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PREFACE

This report is based on work undertaken by Dr. John Gay
at the Botswana Renewable Energy Technology (BRET) project
from January 10, 1984, to April 30, 1985. Dr. Gay is a survey
consultant for Associates in Rural Development, Inc. (ARD),
the contractor which is implementing the BRET project for the
U. S. Agency for International Development (AID) under contract
number 633-0209-C-00-1024-00.

The research design and questionnaire for the Botswana
urban domestic energy use and attitude survey were developed
by Dr. Gay and BRET staff members with the assistance of numerous
individuals from the government of Botswana (GOB) and private
organizations. In particular, the study ‘esign was prepared
in close collaboration with the Ministry of Mineral Resources
and Water Affairs (MMRWA). The final version of the questionnaire
incorporated the best ideas of many people, to whom Drs. Gay
and Zietlow wish to express their appreciah:on. Thanks are
also due to the many enumerators who worked long hours conducting
the survey. Finally, special thanks go to Mr. Mike Parsons
and Mr. Geoff Hinchcliffe of the Ministry of Finance's Computer
Bureau for providing computer-assisted data analysis of the
survey results,
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1.0 EXECUTIVE SUMMARY

The Botswana Renewable Energy Technology (BRET) project was
designed as a pilot project by the Government of Botswana (GOB),
Ministry of Mineral Resources and Water Affairs (MMRWA), and the

United States Agency for International Development (USAID). The
project was designed to forward the energy policy goals of
Botswana's Fifth National Development Plan (NDP-5) . As defined in

the project paper, its two purposes were:

® to introduce village renewable energy technologies (RETs),
which are easily reproduced and inexpensive; and

® to research, develop and put into use RETs which can
reduce Botswana's dependence on vulnerable supplies of
increasingly expensive fossil fuels.

International economic development experiences have demonstrated
repeatedly that successful programs in technology development
and transfer must be demand driven not supply drive. Therefore,
BRET project implementation required the conduct of a village
energy-use and sociological needs assessment survey to help
determine a range of appropriate RETs; technologies which would
decrease the growing demand for fuelwood through increased avail-
ability of rural domestic RETs and awareness of conservation
needs. RETs would focus on improved use of or substitution for
wood; technologies derived from locally available resources that
are cheap, abundant and can save labor and money.

In order to meet these project purposes, the following
development and dissemination process was designed to be used for
each technology:

® needs and resource assessment;

e technology identification and selection;

® prototype development and testing;

® technology demonstration and installation;

® operation and maintenance or comprehensive field testing;
and

® national or widespread dissemination.

The survey research reported herein addressed the need for base
data which could provide the project implementation with the
ability to assess energy resource and technology development needs
of the people of Botswana and provide information to BRET and
MMRWA, which could be used for dissemination of RETs and develop-
ment .of national energy plans and strategies.



This survey is part of the picture which also involves the
BRET two-village survey and follow-up fuel measurement study and
of the British Overseas Development Administration (ODA) -sponsored
Rural Energy Study. All of these studies are part of the BRET and
MMRWA master planning processes.

In late 1983, the terms of reference (see Appendix A) for the
town domestic energy study were completed, six sites selected,
and the social researcher consultant identified. This study was
to look at only domestic energy use and not commercial or industrial
energy use. This is the report of a survey completed in three
towns and three major villages in 1984, The total sample of house-
holds curveyed was 576, which included 128 in Gaborone, 64 in
Palapye and 96 in each Selebi-Phikwe, Lobatse, Serowe and
Molepolole. Data were collected during three different seasons
of the year: the hot summer, the fall transition and the cold
winter. During the months of February, April and June, enumerators
made three sets of three consecutive-day visits to the households.
Fuel measurements were taken which provided the amounts of energy
used cn two consecutive days, three times during the year. Each
day, questions were asked concerning:

® household demographic characteristics;
® household infrastructur:;
® overall household economy;

® energy-source energy-use equivalents per household per
year;

e fuel sources by amount and task; and
® attitudes toward energy requirements and fuel use.

The households sampled in each community were intended to be
roughly proportional to the population size thereof, but to ensure
a good representation of the diverse households in each community,
a slightly larger proportion was chosen in the smaller centers.
The survey sample is comparable to the household sample of the
National 1981 Census, with the exception that this survey included
more households in the upper end of the income scale. This was
a conscious decision made to adequately capture the diversity of
energy use and demand across all income sectors of the economy.
Definitions used in stratifying the sample population can be found

in section 4.0.

There has been an enormous amount of demographic, infra-
structure, attitude and energy data collected. They have been
coded and entered into the mainframe computer in the GOB Computer
Bureau. These data are accessible to other interested parties for
additional analysis. Because of the limited scope of this study,
there is considerable analysis which could still be done. The



data have been analyzed by the Statistical Package for the Social
Sciences (S5PSS-X) program and are available in a form for imme-
diate use with this sophisticated statistical analysis program.

The results of this survey have reinforced several important
concepts which are held to be universally applicable in the
economics and sociology disciplines vhen considering the process
of national economic development:

e in the process of national economic development as
family household income increases, there is an accom-
panying shift in consumer preference toward higher-
value goods and services; and

® household investmznt decisions regarding the adoption
of new, improved technology are strongly modified by
the relationship of available disposable income and
individual perceptions of the presence of risk and
uncertainty,.

The importance of understanding the constraints and opportunities
presented by the validation of these two socioeconomic concepts

for prioritizing the RET-applied research and dissemination activities
of the BRET program should be kept firmly in mind.

Analysis of the survey data across five income strata within
the sample have demonstrated that as income increases, Batswana
households consume more aggregate energy per capita and on a Gaily
basis. The increased-energy consumption has two characteristics
of importance to the technology development activities of BRET.
First, the increased energy consumption occurs in a shift to higher-
value (more expensive and nonrenewable) energy sources as well as
an increase in the gross consumption of a range of energy sources.
Secord, the increase in available disposable income manifests
itself in the consumption of a wider range of energy-using house-
hold appliances and systems. The data have shown a fairly clear
progression of household energy use, ranging from a reliance on
one principal fuel to provide energy for one or two primary energy-
tsing activities with the lowest-income households, to a dependence
on a majority of the available energy sources to provide energy
to many household activities within the higher-income households.
The implicatione of these facts for BRET are in the area of
opportunities for the development nf a wide range of energy-saving
technologies which can conserve fuels by increasing the efficiency
of their use in the lower-income households, and which can substi-
tute renewable energy sources for conventional fossil fuel consump-
tion while increasing the efficiency of energy use in the higher-
income households.

Examination of attitudinal data collected during the survey
combined with the BRET experiences with technology transfer in
Ditshegwane and Shoshong prior to the survey have strongly
reinforced the concept of risk avoidance in relation to new



technology adoption among lower-income households. This situation
is especially true for the lowest-income households responding to
the survey questions. Families whose available disposable income
is marginal and insecure have demonstrated almost complete aversion
to suggested changes in not only the technologies which use energy
for basic household operations (cooking and heating water), but
also to changes in the systems of fuel acquisition. The implications
of this information for BRET are in the area of constraints to the
development of new technologies which use available fuels more
efficiently for families within the lowest-income households.
Development of these new technologies should proceed on a modest
scale within the BRET program; however, the major emphasis will
have to be placed on the development of appropriate dissemination
strategies which rely less on a formal process of transfer and more
on the information diffusicn process, which occurs naturally within
society.

There is also a measure of reluctance to accept change among
the highest-income households responding to the survey. It will be
important for BRET to understand the nature and scope of these
attitudes in targeting the energy sources and technvlogies powered
by these sources, which they hope to modify and perhaps replace.

Recognition of these constraints 1s, at the same time, a
recognition of opportunities for BRET technology development. The
attitudinal data have clearly demonstrated the interest in and
ability to change among the larger segment of Batswana society and
across the widest range of fuels and technologies. Among those
households surveyed in this study, only 20.5 percent were classified
as the lowest- and highest-income groups, leaving a target group of
about 80 percent of the population. This is not to say that house-
holds falling into the two income extremes should be ignored by
BRET program activities, but is to say that interventions planned
for these two groups should be selective and that the largest area
of opportunity across the widest spectrum of energy use will be
with households not belonging to the income fringe in Batswana
society.

Within the opportunities set, analysis of the survey data have
provided information which should be of use to BRET in its effort
to prioritize subseguent applied research, technology development
and dissemination activities in the realm of renewable energy.
Probably the most important firding is that cooking is the largest
énergy-consuming activity of households across income strata in
Botswana, follocwed by water heating. Seasonal variation of energy
consumption is not significant. Technology development should
clearly focus on these two activities, in that they account for
over 70 percent of household energy use.

Among the sample households, those using wood as their principal
cooking fuel range from a surprising 24 percent in Gaborone to
86 percent in Palapye, with a mean number of households across the
Six communities of 56 percent. Gas-using households (as principal



cooking fuel) rank second, in terms of numbers ranging from 50 per-
cent in Gaborone to 13 percent in Palapye, with a mean of 39 percent.
These figures strongly indicate that among the five principal

fuels in Botswana (wood, paraffin, coal, gas and electricity),

wood and gas deserve special attention in BRET plan:.ing,

In terms of attitudinal data, the most important set of
responses seems to indicate that for the majority of households,
energy in itself is not viewed as a problem. Rather, the cost of
energy supplies is a very important problem. This response
indicates a lack of education regarding the relationship between
the total available supply of energy and the cost of that enerqgy,

i.e., the economics of supply and demand. The vast majority
of respondents noted that the cost of fuels, regardless of type,
had increased in the recent past. The only reason for such cost

escalation, in the absence of artificially imposed government

price support, is relative scarcity. While it is possible to argue
that gross aggregate supplies of domestic energy and or stability
of imported supplies in foreign markets, such as the Republic of
South Africa, may be such that aggregate supply apparently meets

Or exceeds adgregate demand for energy, this is not indicative of
how fuel prices are set in the domestic marketplace of the cost

to consumers.

The fact that the majority of people do not recognize that
fuels of all varieties are scarce in Botswana does not auger
well for successfully or, perhaps, easily instilling a conservation
mentality in the population. This indicates that for BRET, as
well as the government institutions responsible for enerqgy supply,
that there is a requirement to build into technology development
and dissemination programs a series of information programs
designed to raise the issue of energy scarcity and the need for
conservation of energy with the population. There is a clear
relationship between the adoption of energy-saving technology and
long-term cost saving. This message should be passed on to the
population before a widely successful renewable energy technology
development and dissemination program can be achieved.

Related to this public perception of energy supply is an
overwhelming response to a series of guestions regarding
responsibility for resolution of energy-supply problems. While
the majority of those responding indicated that regulation of
unbridled cutting of trees for fuel should occur, the seat of
responsibility was clearly seen to be with larger authority
organizations, such as tribal czouncils or central government
ministries. Most respondents did not recognize the connection
between individual conservation efforts and resolution of energy-
supply problems at the national level, whereas they did have the
opinion that top-down problem resolution would be the most effec-
tive action. While the issue of national fuelwood management is
not one which BRET will be asked to deal with, the importance of
these commonly held attitudes toward the role of individual action
in relation to energy conservation should be addressed by BRET in
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connection with their dissemination efforts.

Finally, with respect %o public awareness of RETs in general,
the survey results indicate a general level of awareness of specific
technologies, such as the solar water heater. However, there was
a general lack of appreciation for the significance of the RET.
The majority of respondents indicated that while they were aware
of the physical technology, they did not think of it in terms of
the energy source being used to power it, nor the implications cf
its use for longer-term financial savings to the individual and
positive contribution to national enerqgy supply objectives. For
BRET program development, it appears that this level of knowledge
will be important to the continuing acceptance of RETs within
Botswana.

Respondents were asked to indicate their interest in and
willingness to purchase and/or make and use various RETs. Of
course, attitudinal data of this sort can only be taken as
indicative of what people may or may not do. Perceptions about
the advantages and disadvantages of different types of stoves and
cooking devices were similar across income strata. Generally,
there was strong interest in the improved metal stove, given an
increase in fuel efficiency of at least 10 percent. Respondents
were mixed regarding the retained heat cooker, with a mean of
45 percent willing to purchase one and 65 percent willing to make
one, However, there was a deviation of 50 percent between the
lowest~ and highest-income groups, with the latter more willing
to buy one. With regard to the mud stove, fuel savings had to be
significantly higher (40 to 50 percent) than the current level to
persuade the majority of respondents to switch to the use of a mud
Sstove over the currently used open fireplace. Solar hot water
would be of interest to households with water service, with
certain caveats placed on affordability of the system. Finally,
regarding photovoltaic (PV) domestic electricity, there was a
significant interest displayed among the middle- and higher-income
respondents in mini-systems designed to provide a limited amount
of electricity to power certain essential appliances in the house-
hold.

In conclusion, the analysis of the survey data strongly
indicates that RET development programs will require two conditions
to be met for technology adoption by the target group. First, the
new technology must be appropriate to household reeds and com-
patible with existing household systems. Second, the new technology
must be affnrdable to the target group and able to demonstrate
sufficient return on investment over a reasonable payback period.

The report is organized in three main sections. The intro-
duction provides a background context for the survey. The survey
methodology is presented according to sampling method, staff
training and questionnaire enumeration and data analysis. Research
findings are presented according to a general discussion of
energy use and demand, attitudes and perceptions of fuel use, a
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specific discussioir of consumption evd uses of five major fuels and

an overview of household energy-using technologies. Appendix A
contains the terms of reference for the study. Appendix B contains

the survey questionnaire,



2.0 INTRODUCTION

The Botswana Renewable Energy Technology (BRET) project was
designed as a pilot project by the Government of Botswana, Ministry
of Mineral Resources and Water Affairs {MMRWA), and the United
States Agency for International Development (USAID). The project
was designed to forward the energy policy goals of Botswana's Fifth
National Development Plan (NDP-5). As defined in the project
paper, its twO purposes were:

e to introduce village renewable energy technologies (RETs),
which are easily reproduced and inexpensive; and

e to research, develop and put into use RETs which can
reduce Botswana's dependence on vulnerable supplies of
increasingly expensive fossil fuels.

Project implementation required the conduct of a village
energy-use and sociological needs assessment survey to help
determine a range of appropriate RETs; technologies which would
decrease the growing demand for fuelwood through increased avail-
ability of rural domestic RETs and awareness of conservation
needs. RETs would focus on improved use of or substitution for
wood; technologies derived from locally available resources that
are cheap, abundant and can save labor and money.

In crder to meet these project purposes, the following develop-
ment and dissemination process was used for each technology:

® needs and resource assessment;

® technology identification and selection;

® prototype development and testing;

® technology demonstration and installation;

® operation and maintenance of comprehensive field testing;
and

® national or widespread dissemination.

The survey research reported herein addresses the need for base data
which could provide the project implementation with the ability to
assess energy resource and technology development needs of the
pezople of Botswana and provide information to BRET and MMRWA

which could be used for dissemination of RETs and development of
national energy plans and strategies,

BRET's first survey activity took place in the two pilot
villages of Ditshegwane and Shoshong and results have helped the
project staff to:



e determine primary energy needs and end uses, which
suggested technnlogy options for selection and development;

@ determine sociocultural and economic design parameters
fxr technologies;

® identify individuals, organizations and instituticns
that could play major roles in the technology
development process; and

o identify individuals and groups that could facilitate
or hinder the dissemination process.

The first two-village survey provided the basis for the initial
technical direction for rural domestic RETs and decisions to focus
attention on cooking devices, simple solar water heaters and
improved building techniques. BRET developed prototype earthen
stoves and prototype and production models of a sheet-metal stove
and a double-pillow model retained-heat cooker. Development and
dissemination of these two devices continued at the time of this
survey.

There are two different categories of villages in Botswana,
based on size:

® small villages with populations between 300 and 4,500
people; and

® major villages with populations between 4,500 and 35,000
people,

There are several cmaller settlements in Botswana with populations
less than 300 as well as six towns. Towns have autonomous local
governmert structures comparable to those at the district level,
while several villages comprise an administrative district.

The largest population concentrations are the most significant
contributors to firewood depletion and imported fuels uce. BRET
was interested to know what application there could be for the
rural domestic RETs in these larger population concentrations.
MMRWA was interested in gathering information related to energy
use for a future energy master plan. The ODA was to sponsor a
nationwide rural village energy use and fuelwood availability study.
BRET and MMRWA agreed to proceed with this."urban survey."
Consequently, the towns and largest major villages were the logical
location for this study. MMRWA coordinated efforts between the
"urban" and rural studies.

