired a tractor, it could be paid for by charging a fee to members
 
who use the service.
 

Additional windmills may also prove to be useful because there is
 
another group of cultivators whose plots are located far away from the
 
deep wells where the windmills are now located. However, only if the
 
additional windmills can be supplied free of charge would the project be
 
worthwhile to the cultivators since they cannot afford to pay for them.
 

Other Activities and Its Implication
 

It turns out that the site for implementation of the Windmill Water
 
Lifting Project was also the site where other activities were designated.
 
It was the site where the King's project was launched. Therefore, from
 
the point of view of the concerned government officials, activities to
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help increase the potential for a successful project, i.e., the Experi­
mental Plot Project, should be recommended and welcomed. Therefore the
 
request for a Windmill Water Lifting Project co help irrigate the
 
experimental plots was made. The success of the experimental plots
 
will not only be a credit to the project itself but will also be 
a
 
credit to the community where other activities also took place. The
 
community is now identified aa a "development village" where many
 
development activities were launched and the village represents a
 
"development village".
 

It is therefore difficult to judge the merit of the water lifting
 
activity on its own. It is fully integrated into the Experiiental Plot
 
Project of the Department of Agriculture where other inputs also
 
contributed to the success of the project.
 

If one can claim (for 1982 and 1983) that the Water Lifting Component
 
of the Renewable Nonconventional Energy project contributed to the success
 
of the experimental plot project and therefore helped bring "development"
 
into the community and contributed to the success in ethnic integration
 
of the Buddhists and the Muslims in the community, the claim would be
 
invaluable. National security and political stability in the four most
 
southern provinces of the country is an aspect of vital importance to
 
the government of Thailand. The question is whether the claim can be
 
made with supporting evidence.
 

F. TRANSITION SURVEY:
 
PHOTOVOLTAIC CELL WATER LIFTING COMPONENT
 

Background and Site Selection
 

The photovoltaic cell as a technology for Renewable Nonconventional
 
Energy has been proven but has not been commercialized because of the
 
high cost. In this ccmponent, photovoltaic cells were imported at a
 
high cost. Since the technology had been proven for water lifting,
 
installation of che cells at the identified water 
sources was the main
 
activity. Two sites were selected by the component teamn, one in Sakon
 
Nakhon and another in Nakhon Ratchasima Province. The requests for
 
installation of the pliotovoltaic cells in the general area of the 
provinces were made to the NEA by other government agencies but the 
actual locations and village selections were made on technical grounds. 
Since end-use differs in both sites, discussions will be made separately.
 

Village 1, Ban Tha Yiem, Non Hom Subdistrict,
 

Muang District, 'Sakon Nakhon Province
 

Initial aitc acZection 

This village was selected by the Water Lifting Component team because
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of its potential to use a photovoltaic cell to lift water from a deep
 
well for household consumption. The installation of a pump whose
 
energy supply was solar would supplement existing activities within
 
the village and help improve produztion of the village. Since this
 
village had been classified as a very poor village and was the lowest
 
grade in terms of development, many "development" projects were needed
 
to supplement each other. It was believed that with all the efforts
 
concentrating in the same location, potential for development would be
 
likely to take place.
 

An agricultural group had already been organized to cultivate tomatoes
 
and other crops for a small food producing factory in a nearby village.
 
IMembers of the groups were supplied wiLh seeds, fertilizer, pesticide,
 
etc. Records of farm supplies taken at the beginning of the planting
 
season were kept by the factory and deducted from the output accordingly.
 
The factory is one of the four rural food industries under the King's
 
patronage.
 

A deep well was dug by the office of Accelerated Rural Development
 
anda hand pump was also installed. But the hand pump was broken when
 
the component technician visited the village. As a result of the
 
physical survey made by the Water Lifting Component, this village was
 
selected and a photovoltaic cell was Installed to lift water in place
 
of the hand pump which was broken.
 

After installation of the cell, it was found that the cell had the
 
capacity to generate a motor to lift about 6,000-9,000 litre of water
 
which was not sufficient for household purposes.
 

Water was lifted using solar energy collected by the photovoltaic
 
cells. The cells operated between 9:00 a.m. and 3:00 p.m. when water
 
was lifted and stored in a 10 cubic meter tank. At 3:00 p.m., when the
 
sunlight was inefficient, water was transferred from the large tank to
 
four smaller tanks located at different spots in the village. Villagers
 
were then allowed to collect water with their buckets to store in their
 
houses for daily use. It was reported that the amount of water available
 
was insufficient. Either the amount of water lifted from 9:00 a.m. to
 
3:00 p.m. was lower than estimated or the villagers have been using more
 
water than they did when water had to oe lifted by human labor. At any
 
rate, an attempt should be made to make more water available since it
 
was reported that the amount of water in the well was not the problem.
 

Viilagers labor contribution 

A labor contribution was made when the photovoltaic cell and the
 
water pump was installed. There were 2 stages. The first staer lasted
 
about one week when pipe lines were dug and a cement ground F pared for
 
the pump and photovoltaic cell areas. Since this village is a self-defence
 
village where village organization had been set up by military officers
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of Region 2, the villagers were familiar with group organization and a
 
pattern of communal work. There were 7 groups in the village. One group
 
was required to work each day under the supervision of the Water Lifting
 
Component team. Only on the occasional day when a large amount of labor
 
was required would 2 groups work on the same day. Since labor require­
ments tor this project were minimal, each group only worked once or
 
twice at the most. There was no problem in getting a labor contribution
 
from the villagers.
 

In stage two, pipes were installed underground where pipe lines
 
were dug in the first stage. Since the installation of pipes needed
 
some special training and because of a lack of equipment, most of the
 

° 
installation was done by the component tec cian. When labor was
 
required, requests were made and the village.s responded willingly.
 
Everyone was eager to see the project completed.
 

Village committee
 

This was a fairly simple project. It was also small. Operation
 
and management were designated to different members of the project
 
committee identified in writing and recorded in the report of the NEA
 
survey team. However, in reality, and in accordance with the preference
 
of the Water Lifting Component team, operation and maintenance was
 
carried out by the village headman only. On paper the committee
 
consisted of one chairman, one vice-chairman, a secretary, and two
 
subcommittees which were designated as: (1) The pump and photovoltaic
 
cell subcommittee, and (2) the tanks and pipes subcommittee. Later,
 
additional members were recruited and a reorganization of the sub­
committees was made resulting in 3 subcommittees separating pump
 
maintenance and photovoltaic cell maintenance into 2 groups.
 

In case of operation failure, the headman would write a letter to
 
NEA indicating in as much detail as possible the type of failure, and
 
a mechanic would then be sent out to help repair the equipment.
 

Outcome
 

The installation of the project has enabled the villagers to obtain
 
water for household consumption more easily. It has improved the way of
 
living of thE people somewhat. Instead of having to walk farther and
 
use more effort to get their water, the installation of the photovoltaic
 
cell has saved time and reduced labor input to obtain water. However,
 
since the amount of water available is insufficient, complaints are
 
being made and people have been accusing each other of taking too much
 
water. At the moment conflicts are still small, but one should be
 
cautious and make sure that the convenience and "development" brought
 
into the village do not result in conflicts which were not in existence
 
prior to the installation of the water pump.
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Cormnne ts 

This project, even if viewed as a research and development project,

is still questionable. The project only involves the installation of a
 
photovoltaic cell, a pump, pipelines, and water tanks. Solar energy is
 
converted and made to operate a water pump which can easily be operated
 
using benzine or diesel or other energy sources. The project only
 
proves that renewable energy can be used instead of a petroleum-related
 
product. Yet, the output is not yet sufficient. Villagers found that
 
the amount of water lifted for household use was not enough and they
 
started blaming each other for using or taking too much water, of an
 
unequal distribution of water. One should seriously evaluate this
 
project in terms of "development" results, if not in terms of cost-benefit.
 
One rationale working in favor of this project was the social or psycho­
logical impact on the villagers. This was a village located near the
 
border where communist insurgency wa6 reported. Now the government has
 
moved in and brought many development projects into village. The King

and the Queen have also introduced many projects in this and nearby
 
villages. Social impact alone may be sufficient to measure the success
 
of the village.
 

Improvement scheme 

Many villagers would now like to have a water lifting project to
 
draw water from the Nam Phung River to irrigate the upland side of the
 
river. The beach or lowland side of the river is now used for vegetable
 
plots because cultivators can carry water from the river without much
 
difficulty. If water could be lifted up to the more inaccessible areas
 
by some mechanical means, additional dry season crops could be cultivated.
 
However, to supply water for agriculture, a larger unit of photovoltaic
 
cells would be required and an irrigation ditch system would have to be
 
designed.
 

Since photovoltaic cells are still expensive, and rural electrifica­
tion will become available soon, perhaps an electric water pump would be
 
a better alternative for water lifting for agricultural purposes.
 

Village 10, Ban Sukon/Ban Lam Pradong, Chumehuang Subdistrict,
 
Chumphuang District, Nakhon Ratchasima Province
 

I.itial site selection
 

When the request for a photovoltaic cell water Lifting Project was
 
made to NEA, the site in village 10 was identified because it was located
 
near a river which in the past was very small and dried up. After the
 
Department of Irrigation built a weir upstream, the river became larger

and more water became available. The NEA Water Lifting Component then
 
designed a system to use photovoltaic cells to draw water from the river
 
to irrigate the areas 20-40 meters from the river bank.
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An area was suggested by the subdistrict headman (kamnan). The
 
kamnan's eagerness to push the project forward made him overlook some
 
of the dctails regarding land rights and ownership. Though the land
 
designated for the project was public land in the past, in 1975 legal
 
papers (no so sam) were issued, legally or otherwise, to many individuals
 
in the village. If the policy of the government was to help out the
 
landless and poor villagers, the issuance of land ownership documents
 
may be looked upon as a legalization of common law practices. Villagers
 
have accepted the fact that these plots of land are no longer public
 
land.
 

When the kamnan learned that these plots of land were private
 
properties he felt that the individuals involved should be willing to
 
give up a certain amount of land for public use, and that there should
 
be no difficulty in getting permission from the land owners. Therefore,
 
the NEA Water Lifting Component team was assured that they could move
 
forward with no difficulty.
 

Villagers labor contribution
 

Like the implementation of other Renewable Nonconventional Energy
 
Components, labor contribution was made on a rotational basis. Appro­
ximately one month was required for a construction of the cement ground
 
and for the installation of the photovoltaic cell and the water pump.
 
The villagers willingly contributed their labor when their turns came.
 
If unavailable, hired laborers replaced volunteers.
 

However, the decision to become involved in the project was not
 
unanimous. Because of existing conflicts and factionalism within the
 
village, a few individuals preferred not to be involved in the project
 
and they were left uninvolved. When construction and installation were
 
almost complete and a meeting was called for allocation of plots to the
 
villagers for dry season cropping, it became clear that at least two
 
individuals would not give up their rightn over a large portion of the
 
land.
 

A lesson to be learned here is thaL villager participation is very
 
important in action research. Full involvement in the project is a
 
good indicator of the lack of conflict and disagreement which, in turn,
 
indicates successful projects. In this particular case the matter was
 
much more complicated and is too lengthy to be included ii-this chapter.
 
Reports of the Division of Energy Economics, National Energ) Administra-

Lion, should be consulted for more detail.
 

Records of activities of NEA officers
 

Two groups of NEA officials were involved in this project, i.e.,
 
the Water Lifting Component and the Survey Component. Activities are
 
summarized briefly in the following paragraphs. In addition to
 
activities of NEA officials, local activities are also recorded.
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Date 	 Activities
 

1975 	 Issuance of land documents (no so sam) of
 
public land to individuals.
 

1980 
 The newly elected kamnan (subdistrict head­
man) promised to redistribute the area known
 
to be public land prior to 1975 to villagers
 

at 2 rai per household. However, this
 

project was not carried out.
 

