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I. EXECUTIVE SUMMARY
 

Simple batch solar water heaters for use in village

households were developed for pilot diffusion by the Botswana
 
Renewable Energy Technology (bRET) project. The predomtinant

method of heating water for 
washing and bathing is to place a
 
five-liter tin next to the cooking pots which are on 
the open

fire. It was not possible to determine how much firewood is
 
consumed for heating water by tnis method. 
 However, since
 
cooking fires are 
used for heating water, limited development of
 
solar water heaters seemed an appropriate complement to the BRET
 
project's stove work.
 

Tnis report describes the comparative laboratory tests that
 
were performed on seven prototype designs as 
well as the process

used to narrow the fie.d to 
one model for pilot diffusion. In
 
addition, the report relates 
the project's pilot diffuso.un
 
experience and, perhaps of most importance, provides an economic
 
analysis of the technology.
 

The BRET project concluded that although the solar water
 
heater is acceptable and useful in some segments of the
 
community, it is not presently an economically viable technology.

The difficulty of providing 
a very low-cost and efficient system

is a continuing and well-known one. 
 The traditional method of
 
heating water does not lend itself to precise determination of
 
the amount. cf fuelwood used to heat water. Also, acceptable"

temperatures vary. 
 The economic analysis was limited by this
 
lack of data, as are further design considerations.
 

It is recommended that any further work focus first 
on
 
gathering the data, and then on determining the cost at which a
 
solar water heater would be an economical investment. If it is
 
possible to design and produce a model in that price range, then
 
research and development might be warranted.
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II. INTRODUCTION
 

The simple, village-level batch solar water heater was

selected by the BRET project for development and pilot diffusion
 
in response to the need to reduce consumption of firewood for
 
rural domestic activities. 
 Heating water does not constitute the

primary end use of firewood. In fact, because of the way in

which water is generally heated (i.e., by placing a five-liter
 
tin of water next to a cooking fire), it is difficult to
 
determine how much wood the activity consumes. Since the BRET

project was developing wood-coriserving cook stoves to replace
open fire cooking, it seemed reasonable to allocate limited staff 
time and 
resources to'the development and dissemination of a
 
simple patch solar water heater.
 

The purpose of this report is 
to describe the BRET project's

experience with solar water heaters. 
 It is important to bear in
 
mind throughout this report that this technology was the lowest

priority among the village-level techiologies, and that prototype

development and testing began at 
a time when technical direction
 
of the project was weak. The BRET project experience, however,

provided information relevant to the application of solar water
 
heating at 
the village household level, a new application in
 
Botswana.
 

A brief overview of the BRET project is provided below to
 
establish a context for this report.
 

Overview of the BRET Project
 

The BRET project was designed as a pilot project by the

Government of Botswana's 
(GOB) Ministry of Mineral Resources and

Water Affairs 
(MMRWA) and the U.S. Agency for International

Development (AID). 
 The project paper was completed in September

1980. 
 In August 1981, Associates in Rural Development, Inc.
 
(ARD), of the United States, signed a contract to provide

technical assistance and project management, which began in
 
October 1981 and ended in September 1985.
 

ARD tielded two long-term staff and numerous short-term

consultants. During the project's first year, 
most of the 15
 
Batswana counterparts and administrative personnel were hired.

Five U.S. Peace Corps volunteers (PCVs) worked with the BRET

project in 1982 and 1983, while two served during the third year.
 

The project was designed to further the energy policy goals

of Botswana's Fifth National Development Plan (NDP--5). As
defined in the project paper, the purposes of the BRET project
 
were to:
 

2
 



* 
introduce village renewable energy technologies

(RETs) that are 
easily reproduced and inexpensive;
 
and
 

" 	research, develop and put into use RETs which 
can

reduce Botswana's dependence on vulnerable supplies

of 	increasingly expensive fossil fuels.
 

To 	fulfill these purposes, the following "needs-driven"
 
technology development and dissemination process was used:
 

" 	needs and resource assessments,
 

" 	technology identification, matching and selection,
 

• 	prototype development and testing,
 

" 	comprehensive field testing and pilot education, and
 

" 	widespread dissemination or transfer to the public
 
domain.
 

At each stage, data were collected and analyses made of the
technical, economic, sociocultural, institutional and energy

issues related to each technology (see Appendix A). 
 This

information was used to 
make decisions about whether to 
continue
with the next step in the process, make adaptations or abandon
that particular technology. An important underlying approach

used throughout the technology development and dissemination
 
process was community and entrepreneur involvement.
 

The work of 
the BRET project began with the selection of two
pilot villages for research on 
domestic RETs--Ditshegwane in the
Kweneng District, with a population of 820 according to the 1981
 census, and Shoshong (population of 4,600) in the Central

Discrict. 
 To perform the in-depth domestic needs assessment, an
 energy use and attitude survey was conducted during 1982 in these
two pilot villages, and in three towns and three major villages
during 1984. 
 It was found that the availability and conservation

of tirewood for cooking, lighting and heating was the major
 
energy need in Botswana.
 

To address this need, research and development work was
carried out on a variety of 
stoves and copking devices (see

Appendix B for a list of BRET reports 
on 	these and other
technologies). 
 As 	of the end of the pilot project, both sheet

metal stoves and retained heat cookers had been found to be
effective and economical and are ready for widespread

dissemination.
 

The BRET project supported solar desalination work carried
out by the Rural Industries Innovation Centre 
(RIIC) in Kanye, as
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well as the development of two commercial batch solar 
water
 
heaters by an entrepreneur in Gaborone. 
 In addition, the projec
undertook research and development on several simple batch solar
 
water heating systems.
 

With regard to community or "institutional" RETs, as they
were referred to in 
the project paper, both the BRET project and

other studies determined that 
the following energy-related needs
 
were of high priority:
 

9 
water pumping systems,
 

e 
 lighting and vaccine refrigeration for health
 
clinics in rural areas, and
 

* 	 the thermal comfort of buildings in summer and
 
winter.
 

Thus, as called for in the project paper, the BRET project

carried out research, development and field testing of hand,

solar and wind pumps 
(both standard and advanced windmills).

