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CHAPTER 1 
 Introduction
 

The following work was carried out from September,l979 through December,
1980 in the Rural Technology Unit (RTU) of the Thabs Tseka Integrated
Rural Development Program (TTIRDP), Thaba Tseka, Lesotho. This report encom­passes the activities diacussed in Solar Enrgy Experimentation and Trainin
in the Mountains of Lesotho Phase 111, September,1979 to April 3.980, by
Gary Klein and Alan Wyatt, which will hereafter be referred to 
as the
interim report. Financial assistance for thia report was provided by
Aopropriate Technology International 
(ATI) of Washington, D.C.,USA and
 
TTIRDP.
 

The original goals of the 
 project were to examine village energy demands
and to identify techniques of utilizing solar energy that would meet these
requirements and to train a local staff to identify, build, test, and
explain the resulting devi~es 
to people in the District. Based on the
results of the first seven months of work, it 
was felt that cooking represent­ed the largest demand for fuel and that both conservation techniques and
solar technologies had to be explored in 
greater detail. 
In addition, the
existing prototypes needed to 
undergo wintertime evaluation and the
extension effort needed to 
be developed.
 

This document reports on 
the new research areas and on the 
 results from just
over one 
 year's effort in the other activities. These topics 
 include
climate, water heating, food dehydration, solar electric systems, cooking
solar distillation, climate-wise building design, greenhouses and cold
frames, extension and marketing, and training. Rather than repeat many tech­nicnl tables, relevant sections of the interim report have been referred to
in the following chapters. Please note that 
 Appendix I/ contains correc­
tions to the interim report.
 

Happy reading!
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CHAPTER 2 
 CLIMATE IN THAGA TSEKA DISTRICT
 

This chapter will analyze the weather data available for 1980 and compare
 
it to 
the long term records. This is done primarily to evaluate the effect
 
of weather patterns in n specific year on the various devices we modelled
 
in 
the interim report. Some new data will be presented where we acquired
 
new equipment to aid in our investigations. Topics include temperature and
 
solar radiation.
 

Temperature
 

Temperature and degree day information arr 
necessnry for predicting heating
 
and cooling loads of buildings. Temperature data is also used for determining
 
the efficiency of various solar collectors. In the interim report, 
it was
 
decided to 
use data from the Paray Mission weather station for the long-term
 
temperatures. We haue continued to do 
so here.
 

Figure 2-1 compares the mean minimum, maximum end average temperatures from
 
the Paray station forsix months in 
1980. The pattern compares well with
 
the lono-term information that is available. Table 2-1 
and Figure 2-2 com­
pare the 1980 mean with the long-term mean. As can be seen, 
the differences
 
are 
slight. Because of this, the long-term Paray data will continue to be
 
ueed for the general calculations in the remainder of this report. When
 
particular situations are examined, the 1980 data will be used.
 

Solar Radiation
 

Data on insolation, or the amount of radiation, is very important for
 
evaluating the design of devices utilizing solar energy. In the interim
 
report, it was 
 decided that the mean of the long-term monthly vmlues from
 
Maseru and Oxbow would serve 
as reasonable approximation for horizontal 
surface totals. From these values, monthly mean daily surface totals for 
north facing tilted surfaces were derived. 

In late June,1980, an 
integrating pyranometer was installed at the R.T.U. 
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The Unit was purchased from Australia and is being used to establish an
 
accurate radiation record for the Thabs Tseks arae. 
It contains its own 
battery and a six digit counter. Specifications &re included in Appendix i. 
For purposes of this report, SI units have been converted to BTU/SQ.ft.
 

Table 2-2 compares the actually measured radiation with the previously
 
derived figures from July to 
November,l98O. A graphic representation 
 is
 
contained in Figure 2-3. The standard oeviation and the percent deviation
 
of the measured radiation were calculated for these months. The percent
 
difference between the 
measured and derived radiation was also calculated.
 

As can be seen, the standard deviation 
was very large for August end
 
September. These months were in 
fact ouite variable, with periods of sunny
 
weather followed by periods that 
were cloudy. By comparison, however, the
 
difference between the 
 measured and derived readings is small. Since
 
these differences are 
small and because the data is available for only part
 
of one year, for general purposes, the derived figures should still be usec.
 
When specific periods of time 
are examined in this report radiation totals
 
from 1980 will be used. It is recommended that daily readings continue
 
so that long-term results 
can be obtained.
 

Conclusion
 

rhe previously developed temperature and solar radiation data should con­
tinue to be used when making long-term predictions. When analysis of
 
specific periods within particular years is desired, the measured inform­

ation for that period should be used. The pyranometer that was purchased

performs well and is recommended to others if similar Quality is desired.
 

http:BTU/SQ.ft


Table 2-1. 
 NComparison of Long Term and 1980 Mean Temperatures for Selected Months, Paray Mission
 

Long 1980 e n D ifferenceP e c n
 
T e r m T_( L T -1 9 8 0 ) Di fer ce
 

Mean ( C) ( C) nn ( C) W%
 

January 16.4
 

Februar 16.4 
 16.5 2
 

March 
 15.0 
 15.5 
 2 
 -. 5 
 3
 

April 
 11.8 
 11.5 
 3 
 .3 
 2
 
May 
 8.0 
 9.5 3 
 -1.5 
 19
 

June 
 5.2 
 5 2 
 .2 
 4
 
July 
 5.6 
 5 2 
 .6 
 4
 
Aunust 
 8.3 
 8.5 3 
 -. 2 
 2
 
September 
 11.3 
 11 
 3 
 .3 
 3
 

October 
 13.2 
 14 
 3 
 -.8 
 6
 

November 
 15.6
 

December 
 17.9
 



Table 2-2. 
 Comaprison of Measured and Derived Radiation on a Horizontal Surface
 

Derived Radiation 
 Measured Radiation on a Horizontal Surface
 cn a Horizontal
Surface (BTU/ft2
 /Day 
 (BTU/ft2 /Day n Percent Percent
Deviation 
 Difference
 

Januar-
 1960
 

February 
 1760
 

March 
 1560
 

April 1330
 

May 113
 

June 1030 
July 

Au gust 

September 

October 

1090 

1300 

1550 

1800 

1140 

1310 

1420 

2020 

100 

300 

490 

90 

9 

23 

34 

4 

5 

1 

-8 

12 
November 1940 

Der-mber 2080 
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Ch 3 

CHAPTER 3 SOLAR WATER HEATERS
 

Since April 1980, only two 
basic types of solar water heaters haa been
 

tested, and marketed. Both of these are batch units, one with nnd
stone 

mud wells, the other with an insulation-fIlled sheet metal skinnec eOnclosure.
 
A single sheet of fiberglass alows light to enter the box ano heat the tins.
 
Technical drawingr and initial 
 test results are contained in the interimn
 
report. This report will describe the efforts to create 'production" models,
 
the development of a standardized test Procedure and the evaluation of 
thE
 

prototype following one year of testing.
 

DESCRIPTION OF PROTOTYPES
 

Mud and Stone Wall
 

The stanv wall and muo mortar water heaters were the type most frequently
 

sold in villages in the district. Over twenty have been built and operating
 
f6rrperiods up to one year. In addition to continuing the test programs,
 

attempts were made to optimize the use of expensive mater'ats ar' 
to
 

stsndardize the construction methods so that high quality units coulo be
 

produced with the minimum of cost and effort. Figure 3-1 
shows the final
 

design.
 

The first element thnt needed attention was the cover, This is the most 
ex­

pensive part of the heater, costing Mll.O0 per square meter Just for the
 
fiberglass sheet. Based on sheet 
sizes and compared to tin sizes, it was
 

feltthnt areasonable size would be 600mm x 600mm for the 
cover. This allows
 
for simple construction at tilts from 300 to 450 without necessitating any
 
changes in materials or construction practice. It is possible to r duce
 

the size to 450mm x 600mm for the 30' tilt models. Costs for the fiberglass
 

run M3.96 and M2.97 for the two sizes.
 

It was also necessary to make the wood frame simple and durable, Jood planks
 

have been supplied in _E f11x 38mm x 3.6 meter lengths. This allows cuttino
 

to size with almost no waste. Joints are made so that one piece iapz over
 

/
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the other. Much time hae been saved where it used to be spent ripping the
 

planks to size.
 

To make a cover, all that is nowi required is to cut the boards to length, 

mark and cut the joints, nail the boards together, and attach the fiberglass
 

sheet. The entire process takes less than one hour for someone with a
 

minimum amount of training in carpentry. The cost for the wood is MO.40/meter
 

or MO.96 or M0J.84 for the two sizes respectively.
 

Once the cover is made, it is then time to make the wnllvi. The ground is
 

levelled and then dug down about 100mm. Going down reducers the final size
 

of the wells, thereby also reducing wind resistance and heat lose. The rec­

tangular hole should be no bigger than 250mm x 450mm for the 30' tilt unit
 

and 300mm x 450tm for the 450 tilt model. The walls should be built up about
 

150mm wide right from the edge of this hole. The long axis of the hole should
 

beoriented east- west and the high back wall uf the heater should be on the
 

south. This results in the cover facing north. While exact orientation is
 

not necessary, it is best if a compass is used when siting the device.
 

The cover should rest in the middle of the walls and should be surrounded
 

by mud built up as high as the thickness of the cover. (See Figure 3-1C.)
 

To complete the unit, thatch grass is cut end put in the box. For a good
 

stonemason, construction time of the wells takes two hours if stones and
 

water ar2 at the site. Cost f5r labor is figured at M2.00 per unit. Total 

costs run about M7.00 -M8.00 for the water heater. 

Sheet Metal Sides
 

Figure 3-2 contains photogrrphs of this model. It is shown with two used
 

Food Aid oil tins painted black. How2ver, to make it more versatile, the
 

interior has been designed to hold two five liter tins. Details of the
 

catch and hendle arp shown in Figures 3-2C and D resoectively.
 

Production of these units has proven to be a problem. The difficulty has
 

been finding a skilled local person to build them. When the sheet metal
 

worker in Majakaneng left, we decided to hire end train someone to build
 

these units. Training was provided in Thaba Tseka and was not very extensive.
 

The woman hired is now ressonebly capable of making water heaters and ovens,
 

but will need much mrre work Lefore sne is ! skil O metal artisan, 

\1P 
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To simp.lify construction procedures, cutting templates were made for the
 
inside and outside boxes. This reduced measurement error as well as time.
 
The templates also contain marks which show where to bend the sheet metal.
 
A great deal of time is still spent on making the frame for the fiberglass
 
glazing. The most efficient use of materials requires that two pieces of
 
metal be spliced together. While the necessary toolni are &vailabl2, the
 
skills and patience to do this correctly are not. In a reasonable product­
ion mode, it should be possible to make two to 
three units per day. Present
 
coats of a completed unit 
are M15.00 including materials and labor.
 

Test Procedures and Results
 

A test yard and test schedule have been developed so That standardized
 
observations of water heater performance can be made. Ten mud end 
stone
 
water heaters have bepn built. This exercise enabled us to train people
 
in making these devices am well as providing us with the desired test units.
 
Five orientations, east, northeast, north, northwest and west, and two 
tilts, 
30* and 450 can be examined simultaneously. In addition to the mud and stone 
units, six sheet metal water hPt.ers are 
used to test various additional
 
orientations. Based on the results of the initial test5 it 
was felt that
 
furthur tests of sheet metal versus mud and stone models were unnecessary.
 
Rather, orientation and tilt wero of primary concern 
and the sheet metal
 
units should be used to take advantage of their major design feature, their
 
portability.
 

Table 3-1 displays the test schedule. Two days of testing are necessary
 
to examine most of the important possibilities. Stationary tests, to de­
termine the value of a p'!rticular orientation and tilt throughout the year
 
are the major componenliof the Day I procedure. The second day examines
 
the effect of switching the tins from one orientation in the morning to
 
another in the afternoon. Tilt is fixed while the orientation is changed.

Both days have tests of changing the water at noon in the north facing water
 
heaters and of tracking the sun from morning to afternoon. A final feature
 
is that north at two tilts is also tested on both days.
 

The idea was to perform each test two daVs per week. A minimum of one 
day per week per test was expected. This would allow for following the per­
formance of the collectors throughout the year so that the best oetermina­
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tion of angle and tilt could be made for this climate. It would also enable 
us to determine if two batches of water could be heated daily in a station­
ary collector, and how substantial the benefits of owning a portable unit
 

might be.
 

It proved to be very difficult to institute and maintain this schedule.
 
Data acquisition wag done by hand using both glass bulb and dial thermometers.
 
Due to the large number of tins and the relatively slow response of the
 
thermometers, it often took up 
to 30 minutes to take each set of readings.
 
Four or five readings were taken each day at two hour intervals so this
 
became a rather time consuming task.
 

The results are generally what would be expected. Of the stationery units,
 
north at 300 
provided the best overall results; however, north at 45' per­
formed better during the winter months. Two batches of water per day are
 
possible, even 
during the winter. In 
summer it might be possible to heat
 
three batches per day in the north-facing unit. The portable unit that tracks
 
the 
sun is most valuable for allowing one to utie the early morning and late
 
afternoon sun, which a north-facing stationery 
unit misses. This results
 
in slightly higher overall temperatures rjer batch and should meke it 
possi­
ble for three batches per day in winter ind four in 
summer.
 

A batch is defined as two tins heated each to 
an average temperature of 30*C
 
to 40C above initial water temperature. In winter, this means 35°C to 45*C
 
final temperatures. In 
summer, temperatures up to 600 2 are possible. The
 
period from 1200 to 
1400 hours is excellent for putting energy into the
 
water, particularly if the water has been changed at 
noon. If this has been
 
done, m 20'C average increase in temperature will genernlly result.
 

Evaluation 

The sheet metal units are more durable and versatile then the mud and stone
 
well water heaters. These units could be improved if c2ment was 
used instead
 
of mud for the mortar. The additional cost is a minimal MI.00 to M2.00 per
 
unit and would mean that virtually no raintenence of the walls would be re­
quired during its useful life. in a survey conducted in the Linakeng area
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(Appendix Z ) after six months, the mud and 
stone walls on three of the
 
four units purchased needed to be rebuilt. 
All owners wanted cement mortar
 
to 
be used when this was done. As mentioned in the interim report, rusting

of the tins was a problem. In an attempt to reduce this sheet metal primer

paint has been applied to 
the inside of the tins. While rusting has been
 
reduced, 
a smell from the paint has taken its place. Because of this, it

is recommended that the water not be used 
 for cooking purpcses, only for
 
washing. It is necessary to 
find a more stable paint to be used for this
 
coating .
 

The 
Foc'Aid oil tins, while very inexpensive, 
are somewhat inconvenient
 
to use. This is due to 
the very small and easily breakable plastic opening

that allows water to 
go in 
and out of the cans. The five-liter oil tins
 
have a relatively wide 
screw cap and a handle but 
are more difficult and
 
expensive to 
acquire. It has not been possible to 
secure a supply of these
 
tins in over six months of searching.
 

Perhaps the most 
important evaluations have come 
from the people who are
 
actually using the heaters in the villages in the District. The owners used

the heaters on most good days except for one who left hers covered most
 
of the winter. One 
woman used her heater to finish cooking samp(hulled

maize) on 
a fairly regular basis. It is probable that both the 
sun and thE
 
Insulative qualities of the heater contributed to the success of this
 
innovative effort.
 

Table 3-2, taken 
from this survey, compares the benefits and disbenefits
 
derived by the purchasers of the water heaters. All mentioned fuel or 
cost
 
savings 
as benefits of using the water heaters. Only one was concerned that
 
it 
took a long time for the water to get 
warm. The general impression ob­
tained by survey teams was 
that people were pleased with their purchase.

The survey also revealed that 
someone from almost every household in the
 
two villages 
where the devices are located had either 
seen one of the heat­
erm or 
had been told about them by one of the 
owners. The diffusion of the

idea has been quite complete, although not 
very wide-spread beyond the two
 
villages. More details concerning this are contained in 
Chapter 10.
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Conclusions and Recommendations
 

The solar water heaters tested and marketed in the District have met with
 
a generally favorable response. The demand 
 for portable units is less than
 
that for the stationary ones, probably because of initial costs. It would
 
seem that demand for water heaters will not be all that great. This is due
 
to the fact that cooking is a much greater priority. Marketing a cooker
 

that also heated water would be a better idea.
 

Test results have been very difficult to obtain. The findings
 
have been basically whet we expected. It is recommended that the stationary
 
units be placed due north or slightly off to the northeast if water is
 
desired roughly once per day. Some owners prefer water earlier or later and
 
the direction can be adjusted accoidingly. The tilt should be 40* - 450 
if
 
hot water is desired during the winter. If lower water temperatures can be
 
tolerated at this time, then 30* will be best for year-round performance.
 
Many of these decisions necessary for the stationary units are eliminated
 

if a portable unit is purchased.
 

It has been possible to 
train several people, both at the Program and out in
 
villages to build the mud and stone units. While it 
is hoped that these
 
villagers will begin constructing these heaters on their own, this has not
 
yet occurred. It is probably still too soon for this to happen. The product­
ion of the sheet metal heaters requires more training and consequently it
 
is likely that fewer people will take up this trade. Training should be given
 
to at least one member of the permanent R.T.U. workshop staff. In addition,
 
it would be advisable to include a sheet metal working course 
in the trade
 
center curriculum. The people trained here shodld be from diverse parts of
 
the District so that their skills can best 
serve the people when they return
 
to their homes. Part of this training should include "mass" production or
 
other time-saving and quality-improving techniques.
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Table 3-1. Water Heating Test Schedule
 

Dmy I 
Orientation Tilt 1 

East 
 3-45-


Northeast 
 300 45-

North 
 300 450 

Northwest 
 300 450
 

Weat 
 300 450 

North - Change water 301, 53
 
at noon
 

ITrack Sun
 

Day 2
 

Orientation 
 P Tilt
 
AM PMJ
 

Es_ West 300 450 

East Northwest !0 450 

Northeast Northwesl
 

Northeast West 450
V3 0 0 

North 
 North 300 450 

North - Change water 

at noon 30 450 

Track Sun 
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Table 3-2
 

Derived Benefits and disbenefits as Stated By the Purchasers
 

Derived Benefits Percent Derived Disbenefits Percent 
1. Less fuel used for cooking 50 1. It tokec a long 25 

time to heat 
water 

2. Mnowledge that the sun 
work as fuel 

can 25 2. Not working on 
cloudy days 

25 

3. Reduced money spent on 50 3. Trouble of hav- 25 
paraffin ing to keep frames 

indoors at night 
4. Saved time devoted to col- 25 4. Expenses on re- 25 

lecting fuel pairing wells 
5. Hot water for washing 50 

N.B. Some people mentioned more that one benefit.
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CHAPTER 4 
 FOOD DEHYDRATION
 

Storage of food beyond the growing season is one of the problems facing

people in the District. This study focuses on the methods of employing the
 
sun as the energy 
source for this method of food preservation. Five
 
different types of dehydrators have been tested. This chapter will explain

the various dehydrators and the results of tests carried out over the past
 
year. Early investigations are explained in the interim report.
 

Methods Of Food Dehydration And Experimental Pratoyes
 

Three typea of dehydration were investigated; sun or natural drying, com­
bined convection and direct radiation and convection only. Sun drying is
 
usually done on 
a flat surface out in the open. This method is subject to
 
contamination by air-borne particles, to animals and insects, and to the
 
vagaries of the weather. The designs of the other dehydrators attempt to
 
address some of these problems.
 

Three units were built that combine direct radiation and convection. Figures

4-1, 4-3 and 4-5 contain sketches while Figures 4-2, 4-4 and 4-7C contain
 
a sketch and photographs of this device.
 

The stone wall food dehydrator (M&S) is a very simple unit, usually built
 
of stones and mud mortar. The cover, a fiberglass sheet, dimensions
 
900mm x 600mm, is attached to 8 wood frame, constructed of 38mm square planks.

The drying tray is somewhat smaller, 750nm x 450mm, and is made of metal
 
or fiberglass screen or galvanized send sieve (3/16" 
mesh) attached to
 
a wood framR of the same size lumber as the cover. Screened vent holes are
 
located above and below the tray in the stone walls so that the pattern

of sir flow is up through the food and out 
the top of the box. The unit
 
employs direct radiation and convection. (See Figures 4-1 and 4-2.)
 

The cost of the unit Is approximately MIO.00 for materials and M4.00 for
 
labor. This yields a cost per unit drying area 
of M41.50/m2 . Costs could
 
be reduced by making the cover out of greenhouse grade plastic sheet, but
 
this would need to be replaced annually.
 

While this unit performs rensonably well, two basic problems have been
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experienced. The first is that the mud mortar washes away during periods

of heavy rain. This can be remedied by using cement mortar which slightly

increases the cost 
(now M42°40/m2 ) but will result in a much more durable

dryer. The second problem is that the 
cover often gets blown off when it
is very windy. The cover is relatively light and the wind can easily blow
into the box through the relatively large and protected vent holes. The vent
holes could bE provided with a cover 
or 
blocked up with a suitably-sized

rock or 
brick. Another option would be to attach wire loops to the cover

and hook these to heavy rocks placed on either side of the unit. This

method worked well for the solar water heaters and is recommended in 
this
 
case.
 

The second dehydrator using direct radiation and convection that was tested
 
was supplied by the Ministry of Rural Development (MINRUDEV). The unit is
made of galvanized sheet metal riveted to a welded angle iron frame and
 
painted flat black inside and out. 
The 900mm x 600mm fiberglass cover is
attached to its hinged angle iron frame with silicone caulk. The screened
 tray is similar to the one described in the previous unit but is slightly

larger, 800mm x 500mm. Unscreened vent holes have been provided by punching

out round holes in the bottom and in the back side of the device. A metal

slide allows for adjustment of the size of the upper vent holes. Total
cost of the dryer is M50.00, yielding 


2
a cost per unit drying area of M1251W/m
,
substantially higher than the stone well unit. The angle of tilt of the
 cover of both units is 200. For test purposes both units were 
faced north.
 