1982 1. Chumphuang District requested NEA to install
 
July 23 a water lifting device for dry season
 

cultivation.
 

2. 	 Water lifting component team surveyed and
 

selected Ban Sukon Village.
 

1983 1. The survey component carried out a baseline
 
April 20-26 socio-economic survey of the village by
 

request of the Water Lifting Component.
 

2. 	 The Survey Component identified the
 
following potential problems:
 

* 	The redistribution of land promised
 
by the kamnan never took place;
 

" 	Village leadership was weak and the
 
headman was not accepted by all;
 

" 	Public land identified as plots to he
 
irrigated were privately owned and the
 
owners were not willing to let go of
 

their land even for community interest;
 

* Paddy fields to 	be irri.gated belonged
 
to only 26 out of 115 households.
 

Therefore, this project could not
 
claim to benefit the majority of the
 

people; and
 

" 	Photovoltaic cells to be installed would
 

not have the capability to irrigate the
 
large areas of land expected by the
 

villagers. Water was to be pumped to
 
irrigate the strip of land near the river
 
to which villagers had already been able
 
to carry water with their buckets.
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Date 	 Activities
 

June 21 - July 21 	 The Survey Component team carried out a 
transition socio-economic survey of the 
village and' set up a village committee 
to manage the project. 

July 20 	 The kamnan wrote a letter to NEA confirming
 
that there was no problem over land rights.
 

November 15-20 	 The survey team revisited the village and
 
was informed by the villagers that land
 

right problems had not been solved.
 

1984 1. The Water Lifting Component team and the
 
February 6 survey team went into the village to
 

install equipment.
 

2. The kamnan wrote a 	letter to NEA stating
 
that if there were any conflicts leading
 
to unsuccessful implementation, NEA could
 
removed the equipment. The letter was
 
signed by the kamnan, the district officer,
 
and the chairman of the village water users
 

committee.
 

February 28 1. 	 Land measurements were carried out by the
 
kamnan and the district land officer to
 
identify the location for irrigation canals.
 

2. 	 Objections were made by individuals who
 
disagreed with the measurements and the
 
new land use plan where the old wagon
 
trails were abolished and replaced with
 
a more distant trail.
 

March 1. 	 Land measurements were made in order to
 
redistribute small plots to every household.
 
Land documents issued in 1975 were still in
 
the hands of individuals. Rights over land
 
given for public use were made verbally
 

with no written document.
 

2. 	 Specific requests were made by two individuals,
 

i.e., Nai Chom Phalathip and Nai Hon Phalathip.
 
The requests were not complied with.
 

3. Land disputes were 	negotiated unsuccessfully.
 
Though Nai Hom signed a paper giving up his
 
right over the plot of land, Nai Chom
 
disagreed.
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Date Activities 

May The new district officer replaued the 
former officer. 

June Land settlement was negotiated. Nai Chom 
signed a letter agreeing to trade his plot 
of land for another unidentified plot. 
Minor details were not made and there was 
no full understanding. Each individual 
had his own understanding of the situation. 

Coments 

To date this project cannot be said to be implemented. It is very
 
clear that implementation is not a simple matter to be neglected and taken
 
for granted. Local politics became the most important issue in this case.
 
The influence of the kamnan, the village headman and the 2 individuals
 
in the village are factors one must examine closely. Apparently, the
 
kamnan and the headman had carried out activities in their interest
 
and had stepped on the toes of at least 2 villagers (who did iot talk
 
to each other). For implementation, one must not walk into the community
 
blindly. The baseline survey, when carried out prior to implementation,
 
should serve as a background and guideline for future activities. In
 
this case, the baseline survey was not treated with care. If treated
 
accordingly, many of the problems might have been avoided.
 

Another problem to consider is marketing. If agricultural products
 
are made available by the water pumped with solar energy, the sales of
 
these products would be another problem. At present, the road system
 
into the village is very bad. There is no all-weather road and the
 
cost of transport would double the cost of the produce, taking into
 
consideration damage due to bad roads. The kamnan and the new district
 
officer hope to obtain additional funds from the rural job creation
 
project and other sources to repair the road connecting the village
 
directly to the district site. The success of this road project also
 
depends on the success of the photovoltaic cell project.
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5.21 	 Photovoltz'ic Water Pumping Project for General Consumption 
in Thou Nakoin Province. 

5.22 Villagers Pick the Administrative Council fot the 
Photovoltaic Project.
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5.23 	Analysts Observe the Election of the Administrative Committee
 
of the Photovoltaic Water Pumping Project in Sakon Nakorn
 
Province.
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5.24 	 Sociologists from Chulalongkorn University Gather Data
 
from the Village Headman Concerning the Photovoltaic Water
 
Pumping Project.
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5.25 	Photovoltaic Water Pumping Project for Agriculture at
 
Nakon Ratchasima Province.
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5.26 	 Cheers as the Administrative Committee for the Photovoltaic
 
Water Pumping Project is selected in Nakorn Ratchasima
 
Province.
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DISCUSSION 

A. PRELIMINARY REMARKS
 

Rural Energy Survey Carried Out By NEA
 

The USAID Renewable Nonconventional Energy Survey was carried out
 
one year after the NEA carried out a rural energy survey supported by
 
the Asia Development Bank (ADB). Therefore, NEA personnel were not as
 
enthusiastic towards the USAID survey as they were initially expected
 
to be. As a consequence, there was not full cooperation.
 

The Terms of Reference and Proposal
 

At the outset of the project, neither the Terms of Reference nor
 
the Proposal were available. Therefore, in the earlier phase of the
 
project, it was assumed that the survey was to be used to collect
 
baseline data only for the implementation of different energy technolo­
gies which were being developed by the other components of the Renewable
 
Nonconventional Energy Project. Only later was it learned that the
 
baseline survey was to be conducted also for the use of the Energy
 
Master Plan component.
 

B. THE OBJECTIVES OF THE SURVEY COMPONENT
 
AND THE NECESSARY SAMPLING FRAME
 

The Rural Energy Survey and the Energy Master Plan:
 
The Necessary Sampling Frame
 

If the rural energy survey was to be used in the Energy Master Plan
 
to forecrst demand and supply of energy and to make projections for the
 
future, villages and households selected in the sample should have been
 
randomly selected and should have included different types of villages
 
and households. However, in this survey provinces were initially selected
 
to represent provinces with specific energy resources. Therefore, data
 
from the survey cannot be used to represent national energy statistics
 
for macro planning.
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The Rural Energy Survey and the Implementation
 
of Energy Technology
 

In this project the rural energy survey was intended to serve as a
 
baseline or pre-implementation survey to be followed by transition and
 
evaluation surveys. The sampling frame was -lesigned in order that
 
villages selected in the baseline survey represented areas with different
 
natural resources required by different energy technologies. The plan
 
was 
to serve other component leaders in site selection and implementation.
 
But since the other component leaders either were not aware of the plan
 
or did not need the service, the baseline survey was not as fully utilized
 
by the other component as was originally intended.
 

C. PARTICIPATION AND SELF-RELIANCE:
 
THE CONCEPTS OF DEVELOPMENT 

USED IN THE SURVEY
 

Self-reliance and participation are the two concepts inherent in the
 
survey component. The implementation of energy technology should be
 
carried out to promote both concepts. In the baseline survey, questions
 
regarding group activities in existence in the communities and other
 
questions were asked in an attempt to predict the degree of participation

and self-reliance of the villagers in carrying out development projects
 
with little outside assistance. Self-reliance was also viewed in terms
 
of self-reliance in energy supply. If natural resources were available
 
to supply a particular energy technology, the introduction of that
 
technology would certainly help make that village self-reliant in energy
 
supply.
 

The Concept of Self-Reliance and Participation
 
in the Woodlot Component
 

In the selection of the first woodlot sites in 1981, a need for
 
energy resources and the availability of land were the most crucial
 
criteria for site selection. Sri Saket was identified and four plots
 
of land were selected. If the participation concept were to be used,
 
once plots were identified, community members in the vicinity would
 
have to participate in all activities related to woodlot from the
 
beginning. Community members must agree that the woodlot would become 
commun ity property meaning that labor input (planting, weeding and 
harvesting) would be communal and the output (the trees) would also 
be conmlunal. Community members should become woodlot committee members 
having their say in the management of the woodlot plots from the beginning
of planting until harvest time. llcwever, in this project villagers were 
not involved in the Woodlot Project because seedlings were planted with 
paid labor. The foresters and their hired laborers took care of the 
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plots the first few years. It has been decided to transfer the woodlots
 
to the subdistrict councils under the supervision of the districts and
 
the provinces. This transfer of the woodlots from the Department of
 
Forestry of the Ministry of Agriculture and Agricultural Cooperative
 
to the Ministry of Interior will be made officially at the conclusion
 
of this project. After that the subdistrict councils will take care
 
of the woodlots and "participation" will then take place.
 

Most officers of the Department of Forestry were familiar with hiring
 
local laborers to plant the forest. The provincial foresters had staffs
 
whose main duty was tree planting. Therefore, they felt that there was
 
no way to make the villagers plant the trees in !.he woodlot without pay.
 
But the statement was made under the assumption that the villagers would
 
not benefit from the project. If the entire picture of the Community
 
Woodlot Project was presented to the villagers, participation in the
 
community woodlot project would not be a pr blem. However, initially the
 
foresters did not fully realize that the woodlots were to be established
 
for the benefit of the villagers. Therefore, they saw no reason why the
 
villagers should contribute unpaid labor to the project.
 

It appears that in the Woodlot Component, the concept of participa­
tion and self-reliance in fuel wood supply were not fully understood by
 
the foresters who implemented the project. The foresters assumed that
 
woodlot planting was a reforestation project which was the duty of
 
officers in the Department of Forestry and which should be carried out
 
in a manner similar to other projects. Trees were planted by the
 
government and belonged to the government. Conservation was understood
 
to be the main purpose and harvesting was not possible. It is under­
standable that the community woodlot concept is not readily acceptable
 
by most foresters. It will take a few more years to change the
 
traditional values.
 

The Concept of Self-Reliance and Pa-ticipation
 
in the Biogas and Micro-hydro Components
 

Since the Community Biogas and Micro-hydro Components required
 
labor input during the construction phase, participation of villagers
 
was necessary from the beginning. The component leaders and the
 
technical teams had neither labor nor cash in hand to construct the
 
necessary infrastructure without a labor contribution from the villagers.
 
Therefore, the concept of participation of community members in the
 
energy self-reliance projects were tried by these two components.
 
Villagers were called to meetings where the projects were explained in
 
full and participation of the villagers in the different phases of the
 
project was identified. Participation of villagers during the construc­
tion phase was admirable. Rotation systems for labor contributions were
 
set up. A punishment system for those who neglected their duties was
 
introduced and labor was monitored strictly to guarantee participation.
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After construction was completed and the systems were operating,
 

the monitoring and operating job descriptions and schedules were set
 
up and carried out. To date only 3 systems (2 Biogas and one Micro-hydro)
 
are in full operation, and each have been operational for only a few
 
months. Therefore, it is too early to make any final statements about
 
the success of the program. However, in the Mae Kampong Micro-hydro
 
Project at Ban Huai Kaew, San Kamphaeng District, Chiang Mai Province
 
which has been operating for several months, maintenance crews are very
 
active. Subcommittees were set up to take care of different sub-sections
 
of the project. Th. social scientist of the survey component had done
 
an excellent job in helping to establish a committee system to enable
 
the villagers to take care of the project in the future. It is here
 
that both participation and self-reliance were seen in operation--

Participation of villagers in the construction and implementation/opera­
tion phase and self-reliance of energy supply and self-reliance in
 
operation. The villagers knew how to operate all aspects of the
 
micro-hydro system for village electrification and they knew who to
 
contact at NEA in case of technical problems.
 