In the planning and imjylementation of this survey, the term
"urban" has been used to identify this study, which was initially
to be implemented in towns only. Later, it was decided to include
several major villages that were seats of both distric: and trital
administration and/or on the rail line. When one uses the soc.io-
logical definition of urban, which involves the cash and commercial
economy, formal organizations and institutions, employer-emplcyee
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relationships, etc., rather than the traditionzl barter economy and
informal structure of farmers and herders, then there is some
application of the term urban to these major villages. To be more
precise, this survey involves the study of domestic energy use and
attitudes in three towns and three major villages in Botswana.

By the end of 1983, the terms of reference (see Appendix A)
for the town domestic energy study were completed, six sites

selected, and the social researcher consultant identified. This
study was to look at only domestic energy use and not commercial
or industrial energy use. This is the report of a survey

completed in three towns and three major villages ain 1984.

The total sample of hcuseholds surveyed was 576, which included

128 in Gaborone, 64 in Palapye and 96 in each Selebi-Phikwe,
Lobatse, Serowe and Molepolole. Daca were collected during three
different seasons of the year: the hot summer, the fall transition
and the cold winter. During the months of February, April and June,
enumerators made three sets of three consecutive-day visits to the
households. Fuel measurements were taken which provided the amounts
of energy used on two consecutive days three times during the year.
Each day, questions were asked concerning:

® household demographic characteristics;
@ household infrastructure;
@ overall househcld economy;

® eénergy-source, energy-use equivalents per household
per year;

® fuel sources by amount and task; and
© attitudes toward energy requirements and fuel use.

There has been an enormous amount of demecgraphic, infra-
structure, attitude and energy data collected. They have been
coded and entered into the mainframe computer in the GOB Computer
Bureau. Thece data are accessible to other interested parties for
additional analysis. Because of the limited scope of this study,
there is considerable analysis which could still be done. The
data have been analyzed by the Statistical Package for the Social
Sciences (SPSS-X) program and are available in a form for immediate
use with tnis sophisticated statistical analysis program. The lists
of data and program files are available from BRET and MMRWA.
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3.0 RESEARCH METHODOLOGY

3.1 The Survey Design

This study involved the collection of secondary and primary
data of both a quantitative and gqualitative nature regarding
patterns, sources and technologies of energy use in "urban"
Botswana. A stratified sample survey was developed to provide
the framework for primary data collection. The criteria for
selection were developed on the basis of extensive consultation
with BRET and MMRWA. The initial plan had been to confine the
survey to two or three centers, but as the project design became
better defined, there was reason to include a wider sample. 1In
the end, it was decided to include a total of six towns and major
villages to take into account, as much as possible, the variation
within eastern Botswana.

The first guestion to be resolved concerned the choice of
the specific towns and villages. Representativeness, ease of
access and freedom from competing surveys were the major criteria
which were used to select communities. It was decided from the
start to keep the survey within the eastern, relatively more
populous porticn of the country. This excluded such centers as
Ghanzi, Maun and Xasane. On the other hand, these northern and
western villages represent only a minority of Botswana's population.
Moreover, they are not as seriously short of firewood as the major
eastern towns and villages.

The second decision was to choose three each of the major
villages and towns in the eastern corridor. There are six towns
altogether in the area, of which we chose three, omitting Jwaneng,
Orapa and Francistown. It was decided that Selebi-Phikwe could
represent the mining towns and that nothing new would be learned

1n Francistown that could not be learned in Gaborone and Lobatse.
Thus, the towns included were Selebi-~Phikwe, Gaborone and Lobatse.

There are more major villages than towns, but here, too, it
was decided that three would represent the whole. Molepolole was
chosen as a large village from a dry area on the edge of the
Kalahari, Palapye as a village on the main road, and Serowe as
a major political certer which is the largest of all the Tswana
villages. In the process, communities, such as Kanye, Mochudi
and Mahalapye were omitted, as they were not sufficiently different
to justify adding them to the sample. Originally, Mahalapye was
to be included, but in the end, it was omitted ir favor of Iobatse,
both becazuse the former offered more variety as a town and several
concurrent surveys were already underway in Mahalapye.

Within each village or town, moreover, it was necessary to
select a sufficiently large sample of households to achieve the
greatest diversity of Tswana society. A strictly random sample
within any community would not have explored this diversity
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sufficiently to allow generalizations. As a result, the decision
was to select a stratified group of households, with more emphasis
on the high-income house'iolds as their use patterns are more diverse
than those of low-income households. Specifically, each enumerator
was to choose 32 households, of whom 15 were to be low income,

12 middle income and five high income,

Enumerators used housing descriptions and job categories to
select an appropriate strata population. The 15 lower-income house-
holds were to be selected from squatter housing, informal-sector work
sites, servants' quarters, site-and-service housing and other
evidently low-income housing. The 12 middle-income families were
to be chosen from civil cervant housing, company housing and other
middle-income houses or areas. The five high-income households
were to be chosen from senior government officials, senior tribal
officials, foreign aid personnel, expatriate or local business
executives and other high-income households. The inclusion of
foreign aid personnel may be questionable, considering their
transient status in Botswana society. However, they do represent
a segment of the highest-income energy consumers.

Also interviewed were sellers of fuel and energy-using devices.
The choice of fuel and device sellers was left to the enumerators
and was to depend on the particular community. In the case of the
towns, enumerators were to try to choose a representative sample
of dealers, while in the villages they were asked to interview all
the dealers they could find, if possible. The hope was that the
enumerators would approach the szllers on an informal basis in order
to learn as much as they could about their businesses. In the end,
this part of the survey did not produce data of the same quality
as the household survey.

In addition to interviews, the enumerators were asked to make
observations of fuelwood areas used by the people of the community.
They were given a list of questions, with instructions to answer
them in as much detail as possible. They were not expected to
provide quantitative answers suitable for computer analysis, but
rather to give qualitative impressions of the areas they observed.

A member of the BRET staff accompanied each enumerator as
he/she made the initial selection of households to ensure that
the selection met the standards set by the project. Clearly, the
application of the criteria varied according to the particular
community because of intercommunity variations in income and,
thus, variations in the consumption of energy and energy-using
technologies.

It was decided to interview people in the three basic seasons
of the year--summer, winter and the transition period which, in
this case, is autumn. In each season, households in the sample
were to be interviewed on three successive days in order to under-
stand in detail the pattern of énergy use. At each interview,
the amount of each fuel and water present in the household was
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recorded as well as the way in which fuel and water were used in
the preceding 24 hours. 1In this way, energy and water use for a
48-hour period in each season would be availakle for analysis.

In addition to the guestions on energy and water supply and use,
each of the nine interviews in the household was to include a
different set of guestions on social structure, economics, knowledge
and attitudes. The questions were ordered in such a way that the
interviews, in effect, amounted to a short course in energy use and
renewable energy technology. The initial interview explored the
person'c knowledge of energy-using devices, both traditional and
innovative, and also made an inventory of devices used in the
household. The second and third interviews asked for information
on members of the family and household structures. In the autumn,
the first interview asked about water supply and toilets as well

as agriculture and livestock.

The second interview asked about types and uses of trees and,
in the case of wood-burning households, where and with what
utensils people cooked. The third interview considered types of
fuel and firewood known by the household anl the advantages and
disadvantages of each. 1In the winter, people were first asked
about their fuel use patterrn in the past and present. In the
second interview, they were asked about their evaluation of and
preference for particular fuels and devices. In the final inter-
view, they were asked to agree or disagree with statements
concerning enerdgy use, rank their life probloms, state what they
learred by participating in the survey and what they would suggest
for the BRET project.

Several problems were experienced in the course of implementing
the survey, which relate directly to the ability to measure.
Ordinary bathroom scales were used to weight wond, coal and gas
bottles. Every effort was made to weigh fuels several times and
to treat the scales with care, but the scales fluctuated in their
reporting of the same weights. The analysis was done on the
difference in weight from one day to the next, and each enumerator
used the same scale throughout, so it is hoped that the measure-
ments have overallstatistical validity. It is recommended that
accurate, robust instruments be used, even though they will be
more expensive. Access to electricity and/or water meters was
limited. The meters were often locked and keys unavailable
at the time of the interview. As a result, several guantities
were reported as unknown. Presumably, more accurate data could
be obtained from Botswana Power Corporation (BPC) and/or Water
Utilities Corporation (WUC). Water and paraffin were measured
by the litre, using a standard beaker for small guantities.

The enumerators taught how to estimate the proportion of water or
paraffin if these were only part full.

3.2. Staff Selection and Training

A field supervisor was first selected with responsibility for
ensuring the quality of the field data, performing observations
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in the communities, and ensuring that the questionraires were
properly coded for computerization. The enumerators were selected
from a large group of students who had just completed their Form 5
examinations and were waiting for the results. A total of 70
students were interviewed and tested, and 18 of them were chosen.
Staff training was conducted in Gaborone at the BRET office and
the University of Botswana.

There were three main parts in the training: instruction in
energy technology, practice in weighing and measuring, and lectures
and test interviews in using the gquestionnaire. Instruction in
energy technology <involved learning the basic concepts of fuel
use and the new technologies developad by BRET. Weighing and
measuring required the enumerators to weigh solid fuels, measure
liquid quantities and read electricity and water meters. Using
the questionnaire meant going over it in detail in lectures and
then carrying out complete interviews in sample households in
Gaborone.

After training, each group of enumerators was taken to its
town or village by a member of the BRET staff. This person estab-
lished contact with local officials, on the basis of initial
contacts made by the BRET Extension Support Supervisor before the
training period begen. This person also assisted the enumerators
to choose the first set of households in order to make sure they
were using the correct methods. High-income households were
chosen by direct approach tc influential members of the community.
Middle-income households were chosen by going to institutions and
government departments and companies as well as by finding persons
living in comfortable but not high-income houses. Low-income
households were found by selecting representative housing areas
and then choosing households on a systematically random basis.

The enumerators were then left to begin the first round of
interviews, which occupied most of February and the beginning of
March. They were instructed to choose four households for the first
three days of the week, and complete the first round of interviews
for these households; then choose an additional four households
for the second three days of the week. 1In this way, they were to
complete the 32 households in four weeks. Their work was checked
regularly by the Field Supervisor. At the end of the first round
of interviews, the enumerators returned to Gaborone to code the
questionnaires for the computer. The Field Supervisor provided
oversight and completed code assignments. 'During that time,
enumerators also received further training in the use of the
questionnaire before returning to the community for the second
round of data collection.

After returning to the village or town, enumerators spent a
week collecting backgrcund data on fuel and energy-device sellers
and wood-collecting areas, bafore starting on the second round.
The second round occupied most of April and the early part of May.
Enumerators then returned to Gaborone for data coding and further
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instruction. They again returned to the community at the end of
May for further collection of hackground data and later, in June,
for the +third round. After completing the third round, they
returned to Gaborone for final data coding. On completion of
coding, some enumerators and two additional university students
remained to check the coded data to eliminate as many errors as
possible.

-

3.3 Data Analysis

The final stage of the project was data analysis. The first
step was to check the data for errors in coding and entry. This
turned out to be a very time-consuming and difficult process.

Not only were there more than 60,000 lines of data, but the coding
and entry were not as careful and thorough as they might have been.
Because of the many errors, and before the analysis could be

done’, many obviously fallacious entries (such as, 10,000 kg of
charcoal used by a family in a village which had probably never
seen that much charcoal in all its history) had to be eliminated.
Many of the errors were clearly the result of misplaced decimal
points, but otherswere probably the result of inaccurate data
collection,

After the data were "cleaned," they were analyzed at the
Computer Bureau of the Ministry of Finance, using the latest
version of the SPSS-X. Three major sources of additional informa-
tion were used in analyzing the data. The first was a listing of
megajoule equivalents of basic fuels, and provided by a recent
World Bank study of energy use in Botswana. The second was the
1981 census, which provided important baseline data for the six
communities by which to ground the survey in hard community data.
The third was a survey of the informal sector in Maun, Francistown,
Selebi-Phikwe and Mochudi, conducted by the Ministry of Local
Government and Lands (MLGL) in 1983, which provided useful infor-
mation on wood sellers.
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4.0 RESEARCH FINDINGS

The presentation of the survey research findings is organized
by a general discussion of urban energy use and demand among the
survey sample, followed by the presentation of responses which
elaborate on attitudes and perceptions about fuel use among
respondents. Then a presentation of survey responses regarding
the use of the five major fuels is folliowed by a discussion of
household energy-using technologies.

The survey sample involved 576 households which included 128
in Gaborone, 64 in Palapye and 96 in each of Selebi-Phikwe,
Lobatse, Serowe and Molepolole. There were an average of 5.5
members per household, of whom 1.6 were employed. The households
sampled in each community were intended to be roughly proportiocnal
to the population size thereof, but to ensure a good representation
of the diverse households in each community, a slightly larger
proporticn was chosen in the smaller centers. The survey sample
is comparable to the household sample of the National 1981 Census,
with the exception that this survey included more households in
the uprper end of the income scale. This was a conscious decision
made in crder to adeguately capture the diversity of energy use
and demand across all income sectors of the economy. This decision
was based on two conclusions:

® Results of the two-village survey coupled with the
knowledge of BRET project staff of town life had shown
that there is much greater similarity in enerqgy use and
demand among lower-income families in Botswana than among
higher-income families; and

® theories of micro-economics have told us that as incomes
rise, disposable income increases with commensurate changes
in consumption, which reflect changes in preference for
higher value goods/services and a greater proportion of
conspicuous consumption reflected in household expendi-
tures--both of which involve higher energy use in terms
of direct and embodied energy.

Given that the primary purpose of this survey of urban energy
use 1s to assist BRET project staff in prioritizing their research,
development and dissemination activities in order to correspond
with the needs of the people of Botswana and assist the GOB in
developing energy policies and plans to facilitate meeting these
needs in the future, the rationale for obtaining a somewhat larger
sample from the higher-income groups--who theoretically consume
higher-value energy in greater guantities--is clear.

It will be important to note the definitions used in stratifying
the sample population. In Botswana, as in other societies, earned
household income is not a fully adequate indicator of total
available, disposable income due to the presence of other relatively
liguid assets held by the household. In Botswana, cattle are held
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as not only a status indicator of wealth, but also are used as
liquid assets when household investment or expenditure needs
exceed available cash resources. For this reason, it was decided
that while household income is a rather tidy means of stratifi-
cation, this measure alone would not sufficiently capture the
purchasing power of the households in the sample. It was decided,
too, that the total value, expressed in replacement cost terms,
of energy-using technologies present in each household will
adequately reflect the "real" level of disposable income by
household. Thus, for the purposes of this analysis, the "income"
strata are defined as:

® Very low-income households have no member of the house-
hold reporting more than 50 pula per month in income
and not nore than two members reporting less than 50
pula per month, and the total value of energy-using
devices in the household have a replacement cost of
less than 75 pula;

® low-income households have not more than one member
reporting more than 300 pula per month or two members
each reporting not more than 200 pula per month, and
the total value of energy-using devices have a replace-
ment cost of less than 350 pula;

e middle-income households do not report more than 1,000
pula per month, regardless of the number of income
earners, and the total value of energy-using devices
have a replacement cost of less than 4,000 pula;

e high-income households have one or more members
reporting more than 1,000 pula per month income, or
the total value of energy-using devices in the house-
hold have a replacement cost of more than 4,000 pula;
and

® very high-income households have one or more members
reporting more than 1,000 pula per month and the total
value of energy-using devices have a replacement cost
of more than 4,000 pula.

Figure A shows the relative distribution of households in each
of these five strata within this sample,

In fact, survey results strongly support the postulated
correlation between income and energy/energy technology consumption.
Fuel use in Botswana is closely related to household disposable
income. Survey data show that higher-income families consume more
expensive, higher-value and convenient fuels, such as gas and
electricity (and related technologies), while the lower-income
families rely primarily on wood and paraffin and related techno-
logies.
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Figure A

Relative Distribution of Sample Households
by Income Strata

157
low-income

15.1%

87 very
low-income

15,3%

37%
=< 31 very

high-income
5.4%

4.1 Urban Energy Use and Demand

For this discussion, megajoules provide a convenient common
unit of reference, as each of the major fuels has a megajoule
equivalent. These equivalents are provided in Table 1 and have
been taken from World Bank estimates for Lesotho.