During the course of the project, the pumping program was
 
expanded in cooperation with RIIC to include human and animal

traction and biogas pumps. Also, due to 
the clear need for

better water pumping information, a comparative pumping

assessment was added to the project's activities. At the end of

the pilot project, 45 pumping systems of various types had been
installed, including a monitoring and data collection program foi
 
the pump comparison effort.
 

Photovoltaic electrification systems were installed, along
with accompanying monitoring equipment, at 
three rural health
 
centers for lights and refrigeration, and four elementary

schoolrooms for lighting. However, because both wind and solar
 
resource data for Botswana are 
sparse, a program for wind and
 
solar radiation data collection and assessment was developed.
 

The BRET project carried out 
a variety of activities relatee
 
to energy efficiency in building design and increasing the

thermal comfort of buildings. Research, development,

construction and monitoring were completed on 
eight houses and

three small office buildings. 
A number of training activities on
energy-efficient building design were undertaken, and two solar
design workbooks and a thermal performance analysis procedure
 
were also developed.
 

In connection with all of the activities mentioned here,

extensive training activities were conducted for BRET staff 
(some
in 	the United States) as well as 
a large number of extension
 
workers, technicians, engineers and architects working for
various government and parastatal agencies, and rural people in
the districts where the BRET project was active.
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The remainder of this report describes the BRET project's
experience with solar water heaters at various stages of the
technology development and dissemination process described above.
In addition, an economic analysis of the technology is provided.
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III. DEVELOPMENT AND DISSEMINATION
 

A. Needs and Resource Assessments
 

A preliminary needs assessment was conducted prior to
finalization of the project paper. Simple batch solar water
 
heaters suitable for village use were proposed in that document.
 
Early in the project, as a first step in each of the two pilot

villages--Ditshegwane and Shoshong--energy use surveys were
 
conducted to determine primary energy needs. 
 The surveys

indicated that wood was the major fuel, used for cooking, heating

water, lighting and space heating. While cooking was the primary

end use of fuelwood, the same open fire alsc heated water, and
 
provided lighting and warmth.
 

The predominant method for heating water for washing and

bathing was to place a recycled, five-liter food-aid oil tin next
 
to a fire during cooking. Occasionally, a fire was lit
 
specifically to heat water in the tin. 
 The minimum amount of hot
 
water used per day for one household was five liters, but 10 was
 
a more common minimum. The maximum was 20 liters.
 

B. Technology Identification, Matching and Selectionl
 

The BRET project decided to proceed with a simple batch
 
solar water heater and to look at earthen stove designs that
 
could incorporate a five-liter tin. 
 The fact that Botswana
 
enjoys 255 days of sunshine per year added weight to the
 
consideration of 
a batch solar water heater system for village
 
use. Systems with capacities in the 10- to 20-liter range were
 
selected.
 

Selection of prototypes included three other considerations.
 
The first was cost. The income level in Ditshegwane was found to

be extremely low. The single trading store, which employs four
 
clerks and a similarly low number of general helpers, and the

bottle store, which employs three people, are the only employment

opportunities other than civil service jobs (i.e., 'tribal
 
authority, health worker, literacy worker, community development

worker and teachers). 
 All others rely on irregular remittances,

the periodic sale of cattle or agriculture. While the income
 
base in Shoshong was 
more diverse, the majority of the population

fell into the very-low to medium-low income range. Therefore, it
 
was necessary to consider systems with minimal cost.
 

Second, local production was a consideration. Given the
 
cost issues, it was decided that the most responsive solar water
 
heater system would be one 
that could be locally produced, either

by users/owners in 
a workshop setting or by specially trained
 
producers.
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Finally, local practice was 
taken into consideration. The
system had to 
be 	able to deliver adequate quantities of water at
the appropriate times of day. 
 As 	mentioned earlier, this meant a
10- to 20-liter capacity. In Shoshong, 149 of 
the 168 households
surveyed indicated a need for hot water in the morning. 
 This
presented a dilemma, as 
overnight storage and low cost have
 proven to be mutually exclusive. Nonetheless, it was held as an
 
ideal.
 

In the end, seven prototypes were selected for laboratory
construction and testing. 
The prototypes and test results 
are

described in the following section.
 

C. Prootype Development and Tesi[nq
 

Although a great deal of work had already been done on
simple batch solar water heaters, and tested designs already
existed, none of 
them had been constructed or 
tested in Botswana,
and local costs were unknown. A total of 
seven prototypes,
selected 
to 	meet the above criteria, were constructed and tested
for comparative laboratory efficiency and villager preference.
The initial prototypes, testing methodology and results are
 
described below.
 

Drawings of the 
initial prototypes (except the plain oil
tin) are found in Appendix C. 
In 	each prototype description
below, the corresponding appendix drawing number is indicated.
 

* 	A concentrating collector. 
 A 10-liter bucket was
painted black and placed in 
an 	inverted cone of
galvanized sheet metal. 
 Cone and bucket were placed

inside a larger container--Drawing 1.
 

" 
A large, insulated wooden box with permanent spigot.

A metal pan was fitted into the box. Water was

poured in through a funnel and taken out 
through the
 
fitted spigot--Drawing 2.
 

" 	Two or three five-liter tins were painted black and

enclosed in a wooden box, with a 15-millimeter

insulating bottom air space and a glazed cover--

Drawing 3.
 

" 	Two or three five-liter tins 
were painted black and
enclosed in a noninsulated wooden box--Drawing 4.
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* 	 A solar pillow made of black or clear vinyl. The
 
pillow was 
fitted with a spout for filling and
 
emptying the heater--Drawing 5.
 

* 
 A flat box with glazed cover--Drawing 6.
 

* 	A five-liter oil tin painted black 
(no drawing).
 

Laboratory Performance Methodology
 

Two types of performance tests were done on 
the units. One
 
was a comparative test 
in which units of energy collected (based

on the increase in water temperature) per unit of collector area
 
were determined. The second test determined the efficiency of
 
the heater, i.e., the percentage of available solar energy that
 
was collected by the heater. The summer season tests we; e

conducted by the BRET solar technicians in December 1982, and the

winter tests in July 1983. A minimum of three trials were
 
conducted for each model.
 