(See Figures 4-3, 4-4C and 4-7C.)
 

The solar chimney (SC) food dehydrator is a substantially larger unit then
either of the previous examples. It,too, operates on 
the principles of direct
radiation and convection. The roof, bottom and 
access doore 
are made of

galvanized sheet metal. The east, 
west and north sides are 
fiberglass sheets.
The entire structure has been bolted together; angle iron providing the
 necessary structural support. 
In addition to the energy that penetrates the
fiberglass walls, a small collector, tilted at 45' provides preheated air
to 
the food drying in the trays. This simple air collector is made of 
sheet
metal sides, a fiberglass cover 
and 
a piece of corrugated roof sheet placed

inside such that air passes along both sides of the sheet perpendicular

to the direction of the corrugations. Vent holes are screened and are located
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scross the bottom of the collector and above the access doors at the back
 
of the dryer. (See Figures 4-4A and 8, 4-5.)
 

This unit contains 
seven drying trays, although it should be possible to
 
put in more, perhaps as many as 
12j ,ithour substantially affecting its
 
performance. Each tray is 600mm 
x d80mm giving a total drying area of 3.7m3 .
 
The unit cost, Mll5.CO in materials and M80.O0 
in labor for a total cost of
 
M195.00. The cost per unit drying area 
is M52.70/m2 .
 

This prototype had a few minor problems. The firstt"u that it 
fell over
 
during construction and once during a severe wind storm. This caused the
 
frame to go 
out of square end made it difficult for the doors to close
 
properly. Obviously such 
a top-heavy device needs to be stabilized. Concrete
 
blocks attached to the two 
windward legs worked in this situation. The
 
doors actually did not close well 
for another reason; the hinges were welded
 
to 
the frame such that the doors tended to spring open. This meant 
that it
 
was difficult to 
control the air flow because air could 
come in or escape
 
wherever it fotUnd 
a crack around the door. This situation allowed for the
 
entry of more air-borne contaminants than was desirable. It prevented in­
terior temperatures from ever getting very warm end it reduced the effective
 
draft that could have been achieved by virtue of the height differential
 
between the top and bottom vents.
 

Another problem is that the roof is corrugated and opaque. The corrugated
 
roof makes it difficult to 
seal the edges and again reduces the ability
 
to control air flow tirough the device. The opaque material prevents sun­
light from entering the box when the 
sun is high in the sky. This makes ta
 
dehydrator less useful during the 
summer months. It is recommended that
 
future units have clear, flat roofs if this configuration is maintained.
 
Another option would be to place the entire unit at 
 .
some angle, say 45'
 
The trays would be placed level to 
the ground and access be provided by a
 
aide door. This idea should be compared with the performance of the present
 

unit.
 

A final problem with this unit was 
the direction of the top 
vent. Because
 
of the location of the dryer in 
a valley, the wind was often directed right
 
at the opening which meant 
that the air flow was 
in the direction opposite
 
to what we 
 intended. While this problem would occur depending primarily
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on the location of the device in 
a particular microclimate, it 
was felt
 
that an omni-directional vent 
should be provided on future units so 
that
 
they could be used without modification throughout the OistIct.
 

The last dehydrator works on convection only. 
This unit is modelled after
 
a design by 
Solar Survival, a company in New Hampshire, U.S.A. The original
 
plans use a 55-anelon oil drum to orovide lateral 
structural support and
 
a collector surface. Since used oil drums ar! 
not as 
common in the mountains
 
of Lesotho as they are 
in the United States, it was decided to modify the
 
design to use a piece of galvanized sheet metal pointed flat black instead
 
of the oil drum. Lateral support 1s provided by an 
angle iron frame to whith
 
the collector surface is attached. The drying rack supports 
are part of
 
this framework. Vent holes are screened and 
are located on either end of
 
the dryer and underneath on the east side of the unit. (Left hand oide in
 
Figures 4-6, 4-7A, 8.) 

Operation of the unit 
is somewhat more involved then the other unita. When
 
the sun strikes the dehydrator the metal 
surface absorbs the energy and
 
causes the air on 
either side of it to 
warm up. The air inside the dryer,
 
where the food is located, expands and escapes out 
the vent holes at either
 
end of the box. This results in a slight vacuum which in turn 
 draws air
 
in the lower vent, through tht? passage between the sheet metal and the
 
fiberglass sheet, 
and into the dehydrator below the drying racks. This pre­
heated eir rises through the food and 
out 
the upper vents, taking moisture
 
with it. The temperatures in this unit 
were generally warmer than in the
 
other dehydrtors.
 

Six trays were provided for this unit of 480mm x 115Omm eacb. 
 Total drying
 
area is 3.3m2 .
 The cost of this unit is M90.00 for materials and M80.00 for
 
labor. The cost per unit drying area 2 .
is M51.50/m
 

Testing hes revealed a number of problems with this prototype. The first
 
is that the trays were made too 
large. Gn many occasions it has been diffi­
cult, 
and in one case, impossible, to 
remove some of the trays. They both
 
were too thick and too 
wide. The obvious solution in to make future trays
 
slightly smaller in wioth and,,oiven the spacing of these racks, 25mm thick.
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Another problem is that the nir passage is constrt :ted as it enters the
 
unit beneath the food. Soler Survival desion had r smroth, sly :osiblg 
and large opening nt this point. In 
contrast, this prototype has e sharp
 
bend end en opening 
 mmaller than the previous pessqoeway. Futjr- unit3
 
should be made so 
that this opening is more 
likq the Solar Survivai model.
 
An associated orobinm is that the too 
vents vr emller in nrei the
thTe 

inlet vent. Future units should have the top 
arid ti:ttom openings euaNl in
 

area.
 

After several months of operation, the access door fell off its hinges.
 
These were not put on as ,well as rhey might have been, the screws r-lling
 
out of the :hipboard surface. It is recommended that -he hinces te nelted
 
rather thei screwed onto 
future driers of this type as the chipboard is
 
inherently very week.
 

This prototype was made with one layer of fiberglass glazino rather then
 
the two shown in 
the Soler Survival desion. Although provision was made for
 
a second, outer layer, omly one was put 
on to see how well the unit performed.
 
It iq probable That two 
are needed because of tie hi-h temoereturer that
 
are developed in 
the passoe between the glazing ano the gelvenizec metal
 
sheet. With the second layer, performance should imorove Oscause h !t loss
 
along this surface should be sionificantly redued anO 
warmer lir wKth the
 
potential to absorb more moisture will reach the food. The effe,=t 
of this
 
stillne~estbe investigated. If put on, this extra 
sheet will so X20.09
 
to the overall cost. 
(Cost per unit drying area will increrse to M57.60.
 

One final note, this dehydrator was designed, around the 
siZof the sheet
 
of fiterglass intended to be used 
as the outside -over. The sneest 
 in stock
 
at the time were 1.2 meters x 1.8 meters. While this results in m cood size
 
unit, it would be aoviseble to try a design based on a 1.2 meter x 2.4 meter
 
glazing layer. This would make it 
possible, without substantially increas­
ing cost, to accommodate an mdditional one or 
two racks end 2till make
 
the dTsired modifi,;ations to the functioning of the dehydrator.
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Test Results
 

During our early investigations, severrl types of food were dried. Due to
 
cost and availability, most food3 were fropped from the list end cabbage
 

used an the test product. It was hoped that enough date would be required
 
to ena'' a thorough as ser'mint of yegr-rnund performance of the verlous
 

dryin_ -ethods but it was not possible to do this. It is recommended that
 

this be attempted during the coming year.
 

Figurn 4-8 compares the drying rate of mutton in three dehydrators during
 

a period in August. The solar radiation was average for that month. The
 
daytimt temperatures ranged from 60' to 180C. Nighttime temperatures never
 

dropped below freezing. While the Minrudev Unit did momewhat better than
 

the other two models, it still took nine days foi- the weight remaining to
 
drop below 20%. The Minrudev and mud and stone units had approximately the
 
same rate of weight loss on most days, slightly greater than the Solar
 

Survival design.
 

Figure 4-9 compares the rate of drying of cabbage by nun drying and in the
 

two small units. Again, the Minrudev unit did sliqntly better than the mud
 

and stone wall drier. Both units performed better than the open-air method.
 
The experiment was ended after eight days. This period would have been re­

duced If the long weekend had not intervened during which time the food was
 
brought inside. It is interesting to note that with the exception of the
 
f'.rst day, the drying rate in the open air method was essentially the same 

as in the other units.
 

Figure 4-10 compmres the drying rate of cabbage in the Minrudev drier during 
three different periods. As should be expected, the drying rate was faster 

in October than for nither pEriod in September. It is interesting to note
 
that in October, mointure loss was recorded during the period from 1600 to
 
C800 hours whereasm it generally did not occur in September. It zan nemo be
 
observed that the drying rate slows down significantly when the moisture
 

content drops below 30%. Finally, the food was considered dry one day sooner
 

during the October test.
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Figure 4-11 examines the same periods but 
concerns the operation of the
 
mud and stone wall unit. This drier did not perform es well in October am
 
d! the Minrudev model. In 
fact, an extra day should have been used to bring
 
the weight remaining below 20%. The patterns for the other two periods 
are
 
essentially the 
same ms in the Minrudev unit.
 

Figure 4-12 com ares 
the drying rate of cabbage in four dehydrmtors In
 
early September,1980. At the end of the test period, five days, 
the food
 
in the Minrudev unit had reached the lowest percent weight r-maining. Next
 
in order were 
the mud and stone, the solar chimney, and the Solar Survival
 
units. On most days, except the first, the drying ratem were almost exactly
 
the same in all units. However, as shown tn Teble 4-1, whiI2 the mprcnt
 
weight loss per hour was essentially the same on 
emch cmy, the snlmr chimney
 
end Solar Survival units were 
 filled with much more food then the smaller
 
units. In fact, 
the SSD had twice the weight at the beginning while the
 
molar chimney had 
seven times the weight. As can be seen, the fact a
that 

much larger quantity can be dried as well in 
the same amountof time makes
 
the initially larger investment a sound one.
 

Table 4-2 
examines the percent weight loss per unit of molar rndletion for
 
each day of the test period. The rate is -esentimllythe same for ell units
 
on any 
given day. However, substantially less weight is removed (approximmtely
 
50% per unit of radiation as each day goes by. 
This points to trie fact
 
that it 
is harder te remove moisture as the material gets drier. Clcudy,
 
calm days at 
the end of a drying period would probably result in poor
 
oerformance by all of the units.
 

Conclusions and Recommendations
 

All units have performed resonably well, although the SED design has not
 
done ig well as e(pected. This is probably due to the lack of the second
 
Layer of glazing and to 
the problem2 discussed 7cncerninc the eir 
casseoe
 
and vent sizing. Its performance should improve 
if these modifications are
 
made. The most cost-effectivn design is the solar chimney, 
if ten trays
 
are used M-37.90/m'). This is probably 
 of value to fnrmers who wish to
 
dry large cuantities of produce. In several 
tests approximately 1.5k U or
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one head of cabbage was cut end put on each shelf in this unit compared
 

with only one head in the smell dryers.
 

With the exception of n few lrger farmers, not much interest has been ex­

pressed in food dehydretors. Extension and merketing efforts in this area 
should be directed to this particular segment of the population rather then 

to everyone in the District. Technical modification end future testing 

should focus on improving the devices desired by this group of people. 



Table 4-1. 
Weight Loss Per Hour and Percent Weight Loss Per Hour for Four
Dehydratore, September 1-5, 1980
 

Number 
 Weight Loss Per Hour(g/hr.) Percent Weight Loss Per Hour
of
 
DyHours SSD 5C M M&.__...S S5---D-L E___ M__ M&S~~5.5 0.0 321.8 58 .2 67.____3 3.4 ,14.__0 5.8____4,.9_ 

2 8.0 96.2 296.2 41.2 41.2 3.5 3.6 3.6 3.5
3 
 8.0 
 52.5 178.8 28.8 
 20.0 
 2.2 2.1 2.4 1.9
 
4 
 8.0 
 32.5 96.9 
 8.8 10.0 1.4 1.2 
 0.8 0.9 
5 8.0 11.2 50. 8.8 3. 0.5 0.5 0. o.5 



Table 4-2. C-)Percent Weight Loss per Pyrenometer Count for Four 
Dehydrators, September 1-5, 
1980
 

Pyranometer 

Percent Weight Loss Per Count
 

Da Counts 
 ETIJ/ft2 Counts/hr 
 SSD SC 
 M M&S
 
1 238 754 
 43.3 
 .08 .09 
 .141 .13
 
2 443 
 1404 
 55.4 
 .06 .06 
.06 .06
 
3 493 
 1563 
 61.6 
 .04 .03 .04 
 .03
 
4 428 
 1357 
 53.5 
 .02 .01 
 .02
 
5 461 
 1461 
 57.6 
 .1.1 
 .01
 



Figure 4-1 
 Mud and Stone Wall Solar Food Dehydrator
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Figure 4-3 Sheet Metal Solar Food Dehydrator -Mlnrudev Prototype
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Figure 4-4 Solr Focd
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Figure 4-6 
 Solar Survival Design Food Dehydrator
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Ch 5 

CHAPTER 5 SOLAR ELECTRIC SYSTEM
 

In April,1980, a field installation of a solar electric system was made at
 
Linakeng Clinic. The two photovoltaic panels were attached to 
an angle
 
frame which in 
turn was bolted to a oumn pole end wood-Qlank stand which
 
rnised the whole assembly !bout 2.0 meters 
off the? 2rourrl. ,,- nnnels F-7e 
true north. Power is fed underground to a control panel end battery box 
inside the clinic. From there, power is oistriluted throuugh concuit to
 
the two-way radio and to ceilinq-mounted 12 VDC flourescent lamps. More
 
details on installation and initial test results can 
be found in the inter­

im report.
 

The batteries initially usEd were two 
dissimilar automotive batteries that
 
had been in use at the clinic. Blocking diodes were used to prevert cycling
 
between the two batteries which could be caused by 
uneven -horning in the
 
two batteries. Two 90 amp--hour, 12 volt truck batteries (Chloride No.670)
 
were installed in late August. While probably unnecessary, the blocking
 

diodes were left in the system.
 

Two watt-hour meters were installed in May,1980 to 
measure energy input to
 
the batteries from the solar cells and to 
measure lichzine energy used. The
 
third watt-hour meter had to 
be returned to the manufacturer beriuse the 
wrong unit was supplied. Of the two meters installed, only the one measur­
ing energy input ever worked. This unit was out-of-order for portions of 
July and August and finally stopped working in October. The unit sent to the 
U.S.A. for replacement returned in 
late November and was installed in De­
cember. The exact problem with these meters has yet 
to be determined. How­
ever, at one inspection, 
it was noticed that the counter sometimes moved
 
Forward an extra digit or one-halF dicit in the tens or hundreds Qlace on
 
the dial. Sometimes this occuned go 
 that the thousands digit would move
 
even thouon the total accumulated on 
the counter onlv road 500. Altnouqh 
we realized that this problem could occur at any wetime, decided that the 
counter should be reset 
at the end of any daV when the readino was greater 
than 450. Whether it was the result of this procedure or due to chance, the
 
meter worked for an additional 
forty-five days without a breakdown.
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While problems have been experienced with the data-cathering e uipmert,
 

there have been none with 'Cie photovoltaic cells. These have been supplying
 

power to the batteries on a recular and reliable oasis. The only brenkdowns
 

that have ocru .d have been elsewhere in the system.
 

On severml occasions, the radio did not work 
on cold, winter mornings. This
 

was probably due to the fact that the radio nnd batteries are both located
 
in a room which at the time had no door and old windows that closed poorly.
 

This could very likely result in "herd-starting". A further complication
 

was that the batteries were both relatively old. io any case, the problem
 

was cleared up by noon and the radio was working fine. To prevent this
 

problem in the future, it is recommended that the batteries end the radio
 
be located in a place where they are not subject to such severe 
termerature
 

extremes.
 

The second major complaint was that on certain occasions, there was not
 

enough energy in the batteries. Upon investigation, it was discovered that
 

this situation occued after the lights had been heavily used the previous
 
w ea+, er.
night and usually after a period of very inclement'Y'One particular case
 

was when someone in the villane died and al of the liohts were on in the
 

clinic the entire night. In the morning, there wns not enough energy to
 

run the radio and the petrol generator had to be turned on. This oroblem
 

has not occu'd since the new eatteries werg sta!!-d, hut neither do 
we
 

think that much energy has been required in the same manner since that in­

stance. One solution would be to increase the capacity of the system, but
 
this does not seem warranted beriuse in most cases the energy provided
 

has been quite adequate. It seems that until a substantially lnrcer energy
 

demand is experienced, it will be the responsibility of the clinic staff
 

to be conservative of their 
use of lichts, even on emergency occasions, or
 

be prepared to use the petrol generator if communications are reouired first
 

thing the following day.
 

On one occasion, the wire fuse bntween th, battery and the radio blew out.
 

This occuid shortly after the radio was properly wired to the battery
 

through the protective fuse. Since the fuse 
was only 2 amos and the current
 

draw of the radio during transmission J.s 10 amps, it is not surprisinc
 
that the fuse blew. The wire was rnplaced with a larQrr one, so that under
 

normal usage , the fuse would remaln intact.
 

kf\
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More recently, we were told that the batteries had drained down for no
 

apparent reason. When checked, it was found that this was due 
to a poor
 
connection that occuned when the broken watt-hour meter was removed. ince
 

this was fixed, the system seemeu to be working fine once again.
 

The final problem has to do with dust accumulation on the solar panels.
 

On most inspections, it hes been necessary to wipe off the onnels 
sc thet
 
they were once again free of dust. The only real solution to this crotlsm
 

is for the clinic staff to inspect the panels weekly and clean them as
 

needed.
 

Subjectively, the system hns performed very well. 
The int7ntion hod-Le'C"­

to monitor the system fairly exactly and thereby see how well demand and
 
supply were matched. Because of eouipment failure, it was not possible to
 
do this. Only energy input was monitored, and that only for a perioo of
 

four months.
 

Table 5-1 compares the mean daily watt-hnur meter and pyranometer readings
 

for these four months. Two separate totals, 0800-D16O and 0800-0OO hoL!rs 
are shown as ire the standard deviations of the renrinog for these cri:dJ.
 
With the exception of September, the mean daily watt-hour output is rela­
tively constant. This is to be expected berause the tilt of the nonels was
 

adjusted tc follow the sensons. t was 0 in winter anc mved tc:-4 ­

the end of August. The lower readinos in September are probably !ue to the
 
fact the solar radiation was lower than anticipated during that month. io'te
 
also that the standard deviation is substantially 1-rger in Auoust and Sep­
tember. This corresponds to increased variability in the solar insolation
 

resource durino these months. (See Zhaoter 2 fir mnr- dails.
 

This information is suoported and zieplavec an 
a daily tbsis in Fioures 5-I, 

5-2 and 5-3. These graphs -cmoere oeily oyranometer and watt-hour meter 
readinos for July, Auguat and Sectemoer. Data rre-pntc ore fcr the 'Pm­

082C totals. Ag Cefore, the variaoiiitv of -,e rFP cf:F r-eFn-:i-esr 

month. A closer exam"ration evoo.s tneral, trendthat cr the in rvrin:meter 

readings is closely fiCLowed yttho 'at---tur rerncs, This is arR-7-'r! 

noticebele when the !esther is rPa1.-vev oercast -cmonr-d to the qJrrnLjnd­
in2 cevs. Exact re7tns-:a shcu 'tte atts'nto- euse t e r 

A
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nometer is located in Thaba Tseka while the solar electric system is in
 
Linakeng, about 30 kilometers away. It in obvious that the weather in both
 
locations will not always be the same. 
(To convert pyrenometer readings into
 
BTU/ft2 multiply the numbers given by 3.17.)
 

Table 5-2 compares predicted and measured mean daily watt-hour readings for
 
the four test months. The predicted values ire based 
on the ecuetion
 

Energy Output = .15 x Incident Radiation
 

(watt-hr/day) (STU/ft2 /day)
 

where the incident radiation varies depending on the month and the angle of
 
tilt of the panels. Percent differences cre all less then IR4 so it 
is
 
felt that the panels are Performing up to their expectations.
 

Conclusions and Recommendations
 

The performance of the solar elkctric system at 
the Linakeng Clinic has
 
proven to be quite successful. The staff at the clinic have found the unit
 
to be reliable with the few noted exceptions. Measured output is 
close
 
enough to predicted values that sizing future installations should be fairly
 
simple and accurate. 8aoed on the performance of the energy monitoring equio­
ment, it would be advisable to find more reliable meters for future work.
 

Since the present two-battery system has been able to 
keep up with the
 
average demands of the clinic, the District Medicel Officer has been advised
 
to include this type of system in the other clinics around the District. It
 
will only be necessary to go to 
larger systems if the demend is substantially
 
greater than thut experienced in this situation. Obviously, long-term oer­
formance should be watched and an 
accurate record of repnirs and difficulties
 
encountered should be kept. 
At this stege, it would seem 
that the system
 
should prove to be reliable for many years to 
come.
 