Table 1

Megajoule Equivalents of Basic Fuels

Fuel Unit Megajoules
wood kilogram 14.6
paraffin litre 35.0
coal kilogram 23.4
gas kilogram 45.1
electricity kilowatt-hour 3.6
petrol litre 32.4
diesel litre 35.9
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There are different possible estimates for wood and coal,
depending on the type and moisture level of the fuel. The estimates
used herein are based on conditions in Botswana and, therefore,
should be useful for the present report, even though they are not
necessarily the same as figures used in other surveys.

Table 2 gives the total megajoules used per household per day
by households in the six communities by income group. The totals
are somewhat low because of missing cases for electricity use.
Survey enumerators were often unable to read electricity meters
because they were locked and keys were unavailable. Electricity
is used primarily by the upper-income households, and thus some
upward adjustment is needed for these. Based on information
supplied by the BPC, this study estimates that an upper-income
family uses up to a maximum of about 50 kWh a day and perhaps as
little as 15 kWh per day in summer, assuming no air conditioning
is used. Poorer households, with only perhaps five light connections
and no other use of grid-supplied electricity, would use only about
1 kWh per day.

Table 2

Megajcules Used per Day by Community

Selebi- Mole- Sample
Income Strata Gaborone Phikwe Lobatse Serowe polole Palapye Mean
very low 100.3 90.6 91.1 80.3 57.8 95.8 81.3
low 54.8 158.0 90.2 108.1 71.2 108.9 88.9
middle 67.3 120.23 94.0 91.2 95.6 132.7 100.3
high 93.9 200.1 236.8 141.4 137.4 196.3 162.1
very high 108.8 158.2 198.0 216.6G 145.4 303.1 161.3
Column means 75.4 134 .4 137.2 109.0 91.7 138.9 111.2

The averages obtained in our survey for high-income households
and very high-income households are 2.9 and 4.2 kWh per day,
respectively, which are clearly too low. Thus, it is probably
nNecessary to add about 15 kWh per day to these figures, or about
50 MJ per day to the figures for the high- and very high-income
households, and perhaps 5 kwh per day, or about 18 MJ, to the
middle-level income households. The figures given in Table 2,
however, reflect the actual data and not the amendments suggested

in this paragraph.

There are differences among the six communities, with the three
northern centers tending to use more megajoules per day than the
three southern centers. This may be a function of a greater
scarcity of wood in the south than in the north. On the other hand,
it may be due to different measurement techniques used by the
different enumerators.
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More striking are the consistent increases in energy used per
day with an increase in income. The higher~income families have
relatively more energy-using devices and relatively higher dis-
posable income and, thus., use more energy. The pattern levels off
with the high-income and very high-income groups, with each using
an average of 160 MJ per day. With the addition of the missing
eleccricity dat:, the totals would reach about 210 M7J per day.

In some communities, notably Selebi-~Phikwe, Lobatse, Serowe and
Palapye, higher-income households seem to be using substantially
more than others, particularly the remarkable 303.1 MJ per day
reported by the very high-~income households in Palapye.

It is striking that the figure is so much lower in Gaborone
than in any of the other centers. It is likely that this is related
to the low use of wood in Caborone, a fact to be discussed in
detail later. It is easier to b2 economical with gas or electricity
than it is with wood, particularly when the wood is plentiful; but
when it is scarce, then there must be recourse to more economical
alternatives,

Cocking as Principal Fuel Use

In the exploration of household infrastructure, a wide spread
of energy-using devices was found. Many of the lower-income house-
holds in the villages have only open fires for cooking and candles
for lighting, while higher-income families in the major towns
have a range of energy-using devices, as might be expected.
Regardless of the specific energy-using technology in each household
used for cooking, this activity was found to be the largest single
use of energy across strata. Given the predominance of cooking
among all household energy uses, Table 3 presents the percent of
households in the sample using one of the five major fuels as the
primary cooking fuel by town. The table also includes figures
derived from the 1981 Wational Census for the reader to use as
comparison statistics. This is useful in that the slightly
disproportionate number of high-income households in this sample
causes wood and paraffin users to be under represented in all
communities, while electricity and gas use is over-represented,

Table 4 shows the percent of income groups using each of the
five principal cooking fuels. These data demonstrate the strong
correlation between income and principal cooking fuel.

Wood is the most commonly used. Half of the middle-income
families use wood, while only a gquarter of the high-income families
use it as their principal cooking fuel. Of the high-income
families who use wood as their principal cooking fuel, 90 percent
live in villages and only 10 percent in towns. Paraffin is the
second most important fuel for low-income households. Of the low-
and very low-income families for whom paraffin is the principal
cooking fuel, 93.5 percent live in towns and only 6.5 in villages.
Low-income families in villages are able to hunt for firewood,
but that option is not available in the towns. Coal as a principal



Table 3

Principal Fuel for Household Cooking

Principal Selebi- Mole-
Fuel Gaborone Phikwe  Lobatse Serowe polole Palapye Mean
wood-sample 24.0 64.8 34.4 75.0 70.0 85.9 55.6
wood-census 26.9 79.2 35.2 90.7 91.8 90.2 54.1
daily MJ use 91.4 147.5 133.0 120.3 82.2 134.8 118.3
paraffin-cample 15.2 3.3 21.5 2.2 1.0 —— 8.0
paraffin census 36.7 3.4 40.6 3.4 3.5 3.5 22.6
daily MJ use 32.8 36.5 23.8 12.8 11.0 -— 27.5
coal-sample —— —-—— 7.5 —-—— — —— 1.2
coal-census 0.5 0.2 5.8 —— 0.1 1.0 1.0
daily MJ use —— ——— 196.14 - — - 196.4
gas-sample 50.4 15.4 31.2 20.7 29.2 12.5 28.7
gas-census 24,1 5.2 15.1 5.5 4.1 5.0 14.6
daily MJ use 74.7 114.1 180.4 69.2 118.1 179.1 108.6
electric~sample 10.4 16.5 5.4 2.2 ——— 1.6 6.4
electric~census 11.8 11.9 3.0 0.4 0.4 0.3 7.6
daily MJ use 96.3 126.6 187.1 227.3 -—— 97.2 125.4
Table 4
Principal Cooking Fuels

Income Fuel:

Strata Wood Paraffin Coal Gas Electricity

very low 82.7% 14.7% 0.0% 2.7% 0.0%

low 70.5% 13.5% 0.6% 14.1% 1.3%

middle 52.4% 6.1% 1.9% 32.1% 7.5%

high 25.3% 0.0% 1.1% 63.2% 10.3%

very high 22.6% 0.0% 3.2% 45.2% 29.0%

sample means 55.6% 8.0% 1.2% 28.7% 6.4%

’

fuel is confined to Lobatse, and there it is primarily the middle-
income people using it. Altogether, 57.1 percent of the coal users
are in the middle group. Gas is used by a small minority of the
low-income families. Of this group, 75 percent are in towns and
only 25 in villages. Much more commonly, gas is used by the middle-
and high-income groups. Almost two-thirds of the high-income

group and slightly less than half of the very high-income group

use gas as their principal fuel. Finally, electricity is used
mostly by the two highest income groups for cooking, whereas only
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a few low- and middle-income households use electricity as their
principal cooking fuel. 1In summary, household income is a strong
indicator of what fuel people use for cooking, even though it is
not a perfect predictor. A few low-income households use the more
costly fuels and a few high-income households use wood, but the
dominant pattern is otherwise.

General Energy Use

Table 3 also gives the megajoules used per day, according to
income group and by principal fuel used for cooking. In this case,
the results for gas users should probably be raised by about 30 MJ
per day and for electricity users by about 70 MJ per day, to take
into account the missing electricity information.

Clearly, the fuel with which people are able to be most
economical is paraffin. If wood is plentiful, then it is easy
to use an armful on one large fire, whereas a bottle of paraffin
is used with caution.

Table 5 is based on the percent of a household's total fuel
uses. It lists the percent of househclds whose use of each fuel
falls into the deciles 0-9.9%, 10-19.9%, and so on up to 100%.

Half of the households report that 80 percent or more of their fuel
uses are of wood, a fact which further stresses the importance of
fuelwood to Batswana families. Almost a gquarter of the respondents
report that 80 percent or more of their fuel uses are of gas.

Table 5

Household Fuel Use

Percent Wood Paraffin Coal Gas Electricity Other
0 - 9.9 37.6 . 87.9 98.4 66.0 90.4 97.5
10 - 19.9 1.4 1.4 e e 0.7 1.4 0.7
20 - 29.9 1.6 1.8 e 1.2 1.1 1.4
30 -~ 39.9 2.8 0.5 0.4 2.5 0.4 ———
40 - 49.9 1.2 0.2 0.5 1.1 0.5 -—
50 ~ 59.9 0.9 1.2 0.4 1.4 0.4 ———
60 ~ 69.9 1.8 1.2 -—— 2.1 0.2 ——
70 - 79.9 2.7 0.4 0.2 2.5 0.5 -—
80 ~ 89.9 2.8 0.5 0.2 2.7 0.2 ———
90 - 99.9 9.9 0.5 - 6.0 0.7 -
100 37.2 4.3 —— 13.8 4.3 ————

Only about five percent of the households use either paraffin or
electricity at or above the 80 percent level. The coal users all
rely on other fuels as a supplement, presumably for lighting and
casual cooking. Othe: fuels include primarily petrol or diesel
for transport, and candles and batteries for lighting and small
electrical appliances. A very small number of families, mostly
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from Molepolole, reported using other cooking fuels, such as dung
or crop residues, but these are so few that they do not justify
farther discussion.

Table 6 lists amounts of fuel used per day of the principal
heating and couking fuels. Electricity is omitted for the reason
that so many cases were missing due to locked meter boxes. The
totals are weighted according to the proportions given in Table 2.

Table 6

Principal Cooking Fuel Use

wood paraffin coal gas
kg litres kg kg

wood users 6.50 0.14 0.01 0.10
paraffin users 0.67 0.31 ——— 0.04
coal users 1.74 0.09 2.87 1.87
gas users . 0.72 0.09 0.01 1.29
electric users .85 ——— 0.03 0.20
weighted

average 3.86 0.1le 0.04 0.31

There are a total of 42,386 households in the six surveyed
communities and, therefore, it can be estimated that 163.6 metric
tons of fuelwood are being used in these towns and villages daily,
as well as 6,781.8 litres of paraffin, 1,695.4 kg of ccal, and
13,140 kg of bottled gas.

One surprising result is that gas consumption is greater
among coal users than among those whose principal cooking fuel is
gas. This may be an error, or it may show that coal users like to
have a standby gas cooker, which they use when they don't want to
start up a coal stove. Coal users also use a substantial amount
of wood, probably to start the fire in the stove.

Public Attitudes and Awareness of Energy Use and Demand

A certain amount of subjective-attitudinal data were collected
during the survey, which yield information about the general level
of awareness of energy-related problems in Batswana households
across ctrata. A series of questions were asked of each survey
respondent regarding self-perceived life problems. Responses
indicate a general level of awareness of an energy problem--fuel
shortages. However, fuel shortages concerned people  in all
income strata at a relatively low level in relation to other major
socioeconomic problems they faced. Fuel shortages across all types
of fuel were regarded as a major problem by approximately 30 percent
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of the middle-income Batswana, while a mean 15.5 percent of the
veryv low- and low-income Ba*“swana respcnded positively, with none
of the very high-income households reporting this as a problem.
When asked to respond to a statement regarding energy as a house-
hold problem, the majority reaction acrcss income strata indicated
a mild awareness that energy was a problem, although there was a
higher tendency for women to be more concerned about the problem
than men.

In responding to guestions regarding fuel-saving technologies,
very low-income respondents suggested that these technologies would
be beyona their financial reach, while the very high-income group
indicated that technologies which save fued should be within the
financial capability of even the poorest Batswana. Generally,
however, mos: respondents indicated some degree of concern for the
cost of energy-saving devices.

When asked to respond to & perceived need for national plan-
ning to address the fuel shortage in advance of a time when such
a shortage would become critical in Botswana, it was not surprising
that higher-income groups responded strongly positive, while lower-
income groups were neutral. In terms of the cumulative effect
of individual actions regarding fuel conservation, lower-income
households believed that only government can solve the problem
while upper-income groups believed that there would be a positive
cumulative effect upon national energy conservation efforts as the
result of individual actions.

In relation to specific energy problems which respondents
were asked to elaborate on, the main and overriding issue was that
of fuel shortages and the related escalation of fuel costs over
the recent past. Lower-income households were concerned with the
shortage of fuelwood and paraffin, middle-income groups were more
concerned with the shortage of gas, and high-income families were
interested in improving the regularity of supplies available for
purchase on the local market.

4.2 Attitudes and Perceptions about Fuel Use

As part of the survey, respondents were asked to comment on
fuel use and availability in relation to subjective indicators of
energy-related problems. The fuel most often unavailable has been
paraffin, reported in 39.4 percent of the responses given by
members of the sample. Paraffin is fcllowed by gas (12.6 percent),
petrol (11.8 percent), coal (6.3 percent), wood (5.5 percent),
electricity (2.4 percent) and diesel (1.6 percent). The absence
of paraffin is mentioned most often by the very low-, low- and
middle-income groups and not at all by the very high-income
group. The shortage of gas, petrol and electricity, on the other
hand, was the concern of the high- and very high-income groups.

It is striking that wood is so low on the list. The reason is
that it probablynever actually disappears from the market. More
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likely, it either increases in
consuming to gather when there

price or is more difficult and time-
is a shortage.

These problems have mostly taken place within the last few

years, with 11.5 percent sa

cent in 1983, and 3.5 percent in 1982,

have occurred mostly in the 1980s.
equally divided
fuel problems.

ying the problem was in 1984,

9.8 per-
Similarly, fuel shortages
In general, people are about

about the success they have had in solving their

Altogether, 33.9 percent said they had
success, 23.4 percent fair success,
Lobatse and Serowe,
energy proii=ms.

had poor
and 42.7 good success.
people reported the least success in solving

In

Table 7 lists the worst fuel problems that
people in each income group could remember:

Table 7

Worst Fuel Problems

Very Very
Problem Low Low Middle High High Mean
no paraffin 26.7 29.6 18.1 11.4 10.5 20.4
no firewood 13.3 8.5 10.3 11.4 5.3 10.0
no gas ——— 1.4 12.1 16.2 10.5 8.9
no transport 6.7 1.4 3.4 6.8 21.1 5.0
no money to buy 10.0 2.8 3.4 4.5 ——— 3.9
irreqular supply ———— 1.4 3.4 —— 15.8 . 2.9
explosion/fire 5.3 2.8 2.6 —— 5.3 2.5
nothing 36.7 50.7 44.8 47.7 31.6 44.3

Respondents were asked to comment on what changes in fuel use
they had seen since their childhood and what changes they had seen
in the last two years in order to find the shifting pattern of
fuel- and energy-use over the years. Table 8 lists the major
changes, according to different income groups.

The big differences related to wood and wood use. In the
old days, wood was the only available fuel, with the occasional
exception of paraffin. Wood was plentiful, free of charge and
easy to find. A greater variety of fuels is available today, a
fact less often noticed by the very low-income groups than by
others. ‘

Table 9 lists the changes which people have noticed in the
past two years. Three themes emerge in contrast to two years
ago:

® the increase in prices,

¢ the shortage of wood, and

® the diversity of fuels,
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Table 8

Changes in Fuel Use since Childhood

Very Very
Low Low Middle High High Mean
more fuels used now 14.9 30.2 25.2 20.0 33.3 24.9
rlenty of wood then 25.5 17.0 21.3 21.5 12.3 20.2
fuels expensive now 17.0 15.1 15.5 16.9 4.2 15.1
wood used then 12.8 9.4 10.3 13.8 16.7 11.3
only wood then 19.1 9.4 6.5 9.2 16.7 9.8
wood free then 14.9 9.4 11.0 6.2 ———— 9.6
no gas then 8.5 9.4 8.4 9.2 ———— 8.3
wood easy to find then 14.9 6.6 4.5 3.1 8.3 6.3
fuel demand now high 4.3 5.7 7.1 1.5 12.5 4.0
wood & paraffin then 4.3 5.7 1.9 3.1 12.5 4.0
nothing 6.4 4.7 18.1 15.4 ———— 11.6

Table 9
Changes in Fuel Use in Past Two Years

Very very
Low Low Middle High High Mean
fuel expensive now 30.0 23.1 24.4 34.8 23.8 26.3
wood scarce now 22,5 14.8 11.0 10.6 4.8 12.8
more fuels used now 10.0 14.8 7.9 13.6 14.3 11.3
demand now high 12.5 €.5 12.2 6.1 9.5 9.5
more gas used now 2.5 8.3 6.1 7.6 14.3 7.0
more wood used then 7.5 11.1 5.5 3.0 9.5 7.0
nothing 32.5 33.3 - 47.6 25.8 28.6 37.6
don't know 7.5 9.3 10.4 24.2 5.8 11.8

The very low-income group notices the scarcity of wood more than
others, while the very high-income group notices the diversity of
fuels, notably the increase in gas use. The scarcity of wood is
most noticed in Palapye and Molepolole, the increase in prires in
Serowe and Lobatse, the high demand in Selebi-Phikwe, and the
increased use of gas in Gaborone.