The following performance data were collected in order to
 
assess technical performance:
 

* 	ambient temperature,
 

* 	temperature of water going into heater,
 

* 	time going into heater,
 

• 	temperature of water at end of test,
 

* 	time at end of test, and
 

* 	volume of water heated.
 

Tests 
were begun in the morning by filling the heaters with
 
a measured volume of water. 
 This volume was either the capacity

of the heater or 20 liters. The air temperature and initial
 
temperature of the water were measured with a mercury

thermometer, and the temperatures and time of day were recorded.
 
The heaters were placed in an unshaded area and models that could
 
physically be tilted were set at 
an 	angle of 25 degrees. At the

end of the test period (a minimum of a half day), the same
 
readings were taken.
 

As each prototype was constructed, materials costs and labor
 
time were recorded. These costs were recorded for future
 
economic analysis of the heaters at 
the household and village

levels.
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TA3LE I: COMPARATIVE SJMMARY OF LABORATORY TESTS ON SEVEN PROTOTYPE BATCH SOLAR WATER HEATERS
 

ModelI 
Max. Temp. 
Reached. Cod Suah Cn 

S__u__Wi5 

cali/m' 
H/(n. 

/(n)p 

M 
/n 

Advantages Perceived 
LaboTstDuring Lab. Tests 

Disadvantages Perceived 
During Lab. Tests 

Materials cost 
per unit (1982) 

CostLabourLabour 

per unit (Time 
r unt Ti e 

1. 5 litre tin painted 49 814.29 Simple, tins available Easily cooled by wind 0 0 

black 
(7) everywhere Poor performance (recycled) 

2. Concentrating 

collectors: 
High tteaperature of 

water. Locally 

Limited capacity, i.e.. 

lOlitres 

P21 P4 (2 days) 

availale. though High material cost 

imported materials 

26. nal* drum 69 37 125.14 16 

2b. plastic bucket 69 35 
(7) 

1258.46 18 Easy to use 

3. Large insulated box 

3a. White CO n/a 1507 

3b. Black 59 39 

(7) 

1778.57 25 

Insulated large 

capacity (20-301.) 

Bulky/heavy 

High cost 
P41 P8 i4 days) 

4. Insu!ated bo. with 53 45 1607 4) Easy to build Portable Costs more than insulated P15 P6 (3 days) 
(7) Insulated with poorer performance 

Limited capacity (i.., 

I0-15SLI 

5. Uninsulated bo 57 50 1664.84 C)Cheap Containers (5L tins) P12 P2 (I day) 
Simple construction leak when overheated 
Highest efficiency 



TABLE I C PARAIIVE SIUMMARY OF LA"ORAIORr 

Model 
-Su 

Max. Temp. 

Rea hed C
Wi 

cal/m' 

H/(n) 

-

/n 

Advantages Perceived 

During Lab. Tests 

6. Solar Pillows 

a. 

b. 

Solar Pilrw (I) 

Solar Pillow (11) 

53 36 

31 

942.33 

(6) 

14 

17 

Cheap 

Easy to make 

Portable 

c. Clear Pill(,w 33 12 Large Volume (20-30L) 

77a. Flat Silvpr P£ox 53 1203.82 

(6) 
1203.83 

(61 
Simple construction 

7b. Flat Blac. Boy 59 1716.67 

(3) 

1716.67 

(31 

Easy-to fill 

Large volume, i.e., 

NOTES: 1. H= energy collect ,y4/collector area 

NOTE 1.q H=(spergyc~lecifi-.4col lector ae a ne n3. 
mass)c) (specificheat of h )(change in temp 

collector area 

calories/m' 

2. M= energy collected/energy available 

mja s Ikg) (spectIcheatof water 

collector area 

(change in temp) 

calories/m' 

TESIS ON SEVEN PROTOTYPE BATCH SOLAR WATER HEATERS (CONT.) 

Disadvantages Perceived 
 Materials Co.t Labour Cost
 

During Lab. Tests 
 per unit (1982 
,p per unit (Time)
r u it ( i e
 

Material only available
 

Gaborone
 

Ground seams 
leak 
 P9 
 P3 (1/half da
 

Low performance
 

Hard to empty
 

Heavy condensation on 
 P15 
 P4 (2 days)
 

glazing
 

Labour cost 
based on 
P2 per day for unskllt,
 
v. iacd 



In addition to technical performance and cost data, the
experiments provided insights into the construction and operation
of 	each unit. Table 1 summarizes the overall laboratory results

and provides a comparison of the units tested.
 

Given that warm water is required in the morning, tests were

conducted to determine how well the heaters performed overnight.
Four containers were tested for overnight efficiency during the

winter. The containers were insulated with locally available

materials, all of which had approximately the same thermal

properties, then stored overnight. 
The change in temperature was

measured from the time the water was 
placed in the heater until
it 	was taken out the following day. The efficiencies recorded
 
over the entire storage period are shown in Table 2.
 

Table 2
 

Qyernight Efficiency of Containers
 

Container 	 Efficiency
 

Five-liter tin 
 29.2 0 C 
Plastic bucket 
 25.5 0C
 
Large black box 	 26.5 0C
Solar pillow 	 22.9 C
 

D. Fi ting and Pilot Education
 

Based on tne laboratory tests, the following models were

selected for the user test and determination of villager

preference:
 

" 	concentrating collectors,
 

" 	large insulated boxes,
 

* 	 five-liter tins in wooden boxes, insulated and
 
noninsulated, and
 

• 	solar pillows.
 

Shoshong was selected for the user test. 
 Because its

villagers had more of the required resources and skills and 
a
generally higher income level, the chances of long-term success

seemed higher than in Ditshegwane.
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User Test Methodology
 

Laboratory tests indicated that the above models 
raised the
 
temperature of tap water from 300 C to betwwen 450 
and 530 in
 
summer and from 18 C to between 31 and 50 in winter over 
a
 
minimum of four hours. The devices needed to be used in
 
households to verify the lab results in actual home situations
 
and to determine actual user reactions. The latter was
 
especially important since solar water heaters had not been
 
introduced in villages.
 