Table 5-1. 
 Comparison of Mean Daily Watt-Hour Meter and Pyranometer Readings
 
for Four Months, in 1980
 

Watt-Hour Meter 
 Pyranometer

Readings


Month Readings
01300- 1600 0800-0D,o] 0800- 1600 
 0800-18 00
 

-June 213 247
 

n 30 33
 

July 
 216 
 255 
 343 355
 

qn 36 
 36 31 32 
~uust
220 
 246 
 369 
 403
 

48 
 65 
 96 
 93
 
September 
 187. 
 222 
 402 
 437
 

L -, 84 
 85 
 153 
 156
 



Ln
Table 5-2. Comparison of Predicted and Measured Mean Daily Watt-Hour Readings
 

Watt-Hours 
 Difference
Monthl Percent
Predicted 
 Mensured 
 M-P 
 Difference
 
June 
 260 
 247 
 -13 
 5
 
Jul 
 272 
 255 
 -17 7 
Aunust 
 256 
 246 
 -10 
 4 
Sep tember 235 
 222 
 -13 
 6
 

1. Predicted watt-hours for June are based on 
derived insolation values
 
presented in Table 2-14 of the interim report. 
Values for July through

September are based on 
actual insolation figures obtained in Thaba
 
Tseka in 1980.
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CHAPTER 6 
 COOMING
 

Based on 
surveys done during the first part of the year. It was determined
 
that cooking was the primary purpose for which fuel is used in the home. We
felt it was necessary to concentrate more of our 
efforts on this problem and
 
about one quarter of our time was spent 
on this 
 task in the second half of

the year. Open fires, paolas, mud stoves, and solar 
ovens were investigated.

This chapter presents the prototype we tested, initial results and evaluations
 
of these units. Much more work is needed.
 

Prototypes and Cooking Methods
 

Local cooking methods rely 
on 
the use of open fires and paolas (brazier type

cookers). Occasionally, people use a clay oven to bake breed, although we

have not yet 
seen this in Thaba Tseka District. The fuels used are lisu-kraal
 
dung, khapane-cow dung from the fields, shrubs, cheche, sehalahala, lengana,

etr, 
 nd usually in wintertime, if available, willow or poplar trees. Fires
 
are made either inside or outside depending on the time of the day and

the weather. Windbreaks are used by 
some end are made of stone walls built
 
into a cross, a 'T' or 
a circle or 
are Just pieces of sheet metal propped
 
up as needed to protect the pots.
 

We decided to 
look both at methods of Increasing the efficiency of tradi+ional
 
fuels and at 
their replacement. in tki& 
 area of efficiency, paolas and mud
 
stoves were considered. Solar ovens were 
examined for their ootential of
 
replacing or 9upplementing existing supplies. Increasing efficiency and

replacing the need for traditional fuels should result in conserving these
 
scarce resources. However, the outcome might be that there will be 
no net
 
decrease in consumption. Instead used patterns might change, and by at 
least
 
one measure, the 
"standard of living" would increase. 
It is much too soon 
to
 
tell.
 

Mud Stoves
 

The idea behind a mud stove is to 
use one fire to 
cook several pots simultane­
ously, without having to pur'hase an 
expensive store-bought stove. Other
 
features 
include smoke removal from inside the house, storage of heat in
 
the walls of the stove for 
use during cold winter nights and more 
efficient
 
use of the fuel 
that is used. In order to 
see how well this technology uould
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be accepted by people in this District, three prototypes were built at the
 
i.T.U. and two in peoples' hompe 
 in the nearby village of Pontseng.
 

Figure 6-1 -ontains photographs of the three units at 
the R.T.U. Figure 6-1A
 
is the 
 first mud stove we built. A wooden form 1 meter 
souare by 500mm
 
high was placed on top of a previously constructed stone and mud base. Sand
 
and clay were mixed together in a ratio of 211 
7nd 50mm long pieces of thatch
 
were added to help act as a binder. Water was combined until a rather wet
 
cement mixture was obtained. This was then poured into the mold until 
a
 
height of 400mm was reached. The stove was 
left to dry for e week after
 
which the holes, damper slots and smoke passages were carved out. Since no
 
round flue pipe was available, a 75mm square piece of galvanized down pipe
 
one meter lcng was used as the chimney.
 

Figure 6-18 shows the second prototype. Instead of using a mold, this stove
 
was built up with layers of a not-sn-wet mix. The mason was able to complete

the upper portion of the stove in less than a day. The mixture used the same
 
clay, nn]yv this time 
the ratio of send to clay was 1:3. The smoke path

follows a counterclockwise loop and the only damper has a side slot. The
 
pot holes are recessed into the surface of the stove.
 

Figures 6-1C and D are of the third prototype. In this case the slump method
 
was also used and the smoke passage, damper slot and pot holes are the same 
as
 
in the 
 previous design. The clay-to-pand ratio is also the 
same but in
 
this case a different clay was used, red instead of black.
 

All units have been left outside during the rainy season without any cover­
ings. They have held up quite well although the second prototype shows the
 
greatest signs of wear; 
surface cracking is noticeable in the third stove
 
although not in the others. The fire chamber 
in the first unit changed

from black to red after several firings. The damper slots have become worn
 
as have the pot holes.ThisiBprobably due in part to 
the relatively coarse
 
sand used in the mix. Since this sand is what 
 is typically available, it
 
would be advisable to pass the sand through a 1/8" mesh sieve for future
 
units. The fire chamber in this unit has continued to pit and wear 

since the stove was completed. It is likely that 

away
 
silt in the clay, coarse
 

sand and the sharp points of the sehalahala are contributing to this sit­
uation.
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Smoke is a problem with all of the stoves. It comes out around the sides
 
of all the pots, and through the top damper slots. On many occasions the
 
chimney does not draw well and the flames and smoke come out the feed hole.
 
The height of the chimneys relative to their surroundings and the wind
 
pattern in that particular location arz probably the cause of this last
 
problem. The smoke escapint around the pots is probably due to 
inadequate
 
draft and to thq fact that the pot3 do not 
sit completely smooth all the
 
way -round the holes. Even though effort has oeen put into fixing this,
 
some of the diffiLulty lies with the cast 
iron pots which have a bump in
 
their surface right where they sit 
on the stove; recessing the pots protects
 
them from the winds but has not really solved the smoke problem. 7he
 
prnbable solution to 
the smoke dilemma will be to increase the height and
 
diameters of the uhimneys. Other options include fixing the cast-irn mots
 
permanently into the gtove,or using theeaqlpr-to-seel aluminum pots. In
 
spite of the difficulties we have encountered, cast-irnn oots have been used
 
throughout our experiments because these are most commonly found in peoples'

homes and because aluminum pots are used primarily on a paraffin burner,
 
not on an open fire.
 

Papa, steam breed, rice, cabbage and meat have all been cooked successfully
 
on the mud stoves. I-ost of the testing has been done on 
the first prototype
 
which has two relatively short smoke paths. The second two holes both cook
 
considerably slower than the hole over the fire. Food always has to be
 
brought to 
the first hole to finish cooking.
 

The mud stove usually was compared to an open-fire without a windbreak
 
during the tests. Water evaporation and cooking tests were performed. Amount
 
of fuel used and time taken to complete the process were the primary measures
 
in the cooking tests. When evaporating water, the fuel used was 
kept con­
stant while water loss and time were ,oeasured.
 

If only one pot 
was used, on the hole above the fire, the mud stove took
 
1-1.2 times the time to cook the same food as on the open fire. In these
 
cases fuel consumption also ranged from 1-1.2 times that of the open fire.
 
Since the first prototype did not have a water container permanently in the
 
smoke path, the additioml energy probably went into heating up the stove walls.
 
This would be valuable if the unit was inside a house and the heat was needed.
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When 
more then one pot was placed on the stove and only one on the open
 
fire, the mud stove took from 1-1.3 times the time to cook the food as the
 
open fire. The pot on the fire hole generally look the same time or evaporat­
ed the same amount of water 
as 
 the pot on the open fire. While the time
 
ratios are similar to 
the first case, the fuel consumption ratios are 
con­
siderably different, ranging from .74 to 
1.5. However, in thesecases the
 
quantity of food cooked on the stove was 1.8 times that cooked on 
the open

fire so actual fuel consumption per unit of food cooked was 0.41 to 0.83.
 
This translates into 
a 20% t 601% savings in fuel.
 

Water evaporation tests show similar results. Three pots were placed on
 
the stove and one on the open fire. The pot on the fire hole evaporated
 
about the 
same amount of water 
as the one on the open fire. However, because
 
there were two more pots to 
absorb energy, 
1.7 to 1.8 times the amount of
 
water was 
actually evaporated. It.is interesting to note that when three
 
pots were placed over the same open 
fire, only about 60% of the water could
 
be evaporated compared to the mud stove.
 

There was a noticeable difference-between the hot and cold mud stove. This
 
experiment involved evaporating water from three pots when the stove was
 
still cold from the night before. Shortly afterwards, about 3/4 hoar, the
 
same test was repeated. The time decreased and the amount of water evapora­
ted increased. The increase on 
the hole over the fire was 
1.5 times while 
on the back holes it was as much as 3 times the amount during the first 

test. 

Paolas
 

In Lesotho, paolas are used to cook almost exactly the 
same foods as on 
an open fire. Their major value is that they make the fire "portable".
 
This is particularly important when dung is used 
as the fuel. After the
 
initial smoky stage, the dung coals. 
It can then be taken inside and used
 
for both cooking and heating without the occupants having to suffer quite
 
so much from the smoke.
 

Three types of peolas were investigated, a regular paola, a 3--hole unit and
 
a 
unit that is similar in design to a cooling tower. Figure 5-2A contains 
photographs of these three items. The regular paola is usually made from a
 



a discarded paraffin tin. Many small 
holes are punched nround the sides;
 
a slightly larger hole is Put in 
which is used when tending or lighting the
 
fire. A wire handle is provided and some method of holding the ot up off
 

the fire is usually IncludPd.
 

The second prototype has three !argor holes provided around the base. No
 

small holes have been 'unched around the sides. Doth Lnis end the 
regular
 

peola are aoout 30cm in diameter and 30cm high.
 

The third prototype is made from galvanized sheet metal which has been form­

ed into two truncated cones. The top cone has been inverted and has been pro­
vided with small ridges, presently one centimeter high, to support the pots
 
up off the surface of the cone. This allows the smoke to 
exist around toe
 

sides of the pot. The top of the upper 
cone has been fitted with a wind
 
shield to help protect the pot from losing too much heat when it 
is windy.
 
One small hole has been provided for tending the fire. This paola is de­

signed to take a size 3/4 uo to a size 3 cast-iron three-fot pot. A size 


is shown in the figure. See Figures 6-28,L, and D for more details.
 

The reason for developing the last mocel 
was to help eliminate some of the 
problems apparent in the other two designs. The regular ouola has two besic 
difficulties; no real control of the airlcw ndr,d:,nding on the nize of 
the oct, a hich probability that the flames -cd Fmoke will rot h41 tho -c­
as they rise out of the paola. The fire tends to glow, not flame, a situa­
tion which is good for home heating which results in slower cooking. The
 
three-hole prototype at 
least directs the airflow; but it still does not
 

control the smoke and flame path around the pot.
 

The last design both directs the airflow up through the fuel and forces
 

the flames and smoke to pass close by 
the pot as they leave the paola. This 
is because the hole over which the pot rests is smaller than the pot and 
in order to escape, all air must oo 
in that direction. The concentratino
 
effect is ouite substantial. in one comoarative test with the reoular Daced
 
the new unit cooked rice in 15 minutes using .79 kg of fuel while the regu­

lar paola took 25 minutes end required 1.3kg of fuel. This represents a
 
60% savings in fuel consumption. in a water evaporation test, with the Fuel
 
held constant, the new paola required 25% of the time and evapor
2ted OFF
 

1.9 times the w,-er
... 
 coermd to, the roculpr ianl.. A oroxioecev the c'r 

1 



comparisons would be true of the 3-hole design since it and the regular
 

paola performed similarly in their comparative tests.
 

The new paola design is capable of producing and sustaining a flame through­

out the cooking process. This is not typical of normal duno or lisu fires
 

whether in the open or in a paola. Another feature is that 
the new design
 

produces almost no smoke 'f the Fuel is drV. This -cmhinatior allcws for
 

quicker cooking inside or out and less smoky conditions when the paola
 

is brought inside. A possible disadvantage of the design is that it does
 

not give off heat for a lono period of time as do the paolas in which the
 

fuel coals.
 

Some modifications are already apparent. First, because of the high tempera­

tures caused by the concentration of the flames, it is likely that the
 

galvanized sheet metal will burn out fairly quickly. While not expensive
 

to replace ( the material cost 
of th? entire poala is only MI.50) we feel
 

it would be better to have a more durable desion. If the idea takes-off, it
 

might be worthwhile to consider a cast-irnn model, particularly for the base,
 

which should prevent burning out for 10 years or so. Other possibilities in­

cluoe heavier gauge sheet metal or 
even steel plate 1/3" to 1/4" thick. It 

would probably be advisable to have a hexagonal or octagonal base and flat
 

sides rather than a conical shape to facilitate the manufacturing process
 

if heavier materials are used.
 

Another possible modiflcation is to put a door over "he fire tending hole
 

that allows for control of the incoming air. This should help slow the fire
 

down. The effect of this will have to be monitored but might prove beneficial
 

for situations where space heating is desired as much as cooking heat, such
 

as on a cold winter night.
 

It also seems that the ridges that support the pot above the upper cone
 

are larger than they need to be. For a start, 
they should be reduced to .5cm
 

high. if a flat-sided desion is tried, they may nct be needed at all as
 

the pots could rest on the flat sices of the upper "cone". The smoke would
 

pass through the vees formed where the sides meet.
 

Still another option is to either insulate or to add thermal mass such as
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cement or 
sand to the outer wals of the fire chamber. The insulation
 
would probably result in 
more heat to 
the cooking pot. The additional mass
 
would make the pele more difficult to move around but would 
serve to store
 
the heat that presently radiates out the side walls. This may solve 
some
 
of the problem of the ouiirker cooking times on 
cold winter nights; heat is
 
released around the pnt during cooking while the mass stores up 
heat for
 
when the fire has gone out.
 

While technical modifications need to 
be made, it is also important to work
 
with local village women to 
examine their reactions to these new energy­
conserving cooking designs, both mud stoves and peolas. Village tests of
 
the mud 
stoves began in late November but results have not yet been received.
 
The panla was also dp'eloped at about the same time and has yet to be 
 demon­
strated 
to many people. However, the tomen who 
come to the R.T.U. are very
 

impressed.
 

The mud stoves represent only one attempt to 
bring stoves into the home
 
that reduce fuel use 
and take out the smoke. Much more work has 
to go into
 
reducing the amount 
of smoke that escapes into the house around the pots.
 
If this can not be accomplished well enough in mud to 
the satisfication of
 
the local women, it may oe 
necessary to co to alternative and probably more
 

(-ostly designs.
 

Finally, more effort 
must go into including local 
women 
into the design
 
process of 
 the cooking devices. The R.T.U. should set 
up a stove develop­
ment unit that works with women in one or 
two villages for a concentrated
 
period of time. 
The object of the discussions would be to 
examine more close­
ly performances and attitudestowards fuels mnd 
cooking practices. The women
 
should be enuoura(ied to 
helo develop designs that would better meet 
their
 
desires. A particularly oood reference printed in 
Octobar,lS80 is "Helping
 
People in 
Poor Countries Jevelcp Fuel-Saving Cookstoves", a manual from 
 GATE,
 
c/o Deitsche Gesellschaft' 
fOr Technische Zusemmenarbeit (GTZ), Gm 8H,
 
Posttach 5180, D-6236 Eschborn 
1, Federal Republic of Germany.
 

Soler Over-, 

Our experimentation benan in April 1980 with the design described in detail
 



in the interim 
 report. This design had fixed reflectors which were
 
attached to 
the cover. When access to the inside wee desired, the entire
 
hinged assembly had to be moved. This proved to be quite awkward. A number
 
of modifications were proposed and this report will explain the ones that
 
we tried.
 

Figure 6-3 contains photographs of the next model investigated. The object­
ive of this design was to reduce cost, and to increase the ease of construc­
tion and operation. To this end, the amount of wood in the oven was reduced,

the corner reflective flaps were removed and the remaining reflective flaps
 
were hinged and placed so that the door could be opened without having to
 
move the reflectors. The door remains in the front but is now of two layers

of glass so that cooking food can be inspected without opening the door.
 
The reflectors can be folded down for easy transport and storage of the oven.
 

Because of the modifications made for this design, it costs M35.00 to pro­
duce. This includes M15.00-labor and M20.O0-
 materials. Templates have been
 
made for the sheet metal parts which decreases measuring time and increases
 
standardization so 
that other parts can be precut and the whole unit simply

put together. The only real problem in construction are the slanted pieces

of wood that make up the top and bottom edges of the frame that separates

the inner and outer boxes. 
(See Figure G-3C.) It was not possible to get

these precut to the correct size so 
each one had to be made separately.
 

The next prototype was a much larger unit. Ihe internal floor area is
 
roughly four times that of the initial model(.35m2 versus .0Sm2 ). This unit
 
has a rear access door that uses strips of sheepskin for the weatherstripping.

The wells are the same thickness as before, 75mm, and are also filled with
 
fiber-lass insulation. The four reflector flaps are each .'-
m2 and held
 
apart and at the correct angles by lengths of wire. Figure 6-4 contains
 
photographs of this oven. The oven was recently sold for M45.00. It had been
 
optimized for a glass size of .25m2 
and mate. ils totaled M30.O0.
 

The final prototype combined features of both designs. The front surface
 
was widened and lengthened to best utilize the glass that had been precut

to a size 
of 340mm x 590mm, originally intended for 
 use on the first
 
oven described. The shape is similar to the 
 second prototype but the back
 
has been truncated to facilitaLe cleaning the oven. This results in a floor
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area roughly double that of the first oven, 
.17m2 versus .09m2 . The change
 
in 
design removes the need for difficult carpentry and has brought labor
 
costs down slightly. Materials are slightly more exoensive. The rcsult is
 
that the unit is being sold for M35.00 (Figure 6-5 shows construction details).
 

The idea of 
a front door is still a good one, norticularly because of trans­
portation difriculties within the District. Br2ekage of 
 lalss 72n hi
 

problem, but in very rough terrain the door can 
be removed and carried se­
parately. Front access only becomes 
a problem when the unit increases in
 
size, as in the second prototype. The wood for the door frame is supplied
 
with the two necessary grooves already rabbetr-I out. 
This makes the installa­
tion of the present glass quite simple. Silicone caulk is used to prevent
 
heat loss an- to allow for expansion. M flat piece of leather ocreweo nto
 

the frame acts asahandle.
 

The reflectors have caused some difficulties. The first design for the movable
 
flaps relied on bending over the sheet metal 
to provide structural strength.
 
This turned out not to be good, 
so 3mm wire was wrapped into the edge where
 
the hinges were attached. Upon examination of the work done at the market
 
in Maseru, it was decided that (;mm wire should be wrapped around all 
fcur
 
sides of the reflector to provide the desired stiffness. The heavier gauge
 
wire should also he used for the 
 stiffnss between the reflectors. A modi­
fication is now being tried which inoludes tinned :crner flaos Jhi-h inrrease 
the reflective area but will 
still allow for the easy fold-up-for-storage
 

feature of the present desion.
 

The latest design has proved to 
be very popular. Six ovens completed in
 

early December were sold within a week. it seems that people liked the 
com­
bination of size, style and price.
 

Performance tests of the solar 
ovens continue throurhout the year since the 
first one was built. Papa, c:abbage, meat, rico, end bread have all been 
cooked 7uccessfully. Compared to -cckion with o-r fuels, c7"i-I LI 
solar oven is mu-h more tim--7-uming, often two or thre- times as '.no 
as other methods. it must be remembered, however, that very 171 baking 
i.s oresently done by villaners, 71thouqh baked bread 7 n desired fond. 
Since the solar oven offers sn oportunity to inrnsie thp vri"tv rf foods 
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that can be cooked, it could become a useful item in many homes.
 

The oven cooked well even in the wintertime when days are relatively cold.
 

The sun is still quite strong and the 450 tilt of the olass presents a Qood
 

surface for enerqy to enter the oven. It was found on one particular occas­

ion that white bread rolls put in to bake at 9830 continued to rise insteed
 

of bake and about 1/5 of the dough soilled out into the oven. Thp brend
 

beaen to bake at about 1000 and was done by 133C. The next day the eoxer­

ment was repeated except that the oven wns allowed to warm up until 1E0
 

when the dough was put in. it began to bpke right awcy and was done by 1300.
 

Since both days were similar in temperature, wind and sunshine, this points
 

to the fact that 
the sun is not very stronq early on winter mornincs. The
 

oven requires greater warM-,- t before it is ready to -onk. Py :tir
 

in mid- December between 0800 and 0900, the oven temperature rose from 20'C
 

to 120'0, and this in an oven that had not yet had its interior painted 

black.
 

Because of production difficulties it was not possible to make accurate
 

comparison tests of the three models. However, observation of the units
 

suggests that cooking times are similar for all 
three units, although the 

larger oven is a little slower than the smaller ones. This is because its 

coacity per surface area of glazing is sliqhtly larer, and because its 

heat loss rate is oreater than the other desions. This points to the need 

to increase insulation as the ovens become larger. 

The solar ovens seem to be a desired item but the exact market is not yet
 

clear. They require a certain amount of patience to ue if for no other
 

reason than they take longer to cook and, of course, they do not work when
 

it is overcast. A good production system for these ovens has been devised
 

which allows for the ouick manufacture ofadtirphIn Pnd eanv-t--mnintain de­

vice. The potential fuel savings is suite large If many people use one of
 

these ovens. 

Conclusion and Recommendations
 

Several attempts have been made to develop enerov-r;nPorving and supple­

ment dEvices that can be used for cooking. Much more work needs to b done
 



toimprove the performance of the mUd stoves, although when more 
then one 
pot is used, they are somewhat more efficient then an open fire. The Paole 

-esign needs-toabe-tea dfuth2' nd-the' comn -d'mdi'f i t nis mae.
 
rhe solar oven that has been developed ~works well but this should in 
no way
 
limit future experimentation end testing of new design. 