Although the biogas village electrification had been in operation
 
in a manner similar to Mae Kampong micro-hydro system, the operation
 
was very brief--just prior to the last visit of the survey team in early
 
May. Since the completion of the construction phase, a series of problems
 

arose. All of the problems were technical difficulties which required
 
many months to solve. Therefore, although the project started in 1981,
 
neither of the two villages have been electrified for more than 3 continuous
 

months. In this component, villagers' participation can be said to be
 
exceptionally good so far, when needed. But the participation had not
 
been required over a long period of time because the system broke down
 
immediately. It is difficult to judge and predict how the villagers'
 
participation will hold up over a long period. One danger is that the
 

routine requirements of filling dung and operating the generator ray
 
prove to be boring and may be neglected over a long period.
 

At one site, Ban Khwao, Sri Saket Province, enough pressure was
 
seen on the gauge, but the dung filler appeared to be very dry and
 
clean as if not much in use. Furthermore, upon examining the operating
 
records, the generator was operated only 1 to 1 hour each day. It
 
turned out that the young men who were responsible for operating the
 
generator turned the generator off when they wanted to leave the village
 
to see their friends or to go to town. None of the villagers complained
 
and were content with having electricity during the evening meals.
 
After dinner, there was no need for electricity and if anyone needed
 
light, they put on their kerosene lamps instead. Life was the way it
 

was last year, with or without electricity.
 

162
 



One reason the villagers were not dependent on electricity was
 
because electricity had not been available contiuously over a long period.
 
The villagers needed more time to adjust to this new way of life and to
 
learn to utilize the availability of light during the early evening hours.
 
One month afterwards, when another visit was made, the survey team found
 
that electricity had not bqen used for the whole month of May. The
 
digester had not been filled and the generator had not been operated.
 

May was the month when villagers started planting and they did not seem
 
to have the time or the incentive to carry out their responsibilities
 
of operating the biogas digester. When one or two groups neglected to
 
fulfill their responsibilities of operating the digester, other groups
 

followed the same course and the biogas digester had been left idle. The
 
survey team encouraged everyone in the village to continue the biogas
 
operation and the villagers promised to do so. The need for electricity
 
has yet to be proven to the villagers as they do not yet feel they can
 
give up a certain amount of time during the busy months to fill the
 

digester with dung. The household energy model developed by Meta Systems
 
Inc., which is a model indicating choices of energy technology preferred
 
by each household, indicated that the biogas digester and the gasifier
 
were the two technologies which would be chosen last because of the daily
 

labor input requirement. It is evident that during the planting and
 
harvesting seasons the villagers do not feel they can afford to spend
 
the time on energy production. In rural Thailand the villagers had been
 
able to do without electricity and so, during the busy months, they
 
readily turned back to the old way of life, depending on kerosene lamps
 
for their light supply.
 

In Pa Haen Village, Roi-et Province, the biogas digester was also
 
left idle in May. When the survey team visited the site, a discussion
 
was held between the villagers and the NEA representative and the accepted
 

solution was to hire someone to take care of the digester. Each household
 
agreed to pay 5 baht per month to the man in charge. This solution seems
 
very practical because as indicated, daily duties became a burden which
 
most villagers were either unwilling or unable to accept. On the other
 

hand, paying 5 baht for electrification seemed to be a very reasonable
 
solution. For the Micro-hydro projects in Chiang Mai discussed earlier
 
the electricity tariff for the villagers was greater than 5 baht per month
 
and this was accepted by the villagers. Therefore, this solution for
 
operating the Biogas system seems very reasonable and realistic. An
 
evaluation survey to be conducted next year will prove or disprove this
 
statement.
 

The Concept of Participation and Self-reliance
 
in Water Lifting Projects
 

Since the implementation of technology in the Water Lifting Component
 
was done in conjunction with other projects, it was very difficult to judge
 
whether participation and self-reliance were consequences of this project.
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For participation, one needs to distinguish between participation in the
 
implementation of water lifting activities exclusively or participation
 
in general. In case of the windmill, imple-mentation of the windmills was
 
carried out by paid subcontracting firms. In the eyes of the villagers,
 
the windmills were handed to them free of chirge with no investment of
 
any kind.
 

It was the District Agriculture officers who phased requests through
 
appropriate channels and who acquired a technology which would help improv
 
the potential for a successful experimental plot. The success of this
 
project woild benefit the villagers, but it would also indicate to the
 
high ranking officers the ability of their subordinates to carry out
 
successful projects. Since most government officers are very conscious
 
of needing to provide successful development projects, the Windmill Water
 
Lifting Project has certainly proved the point--especially since the projec
 
was located in a community where other development projects were located.
 
Included in the development activities were the King's Biogas and Weir
 
projects being anxiously watched to make sure of their success.
 

Similarly, in Sakon Nakhon the Photovoltaic Water Lifting Component
 
became just one additional piece of equipment indicating development of
 
the village. The water pump became another object of decoration whose
 
actual function did not serve actual needs but became a luxury. There
 
is no objection to villagers having luxurious lives if the basics are
 
met. But a detailed evaluation survey can accurately answer the
 
question whether actual needs were met. 
One fact becomes apparent,
 
however. The villagers have become reliant on this simple way to obtain
 
water and the) start complaining when water from the tanks is not
 
sufficient to supply everyone. While the villagers are not self-relianL
 
on their energy bupply they have become dependent on the new and
 
inefficient technology.
 

In terms of participation, the photovoltaic cell at Ban Tha Yiem
 
in Sakon Nakhon is very small and does not need participatory input from
 
many individuals. As-for maintenance, this project is under the manage­
ment of the headman who takes care of everything efficiently. There are
 
no complaints and the villagers are basically satisfied except for
 
occasional minor complaints.
 

To put it briefly, it is difficult to state explicitly if the Water
 
Lifting Component has promoted participatory development and self-reliance
 
in supplying energy to the villages. The cases of Ban Sukon, Chumphuang
 
District, Nakhon Ratchasima Province cannot be said to be implemented.
 
Conflicts still have to be solved and solutions made. Any discussion
 
of this project should be delayed.
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D. LESSONS LEARNED
 

Weaknesses of the Baseline Surveys
 

Dissemination of information
 

Objectives of the baseline survey should be made clear to all in
 
order that a proper sampling frame can be made. Since the contract for
 
the project was made to Meta Systems Inc., 
Boston, most of the documents
 
were in Boston and not widely distributed to concerned individuals.
 
Secrecy was not the reason for the inadequate dissemination of information;
 
carelessness or neglect seems to be the reason.
 

Coordination of the survey component with other components
 

The contract was not signed in early 1981 as expected due to
 
difficulties with the Department of Technical and Economic Commission,
 
Ministry of Foreign Affairs. Since baseline surveys required a large

number of enumerators, plans were made to launch the baseline survey

in April and May, 1981, when college students were available. Therefore,
 
the baseline questionnaire survey was launched before other components,

resulting in inadequate coordination among components. Most component

leaders were not even aware of the survey, and thus did not contribute
 
input to the survey.
 

Ironically, where the participatory concept was introduced into the
 
project, participation of other component leaders in the survey component
 
was at a minimum. The entire project would have become much more
 
integrated and easier to coordinate if ample time had been given for
 
coordination during the initial stage of the project prior to the baseline
 
survey.
 

Length of the baseline survey
 

The baseline surveys attempted to collect all information which might

be of relevance to the projects. It became clear later that much of the
 
information collected was not relevant and it 
was too complicated for
 
the enumerators to collect and record. Improvements in the data gather­
ing process should definitely be made if a similar survey is to be
 
carried out in the futuee.
 

Objectives of the survey
 

If the objectives of the survey had been made clear to everyone,

and if joint planning had been done by all of those concerned, different
 
strategies might have been planned and used. 
As has been mentioned
 
earlier, a survey designed for the Energy Master Plan would definitely
 
be different from a survey designed for implementation of energy technology.
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For best results, a survey for the Energy Master Plan should be carried
 
out. The questionnaire should contain relevant information on energy
 
demand and supply only. The surveys for implementation of energy
 
technology could be made later when a different set of questions would
 
be asked. Transition surveys would be a more appropriate survey for this
 
purpose. The results of the analysis of the baseline survey reported in
 
earlier chapters clearly indicated the weaknesses of the baseline survey
 
in data gathering.
 

Weaknesses of the Transition Surveys
 

Importance of the survey 

Although transition surveys have been requested by certain energy
 
technology components, in general, the component teams-had no confidence
 
in the social survey and did not pay enough attention to the information
 
gathered. Most component leaders treated the socio-economic surveys as
 
a chance to collect baseline information to be compared to evaluation
 
surveys colle;ted in the future. The case of the photovoltaic cell
 
implementation in Nakhon Ratchasima is one case in point.
 

Time 	frame
 

Most transition surveys were carried out in the last year of the
 
5-year project due to delays in the Research and Development activities
 
of other components. At this time it is too early to detect weaknesses
 
of the transition survey. Weaknesses will be identified more easily
 
when evaluation surveys are made.
 

Also, because of the delay in conducting transition surveys,
 
especially when baseline surveys were not available, certain information
 
was not available before implementation. The case of the Huai Pui
 
Micro-hydro system indic.ates this very well:
 

1. 	 As explained earlier, the Provincial Electricity Authority
 
(PEA) states that rural electrification will soon be made
 
available to 2 of the 7 villages and therefore those 2
 
villages should not have been included in the project.
 

2. 	 The amount of water to be made available and the amount
 
of electricity to be generated are not sufficient to
 
electrify 7 villages. The exclusion of the 2 villages
 
where electrification is being planned would have made
 
management easier. Now villagers are confused and
 
unhappy.
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Strengths of the Baseline Surveys
 

Survey personnel
 

Data for the baseline surveys were collected by dedicated and
 
well-trained enumerators, field supervisors, and component leaders.
 
Data were collected under close supervision and the activities were a
 
good learning experience for everyone concerned. Enumerators spent one
 
month in a village collecting data with 3 techniques, i.e., participant
 
observations, questionnaire enumerations, and physical measurements.
 
Good enumerators and researchers were identified for future projects.
 
The field supervisors and consultants also learned lessons from experiences
 
gained from this survey.
 

The concept
 

The survey was carried out having the participatory and self-reliance
 
concepts built into the survey techniques and into the questionnaires.
 
The survey was not just a quantitative measurement. Qualitative data were
 
also collected in the baseline survey. The concepts will prove to be
 
useful later when implementation takes place.
 

Analysis
 

Experience gained from analysis of the survey data includes both
 
computer analysis and questionnaire evaluation. It becomes clear
 
which kind of questions should be omitted or improved in the future
 
surveys.
 

Strengths of the Transition Surveys
 

Importance of Transition Survey
 

It becames clear to the survey team that good transition surveys are
 
the heart of any resparch and development project. Prior to implementation,

socio-economic conditions must be identified. 
 Conflicts and factionalism
 
in communities identified prior to implementation were important informa­
tion needed for appropriate strategies to be carried out.
 

Participation Concept in Transition Surveys
 

A good transition survey will make implementation of technology
 
easier and more meaningful. A transition survey is certainly a must
 
in all research and development projects. In the Renewable Nonconven­
tional Energy Project, the transition surveys carried out proved to be
 
valuable in some of the cases while for others, the value has not yet
 
been assessed.
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The importance of the participation concept becomes very clear to
 
researchers in transition surveys. Researchers learned from their
 
experiences that villagers' participation at all stages of implementation
 
were good indicators of successful research and development projects.
 

E. RECOMMENDATIONS
 

1. Surveys on rural energy should be carried out with the following
 
precautions:
 

* 	 Check that no similar surveys were carried out recently;
 

The authority concerned (in this case the NEA and
 
CLS) should see the importance of
 
and give full support to the survey; and
 

0 	 Terms of reference and proposals should be made
 
available to all parties concerned.
 

2. The concepts used in the survey and the objectives of the survey
 
should be agreed upon by all related components. Sufficient time must be
 
made available for consultation meetings to discuss the relevance and
 
strategies of the survey.
 