Enumerators asked about the magnitude of the price rise over
the last two years. Almost everyone agreed that the price had
risen, but the actual amounts are too rough to give in taiular
form. The mean price rise is about 20 percent in that time period,
which roughly corresponds to the general increase in the cost of
living during the same period.

In particular, people were asked why it had become necessary
to pay for fuelwood, which formerly had been free for the taking.
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The main reason, given in 46.2 percent of the cases, is that wood
is now scarce. The second reason (12.8 percent) is that villages
are now too big for easy gathering. Third (12.5 percent) is that
people have started selling wood on a commercial basis. Fourth
(10.5 percent) is the fact that those who are engaged in wage
empioyment cannot spare the time to go long distances to gather
wood. Those who use wood as their principal cooking fuel give the
most reasons and, in particular, put most stress on wood being
scarce today.

All survey respondents were asked to rank the major fuels in
order of preference. The fuel most often mentioned, as well as
the most preferred fuel, is wood. This is fcllowed by gas, which
is mentioned by slightly fewer people, probably because it is not
available to lower-income people. Paraffin is mentioned by more
people, but is at a lower level of preference. Electricity is at
the same level of preference as paraffin, but mentioned hy fewer
people. Coal is last both as regards numrbers and level of prefer-
encz2. Interviews about the reasons why people like certain fuels
and not others were open ended. Table 10 gives the advantages of
the principal fuels and the percent of the sample stating each
advantage.

Taple 10

Advantages of Fuels

Many Easyto Quick Easy Lasts Much Replaces

Fuel Type Cheap Uses  Use to Use to Get Long Heat Fuels
wood 57.0 9.5 10.0 0.5 16.1 3.8 9.7 1.5
paraffin 45.3 20.1 7.6 7.0 3.8 12.2 0.6 10.8
coal 34.5 8.0 2.3 1.1 10.3 17.2 33.3 -————
gas 19.2 2.4 27.6 46.8 2.0 14.8 1.6 0.8
electricity 5.0 11.3 46.1 31.9 9.9 1.4 3.5 0.7

Table 11
Disadvantages of Fuels
Danger- Expen- Smelly ' Lasts Hard May Run

Fuel Type ous sive Dirty Scarce Short Work Qut

wood 2.6 14.8 17.9 35.8 2.8 13.8 1.0

paraffin 33.7 25.6 32.3 2.3 7.3 0.9 1.2

coal 16.1 4.6 72.4 10.3 —-—— 16.1 1.1
gas 53.6 34.8 4.0 2.0 0.4 ——— 9.2
electricity 23.4 77.3 1.4 3.5 0.7 0.7 0.7
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Table 11 lists the disadvantages of the principal fuels, ana
the same pattern is evident in both tables. People like wood,
paraffin aid coal because they are cheap, and gas and electricity
because they are easy and quick to use. The tradeoff is obvious.
Wood is the only fuel that is not considered to be dangerous by
a substantial segment of the sample. The main disadvantage of
wood is that it is scarce, with dirt being a second disadvantage.
The main disadvantage of coal is that it is dirty. Paraffin is
darigerous, dirty and expensive. The principal disadvantages of gas
and electricity are that they are dangerous and expensive, with
gas having a third disadvantage--there is no fuel gauge by which
to tell when the supply is almost finished. Even though there are
great coal resources in Botswana, there is apparently no great
interest in using coal .for domestic purposes.

These advantages and disadvantages explain in .arge measure
why certain fuels are used by certain population groups and not
others. 1In particular, the odds are loaded against the use of
coal, which seems to the people who were interviewed to have few
real advantages and many disadvantages in relation to the other
fuels. It will require a substantial campaign of public education,
a change in coal-using technology and a reduction in price to
persuade people to use coal, if and when Botswana's coal mines
come into full production.

4.3 The Five Major Fuels

Wood

We have seen in Table 6 that wood is the most widely used
fuel in the six villages and towns in the sample. Not only do half
the sample use wood for 80 percent or more of their fuel uses, but
households using other fuels as their major cooking fuels also
use wood for at least some purpose. Only in 37.6 percent of the
households does wood use fall below 10 perc.:nt of all fuel uses.
Table 12 gives the wood burned per household by community and
income group.

Table 12

Kg of Wood Burned per Household per Day

Income Selebi- Mole-

Strata Gaborone Phikwe Lobatse Serowe polole Palapye Mean
very low 3.6 6.2 3.1 5.8 3.5 6.1 4.6
low 2.3 8.9 3.8 7.0 4.5 6.5 5.5
middle 1.3 4.2 3.5 3.8 3.6 6.5 3.7
high 0.7 l.6 0.7 6.4 4.2 3.8 2.4
very high —— 0.8 0.7 8.3 7.7 - 2.8
mean 1.5 5.6 2.6 5.7 4.0 5.8 4.0
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The pattern of wood use is very similar in the three villages of
Serowe, Palapye and Molepolole among all strata. Given our
hypothesized correlation between disposable income and preference
for higher-value fuels, it is striking that the highest levels of
wood use in Serowe and Molepolole are by the very high-income
families. On the other hand, the highest income households in the
three towns of Gaborone, Selebi-Phikwe and Lobatse scarcely use
any wood. They are firmly tied into a modern way of life, with
gas and electricity as their main fuels. In the southern towns,
moreover, even the low-income groups don't use much wood, a
situation similar to but more extreme than that in Molepolole,
which is at the western edge of the fertile eastern belt and is
short of wood.

There is less difference between the consumption levels of
the households whose principal fuel is wood than there is between
the consumption levels of the different income groups. Wood users
ia the three northern centers---Serowe, Palapye and Selebi-Phikwe--
use respectively 7.4 kg, 6.8 kg and 8.0 kg per day, while the wood
users in the southern centers--Molepolole, Gaborone and Lobatse--
use 5.1 kg, 5.0 kg and 5.6 kg per day. The mean for the north
is 7.4 kg per day and for the south is 5.2 kg per day. The south-
ern amount is probably enough to do the basic cooking for the
household, as it equates to megajoules of heat. The northern amount
represents a more generous use of fuels in a relatively more wood-
abundant region.

Looking at the per capita use of wood, Serowe, with 2.15 kg of
wood per day per family member for wood-using families, consumes
little more wood than Gaborone, with 1.11 kg per day per family
member, or Lobatse, with 1.17 kg per day per family member. The
eXtremes of per capita daily use are Selebi-Phikwe, with 1.97 kg
per day per family member, and Molepolole, with 0.86 kg per day
per family member. It should be remembered, however, that Selebi-
Phikwe is a relatively new town, with fuelwood still nearer to the
center of population, while Molepolole is both an old village and
on the fringes of the desert.

There is a smooth gradation from very low to very high incomes
if we consider per capita consumption of wood. The very low-income
families, who depend almost entirely on wood, use 1.30 kg of wood
per day per family member, the low-income group, 1.07 kg; the
middle, 0.70; the high, 0.59 and the very high, 0.35. The differ-
ence between low- and high-income families' in Serowe and Molepolole
is much less than elsewhere. The very high-income families in
these two centers use .98 kg of wood per day per family member,
somewhat less than their low-income counterparts, who use 1.16 and
1.08 kg, respectively.

Non-wood-using households, of course, use much less wood per
day per family member than the wood-using households. The overall
mean for the wood-using households is 1.34 kg per day per family
member, while the overall mean for the non-wood-using households
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is only .15 kg per day per family member, This difference is
significant at far beyond the .001 level. Another significant
difference is that between male-headed and female~headed households.
The male-headed households use only a mean of .7 kg per day per
family member. This is in part due to the fact that female-headed
households are in general a lower-incomc group and, thus, more
dependent on wood than the male-headed households.

People were asked whether they had bought wood and, if so,
how much they paid for it. Unfortunately, the actual price data
are not useful. The figures are much too high and suggest that
the question was sometimes, though not always, asked in such a
way as to elicit the price paid for the most recent purchase,
however large it might'have been or however long ago. Hence, these
data cannot be used. On the other hand, it is possible to learn
something from the fact that the household has at some time bought
wood. Of the wood-using households, it is reported that 71.1 per-
cent had bought wood at some time. 1In yener2l; i hé percent of
wood-using households in each of the six communities is higher than
the percent of those who at some time have bought wood. The
differences are largest in the three villages of Serowe, Palapye
and Molepolole, and smallest in Gaborone and Lobatse, where it
is very difficult to gather wood in the nearby open countryside.

Altogether, 82.8 percent of wood uses were for cooking or
making tea, and another 15.3 percent were for heating water for
washing, bathing or beer brewing. It is not surprising that
there were essentially no other uses for wood as a fuel. Only
the lowest-income households use wood to light the house at night.
Most fuelwood comes from trees which grow wild, usually at cattle
posts or on uncultivated land. The varieties of trees which provide
fuelwood are well known to persons who must depend on them.

People were asked to state what types of fuelwood they know and
what advantages each type has. Table 13 lists the most commonly
known types of trees and their advantages as fuelwood. More trees
than these were named, but for ease of reading the table, we have
eliminated those mentioned by fewer than 10 percent of the
respondents. 1In each case, the Setswana and botanical names are
used as none of the common fuelwood trees have common English names.

The principal advantages that people attribute to a type of
fuelwood are that it burns hot, there is enough of it available
and it burns well. Only Moselesele is noteworthy for the fact that
it is easy to chop, presumably an important consideration to the
old and infirm people with small incomes who are dependent on wood.
There are some differences of opinion about wood between the entire
sample and people who use wood as their primary cooking fuel.
Among the latter, the most important advantage for fuelwood is that
it burns hot, mentioned by 45.0 percent of the respondents. This
is followed by the preference that there is plenty of it (26.6
percent), it burns well (24.4 percent), it is easy to ignite
(11.0 percent), it is easy to chop (7.5 percent) and it is common
locally (4.9 percent). :
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In particular, 10.6 percent said the Motswere is hard to chop,
4.8 percent said that it produces too much ash and 4.1 percent
said the trees are scarce. Of Moselesele, 8.0 percent said that it
is scarce znd 7.4 percent that it burns quickly. Mosu is said by
7.8 percent to produce too much smoke and by 5.3 percent that it
burns tooquickly. Honudiri is said by 3.5 percent that it produces
too much ash, Mongaga by 3.4 percent that it burns too guickly, and
Mogonono by 7.2 percent that it burns too quickly. The other
comments were made by fewer than 3 percent of the persons
interviewed.

Table 13

Firewood Types and Advantages

Named by Burns Plen- Burns Easy to Easy to Common Less
Sample Very Hot tiful Well Ignite Chop Locally Smoke

Motswere 42.9 17.8 13.6 11.0 1.8 —-—— 0.4 0.7
(Combretum imberbe)

Moselesele 36.7 12.7 3.5 6.7 3.2 9.0 1.2 0.9
(Dichrostachys cinerea)

Mosu 31.1 12.7 3.9 6.5 3.2 1.9 2.3 0.4
(A. tortilis,

A. nilotica)

Mophane 31.1 11.8 15.7 5.7 2.8 1.8 0.4 0.7

 (Colophospermum mopane)

Mohudiri 26.9 9.9 5.3 7.4 1.2 1.2 0.7 0.4
(Combretum apiculatum)

Mongana 25.6 11.8 2.3 5.8 3.5 0.4 0.9 0.5
(A. mellifera)

Mogonono 21.6 6.4 2.7 1.6 1.9 1.2 3.2 0.2
{Teminaliz sericea)

Mokoba 18.0 4.9 4.6 5.1 1.2 0.2 0.5 0.5
(A. nigrescens)

Moloto 14.8 5.1 3.5 2.8 1.6 0.5 0.5 ——
(A. erubescens)

Motlopi 13.3 3.0 1.2 2.1 —-—— 0.5 0.5 ——
(Boscia albitrunca) ,

Mogotlho 12.0 3.7 1.2 1.4 1.9 0.5 0.9 -
(A. erioloba)

People sampled were also asked what type of tree they owr and
in what numbers. Trees mentioned by less than 2 percent of the
sample are not included in Table 14, which gives the percent of
household in each community having each type of tree, as well as
the overall mean number of trees owned by those households.
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Table 14

Households Owning Trees

Selebi- Mole~ % of Mean
Gaborone Phikwe Lobatse Serowe polole Palapye Sample Nunber

Mulberry 9.4 27.2 11.6 11.0 13.5 26.6 15.3 2.6
Hedge 16.4 8.3 11.6 13.2 4.2 14.1 14.7 20.6
Motsestse 0.8 2.2 1.1 47.3 3.1 50.0 14.5 3.0
(Euphorbia

tirucalli)

Peach 7.8 19.6 27.4 9.8 9.4 3.1 13.1 2.5
Morula 7.0 23.9 ———— 18.7 7.3 9.4 10.8 1.8
(Sclerocarya '

caffra)

Mosalaose 3.9 ——— 6.3 16.5 19.8 14.1 9.5 2.8
Eucalyptus 2.3 8.7 7.4 6.6 6.3 2.1 8.5 3.8
Acacia 8.6 3.3 4.2 8.8 10.4 12.5 7.8 2.0
Jacaranda 5.5 10.9 9.5 5.5 7.3 4.7 7.2 1.9
Orange 3.9 8.4 7.4 6.3 3.1 4.7 5.7 1.8
Papavya 3.1 14.1 -— 8.8 - 9.4 5.5 3.2
Banana 2.3 18.5 3.2 7.7 —— 1.6 5.5 4.7
Mogonono 4.7 ———— 1.1 — 15.6 10.9 5.1 3.8
Mopana 0.8 29.3 - —— -—— ke 4.9 2.2
Moroja 2.3 2.8 1.1 12.1 2.1 — 4.6 1.1
(Azanza

garckeana)

Grape 3.9 5.4 4.6 4.4 2.1 1.6 4.6 1.9
Fig 3.1 6.5 2.1 11.6 —— 3.1 4.4 1.6
Motswere 3.1 1.1 ——— 2.2 5.2 12.5 3.5 2.1
Guava 1.6 8.7 2.1 5.5 —-— 4.7 3.5 2.1
Mango 4.7 5.4 —— 4.4 ——— 1.6 2.8 1.7
Moloto 9.4 3.3 —— —— — —— 2.7 1.1
Mohudiri 5.5 4.3 2.3 1.1 1.0 —— 2.3 1.6
Pine - 5.4 1.1 2.2 3.1 1.6 2.1 2.5

Almost all of the trees owned by families are at their homes,
rather than in their gardens or at their fields. Only in Molepo-
lole did 22 percent of the households report having trees at their
fields. Altogether, 93.4 percent of the trees were reported to be
located at home, 2.5 percent in the garden, 3.8 percent at the
lands and 0.4 percent at the cattle posts. Table 15 shows the
household uses of trees which people plant on their own land.

The biggest uses of trees are for shade, fruit for the family,
fencing, windbreaks and flowers. Use of wood for fuel appears far
down on the list. While energy is not perceived to be a major
problem facing most households for primary wood-using families,
fuelwood shortages and cost increases are perceived as problems.