The user test was designed to determine, over a seven-day

period:
 

* 	user reactions (likes and dislikes, suggested

improvements, interest in and skills for
 
constructing the devices, interest in owning one,

usefulness for daily activities, suitability for
 
household needs, neighbor reactions, problems

encountered in use); and
 

* performancc in household use (number of times used
 
per day, time of day used, temperature of water
 
before and after heating, efficiency co;npared to lab
 
results).
 

User Test Procedure
 

Since this technology was unknown at the village level, the
 
test included simple demonstration and instruction in the use of

the heater for the households that volunteered to participate; a
seven-day trial period in the households; daily interviews and
 
temperature measurements; and a discussion of home use
 
experiences.
 

Four key organizations assisted in identifying people for
 
the demonstration: the Botswana Council of Women (BCW), 
the

Young Women's Christian Association (YWCA), the Village Health
 
Committee (VHC) and the adult literacy group leaders. 
 In 	order
 
to 	thoroughly present and discuss the technology, it was decided

that each organization would send six people and the

demonstration would be performed twice, with a limit of 12 per
 
group.
 

The demonstration was done in the afternoon, the staff
 
having filled the six solar water 
heaters earlier in the day. A
 
brief explanation of how to 
use the sun to heat water was
 
provided. It included the concepts of orientation, absorption,

radiation, reflection, color, insulation and mass. 
 The features
 
of each model that corresponded to these concepts were pointed

out. Participants then felt the temperature of the water and saw
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how each unit was filled and emptied. Participants asked
following questions during the demonstration: 
-he
 

9 Will the water stay warm overnight or into the
 
evening?
 

* 
What time do you put the water in?
 

* 
Can you take the water out and replace it?
 

* 
Will water reach the boiling point?
 

All participants wanted to be involved in the home use
tests, and in the end, each organization selected an 
equal numbet
of volunteers. 
The solar water heaters were delivered to each
volunteer household, and observations were made for one full day
to ensure that the operating instructions were clear and being
followed correctly. 
Visits were scheduled based on household
routines. 
 For each of the next seven days, the households were
visited by a BRET staff member. Information on user reactions
and performance, as described earlier, was gathered and recorded
 on the data sheets found in Appendix D.
 

User Test Results 

In all households, the heaters were filled by 9 a.m. daily,
properly oriented and kept out of the shade, and reached an
acceptable temperature by the time of the staff visit between
3:30 and 4:30 p.m. On the one overcast day of the test period,
temperatures reached by the heaters dropped accordingly. 
Table 3
summarizes the mean temperatures reached by the end of each test
day for three of the prototypes. 
 Data for the uninsulated box
with three tins and for the solar pillow were not available. It
was 
not possible to calculate efficiencies at this stage, because
the dail' visits and other duties of the staff prevented them
from reading the solar prospector every hour.
 

Table 3
 

Mean Temperature Achieved During User Tests
 

Prototype Model 
 Day: 1 2 3 4 5 
 6 7
 
Concentrating collector 
 46 46 38 25 51 -- 48
Large insulated box (black) 34 29
40 20 29 27 30
Insulated box with three tins 
 54 51 24 --
43 40 48
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All users reported general satisfaction with the units, but 
no one used the water prior to thE visit by the BRET staff. It 
was not determined whether hot wacer was 
needed before that time.
 
It is likely that it was, 
since 88.7 percent of the households in
 
the original Shoshong survey indicated that they heated water in

the morning for washing. The volunteers were reluctant to 
use
 
the water until told that it was all right to.
 

Reasons that users gave for liking the solar 
water heaters
 
were the "high temperature" of the water and the use of three
 
tins at once.
 

Users gave reasons for dislikjig the solar pillow, large

insulated box and condentrating collectors. One user 
claimed
 
that the temperature of the water in the solar pillow went down
 
quickly in the afternoon, and that children and goats could
 
easily step on it. 
The large box was damaged by water spillage.

The concentrating collectors were too difficult to use because
 
they were 
too heavy and bulky to move easily.
 

During the discussions following the week-long home use
 
tests, the noninsulated box with three 
tins (total capacity of 15

liters) emerged as the most popular model. It also performed the
 
most consistently. Users also indicated that they could and
 
would build this model themselves if given some help.
 

The user test, conducted over a one-week period, provided
 
some indication that a simple batch solar water heater could be

used in village households and that there was interest in
 
learning to construct the three-tin, noninsulated-box model.
 
Training workshops seemed to be the most appropriate next step.
 

TriingWQXza±2Qa 

Training workshops were intended to respond to the interest
 
generated by the user tests, determine the level of skills
 
possessed by villagers, gather more 
data about the suitability of

the selected unit for local production and produce enough units
 
for installation in households over a longer period of time.
 

Training workshops were the pr.imary vehicle for 
installing

the three-tin, noninsulated-box solar water heater in 
a number of

households. Two construction workshops were held in Shoshong, 
a

village carpentry workshop that included solar water heater
 
construction was held in Ditshegwane, and construction of the
 
unit was 
included in larger workshops to introduce RETs to
 
extension workers. In the course of one year, 15 units were
 
installed in households for long-term use. The results of the
 
longer-term experience are found in Section III.E.
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The first Shoshong workshop was held in September 1983 with
 seven participants. The workshop was designed to enable
 
participants to:
 

9 	construct, in cooperation with one or two other
 
people, at least one solar water heater,
 

* 	describe the components of the unit and how they

work to heat water,
 

* 	demonstrate how to fill and empty the solar water
 
heater, and
 

• 	demonstrate how to position the heater so that it
 
captures the most heat.
 

While all participants met the last three objectives
adequately, they were ill prepared for the actual construction,

and the allocated time (five days) was inadequate to acquire
rudimentary carpentry skills. 
 Participants were not able to use
 a measuring tape accurately, a drill properly, or 
to 	saw in a
straight line. 
 At 	the end, four units were constructed, most

rather ill fitted.
 

At 	the end of the first workshop, the following

recommendations were made:
 

" 
train only those with carpentry skills and let them
 
build and sell the heaters;
 

" 
design and cut complete templates;
 

" 	design a unit that is easier to build.
 