3. A baseline survey should be designed for the Energy Master Plan
 
and a transition survey should be designed for the implementation of
 
energy technology. However, since great efforts have already been put
 
on the baseline survey, implementation of energy technology should be
 
carried out in villages where baseline surveys were carried out already.
 

4. Attention should be given to the process of site selection and
 
transition surveys. Though villagers should not be given high hopes
 
for project implementation, enough details should be gathered to enable
 
the component leaders to decide where to implement their project.
 

5. Most technology experts do not want to worry about social
 
conditions, but this is one aspect which should not be neglected. Many
 
experts implement their projects when requested either by the villagers
 
through local administrative channels; through friends who are government
 
officers; through political parties; or through their boss. Requests
 
for specific technology may be made just to get development projects
 
into the communities, since many officers are promoted for being able
 
to help develop the community with material inputs. Therefore, careful
 
consideration should be made in selecting a site.
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6. Technology experts should try to work with local people. 
Many

experts do not think that human relations are a necessary etiquette or
 
part of their implementation skills. 
A short course in implementation

technique plus public and human relations should be designed and introduced
 
as an orientation to the job.
 

7. Special effort should be made not to 
duplicate work with the
 
work of another agency. The implementation of the Micro-hydro System at
 
Huay Pui should not have included villages which the Provincial
 
Electricity Authority (PEA) had put in its plan. 
Certainly villagers
 
would prefer the PEA to a NEA project, making cooperation weak and
 
difficult to manage. Being a developing country, Thailand cannot afford
 
to duplicate efforts by implementing two electrification projects in the
 
same location.
 

8. Based on experiences in rural energy development, the East-West
 
Center, Resource Systems 
Institute (RSI) together with the Chulalongkorn

University Social Research Institute (CUSRI) developed a concept of

"participatory action research" 
(PAR) for rural energy development.

This is a technique in field research where dialogue 
is used between
 
the implementing officers and/or researchers and 
the villagers to acquire

information on available energy sources and 
to learn the demands of the
 
community; attempts can then be made to reach a decision on the most
 
appropriate type of energy technology required for that region or village.
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Chapter 7
 

Conclusions 

0,, .. -a 



CONCLUSIONS 

1. The implementation of an alternative energy technology requires not
 
only specific information of the locality but also a well formulated
 
technique designed to actively involve the local villagers in the
 
formation, implementation, operation and maintenance of the designed
 
technology.
 

2. For implementation of a project to be successful, one must not walk
 
into the community blindly. The baseline survey, when carried out prior
 
to implementation, should serve as a background and guideline for future
 
activities.
 

3. Baseline surveys need to be conducted on every component. Transition
 
surveys carried out prior to implementation will lead to successful
 
implementation if social problems identified by the survey are solved.
 

4. Evaluation surveys were Rot conducted for this study due to time
 
limitations. They are good measures of social and economic changes in
 
the community, they pinpoint problems of acceptance and provide technology
 
diffusion information.
 

5. The results claimed in the analyses by the Village Survey Component
 
can only be claimed as guidelines for use in the data analysis of other
 
energy surveys.
 

6. The surveys conducted by this component have provided important
 
baseline information regarding the rural areas of Thailand that will
 
have many uses in the future. Be cautioned that these surveys cannot
 
be considered as statistically representative of Thailand as. a whole,
 
but they are still extremely valuable within themselves as they represent
 
provinces with specific energy resources.
 

7. The analysis of the structure of variables by factor analysis was
 
not apprlicable for this set of data. We can view this analysis as an
 
exercise in factor analysis application.
 

8. These results will be useful in choosing the statistical methods
 
which should be used in future surveys. Thus, in turn, means that
 
scaling and quantification of variables can be built into the question­
naire and will not need to be a separate function during coding or
 
analysis.
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9. As far as the analyses of the data are concerned, certain primary
 
conclusions were obtained from the analyses run (factor analysis, multiple
 
regression, discriminant analysis and Pearson's correlation matrix);
 

" 	 The decision to go further/nearer for fuel collection
 
depended on the size of the household, how many household
 
members were responsible for fuel collection and how many
 
rais of land they had access to;
 

* 	 Neither the use of firewood nor charcoal were indicated by
 
household economic status. Traditional habits and familiarity
 
determined the energy practice in each household;
 

* 	 The amount of fuel used depended mainly on the needs of the
 
household as identified by household size;
 

* 	 Most people used fuel in traditional ways. Most did not
 
apply or even think about methods of fuel conservation,
 
methdds of cooking or how to use fuel beneficially; and
 

* 	 Kerosene consumption showed a relationship to household
 
income and lighting equipment.
 

10. The energy components cannot always consider themselves as isolated
 
units. The success or failure of a component might well rely on the
 
implementation of other projects, such as a new road to carry produce
 
to market, produce that was grown using an improved nonconventional
 
energy technology. Each element relies on each other.
 

11. The value of the social scientist has been played down in many
 
instances. However, in several cases, project failures or project
 
marginal successes were due to social rather than technical failures.
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Chapter 8
 

Recommendations
 



RECOMMENDATIONS 

1. Special efforts should be made to equip the personnel (especially
 
the technicians) involved in the projects with a good understanding of
 
village life, .concentrating on the community's ways of thinking, its
 
behavior and, if possible, important village relationships. Project
 
personnel will, in short, be public relations representatives of the
 
Royal Thai Government and of their energy component, a responsibility
 
which is viewed with as much importance as their technical expertise.
 

2. Research and Development is important, but without a solid implemen­
tation program the results will not pass the "practical application"
 
test. Therefore, attention should be given to the implementation stage
 
with close supervision by the technical specialists.
 

3. Technical specialists need to give more attention to the implemen­
tation stage of the project so that technical/construction difficulties
 
do not cause a failure of project acceptance by the local community.
 

4. It is recommended that in the future, the Survey Component should
 
proceed with every phase of the surveys (preliminary, baseline,
 
transitional and evaluation) for every technical component in the
 
project.
 

5. The evaluation surveys should be conducted over a long enough period
 
of time to ensure an accurate assessment of each project.
 

6. Training on participatory implementation techniques should be
 
offered and required for technicians working on rural energy development.
 

7. The training curriculum for implementation of nonconventional
 
energy technology should consist of:
 

* General knowledge on different energy technologies;
 

" General knowledge on participatory techniques; and
 

* General knowledge on implementation stages or project cycle.
 

8. If training cannot be offered, energy implementation personnel
 
should be made aware of the need to involve local people in every stage
 
of implementation, especially the initial stages.
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9. Energy personnel should have a positive attitude toward the local
 
people and should be able to work with the local people with an under­
standing of how to involve the villagers in the formation, implementation,
 
operation and maintenance of the designed technology.
 

10. In Survey Data Analysis, if the volume of data is large and must be
 
divided into two phases, it is necessary to design the two phases to be
 
the same. Alternation of the questionnaire and alternation of the data
 
frame will only make the computer analysis more complicated and more time
 
consuming, especially if there is any lag time between data coding and
 
data analysis.
 

11. Data should be prepared for statistical analysis before coding.
 
Preparations such as scaling, arranging all answers to have the same
 
direction of scaling, and quantification of variables requiring it,
 
should be made prior to actual computer analysis.
 

12. The statistical tools that are to be applied in the analysis should
 
be identified before formulating the questionnaire. In this way, only
 
the necessary variables will be included and redundancy can be avoided.
 

13. Redundant and unnecessary variables should be minimized. It was
 
found in this analysis that many of the variables were not applicable
 
to Thailand.
 

14. The surveys should definitely be continued.
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ANALYS IS MUMBEF - I--LISTHISC-V LC.TIN-PF-- CASES .. I*I-I15, ;i VAIUUFS. . . . . . . .. . .. . . . . .. . 
>WAP!IfIG 11281
 
>TIIL E APE FeErl T'IAN 2 CASre OR A ptn CIPRFLATI'2i ITPIX 1I0 F-.CTT t;
 
>SKIPPING TO THE NEXT ANLYSIS SinffMItiAln.
 

,
14 JU! 8 SPSS-X RE-EASE 1.)' Fno I nt rs 

-. :-IULALtONG(31 tJ-C'IPIITF -FEITTFP IPM-A031 - ---- SI-VMSf-1.1 -

FILE: 

I0I: 3
 

ANALYSIS NIlIEEE I LISTlISr IFLFIPN oF rj^5rS IT,I IISSI14fI VALUES 
>WAPIIIG 11281 
>TIIEFE t.PE FLEQ THAN 2 CASrZ 3P A ntp rrqRrATIirl l TPT( %'IC FACT'R 11 
>SKIPPItNG TO THE NEXT AIfLV;IS $tlr'9tIANI). 

,
1, JU 04 	 SP SS-X-PFLF ASE 1 .0 rnp -lI ' . .. . . . 

>ILJLALINr(2lIl ECi-'rII tlTE EfITF 3031--1# VSl- VI4SP-h.Or I P')-

FILE: 
IDI: 4 

..... ..................................---
 F ITr Ti'I ANALYSTS --	 . 

I 	 nFLFT'frN T1551"1 
>WAE.N-ING 11231
 
>TIHEFE ARE FE.IFR THAN ? C.SFS OP. A PAO CnRPFI.ATIOIPI "IATPI I VIl FACT-ItI,
 
>SKIPPING "0 HE NEXT ANALYST' StIpr':-l'.If.
 

AIAlYSIS NU4fIEP LISriISr OF rASFS WIT-I VALUES
 

http:StIpr':-l'.If


Printout 2 Factor Analysis of Fuel Related Variables
 

IECIFSSIIIN :3qrfL CA') FC r'I1TTNIIFS. -*WAP'!IG* - FIRTIER DTAGN')STIr.S 'lAY Rl 'lIStFAflTf'f OR cPPnllJS - 1PITFIP:FT WIin -.44F. 

31 4tV 84 S'SS-x iELEiSE 1. Ffn flm OS 

:-IJLALJNG(.)r' COft'PiTFP rF ITFP IPM-303l-A4 VS "- ISP-1 

PPF:f.)I1lG TAS( REQJIRE) 0.43 SFrn-,ns rPt TIME; "%A SFCrN'nS 

433 C FACT)R VPITABLFS=MFM I'4COMF T)TLANn
) 

F'tl4F.M MFASI 
434 C r I!MI rtlj C, i' rISTI/ 
435 C AlltYSSIS=" Tl'n F TnTI-Pi FJ1IFM 'iFPfS LTIF3 
435 c rqil s rPtTm| CWII flISTI/ 
437 0 EXT% :rIl=P-' 
4338 C R)TATT'ltJ=k"tQTtAX/ 

TH(RC ARE 1)DC440 BYTES 3F MF'13)Y IVhTIIRIF. 
TIlF L&PGEST :)NTI3UOJ; DPFA I OCIVC ,'-o rYTFS. 
TilLS FACTOR 84ALYSIS tE)UIPFS nRo I ".4KI RYTI IEF'IOQY. 
31 MAY 84 S SS-X IELEiSF I .P FAR IQ4 o': 

:JLALPNG(l IlN EPPIITr rFNTFP !PM-031-44 VST- VHMSD-.) 

F1 AWSE1. 

LM'AFSI 

coIn FILE: 

- ---- -- -- -- -- -- - F :TOf)R AIAfLVSTS 

ANALYSIS 'JU'3-I I LISrwISF P.LETTnM nF CASFS WITH irtSt;IG VAL UES 

EXTRACTIO' 1 FJR- A'l4LYS15 I, Pivr!CnpA-r1EMPOnE1TS AIALYS S IP.) 

INITIAL STATISTICS: 

VARIABLE CflMJNALIrY EiCT71D FirNVALJ= P:CT OF VAR CI. OCT 

HEM 
IHCOtIE 
TOTLAtID 

1.cO33) 
1.00))) 
I.OOD30 

1 
? 

?.37764 
I.759P6 
1.1134? 