All of these devices need to be used by village women so that their reactions
 
can be ascertained. It is equally important to 
work with these people to
 
develop new designs end modifications .inexisting ones so that cooking
 
needs and desires are best met; 
this will probably mean that concentrated
 
periods of time should be spent working with one or two 
villages in the
 
entire process of needs identification and assessment, design, product
 
development, testing, modification and evaluation. This should be 
 done so
 
that the R.T.U. staff gains a better understanding of whet people want when
 
it comes to cooking. In the meantime, marketing of proven designs should
 
continue elsewhere in the District.
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CHAPTER 7 SOLAR DISTILLATION
 

The prototype solar sti'il 
that was completed In February,laO, has been
 
operating almost continuously since that time. Production has been monitored
 
twice each day along with visual observations of other performance factors.
 
The stored distilled water has frequently been required by the mechanical
 
workshop for the use 
in the vehicles it services. So far, deninnd has not ex­

ceeded available supply.
 

Test Results
 

Table 7-1 compares production from 0200 to 
1600 hours with full day output.
 
Production is shown in 
a standardized quantity, liters/m2/day, based on
 
the water pan area, which in 2
this case is .46m . The standard deviation
 
and the percent standard deviation are also displayed. The percent standard
 
deviation varies much less for the full day pro!!uction figures than for the
 
daytime output. 
While the exact reasons for this are unclear, it is probably
 
due partially to the fact that not 
all of the water distilled for the day
 
has made it into the primary storage ccntainer by the 1600 reading. Addition­

ally, since total production is stronoly influenced by day;;ime weather
 
conditions, it is to be exoected that these figures would be more 
variable.
 

Figure 7-1 is a graphical reoresentation of Table 7-1. Production in liters/
 
day is shown in aoditional to the standardized values. The output pattern is
 
generally what one would expect, 
low in winter and increasing to a summer­
time peak. Based on the rough predictions contained in the interim report,
 
winter production was expected t6d. bnut 0.4 to 0.5 liters/m2/day. The actual
 
output for June 
was 0.6 liters/m2 /day, slightly higher than the pr2dicted
 
values. Since the predictions were only rough estimates, this figure is
 

certainly within reason.
 

Evaluation of Prototype
 

Other factors were monitored in 
addition to daily output. In particular,
 

the unit was observed to see how the various materials withstood exposure
 
to 
the elements, both inside and outside the still. As explained in greater
 
detail in the interim report, the unit wag constructed with 3mm glass (cover),
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16mm chipboard (sides, door, and bottom), 0.5mm galvanized sheet metal
 
(water pan), silicone caulk (to seal Joints) and paint (both inside and
 
outside). A 10-liter plastic container was used for the primary storage
 
container. The following conditions were observed over the last year:
 

1. Rusting of metal water pan
 

2. Salt deposits on pan
 

3. Swelling of chipboard
 

4. Deterioration of foam weather-stripping
 

5. Cracking of plastic container
 

6. Difficulties in measurement of production
 

7, Access door falling off.
 

The metal water pan showed a significant bloom of rust that had to be re­
moved in late August. The rust had appeared through the primer and finish
 
coats of paint, both of which were brushed on. Neither paint was rated
 

fur use in extreme environments such as the high temperature and humidity
 
conditions that might b. found in a still. 
-oth 
 coats of paint were removed
 

and the pan was scraped and rubbed clean. It was then repainted with a high
 
temperature black spray paint. No primer coat was used. No rust has shown
 
in the three months since this operation was performed.
 

Despite this, salt deposits seem to be occu3inn Ffter this modification,
 
whereas they were not apparent before. The appearance of salt is one obvious
 
consequence of the distillation process although it is unclear why it was
 
not in evidence before the paint layer was modified. It is probably due to
 
the thinner paint layer and to the fact that the water pan has run dry 
on
 
a couple of occasions, which did not happen before the change. The salt,
 
which makes the water pan surface appear mottled, does not seem to have
 

substantially affected production, so no attempt has been made to remove
 
it. Obviously, this situation should be monitored and if ! 
becomes signi­
ficantly more pronounced, the surface should again be scrapEd clean and
 
repainted, this time with a thicker coat of spray paint.
 

The chipboard, made of sawdust and glue, while structurally strong, does
 
not hold us very well in a wet environment. It seems to absorb moisture
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muc:h 
like a sponge, and having done so, 

thi,:kness. While this has not 

It expands, generally increasing its
 
reused any structural weakness, it has result­ed in dtmensiona! cianges at 
several Joints and subseouently the appearance
of a couple of leaks. roi3ture 
comes 
from both inside the box and from
periods of rain. 
in the future, stills should not 
be constructed of chip­board but rather of more 
water-resistant materials such as 
fiberglass or
 

conc2rete.
 

Foam weatherstripoing 
was used to properly seal the 
access door to 
the back
of the frame. This weathered badly over a period of about four months end
had to 
be replaced in mid-winter. Sections had to be reolaced four months
later when the 
cocr 
was rehingec. Since this type of weather stripping norm­ally lasts about 
a year in 
its typical application 

it 

around windows and doors,
is clear that it 
hrs been exposed to 
harsher conditions then it tis de­signed for. It is rerommended that futurp stills utilize a better 
 although
probably more costly 
;tripping and at 
the same time design the unit 
to pro­vide greater protectiin for the weatherstripping that is 
installed.
 

The ten-liter olastic coontainer that 
serves as 
primary storage for the dis­tiileo water -rarke 
 sfter nine months of use. 
Only the top 
surface of the
ontainer had become 
so brittle that 
it cracked; 
the rest 
was still resilient.
5inne the entire 
 uq has been exOosed to the elements, 
It seems that the
problem Is due orimnrily to the effect of ultraviclet radiation,stronger when tne whi :h is sun is higher in the sky, 
striking toe 
top of the 'uo.
As a temporary measure, 
t!e top of the jug 
was patched with tape until
the container could be replaed. i. is clear that 
in order to increase the
longevity of this part of the system it is necessary 
to find 
a more durableand/or to orovida it proteition from the harmful effects of the 

,container 

sun's radiation. 

Anoher oroblem eni:Lunter ?- with this primary storage thecontainer wasdifficulty of naLcuratel, measurinc output. The first method triedmark was tothe c:ontainer with . mailc marker at 0.5 and 1.3 liter divisions.These mark:o soon aitmr .IfF and wtre r-la ed by pieces of tape, one edge,f whi h :orrespr-i0Ed tO the rPvinu5 '-' markings. interpolatingbetwern marks prser, to be fi'Fiiu!t or the trainees, rrti-ularlywinter inwhen dily outrut u,19 cnly 71 r C.2 liters/day. In the future, it 
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would he advisable to 
use a oremarked container. However, since these have
 
been difficult to sotain, another sVstem of markinc 
that is both durable
 
and has greater a'.uray will hoive to be devised. 

Just renently, the ot:eass door fell off its hinges. This happened during 
a storm when it 
 was windy. On examination, it was 
found that the
 
major :ause Jf the -roblnm hcd to do with "The location of the screws on 
the door. These wer_ set 
into the edge of the chipboard, most likely because
 
of the ease of insoallation which this surface afforded. Due to 
the poor
 
weathering r7haro3:Teristi.s of the 
chipboard, and the Weight of the door,
the screws e,entuail, worked loose and the door fell off. The hinges have
 
been relocated so that tney 
are properly attached to 
the door, the screws 
going across 'he grain. 

"onrlugion and ,Reurmienoetions 

The results 
from nino months of testing and evaluation indicate that 
a
 
solar still performs reasonably well 
in this environment. While a large

demand for locally uroduced distilled water has 
not yet presented itself,
 
the area hospitals ono r.linics are still 
importing the ouantities that they
 
use. rcmmenuo_ tha 
two other 
units be built and tested utilizing
 
more durable materials ouch 
as 
"an,:rete and fiberglass. One of these could
 
bebuilt at 
the lo'-al 
hospital thereby oroviding both production results
 
and an in-situ ater1, nI
f-;On wouI help examine the reliaoility of supply
 
and problems of maint-nene for 
a locnl instib-ition.
 

a ire.ta.hnicaj. level, 
the )robIems experienced with the prototyrie

should be acx:ounted fnr in futurg units. Testing and observation nIould
 
continue ano another unit shoulL be built at 
 the R.T.U. Based on observa­
tions difficult to Quantify, future units should have at least 
as much in­
sulation surrounding -,he water pan and evaporation chamber 
as does the proto­
type. It would probably ne desireable to 
ro so far as to provide an U-val'e 
of about 0.15 in the malls -n 
hase of the unit. This would orevent conden­
sation on 
the walls ano forcge more 
to occur on the relatively colder glass.
 

Given the basis jf nine months of data 
it would also be valuable to test
 
the effect -f both 
an insulpted and an uninsulated reflector for 
use pri­
marily in t:ipe 
winter montis when production -3 low. While an insulated
 
reflector -u'1 prcaol :edu .:ate -.mount o- f.-ost and ic2 fcund in the 
still on cod 'winteT mornincs, it will te 
 much more costly' than a simple
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reflector which will provide the 
same benefit during the day. In any case,

both of these options should be compared with the cost of constructing
 
a larger still that would meet the desired demand.
 



Table 7- . Solar Still - Comparison of Daytime and 24 Hour Output (liters/ 2 /Day) 

Daytime 
 24 Hour 

Month L/m 2 /DaV L/m /DUv L/m2 /Dy 6 L /m z / DaV 

February 2.1 0 0 
 1.9 1.0 .5
 

March 1.3 
 .5 
 .4 1.7 .t .4 

April .7 .4 .6 1.4 .6 .4
 

May .6 
 .6 1.0 .9 .5 .6
 

June .3 .2 .7 
 .6 .3 .5
 

July .4 .2 .5 
 .9 .5 .6
 

August .4 .1 .2 
 .6 .2 .3
 

September .6 .4 .7 
 1.0 .5 .5
 

October .7 .4 .6 
 1.1 .4 .4
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CHAPTER 8 CLIMATE-WISE BUILDING DESIGN
 

This chapter focuses on 
the heating and cooling of buildings in the District

of Thabs Tseka. The coal 
of this work is 
to develop an approach to design
that integrates building into the climatic conditinns prevalent in this re­gion. 
The interim report outlines the basic concepts behind this procedure.
In addition, it 
should ne referred to for explanations of traditional hous­ing design and of the method used to 
calculate the thermal performance of
buildings. In this report, 
a cair of rondavels and a pair of townsite houses
will be compared and the analytical method evaluated. Weather data for 1980
 
are used in the calculations wherever it is 
available.
 

Descriotion of Buildings and 
Test Procedure
 

The solar rondavel, drscribed in detail 
.n the interim report, has been
lived in since January,l980. 
In March, 3 thermograph was installed to measure
daily temperature fluctuations. 
'ith tie exception of heat from people and
from either a paraffin or gas 
 :ooking burner, the only source of heat 
to
the building has been the 
sun. he thermograph was located about 
one meter
above the floor near the south wall of the building, never 

Due to 

in direct sun.

its location, I, probably records temnerature fluctuations that 
are
somewhat 
smeller than what actual>! 9,a:urs. eau!e the peaks are not as
great, the daily averages 
are slightly reduced. Based 
on observations of
 a maximum-minimum thermometer located near the peak of the roof at 
a height
of 4 meters from the floor, the actual depression is only about 
1'C (1.8*F).


Figure 8-1 is 
a drawing of this house.
 

The ronuavel that was instrumented stands about 20 meters from the solar

rondavel in Mohlakeng. The two 
buildings are approximately the 
same size.
This rondavel has one 
small window and door which faces to 
the northeast.
 
The building is used only for sleeping by the man of the house when he is
at 
home. The tijermel model has been adiusted accordingly. A thermograph was
placed in this rondavel 
in August. Testing continued through October.
 

The E-house with the attached greenhouse was completed in 
July. A thermo­
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graph was installed in August and operated through October. With the ex­
ception of two evenings in July, it 
was not necessary to 
supply any addition­
al heat 
to the house beyond that which came from people and appliances.

Mid-day temperatures were always quite comfortable and the interior of the
 
house was significantly brighter than similar units without greenhouses.

The greenhouse was not used for growing plants until late August, when seed­
lings for the garden were started. A few that 
were in containers close to
 
the ground and to Lhe glazing were killed off. All others did very well.
 
It is anticipated that the greenhouse will be farmed much more 
intensively

during the coming year. Figures 8-2 end 8-3 contain a drawing and photographs
 
of the house.
 

A standard E-house was also 
instrumented from August through October. This
 
unit required several hours of auxiliary heat each night in order to 
bring

the temperatures up 
to the level desired by the occupants. Both a paraffin

heater and an 
electric heater were used. This house is located about twenty
 
meters away from E-house with the attached greenhouse. Figures 8-4 and
 
8-5 contain technical drawings of this building.
 

Thermal Performance Results
 

Table 6-I contains the monthly degree-days calculated for 1980. Based on
 
a comparison with the temperature data contained in Chapter 2, these figures
 
are not substantially different than the long-term results, with all months
 
except May less than 10% 
off. The 1980 degree-days 
are used to calculate
 
the monthly heat loss of the buildings being examined.
 

Table 8-2 displays the adjustment of 
 solar heat gain based on 
the percent

difference between the 1980 measured and long-term derived 
 figures calcu­
lated in Chapter 2. The adjustment is made by multiplying the percent change

for each month times the relevant values contained in Appendix 17 of the
 
inkrim report. These adjusted values have been used in the heat gain calcu­
lations contained in this chapter.
 

Comparisons of the mean minimum, maximum, and average temperatures inside
 
the four buildings gre contained in Tables 8-3 and 8-4. Table 8-4 includes
 
maximums that 
 ocnurd in the E-house due to auxiliary heating, while 
the data for the E-house in Table 8-3 does not. The average inside and
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becomes very noticeable beginning in September end points to the need for
 

windows that extend up from the floor and/or reducing the size of the roof
 

overhang on the north side of the buIld.ng. 

The E-house has been plotted tnat the temperature rise due to the input
 

of auxiliary heat can be seen. Thiis information was taken from the thermo­

graph charts hch soweid 2 ni7z:tlvs secondary peak that o3cu'r' 4- the 

evening around eight o'clock. Eased on conversations with the occupants, it 

appears that the October auxiliary input is primarily due to cooking. It
 

is likely that the same temperature gains can be attributed to this source
 

during the other months, the remainder being the auxiliary heat inputs.
 

The tEmperature fluctuations are most markeo in the E-house with the attach­

ed greenhouse. As with the solar rondavel, the September maximum is depress­

ed. By October, it became necessary to use some ventilation on most days.
 

If this had not been the case, the maximum would probably have been over 250C.
 

It is now necessary to compare the 1980 performance against what the ther­

mal model predicted would occur. Tables have been prepared showing heat
 
balance, ocent sola, :.ont-rbuzlon, and predlited averace indoor tempera­

tures on a monthly basis. These are 
Fables a-7 throunh B-14. An inspection 

of the data shows that thp nun contributes rnuodghlv s.x times the energy 
to the scr rontavel as mpnrn to the sleeoin, rnnda,v The E-hose 

with attached greenhouse has an even greater proportion of its heat provided
 

by the sun when compared to the E-hcuse. In fact, a:cording to the model,
 

there should be a surplus of heat in all of the months examined. The model
 

also shows that the solar rondavel should be warmer than the sleeping
 

rondavel. The same relationship holds true for the E-house with greenhouse
 
romoared to 
the E-house, although the difference is more oronounced. The
 

experience this year shows that these predictions are indeed the case.
 

Table a-15 compares the predicted ano measured average indoor temperatures
 

for the tu rcrdavels. Temneratires are shown in both Fahrenheit Er-d 7anti­
grade. The percent differences crc very slLght, and are generally neotive. 

This means "hat -,heatu.ture was below the predicted value. Figure 

3-14 disolays this groohicaily. 

C: 

http:buIld.ng


8.
 

-5-


Table 8-16 compares the two E-houses. The percent difference for the E-house
 

with the attached greenhouse i3 large, ranging from 13% to 20%. Also of
 

note is the fact that the mea~ured temperatures were greeter :hn the pre­

dicted values in the E-house. The large, negative differences in the E-house
 

with greenhouse are probabL' due to the fnct that whenever the temperature
 

reached 25'C the occupant ri.ignn to ventilite the greenhouse. This served
 

to prvent in~ide .moer.turs from r ehlinc the peak they m~gr therjie
 

have attained. An aoditiontl explanation is that one of the vents in the
 

west wall was left open most of the time so the cats could go in onc out.
 

Neither of these phenomena were accounted for in the model.
 

The fact that the meaaureO temperatures in the E-house were grenter then
 

the prdicted values, albeit by a small amount, is intriguing. Ely exrmining 

days in these months during which the occupants were not at home it was 

possible to see how the"pure" house fluctuated. Although there were very
 

few of these days, the result is that without occupants, or the auxiliary
 

heat inputs they required, the meaoured values would be reduced by 30 C.
 

This is sufficient to account for the skewing of the anticipated relation­

ship. Of course it is also possible that the building Is better Insulated
 

then assumed or that heat inino throuqh 
the opacue wall surface nri gratnr
 

than accounted for in 
the model. Figure 8-15 displays this graphically.
 

Table 8-1' compares the pridicted end meosured increase in temnertur- aboc 

the outside average temperatures for each of the buildings by month. iC the 

explanations just given sr?,,-n focr, true, the thermal model is re esr!ol,v
 

accurate.
 

Conclusion and Recommend"tions
 

Based on several months of tasts on two different building types, it appears 

that the analytical model used to predic't the thermal performonce of build­

ings is sound. It must be indorstood that the method relies heavily on on 

accurate assessment of the building heat loss and gain parameters bi' the
 

person doing the calculations. Ualues Fcr meterials tyocally useo in :cn­

struction in Lesotho were orosented in - . interim report 9nd should be used
 

in future calculations. It must also be remembered that when predicting the
 

thermal performance of noc-,./t-buildings, the actual construction may 
re­

sult in 3 signifcant; v,2r7.jticn 
of the thermal PfremeterS from tnec 
intended in "h -sqn 7 : 7§... c -:oblg :,_f' , , nct n ....-­

(1,
 



tion rates although it will also show up if insulation is left out of
 

places where it was intended to be installed. Further variationa from the
 

estimation orocedurn will occur because of the occupants. Rmember, hat
 

actually happens and not what the desioner intended, is correct!
 

After living in 'ii<u rondavel for nine months, several design racommencntions 

are apparent. Th± j"L23c i3 that during construction, crne must, b. uru chat 

the thatch grass is tightly packed when laid on the roof. This will reducc
 

the infiltration of cold air into the house through the thatch, oomething
 

which is particularly noticeable on windy days.
 

The second is that the windows need to be enlarged if they are to be used
 

as the heat sourca for the building. They should run from close to tnin floor 
to just below the lintel and the overhang should be such that the north
 

windows become completely shaded at noon in November, December and January.
 

The rough window openings should b2 about 35% to 40% of the wall area and
 

should be plac~d on the northern half of the building. The entryway should
 

be placed more toward the southeast so that little or no shading occurs on
 

the east window in the mornings. Double glazing is preferred.
 

The final recommendation is that shutters should be desinned to fit the
 

windows prior to con3truction. 1C th'y are installed durinq the bUilding
 

process, the resuli: jill prsbot'a bt! a :icht-fUttnc. U5C1 insularnh 

device. Couoled with the double glazino, heat loss will be substantially 

reduced and conmort 12Vla roised.
 

When attaching a nrt!nhouse to an existing building or when building one 

into thie design, a choice of materials becomes very important. Due tc the 

large temperatur2 fluctuations, a great deal of expansion ani contraction 

occurs in the buildino materials. This needs to be accounted for in ;h3 

design so that th! structure io not unduly stressed.
 

Ventilation is also .'r' important. it is necessary -o privent tne creen­
house from overheacin,> Whilem:1iotlcnof the prevailino winds can tns n­

flcial, the basic dcsion should not rely on them. In this climate, an ares 
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equivalent to at least one-sixth of the floor area of the greenhouse should 
be vents. An even distribution of hiqh and low ooeninos Is best. 

The airflow bezweEn the house and the greenhouse is also3 , important.
 
In the exper.v:,, r ne occupant, opening two wincows 
 2nc the door on 
the adjoining ,ii , -i cftern sufficient to adeouateilv onlstribute the heat. 
This was true even thcuqh two winoows were renicunteo !o tnat they ned side 
hinges. A small Fan, perhaps solar-powered, would helQ, Out would add to 

the initial cmt, 

Durinq this past heating season no additional thermal mass was added to
 
the greenhouse. rwnty-litor water storage containers were ordered but did
 
not arrive untii L:coLer. They should be installed and performance monitored.
 
The effect should Oe to :lecrease daytime extremes and tc increase nighttime
 
greenhouse temperatures. While more 
heat will be stored in the greenhouse,
 
it is possible that the temperatures inside the house may be reduced.
 
This will also have to be checked as will the effect on plant growth.
 

In conclusion, it needs to be stated that new buildings should be designed
 

so that they are well integrated into the climatic conditions prevalent 
in the Di~trict, The basic principles have been outlined and the necessary 
data base has been 2stablished. Using the develcoed thermal performance 
model as a tool, designs can be made that should work well. All that is 

require : o practi ces. the u' racili­is retiren Eiven proposec Ofuonsicn 
ties and services zhroughout the District, there will be many opportunities
 

to do so.
 



Table 8-1. Calculation of Monthly Degree Days Based on 1980 Monthl 
 Mean Temperatures
 

1980 Mean Monthly 
 Days Monthly

Temperature 
 Per Degree
0_ OF (65-OF) Month Days
 

January..... 