The first recommendation was 
taken, and resulted in a second
Shoshong workshop in December 1983. 
 During this workshop,
participants fitted the original four units and constructed four
 more. The participants were experienced with the required tools
and interested in learning to build the heaters. 
 At 	the end of
the workshop, the units were sold to 
interested participants from
both workshops for the cost of the materials (P12). Seven people
purchased solar water heaters on 
an installment basis, agreeing

to pay over a three-month period.
 

The second and third recommendations were deferred until it
became clear that they were necessary. The third may not be
 
feasible at all.
 

The Ditshegwane carpentry workshop was based 
on 	interest
expressed by villagers in learning income-generating skills
well as on 	 as
the first recommendation from the Shoshong workshop.
Given that there were no experienced carpenters in Ditshegwane, a
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two-phase workshop was planned. 
 Phase one was conducted by

RIIC's village carpenter, Mr. Modise, and phase two by BRET staff
 
and Mr. Modise. During the 
first phase, participants learned
general carpentry skills, using only hand tools. 
 They produced

chairs, tables, sideboards and coffins which, in the end, 
were

far more interesting 
to them than the solar water heaters. Six
 
solar wat.er 
heaters were built, and workshop participants and
 
BRET's facilitator tried to sell 
them without success. In fact,
 
as of July 1985, there were no solar water heater users in
 
Ditshegwane.
 

Two week-long workshops were 
held for extension workers in

the Central District in September and October 1984. 
 The purpose

was to introduce RETs to participants and gather information
 
about how RETs might be disseminated. Solar water heater parts

were precuc to save time and provide some experience in their

construction. Participants had to glue and hammer parts

together, fit hinges and glazing, and paint the boxes.
 

Ten units were made during the Central District workshops.

These were given to participants based on geographical location,

i.e., 
one per site. A similar workshop was held in Mookane in

December 1984, at the request oI 
 the assistant community

development offi 
ar there. In that workshop, an additional four
 
units were produced and left with participants.
 

At the end of 1984, a total of 27 units had been made
 
through the vacious workshops. Twenty-one of these were in

househilds, enabling some 
long-term assessment of usefulness,
 
durability and interest.
 

It is 
clear that people with basic carpentry skills can

learn to build simple solar water heaters and those without can

assemble precut kits. Thus there 
are two options for production/

installation of the solar water heater. 
 The price of P12 was

acceptable to those participants in Shoshong and the installment
 
method of payment worked well, with no defaulters. The
 
Ditshegwane experience, however, indicates that the solar water
 
heater is not viewed by potential producers as a serious
 
production item.
 

The next section de3cribes the BRET project's longer-term

experience with solar water heaters and provides further
 
analysis.
 

E. Operation and Maintenance
 

As of May 1985, the seven 
solar water heaters installed in

Shoshong were still 
in use. Of the remaining 14, at least eight

were still in use, as 
reported through a follow-up questionnaire

mailed to participants. 
The number may have been higher, but
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only eight questionnaires were returned. 
 The diversity of
locations made follow-up visits impractical.
 

Of the 15 users for whom information was available, 11 
use
the solar water heater daily. Their comments follow, with the
 
number of responses in parentheses.
 

A *:
 
makes water hot without using wood (5)
 

--saves time (2)
 
--uses the sun only (2)
 
--warms up water unattended (1)
 
--it's economical (1)
 

* 	Disadvantages:
 
--does not work when it's cloudy (5)
 
--water does not remain hot throughout the night (1)

--water does not stay hot long (1)
 
--plastic cover wears out quickly (1)
 
--hard to get the plastic cover (1)
 

The plastic covers referred to above were of 
ar 	inferior quality,
but the only ones available made of clear vinyl. 
 They have been
 
in use for about six months.
 

A problem not reflected in the questionnaire responses, but
reported by a BRET field staff member, was that in one case 
the
chipboard bottom of 
a solar water heater collapsed after less
than three months' use. Apparently, uater had been spilled on 
it
frequently. The BRET project replaced that unit. The problem

was not reported by any other user.
 

Neighbors were 
reported to be impressed with the solar water
heaters. 
 Twelve people in Kalamare and five in Mahalapye

indicated to extension workers who had the units that they would
buy the heaters for P12. Seventeen others indicated that they
would like to learn how to make a heater--10 in Tshimoyaopula,
three in Letlhakana and two each in Kalamare and Ramokgonami.
 

While the notion of a heater for the price of P12 was an
attractive one, it is highly unlikely that that will be the real
cost. 
The next section describes the economics of the solar
 
water heater.
 

F. Economic Analysis
 

The indications above, though limited, place the simple
batch solar water heater in an attractive position in terms of
acceptability. A financial and economic analysis done in June

1985, however, 
indicates that this model is not economical.
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Based on actual prices for materials, labor, workshops and
staff time, the delivered cost 
of the unit is estimated at

P138.78. This is definitely too high, as it includes

considerable amounts of staff time and all workshop costs. 
 At

that price, the benefit cost ratio does not 
come cloE.e to one.

Further, 
in order for the unit to be economic, the price of

fuelwood would need to be 
at 	least P5.56 per kilogram.
 

Given that the delivered production cost is very high and
that there is no equivalent market sale price, 
a similar analysis

was performed on the basis of a unit cost 
of P40. At that price,

the benefit cost ratio approaches one, at a fuelwood value of

five thebe per kilogram. 
The minimum price of fuelwood per
kilogram necessary to 
make the solar water heater economical at

the P40 price is P3.86 per kilogram.
 

The analysis was 
complicated by serious data limitations:
 

* 	 the BRET project was not able to determine the
 
amount of firewood required to heat water in 
the
 
traditional way;
 

* 	 the temperatures achieved by the traditional system
 
vary widely; and
 

9 	actual quantities of water consumed per household
 
are unknown.
 

In 	addition, the economist had to 
impute benefit values from

theoretical computations. 
 Despite these limitations, it is clear

that under present conditions, the BRET solar water heater model
 
does not appear to be economical.
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A. Techical
 

During the day, the solar water heater achieves satisfactory
water temperatures. It does not maintain temperature overnight,

but laboratory tests indicate that if the container is wrapped in
 
an insulating material, it will store heat overnight.
 