?3A 
17.6 
I1.1 

?. 
-,I.4 
51.5 



Printout 2 (continued)
 

FILE: NEW FACT)q BI VP/SP 

FUI'Ftl 

MELSI 

LIfEA3 

CSUm] 


CRAI ! 
CW1'41 

DIST0!33 


PC EXTRACTEP 


FACTOR MATR14:
 

!.OODO 
I VD)
1 .(0)): 1 

1.C030:1 
I.Coo0. n 
.in 
4 F&kTDPS. 

FACT I rACT)P 7 

MEP 
INC IF 
TVTL A'J 
FUME M 
mElSi 
LIMFt3 
C SU4 1 
CFAI I'l 

.25323 
-. 36r83 

.C"?703 

.3560? 

.06105 

.034C4 

.80"409 

.95141 

.6r74F 

.; 3lp 

.EqT0,7 

.3QT7 

.3Tg(' 

.57' 
-. 3np 
- . I q3,Ao 

ODnI 
CWIN 1 

sTI 
.8q362 

-. 3950' 
-. 16p66 
-.01874 

31 MAY 84 S3SS-X qELE-SE I .' FF
n 0 

:IJLALr)NG(31N CntIPIITFP 
TqM f. 
rF-ITFP 

FILE: 
-...--.-.-.-----------

FIMAL STATISTICS: 

1.CO30) . 1.03CO2 

VARIABLE 


MEM 
IICOtE 
TOTLA',D 
FUIEM 
MELSI 
LI'iEA3 

CSU41 

CRA! tV 

CIIll 
0STI 


:0'4 4JNALITf 

.63101 

.61383 

.54ql? 

.73379 

.18675
 

.4I
 

.64995
 

.80509
 

.8814q
 

.88B 2
 

.94343 


. 4392 


.68R p 


. A0722 

.4563? 


.17922 


FACTO
 

COn4IlfRSAT|lInAI. ?ltITT3R ,V;TIU 

10.3 
Q I.p?. 
R.4 
f,. 

6.1 
Z-.6 
1 .q 

6.1 

nn.-F 
q.6 

e 1. % 
14.1 

lon.o 

" 
3 r.ArT nP 4 

.44377 
- .59 864 
-. 2R'0 

.;43lI 

.C45A1 
- .1 .fl"')

f''9"14 
-. 17?55 

-. 179'93 
.741 6,5 

YR'4- 3fl3-1 4 

F A r 

, W4 c 
nt2q 

" 

. etl 8 

. 1981; 9 

.1 992 
-

n 5.9 n 
1 2ql 2 

.1 ion2 
.4 7119O 

VS1--'MHir--.'1 

TOfl A N A L Y ST 
-

" 
FACTIO FI(IFNVDIJ rF.T rF VR tlJl Or:T 

'.7764 73 . q ?'1. 3 
2 1.75i06 17.6 4.1.4 
3 1.11342 11.1 1;!. r, 
t 1 ."3cQ2 10.3 fil. q 

Q
VARIPAX PDTTI0I 1 F3P. FYTDA-TT'I I IN A'IJLYS!S I KATSE . 

VAPIMAX CONWERGEf 14 6 TTFPTnlNMF. 



Printout 2 (continued)
 

FIIF: Nrli FACTOR sl v4is' cflj'IT!IAI. MPVTnq -,Y'.Tri 

RIPATEO FACT31 'IATQIX:
 

zCrRI FfrT7; ? rArT'll I FACTlf 4 

MFM .35581 .. "714 51 .1 q;, 3 

TOTU40l 
Ftlt:FM 
MEI SI 

-.C0~371 
.11447T, 
.31?45 

,p16ia 

r7~ain n,)1?6 

lqR4n 

CSUL'IV .8q657 -.fl. .019 1 V 
CW141 .Q3P41 r- n1 .L~'I -Crr8',I' 7i 
DISTI -c4c 43 r3-. 36n 

FACTI'R TPA-ISF314ATION 'jirPIw:
 

=ACTOR t FACTnP 2 FA- T) R Fir:Tf% 4 

FACTUR 1 956 5 .flP2 .26 nf4'61 
FAZTC2 2 1 "PI97 G"]l? .5?759 nf?,s 
FA:TR 3 -. 19855 -%&9.74372 11 
FACTOP 4 . 131,46 .71 -.292n7 .q2,406
 

'31 MLAY 84 53SS-X IFLFISF 1 *r ~FD is,-* Tic 

:IJL&L-3G()k r''ilIrrTFP 
 IM.A 3 031- 4' vs1. Inisn-x.1 

PrECFITP'G T4S( RFOUIP-1 r*.? Frnp!ns rruI TVIF: 211 .606 '%Fl~nfl rl.VSFO). 

439 C FI1fS-4 

439 C2VP4&f) LI'ltS RFAI. 
I EPPO1PS IETFCTFn. 

Pl SFUND~S CDLI TI'IE. 
I(CC SEC3NL'S FLAPSFD Ti'lr. 

rt:O cr )Ca. 



Printout 3 Correlation Matrix of Variables Related to Fuel Scarcity
 

-FlFL :- PFAP - C,1P - At - -- .- - - . UM/SP -C'0VpPSAT-T 4L vri. 7m ;vvr,I 

1 934 1 1 .1 4) .14 ) I 1 0) 5 ;I "3,1 I '-I I 11', 111 

FI AS' 5.c5111 r .l , r . t.r . nn. 0,rin I .n CC -*1. t' . .1917 r * I l. r 111 .r -q 
1 16.- 1 1)I I&]I 1 0) 1I 0 vl)5.3)II 1 ) t I I 1 1I 	 l/.) 

'3T AIJ - .or (4 -C.C.('.C'7 r . o0l's .(*). ;11. 1.*)In n*fl, r.r ( ,.I1's; l , 
- 9591- I or - I Oo ) - - 1,34) 1 ltI I . " 1 I:]) I Co -,I I nI";4 
P C 5 z .1? f P.(471 PC. . 1 In I. rr11 %1,- I-C* 71c} 1 -1. If-,s -. %. 

VI ST I -:). DI z5 a.1r7n r . n."' -r. on01 f0.5't 31.1" 1 *tnl')C C'C' 9-, sro -. r-, 
1 9591 I 9eal I Or) I - 141- I 1511 1I 1 1 n I V 1I I I I I -Il 

" 
U IITi -3.0330 *O. 6. . f, 1.s '11 1.11)4. , .. . .i.itC7 - 1 1. n I'0 C l'! 

I gq959 I 11' I ncnf) 1 934) 1 -1611 1 )l'1 I -l)- I Il I i3 ) 11 

t TI VI I 	 - ).r ):17 r*(nli. -0 . -3-f5- C.0956 -".1 1,,'% -n. -13i II r. CnL I I I~r-non' 

CeO I 01.l 

0-" * (.0 = . I P, . 4 f. P..?. l'' q ' ). 77?71 n l.19 I =r t 'rn-r| r - V.r 
0, 	 I 9Q 4 - n ))1 1 5 34 1 1 11 In I I l ,n ) I r')1 0 

1385 -0n,7 0CC -r. 
1 Q54 ) I r"4.) I 'n91.) 1 531 1 tI in I 14)1 1 154I'l I .4I -,1 1, 1 ClI 
> - . -1, . 3 .. IC( P- . rr P. . 'Inn I=1. 14'1 n.*' IIF I~ Inc 1 ;1, ' i -I -* 

--2.1P3. 31r -O. 	 . n04n 77n -. % 1). 1)7.1 - . .1 11 - r.r17 1 1. nf I rnr­

3 3 

ruIpE i .1 553 r . 17 ". r r'f4 n 2 . 047 1 0.' Thl n-. V01*. n1M4 -CCI "'A 1".'4 ~ 
CIO I" 0. Pr. 	 '15I'. 05 3 r ' . rr P In' P 276 -. " vi, "1rII nl.C'-.COS 11 '-C. A, 

f
ICFCFFICIEUT f ICASFS1 / SI.rI1 FIr.A rF1 It ALIJF or y). I'C' I5r. Irt j l n r i c.i Frr IFI ,T rAtP'1' nrlI IDI r1­

---.. (4 JUN 84 - S'SS-X -EL-ISE 1.' FnF fP M S 	 .. . . 
0HtILAL3NGC.1f5 CO'4PIITrF CFITFP Inp- '3131-11 lit- IM jo- .i 

............. P F t P n ! r l p p F L I T N r. F F I r I T . .......
 

:StUm 1 |1I1V rpA jIll -*rEst ir %i. 911 tl)11 "11S-Tt f1 1 'V: t Vf T vlf-. :Pr 

VEM ).3511 p.( I (r f *, .71 . 1613 C.) -I. 15?39'I -rr.0I4141 3 .1).V 1 1 i.-ll 
1 959) I 9r0) I 9 n) 1 1341 1 %511 I1 '1;-"I)1 I 151) ) a ) 1 ' ( .) 
'=C.5, 50 ':o.F.l fl=C.0I/, 0=3.000 '=0. con "0=f.914 '.. 1 fl..)- '-'*t. 1 .',-o~*D- (I.1Pm ep P 1.O, n n.ii.i .	 r - .s 

ICEFFICIEIT f (:ASES) / SICbNI F CAPCrFT IA or i 1.10n IS ,t!'l' n F CnqC1fr!r0Ir T 'l .­/ALJr n 	 TI CA!P1) A'I '|I 
C4. JUN E4 	 S SS-X REL-_-SF I .C FOr !Stp ns 

C-IULALOC G(Ds1, CnfP'ITF-P rFtITFP fPM-1.'31--4I vsl- VfISP-)..3 

FILL:
 
. -. -.. -. .- -.	 .- -. .- -. .-N -. F p r r---------------------- Ip -- --­1
 



,Printout4 Multiple Regerssion of Fuel Scarcity 

FIt E: PEGPE FIIF f. VM/SP f.(,PVERSATI11JAL PIINITI1YSl ' 

VARILBLE151 ENTEFFD 0,4 STFP Ntil5FFr 1.FI 

MULT IPLE F LC 430' i-II -1 S ')r
P' SUUAF F .01e 
ADJUSTED -I.-SOJARE-- -- I CCq----------F -rrPF5S Inf-
STAt:DAFD EFR1IR 10.653q5 Pr-S''1IAL 

r w 

- - - - -- - ----VAl11481FS 1-J THI' FotjrT'rir 

VMIABLE 11 Sr I% nrTA 

ME,: .5129t Ir'?ln lr~43r 
(CCINSTAIMT 1.7D458 

'P1 1A711.V-
WO SliJ 11 i()'J~r.El, 

-.--- - t-i-i.jsIj 
19? inis.iem, 

SIGNIF .. 1112 

T rj T V I A11 I 

I.IL4 noflj llj'F;M 
1".I.4 *'1-45 TITLIVI 

psi 

*lF1riLm~ 
- 114.h'*1', 

iti.Irf ) 

A Ir-

1 71A !P DlITT~l-

- .1?'F -. 11711I 
.(r6q. 