The majority of survey respondents indicated a need for regulation
of tree cutting. The major exception to stricter control of cutting
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was with households using fuelwood as their principal cooking fuel.
Across all communities surveyed, respondents felt that government
should be responsible for regulating cutting. When asked to suggest
a preferred method of such regulation, approximately 30 percent
indicated that they did not know how to accomplish this type of
control over the use of communal land tree resources. The most
common positive suggestions are that wood be rationed or permits
be issued to those who wish to enter the area to cut wood. A
substantial group, particularly in Molepolole, urged that
unrestricted gathering of wood continue. Another approach is to
control the times when the forest is open for cutting. These
schemes would obviously be very difficult to administer, unless
there were supervisors on duty, which would itself he difficult
owing to the large area of communal land where wood can be
collected.

Table 15

Uses of Trees

Selebi-~ Mole-

Gaborone Phikwe Lobatse Serowe polole Palapye Mean
shade 56.2 39.0 20.2 40.3 60.6 47.5 44.5
fruit 23.0 48.9 58.5 34.3 15.9 22.3 34.3
fencing 11.2 10.6 12.3 20.8 6.8 28.3 15.1
windbreak 7.9 1.9 2.1 2.3 15.2 16.5 6.7
flowers 3.4 10.2 3.2 4.6 6.8 0.7 5.5
fuelwood 5.6 2.3 5.3 —— 0.8 - 5.5
sale of fruit -— 0.4 2.1 - -—— -—— 0.3
sale of fusl ——— 1.1 ——— —— — —— 0.1

Survey respondents indicated that they travelled between seven
and 33 kilometers round trip to gather wood. The closest distance
represents the average distance travelled for families in Selebi-
Phikwe, presumably because it is a relztively new town. The
farthest distances reported were for residents of Gaborone.

Ir most cases, these fuelwood areas are in remote places, far
from the main motor roads. Often they are on communal lands, but
in some cases they are on land which is part of a cattle post or
lands area. 1In these cases, it is necessary to pay for use of the
area. Enumerators reported that in some cases the owner of the area
would demand 5.00 pula for a load of wood, or at least require the
person to get permission for taking it. 1In theory, fuelwood cutters
are not supposed to cut live trees, but in fact, according to the
enumerators, this rule is often violated. In some cases, wood
collectors are supposed to come from particular villages only,
and "intruders" from Gaborcne or other distant towns are the object
of resentment.
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Enumerators also asked to interview wood sellers themselves.
They found that those who sell wood in their homes travel an
average of 12,7 kilometers to obtain wood, while those who move
around the village to sell their wood travel an averags of 17.7
kilometers to obtain it. Of the entire group of sellers inter-
viewed, 43.2 percent transport their wood by donkey cart, 20.5
percent by pick-up truck, 18.2 percent by headload, 11.4 percent
by lorry, 4.5 percent by ox cart and 2.3 percent by car. In
78.7 percent of the cases, they get their wood from state or
communal lands, in 19.1 percent from other people's lands and
2.1 percent by scavenging. In more than half the cases, they say
that people buy wood from them because it is the least expensive
fuel.

More information can be obtained from a study of the informal
sector in Botswana, conducted by the Applied Research Unit of
MLGL in 1983,

If wood is scarce and increasingly expensive, then it is
necessary for people to find ways to use the little wood they have
more economically and efficiently. Table 16 lists by community
the percent of suggestions respondents offered as to means of
saving fuelwood in the home.

Table 16

Ways to Save Fuelwood

Selebi- Mole~

Gaborone Phikwe Lobatse Serowe polole Palapye Mean
use coal 15.6 29.4 35.1 1.7 1.3 25.5 17.2
use less to cook 20.0 26.5 17.5 3.4 6.6 7.8 14.2
put fire out 8.9 10.3 3.5 5.2 28.9 13.7 12.2
use other fuel 21.1 5.9 5.3 17.2 ~—— 21.6 11.7
use wonder box 15.6 39.7 - 1.7 3.9 —-—— 11.2
efficient stove -—— —— ——— 29.3 21.1 ——— 8.2
cut wood small 5.6 5.9 5.3 5.1 9.2 3.9 6.0
use new device -—— —— —-—— 3.4 ——— 7.8 2.5
cook less often 1.1 ——— 1.8 8.6 — 5.9 2.5
use cow dung 4.4 1.5 ——— ——— —-——— 2.0 1.5
cook indoors —— —— -—— —— 3.9 —— 0.7
impossible 16.7 11.8 12.3 6.9 18.4 17.6 14.2
don't know 4.4 4.4 36.8 20.7 10.5 2.0 12.2

These ways to save fuelwood suggest new and changed techno-
logies. This report will discuss such technologies in Section 6.0.
The very low-income groups have the least knowledge of how to save
fuelwood. Their main suggestion was to put the fire out after
finishing cooking. The implication is that in many households,
particularly those with outdoor fireplaces, the fire is simply
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allowed to burn itself out after the meal is prepared. Those whose
pPrincipal cooking fuel is wood echo this suggestion. 1In Jeneral,
people agreed strongly, at the level of 3.3 percent, with the
statement, "cooking with a stove, not an open fire, saves time and
money" and disagreed at the level of 2.2 percent with the statement,
"the best way to cook is on an open fire." The very low-income
households agreed least with the first statement, being almost
neutral in comparison with the other four groups, and likewise
disagreed only mildly with the second statement.

Paraffin

Paraffin is much less used than wood. As stated, it is an
occasional fuel for most people, often used when a quick meal or
cup of tea is desired. Table 17 gives the amounts of paraffin
used per household by community and income group.

Tabie 17

Litres per Day of Paraffin Used per Household

Income Selebi- Mole-

Strata Gaborone Phikwe Lobatse Serowe pbolole Palapye Mean

very low .20 .00 .27 .04 .09 .21 .1

low .19 .11 .10 .07 .12 .11 .12
middle .18 .04 .11 .05 .28 .26 .16
high .0l .00 .14 .06 .35 .04 .09
very high .00 .00 .00 .14 .14 .00 .04

mean .13 .05 .13 .06 .22 .17 .13

There is not much variation between the different communities.
Molepolole families use the most paraffin, at about 220 millilitres
daily, while those in Selebi-Phikwe use the least, about 50
millilitres daily. The high level of paraffin use in Molepolole
is probably related to the relatively low level of wood use, as
that is a village where gas and electricity are not as readily
available as in Gaborone or Lobatse. The high- and very high-
income families use the least paraffin. As indicated earlier, they
are tied to the use of gas and electricity. On the cther hand, the
very low- and low-income groups also use less than *he middle-
income group, as they rely mainly on wood.

Even those who use paraffin as their principal cooking fuel
do not use much. The daily average is 310 millilitres of paraffin,
with the Gaborone fiqure highest, at 400 millilitres daily. Those
who cook with wood use an average of 140 millilitres daily, and
those who cook with gas or coal use 90 millilitres daily. The
biggest consumption of paraffin for the wood and gas users 1is in
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Molepolcle, where both groups average 220 millilitres of paraffin
a day, probably due to the scarcity of wcod and occasional diffi-
culty in getting gas bottles filled. Those who cook mostly with

electricity do not report any paraffin use at all. There 1is much
more uniformity if daily paraffin use is considered on a per capita
basis. From this view, the very low-income Groups use 37 milli-

litres per person per day, the low use 29, the middle 32 and the
high-income households use 24 millilitres, while the very high-
income families use only 5 millilitres daily, on the average.
Those who cook with paraffin use 93 millilitres daily per capita,
while those who rely mainly on another cooking fuel use only

24 millilitres per person per day.

As in the case of'wood, female-headed households tend to use
more paraffin per capita, name.y 37 millilitres daily, than male-
headed households, who use only 25 millilitres daily. It must be
remembered, however, that the female-headed households tend to be
smaller and have lower incomes and are, thus, more likely to be
dependent on paraffin. Even among¢ the very low- and low-income
households, having a large family implies that there is someone
available to collect fuelwood. 1In the low-income, small families,
people often must depend on paraffin alone, particularly in the
towns.

The principal use of paraffin is for cooking and heating water,
which makes up 58.3 percent of all the possible uses. Next is
lighting, with 39.7 percent of the uses. The total amount of
paraffin used for cooking, on the other hand, would be much more
than that used for lighting, as the small hurricane lamps (which
make up the majority of all paraffin-using lamps) use fuel much
more economically than larger Aladdin lamps or pressure lamps.

Coal

As noted, coal is used in Lobatse and scarcely anywhere else
in the country. The mean coal use per day in Lobatse is 0.3 kg per
household, an amount which is the same for low-, middle~- and high-
income families. The very low-income groups do not use coal, and
the very high-income families use 0.9 kg per household per day.
Those who depend on coal as a cooking fuel use 2.9 kg per household
per day; those who cook with wocd or gas use 0.1 kg per household
per day; and those who cook with electricity use 0.2 kg per
household per day. Paraffin users do not use coal at all, further
supporting the argument that people who depend on paraffin to cook
are generally small and marginal households.

Per capita use of coal displays a similar pattern. Those who
cook with coal use 0.7 kg per person per day, while households
which cook with other fuels use less than 0.1 kg per person per day.
The low-, middle- and high-income families use 0.1 kg daily per
person, while the very high-income group uses 0.3 kg daily per
person.
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More than 92 percent of the uses of coal are to cook and heat
water. A few households, 3.2 percent, reported that they use coal
for manufacturing goods. Unfortunately, this aspect of coal use
was not pursued during this survey. Enumerators asked an open-
ended question about what might lead people to use coal. Table 18
lists the conditions under which respondents from different economic
stratua might use coal.

Table 18

Households Willing to Use Coal

Very Very

Low Low Middle High High Mean
coal stove available 25.5 38.5 29.3 20.9 1.0 28.8
during the winter 25,5 22.9 25.0 23.9 36.0 25.1
if cheaper than wood 14.9 7.3 6.4 10.4 8.0 8.5
if not dangerous 2.1 4.2 6.4 14.9 12.0 7.2
if cheaper than gas 4.3 - 4.3 9.0 4.0 4.0
if available free 2.1 3.1 5.7 1.5 —— 3.5
if taught its use 8.5 1.0 2.1 —-——— — 2.1
cheaper than electric —— 1.0 0.7 4.5 8.0 1.9
if easy to ignite 4.3 2.1 1.4 1.5 -—— 1.9
cheaper than paraffin 2.1 3.1 0.7 —_— 4.0 1.6
would never use coal 19.1 18.7 21.4 22.4 24.0 20.8

The most  important precondition for using coal is that coal
stoves be available. For obvious reasons, people prefer coal stoves
in winter than summer. Otherwise, the main reasons have to do with
the price of coal relative to other fuels. There are few signifi-
cant differences between the strata. On the other hand, there are
strong differences between those who already use coal as their main
cooking fuel and other users of other types of fuel. Coal users
assert that coal is cheaper than wood or gas. More than half of
the paraffin users, 51.9 percent, say they would use coal if a
stove were available, while 28.1 percent of wood users, 25.7 of gas
users and 18.2 percent of electricity users give that argument.

There is an obvious and strong relation between the willingness
to use coal and its price relative to the household's present fuel.
If the price were only half the price of the present fuel, a
large majority, including electricity users, say they would switch
to coal. On the other hand, if coal remains more expensive than
other fuels, people see no benefit in shifting to it. The low-
and middle-income families are in general more willing to shift to
coal than the high- and very high-income families.

Gas

Gas is the second most widely used fuel among the households
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interviewed during this survey, with only wood being more commonly
used. Table 19 gives the amount of gas used per household by
community and income group on a daily basis.

Table 19

Kg per Day of Gas Used per Household

Income Selebi- Mole-

Strata Gaborone Phikwe Lobatse Serowe polole Palapye Mean
very low .00 .00 .44 .00 .00 .00 .07
low .27 .10 .10 .03 .03 .25 .15
middle .53 .31 .51 .46 .53 .31 .44
high .67 .32 1.82 .75 .69 1.50 1.08
very high .79 1.08 1.98 .87 .78 5.33 1.19
mean .47 .25 .85 .60 .38 .60 .46

There is a steady increase in the amount of gas used per house-
hold per day from the very low- to the very high-income households.
The very low- and low-income groups used almost no gas, both
because they depend on wood and gas bottles and stoves are expensive.
Gas use in Lobatse is lower than in the other centers, perhaps
because middle~ and high-income respondents there depend more on
coal than on gas. Those households which use gas as their principal
cooking fuel use an average of 1.29 kg daily, with a high of 3.33 kg
in Palapye and 0.86 kg in Gaborone. The Palapye figure seems
unusually high and may reflect a great degree of conspicuous consump-
tion by very high-income households, who averade 5.33 kg per day,
as shown in Table 19,

Per capita use of gas ranges from 0.01 kg per day for the
very lcw-income households, 0.05 kg for the low-income group and
0.14 kg for the middle-income to 0.31 fur both the high~- and very
high-income households. As mentioned, the high- and very high-
income families in Palapye use more gas per person per day than
families in any of the other communities surveyed. As in the case
of other fuels, gas is used basically for cooking and heating. A
small percent of households also use it for cooling, freezing and
lighting.

Electricity

The pattern of electricity use is quite different from that
of the other fuels. It is an all-purpose source of power and,
hence, is used for more than cooking and heating water. Altogether,
46.4 percent of its uses are for cooking, 11.6 percent for heating
water, 8.8 percent for cooling and freezing, 13 percent for
entertainment, 2.1 percent for pressing clothes and 17 percent for
lighting.
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Table 20 lists the kilowatt-hours of electricity used per
household by community and by strata. These figures must be taken
in relative terms only, because, as stated, in many cases the
electricity use was not recorded as the meter boxes were locked.
Unfortunately, it is not possible to tell which households these
were and, as a result, the figures are generally too low. On the
other hand, it is possible to identify trends and relative propor-
tions from these figures.

Table 20

KWH of Electricity per Household

Income Selebi- Mole-~

Strata Gaborone Phikwe Lobatse Serowe polole Palapye Mean
very low .00 .00 .00 .00 .00 .00 .00
low .19 .62 .00 .00 .00 .00 .17
middle 2.24 2.06 .80 .25 .21 .01 .98
high 5.46 4.55 1.09 .78 .35 2.61 2.89
very high 6.55 3.67 6.34 1.83 .00 2.00 4.24
mean 2.61 1.56 1.19 .31 .15 .55 1.14

The pattern is clear, even if the absolute numbers are too low.
Electricity is used more by high- and very high-income families
than by others and is much more used in towns than in villages.
Those who use electricity as their main cooking fuel, of course,
use the most electricity, 5.34 kWh per day. Gas users are next,
with 2.04 kWh per day, coal users follow with 0.78 kwWh per day,
and woodusers with 0.36 kWh per day. Those who cook with paraffin
do not record any electricity use.

Per capita use of electricity shows the same pattern as
household use. The overall mean is 0.29 kWh per capita per day,
while very low-income groups use none, low-income groups use
0.03 kWh, middle income, 0.29 kWh, high~income, 0.68 kWh and
very high-income, 1.10 kWh. Male-headed households also use much
more electricity per capita than female-headed households, 0.39 kWh
versus 0.06 kWh.