31
 

February 16.5 61.7 
 3.3 29 
 95
 

March 15.5 59.9 
 5.1 31 
 158
 

April 11.5 52.7 
 12.3 30 .169 

May 9.5 
 49.1 15.9 
 31 493
 

June 5.0 
 41.0 24.0 
 30 720
 

July 5.0 41.0 24.0 31 744
 

August 
 8.5 47.3 17.7 31 
 549
 

September 11.0 
 51.8 13.2 
 30 39G
 

October 14.0 
 57.2 7.8 
 31 242
 

November 

30
 

December 

31
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Table 8-2 Adjustment of Solar Heat Gain through Vertical 
Single and
 
Double Glazing at Various Orientations Based on 1980 Data,
 

Daily Totals, (BTU/ft2 )
 

North 
 E/W NE/NW

Single Double Single Double Single Double
 

July 1430 1310 
 570 500 1070 980
 

August 1110 1010 
 640 580 960 
 870
 

September 740 650 
 680 620 810 
 740
 

October 550 460 920 
 830 860 770
 

Adjustment of Solar Heat Gain through North Facing Single
 
and Double Glazing at 150 and 60' Tilts Based on 1980 Data,
 

Daily Totals, (BTU/ft2 )
 

150 Tilt 600 Tilt
 

Single Double 
 Sinale Double
 

July 1310 1200 
 1720 1590
 

-August 1350 1230 
 1520 1390
 

September 1400 1280 1280 
 1170
 

October 1840 
 1680 1320 
 1190
 

Adjustment of Solar Heat Gain on 
North Facing Vertical
 

Surfaces Based on 
1980 Data, Daily Totals, (BTU/ft2 )
 

July 1550
 

-.August 1360
 

September 1030
 

October 930
 



Table 8-3. 	Comparison of the Mean Minimum, Maximum and Average
 

Temperatures, OC
 

Solar Rondavel Sleepino Rondavel
 

MIN MAX AVE MIN MAX AVE 

May 12 15 13.5
 

June 
 8 12 	 10 1
 

July 8 12 10 

Auoust 10 13 11.5 6 12 9
 

September 11 13 12 9 
 13 11
 

October 
 14 17 15.5 11 17 14
 

E-House with 

E- House I Attached Greenhouse 

MIN MAX AVE MIN MAX AVE 

Auoust 13 17 15 13 23 18 

Seot rmber 14 18 16 15 22 18.5 

October 16 20 18 _ 16 24 20 

1. Does not include maximums due to auxiliary heating.
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Table 8-4. E-House Typical Daily remperature Fluctuations fur Selected Months, 
Includes Maximum Due to A:Uxiliary Heating 

Mininium
(°C) 

Daytime 
Peak 
(°C) 

Afternoon 
Minimum 

(°C) 

Evening 
Maximum 

(0C) 

August 13 17 16 I 19 

September 14 18 18 20 

October 16 20 20 21 



Table 8-5. 
 Comparison of Average Inside and Outside Temperature for Four Buildings for
 
Selected Months in 1980
 

Average Solar Rondavel 
 Sleeping Rondavel E-House E-House with
Outside 

Attached Greenhouse
Temp Inside Diff. Inside Diff. Inside D1ff. Inside Diff. 

(C(C)°C) (°C) ( 0c) (0C) (°C) (CC) (-C) (°C) 

May 9.5 13.5 4 

June 5 10 5 

July 5 10 5 

August 8.5 11.5 3 9 .5 15 r.5 18 9.5 

September 11 12 1 11 0 16 5 18.5 7.5 
Octiber 14 15.5 1.5 14 0 18 4 20 



Table 8-6. Comparison of Times at which the Minimums and Maximums Occur For Selected Months
 

Solar Sleeping E-House with E-House 
Rondavel Sondavel Greenhouse Afternoon Evening 

MIN MAX MIN MAX MIN MAX MIN Peak MIN MAX 

Mav__ 0700 15 

June 0700 1400 

July 0 700 1500 

Augus 0700 1500 0601) 1500 0800 1500 -0800 150n 1700 2000 

Spebr 0700 1500 0700n 1600 10800 1500 0800 1600 1800 2100 

Ocoer I070 150 0600 10 0700 1400 10700 1500 1800 2000 
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.,le 8-7. Mohlakeng Solar Rondavel 
- Heat Balance and Percent Solar Contribution
 

SPeople 

and 
 Percent
 

Wido 
 WllAppliance

Window Heat Solar
Heat Loss Heat Gain Wdall P'opl In
Heat Gain 
 Het Gain Balance
 

Monthl (XiO G BTU) (XiO G11U) (XIO6 BTU) (X1o 8TU) XI3 6 T)
Ma 3.42 1.37 

(x) 
.19 
 29 
 -1 57 46
 

June 5.01 
 1.38 
 .19 .28 
 -3.16 31July 
 5.18 1.42 
 .20 
 .29 
 -3.27 
 31 _-Au ust 3.81 
 1.15 
 .18 
 .29 
 -2.19 
 35Se tember 2.75 
 .82 
 .13 
 .28 
 -1.52 
 34October 
 1.68 
 .74 
 .11 .29 
 - .54 51
 

1. May and June have been adjusted for changes due to temperature only. July, August, September
and October have been adjusted for both temperature and solar radiation.
 



Table 8-8. Mohlakeng Solar Rondavel 
-
Prediction of Average Indoor Temperatures
 

Daily Heat 

Daily


Daily Daily Gain From
Window Total Change
Wall People and Daily Daily 
 in
Heat Gain Heat Gain 
 Appliances Heat Gain
I Heat Lose Temperature
Month (BTU) (BTU) (BTU) 
 (BTU) (BTU/OF) (F) 


May 44330 6010 
 91100 59740 
 6938 
 6.6 


June 45970 6490 
 9400 61860 6953 
 8.9 


ui 45750 6560 91400 61710 
 6958 8.9 


fAunust 37210 5770 91400 52380 
 6946 7.5 


September 27340 4210 9410 40950 
 6935 5.9 


nctober 23800 
 3540 
 9400 36740 6936 
 5.3 


. ay and June have been udjusted for chzi.ges due tc temperature only. July, August, 
tictober have been adjusted for both temperature end solar radiation. 

Predicted 
Mean 

Daily 
Average
Induor 

Temperature Temperature 
(OF) (OF) 

49.1 57.7 

41.0 49.9 

41.0 49.9 

47.3 54.8 

51.8 57.7 

57.2 62.5 

September ad 



rable 8-9. Mohlakeng Sleeping Rondavel -
Heat Balance and Percent Solar Contribution
 

People and 
 Percent
 
Window 
 Wall Appliance Heat
Heat LoBs Solar
Heat Gain 
 Heat Gain 
 Heat Gain 
 Balance Contribution
 

Month 
 (X 106 BTU) (X 106 BTU) (X 106 BTU) 
 (X 106 BTU) (X 106 BTU) (%) 
August 4.17 
 .26 .14 -3.77 6
 
September 3.01 
 - .18 .13 -2.70 6 
tUctober 1.85 
 - .14 
 .14 -1.57 8 

Table 8-10. Mohlakeng Rondavel - Predicted Average Indoor Temperature 

Month 

Daily 
Window 

Heat Gain 
(BTIJ) 

Daily 
Wall 

Heat Gain 
(BTU) 

Daily Heat 
Gain from 
People and 
Appliances 

(BTU) 

Total 
Daily 

Heat Gain 
(BTU) 

Daily Heat 
Loss 

(BTU/OF) 

Daily Change 
in 

Temperature 
(F) 

Metn Daily 
Temperature 

(F) 

Predicted 
Average 
Indoor 

Tempernture 
(OF) 

AJiqust - 8556 4400 12956 7592 1.7 47.3 49.0 
September 5957 4400 10357 7598 1.4 51.8 53.2 
_October - 390 4400 8790 7653 1.1 57.2 58.3 



Table 8-11. E- House -
 Heat Balance and Percent 
Solar Contribution
 

People and Percent 

H-lat Loss 
Window 

Heat Gain 
Wall 

Hleat Gain 
Appliance 
Hest Gain 

Heat 
Balance 

Solbr 
Contribution 

L.,nth 

;,'nust 

(X 10 BTH) 

L .36 

(X 1, BTH) 

.42 

(X 106 

.14 

TU) (X 1D6 0TU) 

.63 

(x 106 BTU) 

-3.17 

(-M) 

13 
.,,n Laemher 3.15 .06 .019 .61 r -2.39 5 

,tober 1.96 7- .03 .63 -1.30 2 

lk1e 8-12. E-Huuse - Predlcted Averaqe iioop Terperature 

Daily Heat 

Daily Daily Predicted
Window Wall Gain frompeople and TotalHeat Gain Daily Dailyv Heat Dully inChangeIleat Gain Ileat Gain Near, Daily Aw-rageAppli j ri.i:, In doorLoss Tcmperature Temperature Temperature 

.TH) (.TU)([ (tdi-H) (BTU/OF) (OF) ( 0 FI 
 (F)
IInut 13fV 1 ,FIG 2039 3_'729 7940 4 .9 4._ . 3 52.2 
P. t1r1b r 3r., 2f] 398 "25511 7955 3.2 51.8 55.1 

lpr _... 986 2an3g7a 213,4 8098 2.6 57.2 59.8 



Table 8-13. 
E- House with Single Glazed Greenhouse - Heat Balance and Percent Solar Contribution
 

People and Percent
Window Wall Appliance Heat Solar
Heat Loss Heat Gain Heat Gain Heat Gain 
 Balance Contribution
 

Month (X 106 BTU) (X 10G BTU) (X 106 BTU) 
 (X 106 BTU) (X 106 BTU) %)
 
August 6.60 9.39 
 .63 3.42 > 100
 

September 4.76 8.56 
 .61 4.41 > 100
 
October 2.91 9.72 
 .63 7.44 >100
 

Table 8-14. 
 E- House with Single Glazed Greenhouse - Predicted Average Indoor Temperature 

Daily Heat Predicted
Daily Daily Gain from 
 Total Daily Change Average
Window Wall People and Daily Daily Heat in 
 Mean Daily Indoor
Hest Gain Heat Gain Appliances Heat Gain Lose Temperature Temperatur. Temperature

Month (BTU) (BTU) ­ (BTU) (BTU) (BTU/OF) (OF) (OF) (OF)
 

Aunust 303,000 -- 20398 
 323,398 12024 
 26.9 47.3 74.2 

-Seotember 79 0_ _ 20398 296,398 12024 24.6 51.a 76.4
 

LIctober 313,600 
 20398 333.998 12024 27.8 57.2 85.0
 



Table 8-15. Comparison of Predicted and t
leasured Average Indoor Temperatures for Two Rondavels by Month
 

Solar Rondavel 
 Sleeping Rondavel
 

Predicted Measured 
Difference 

M-P 
Percent 

Difference Predicted Measured 
Difference 

M-P 
Percent 

Difference 
,mnth (°F/°C) 

57.7 
CF/OC) 

51*4 
(oF/oC) W (0F/QC) (oF/OC) (oF/oC) 

May --- 14.3 1! 13.5 -2 
49.9 50.0 1 

June 9.9 .­ io .1 .2 
49.9 -- 50.0 . 

,, ____ 

,#.a 
_-

7j 

12.7 

1.10f52.7 
11.5 

:12 
-2.1 

-1.2 

I.9.9[2 
-4 

_ 
49.0 

9.4 
48.2 

9 -2 
-2 

nte r_ -­

69 5 
1-4,,.3 

53.6 --
12.0 -

- -1.5. 

-4.1 
-2.3 

-2.6 
-7 

-

53.2 
__11.8 

58. 

--

14.6 

51.8 

57.2 
i 

1 
-

-1.4 
-. 

1.1 
8 

.6 

1. The predicted average indoor tcmpernturp-i for May and June have only been 
adjusted for changes
 
due to temperatuire. July, ALIgust, epte!ber, and rIcto!er have been adjusted for both tempera­

ture and solor radiation.
 



Table 8-16. 
Comparison of Predicted and Measured Average Indoor Temperatures for Two E-Houses by Month
 

E- House with Greenhouse 1
E-House


Difference Percent 
 Difference Percent
 

Predicted Measured 
 M-P Difference Predicted Measured 
 M-P Difference
(°F/ 0 c) (OF/C) (OF/OC) (W) (OF/C) (°F/C) (°F/C) (%)
74.2 45 52.2 59.0 7 6.8

A~ugust -t: 2. - 8~- -5.4 -13
- . 1 11.2 .- 15 3.8 13 
76.temb.r 
 -11.1 
 5.0 .85.8September 24.6 18.5 6.2 -14 12.8 16 
 3.2 10
85.§ 807.0 ~ 59.8 64.4 
 4.6[ctob2r 2-17. 
 -20 
 6 2.15.4 8.6 


1. Does not 
include increase due to auxiliary heating.
 



Table 8-17. Comparison of Predicted and Actua! Increase in 'emperpture above the Mean
 
Outside Average Temperature by Month
 

E-House weith 

Sular Rondavei 
 Sleeping Rondavel 
 E-House 1Attched Greenhouse
Predicted Actu.l 
 Predicted Actual Predictedl Actum 
 Predicted Actume
 
(OF) (OF) (OF) OF) (OF) 1 (OF) (0 F) (OF) 

-June 8.9 9 

J_u L ___ 8 .9 9 
A__nust 7._5 5.4 1.7 .9 4.9 11.7 26.9 17.1 

September I 5.9 1.8 1.4 0 3.2 9 24.6 *3.5 
October 
 5.3 I2.7 1. 0 2.6 7.2 27.8 10.8 
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CHAPTER 9 GREENHOUSES AND COLD FRAMES
 

Experimentation and testing of grenhouses and cold frames has continued
 
through 1980. The Woodlot Section's tunnel greenhouses have been monitored
 
as have some of the free-standing cold frames. The attached cold framesY'Feen
 
observed although not thermally monitored. Results of the analysis of the
 
E-house with attached grpenhouse are ncluded in Chapter 8.
 

Woodlot Greenhouse
 

These two tunnel greenhouses are used primarily for growing tree seedlings.
 
Early experiences with these greenhouses in Thaba Tseka showed that they were
 
hotter during the day and colder at night than the 
 outside ambient tempera­
tures. Reasons for this were lack of proper ventilation and absence of any 
heat storage facilities. It was recommended that a total of 5m2 of venti­
lation and 5890 liters of water storage be put into the greenhouse to help
 
correct this situation.
 

Only a portion of these modificntions have been completed. A total of four 
roof vents and one door 
are in place, only 3.12m 2 of ventilation area. Day­
time temperature maximums have been reduced but they are 
still not down to
 
desirable levels. Only half of the recommended water mass has been added to
 
each greenhouse. This has helped prevent nighttime minimums dropping below
 
outside temperatures, but has not stopped the inside 
temperatures from going
 
below freezing.
 

Figure 9-1 shows what has occuff-d in the greenhouse from May through Octo­
ber,1980. Inside and outside mean maximums and minimums are comoared for
 
each month. It in important 
to note that the location of the maximum-mini­
mum thermometer inside the greenhouse was changed at the end of July. At
 
that time it was from F position at eye level down to plant level near 
the
 
floor of the greenhouse. This change is shown in the graph where the dif­
ferences between the maximums decrease and the differences between the
 
minimums increase. The 
 temperature regime is considerably more stable 
where the plant3 are located than at higher positions in the greenhouse.
 

/
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In conclusion, it should be pointed out that it would be advisable to com­

plete the remainder of the modifications and monitor the effect that they
 

have on the temperature fluctuations. Variations should be reduced and it
 

should be possible to prevent the air temperature from dropping below freez­

ing. While eliminating freezing air temperatures will improve the growth
 

of the tree seedlings, it is more important to prevent the soil surround­

ing their roots from freezing. Even with only present modifications in place
 

this has not occufnod end the plants have grown reasonably well.
 

As a final note, it should be emphasized that these tunnel greenhouses are
 

not designed for use in the climatic conditions existing in Thaba Tseka.
 

Initial design work has been done on a large-scale greenhouse for an expand­

ed tree nursery. At capacity, the nursery would be able to turn out one
 

million trees each year. The intent of the design is to passively heat and
 

cool the modules that will comprise the greenhouse. If and when this nur­

sery is constructed, the performance of these structures should be carefully
 

monitored.
 

Attached Cold Frames
 

The first experience with attached cold frames in Thaba Tseka began in 1978
 

when a relatively large unit was built onto a 8-house. Initial performance
 

information is contained in the interim report of this project. Since that
 

time, two more units have been built, each attempting to correct some of
 

the problems discovered in the previously constructed units. Each will be
 

described in turn.
 

B- House Cold Frame
 

This unit is approximately five meters long, one meter wide and one meter
 

high. The unit faces north at a tilt of 45°T ventilation is provided by
 

vents located on the relatively flat, upper section of the cold frame, and
 

by opening the covers. A sketch is shown in Figure 9-2, technical drawings
 

in Figures 9-3, 9-4 end 9-5 and pho:ographs in Figure 9-6.
 

Operating performance for winter 1980 is essentially the same as for the two
 

previous years. Fresh greens were grown throughout the winter and in fact,
 

during the entire year. The unit was not used as a source of heat for the
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house. This was again due to the damp smell of 
the air and to the fact
 
that cold air infiltrated easily into the greenhouse so 
that the vents into
 

the house rarely supplied very worm air.
 

Figure 9-6C shows some of the high ano low vents that were put into the
 
greenhouse. It can be 
seen that not much convective flow would ever be de­
veloped because the height differential between the vents is small. Note
so 


the black rear wall and the healthy growth of lettuce and spinach.
 

Figure 9-6D shows one of the problems that is probably the cause of some
 
of the damp smell in the cold frame air. The swelling of the chipboard
 

(particle board) is evidence of moisture absorption 9nd most likely is assoc­
iated with rot. 
Most of the water absorbed by this material comes from in­

side the cold frame. The rest seeps in from outside through gaps around
 

the poorly sealed fiberglas cover.
 

The original purpose of the chipboard was to support the inner layer of glass
 
on the cover. It was found that the double layer of glass made the cover too
 
heavy to manipulate easily. Eventually the glass broke and the two 
sheets
 
of glass were replaced by onE of fiberglass. Fiberglass has been used in
 
the other two units. The wide hoards used in the construction of the covers
 

also contributed unnecessary extra weight. The width of the boards has been
 
cut in half in the other units.
 

Figure 
 9-68 shows why another problem occurred due to moisturP. The sect­
ion next to the wall of the house containing the vents, s well as two large
 
sections of glass, is almost flat. 
Because of the des'rn, water has trouble
 
draining from this part of the cold frame , resultinq in absorption of the
 
water by the wood that is there. This feature has been eliminated in the
 

other designs.
 

This Figure also shows why cold air can eosily infiltrate into this cold
 

frame, There is no obvious method of preventing air from -omino in the naps
 
between the covers. 
The other designs include a piece of wood between each
 

pair of covers on which they rest. Weatherstripping makes the seal 
reason­

ably tight.
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C - House Cold Frame
 

This unit is about three meters long, one meter high and one meter wide.
 
The walls are made of stone with cement mortar which,becmuse of the ori­
ginally poor finishhas been plastered. The three covers are 900mm x 1200mm
 
and are tilted at 300. Construction consists of meranti planks covered with
 
fiberglass caulked and nailed to the wood frame. The covers 
are hinged along
 
a plank that was 
 bolted to the cement wall. Figure 9-7 contains a sketch
 
and Figures 9-8A and 9-80 contain photographs of this cold frame.
 

The major problem with this unit was that it proved very difficult to bolt
 
the board to the wall so that a flat surface for hinging remained. This
 
resulted in the 
 covers not lying quite the way they were intended. This led
 
to futher complications, most notably when it came time to seal the unit
 
from undesired air infiltration. To do this, the design intended to rely
 
on a tortuous air path to cut down infiltration. Whatever little was left,
 
could be stopped by easy-to-apply commercial weatherstripping. The covers
 
were to rest on the inside of the base of a U channel formed by three pieces
 
of wood. Since the covers were so skewed, these channels were no longer in
 
quite the right location and much filing and planing was required to get
 
things to fit. Finally, it was necessary to use much bulkier, albeit more
 
locally available, sheepskin as weatherstripping to fill up the remaining
 
large gaos. Figure 9-8B shows this in detail.
 

While these problems were experienced in construction, the owner has been
 
satisfied with its performance in growing vegetables. No attempt was made
 
to use air heated in the cold frame to heat the house. Wintertime operation
 
and structural and materials performance will have to be evaluated in the
 
coming years.
 

Attached Cold Frame
 

Construction of this unit attempted to correct the difficulties experienced
 
in the previous design. This cold frame is about two and 
 onp-h'lf meters
 
long, one meter high and one meter wide. The walls are 115mm wide cement
 
blocks with cement mortar. The fiberglass cover, tilted at about 30', is
 

attached to the wood 'rames with clear silicone caulk and brass screws 
(added
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since the 
photograph was taken). Figures 9-8C and 9-8D contain photographs,
 
and Figure 9-9 is a sketch, of this cold frame.
 

The problem of attaching the cover hinges to the board attached to 
the wall
 
was solved as shown in Figure 9-8C. A board was attached to the wall. Pieces
 
of wood were added perpendicular to this board. The lengths varied such
 
that the board on which the hinges were attached became straight. The Joint
 
between this section and the covers was placed 
so that water dripping off
 
the roof would fall below the joint, thus preventing too much unwanted water
 
from entering the cold frame.
 

Figure 9-8D shows what was done to 
control air infiltration. On the two sides
 
of the cold frame the cement was built up so that the wood frame rests below
 
end outside the top edge of the built-up section. A flat board was placed
 
between the two covers so that they rest flat on 
its surface. Even without
 
weatherstripping air infiltration has been substantially reduced compared
 
to other units. 8efore winter, weatherstripping will be added.
 

This cold frame was completed at the end of winter 1980. It has been used
 
to 
start plants for this sumier's vegetable garden and it will be used to
 
grow tomatoes and cucumbers which do 
not do as well as they might, even in
 
the summer months. It is planned to continue usino the cold frame for fresh
 
greens throughout the winter. As before, year-round performance ind materials'
 
weathering will have to be monitored in the coming years.
 