'.052F- 04 .fA'yr1'1-on~ 'in 

r TIt 

111 T-11V". 

31141~1 !. 1S 1 

1.- - -

1 

1.7-4 

- - -

;In T 

. OP 

VAPIA5L1(S-[,NTEpEln n4-STFP-fU,irp- '. FIJ~f'1 -

MULTIPLE P .,5654 ttAIYl,1 1, F VI A I 
P SQUA1'E .'2451 
ADJUSTED r S:)JARE .17246 Prrprs in', 
STANDAFD EPrrp 1'.5F.554 PFF5ImlhA 1 

r 12 .f- Z I) 
14. .U'I 84 5' SS-X RFLENSE I .f F'1P IPI PCS 

:HIILALONG(Jll* cnfip',TFF rFfMTFP 1Pm. 3031-',9 

F ILE: 
'---M-U--L --

EQUATICII NUMBER I DEPEtIU'FIIT VA.ipt~p r.. n T"T 

-VAI(APFI 14 PI F,1II17Tfl- ----

VAR IABLtE 3 51r- R SFTA T 

HEM * TI535 .166;'? .14541, 1.2^5 

rUJIEm -. 94483 .75n101 -. l'f -1.6'4 

- - -

5J'
4 

I SOc'I))'F, 
?'-l1901 

I1).I In71 

STGNIF - n.Olflt 

'.51-Viisfl-1.0 

I: r -R ~~-lr-sS I f-,-

--­ *-,-

St 3 T V -151 lI 

1.')CcTnI"TL5P': 
.ICOI 

PriLLTI-E 

*l Api rnlIc 
1145.617'i 

117. (1509 

P1 .4-

VAPTAPI- -1)- 14 

PETA It, '%IT I IL 

rP4AS7 rfl4'51 

.1 P -. ()-Its 

fP?'4 ~ ~4 9 

TI"- )tnTnl 

4111 Tn01Y
4 

* 51'1n 

*15"4' 

.7041 

----­

r 

1.47r 

13 

.7'. 

rVl T 

.1 41q 

S 

FOR ISLC'C NU'43EI I P171 P.rrr 1 1 1lTS ".FACIIFn. 

Ill:EC WpI P'-1'i ):Ic N~jmI'.F1 2. 'rIF riri 'r-Trr 



Printout 4 (continued)
 

FILL: F[GP F F ILF 1 * /5P 'VI'RSt TIlIL MINI ) 'TY'1.79 

VAFIA!1LE1I ENTTPFIl 0'4 STEP tIIIntFR 	 I.. PS?
 
4.. DATA I 'It
 
,;.. r rll TIME 
.'.. TnT| A1il 

NULTIPLE P .16 69; AlVSISS'.
 
P S,.UAF E .0 787 .
 5314 1 1jP.ES 714-1 '')Itlev
AL;JUSTED P SUAAF .02174 prI-; Irri Y 	 II)'.-. 1041S1.14i/ 

.STANIIAFD [PPR IC.5R974 r rls'3tI 	 105'0 tr5 S14 1' ?. 11; " 

F 54.51')nef. SIGNIC c - (In 

- -------------------- V IALE' Il TIIF 	 FAItlT . . . . 

VAP.IABLE It er: r% fFTf T 1I G T 

HE .64937 ..1 , h .1"47?o 1.!31 .1 00c. 
I-UtIFm -. 953%0 .' 17 . .C o n. - 3 .'- .. .. ... .. ... 
PS3 -. 01965 h ("A, -f-. VtAF- -. li3 . C:'5 

C 0I1Tt INI .- 7551. S1-'% . ?.' .515 Of... 
CULLT IE .C,7591 .0"), " .nOV 4' .33 . jri
 
TOTL .ND .01'cB5 .Oln' .05101' 1.17 .1?91
 
(CflNSTA!T) 1 . 32079 1.31'1 '7 .11l0
 
14 JUN 84 PSPSS-XRELEASE --. 0- FOP. ISM OS . .... 
 ........
:HULAL03N. Knlttl cnItl!Tcr rF.ITFP I Sl!- 3,131-.4 vsiS-V [, 

FILE:
 

7 I Il.1 T I P1. E RF I "F S S 1I 

EQUATIO N NU14nER I .)FPFNSFNT VARTARI F.. nISTI
 

rcR BL(CV RUBBER 2 ALL AFOIICSTF) VWPItnLFF r'ITFR').
 
14 JUN 04 SPSS-X RELEISE 1.0 FOP Tlti fi!.
 

:-UL4L3N3<,; 4 CnflPfITFR rFlITF' I P.- 3Q31-41 VSI- VMS.-1.1)
 

! ­"PECEDING- TAS--t lU IRE0 lP--,R flN?" rPl--IMme. --. -*%,;q.-SP 19 - I:-ipp'l.0 .............. .­

525 0 FINISH
 

525 CEIIIAND LILIES READ.
 
C ERF.'IFS DETECTED. 
 . . . ... . . ... 
 .
 

85 !E(.ONDS CPU T1ItE.
 
469 SECONDS ELAPSED TIME.
 

EfilU (IF JO. 



Printout 5 Multiple Regression of Amount of Charcoal Consumption
 

26 JU14 04 S)S-X RELEiSF t.O Fnp Ir ns 
-IULAL)NG(31N -nl'PITFP .-HTFP I'R-3131-4'1 VSt-I'rSP-1.l
 

FILE:
 

€ 4, U L T I nt L r F E 'I.r; S I I) ol *
 

VARItOLE LI [ NUMBFR I LISTI4TSF FtFITII'N OF MISSI'll nATA
 

EQUATION NUMIBER 1 )E'ENlDFIT VAR76BLF.. MEASt
 

)[SCRIPTIVE STATISTI:S tQF PRINrFD (m nArF 3?
 

DE:IN4[NG BL)K IUMBEI 1. MFT(tiln: STFPWISF
 

VARIABLEIS) E'4TEREQ 0'4 STEP tl4FP 	 .. 
 HEM
 

MULTIPLE R .16946 
 NAIYS|S OF VArIA.CF
 
R SJUARE .. .0872 	 . . . .. SIJN )E-SO!JIRES. HEAN.SlUARE

ADJUSTED R S3JAIF .32687 PFAII'Si(N t 3'..711
n 	 32.n6711

STt4 DARD ERK34 l.;35	 PIRSTnUAL 5'? j)5,. ~q -.1580 

F = t5.59'40 FIGNIF oin.01i
 

------------------ VAIIABLES IN TF EQ0IATION- -- - - VAPIABLE! '1lT T TII 
. 

FOlitTI3N--------------

VARIABLE 3 SE % AETA T SIG T VARAILS 3ETA IN 111T I[IL '11 TAI.LER T S1, r 

MEti 
(C34'STANTI 

.. 10954 
1.02653 

.027?5 

.17tli 
.16946 3.9L7 _.1001-.. 

5.9 9 6 .100n 
EU1EM .- -- 3.347F-0! 
A0T'IC '1S .030R7 
flFrAR'l 9.50Q6E-03 

-.11311 
.lie)1' 
.111"061 

.91A 

.974#0 

. qql? 7 

-. 315 .- .... 

.11 .4783 

.2?l.3 8259 
TnTLA4') .0654? .)33st .911117 1.45? .141 

FOR ELECK NU --- PIN -0.050 .LIITS.RAClEO... ...
 

Besi Avlable Doct rMtnt
 

http:VArIA.CF


Printout 5 (continued)
 

26 JU'J 04 S'-SS-x PELESE 1 .0 ",I I'll, 11"
1ltLAL..N;31N CPI'PPIITEJ'CF"JFP 10fl-3 0131-4'4 J -vls P-1 I 

FILE: 

l~'U43=E:)UAIjn 4 I )E?rmIprtll VL 'ABLF.. P4FASI 

VARIABLE(S) :4iThEr rPlS~r tNI'lflFP 7.. 1FF4RIl 
3.. FI[)'!1 * 

TflTLAPJD 

MULTIPLE P. L1B161 ftAIVSIS I- VRIIr."
 
R S~uAP.E . 33 2QE IF !1" IF V0'J RE, 
 4s.%j SOIJAR 
AUJJSTID R S JAR17E .02374 PFrCP1'SI'1M 1, . 1111 . f' 
STA'JDARD EFRll 1.43e.0 PF5Inl'I/L 5i?3 11f1.1iiii 2.0tf46 f 

F - A. ''i,i SICIIlF =.1135 

-------------- ---- VAl IABLES N' TlIF FOIIATTON-- -- -- -- -- -- -- -- -- --

VARIA.BLE 3 SF 01 BF Tt T 13T 

MEMi .09673 .3311.n .1 4Q6O 3.IPI .I1E 
OFF&P'4 -8.1BI5SE-33 n02qS& -. nl82'; -. 2P4; .767 
rU'4EM 1.85554E-34 .0512h 1.633F-04 .004.~.I? 
TOrLA'dD Z. 74 1101--)3 2. - ,?lF-fll .(5,166 1.218 .1)55 
ADI'4COK~ 8.615a7E-33 .02041 .'V?841 .423 .124 
ICONST AN T) 1.00134 .1 7fl'.1 5.604 . Igns 

FOR 'L[Cr2 4U'43EI 2 tLI rrrtXirSTFn VAC I tf0I FS FqITFRF I. 



Printout 6 Multiple Regression I: Amount of Firewood Consumption 

26 JUN 84
, 

FILE: 

S3SS-X RELESE 1.D F(CR Ji nS 
:-lULALONG)(N COMPIITFR CEtNTFP I RFA-3031-4M 

------

VS] -VSP-.3 

*** 4 U L T I P L r F E ;RE S S 11)' , 

VARIABLE LIST NJ"BEP 2 LI1TWISF nrI.FTInpl OF MI SSTI 4.ATA 

EZUAEION NUMBER 2 3E'IFNOFMT VfPIEPI.F.. MFAS. 

)tSCRIPTIV. SIATIST[.S ADF PPTtITrn fr; Pt.rF 31] 

BESIJIIG CLD:K NUMBE: I. METHOP: STFPIIISE 

VARIAHITI(S) ENTITEOD '4 STFP tHJ'tlrF. I.. tlFM 

MULTrIPLE R 
R S'UARE 
ADJUSTED R S3JA:tESrANDARD TPR]I 

.32230 

.13388 

.131361.92562 

ANAlYSIS OF 
.lF-

PrGrFSSIONPF, IntIAt 

VA3!A~'EF 

3% 

-- -IJHM3E..lUARES 
t".,'.4

1.3'..517' 

. 4EAN S9UAP­
137=!q,'

-.33)8? 

F 41 .26 t';l SIGIC
r 

11.) 

....---------------

VARIABLE 

HE 

IC04STAIT) 

VAIFS-------------------

3 SF n 

.29217 .04557 
1.4n54? .2777q 

RET, 

.32230 

T 

5.,2'. 
.n. 

;I T 

.130 

. 100n 

ViAILE 

F!JtEM; 
Ar 

T
IiC94E 

nF C..q'i 

T rl TI1.A'W) 

.. 

- VtPRA8: 

IETA IN 

.05295 
-. 1;3 
-.05214 

.156,34 

FF; '1lT 1*1 

)Vr I AL 

.151D3 
"e,)-. ii j 

-. 35535 
.15 1 

TIlM Et)'ISTI 

"I TnLEP 

.43790 

.')n1 
*q'el,) 

n.Bn'I.'t q 9 

- -

T 

.'55 
-1.?;7 
-1.339 
2.1:)1 

S13 T 

.33W 

. '131 

.•995 

.•1"29 

... * *. . ... . . . 

VARIABLEIS) EITERED 04 STED flI'IEFP '.. TnTI.4,iN) 

MULTIPLC F. 
R S:UAF.[ 
ADJJSTED I S)JAE 
STA4',DAFD EP-ll 

.35499 

.I)2 t 3 

.17llO 
1.8)546 

AtIIlS OF '/ARIAO'CF 

PrrIPFSSIPnj 
PFSInIIFI I53 

F 25.59116 

S124 
r 

156. 1,"141 
1l1ST.1i;51 

SIGIfiI F = .11100 

''JSRESlEN St)OAD' 
B3.4.277­
3.Z5961 



Printout 6 (continued) 

26 JUN 84 

FILE -

SPSS-X RELEASE 1.0 F9ll 184 flS 
:IUL-LLN3(31N COI4PIITFR CFNTFP I f,-30!1 -4,,I /ISP-i. I 

. .. . . . . ..-. . . . . . . 

, ,, 4 U L TI r,i. r F E ;. F S S I r) 1 • = 

EQUATION NUMBER Z )FPEPr1Ff1T VAR!BLF.. HFASZ 

-- -------------------VAIBLFS IN IF 

VARIA.BLE B SE It 

HEM .... 2g3 .. 34735 
TOTLAND .01935 6.3.31E-03 
IC04STANTI 1.359Q9 .274! 