4.4 Household Energy-Using Devices

4.1.1 Devices in Use

Every household visited had some energy-using devices, even
if only an open fire for cooking and lighting. The range of such
devices was enormous, from the traditional and very low-income
household with only an oven fire to the very high-income, modern
household with car, electric stove, refrigerator, television,
stereo, and other luxuries. Table 21 lists the vercent of house-
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Table 21

Household Ownership of Energy-Using Devices

Mean

Pur-

Selebi- Mclepo- Sample Mean chase

Gaborone Phikwe Lobatse Serowe lole Palapye Mean Number Price

Fireglaces

yard open fire 34.4 38.0 60.0 30.8 24.0 56.3 39.4 1.3 0
yard fireplace _— 2.2 17.9 18.7 47.9 3.1 14.8 1.9 0
house open fire 1.6 14.1 13.7 23.1 12.5 17.2 12.7 1.1 0
house fireplace 10.1 4.3 7.4 4.4 20.8 1.6 8.7 1.0 2
Stoves !

gas 47.7 21.8 53.7 27.4 41.7 26.6 37.8 1.1 172
paraffin 35.2 6.5 56.8 28.6 28.1 21.9 304 1.3 29
wood 14.1 22.8 13.7 26.4 10.4 32.8 18.9 1.1 286
electric 13.3 12.0 11.6 4.4 —— 7.8 8.5 1.0 314
coal 1.6 -—— 18.9 - —— — 3.5 1.0 126
Cooking

Utensils

kettle 41.9 5.4 58.9 4.4 69.8 9.4 33.6 1.3 20
toaster 11.7 3.3 9.5 -—— 5.2 1.6 5.8 1.0 24
mixer 10.9 5.4 2.1 —— 6.3 3.1 4.6 1.4 47
roaster 5.5 1.1 5.3 -——— 2.1 .- 2.7 1.0 25
elec. knife 4.7 —— ——— —_— —_—— —— 1.3 1.0 -—
hot plate 3.9 —— -—- -—= 1,0 — 1.1 1.5 68
elec. pan 0.8 1.1 ——— ——— ——— — 0.3 1.0 -
blender 0.8 - — - — _— 0.2 1.0 -
food dryer - - —— - 1.0 - 0.2 1.0 ——
Coolers &

Heaters

refrigerator 43,8 21.7 41.1 18.7 11.5 21.9 27.7 1.1 594
fan 22,7 8.7 12.6 8.8 6.3 7.8 12.0 1.3 44
space heater 18.8 4.2 15.86 7.7 6.3 3.1 10.2 1.1 72
water heater 18.8 9.8 10.5 6.6 1.0 1.6 9.0 1.2 120
freezer 10.9 3.2 3.2 ——— 10.4 1.6 5.5 1.0 381
air conditioner 5.5 5.4 —— 1.1 ——— 3.1 2.7 1.8 27

General

Appliances

iron 68.0 64.1 94.7 80.2 74.0 92.2 79.1 1.4 16
sewing machine 17.2 7.6 27.4 17.6 24.0 35.9 21.0 1.1 143
hair dryer 8.6 —— 7.4 —— 2.0 —-— 3.5 1.0 26
vacuum cleaner 5.5 2.2 2.1 2.2 1.0 1.6 2.7 2.3 179
knitting machine 2.3 2.2 2.1 1.1 2.0 1.6 1.9 1.0 247
clothes dryer 0.8 - —-—— —— - ——— 0.2 1.0 -
Office

Equipment

calculator 24.2 5.4 8.4 4.4 10.4 9.4 11.1 1.2 21
typewriter 7.8 2.2 7.4 - 4.2 4.7 4.7 1.0 128
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Table 21 {continued)

Household Ownership of Energy-Using Devices

Mean
Pur-
Selebi- Molepo- Sample Maan chase
Gaborone Phikwe Lobatse Serowe lole Palapye Mean Number Price
Tools
saw 10.2 12.0 0.2 4.4 12.5 4.7 8.3 1.4 10
pump 0.8 15.2 8.4 11.0 3.1 12.5 7.8 1.2 103
lawnmower 6.3 2.1 1.1 1.1 1.0 1.6 2.7 1.1 168
generator 0.8 - 2.1 1.1 2.1 —— 1.1 1.0 -
drill 2.3 -— 3.2 1.1 ——— 1.6 0.9 1.5 80
mill -— —— - 1.1 2.1 1.6 0.7 1.0 -
lathe —— —— 1.1 ——— -—— -— 0.2 1.0 -
Lighting
Equipment
candle 67.2 43.5 83.2 46.2 66.7 42.2 60.8 3.1 -
hurricane lamp 38.3 28.3 51.6 38.5 52.1 60.9 44.6 1.7 6
torch 25.8 22.8 16.8 29.7 37.5 40.6 28.1 1.4 7
light bulb 39.8 28.3 31.6 16.5 7.3 15.6 24.6 9.1 -
Aladdin lamp — 22.8 14.7 36.3 44.8 9.6 21.6 1.8 9
pressure lamp 2.3 6.5 9.5 8.8 13.5 4.7 7.6 2.7 24
fluorescent lamp 7.0 1.1 2.1 6.6 1.0 6.3 4.1 1.9 41
tin lamp 1.6 1.1 3.2 8.8 2.1 4.7 3.4 1.2 2
Communication/
Entertainment
Devices
radio 76.6 50.0 96.8 58.2 66.7 89.1 72.4 1.4 372
tape recorder 22.7 5.4 7.4 26.4 13.5 14.1 15.4 1.0 240
telephone 12,5 4.3 20.0 12.1 8.3 26.6 14.8 1.4 67
television 25.0 12.5 25.3 4.4 2.1 2.2 12.7 1.0 788
tape player 13.3 2.2 6.3 8.8 10.4 4.7 8.1 1.2 282
high-£fi set 3.1 4.2 9.5 3.3 3.2 - 3.9 1.6
phonograph 4.7 —— 5.3 3.3 6.3 —— 3.5 1.7 112
video player 3.1 13.0 —— 1.1 1.0 1.6 3.4 1.1 1960
video recorder 7.8 1.1 2.1 2.2 1.1 - 2.8 1.1 948
slide projector 0.8 —-—— -—— -— ——— ~—— 0.2 1.0 -
Means of
Transport .
bicyEIE_ 23.4 30.4 21.1 27.5 12.5 17.2 22.3 1.3 196
saloon car 24.2 5.4 29.5 17.6 8.3 7.8 16.4 1.2 11512
pick-up truck 14.8 9.8 8.4 11.0 3.1 20.3 11.7 1.1 6636
lorry 3.1 9.7 10.5 9.9 5.2 3.1 6.4 1.4 12131
station wagon 6.3 2.2 1.1 4.4 3.1 3.1 3.5 1.2 9925
tractor 1.6 1.1 — 7.7 6.3 1.6 3.0 1.6 15701
motorcycle 0.8 2.2 2.1 1.1 1.0 1.6 1.4 1.0 1423
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hclds in eacn of the communities which own each type of device.

The devices are grouped by category according to their general use.
The mean number of devices of each type owned by the households
which possess that type of device is given after the percent of

the sample owning the device. The last number is the mean purchase
pPrice in pula of devices of that type. Dashes are listed where the
price is not known.

The percent of households owning c¢as and paraffin stoves is
higher than might be exp-rred, given the level of use of gas and
paraffin. However, it must be remembered that the paraffin stove
is used primarily as an emergency stove for small cooking tasks
and only in a few households as the main cooking device. Likewise,
it can be expected that many households have gas stoves, although
not all will use them. Gas bottles run out and people don't fill
them, but leave them empty until some future date when there is a
bit more money available.

Many households have open fires in the yard. This includes
even some of the higher-income households, particularly when they
are wood-using households. Kettles are the most common cooking
device, which reflects the popularity of tea as a guick hot drink.
Irons are extremely common in the households sampled. Altogether
54.5 percent are heated by wood or charcoal, another 28.2 percent
use electricity, 8.2 percent are heated on a gas stove and 6.8
percent are heated on a paraffin stove. The great majority of
irons, therefore, are very simple, flat irons, which must be heated
externally before each use.

Most households use candles and hurricane lamps for lighting.
There are a very few households using only the open fire, but they
are increasingly rare. A quarter of the sample uscs electric
lights, 21.6 percent of the sample have Aladdin lamps and 7.6 per-
cent have pressure lamps, all of which give bright light.

Approximately 75 percent of the sample respondents have
radios, and it is likely that some of them have one without
mentioning the fact, particularly in Gaborone and Selebi-Phikwe.
Telephones, tape recorders and television sets are also quite common.
A high proportion of the sample has some means of transport of its
own, the most common being the 22.3 percent who have bicycles,
the 16.4 percent who have ordinary cars and the 11.7 who have
pick=-up trucks.

Certain of these devices can be operated using several
different energy sources. Table 22 lists the percents of the
different fuels by which these devices are operated. Space
heaters, water heaters, refrigerators and freezers are mostly
run by electricity, even though alternatives do exist. Batteries
are used to run electrical devices by households not connected to
the grid. Radios zrc the most popular electricity user for people.
Photographs, tape recorders and tape players are almost as popular.
Most television users are connected to the grid. There are few
current users of solar power.
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stove

kettle
refrigerator
freezer

space heater
water heater
iron

pressure lamp
radio

tape recorder
tape player
television
phonograph

Table 22

Sources of Energy for Household Devices

Hood

40.2

Table 23 contrasts the use

for those devices which can be o

sewing machine
knitting machine
drill

saw

lawnmower

mill

pump

typewriter
calculator

In almost every case where hand power is possible, it is used.

Paraffin Coal

19.1 30.7 3.6
8.9 3.9

9.6 ——

9.7 —-——-

——— 27.6 1.7
5.9 —— 7.8
6.8 1.1

Gas Eleciric

1 8.6
9 29.1
8 71.3
.9 77.4
1 55.2
5 54.9
2 28,2
5 -——
18.9
33.7
33.3
87.5
31.6

Battery

Solar

1.7

0.2
8l1.1
66.3
66.7
12.5
68.4

of fuel with the use of hand power

perated by hand.

Table 23

Devices Operated by Hand or Fuel

Hand Battery Electric Petrol Diesel
80.7 _— 19.3 -— -—
80.0 — 30.0 -—- ---
57.1 ——— 42.9 _— —
95.7 — 4.3 -— ——
21.4 -— 21.4 50.0 5.1
25,0 ——— ——- -— 50.0
87.8 — 2.4 — 9.8
69.2 11.5 19.2 -— -

1.3 93.3 5.0 ——- -—-

Hand calculators are an obvious exception.' It is significant that
no one reported using a solar-powered pump.

The very low-income
of energy-using devices,
middle-income group, P672,
the very high-income group,
exXtremely wide.
fuel also own very little,

Those for whom

P29,695.

group owns on the average only Pl0-worth
the low-income group owns P93, the
the high-income group, P19,020, and
The range is obviously

paraffin is the principal cooking
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with a mean of P171 worth.
users have a mean of P3,555, with an extremely large variance.
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As indicated, wood users are drawn from the lowest- as well as the
highest-income strata of Batswana. Coal users have a mean of
P4,371-worth of devices, but with a smaller variance than that of
the wood users, showing that coal users fall in the middle range
of income strata. Gas and electricity users have P19,596- and
P22,727-worth of devices, respectively--again, with smaller
variances than that of the wood-using group.

4.4.2 Devices and Fuel Use

Households were asked how they had used energy and water
during the two 24-hour periods in each of the three seasons.
Table 24 lists the percent that each type of use accounts for
among the total number of uses reported in the six communities,

Table 24

End-Uses of Energy and Water

Selebi~ Mole-

Gaborone Phikwe Lobatse Serowe polole Palapye Mean
cooking 78.5 58.5 53.7 65.1 39.6 79.6 60.7
hot water 9.8 8.5 9.0 10.6 9.5 8.4 9.4
lighting 4.9 8.5 5.3 9.8 10.5 6.1 7.7
dish washing 1.4 7.6 5.4 2.3 13.3 1.1 5.8
bathing 1.1 3.3 2.9 2.0 11.2 2.8 4.2
entertainment 2.5 5.6 5.0 3.4 4.6 0.2 1.8
clothes wash 0.4 0.8 3.0 0.4 4.6 0.6 1.8
drinking ——— 3.1 3.3 0.4 ——— 1.5 1.4
clean house 0.1 —-— 5.1 —— 1.1 —— 1.1
freezing 0.3 1.0 2.2 1.3 0.5 0.3 0.9
make drinks 0.1 0.1 0.4 3.1 0.3 —-——— 0.7
transport -— 0.3 2.3 0.4 0.6 0.4 0.6
iron clothes 0.1 0.5 1.1 0.3 1.0 0.3 0.6
space heating 0.1 1.0 0.3 0.2 0.4 ——— 0.4
gardening —-— 0.6 0.1 -— 0.4 —— 0.2
cooling 0.1 0.4 0.1 0.3 0.2 —-——- 0.2
process food 0.6 -—— —— 0.2 0.2 — 0.2
artisan work - 0.2 0.2 0.1 0.4 0.1 0.2
clerical work -—— —— 0.2 ——— 0.2 -— 0.1
make clothes —-— 0.1 ——— —— — -—- ——

Most energy uses were in cooking, heating water, lighting, washing
dishes, bathing and entertainment. A household energy project
which concentrates on cooking and heating water alone would deal
with more than 70 percent of all energy-using activities.

Table 25 shows the seasonal pattern of the most importdant of
the activities listed in Table 24. 1In general, the expected
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seasonal shifts are displayed in these data. Heating water,
lighting and space heating go up sharply in the winter, while
drinking and making drinks drop.

Table 25

End-Uses of Energy by Season

Summer Autumn Winter
cooking 63.1 66.0 53.5
hot water 7.5 8.2 12.4
lighting 6.0 7.3 9.9
dish washing 6.4 4.3 6.5
bathing 4.0 4.8 4.0
entertainment 3.1 2.7 5.6
clothes wash 1.9 1.5 1.8
drinking 2.1 1.4 0.8
clean hcuse 1.1 0.6 1.4
freezinu 1.0 0.8 0.9
make drinks 1.0 2.9 0.1
transport 1.0 0.3 0.5
iron clothes 0.8 0.3 0.6
space heating —— 0.1 1.0

Table 26 lists the percentage of users of each major energy-
consuming device for each purpose. Those uses of energy and water
listed in Tables 24 and 25, not requiring A device, are omitted
in the following discussion. For example, many cases of bathing
or washing dishes or clothes did not require the use of an energy
device, as these operations were done by hand using available cold
water. Each of the categories is named, but the overall data baze
is somewhat different.

Clearly, for a very latge number of households in the sample,
the open fire serves many purposes--cooking, heating water and
washing, The stove is more often used for cooking than the open
fire, but heating water is more often done on the fire. Lighting
is most commonly done with the hurricane lamp; electric light
bulbs are the next most used device. The radio is by far the most
common form of entertainment.

Table 27 lists the percentage of the total number of energy
uses contributed by each of the main energy-using devices during
the 24-hour periods of study in each of the six communities.

The less commonly used devices are omitted from the table.
Overall, fireplaces dominate, with gas stoves following second in
the percent of total uses of energy. After cooling and heating
devices, the devices used for lighting are next, with the candle
being the most widely used.
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Table 26

Principal Uses by Energy Device

Cook~ Hot Light- Wash Enter- Wash Making
ing Water ing Dishes Bathing tain Clothes Drinks
open fire 36.8 39.5 1.2 64.8 72.0 0.2 39.5 49.7
stove 60.3 44.8 0.3 29.9 25.3 ——— 15.8 43.9
kettle 0.3 10.6 -—— —-— 0.5 — ——— 1.3
space heater — 0.7 0.1 ——— 0.1 —-— — -——
water heater -—— 3.9 —-— —— 0.5 - ——— —
generator .1 - 1.5 -— 0.5 0.1 - —-—
candle —-_— —-— 30.8 — -— 0.2 —— -—
tin lamp — -l 0.9 - —-——- —— -— —-—-
hurricane lamp —-— —— 25.9 ——— —— 0.1 —— —-——
pressure lamp —-——— —-—— 0.9 -—— —~——- ——— — —
Aladdin lamp —— 0.1 14.9 —-—— —-—— 0.3 2.6 —
light bulb — -—— 21.2 —— —— 0.6 -— -
radio —-— - 0.3 - 0.5 68.6 — -—
tape recorder ——— —— - —— —_— 12.3 —-—— -——
tzlevision —— —— -— — — 12.2 -— -——
high-fi set - —— —— ——— - 4.0 — -——
slide projector —— ——— -— —-—— —— 0.3 - -
Table 27

Households Using Energy Devices

Selebi- Mole-
Gaborone Phikwe Lobatse Serowe polole Palapye Mean

yard open fire 14.0 22.3 28.2 24.3 4.1 45.3 19.4
house open fire 0.9 8.3 0.9 9.3 8.6 1.6 5.1
yard fireplace 0.4 2.0 1.0 9.6 24.3 0.4 6.4
house fireplace - 0.5 0.1 1.4 10.7 -——— 2.1
wood stove 5.5 15.7 7.9 16.8 2.0 28.3 11.4
paraffin stove 12,1 1.8 12.2 2.5 0.4 0.2 5.3
coal stove —— ——— 4.2 —— — —-_— 0.6
gas stove 45.5 14.8 25.5 18.3 17.3 12.0 23.7
elec. stove 9,2 13.3 6.0 0.9 —— 3.6 5.8
kettle 1.7 ——— 0.5 —-— 5.4 —-— 1.3
refrigerator 0.5 1.4 2.7 1.6 0.4 0.4 1.2
space heater 0.1 0.3 0.8 0.2 0.1 —— 0.2
water heater 0.2 0.1 0.5 0.2 1.2 0.8 0.5
iron 0.1 0.6 1.4 0.3 1.0 0.2 0.6
candle 1.0 3.4 3.1 2.7 4.8 1.4 2.7
hurricane lamp 0.9 1.5 0.9 3.3 4.5 3.0 2.2
Aladdin lamp — 1.0 0.1 2.0 4.2 0.5 1.3
light bulb 2.1 3.4 2.7 1.1 0.9 1.3 1.9
radio 1.1 4.3 5.4 2.7 4.7 0.1 3.1
television 0.8 0.5 0.8 0.2 0.1 ——— 0.5
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Certain activities are probably too little represented,
perhaps due to faulty questioning by enumerators. 1In particular,
it is surprising that open fires are mentioned so much less in
Molepolole than in the other centers. It mey be that what one
enumerator defined as an open fire another defined as an actual
fireplace.