Conclusion and Recommendations
 

It is felt that the last unit makes the best use of the materials available
 
in Thaba Tseka for constructing attached cola frames. The two units with
 
covers tilted at 
300 will have to be compared with thaB-house cold frame
 
to determine which gives the most satisfactory year-round performance. It
 
would be advisable to monitor temperature fluctuation as well as plant
 
growth when making this determination. It will also be necessery see if
to 

ventilation is needed in addition to opening the 
covers. If so, the design
 
used in cold frame number three can be modified to accommoas'ithis feature.
 

Free Standing Cold Frames
 

Three prototypes were built, comoleted by mid-inte. The objective of this 

\'
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effort was to determine the ability of the various designs to provide a
 
relatively inexpensive cold frame which could easily be built by villages
 

in the District. The idea was to 
use a minimum of imported materials, relying
 

on stone and mud to provide the structure which would support the cover.
 
Two of the prototypes were monitored to determine temperature fluctuations.
 

Prototype I
 

This unit was designed and built by a member of the R.T.U. for his home 
vegetable garden. The cold frame is basically a 45' right triangle with the 
hypotenuse aligned on an east-west axis and the 501 corner pointing to 

the south. The cover 
is set at a tilt of 150. The walls of the unit are
 
made of large stones with mud mortar. The entire unit is built into the
 

slope of a hill in his yard. Only one side had to be 
 bermed up to give
 
the effect of being completely below grade . Figure 9-10 contains a sketch
 

and Figure 9-11 photographs of this device.
 

Compared to the other free standing units this one is substantially larger.
 
The sides of the unit 
are 3.1 meters long and the hypotenuse is 4.4 meters. 
This gives a rough glazing area of 4.8m 2 . The growing area is just sliphtly 

less than this and the enclosed volume is 3.6m3. The plastic has been buried 
in the ground wound all three sides of the cold frame, thus reducing the
 
chances for unwanted air infiltration to occur along these edges.(See
 

Figure 9-lI.) It was also applied two layeisthick to provide additional
 

strength. For thermal purposes it is equivalent to only one layer of glaz­
ing. The door sits quite flat on its supporting frame and because of the
 
plastic covering both surfaces, the air seal is quite good when the 
cover
 

is closed (see Figure 9-11).
 

On the whole performnnce has been quite satisfajctory. Growth has been quite
 

good, improving continually since July (see Figure 9-11C). The sturdy con­
struction has Laused the unit 
to hold up well even under the severe wind
 
conditions that have been experienced this past season. It is likely that
 
wintertime performance will be as good as the other units because of the
 

flatter angle of the cover, but this will have to be evaluated during the
 
coming year.
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Prototype 2
 

This cold frame was 
also built into the slope of a hill, but because of a
 
somewhat steeper cover tilt, approximately 300, and less rigorous 
 con­
struction, it is not as well thermally insulated by the surrounding ground.
 
The walls are stone with mud mortar, although the stones are not as massive
 
as in the first prototype. The glazing area is 2.1m2 , the growimg 2rea 
ic
 
1.8m2 and the enclosed volume is 0.53m .
 On top of the walls has been placed
 
a rectangular wood frame to which the cover 
is attached. The cover is made
 
of 38mm square SAP planks with 
a two-sheet thick layer of greenhouse grade
 
Uvidex 602 on top and a single layer of the same material on the inside of
 
the frame. Hinges have been made using pieces of an old tire. Sheepskin
 
strips nailed to the bottom frame act as weatherstripping. Figure 9-12 and
 
9-13 contain a sketch and photographs of this unit.
 

When the unit was completed in mid-July, thermometers were placed inside
 
and temperature fluctuations measured. It was found that air 
temperatures
 
frequently dropped below freezing. In order to help decrease the magnitude
 
of the temperature fluctuations and prevent freezing, 14 water-filled one­
gallon (3.78 liters) used oil tins were put along the back wall of the cold
 
frame. These were put in two rows, 
one above the other. In order to deter­
mine the amount of energy stored in the water, temoeratures were measured
 

at 0800 and 1600 daily.
 

This unit has suffered more than the first prototype because it is not con­
structed as sturdily. Figure 9-138 shows the weathering that has occuired
 
on 
the stone wall. The mud and stones have washed away, mostly on the
 
weather-exposed west side. This has resulted in several air gaps beneath
 
the lower wood frame which allow for a significant amount oF air infiltra­
tion. It is recommended that future units have wider stone walls which are
 
built up level with the top surface of the lower wood frame.
 

Other problems have occun.d due to animals and the wind. On d numuber cr 
occasions dogs ate out portions of the sheepskin weatherstripping. The
 
thermometer readings dropped accordingly. It seems that the dogs were after
 
the salt on the skins, so obviously the salt should be scraped ofF prior
 
to its use as air seal. The wind eventually caused the cover frome to break.
 



This was probably due to its lightweight construction. Future units should
have a cover made of 35mm x55mm olanks with diagonal 
corner braces.
 

Plants grew well 
in 
this prototype. Its wintertime performence 
was somewhat
better than in 
the first cold 
frame. However, 
as spring progressed, it fell
behind the other unit. Nonetheless, it 
still produced very hardy seedlings.
 

Prototype 3
 

This unit is the same size as 
the previous prototype but 
several features
of the first unit have been incorporated into the design. The cover, a singlelayer of greenhouse plastic, has been buried into r-u walls surrounding thecold Frame. The door is smallpr, occupying oniy 'anut Cn-quor:eoF thesurface area of the 
cover. 
The combination of these two 
features was intended
to bring infiltration rates below that of the second cold frame prototype.

Figures 9-14 and 9-15 contain 
a sketch and ohotogrnphs of this unit.
 

The stone wulls were built wider and more nearly level to the top of the
 cover 
than in the second prototype. (See Figure 9-15G.) The westherstrip­
ping and the latch 
 are shown in Fioure 9-15C. Rubber inner tubes taken

from a truck Proved to be 
a useful and fairly durable item.
 

It was found that the single thickness of the oletic cnvering tor, 
,,erv
easily. Although it doubles :;ie glazino price, it is recommenced tnt Future
units have a two-layer thick outer covering. Another ooticn If to 
use fiber­glass for the cover. 
While initial cost is significantlv higher, it will not
need annualreplacement; in 
fact it should last nbout 
10 years.
 

A final feature of this unit is that 
it has n greater height from the 
cover
to the soil qt 
the lower side of the cover. This slightly Increased volume
will not seriously affect 
the performance althourn it shoui 
 e it cossible
for the plants to grow taller without coming too 
close tu 
tie glazing. The
added effect of increased, below grade, 
thermml -inss may a'so be beneficia..

This will have to oe invEstigmted during the coming yeer.
 

Test Results
 

order to examinein the thermal oerfcrmanc 7'f t'h :!z 21- sEc.rd ':o:o­types two maximum-piinimum whermomte ,: irm 

rV 



have switched positions. It is likely that both of these phenomenon are
 

partially explained by the relationship of the changing altitude of the
 

sun 
to the cover tilt. Because the angle of tilt is flatter in the first
 
prototype, more energy enters the unit as the sun climbs higher in the sky.
 

Table 9-4 calculates the average amount of energy stored in the water stor­
age containers that were placed in Prototype 2. The upper row of tins ab­

sorbed more energy than the lower row. This is probably due to the fact
 

that a greater surface area of these tins sit higher up !.n the cold 
frame
 

where the air temperatures are warmer.
 

Figure 9-19 compares the temperature fluctuations in the upper and lower
 

rows at 0800 and 1600 readings. At 0800 the temperatures in both rows are
 
identical. At 1600 the temperature in the upper row is generally a few degrees
 

warmer than the 
 lower row. As expected, the fluctuations are less than
 
those of the air temperature for similar periods.
 

Conclusion and Recommendations
 

It should be pointed out that there are two many variables to make very
 

good comparlsons between the two prototypes. These include shape, surface 
area, volume, heat storage medium, angle of tilt and relationships between
 
these, such as surface area to storage mass. It is recommended that a series
 

of tests be carried out in the coming year which examine some of these
 

factors. A good placa to start would be to 
keep the surface area and tilt
 
constant and vary the shape and storage medium. This could be done 
so that
 

triangular units could be compared with rectangular ones and water storage
 
compared with rock storage. It would be advisable to install a thermograph
 

inside of each unit as well as using one to 
rLcord outside air temperature
 

variations.This would allow the times at which the extremes occur 
to be
 

examined as well as the extremes themselves.
 

In any event, at this stage, three freestanding cold frames and three at­

tached units have been built and are being observed. All units work reasons­

bly well. Lono-term performance and maintenance and repair requirements need
 
to be monitored. Further thermal evaluations would be advisable, although
 

for widespread adoption in the District, 
it is felt that more emphasis should
 

be placed on the free-standing units. It will be particularly important
 



measured sail temperature at 
about 3 inches in depth, the other measured
 
air temperature at plant height, Just above the ground. Readings were taken
 
t 0800 daily. The temperature of the water in the heat storage containers
 

was measured at 0800 and 
1600, also daily. The data has been analyzed on a
 
weekly basis from August through October. An exception is mid-Seotember when
 
the readings were discovered to be inaccurate.
 

Table 9-1 displays the mean minimum, maximum and average temperatures by
 
week beginning in May,l980. The fourth "week" of each month encompasses
 
a period of either nine or ten days rather than the seven used in thm other
 
periods. Table 9-2 displays mean- average pyranometer readings on a horizontal
 
surface from 
July through October. The data 
 is shown for the periods CSOO
 
to 1600 and 0800 to 0800.
 

Table 9-3 compares the temperatures obtained in the two cold frames for each
 
weekly period beginning in August. Data is graphically displayed in Figures
 
9-16, 9-17 and 9-18. Figure 9-16 compares the air and soil temperatures of
 
Prototype I to the outside air temperature. Figure 9-17 does the 
same for
 
Prototype 2. The air temperatures for both units are compared with the
 
outside air temperature in Figure 9-18.
 

In cold frame Prototype 1, the minimum air temperature generally followed
 
the pattern of the minimum outside air temperature. The same ;s true of the
 
maximums. Inside minimum air temperatures never went below minimum outside
 
air temperatures, minimum soil temperatures tended to show less variation
 
than air temperatures. The general trend for all temperatures was to 
in­
crease from August to October. The same basic patteus erp evident in the
 
second prototype. It is interesting to note that during one period in
 
October the minimum inside air temperature dropped below the minimum out­
side air temperature. It did not, however, go below freezing. 
The minimum
 
soil temperature was generally about 2'C less than in the first unit.
 

The minimum inside air temperatures of the second prototype are generally
 
less then the first cold frame. This difference increases from August to
 
October, with the first prototype getting warmer while the second remaining
 
about the 
same. The inside maximum air temperatures exhibit a different
 
trend. In August, the first unit is below the second, while by October, they
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to see how capable these 
 cold frames are at producing fresh vegetables
 
throughout the winter months. As with the food 
 dehydrators, the major ini­
tial market will probably be with the large farmers 
 who, juring visits to
 
the R.T.U., have expressed interest in 
these devices.
 

2V



Table 9-1. 
 Mean Minimum, Maximum end Avereqe Temperatures in 'C, by
 

Week, for Selected Months in 1980
 

Minimum Maximum Average 

1 -7 3 20 12 

8 -14 1 18 9 

15 -21 3 18 11 

22 -31 0 15 7 
June 

1 -7 -2 1 12 5 

8 -14 -2 13 6 

15 -21 -1 12 6 

22 -30 -5 11 3 
July 

1-7 -6 10 2 

8 -14 -4. 13 4 

15 -21 -1 _ 14 6 

22 -31 -1 14 f 7 
August 

1 -7 1 15 9 

8-14 1_ 14 8 

15 -21 -2 15 7 

22 -31 2 18 10 
September 

1 -7 6 20 13 

8 -14 2 15 9 

15 -21 4 19 11 

22 -30 3 19 10 
October 

1 -7 6 21 14 

8 -14 9 23 16 

15 -21 6 18 12 

22 -31 7 21 14 

,\
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Table 9-2. Mean Average Pyranometer Readings, by Week, for Selected
 

Months in 1980, in BTU/SQ.ft 

1 -7 


8 -14 

15 -21 

22 -31 
August 

1 -7 


8 -14 


15 -21 


22 -31 

September
 

1 -7 


8 -14 


15 -21 

22 -30 
October 

1 -7 


8 -14 


15 -21 


22 -31 


8 -16 


1090 


1060 


1050 


1130 


1060 


1080 


1430 


1120 


!390 


11480 

1490 

890 

1290 


1560 


1540 


1940 


8 -8
 

1130
 

1110 

1070 

1160
 

1100
 

1190
 

1510
 

1318
 

1490
 

1550
 

1560 

1090 

2100 

1960
 

2080
 

2320
 

http:BTU/SQ.ft


Table 9-3. 
 Comparison of Two Free-Standing Cold Frames 
- Temperatures in cC
 

PROTOTYPE 1 
 PROTOTYPE 2
 
Thermal Mass
Air Soil Air 
 Soi0 Upper Lower
 

MIN MAX MIN MAX 
 MIN IMAX MIN 
f o80 1600
 
1 -7 
 24 12 23 9 34 10 23 12 
 25 12 25
 

8 -14 7 24 
 12 21 5 38 
 10 23 10 26 
 10 25 
15 -21 5 25 12 27 
 3 33 9 22 
 10 24 91 2D
 
22 -31 8 26 9 30 5 32 10 24 12 26 12 22 

September

1 -7 8 40 11 
 314 8 31 10 ?7 14 32 13 26 

24 -30 10 30 9 32 4 29 8 17 4 10 4 a
Uctober _ _ -_ 
1 -7 8 47 12 38 5 44 9 34 9 28 8 24 
8 -14 14 48 14 37 9 47 12 39 
 17 31 16 
 26
 

15 -21 13 47 16 42 
 8 40 12 33 
 16 27 15 
 _ 24 

22 -31 13 51 14 48 9 _6_ 11 41 
 17 32 17 31 



--- --

Table 9-4. 
 Calculation of Average Dailly Energy Stored in Water Filled Heat Storage

Containers in Free-Standing Cold Frame Prototype 2
 

Upper Row 
Lower Row 

vrc
 
Number 


Number
of-Agut Z3T U _ 11~ns f Dvealy(OF) T LTgallons U+L D~ensity HTU's(OF) 

Ib/gB1 
 Stored
 

Au us 

3.& . _7 

15-12 
7 
 20 140'ete22 3 15-31 263029 175 is 126 301Se b -7 251032 224L 

23 161 385
24 -30 321._.___., 

11 777 

Uce1 -7 9160534 238 29 203 4418 - 14 36802 5 175 1_8_ 126 30 1 251 _01 5 - 2 1 _2 0 14 n _1_G 1 12 _ 2 5_. _2_2 10__. .0_22 - 31 27 189 25 175 364 3040 
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Figure 9-11 Freestanding 

Prototype 1 
Cold Frame 

A. (Upper left) North view 

SC. 
*C-"", 

-B. (Lower 

(gbovp) 

planta 

left Eaot view 

Lover open ahowing 



Figure 9-12 
Freestanding Cold Frame-Prototype 2
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CHAPTER 10 EXTENSION AND MARMETINO 

The basic pattern of Pitso and in-village construction workshops continued
 
throughout the year. A total of twenty-one lipitso were made in 
1980 with
 
the average attendance about 86 people per pitso. If it 
is assumed that
 
each person represents one household and there 
are 15,600 households in the
 
District, then approximately 12% 
of the District households were reached
 
in one year by our 
extension effort. While a reasonably large number of
 
people in the District have been reached, a much smaller percentage have
 
purchased devices, only about two percent of those spoken to at 
the pitsos.
 

As of the end of December,1980, 19 mud-mnd-stonp toeter 
heaters and one mud­
and-stone food dehydrator were sold to villagers and built for them at 
their
 
homes. An additional fourteen sheet metal wbter heaters and 
 ten solar ovens
 
were sold, mostly direct from the R.T.U. For the most part, very little
 
systematic checking of previously sold or installed equipment has been done,
 
although,wherever possible, brief visits are made to people who own the
 

devices.
 

A more systematic survey was done by the Economic Analysis and Evaluation
 
Division of TTIRDP in October,1980. The people and the units they pur:hased
 
in Linskeng and Matlatseng were the subject of the study. Two solar water
 
heaters, built of mud and stone, were installed in each of the villages in
 
March during one of the village construction workshops. Of the several
 
aspects of investigation included in 
the survey, the ones most relevant
 
here concern the profiles of the purchasers and the diffusion pattern of the
 
new idea. It is realized that this survey is of a very small sample but it
 
is hoped the results are relevant to the rest of the District. The survey
 
results are included in Appendix . and only the important points will
 

be stressed here.
 

Of particular importance is the fact that the purchasers were more 
educated
 
and wealthier than the rest of the sample surveyed. Education levels are
 
based on the attainment of a certain standard or 
grade as defined by the
 
country's school system. Wealth is based on 
comparisons of livestock owner­
ship, ownership of ftrm implements and fields end whether or not 
one has a
 
paid job. In all categories possible, the purchasers were compared to 
both
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the sample end to the District. In all aspects of livestock otiershipyof
 

fields, the purchasers are significantly wealthier than the rest of the
 

people in the District.
 

The diffusion pattern of the new idea is interesting. Starting with the
 

purchasers, they were asked whom they had told about the solar water heater
 

and who had come to see it on their own initiativq. Some people from both
 

of these groups were surveyed and they were asked who they had told about
 

the device and who they thought were really interested in the idea even
 

though they had not spoken to them directly. Both relationship and the vil­

lage they lived in were considered. The purchasers both told and were visit­

ed by an equal number of relatives and non-relatives, almost all of whom
 

live in the same village as the purchaser. At the second level of interac­

tion, it was mostly non-relatives of the purchaser who told other people
 

and they told their relatives. Again the information tended to stay within
 

the village where the water heater was sold. Although distance was not greet,
 

almost every household in each village had been identified by someone in
 

the survey and very few more then once.
 

These two portions of the survey indicate that it will be the wealthier 

and more educated people in the District who will be more likely to s opt"' 

the use of solar devices in the early stages of their introduction. It is
 

also probable that if as few as two devices are brought into the village
 

of comparable size the whole village will know about it in a fairly short 

time. If we assume that there are the same proportion of wealthy and edu­

cated people spread throughout the District, then about 450 to 780 house­

holds might be expected to purchase some new energy device ink ear-term
 

future. If these prove beneficial to their owners, it is possible that a
 

very large percentage of the remainder of the population will consider buy­

ing one when they have the money avsilable.
 

Another question asked in the survey relates to the effectiveness of the
 

extension effort in a different manner. The people interviewed were asked 

what they expected the benefits and disbenefits of owning a solar water 

heater might be. The purchasers were also asked what actual benefits and
 

disbenefits they had derived since owning their heaters. The owners expect­

ed their units to do just what they were capable of doing -heating water
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and saving fuel or the time or money necessary to get it. They also derived
 
these benefits upon using the device. However, 
some of the other people
 
interviewed expected to be able to use the water heatern 
to cook or to dry
 
food, something which they are not designed to 
do.
 

The probable reason for this confusion had to do with the fact that during
 
the pitsos a number of energy devices are discussed end it is quite possi­
ble that people got the capabilities of the devices mixed up. 
 It is very
 
important for the R.T.U. extension staff to 
explain each device and its
 
capabilities clearly 
so that people are clear as to what each one can 
do.
 
It was also felt that 
a booklet describing how to make and 
use the various
 
items would help solve some of these 0ifficulties which were 
experienced
 
elsewhere besides in the survey 
area. A booklet of this type is being de­
veloped in cooperation with the Lesotho Distance Teaching Center. The pri­
mary language is Sesotho but 
a limited number of English copies will be
 
available when it gets printed. These booklets will be given to 
each per­
son who purchases an 
energy device as well as to people at clinics, schools,
 
churches and stores throughout the District. It is hoped that thorough ex­
planations result in the wider adoption of the new ideas with people more
 
conscious of the decision they are making.
 

Extension of the ncw ideas must continue during the coming years. The pitso
 
and village construction/demonstration workshop is 
a reasonably effective
 
tool for accomplishing this but other methods should be tried. A better
 
dialogue needs to be created among the villagers and the technical staff
 
at 
R.T.U. One method of accomplishing this is outlined in Chapter 6. The
 
R.T.U. extension agents will need training in 
how to do this part of their
 
job most effectively and it will take time.
 

Marketing of tested and proven products must also continue. So, 
too, must
 
efforts to obtain feedback from purchasers of the various items. This feed­
back will help produce more useful and better quality products. The market­
ing of energy products should be done in conjunction with other R.T.U. items.
 
If funds permit, a marketing officer for all of R.T.U. will be hired early
 
in 1981. This will mean that someone will always be out 
in the villages of
 
the District discussing the new products and ideas and bringing back to 
the
 
R.T.U. the concerns and comments of the people we 
are trying to serve. This
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seems like a good idea and certainly should be tried.
 

The work during the past year and one-quarter indicates that the R.T.U.
 
is on the right track when it comes to energy. The major problem Is cook­
ing. Future efforts should focus on 
this while offering solutions to other
 
problems as people request them.
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CHAPTER 11 TRAINING
 

Training in the second half of this project has been essentially the sam­
as that which was explained in the interim report. Because of turnover in
 
staff (only one person remains from the first group of trainees) it has
 
been necessary to 
redo the basic classroom and practical training that 
was
 
developed in the initial phase of this work. This has made progress in other
 
areas such as extension and marketing slower then originally envisioned, but
 
the fact remains that, at 
this stage, the development of a competent staff
 
is more important then the mass marketing of ideas or products throughout
 

the District
 

Ao before, several levels of training have taken place. These include R.T.U. 
staff technical training, supervisor training, produce training. Different 
people havu b4.n involved in each phase and results have vqried as will be
 
explaineo in th. following sections.
 