FnUATIntP----------------------

1FT4 T 

.2742- 5.2L2 

.15(,'44 !..)q 
4.9r2 

S1:3 T 

.)000 
.131"' 
.3100 

..... 

VA11A1)LE 

FtiiH ....... 
nDCi'E 

0F %R'I 

VAPtARLF '11lT 14 

IETA IN '%ITIL 

.0531t .)31. 
-. 05574 -. ' 5li 
-.n3413 -.11$11 

T'Ir-EflJT 

'4Il TnlF.R 

.77013 
.q033 
inIq 

t 

.. 

-. ..-------------

T SIG r 

.13 - 3 
-1.1.! .?524 
-. 64? .9qS 

FOR BLCCK NU41EI I DIM 0.050) Iil~TS qFACHED. 

'. BEG1I'ING BL3:'( NUMBEA 2. METrIM: FNTrR 

VARIABLEIS) ENTERED 04 STEP tIUMBED I.. 
4.. 
'.. 

IDIN:OFE 
Ftl'4E 4 
nFFAR'l 

LJLTIPLE P. 
R SQUARE 
ADJJSTED R SJJ&F 
STANCARD EKFIR1 

.36226 

.13121 
- .11881) 
1.53772 

kfNIVSTS O= VoRIAL-CE 
3F 

REtr'PFSS ION 3 
PFSTrlIAI 35? 

E r ._ 13.631,39 -,. 

SIll 2' SqU~pE 
101.'i16 

. 

115).?.1'7 

SIGlIC F - .01-1. . 

MEAN SQUARE 
34.7507; 
3.2678 

. . . 

----------------- VA1 IIBLES -I1 HF F IATTn-------------------

VARIABLE 

IEA 
TOTLRAID 
4014COME 
FUNE4 
DFFR' . 
ICUNSTANT) 

a 

.23135 

.01873 
-. 04750 
.06418 

-9.5330BE-3, 
1.38870 

SE R )FT' 

.05145 .c436 
1,.(-195F-03 .1c;371 

.06051. -. 0 30f 

. (1,17A ."5031 

.n9302 -7.01!E-n4 

. n1 

T 311 T 

t.4n I .130D 
Z.1 A .1)37 
-.1P4 . ,33" 

.q20 . 1584 
-.01() .1918 
I.71, . 100 

FOI BLCCK NU'I3EA 2 ALL PF(LJFSTrn VAPIARLES F'TFRFl. 



Printout 7 Multiple Regression II: Amount of Firewood Consumption
 

26 JUN 84 S'SS-X RE.EASE 1.0 Fl 13M OS
 
:iULALnN (31N COMPITrp "FHTFP t1-303t-41 JSI-VtISP-l.3 

FILE:
 

* U L T I PI. F P E R F 1,SI r)q 

ELJATIOli NU4BER t )EAENDENT VtRItRLF.. IEASI 

------------------ VAIS BLE. I\ rHF EQUATION ------ -- - VAPIABLEi IlT I'l TlIr F'A1Tl ...-------------

VARIABLE 
 3 St- R 8FTA . S 1S T 'I.IIAILi IETA IN JI1TtL '1IN TnLEP T SI. T 

IOUA .29712 .37521 .17207 1.949 .1301 rlIT -.02076Eq -.1'.l| .q -.41? .'?!55mEH .0807- 1 6.02797 .12506 2.3P9 . ) 34) C 1LLTI'4 4.1IOE-l3 .1)515 .11r6 .115 . 43? 
lCi.NSTAN 1 .57373 .20277? 0.AO.3343 C03K -1. 164F-.0? -. 3 -. )?S .919511111 .?'15 

F3r BLOCK NJU43EI I '4IN - 0.050 LIMITS REACHE). 

BEZ-INNItIG GL':K 'IUMBEA 2. METHnI: ENTFR
 

VARIABLEISI E'TEqED 04 STEP PIJREP 3.. COILTIME 
4.. OISTI
 
5.. COn(
 

fiULTIPLE P .23A39 AtAIvYSIS OF VL[A!CF
R SJUARE .35683 O S'M Ir SOIJjRES MEAN SQUAR-.
AOJJSTED R S)JAAE .U4rO PFGPESS ION. i ,3.&6I31 
 12.72821
 
STANDARD ERR3. 1. ;,1433 PESTniIAL 521 1 1'5. 11.3s2 2.0003i 

F 5.3f.1 )5 SIGtI!F F - .3110 

----------------- VAIIBLFS I1 THF FQIIA 
T
!ON -----------------

VARIABLE 3 SF R BETA T ;11 T 

4il .2963. nfB053 .17144 1.676 .1303
?iEN .08271 .02P37 .12898 ?.91R .337 
LOLLIIME 2.2'519E-33 .02101 4.s14E-03 .107 .ItS0 
DISTI -2.45756E-)3 5.10,E-0' -. ,11)?0i -. 484 .%289 
COo'. -3. 0347SE-03 .17200 -0.o1r0E-O4 -. f18 * 15? 
ICO'ISrANT] .58024 .%62n; t .tL.,.03 3n 

FOR BLELC.YNJ43EI 2 %'.L PFOIJFSTFn VItPTt"LrS E':Tr:ti. 



Printout 8 Multiple Regression III: Amount of Firewood Consumption
 

26 JUN 84 S2SS-X RELEASE 1.0 FnR 
:1JLLONS(3N CnMtPIITFP. 

Ipm n5 
CFNTFP IBU-3031 -e4 lS-V.1s 4. I 

FILE: 

4 U L TI P L F RE ; E S I n ** 

EQJATIUN IUMBlER 2 )EPENrIFNT VAP IPLF. . 11FAS_ 

UE3IN'4ING BLOC K NJ43EA 2. METimD: FIlTFR 

05.. 
C0 

VARIABLE(S) E4TERED 04) STEP NUMBFP ?.. 
3.. 
4.. 

DISTI 
CnLLTIME 
HCLUR 
CDOOK 

MULTIPLE R 
P. SQ UARE 
AUJJSTID R S3JtA.E 
STA'lDAlD ERR31 

.32735 
.13716 
.094,58 
1.82731 

AHAlIVSTS 3F 

PEGrFSSIQN 
P FS IOIIAL 

VARIANCE 
nr 

i 
I" 

S'I I' Si'JIRES 
[!2. 'Sl 1 

1115. 1.173 

MEAN SQUAR­
28.4j1. 
3.3i0i 

9.5z1) SIG'IIF F .1110 

------------------- VAIIABLES II THE EQUATIfH - --

VARIABLE B SF A RETA T S! T 

MEM 
1STr1 
COLLTIHE 
HjUl 
C03< 
ICUISTANT) 

.2937 
-.01754 

7.20747E-33 
.01438 

-. 06537 
1.53633 

.3,62 

.OT3.7 

.0161 

. Iqflr 

.1961 

.48374 

.32351. 
-. 0;108 
.02074 

6.3AIE-03 
-. n0925 

6.3f0 
-t.010 

.409 

.112 
-.131 
3.177 

.oo 

.113l 

.%3n 
.1 112 
.'191 
.1116 

FOR BLUCK N)43Eq 2 ALL PFQUFSTEn VPY?PALFS E41TER.'i. 



Printout 9 Multiple Regression of Kerosene Consumption for Lighting
 

VARIA8tE(S) -,'TTEO 34 STEP rUM',tEP .. ArTJ 

MULTIPLE R .3;43? Atlh VS!f D VA'AIAN¢'
 
g 5iUrE . I155 
 " 5'P4 1F JPTi 

ADJJ1TED R S)JAIF .117 PFrPFSSIg"4 lvp
S TA A"F D ERP31 15. IS275 P-S lnillL 45- :, . ' , 

F = 1i.43313 !lGtll 10 Il 
21 JU'4 F', S3SS-X RE.-= SE I.( F1 fI A f; 

:iJLAL )'43;(114 C.1MP ITFP TzMTFP toBM-3031 -1,4 'J1-VM'P-1. I 

FILE: 
S U L T I L F P E It F % S ! 1 

3
E3JATIC'4 lUm'. I ) FNOFflT VAZtPPsr.. KinS5 

---------- - --------- V41 I53LF 11 THF FrATIl-- - --- - -... 

VARI ABI- 3 SF n RET T SI T V VtTAq.E 

AMCfWE
-. 	 1.27533 .2&n4 .77170 4.317 .1101 	 MFI 

JAR ?.888.7 .R)57 .I6?40 3.905 .1104 'P17T 

PU1 12. 08535 .00447 .13727 3.)1 A .1)7 nFAR'I 
A:TIV -2.073.4 .7; -.1031 -I ..57 1 )4 W,5rK 

IC)3'STA4T) 	 I 2.I t 11 5 9 ".387 .3301 	 HilIP 1 

411S2 
HI1.'3 
FLin 

Wl'I1.6 

I51fAN 

HnIP 7 


4FAIN SQU59R'1
 
4 A",'g8*Q185.0571

771.2lQT 

*1
 

VA IABLF', 'IT 14 

')ETA INI "%rttlT 


.07633 1 r3i? 1.

7.91 tF-n3 1!7 

-. 14Roo -. 1111'. 
.13334 .11775 

.08169 .l145l' 


.06043 .15211 


.00125 .3'lli 
.0?2f1 .13353 
.Ol ql . l )!.I 
.0207f, .11951. 


"
 
.016-,4 .1 1.
 

TlIg FI'JT 

rif11 Tol FR 

..37q 


.n044, 


."nl ? 


.3q005 

-. 


.63514 

. 4"' 

.10151 

. lq5;9 

."?&50 
.9620y 


1--.----------­

r S|l T 

I.S.11 	 .34 A5
 
.Ir7 .5 ?5
 

-2.1 ) .0?5
 
?. ' .3)1
 
1 .1.5 .3sss
 

1.11 S . 6
 
I.5? .?I?75
 
.7!3 .475
 
.1? .% 5
 
41l .47i5
 
.'71 .7|11
 



Printout 9 (continued) 

FILE: t:3D3AMI) RE3RESi AI V4/S 
: 
C4'lVCR.ATt1'L HONT'TI" SYST .l 

21 JU4 84 SISS-X RELEISE 1.0 FOR T:1M OS 
............. --­ _-JU LDNG(31N-EnMPUTFR --. ENT FP-- I BM-3031-4M -- -VSI-VPISI-t. 

-__--IIP3.:... .12On8 
FkLin 1.565F-03 
H rtlip. F-.01587 

IWtAN .04060 
HO)'IR7 .02186 

-

.114% 
.11161 

-. 11 'If.q 

.1)1351) 

.. z it 

.99q816 

.Q.3%i 
.-4"?15. 

1.145 
.04166 

2.S)5-- .3-73 
.)I? $fl2 

-. 4l Yi.fsl 

. R:'R .4375 
.r3 .,35? 

D1S I 

FILE: 

EQJAT101 4U'43=. I 
** 

)E2FN!OfT VARTOOLF.. KAP3S 
U L T 1 II. F P E 3 1 F s S I n pi 

VA 1IBLE(S) EqT_:I_=D Oq STEP mN4E'EFR .. JAR 

MULTIPLE R 
R SQUARE 
ADJJSTED R SaJAAE 

-. STAIDAP)-EPRl -. 

.33130 .HAIYSIS or 

.39078 

.3.684 PFCPFSSII 
16.fi985----------PFSTnIAL 

VqIAMCE 
,'1 
. 

-.......4 

S114 fl SO'IPES 
1-111.6,721 

- 146112.110' 

MCAN SOUAR': 
6410.8336, 

27R.551f10, 

F * 23.01413 STGNIF F ' .n y) 

- -------------------- VIIILES 1I T-IF EQItATTnN- ------- VARIABLF; "*]IT TlH: EQII1Tf- -------------­

co .-VARIABLE ..... . ..... SF n •-FT.1 T SI' T V1RTA3I. . lqETA IN .'1,TI IL 41f TfLCq r ; T 

AiC!AZ:'E 

JAr 
(CJ'JSTA'IT) 

21 J04 e4 

1.38 .2r" 
-

.7 4152 5.39 
2.54'?! Q3D1i .14206 3.170i 

11.65515 i.q177 '.,}? a 

- ........... .. 