Table 28 reports the seasonal variation in use of the most
commonly used devices, giving the percentage of all uses of energy
which are attributed to each of the devices in each of the three
seasons,

Table 28

Households Using Energy Devices by Season

Summer Autumn Winter
yard open fire 16.8 18.9 13.8
house open fire 2.9 4.4 5.6
vyard fireplace 6.1 5.1 5.1
house fireplace 1.0 2.1 2.5
wood stove 10.1 11.1 7.9
paraffin stove 6.1 3.8 3.4
coal stove 0.6 0.6 0.3
gas stove 20.2 20.8 19.2
electric stove 5.0 4.8 4.9
kettle 1.4 1.3 0.8
refrigerator/freezer 1.0 0.9 1.2
air conditioner/fan 0.2 —-— 0.2
space heater ~—— —— 0.5
water heater 0.2 0.1 0.7
generator 0.1 —— 0.4
candle 2.0 2.2 2.7
hurricane lamp 1.6 1.9 2.5
Aladdin lamp 0.8 1.5 1.1
light bulb 1.1 1.3 2.5
radio 2.5 1.5 3.6
tape recorder/player 0.4 0.6 0.4
television/video player 0.2 0.4 0.8
phonograph/high-~fi set 0.1 0.1 0.4
all vehicles 0.8 0.3 0.4

The expected seasonal variations in energy use appear in these data.
There is less use of outdoor cooking facilities and more use of
indoor stoves and fireplaces in the winter than in the summer.

There is a strong trend toward more use of lighting devices in the
winter, as well as more use of those types of entertainment which
require the user to be indoors, e.g., television and high-fi
equipment. Space heating and water heating are more common in the
winter. The expected trend in use of expensive cooling devices,
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including refrigerators, freezers, air conditioners and fans, does
not appear, perhaps because thu:ir users are less concerned about
saving money than the low-income households who must conserve
their resources. Stoves are relatively less used in the winter,
probably because of the relative increase in the use of lighting,
heating and entertainment devices.

Enumerators asked wood-burning households exactly where they
do their cooking. Table 29 lists the percent of the total number of
cooking places reported in each strata of the times the family
cooks in the main house, a separate kitchen, a shed in the vard,
an open enclosure and out in the open. Some families cook in more
than one place, depending on circumstances, and so the percents
do Eot represent households, but rather places where penple may
cook.

Table 29

Cooking Places

Very Very

Low Low Middle High High Mean
main houssa 19.8 24.9 40.4 60.8 64.0 35.2
separate kitchen 20.7 23.3 24.1 25.7 16.0 23.1
shed in yard 12.9 11.4 6.6 Z.7 8.0 8.8
open enclosure 36.2 28.0 22.8 6.8 12.0 24.5
open yard 10.3 12.4 6.1 4.1 ———— 8.3

High- and very high-income households use the main house much more
often than the other groups. The lower-income households cook
much more often in the yard, whether in a shed or open enclosure,
or simply on an open, unenclosed fire. Other data show that
Gaborone respondents in general tend to cook more indoors than do
respondents in other communities, most likely because there is
less open space around houses and greater urban tendency toward
privacy in the household than in more rural centers.

There 1s a slight tendency for people to cook indoors more
often in the winter than in other seasons. There is a strong
tendency for the cooking center to be determined by weather con-
ditions. The main house and separate kitchen are more often
used in rainy, cold and windy weather, if there is a choice to be
made. The open shed in the yard or open yard itself is more likely
to be used in dry and quiet weather than in windy or rainy weather.

The main foods prepared are the customary staple foods.
Sorghum porridge accounts for 19.3 percent of all foods cooked,
while maize meal porridge accounts for another 12.4 percent.
Altogether, 16.3 percent of the foods cooked are meats, breads -
8.3 percent, vegetables - 6.1 percent, rice - 3.7 percent; whole-
grain boiled maize kernels (called samp) - 2 percent, eggs -

1.8 percent, soup - 1.4 percent and beans 1.2 percent.
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An additional 22.4 percent of all cooking occasicons are used to
prepare beverages, including tea, coffee, traditional sorghum

beer (bojalwa) and a light alcoholic beverage made from wild fruitcs
(khadi).

The percent of meat items is very high, reflecting both that
Botswana is a cattle-producing country and that the survey was
carried out in a drought year, when cattle~owners are slaughter-
ing and selling animals at a greater rate thannormally to prevent
the animals from dying of starvation. As a result, beef has been
very inexpersive and many people are buying and eating it.

People in the towns eat slightly more imported products and
slightly less traditional staple foods. This is doubtless due to
the presence of expatriates and Batswana who have had inter-
national experience and have more money to spend on foreign fcods.

Table 30 gives the mean time in minutes spent Preparing and
eating food, as a function of Season and community. The figures
represent the mean time for each individual food preparation
task, not for the task of Preparing the food for a single meal
or the entire day.

Table 30

Time for Preparing and Eating Major Foods in Minutes

Selebi- Mole-
Gaborone Phikwe Lobatse Serowe polole Palapye Mean
Summer. 36.3 122.1 94.2 79.2 102.6 51.4 84.3
Autumn 39.6 104.4 79.8 98.8 66.3 43.5 74.5
Winter 92.2 169.8 94.2 99.9 76.3 51.4 99.2
Total 60.3 121.5 103.0 93.6 83.4 49.2 86.5

Meal time and eating occupy a large proportion of tha day for most
families. Since Table 30 gives the mean time of preparation and
eating for each individuatl food item, it is necessary to sum up
all the individual items to arrive at the tocal day's time. Clearly,
some of these operations overlap, so that the total time spent 1is
not a simple product of the number of foods prepared, multiplied by
the mean time of pPreparation and eating. On the other hand, with
three meals per day as the Tswana norm, one can expect that the
bPersons who prepare the meals--primarily children (21.6 percent),
hired workers (21.2 bercent) and wives (18.7 bercent) --spend up to
five or six hours a day at the task.

4.4.3 Knowledge of Stoves

Given that cooking is the largest household energy-use activity
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among all survey strata and cooking represents a major expenditure
of time, it is appropriate to focus briefly on the range of cooking
technologies that are used in Botswana, as represented by the
sample. Table 31 presents the stated familiarity with and
preferences for particular types of cooking stoves among the survey
respondents. The responses were surprising in a number of ways.
First, the majority of respondents referred tro wood and coal stoves
as being one and the same technology, indicating awareness of

only multifuel models, which have no fuel-efficiency specialization.
Second, the gas stove received the best overall preference rating,
regardless of the fact that the majority of households actually

use wood as their principal cooking fuel.

It should be noted that preference was expressed by each
respondent on a scale of decreasing preference, ranging from one
to five. These mean preference rankings by stove type and strata
ar. given in parentheses within strata columns.

Table 31

Familiarity with and Preference for Stove Type

Mean $ Mean
Fami- Pref.

Very Low Low Middle High Very High liar Rank
wood-coal 30.0 (1.9) 27.0 (2.2) 27.4 (2.0) 25.9 (2.3) 22.0 (2.2) 27.0 (2.1)
primus 11.3 (2.9%5) 9.3 (2.2) 7.9 (3.0) 5.7 (3.5) 4.4 (3.5) 7.9 (2.8)
paraffin 24.0 (3.2) 27.5 (2.3) 18.9 (3.1) 14.5 (3.5) 11.0 (3.0) 20.2 (2.9)
gas 26,7 (2.1) 25,8 (1.8) 26.5 (1.6) 29.4 (1.5) 29.7 (1.5) 27.1 (i.6)
electric 8.0 (3.2) 10.1 (2.5) 17.7 (2.1) 23.0 12.1) 29.7 (1.8) 16.7 (2.2)
mud —_——( =) 0.3 (5.0) 0.8 (3.7) C.7 (5.0) 1.1 (4.0) 0.6 (4.2)
mbaula ——— (=) ——— (=) 0.3 (4.5) 0.7 (4.0} 0.1 ( - ) 0.3 (4.3)

Respondents separated their reference to a simple primus stove

from the more general reference to a paraffin stove, which could
include both the primus and the bigger wick stove with possibly two
or three burners. The mbaula is a homemade device in which an old
bucket has holes punched in it for air circulation so that the fuel
(wood, charcoal, dung or coal) can be burned Zor cooking or heating.
The mud stove is an experimental stove which can be made at home.

It was introduced by BRET and others irn a few locations in Botswana.
The same percentage of households mentioned gas stoves and wood-coal
stoves, with roughly the same distribution across all income groups.
Paraffin and primus stoves are mentioned mostly by the lower-

income households, while electric stoves are mentioned more often

by the upper-income families. The mud stove and mbaula are

scarcely mentioned at all.

Very low-income households slightly orefer wood-coal stoves to
the gas stove, while other stove types appeal selectively,
apparently correlated to affordability of the fuel associated with
the particular technology.
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Table 32 lists the advantages possessed by each of the main
stove types. The minor types, mud stove and mbaula, have been
omitted as there were few comments made about them.

Table 32

Advantages of Stove Types

Cooks Saves Easy Multi- warms Lasts

Fast Money to Use Purpose House Clean Long Safe
wood-coal 8.5 45.6 9.6 20.5 25.1 0.3 12.9 7.3
primus 38.5 49.0 15.6 4.1 1.0 1.0 2.1 3.1
paraffin 21.1 66.1 23.9 9.2 ——— 1.2 1.2 2.8
gas 66.8 19.7 22.1 5.4 1.3 11.4 8.0 0.5
electric 57.9 7.3 25.5 12.3 0.5 23.1 1.8 8.1

There is a tradeoff between saving money, as in the case of wood,
coal and paraffin stoves, and quick cooking, as with gas and elec-
tricity. The one closest to a compromise is the gas stove, which
is believed to both allow fast cooking and be economical. Wood

and coal stoves have the additional advantage of warming the house,
while the electric stove has the advantage of being clean.

Table 33 lists the corresponding disadvantages of the various
stove types, once again omitting the mud stove and mbaula.

Table 33

Disadvantages of Stove Types

Expen- Danger- Smokey/ Slow to Cannot Wastes Hard
sive ous Dirty Cook Requlate Heat to Use

wood~coal 36.0 4.5 45.9 11.4 0.6 15.6 5.1
primus 28.6 44 .8 23.9 6.7 3.3 3.8 -
paraffin 33.8 39.0 25.4 18.3 1.1 4.5 1.1
gas 33.9 61.7 3.6 1.7 16.9 0.6 0.6
electric 76.7 18.6 1.9 3.3 16.3 1.4 ——

Here, too, there is a similar tradeoff between devices. Wood and
coal are safe and relatively inexpensive, but smokey and dirty.
Electricity is relatively safe, clean and fast, but expensive.
Paraffin is relatively cheap, but somewhat dangerous, smokey and
slow. Gas, perhaps, has the best combination of disadvantages,
although it is high on the danger scale and has a problem with
regulation in that it may run out without warning,

Respondents were asked to name the principal advantages of
their individually most preferred stove type. Interestingliy, there



was a very high degree of similarity in responses across income
strata. The fact that a particular stove cooks fast or saves money
received 37.5 percent and 36.7 percent of the response, respectively.
Other advantages listed were easy to use (19.6 percent); multi-
purpose (9.2 percent), warms house (7.8 percent), clean (7.4 per-
cent), last long (6.8 percent) and safe (4.4 percent). Seemingly,
all respondents recognized the objective facts about the advantages
of different stove types, although their pattern of use is quite
different. Again, the differences are apparently due to the issues
of technology cost in relation to disposable income.

Respondents were also asked to name the principal disadvantages
of their individually most preferred stove type. Again, there
was a very high degree of agreement across income strata. The
responses were, in dest¢ending order of disadvantage, expensive (41.1
percent), dangerous (33 percent), smokey/dirty (20.9 percent) ,
slow to cook (10.6 percent), cannot requlate (8.3 percent), wastes
heat (5.6 percent) and hard to use (1.8 percent).

4.4.4 Renewable Energy Technology Devices

Respondents were questioned about the types of renewable
energy-powered devices with which they were generally familiar. _
From the responses, it is apparent that the majority of respondents
do not normally consider particular technologies as being powered
by either renewable or conventional fuels/energy sources and, thus,
do not readily understand the significance of these energy-saving
devices. Solar hot water heaters were the most widely recognized
RET, while bicycles were the most generally not recognized RET
among those listed. Interestingly, respondents of Gaborone were
not those most familiar with a wider range of RETs in use in
Botswana, as one would normally expect of residents of a capital
city.

When asked about the principal advantages of RETs, respondents
who specifically named such devices suggested that fuel savings,
renewable energy sources and the relatively inexpensive nature of main-
tenance were the most important advantages. Among principal dis-
advantages specifically mentioned are solar-powered devices
require sunshine to operate, the technologies are expensive to
purchase, they cannot be used on their own, wind technologies
require wind to operate, food is cooked more slowly, the devices
don't last long and can be dangerous. The range of responses seems
to indicate a basic low level of understanding of RETs. After a
brief instructional discussion between the enumerators and
respondents, which involved a wider range of technologies than
those specifically named, the wonder box was consistently most
interesting to all strata, the photovoltaic cell was of specific
interest to the higher-income households, while the metal stove
was of greater interest to wood-burning households. The main
interest in most of the RETs was their relatively inexpensive
purchase price and the fact that they save fuel.
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Given the potential for coal development in Botswana and the
relative lack of interest among survey respondents to the use of
coal as a primary cooking and heating fuel, the questionnaire
included several questions which addressed coal specifically.
Respondents were asked if they would use coal for cooking and
heating if it were available at half the cost of their present
fuel(s) used for these purposes. Wood users responded strongly
positive that they would be willing to use co..l under these condi-
tions, with over 80 percent so stating. Paraffin users responded
with over 75 percent saying they would switch to coal; over 73 per-
cent of the gas users were willing to shift to coal under these
cost conditions and over 66 percent of the electric users were
willing to convert. Those in the latter three fuel-using categories
were less willing to shift from their present fuel to coal because
of its relative dirtiness.

Given the relative importance of cookiny among all other energy-
using activities of the Batswana households, several questions
were asked of respondents which addressed cooking technologies.
Respondents were asked if they would consider shifting from their
present cooking technology to the substitution of or the addition
of a new metal stove, wonder box or newly designed mud stove if
that technology demonstrated a 10, 20, 30, 40 or 50 percent wood
savings. Not surprisingly, those persons now cooking with wood
were those most interested in using a new metal stove, with over
60 percent of those currently wood-using respondents willing to
shift to a new metal stove, even if it represented only a 10 per-
cent wood savings. However, those respondents currently cooking
over open fireplaces would not really be interested in shifting to
a newly designed mud stove unless it demonstrated a wood saving of
at least 40 percent. Of those respondents currently using fuels
other than wood for cooking, a technology shift might occur if the
new metal stove demonstrated at least a 50 percent wood savings,
and even then, less than 50 percent of the electricity users are
interested. Somewhat surprisingly, the wonder box is more
attractive to higher-income families than to lower-income families.
Further, women respondents tend to be less interested in the
wonder box than men. All respondents, regardless of income strata,
indicated a preference to make rather than buy a wonder box.
Overall, the responses to this set of questions regarding energy-
saving cooking technologies strongly indicate the high risk-
avoidance behavior of the lowest-income households among those
surveyed. Generally, they displayed resistance to change which
seemed to be associated with the need to invest money in technolo-
gies which represent change.