R.T.U. Staff Technical Traininq
 

This activity encompassed several topics: theoretical work, practical
 
training, extenoion methods, and testiig and evaluation procedures. Basic
 
energy and solar energy principles were the core of the theoretical train­
ing program, which was explained in detail in the interim report. 
It has
 
been necessary to cover this material slowly so 
that concepts and fundament­
als are well retained. Even so, 
it has proved very difficult for the train­
ees to translate basic concepts into practical situations. This facility
 
will only come as they gain more experience in this field.
 

Practical training focused on 
learning how to build and maintain the various
 
devices that are tested,demonstrated and sold. Working in mud,stone, cement,
 
glass, wood and sheetmetal have been part of the program. Part of this train­
ing has involved a course on 
the proper use and maintenance of a wide range
 
of hand tools. The trainees found this two-week course to be useful but it
 
would probably be valuable to 
repeat it 
about once per year, particularly
 
whenever new tools ar, brought into use. All of the trainees have done quite
 
well in this aspect of the training, although they still need 
to work on
 

\4
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developing these skills.
 

Extension methods are obviously an essential part of the training program.
 
These include holding lipitso (town meeting), working as trainer in 
an
 
in-village demonstration workshop and explaining devices to people and groups
 
who visit the R.T.U. While seemingly varied, all of these activities require
 
a combination of technical knowledge and 
an ability to speak before and
 
with a group of people. Part of this work elso 
involved reporting on what
 
happened during lipitso and workshop sessions, thus strengthening both obser­
vational and linguistic skills. (See Appendix 3 -)
 

Still 
 another aspect of the training involved testing and evaluation pro­
cedures for the devices that have been experimented with. Learning to 
accu­
rately measure weights, temperatures, windspeeds and solar radiation were in­
cluded in this phase of the program. This information was recorded on a
 
number of different forms, each of which was developed for a specific pur­
pose. Upon completion of a series of tests, the traineens would then help in
 
evaluating the data. At this time, evaluation has to be carefully supervised
 
because the trainees do not have enough experience with numbers to catch the
 

fairly frequent numerical mistakes.
 

Four or five people have been partcipating in these areas of training. The
 
Solar project staff consists of four people, one of whom is the supervisor.
 
The fifth person is 
a student from the National University of Lesotho who 
works with us during vacations. Three of the people have completed high 
school, the fourth has completed his Junior Certificate (Junior High School). 
Given this background, they have done quite well. Nonetheless, more time 
should be spent on developing basic science, math and linguistic skills. 

Supervisor Training
 

The person originally chosen as supervisor left in May, 1980. Because of
 
this it was necessary to select and train another person to do this job.
 
The person chosen has been working on the project since January, 1980 and
 
has demonstrated the characterics desirable for this task. As of SeptEm­
ber he began acting as supervisor. Training has involved learning how to run
 
a meeting, planning out the weekly work, budgeting, long-ringe planning,
 
and basic personnel administration. As with all other efforts, it will
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require some tiue before the concepts are well learned.
 

Producer .
 

In addition t',3 _lorling withutw core staff, it has also been found desirable
 
to work with 
 .-.1 crafts people to develop the skills necessary to produce
 
the devices thau we 
present. Masons, carpenters and sheet metal workers
 
have all been involved in this effort. Some 
were already skilled in their
 
craft and others neededto learn it.
 

The basic procedure was to locate one or more of these crafts people and
 
have them work with us on a particular project, for exemple, mud- and-stone
 
solar water heaters or 
solar ovens. These projects often involved more than
 
one craft such as masonry and carpentry, or carpentry and sheetmetal work.
 
Over the course of one 
year, five carpenters, six sheet-metal workers and
 
four masons, all of them skilled in their trade, have received some form
 
of guidance in building and manufacturing solar devices. At this point in
 
time none of these trades people have truly incorporated these new devices
 
into their normal business. This is most probably due to 
the limited demand
 
for their ne.I product.
 

Several isst-s pvesent themselves when working with these trades people.
 
Aronc, them 
 : "mz-s" Prcduc !ian capability, trans iencv, 
anc we 

ness to 


.- ,li. r'g­
try new items. With the exception of one carpenter, none of the
 

crafts people seemed able to devise a method of working that would enable
 
them to 
 produce more than one complete item at a time. For example, we
 
would place an order for 10 sheet-metal solar water heaters and the sheet­
metal worker would complete one unit before beginning work on the next.
 
This seemed like a very slow method since each unit had to be measured
 
separately. In an attempt to 
help them develop a faster and eQually reliable
 
production scheme, templates-cutting and bending patterns were 
introduced.
 
rhese have been rCund 
to be very helpful for the sheet-metal work. A similar
 
technique was develcped by the trainees when teaching scme villagers how to 
build mud-rd-stcne water heaters.
 

At a mininium, such te'plates :educe the time spent measuring each device, 
as well as providino for some standardization of the final product. This can
 

\j> 
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help reduce materials waste. A more difficult problem was to get the crafts
 
person to 
sae that given an order for 10 units, that dividing the projects
 
into discreet tesks of cutting, then b~nding, then assembling, for the
 
entire order would help speed up his/her work, so that it wouid take less
 

time to complete each unit, and therefore, the profitability of production
 
wduld increase. (Labor was worked out on 
a per unit basis.) While the local
 
handymen were reluctant to 
adopt this idea, the solar trainees seemed
 

more willing to do so.
 

Another p-- b2.em that was encountered was transiency of the ciafts people.
 
When a person had been worked with for several months, they ended up being
 
called to go somewhere else, usually on 
pressing family business. This was
 
particularly true of the local shet-metcl workers. One of the best 
car­
penters hod to leave in order 
 to tend the family's livestock up at the
 
cattle post. Whatever new akills that may have been imparted and whatever
 
products that were produced still do not 
eliminate the frustration caused
 
by this situation. It is very difficult, if notimpossiblP, to plan a realis­

tic production schedule to take such variations in labor availability into
 
account. One obvious solution is to 
have more than one crafts person in
 
each trade trained and working with the R.T.U. at 
any time. In oractice,
 

this has been impossible to do.
 

In an effort to help alleviate this production problem, which was most
 

notable in the sheet-metal items, two approaches were tried. The first
 
involved hiring a woman to train in sheet metal work. Learning basic skills
 
would take place while producing items needed by the solar project. 
In
 
addition to sheet metal working skills, use of patterns and more rapid
 
production practices were included in the training. This method (of train­
ing and providing production) has proved to be satisfactory but is certainly
 

not without flaws.
 

The second approach involved going to the market in Maseru which includes
 

several sheet metal workers among its vendors. Most of these are highly
 
skilled and have a fairly wide range of items that they produce including:
 
buckets, chimney pipe, rondevel roof caps, boxes, hinged-top grain storage
 

bins and concrete block molds. An examination of these items revealed
 
that the solar water heaters and ovens were well within the range of their
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capabilities. Nonetheless, it took almost two 
months to get one solar oven
 

completed.
 

There are probably several reasons 
for this, most of them having to do with
 
the willingness or unwillingness to try new items. The two 
people who started
 
to make ovens both had similar risks, vet only one completed the oven
 
successfully. Questions arose 
as to method and form of payment, who would
 
supply materials, what should be done about new or strange materials. An
 
example is in order. When ordering the oven, it was firtft demonstrated
 
at the market place. Following the demonstration, all of the sheet metal
 
workers were asked if they would be interested in making one. Two said yes.
 
The oven was left at the market so that it would serve as a model and 
so
 
that accurate measurements could be taken from it. to
We left, promising 

return in a week to review the progress of their work.
 

After that period, we 
returned and found that nothing had happened. One
 
man said that we were not being serious enough because we had not paid any
 
money in advance. The other said that he would not begin until 
we had sup­
plied the materials. Fortunately, 
we had brought some of the necessary ma­
terials with us and 
we were able to reach an agreement so they would begin
 
work. When asked at that point how long it would take to complete the job,
 

we were told at most a week.
 

Three weeks later they were still 
incomplete. One of the major difficulties
 

was the fact that we had to 
come 
175 km to check on the progress and that
 
could not happen as frequently as it ought to have.
 

Another serious problem seemed to be that becduse the ovens 
involved the
 
knowledge of a second craft, carpentry, they were perhaps more reluctant
 
than otherwise t take on the job. 
Even though the various pieces of timber
 
were precut this still presented major difficulties. A further baffling
 
situation is the fact that not more 
than 10 meters away were several car­
penters who could have either advised them as 
to what to do, or done that
 

part of the job themselves.
 

Although one oven is now complete and the other has been abandoned (measure­
ments were too far off to fix easily), we hove decided that the Maseru mar­
ket is too far away to work with on a stead 7
, basis. The better alternitiY
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is to train one or more people who are from the District to do the
 
necessary work. Until they have a large 
repertoire of skills and products,
 
it will probably be necessary to pertially subsidize their training by
 
guaranteeing a market for their wares. After they are 
sufficiently trained
 
it is likely that they will be able to provide themselves at least a sup­
plementary income from their trade, relying primarily on 
the already ap­
parent needs of the local people. An obvious side benefit is that 
as demand
 
increases for solar proaucts, they will be able to 
supply the desired items.
 

Conclusion and Recommendations
 

The core staff of the Solar project should continup to receive training
 
in the specific technical skills required for their jobs and more generally
 
in basic science, math and linguistic skills. Theoretical and practical
 
training should be continually incorporated into the regular work program
 
and progress should be checked and skills updated at least twice 
a year.
 
The trainees should be encouraged to 
attend the locally available COSC courses
 
(high school equivalency) so 
that they can improve on the appropriate basic
 

skills.
 

Since the present project focuses only on 
energy, it will be necessary to
 
absorb 
some of the trainees into other projects that make up 
the now
 
functional 
 Village Technology Section of the R.T.U. Training in 
the necess­
ary technical areas, initially sanitation and 
water and wind power, is al­
ready envisaged in the Section's plans for the coming years. Because of the
 
emphasis that has been placed on 
technical training and on extension, it is
 
now clear that the four core trainees will primarily be involved in educa­
tion and dissemination of new ideas and not 
so, much in the production of
 
the developed items.
 

Supervisory training will have to continue and the person's performance
 
monitored closely, particularly in the next few months. The supervisor will
 
soon become responsible for the activities of the entire section and will
 
need to be adequately prepared for this task. While the number of people
 
will not change initially, scheduling, budgeting and planning will be more
 
complex and could prove somewhat overwhelming in the early stages of tran­
sition. All efforts should be made to 
make the process as straightforward
 

as possible.
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As far as producer training is concerned, it 
is probably most advisable
 
to train people who already reside in 
the District to perform the desired
 
tasks. More efforts must be mace 
to 
link with the axisting Trade Centre
 
and certainly with the proposed trade school. Training will have to focus
 
on technical and business skills a, that the envisaged entrepreneurs or
 
trades people will know how and whether they 
are making money. Additional
 
efforts must be made to 
get the R.T.U.to make the items that 
-r7 iieeded
 
so that some of the 
 vagaries of transient labor 
are minimized. Another
 
option along these lines is 
for the R.T.U. to provide space for some of the

crafts people who graduate from the various training courses so 
that these
 
people will have a simpler time marketing their wares. This option would
 
serve to 
 eliminate some of the problems encountered when two crafts are
 
needed to complete an item, Particularly 
if these joint skill items were
 
included 
as part of their training.
 

A final area of training is that 
 courses and programs that exist 
in other
 
countries must be sought out. 
 They will obviously need to be examined for
 
their suitability to this particular situation, but 
a relatively wide veriety

should prove applicable. To 
date, it has been very difficult to locate sich
 
courses. Another option is 
to bring in 
resource people cn particular topics

for definite and short periods of time, thus L pgrading skills within the
 
local context. Both approaches need to 
be explored as the benefits from
 
either method 
seem substantial.
 

http:R.T.U.to


CHAPTER 12 
 Conclusion
 

Fifteen months of activity have led to 
a great deul of progress but it
 
must be remembered that more work needs to 
be done. Many prototypes have
 
been evaluated and subsequently demonstrated to 
over ten percent of the
 
people in the District. Most of those who have chosen to 
adopt the new
 
techniques are happy with their decision.
 

Changing our emphasis to 
cooking was a good decision. This effort has
 
resulted in the development of both a conservation and a solar technology

that promise to be beneficial to 
the District's residents. The paola 
can
 
result in 
a 40- 60% 
fuel savings and requires a relatively small 
investment
 
of about M7.00. The basic design has been put 
into production and early

sales have been extremely good. The solar oven 
that has been marketed repre­
sents a substantially larger investment on 
the part of the householder.
 
However, the oven makes it possible to 
further reduce the 
use of tradition­
al fuels and to 
increase the ecse of performing certain cooking operations

such as baking. Future units will be modified on the basis of user 
feedback.
 

Of thr 
many technologies investigated, two others stand out from the rest.
 
The photovoltaic system at 
the Linakeng Clinic has been working continuous­
ly since installation and 
seems likely to do so 
for the foreseeatle future.
 
Given the widespread need for 
small amounts of electricity in remote areas,
 
we would recommend that similar installations be made as 
the need arises.
 
The other technique, climate-wise building, has also demonstrated its
 
effectiveness. While the performance results 
indicated the need some
for 

changes in design, the predictive model 
was 
shown to be quite accurate.
 
This mo2'l and the assumption on which it 
is based, should be incorporated
 
into the design of future structures. The widespread use of these techno­
logies 
will help decrease Lesotho's dependence on scarceand expensive

imported fuels, thus freeing up capital for other asoects of development.
 

Equally as 
imoortant as the technologies, has been the development of train­
ed local people in the field of energy. Although the actual numbers are

small, the effect of their effort hag been substantial. Their work in in­
creasing energy awareness throughout the District will continue on many
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levels ranging from extension to production end their effectiveness is
 

likely to increase with time.
 

The s2eds of a new energy future have been planted. While the initial
 

project has ended, the ideas and people to implement them remain. Other
 

efforts are already underway in Lesotho; hopefully they will be able to
 

grow from the already fertilized ground.
 



APPENDIX 1 
 INSTRUMENTATION
 

Several 
 instrumentations 
were used to 
record the various parameters

contained in this report. These include thermometers, thermographs,

pyranometers, and anemometers. Figure AI-J 
 contains photographs
 
of some of these devises.
 

Temperature readings at the weather station were 
taken by the standard

maximum and minimum thermometers in 
use by the HYDROMET service throughout
Lesotho. These gre shake-down types that record in degrees centigrade. No
 
photograph of these has been taken.
 

Temperatures in other locations have been recorded by means of several other

instruments. in the cold frames, and the woodlot greenhouses, a combined
maximum-minimum 
thermometer has been used. This thermometer has a U shaped
column of mercury. Magnetic slides rest 
on the tops 
of each column. These
remain at whatever temperature extremes have been reached until they are
 
reset by a hand held magnet.
 

Thermographs and thermo-hygrographs have been used to 
record temperature
in the houses that were evaluated. Produced by Campbell- Stokes, these units
 use a weekly chart which rotates by means of a wind up 
clock. A bimetallic
thermometer operates the temperature 
arm while changes in the specially

treated human hair cause the 
relative humidity 
arm to 
move. Two scales
 were used, -5*C 
to 45*C and -100 C to 40'C. An important item to 
remember
is that actual time of day should be synchronized with the time shown on
the charts when the charts are replaced. This helps to 
simplify the analysis
procedure. Figure AlI-I 
 shows a thermohygrograph and a max-mmn thermo­
meter.
 

To record temperatures in 
the solar water heater4 the solar 
ovens and for
the other cooking experiments, three other types of thermometers were used.
All were obtained from OMEGA International, Stamford,Connecticut, USA because
 
equivalent units were unavailable locally.
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The units included long stem 
dial type thermometers, a dial tyrc surface
 
thermometer and 
a three-probe battery operated thermometer. Scales chosen
 
for the long stem units were OC to 
1000C and OC to 3001C. The surface
 
thermometer has 
a magnet that enables it to be attached to iron based
 
surfaces such as 
peolas or chimney flues. It has 
a dual Fahrenheit and
 
centigrade scale that ranges from 500 
to 750'F (10' to 400*C). The three
 
probe unit, trade name Fastemp, can 
read gas, liquid and surface temperatures.

It has a low, 120 to 4YDC and 
a high, 38' to 120 0C range. The probes each
 
have a 15 foot lead. It was 
found that the batteries drained down fairly
 
easily and that scale calibration was required at least once per day.

Figure A 1-113 
 contains a photograph of the long stem thermometers.
 
Table A I-I 
 to A/ -3 contain specifications of all three types.
 

The integrating pyranometer was purchased in Australia from Rauchfuss Instru­
ments Division, 12 Monomeeth Drive, Mitcham, Victoria, 3132, Australia
 
(P.O. Box 62, Mitcham, Victoria, 3132). 
All but two of the solar cells are
 
used to recharge the battery unit 
that operates the device. The radiation
 
received by the remaining cells is accumulated in the device until a suf­
ficient amount is stored and the counter advances one unit. Specifications
 
are contained in Table A/- 'I 
 and a photograph is shown in Figure AI-IC.
 

Three basic types of anemometers were used to 
record windspeed; an electric
 
wind odometer, a spectrum an3lyzer, and a mechanical wind odometer. The
 
electric wind odometer allows f'r 
 placement of the cups on 
top of a tower
 
and the counter in a more convenient location at 
ground level. This device
 
records the number of miles that the cups rotate between readings. By divid­
ing this figure by the time involved, average windspeed for that period
 
can be calculated.
 

The mechanical wind odometer operates like the electrical unit
 
except that the cup and the counter are in the 
same unit. This device was
 
used to record wind speeds at 
a height of two meters where the 
 counter
 
could be easily read from the ground, A photograph of this unit is contain­
ed in Fioure A /-ID, Finally, the spectrum analyzer records the number
 
of full minutes fnr which the average wind speed was within 
a particualar
 
range. This device had ten 
divisions that were set 
on arrival in Lesotho.
 
The major advantage of this device is that 
it allows the user 
to determine
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the actual distribution of the wind at different speeds, in addition to
 

calculating the average wind speed.
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Miniature 
vThermometer 

and Probes 
Locates "Hot Spots" or "Cold
 
Spots" in Seconds
 

Choice of Two Models in
 
Fahrenheit or Celsius Scale
 

Measures at 7
 
"3" different 
 '7 7 
locationsquickly 

Three probes available. One 
universal model RBT- 12 is 
supplied with instrument. All b 
probes have 15 foot leads. 

0icon Shdue 

This probe supplied ' 
Immersion / " "il'tq 1 with unit.
 
Probe (R BT- 11)} '
 

prb a e used for non- ' " /"Discount Schedule:corrosiveliquid temperatures.-9 unit ........... et
 
ory p o S 2 2-. . . . .. ' ! 'q 1 1/3 2 - 10 to 1 9 u n its . . . . . . . 5 % 

5/" 20 to 99 units ..... 10% 
For the RBT 11 and RBT 12 probes, \ 11/4" 5' 10 t3 or more ....... 15% 

the rll air w timehinrtillpwatrs o.O° 

ad 100'F. a1 the end of 55 seconds, the 1 Universal Prcoe (RBT- 12)
instill air w~th the air temperatures of 00F Air Probe (RBT- 13) UieslPce( T 2 
Probe will achieve 63 percent of the Vented housing permits free Nickel-plateo ccooer probe can be
 
Change. flow of air for rapid sensing of used for non-corrosive gaseous.
 

temperatures. For air or non- liquid or surface temperatures.
 
corrosive gaseous temperatures. Supplied wilninstruirnt
 
Acce5scry probe $22 $ 22 each for extra probes
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The RIMCO Electronic Integrating Pyranometer Models R/EIP & R/EIP-C
 

General Information.
 

A. Sensing Head - consists of 24 silicon solar cells, 22 cells

for re-charging batteries, 
2 cells acting as measuring cells.
 

Sensicivity - output froT 2 measuring cells adjusted to give

0.5 mV per mWHr cm- of radiation.
 
Cells are operated in current mode through a low impedance
 

- ~.) to maintain linearity. 

B. Intecrator
 
Input sensitivity 0.5 mV per count per hour 
(i.e. 50 mV
 
input gives 100 counts/hour).
 

Counter - capacity - 6-digit
 
resolution - 1 mWHr cm- 2 
ner count
 

Contact output (optional) change-over contact (2 Amp rating)
 
i contact per 10 counts on counter 
(50% duty cycle)
 

C. Calib-ation - instru'ment calibrated to give 1 count per mWHr cm- 2
 
of radiation.
 

D. Power 2onsumDtion - theor-.tical battery drain per count 
= 10.4 uA H
 
Daily consumption based on 
yearly average of 425 counts 
per day (Melbourne average) = 425 x 10.4 uA = 4.4 mA H 
(5 mA H when stand-by drain included). 
Stand-by drain - 25 uA per battery.
 

E. Power Supply 
- ±4 V. derived from 2 re-chargeable sealed lead
 
acid batteries.
 

Battery capacity - 900 mA H
 
Shelf life - L5 months (at 200C) 
Charaina 
 - battery charge maintained by 2 banks 

of 11 silicon solar cells, each bank 
delivering 50 m.A maximum. 

F. General Information on Solar Radiation.
 
With sun at maximum elev~tion on clear summer day average

radiation = 
100 mW Hr/cm- (this gives' 100 counts on counter/hour).
 
Average daily radiation (for Melbourne) based on figures from_
CSIRO Aspendale (Div. of Atmospheric Physics) 
= 425 mW Hr cm-2/day.
 
Summer maximum approx. 1000 mW Hr cm­2 / day
 
Winter minimum " - 2
50 mW Hr cm / day
 
For RIMCO R/EIP with sensitivity of 1 count/W Hr cm 2
 
expected yearly accumulated count = 425 x 365 
= 155,125 counts.
 