The major difficulty is in finding the glazing. 
Most major
towns sell a type of clear vinyl that 
can be used, but it is not
 
always found in smaller villages.
 

B. Eonomic
 

It was difficult to assess the benefits of the solar water

heater, but 
it appears that the present model, even valued at
P40, is not economical. 
 (For a more complete discussion of the

economics of the solar water heater, see 
"Financial and Economic
Analysis of Selected Renewable Energy Technologies in Botswana,"

by Dr. Phillip LeBel, ARD, July 1985.)
 

C. Sociocultural
 

There is some interest in the solar water heater among

community innovators, ie., those members of nongovernment

organizations in the village who were willing to participate in
the user tests and subsequently purchased the heaters and
continued to use them over a 10-
 to 12-month period, and among

those extension workers who built heaters during a workshop and
used them over a six-month period. People in these groups place
some value on their time and recognize the advantage of coming

home to warm water at the end of a work day.
 

An inexpensive solar water heater that would keep water warm
 over a long period of time (and overnight) would meet the basic

requirements of village users. 
However, it is important to note

that although the solar water heater was demonstrated along with
other devices, no further requests for purchases were made. It
 seems that only extension workers, teachers and other community

innovators were interested,
 

The BRET project's experience indicates that motivated users
 are willing to do the "extra" work involved in filling a batch

heater in the morning in order to have warm water at hand later
 
in the day.
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Do Institut-ional
 

The batch solar water heater seems appropriate for the
users, i.e., community innovators and extension workers, who
value having hot water on hand.
 

The Shoshong and Ditshegwane experiences indicate that
people can 
be trained to produce the unit, and theoretically
could be trained to produce and market the units. 
 However, this
has not happened, even among those participants in the
Ditshegwane carpentry workshop who specifically wanted to make
products to sell. 
 Only two of the participants indicated that
they would try to make the heater to sell, and neither of them
had even begun to move in that direction as of September 1985.
 

The workshop approach to production and dissemination is
expensive. It requires skilled trainers who know about solar
water heaters as well as carpentry. Because of the low priority
assigned to salar water heaters, additional approaches to
development and dissemination were not warranted.
 

E. Luagy 

it was not possible to determine the energy savings that
could be attributed to use of the simple batch solar water
 
heater.
 

F. S
 

The BRET solar water heater is not economically feasible,
although it appears to meet the needs of some members of the
community. It was, appropriately, the lowest priority among the
BRET project's village RETs. 
 It is possible to train people to
use the solar water heater, and there is some willingness to fill
 
a batch system.
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V. R N2NATjQU 

Any further work cn very inexpensive systems would need 
to
begin with gathering the necessary data to determine actual
 
benefits, i.e., 
amount of fuelwood used in a household to heat
 
water; specific amounts of water used at specific times of day;
and the temperature to 
which water is heated by villagers.
 

The next step would be to determine at what price the solar
~rLer tbeater becomes economical, given a range of possible

fuelwoo6 prices. 

If it is possible to design and build 
a model that delivers
 
the Tequired quantity at the required time and temperature, then
 
pilot diffusion could begin again.
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APPENDIX A
 

Technology Development, Disseminatioln and-Assessment Model
 

Used by the BRET Proj.
 

The technology development, dissemination and assessment
 
pproach used by the BRET project was 
the basis of ARD's original

roposal to AID. That proposal outlined the general work plan

or the 
project, including the following efforts and activities:
 

* 	 redefining, refining and reassessing the BRET
 
project's purpose and 
outputs, as well as searching

for appropriate technologies for Botswana's 
rural
 
areas;
 

* 
 collecting necessary data for problem definition,
 
analysis and resolution, not 
only in terms of
 
technologies, but for 
awareness campaigns, extension
 
and other project activities;
 

* 
 selecting technologies based on "needs-driven,"
 
rather than "technology-driven," considerations;
 

• 	 gathering relevant sociocultural, economic,
 
technological, energy and organizational/
 
institutional data at 
the village level to
 
understand the energy needs and technological
 
potential in rural Botswana, beginning with energy
 
surveys in pilot villages as the first step in 
an
 
iterative planning process for choosing and
 
transferring technologies;
 

• 	 selecting technologies by moving through decision
 
points related to goals, needs, social/cultural
 
patterns and economic analysis;
 

making adaptations in technologies used elsewhere,
 
and in Botswana institutions and organizations;
 

* 	 testing potential RETs in the laboratory, at the
 
project's village training centers 
and in the field;
 

* 	 completing additional surveys and 
similar data
 
collection efforts, as 
already noted, necessary for
 
the experimental process with various technologies;
 
and
 

* 	 developing clear objectives and the means 
for
 
evaluating both project performance and
 
technological innovations, including technical
 
performance, financial and economic costs 
and
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benefits, social and cultural acceptance,

institutional appropriateness and transfer or
 
extension strategies.
 

The BRET project employed and further developed ARD'i
 process for technology development, from the perception of
energy-related needs to promoting widespread use of technologies
that meet those needs. This process (graphically presented in
the figure on the following page) served as 
the basis for most of
the activities undertaken during the project's life and guided
the development of each RET. 
 As the figure shows, the process
appears to be basically linear, but does allow for 
feedback at
major decision points. 
 In this way, devices were modified, new
ideas introduced and decisions made about technology production,

dissemination and follow-up.
 

The.ProJecteas a "Learning Laboratry"
 

Overall, 
the BRET project employed a "learning laboratory"
approach. Basic to this approach is the fact that efforts were
needs-driven, as opposed to 
technology-driven. 
The fieldwork and
needs assessment conducted as part of the village energy survey
at 
the start of the project provided the initial impetus and
foundation for subsequent technical activities. After energy
needs in two of Botswana's rural villages had been assessed,

technologies were matched to those needs, prototype devices
constructed and tested, and finally, if a technology 
zhowed
promise in meeting an identified need, limited field trials were
conducted. Feedback is an integral element of the learning
laboratory approach to ensure that any problems that arise during
field trials 
can be addressed in the workshop. During the course
of the project, the progress of each RET was 
plotted on a flow
chart, and every device had to go through five major steps before
it received public acceptance status. 
 Only after a device had
made it through the entire development and testing process was 
it
considered for release 
to the general public.
 