S'SS-x RE._-SE !.0 r'n l31 [SPS 
:>JLAL)N!(N CPIIPIITFP :ElTFP 101-3131-44 

.1)01 

.1 11' 

.1300 

. 

vs!-VMSp-.°) 

ARTTV -. 10445 
14 .07751 

uNI T -4.762F-n3 
nFIARI -. 15922 
I'.K .11q2 

til'IRI .07084 
*111211 .0673F 
PIll .12527 
Hn'JR3 .11337 
FL'Ir 3.1O)0E-04 
10IR6 -.01nt23 

!N'AN .04b1e 
Q 97.02146 

-. Il 11 
.11,11 

-. 1v,12 
-. l')!
.'.''.1 

.171i 

.15751 

.1'.!. 

.110i" 

.11011t 
-. '6It 9 
.1'.41' 

1111s 

i'4'" ' 
*Ifll3'b 
.AlJ)1 
.415?. 
.q 441l 

.1521? 

.6492. 
.tltA' 
q&71)4 

.15761 
n4q,., 

.31351 

.11 1.73 

-2..% 

1.5''. 
-. 1)? 

-2. 3 1 
2.'. 

1.5'S 
I.'5? 
2.7$1 
2.5'. 
.3%7 

-.51 
.75) 
A? 

3vil 

14 l". 
.­114 
.1:11 
139. 

.I15 
1

5 
.?IS? 
.111? 
.31)s 
.444s 
•713. 
. 1,25 
53 

'R; 

-FILE: 

E2U'.TIE'I 4U43:R 1 )EPENDFt'T 

. .... 
* ** 

VAPIEBLF.. KAPS 
U L T I r L r R E R F s S 1 ** * 

VARItBLEIS) "TITE:EIO 14 STFP "UMBF:t ?.. Pt). 

MULTIPLE R 
P S2IUAFE 
ADJUSTED I SJJAAE 
STA4IpAFD EPRII 

.32&81 
.1)553 
.39Q67 

15.57220 

A-IItY'.TS 3F 

DEGPFSSIDI4 

RFcTnIIAL 

VA'IAMICI. 
IF 

3 
41) 

S1114IF SIVI RES 
1101.2'031 

1."3-11.1151 

MEAN SQUAP-. 
4966.76641 

274.6378! 

.r - 19.C '97 SICptIF c = . 11)1 



Printout 9 (continued)
 

FILE: 41OBA'ql) I=GESS At VM/S' C04VER5Srr14Af V.fliIT'SYSTri 

FOR PLU'Ct tU43ER 
 I 'IN - .li I11' PFACHEO. 
21 JU'l 84 spss-x PE.5&sF i.0 F~iq iSm fl5 

:lU-AL3N;(3I4 :0' P!ITFR -"TFO tf"4-30S1-IM '1St -VtiP-I. I 

FILE: 
*** '4LrtI L E P E I IF S S'1 1It * 

EQUT~tI0I dLI'49R I )=8'ENOFMT VAPAMIF.. KAP)IS 

MEil-'41'IG SL).? 4J43EI 2. M-FTtinn: FfITFR 

VAIM.LE(S) 8.JflREfl 0, STEP NUMBERIF 7.. 
 IMITT
 ~ Q. . tAFm
 
9..* FLU)
 

Inl.. 110(1A3 

12.. Hfl3
 

14.. HOUR 5 

MULTIPIF P .4.)384 AVAIYSTS J= VA'lAIrq 
R SJULFE . 15309 1114 1- Sfo',APF. "AAN SQtDIAQAUJJ!T(O 3 S)JAIF .11703 PFrf.FSSIysJ P. '11 . 7" 1645. ?76'! 

~0F 5.241'13 S I CHI F r *OVl 

-------------- VtLe1 'IFEtA~i---------------V4 --~l~Tfl ------------- VAR? %BLF; *IrlT 14 TSIF C111STY11----------------

VtArILot L 3 SI' A 8FTA T ST - T V 33IAJ SIETA IN INRTIAL *4111 TflI-P r sti' r 

A1114COME 1.49713 *3L .3471I5 ~.93A .1)00 -I1 , fl7 -1 .1361;5 -331 5.641F-13 ~134
ilr2.55533 .981-71 .!4165 '.5PQ .139n~ 

.147 

PU4 5.59437 4.111787 *h3Ie. j.Iq *l3~Fn 

OFFPP4 -1 .85613-- A6311 6 '60 .1131.1q -1.941 
UNIT' -.04618 .20"'-I -.fltln'; -.??a 1'l 
MEN .63352 .17n44 n07624 '.67nl .1156 
FLU) 5.11257 8.16011 n0R441 .614 -, If.? 

gQI .93133 7. n5A31 n07F71 1 .4?7 .1 -:A 
.1653T .78!y" .0AMII .91 *'A 3 

H0U't -2.8111? L4 "f.' F -. lA60r -. 631 .5?7
(CONSrAIM 9.20l2)1 2.5p67l I.17p . I3114 

FOR3 ?Lr~r. %!UA3EI 2 r1tE3Rrtz - n.31n I PITS I EAC 111*. 
21 )J' P4 S)SS-x IE-=ISE 1.11 rni 13"i ne 

4AJLAL14GC(ltj CnIIPIITrO -;:-TFP 8-3331-1.11-~r'1 



Printout 10 Multiple Regression of Number of Kerosene Lighting Equipments Used
 

I 1U1 E R E 1 1 SFILE: 


LISTHISE PFLrT'n4 OF 4ISSI', DATAVARIABLE LIST NUM4BER I 

MFANI STD DFV LABFL 

ACTIV .763 .997 
Kf.ROS 19.552 17.455 
ADI'1C014E 1.629 3.036 
OFFAP4 .60 2.356 
HICK .341 .221 
JAR 2.216 .982
 
PUM .041. .198
 

N OF CASES = 464 

CORR ELAT IO: 

dL:T IV KARnS An I'COMF (FFAP.'I 41 CK IV. 

A:lrIv 1.000 -. 012 .Iqn .079 .1ip ii
 

KAP.OS -. 032 1.000 .?t,6 .121) .125 .139
 

AUINCOME .150 .21%6 1.000 .T53 .T51
 

OFFAFM .079 .1in .75F 1.003 .1'3 
 .i)l
 

WICK .11 .tic .124 .10) 1.130 -. 136
 

JAR .211 
 .115 .174 .396 -. 136 1.131
 
PUM .137 .IQ .741R .121 . 5P .1""
 

21 JUN 84 	 SPSS-X RELEASE 1 .0 FIR IRt PS
 
: ULAL)Nr (O1H CIHlPIITFP EITF JP.M-3U31-V44 VSl-V,19"J-l.­



Printout 10 (continued)
 

FILE. ARM22 REGRESS VI VM/SP COWN'-REAT )Ilit mmN IT' S-STIr 

FILE: 
** U L T I p L F P E 1 11 r s S t 

VARIABLE LIST N[J0BER t LISTMISF rnFLrTIP! OF MISSI-U nATA 
EQUATICII NUMBEP I DEDENOEtfT Vt.R!IBE.. KAROS . . 

)ESCPIPTIVE STATISTICS tPF PpIlTFn -'flPAGF 59 

BEGINNING BL):K NUMBEI 1. 'iFTiHn; STFPUISF 

VARIABLLIS) ENTERED ON STEP U'IBER I.. - ADIN 9fIE 

MULTIPLE P .25639 APIALYSIS flF VA'U1ItlCE 
R SQUARE .37096 ")F 'l,4 1=1s'illp.ri
At)JJSTED R SQJARE .35895 RITI PFSSIln I I) .. ' ,4!!
 
STANDARD EPROA 6.85251 PrSTfInAL 4. 

F = 35.29!? SIG'IIF I = .111) 

---- ------------------- VAIIAOLFS II TfIF FnII,.TIN-------------- ---

VARIABLE B S f.n% BETA T ;fG r 11 I L 

ADINEDME I.532;9 .2571' 
 - 6?q 5.9, O . 1) O ACTI J
 
ICLf'STANT 17.05555 .q93) 1).205 130q r) / r'
 

'I 

*~ Its* At At t. ,It ~, It 

VARIABLEIS) E4TE:ED 04 STEP IU*IIFP 2.. JAP
 

MULTIPLE R. .30130 ANALYSIS OF VA'tIAt:'.! 
rR SUARE .0907P 
 r)F lit, i - Sf'J\pr:,'

ADJUSTED R S2JAAE .06A64 PrnrF.SSIN _ 1121.6,''3

STANDARD EF.R3t 
 '
 16.63985 PrsInUJAL ft4III-. )flSA
 

F = 23.01113 STEIG'l .1') l 
21 JUN 04 S2SS-X RELEASE I.0 F.); IIM AS 

:-IULALON (31N Crl"PlITUP :FfITFr IR*4-303I-1v4 V']-'l'-I. 

FILE:
 
** * U LT I P L f R F I F S I 

EQUATICNI NUMBER I )EP17NDFMT VAPIRIF.. KAR S 

- ------------------- VAIAILES III T-IF FntIATIl ..------------------

VARIABLE B SF P BETA T STI T '%M.I'lL 

ADINEOME 1.3893 .2-n44 .7!4152 i.39. •f)f ACT 'V 
JAR 2.54279 .30217 
 .14206 1.171 ..1316 wrAfil'
(CON STA!T) 11.65515 I.qI721 1'.079 .1101 1I'K 

r.j'I 

http:1s'illp.ri


Printout 10 (continued)
 

FILE: ARM22 REGRESS VI VM/SP CG'II:RSATIV-IAL MCrINT1' SYSTM 

VAkIABLEIS I.E TERED 04 Wu4EP. .3 .... PUM . ... STEP ...

HULTIPLE P. .32481 .tIALYSIS OF VAqIA'IrE 
R SQUARE .13550 1IF SUM )r. S 'IJRES 
AUJUSTED R SOJAAE .0996? PFGPFSSION I 1!13)1.1)31 
STA'I0RD ER.ROR 16.57220 FFSInIJAL 46) 111.1151 

r -i .o 4 .9 S-GHTr q.q . 

VAIiBLES 11! T IF EntIATrN------------------

VARIABLE 3 SE R !.ETA T '11 T %IlTAIL 

ADINCOME 1.2132) .?1,545 .?1lOO 4.571 .300 67TV 
JAR 2.491546 .79.6" ) .14009 1.12n .1319 tFc'A1'I 
PUll 11.02843 4.00 e) .12527 ?.751 .31' Wir.K 
(CtNSTANTI 11.60375 1.903P.O 6.Ons .3Of) 
21 JU4j 84 S3SS-X RELEASE 1.10 F')' IBm OS 

C-iULAL)NG(31N CO!PUTFR CEtITEP IB1-3031--44 VS-'mS~p-.3 

FILE:
 
4* U L T I P 1.r R E 1 , r S S I
 

E.)tJJ TIOl IU"IER I )EPENDFt1l VPPI'BIE.. KAPOS 

VARIABLE(S) E4TERED 0'4 STEP tlU'IBFP 4.. ACTIV
 

MULTIPLE R 34432 AtIALYSIS OF VAl!AMCE
 
R SQUARE .11855 1F SIN )r S'Ihi.ES
 

1
 
ADJUSTED F. SOJARE .11087 PECPESSION 1.1115
 
STANDARD EF.R31 16.45875 PESrnUAL P.5) 7 1).q.1"1R 71 

F - 15.43113 !ICNTF V .3 )0 

-- ------------------- VAtIAELES I0! THF FPIkT1ON------------- ---

VARIABLE B SE n BETA T S13 T V.1)A13L 

ADINCOME 1.27533 .764q8 .?.178 4.517 . I0) nflA61t 
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