Finally, respondents were asked if they would be willing to
purchase photovoltaic (PV) -powered, residential electricity
systems for domestic appliance operation and solar-powered hot
water heaters for home use. It appears from the responses that
there are two types of constraints limiting the interest of the
middle- and lower-income households in acquisitionof these two
types of systems. First, the initial purchase price of the PV
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system(s) is prohibitive among the majority of middle~ and lower-
income families. However, among higher-income households, the
systems seem to display relative price elasticity in that a similar
percentage of respondents would be willing to purchase such a

system at one suggested price and then at dcuble that initially
suggested price. Second, the roof solar hot water heater technology
is limited to households which have piped water distribution

systems inside the house.
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5.0 CONCLUSIONS AND IMPLICATIONS

The results of the Urban Energy Survey have reinforced several
important concepts which are held to be universally applicable
in the economics and sociology disciplines, when considering the
process of national economic development:

e In the process of national economic development, as
family household income increases, there is an accom-
panying shift in available disposable income and con-
sumer preference toward higher-value goods and services;
and

e household investment decisions regarding the adoption
of new, improved technology are strongly modified by
the relationship of available disposable income and
individual perceptions of th. presence of risk and
uncertainty.

The importance of understanding the constraints and opportunities
presented by the validation of these two socioeconomic concepts
for prioritizing the RET-applied research and dissemination
activities of the BRET program should be kept firmly in mind.

Analysis of the survey data across five income strata within
the sample has demonstrated that as income increases, Batswana
households consume more aggregate enerdy per capita and on a
daily basis. The increased energy consumption has two character-
istics of importance to the technology development activities of
BRET. First, the increased energy consumption occurs in a shift
to higher-value (more expensive and nonrenewaktle) energy sources,
as well as an increase in the gross consumption of a range of
energy sources. Second, the increase in available disposable
income manifests itself in the consumption of a wider range of
energy-using household appliances and systems. The data have .
shown a fairly clear progression of household energy use ranging
from a reliance on one principal fuel to provide energy for one
Or two primary energy-using activities within the lowest-income
households to a dependence on a majority of the available energy
sources to provide energy to a number of household activities
within the higher-income households. The implications of these
facts for BRET are in the area of opportunities for the development
of a wide range of energy-saving technologies which can conserve
fuels by increasing the efficiency of their use in lower-income
households, and which can substitute renewable eneray sources for
conventional fossil fuel consumption while increasing the effi-
ciency of energy use in the higher-income households.

Examination of attitudinal data collection during the survey,
combined with the BRET experiences with technology transfer in
Ditshegwane and Shoshong before the survey, has strongly reinforced
the concept of risk avoidance in relation to new techrology
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adoption among lower-income households. This situation is
especially true for the lowest-income households responding to

the survey questions. Families whose available disposable income
is marginal and insecure have demonstrated almost complete aversion
to changes suggested in not only the technologies which use energy
for basic household operations (such as cooking and heating water),
but also to changes in the systems of fuel acquisition. The
implications of this information for BRET are in the area of
constraints tc the development of new technologies which use
available fuels more efficiently for families within the lowest-
income households. Development of these new technologies should
proceed on a modest scale in the BRET program; however, the major
emphasis will have to be placed on the development of appropriate
dissemination strategies which rely less on a formal process of
transfer and more on the informal diffusion process whirh occurs
naturally within society. This latter process will require a
clear understanding of the structure(s) of this informal process
in village society and the subsequent development of information
dissemination programs which reach the critical links in this
structure. Of course, simultaneously, BRET will have to make sure
that a stream of new technologies is available for adoption as the
agents of change begin to provide catalysts in this informal
diffusion process.

There is also a measure of reluctance to accept change among
the highest-income households responding to the survey. However,
this behavior and these attitudes cannot reasonably be explained
by the concept of risk avoidance, as is the case with the lowest-
income families. The social dynamics which could be at the seat
of aversion to change at the highest-income levels are beyond the
scope of this analyvsis and, therefore, will not be taken up in
this report. However, it will be important to BRET to understand
the nature and scope of these attitudes in targeting the energy
sources and technologies powered by these sources, which they
hope to modify and perhaps replace.

Recognition of these constraints at this time is a recogni-
tion of opportunitics for BRET technology development. The
attitudinal data have clearly demonstrated the interest :in and
ability to change among the larger segment of Batswana society
and across the widest range of fuels and technologies. Among
those households surveyed in this study, only 20.5 percent were
classified as in the lowest- and highest-income groups, leaving
a target group of approximately 80 percent' of the population.
This is not to say that households which fall into the two income
extremes should be ignored by BRET program activities, but is to
say that interventions rlanned for these two income groups should
be selective and that the largest area of opportunity across the
widest spectrum of energy use will be with households not belonging
to the income fringe in Batswana society.

Within the opportunities set, analysis of the survey data
has provided information which should be of use to BRET in its
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efforts to prioritize subsequent applied research, technology
development and dissemination activities in the realm of renewable
cnergy. Probably the most important finding is that cooking is

the largest energy-consuming activity of households, across income
strata in Botswana, following by water heating. Seasonal variation
of energy consumption is not significant. Technology development
should clearly focus on these two activities, in that they account
for over 70 percent of household energy use.

Among the sample households, those using wood as their prin-
cipal cooking fuel range from a surprising 24 percent in Gaborone
to 86 percent in Palapye, with a mean number of households across
the six communities of 56 percent. Gas-using households (as the
principal cooking fuel) rank second in terms of number, ranging
from 50 percent in Gak.rone to 13 percent in Palapye, with a
mean of 29 percent. These figures strongly indicate that amorng
the five principal fuels used in Botswana, i.e., wood, paraffin,
coal, gas and electricity, wood and gas deserve special attention
in BRET planning.

In terms of attitudinal data, the most important set of
responses seems to indicate that for the majority of households,
energy in itself is not viewed as a problem. Rather, the cost
of energy supplies is a very important problem. This response
indicates a lack of education regarding the relationship between
the total available supply of energy and the cost of that energy--
that is, the economics of supply and demand. The vast majority of
respondents noted that the cost of fuels (regardless of type)
had increased during the recent past. The only reason for such
cost escalation, in the absence of artificially imposed government
price supports, is relative scarcity. While it is possible to
argue that gross aggregate supplies of domestic energy and/or
stability of imported supplies in foreign markets (e.g., the
Republic of South Africa) may be such that aggregate supply
apparently meets or exceeds aggregate demand for energy, this is
not indicative of how fuel prices are set in the domestic market-
place or the ocost to consumers. The fact that the majority of
people do not recognize that fuels of all varieties are scarce in
Botswana does not auger well for successfully or perhaps easily
instilling a conservation mentality in the population. This
indicates that for BRET, as well as the government institutions
responsible for energy supply, there is a requirement to build
into technology development and dissemination programs a series
of information programs designed to raise the jissue of energy
scarcity and the need for conservation of energy with the popu-
lation. There is a clear relationship between the adoption of
energy-saving technology and long-term cost saving. This message
should be passed on to the population before a widely successful
RET development and dissemination program can be achieved.

Related to this public perception of energy supply is an

overwhelmirng response to a series of questions regarding respon-
sibility for resolution of energy supply programs. While the
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majority of those responding indicated that requlation or unbriuLeaq
cuttirg of trees for fuel should occur, the seat of responsibility
was clearly seen to be with larger authority organizations, such

as tribal councils or central government ministries. Most
respondents did not recognize the connection betweer. individual
conservation efforts and resolution of energy supply problems at
the national level, whereas they did have the opinion that top-
down problem resolution would be the most effective action. While
the issue of national fuelwood management is not one which BRET
will be asked to deal with, the importance of these commonly

held attitudes toward the role of individual action in relation

to energy conservation should be addressed by BRET in connection with
with its dissemination efforts.

Finally, with respect to public awareness of RETs in general,
the survey results indicate a gereral level of awareness of
specific technologies, such as the solar water heater. However,
there was a general lack of appreciation for the significance
of the RET. The majority of respondents indicated that while they
were aware of the physical technology, they did not think of it
in terms of the energy source being used to power it, nor the
implications of its use in terms of longer-term financial savings
to the individual and positive contribution to national energy
supply objectives. For BRET program development, it appears that
this level of knowledge will be important to the continuing
acceptance of RETs in Botswana.
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APPENDIX A

Study Terms of Reference

of Domestic Energy Use in Towns/Major Villages

INTRODUCTION

1. This study is being conducted by the Botswana Renewable
Energy Technology (BRET) project on behalf of the Ministry of
Mineral Resources and Water Affairs. The study will assist
BRET in the development and dissemination of renewable energy
technologies (RETs) 'and provide input on the urban domestic
sector for the national energy masterplan.

BACKGROUND

2. BRET, a pilot of MMRWA, is to research, develop and field
test RETs that will conserve fuelwood and reduce dependence on
imported petroleum-based fuels. In order to select technologies
for use in rural areas, BRET condiucted Village Energy Studies

in two rural wvillages.

The study of major villages and towns will complement this
effort and assist BRET in determining whether technologies
developed for rural domestic use may have application in urban
areas.

3. BRET will work closely with the Rural Energy Study by ODA
consultants to complement their work of studying energy utiliza-
tion and requirements in the rural sector of Botswana and provide
the necessary input to the National Energy Masterplan.,

THE SCOPE OF THE STUDY

4. The study will be carried out in six locations: Gaborone,
Molepolole, Lobatse, Serowe, Palapye and Selebi-Phikwe.
Approximately 600 households will be studied intensively during
summer, fall and winter, 1984. Approximately 96 households will
be studied in each site for three days each in summ=r, fall

and winter. The stratified sample will be selected randonly to
include at least 15 upper-income, 36 middle-income and 45 lower-
income households at each field site.

5. The evaluation criteria for the study include:
a. Kcal equivalents per household per year of wood, charcoal,
dung, coal, bottled gas, paraffin, candles, solar, wind,

electricity.

b. Fuel source by gquantity, by task.
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C. Demographic characteristics of household: age, sex,
absentees, schooling, occupation, etc.

d. Attitudes of householders toward energy requirements,
fuels (preferred/status, source, current and ideal
practices, fuel availability, fuels).

e. Household infrastructure: type of housing, domestic
facilities/appliances/tnols, transport ownership.

f. Overall household internal economy: income sources,
expenditure, economic activities, etc.

WORKPLAN

The primary consultant, Dr. John Gay, will work for approximately
50 person-days to design the survey, train the enumerators,
develop computer programs for data analysis, complete the
analysis and prepare the report. He will work from January 10

to the end of February and again during April and September,
1984.

Key dates are as follows:

January, 1984 - survey design
enumerator training
establishing contact with local authorities

All field work will be supervised full-time by a locally hired
consultant, Eighteen enumerators will carry out field work as
follows:

Jan. 30-Feb. 1 Selection of first 16 households
Feb. 2-Feb. 15 Interviewing first 16 households
Feb. 16-18 Selection of second 16 households
Feb. 20-March 3 Interviewing second 16 households
March 5-21 Coding first set of interviews
March 22-31 Gathering background data

April 4-18 Starting second round of interviews
April 19-25 Easter break

April 26-May 5 Completing second round of interviews
May 7-23 Coding second set of interviews

May 24-June 2 Gathering background data

June 4-30 Third round of interviews

July 2-21 Coding third set of interviews

July 23-Sept. 1 Entering coded data on computer
Sept. 3-22 Data Analysis and report writing



APPENDIX B

Order of Interview Topics

ARt each interview the enercy/water supoly anct -
. eneergy/water/food use sheets shoulg be filled in. These

parts of the survey will thus be gone a total of nine times.
Ir addition, at each irterview a particular set of guestions
should be asked, according to th following list,

- —— — —— . —— —— o ms

1 Knowledge of energy devices, inventory of
energy using cevices,

Family members

——. . e e . 11+ ———
I Structures
& Totletsywater supply; farm tools, farm —
workers, fislds/gardens, crop production. :
= " Trees; wood-burrirmy housettold questionw: - -
() Types of fuel types of firewood.
K Qu;stioﬁs on fuael use.
8 ‘ Questions on spocific fuels ard - dovices. Mintd
9 Prablem in life arrangemant with

energy-related statements; comnctustons
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TOWN DATL ENUMERATOR FAMILY NAME NUMBER_

QUESTIONS ON FUEL USE

5

What are the biggest differences in fuel use between now and 2 years ago?

2. What are the differences in fuel cost (cither money spent or time spent) between now and
.2 years ago? Be as precise as possible.
3. Whatare the biggest changes in fue! use between now and when you were a child?
4. What is the most serious fuel 'problem you have ever experic’nccd?
S.  When did it happen and under what conditions?
6. What did you do to solve the problem and how successful were you?
7. When during the Iaﬁ two years was fuel unavailable and what fuel was it?
8. How many times did this happen and for how long altogether?
9. What did you do to solve the problem and how successful were you?
10. Whea did people start paying for firewood instead of getting it free, and why?
11. Who do you think shouid be responsible for controlling the use of communal firewood trees,
and why?
12. How can this best be done so that everyone has enough firewood?
13. What do you do or what can people do to use less firewood? Punted by """‘1:
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TOWN DATE ENUMERATOR

FAMILY NAME NUMBER______

QUESTIONS ON SPECIFIC FUELS AND DEVICES

If coal were easy ta get, under what conditions would ycu use coal in preference to other
fuels?

Would you use coal if you could buy an cfficient coal stove for

PS0 YES | NO
P125 YES | NO
P300 YES | NO
P500 YES | NO

If coal cost HALF | THE SAME [TWICE| Your present fuel would you use it for

COOKING [YESINO| YES | NO |YESING NAMEPRESENTFUEL
HEATING [YESINOI YES| NO |NOJ|N

Would you buy a wood-burning metal stove which cost P15 and would last for 3 years if it

. A >
used 9 3 7 5 S sticks of wood instead of 10 now?

YES[NO YES|NO YES|NO YES|NO YESJE(')

Would you make an ecarthen stove which needed 2-3 days work and would last for 3 years

if it used 9 3 ” I 5 P sticks of wood instead of 10 now?

YES|NOJ| YES|NO| YES[NO' YES[NO| YES|NO

At what price would you be willing to buy a solar water heater to put

IN YOUR ROOF
IN YOUR YARD

that would heat enough water for your family’s washing and bathing?

Have you heard of a box into which you put your food to finish cooking but which needs
no fuel? YES NO If yes, what was your experience with it?

Would you buy such a box for P20 YES NO or make it usiag 4-5 hours work YES NO if it
used P s 7 P P sticks of wood instead of 10 now?

Yes|~0| YESNO| YES[NO[YES[No| YES[NO

Would you buy a photovoltaic system which would ren a radio and 2 light buibs for a total
cost of P700? YES NO plus a refrigerator for P1400? YES NO

10.

W hich of all the poasibilities listed above interest you the most and why?

1L

If you use firewood, what size of wood do you asually use?

DONT USE__TWIGS__SMALL STICKS ANDRRANCHES__RIG TRUNKS AND BRANCHES.__

P innd O Patagen
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AGREEMENT WITH ENERGY-RELATED STATEMENTS

For cach of the following statements tell whether you

disagree strongly
disagree mildly
are neutral

agree miidly
agree strongly

UV b N -

If I plant trees, someone else will cut them down.

Poor people will always remaisn poor.

If I save water, it helps everyone in my community

If I save fuel, it helps everyone in my community.

There should be strict laws to control cutting of trees.

We should all use coal because it is produced in Botswana.

The best way to cook is on an open fire.

If we limit the number of livesteck, then more trees can grow.
It’s useless to grow crops in Botswana because of drought.

Only rich people can afford to use new fuel-savirg devices.

-Fhiwoodismm,expemivemmwma

Casiting with a stove instead of an open fire saves time aad money

Erergy doesn’t present a serious problem to our family.

Planning ahead is useless because people don't take fuel short-
aAge 2s a serious issue.

Only government, not private individuals, can solve the problem
of energy and fuel shortage.

NUMBER
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PROBLEMS IN LIFE

List your S most important problems and difficulties in life, number them in order, and state what
the solution might be for each problem.

PROBLEM RANK | SOLUTION
1
2
3
4
5
CONCLUSION

What have you learned about energy and fuel use by taking part in this survey?

What suggestions or recommendations do you have for the Botswana Renewable Energy
Technology Project 3o that it can better serve people like yourseif?