General Description of the Technology Development Process
 

The BRET project was involved in research, development and
dissemination of two categories of RETs, which moved through the
technology development process in different ways, 
as is discussed
subsequently for particular steps in 
the process. The two types

of technologies were:
 

* 
rural domestic RETs, targeted at rural households to
 
conserve fuelwood used for cooking, lighting and
 
heating; and
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* 	institutional RETS, intended for community, district
 
and government agencies for water pumping, small
scale electrification and building projects.
 

The technology development, iissemination and assessment
 
process consisted of five distinct stages:
 

* 	needs and resource assessments,
 

* 	technology identification, matching and selection,
 

* 	prototype development and testing,
 

e 	comprehensive field testing and pilot education, and
 

• 	 widespread dissemination or transfer to the public 
domain. 

In addition, a specific analytical method was used during the
 process for technology assessment. It is described in a separate

section below.
 

Community and entrepreneur involvement took many forms
during the BRET project and was an essential part of every step

in 	 the technology development process. Since ARD was using a
recognized community development framework, "community

involvement" refers 
to the project's relationship with all

individuals, leaders, organizations, and GOB staff and programs

related to the geographic areas or technologies of interest. 
Community input was 
solicited through a number of activities,

including surveys, discussions, interviews with leaders,

conferences and seminars, consultations, and requests for

assistance in evaluating particular devices 
or 	planned

dissemination strategies. 

Research and development was an essential aspect of the BRET

project, with four different types of activities:
 

* 
social research and development into needs
 
assessments, dissemination straLegies and
 
institutional capabilities;
 

* renewable energy resources assessments that involved
 
the installation of monitoring equipment and
 
subsequent data collection and analysis;
 

e 	development of new devices, such as 
the sheet metal
 
stove, simple solar water heater and wind-driven
 
mono pump; and 

* field testing of off-the-shelf RETs under Botswana's 
conditions.
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Since the project dealt with both technical and social matters,
an interdisciplinary staff was needed to carry out its 
research

and development effortc in both areas.
 

Five Stiaes in the Techn2!ogy Development Process 

One -- Needs and Rc~ource Assessments 

The first step in the process includes the assessment of the
target population's actual or perceived needs. 
 Needs can be
identified through a number of sources and activities, such as
interviews or surveys of the people or communities involved.
Many institutions have relevant information about documented
needs, and some have eveni 
had experience in attempting to meet
those needs. This type of information can be gathered by
interviewing staff members or 
reading reports. Some needs have
been documented in reports on past studies anu assessments as
well as in national develoxnent plans. Thus, when developing a
particular technology, -he starting point for a needs-driven
project is a clear picture of the need(s) that can be met by the
particular technology under consideration.
 

The initial stage in technology development also includes an
attempt to collect enough reliable data to make a realistic
assessment of available amounts of renewable energy resources.
In Botswana's case, these resources include biomass, firewood,
wind and solar radiation. 
In some cases, there was only limited
existing information on 
these energy sources, so it was necessary
to develop data-gathering programs. 
 Potential resources in terms
of organizations, institutions, manpower and skills must also be
assessed to aid in the selection of technologies and
dissemination strategies. 
 Finally, financial and economic
 
resources 
must be assessed and considered.
 

Two -- Technology Identification, Matching and Selection
 

At this step in the development process, a complex issue is
addressed--identifying potential technologies that can use the
available resources to meet existing needs. 
 It may be possible
to utilize or modify a known RET, or an attempt can be made to
develop a totally new device. 
 Since the latter option requires
considerable research and development time and resources, the
BRET project focused on using 
or modifying existing technologies.
However, its work on the wind-driven mono pump with RIIC
approached the development of an entirely new technology. On the
other hand, development of a new pedal-powered sorghum de-huller
 was investigated, but not pursued, because there would have been
insufficient time during the project to complete the necessary
 
resource assessment and research.
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Three -- Prototvpe De m _and Teina
 

Follo,ing needs identification and the selection of
appropriate RETs, a number of potential technology designs 
are
 
considered and prototype models developed. Actual working units
 
are constructed and tested. 
 Important considerations include
 
both potential energy savings and information from the assessment
 
of existing or potential social, institutional and construction
 
skill resources 
for eventual production and dissemination of the
 
device.
 

Actual working prototypes are tested in the research and

development lab to determine how well they work, whether they are
 
likely to satisfy identified ne-F6 
 with less work and increased
 
energy efficiency, and the potential economic savings. 
 Once
 
these questions are answered, it 
is also necessary to consider
 
potential social costs and institutional structures required to
 
implement eventual construction and dissemination of the
 
technology.
 

In the case of the project's institutional RETs, prototypes

were installed in field settings to 
examine their operation under
 
natural conditions and determine whether the devices could be

operated and maintained by local technicians. From these tests,

it is possible to estimate the kind of additional training

required for operation and maintenance personnel. In the case of

the BRET domestic technologies, these devices were constructed
 
and/or used by villagers to assess their performance under fairly

normal, daily use by ordinary people, not trained lab
 
technicians. In each case, a thorough testing and data
 
collection procedure was developed and employed.
 

Four -- Comprehensive Field Testing and Pilot Education
 

By the time the BRET project reached this step with a

particular technology, it had already found that the device was
 
more efficient and afforded potential energy savings in

comparison to the technique(s) used previously. Still, some

questions remained about the technology's performance under
 
typical field conditions, whether potential savings would be

actualized, and the skills and costs involved in maintenance and

repair. Before proceeding with nationwide dissemination, any new

RET should be operated in the field by many ordinary people

and/or technicians in conjunction with careful monitoring. This
 
step helps identify operational problems and training needs, and

solidify plans for general dissemination. For the project's

institutional technologies, this Ltep was actually part of the

data-gathering undertaken to answer the questions just noted.
 

Villagers and institutional representatives were invited to
demonstrations of rural domestic RETs and installations of
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institutional technologies to become acquainted with the
potential of these devices to meet personal or 
institutional
needs using existing renewable energy resources in Botswana.
TI-se working demonstrations proved to be much more informative
and convincing than written information, theoretical discussions
 
or even pictures.
 

Five -- Widespread Dissemination/Transfer to Publjcm!
 

WI-en 
a technology gets to the final step in the development
process, it 
is ready to become part of the general social,
cultural, technical and institutional scene. 
For rural domestic
RETs, dissemination may involve large-scale GOB or 
governmentsupported campaigns. In some 
cases, these efforts will involve
only the extension cadres, while in othe:s, the combined efforts
of extension personnel, producers and entrepreneurs will be
required. The degree of involvement by various parties will
depend on whether the technology is intended to be made by the
owner or 
produced commercially. The dissemination of
institutional RETs means developing national policies and
 programs, as well as 
the purchase and installation of
technologies through numerous ministries, departments and
district councils. 
 In most cases, no single institution,
ministry or 
department can handle the entire dissemination
 process, as 
it requires inter-organizational skills, planning and
cooperation. With transfer to the public domain, project
activities such as 
training local artisans to produce BRET stoves
or 
fostering the private manufacture of wind machines and solar
water heaters were the preferred strategy.
 

TP..Q v Assessment
 

Whenever the BRET project was 
involved in technology
assessment--primarily during stage three of the development
process discussed above, but sometimes as part of other steps in
the process as well--the model presented in 
this subsection was
employed. 
All of the reports on individual technologies are
organized according to 
the five areas 
involved in any substantial
 
technology assessment:
 

* technical,
 

* economic/financial,
 

* social/cultural,
 

* institutional/infrastructure, and
 

e energy/environmental.
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There are at least three topics involved in a tcnica
 
analysis:
 

* 	the specifications, engineering design and component
 
parts of the device;
 

• 	a study of the technology's performance--how much
 
work it can do with what resources; and
 

@ 	reliability and durability of the equipment, and
 
concomitant needs for maintenance and repair during

the technology's life span.
 

The omic/finahcial analysis involves a study of a
 
technology's cost and the value of its benefits in comparison to
 
other devices that can be used to accomplish the same task,

regardless of whether they use fossil fuel or renewable energy
 
resources. Both financial and economic analyses can be
 
performed, and require reliable, valid financial figures for
 
costs and benefits, including all hidden costs and subsidies,

shadow prices and discount rates. In general, there are non
quantifiable factors that figure importantly in the decision
making process, which must be articulated in addition to the

quantifiable parameters. Consequently, it is necessary to
 
clearly specify all of the assumptions relating to these
 
analyses. Common approaches, assumptions and types of data
 
collected can be used for any analysis and comparison of

technologies that perform a similar task, such as water pumping.
 

Technology introduction has an impact on existing

social/cultural structures. At issue here are 
identifying these
 
impacts, the sociocultural institutions that are affected,

problems attending the introduction of a particular device,

social and cultural obstacles to technology transfer, potential

changes in social patterns required for technology acceptance,

existing or new cultural or social structures that might be

useful for introduction of the RET. Again, common assumptions

should be articulated and agreed on for comparisons between
 
existing and new technologies.
 

The ititutional/infrastructure analysis concerns
 
organizational resources needed to introduce and maintain the

technology. Sometimes, such structures already exist; 
in other
 
cases, they must be changed; and occasionally, new organizational

structures have to be created. Training may be needed and this
 
type of analysis concerns by and for whom, when, where, for how
 
long, etc., as well as what existing or new coordinating and
 
information-sharing groups might need to do. 
 This portion of the
 
assessment model relates to both the informal and formal sectors
 
of the GOB, ministries, departments, districts, para-statal

organizations, and private construction and manufacturing firms.
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In the eneray resource/environmental analysis, it is
important to consider Botswana's sunny, hot climate ard delicate
vegetation base. For instance, increases or 
decr3ases in
fuelwood consumption could have 
a substantial environmental

impact. 
 This type of analysis is also concerned with how the
 energy utilized by a particular technology fits into national
 
energy goals and 
renewable energy objectives, in terms of the
 
energy source used, resources saved and overall effect.
 

In aumhrZ, this technology assessment model can 
be used for
 any technology by any organization. Although some groups could
complete the entire assessment, it may be more efficient to make
it an inter-organizational task, utilizing the competencies of
relevant ministries, departments and para-statal agencies to
 carry out the five types of analyses that make up the total
assessment. This sort of inter-organizational approach develops

knowledge and potential interest in a technology that crosses
disciplinary and organizational iinei, which would aid in the

eventual dissemination process. 
 If such an approach is taken,
the overall technology assessment must be managed by a team that
has the necessary interdisciplinary technical, social and
 
organizational skills.
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APPENDIX C
 

Drawinqs of Solar Water Heater Prototypes
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APPENDIX D
 

Solar Water Heater Data Sheets
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Shoshong User Test Data Sheet for Solir Water Heatr-r 

Name of Household Recorder
 

Size of Household 
 Model of Heater 

Where does user get water fillto heater ? Tape
 
Storeage inside 
 Storeage outside Other 

OBSERVATIONS: The recorder willlook at how the solar heater is being use 
Answer yes or no Daily 

DATE 

Is the heater facing the sun ?
 

Is the heater shaded during the day?-

Is the heater filled properly ? 

-


Other ccmlments
 

DIRE=T QUESTIONS: The recorder will ask these questions daily 
DATE 

-

Did they use the wanm water?
 
When did they 
fill the heaters ?
 
When did they use the water ?
 
What did they use the water for ?
 
How much water did they use ? 

PROBL: 

Water Temperature of solar water heater 

DATE
 

Time
 

Temperature 
of water *C
 

Volume of water 
 Liters 

Improvements and other comments:
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USEM REACThX': The recorder will t l1 with user and through tU,±s i r r-' 
questioning will find out user reaction. Date the comments. This part sinvjici 
be done by end of user test
 

Likes and dislikes
 

Suggested inproviments 

Interest in building one 

Would they be able to build one 

Would they like to have one or use one 

Was it useful for daily activities 

Was the water ready at the "right" time? 

Was the water hot enough ? 

Was the quantity of water (capacity of the heater) enough? If not, 
how nuch more ? 

What did the neighbors think ? 

Would they buy one ? If so, how much? 

Other cmnents 
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