Useful conversion factors.
 

1 mW Hr = 8.601 x 10-1 calories 2./7 ­
1 mW = 2.389 x 10- 4 calories/sec.
 

100 mW Hr cm- 2 = 96.01 calories/cm 2
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INTRODUCTION
 

In September,lg80, The Socio-Economic Division of the Thaba-Teeks 
Mountain Development Program was requested by the Solar Energy Section 
of the Rural Technology Unit to design a survey that would examine the use, 
evaluation and the diffusion petterns of solar devices. It was decided to
 
conduct the survey in two 
villages in the Linakeng area: Matlatseng and
 
Linakeng (HeMphosi) because in each of these villages two households had
 
bought mud-and-stone solar water heaters in March that 
same year. Early in
 
October,1980, this survey was carried out.
 

The main objectives of the survey were:
 

(a) To determine the usage of different types of fuel by the people in the 
rural villages; 

(b) To get an evaluation of the solar water heaters by those who bought them;

(c) To determine the diffus ion networks of the solar devices.
 

Methodology
 

The survey aLntionnaire was administered verbally to 
individuals, by 
a
 
sociologist from the Socio-Economic Division. She was assisted by a senior
 
extensicn worker from the Solar Energy section, who had been involved in
 
building the mud-and-stone solar water heaters in this area six months earlier.
 
The collection of data was completed in five days. A sample questionnaire 
can be found in Appendix 1. 

Data Analysis
 

The sample was divided into five groups for data analysis. These groups were
 
as follows:
 

P - Purchasers 
T - People who 
were told about the devices by the purchasers.
S - People who came to 
see the devices or enquired about them
 

from the purchasers.
X - A person interviewed because she was a chieftainess. Hercouriosity had to be satisfied before permission was
granted to interview others in the village. She was also
 
in the 'T' group.


Y 
- People who expressed an interest in the solar devices andwanted to be interviewed. 



The total number of people in all these groups add up to 26, whereas only

25 people were interviewed. This is true because one individual was
mentioned by one purchaser as a person who was told and by another purchaser
 
as somebody who came to 
see the device. As a result he had to fall under
 
both groups.
 

Not everybody mentioned by purchasers was interviewed because some people

happened not to be home in the five days during which the interviews werecarried out. Besides that, a few other people who were mentioned lived too
 
far away for interviews to be done Inthe time allotted.
 

For the main part of the analysis, groups 'X' and 'Y' are left out. The
 
reason for doing so 
is that the numbers of people constituting these groups
 
are too small for any significant observations.
 

ABOUT THE RESPONDENTS
 

The survey sought profiles of the individual respondents including: 
age,

education, position in the household, occupation and number of members in

one's household. This was done to determine whether there were any signi­
ficant differences between the purchasers and the rest of the population.
 
The general results are as follows:
 

(a) 80% of the respondents were females
 
(b) The average level of education of the respondents is standard 5 and it
 

ranges from no 
formal education at all to Junior Certificate(std.9) and
 
lower Primary Teacher Training Certificate (which is referred to as
 
standard 10 in the technical analysis of deta).


(c) 55% of the respondents held the position of wife of household head in
 
their ?amilies, 40% were household heads and the rest were mothers, sons,
 
and daughters-in-law of household heads
 

(d) Ages of respondent range from 22 to 67 years with the average 45 years
 
(e) 60% of the respondents had unpaid occupations while the remaining 40%
 

had full-time or part-time jobs and
 
(f) The average number of members in the 
respondents' households is about 7.
 



Table I shows the averages for the above mentioned issues by groups of
 
PT,S,X and Y. What is striking from this table is the relatively higher
 
average level of education of the purchaser's group and the fact that three
 
fourths of this group had some type of paid occupation.
 

In analysing data, significance tests were calculated to 
compare the mean
 
levels of education and the type of occupation between the purchasers group
 
and the T's and S's.
 

Table 2 examines the significance of the mean educational level of the
 
purchasers compared to 
the T and the S groups and to the entire sample.
 
The results show that it is unlikely that their attainment of higher ed­
cational levels is purely 
a matter of chance, although the tendency is not
 
very strong.
 

Table 3 tries to determine whether or not 
it is significant that the
 
tendency of the purchasers is to have a paid job. The results also show
 
that it is unlikely that the tendency for purchasers to have paid jobs
 
happened purely by chance.
 

These tests suggest firstly,that at least during the initial 
 stages of
 
introducing solar technologies, people with higher levels of education
 
will be more willing to adopt the new ideas. Secondly, during such stages
 
it 
is likely that people who have steady and reliable incomes from their
 
jobs will be more willing to 
take the risk of buying the new devices.
 

Access To Wealth
 

Livestock ownership
 

Appendix =, Table 1 compares average numbers of cattle, sheeo, goats,
 
horses and donkeys owned by various groups in 
the sample with those that
 
are owned in the Thaba-Tseka District and in 
the Linakeng area. Figures
 
given for the number of households in the District and the area are 
taken
 
from the 1979 household survey that was conducted by 
the Socio-Economic
 
Division of the Thaba-Tseka Program. The boundaries for the 
area were
 
defined by both the villagers and the Thaba-Tseka Government as being Pnder
 
this area. Linakeng Ha Mphosi and Matlatseng, the villages that 
waere involved
 



in this survey, are therefore part of the Linakeng area.
 

This Table shows that purchasers as a group owned more livestock then all
 
the other groups in the sample. On the whole, this group also has higher
 
average numbers of livestock than the figures for both the Linakeng area
 
and the Thabs-Tseke District. Based on comparisons with the Household
 
Survey, the purchasers fall into the category of 5% of the households that
 
own 16% 
of the cattle, in the category of 1% of the households that own 6.5%
 
of the sheep, and the category of 3% of the households that own 13% of the
 
goats in the entire District. The other three groups are close to, 
or below
 
the average for the District and the area in livestock ownership.
 

Table 4-A8, 
and C show the results of significance tests that were carried
 
in order to determine whether or not it 
happened by chance that the'P'group
 
owns more livestock. The results show that this was not just 
a matter of
 
chance. It can, therefore be expected the' ise people who are rich in
 
livestock will be more willing to put their money into innovation items
 

like the solar devices.
 

Table 2 in Appendix Ml shows that the tPf 
group had the highest average
 
number of fieli3 as compared to the other groups in the sample and to the
 
District and area averages. 50% of the households in this group were also
 
among the 6% of the households in the District and the 30% 
of the households
 
in the Linakeng area that owned planters. Ali four households in this group
 
have at least one plo,,nh. These can be indicatrs of wealth because with more 
fields then mrst other households, the IPI households can sell the surplus
 
produce and get extra cash. When the cash value ofplanter, which is about
 

twice the value of a plough is considered, these 'P' households can be 
classified as being wealthy. 

The significance of the 'P' group's greater number of fields was tested and
 
the resul-s were significant as displayed in Table 5.
 

Access to Additional Sources of Income
 

Other 
sources of income that were considered for the respondents are:
 
members of the household that remit money, sale of wool and/or mohair, sale
 
of crops, sale of beer, income from employment, and any other means of earn­
ing money. The results (Table 6) show nothing soecial except to confirm the
 



findings that were mentioned earlier: 
that the 
'P's tend to
income earn extra
from selling wool and/or mohair because they own more livestock;
and from employment salaries or wages because they had paid jobs. The 'T'
and 
'S' groups on the other hand tend to 
earn 
their additional incomes
from the sale of beer and from members of the families that remit money

home.
 

Decision 
 i 
 and Evaluation
 

This section examines the people who 
were involved in making the decision
to purchase the solar water heaters, the reasons 
for having bought or
wanting to buy the devices, the expectations, benefits or disbenefits, and
the evaluation of the devices by the purchasers.
 

The tendency among the purchasers was to 
involve someone in the process of
deciding to 
buy the solar device. Three (75%) out of the four purchasers
sought someone else's opinion or consent. Two of'these discussed it with
their husbands. The other one consulted a fellow villager whose wife also
bought one of the solar water heaters. Of the two 
women who consulted their
husbands, one 
also sought a cousin's opinion.
 

Although the sample here is very small, 
it is probable that if women, who
are primary users of cooking and heating devices, are going to make decisions
to 
buy solar devices, the trend will be for them to seek their husband's
opinion or consent. This is likely to be a long process since in Lesotho
a large percentage of' the men are away most of the time, working in the
Republic of South Africa mines. In cases where men are dead or women never
married, there is 
a Possibility that the 
women concerned will consult some
relatives (often males) or friends before they 
can decide to buy such new
 
de ices.
 

When the people who were 
interviewed 
were asked why they decided to buy
the devices or why they would like to buy such devices, the main reason
(28% of the sample) they put 

devices help t 

forward was that they believed the solarenergysave fuel. The other reasons given were that solar devices
 



could help to reduce money spent on paraffin, and that the devices could
 
help to 
save time spent to collect fuel 
(both given by 20% of the sample).

The first reason can basically mean 
in cases where fuel is paraffin, saving

fuel is the same as 
saving money usually spent on paraffin. If it is a
 
type of fuel that is collected, saving time devoted to 
its collection can
 
mean saving energy. Appendix = Table 3 shows the 
above mentioned reasons
 
that 
were given, the number of people that gave them and 
pezcentages com­
pared to the entire sample. Some people gave more than one reason.
 

The emphasis that these people put on 
saving money spent on paraffin and
 
on 
saving time devoted to collecting fuel shows on the one hand how high

the cost of paraffin is eor them, and on 
the other hand, that people can
 
no 
longer collect fuel near their homes. As a result they walk long distances,
 
three kilometers on average each way, to 
 collect shrubs like Sehala-hale,
 
which is commonly used. These people who 
are residents of Linakeng He
 
'Mphosi, Matlatseng and Seroala-Nkhoene, however, can rightly be envied
 
by residents of other neighbouring villages because their villages 
are
 
situated relatively near mountain peaks where shrubs are still plenty.

What all this mealls is that there are 
some people who travel longer distances
 
to collect fuel and that fuel is 
one of the problems faced by the people
 
of Lesotho today.
 

When it comes to expectations that both the people who bought the solar
 
water heaters and those who would like to buy them had of these devices,
 
it is 
 necessary to make a couple of explanations. The devices that were
 
purchased in this part of the District 
at that time were mud- and- stone
 
water heaters only. These can only heat water and they are 
the devices that
 
are referred to in the survey. However, earlier on, before anybody bought

anythingdemonstrations 
were made in 
 village public gatherings (pitsos)

with different devices like 
 hayboxes that finish the cooking process, and
 
food dryers. As a result, 
some people got confused and thought that solar
 
water heaters could also cook or dry food, 
or if they were people who were
 
told about the devices and never saw them, they were not 
clear as to which
 
devices were being referred to. 
That is why in Table 7 there are ex­
pectations like cooking and drying food.
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It is encouraging, however, to observe that all four purchasers are
 
among the 64% of the people that expected the solar water heaters to heat
 
water. 65.5% of the 
'T' group said they would expect these devices to cook
 
food and the one person who said he would expect to dry food in a solar
 
water heater was also in the 'T' group. This confirms the statement made
 
earliron that people who were told might not have understood which devices
 
were being referred to. As a result they could be disappointed if they were
 
to buy the devices wit', wrong expectations. It is therefore important for
 
solar energy extension agents to explain clearly to buyers how each device
 

works.
 

All the respondents were 
also asked what benefits or diabenefits they
 

expected to 
derive from using the solar devices. Table 8 shows the results.
 
Some of the respondenta mentioned more then one benefit or 
disbenefit.
 

From this table too, t-6_ confusion about the functions of the
 
different solar devices that people saw during the demonstrstionsI-mong
 

the four individuals who said they expected to derive a benefit of hot
 
water .whenever it is needed, two said in particular that they expected
 
to get hot water in the mornings, or that they did not went 
to waste time
 
waiting for fire-heated water in the morninqs. One of these two 
purchased
 
one of the solar water heaters. Strangely enough, this person did not say ,.,t
 
getting hot water in 
the mornings wag a disbenefit when he was asked about
 
derived benefits and disbenefits after purchasing and using his device.
 
Although he did not say so, what this could mean is that he got a 
better
 
explanation about the functions of his device when he bought it.
 

The benefits that were expected by the four puichasers in general were
 
reducing expenses on 
the other sources of fuel, especially paraffin(75%),
 

saving fuel(25%), getting hot water for washing and saving time waiting for
 
fire-heated water in the mornings(25%).
 

Evaluation
 

Table 9 presents data on the fre quency of use and purposes for which tne
 
devices were used. What 
it indicates is that all the purchasers understood
 
that the effectiveness of their solar water heaters was controlled by the
 
weather. This is good, but the solar energy 
extension agetits should make
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sure that the buyers understand very well the extent to which the weather
 
can affect their devices' effectiveness. Purchaser No. 1, for example,
 

had her device well covered with plastic when the interviewers visited her
 
home. It was clear that it had been 
 covered most of the winter months.
 

What it means is that it was never clear to 
this lady that her device
 
could work effectively even in winters as long as the 
sun was shining.
 

It was also discovered that P4's device was not serviceable at the time
 
when the survey was conducted because the walls had fallen due to heavy
 

rains. It 
was one of the three devices that needed their walls rebuilt.
 
While Plis device was still in good condition because it was covered from
 

rains, it needed to have its tilt angle adjusted so that it could be used
 

all the year round.
 

It has already been indicated that on the whole the purchasers understood
 
how the devices they bought would work, but Table 9 shows a case where one
 

of the solar water heaters was used to finish cooking samp(crushed corn).
 
The lady who did this did not do so out of ignorance or confusion, but she
 
was being innovative. She wanted to see if it would work and when it did,
 

3he continued doing it.
 

As part of the evaluation, the purchasers were asked to 
state derived bene­

fits and disbenefits since they bought and used their solar water heaters.
 

Table 4 Appendix 11 shows the results. People seemed to be unsure of their
 

answers for this question. However, the major benefits were that 
 fuel was
 

saved and that expenses on paraffin were reduced. These two benefits corres­
ponded with the first two 
expected oenefits (Table 8). The major disbenefit
 

was that the solar water heaters were nnt serviceable on cloudy days. The
 
other disbenefits were:taking a long time to 
heat water, the trouble of keep­

ing the cover indoors in case it was stolen, and being susceptible to de­

struction by rains. None of these derived disbenefits correspond with the 
expected diabenefits in Table 8. The general impression that the 
 interviewers
 
got from the purchasers about the devices was neither good nor bad, except
 

for P3 who finished cooking samp in her device and was 
highly impressed
 

with its effectiveness.
 

Our reommendation for getting people to 
evaluate the effectiveness of such
 



devices is to give them a longer time between the date of purchase end the
 
date of evaluation. This period should also 
cover most of the seasons of
 
the year. This survey was conducted six months after the solar water heat­
ers were bought and most of these months were winter months and not particu­
larly the best for the solar energy utilization, although certainly a periad
 

of great need.
 

Diffusion Networks
 

In the attempt to trace diffusion patterns or networks, people were asked
 
if the individuals with whom they discussed 
the solar water heaters were
 
their relatives or not, 
and in which villages those individuals resided.
 
Table 10 shows the beginning of the diffusion networks based on 
a person's
 
relationship 
to the purchaser. People are represented by a 'I' if they 
are
 
related to that 'P' or by an 
'0' if they are not related to the 'P' in
 
question. Table 10-8 is continuation of the diffusion networks. This Table
 
shows how the diffusion of the idea spread from the 
'T' and 'S' groups.
 

The pattern that the diffusion followed from the purchasers is such that
 
there is an 
approximately equal distribution between relativesnon-relatives.
 
However, it was mostly non-relatives of purchasers who told other people
 
about the devices. Non-relatives of the purchasers were also in the majority
 
of those who mentioned other people who they heard were 
interested in the
 
devices, though they themselves did not tell them about the devices. Ev-,
 
though the sample is small, what this can mean 
is that the Basotho like to
 
share new 
ideas with at least their relatives. PosaiblyV, the relatives of
 
the purchasers did not feel they had to bother about spreading the news
 
either because their relatives in the villages had already bought 
 the devices
 
cr they already knew about them. The non-relatives of the purchaserson the
 
contrary, probably felt it was their responsibility to discuss this new idea
 

with their own relatives.
 

In distance, the diffusion patterns did not 
go far because most of the
 
people mentioned by the purchasers lived in the same villages as these pur­
chasers. Here are some illustrations: with P1 67% of the 
 people mentioned
 

lived in Linakeng Ha 'Mphosi where this purchaser also lived. P2 who lived
 
in Matlatseng gave names of people who lived in Matletseng only. P3 who lived
 
in Linakeng Ha 
'Mphosi then (his proper home was Pitseng), had 92% of the
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people mentioned living in this 
same village: finally, among the people
 

named by P4, who resided in Matlatseng, 67% lived in that same village. The
 
other villages of the people who were mentioned are: Matsaile, Seroala -


Nkhoana, Pitseng, Pitsaneng and Selomong, all of which are situated in the
 

eastern portion of the Thabe Tseka District. See Table 10-8.
 

The continuation of the diffusion networks from each purchaser, beyond the
 

'T' and the 'S' groups was still greater in the villages of the purchaser
 

concerned. The other villages mentioned here were: Pitseng, Ha Khoali, He
 

Takho and Ha Mokoko, all of which are situated in the same portion of
 

the District as the other villages mentioned earlier. See Table 11.
 

Access to Fuel
 

This section examines ownership of trees, access to the chief's allocation
 

of trees and access to other different types of fuel. It will also consider
 

distances travelled to collect or purchase fuel and quantities of fuel
 

purchased or collected within a given period of time.
 

Altogether, 48% of the sample owned poplar trees, 32% owned willow trees,
 

and 24% owned both. People plant trees for different purposes. Some trees
 

may be planted especially for construction purposes, such as for rafters.
 

Such trees are hardly ever cut for firewood, while sometimes a stand of trees
 

is used a number of ways.
 

In this survey, the major concern was firewood. Therefore respondents who
 

claimed ownership of trees, were asked if they usually cut those trees for
 

firewood and if they did cut some for firewood the previous winter. Responses
 

showed that 60% of the respondents who own poplar trees usually cut them,
 

and of these, 8.3% cut them that year. 62.5% of the respondents who own
 

willow trees and usually cut them, did cut them that year. See Table 12.
 

This Table also allows for comparison between different groups to be made.
 

Among the three major groups the purchasers group (P) had the greatest
 

percentage of households which owned trees. Out of four households 3 (75%)
 

claimed otunership of trees. Only 2 out of 8 (25%) and 3 uut of 11 (27.3%)
 

households in groups 'T' and 'S' respectively claimed ownership of some trees.
 
It is interesting to note that neither of the households that own ooplar
 



trees from the 'T' group usually cut them nor did they 
cut any that year.
 
One possible reason for this is that the trees were still too 
young to be
 
cut, or that they were cut occasionally for special purposes.
 

In Basotho villages, if there are 
trees that grow naturally within the
 
boundaries of a particular 
 village, those trees fall under the Jurisdiction
 
of the chief uf the village concerned. Some trees,though they may not have
 
been planted, can spreae 
 out of the plots of land allocated to individuals
 
who planted them, and therefore have to 
fall under the jurisdiction of the
 
chief. It is supposed to be the duty of the chiefs to 
allocate trees for
 
cutting to those Individuals who come to ask 
for some for their different
 
purposes. This means that in villages where there are 
 trees that are under
 
the chief's allocation, villagers can still have access to 
some firewood
 

even if they do not 
have trees of their own.
 

The survey findings show that 28% of the population that was surveyed
 
had access to firewood from trees that 
were under the chief's jurisdiction.
 
About 71% of these households that had access to 
the chief's allocation
 
of trees did not have trees of their own. The question did not
 
enquire about the types of trees that these households were allocated to
 
cut. Furthermore, respondents were 
not asked about the criteria followed
 
when chiefs allocate trees to individuals. This makes it 
difficult to ex­
plain why in the 
same village some households get access to trees under the
 
chief's jurisdiction while others do not. 
See Table 13.
 

The other types of fuel that the households surveyed used be grouped
can 

into the dung type which includes "lisu" (kraal dung),"khapane" (cow manure)
 
and "bokuluba (horse manure), the shrub type which includes sehala-hala,
 
cheche and lengana, the purchased fuels, in this case, paraffin and coal,
 
and finally the dead twigs which get carried away by rivers. The survey
 
results show sehala-hala as the most commonly used fuel: 
80% of the sample
 
mentioned it 
as one of the fuels used by their households. Second to sehala­
hala was paraffin, used by 72% of the population and third was khanane which
 
was used by 68% of the population. See Table 14.
 

While all other fuels are only used for cooking and heating houses, paraffin
 
in also used for lighting inside buildings at night. The survey findings
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show that about28% of the households whose respondents mentioned paraffin
 
did not have any paraffin stoves (primus stoves), which 
means that for them
 
paraffin was bought solely for 
 use in lighting. The usage of primus
 
stoves in most households was limited to 
cases where quick cooking wai re­
quired, e.g. boiling water for tee, or in 
cases where there was no other
 
type of fuel available. In a few households, hcwever, paraffin was 
sid to
 
be used almost daily for cooking or heating buildings. Finding quantities
 
of paraffin bought and used within a given period of time, is one of the
 
means of determining the usage of paraffin compared to the other types of
 
fuel. Unfortunately, this information was not consistent because people
 
said they did not note how much they bought and used within certain periods
 
of time, therefore it had to be rejected.
 

As is shown in Table ";4, only one household, one of the four that had
 
purchased solar water heaters, had access to 
coal. This household happened
 
to be 
 the family of a businessman who bought his goods in the Republic of
 
South Africa, and was able to purchase coal there. Since it 
was found that
 
four househo>ds owned coal stoves, more households could have used coal,
 
but they were not able to purchase it.
 

Besides the purchased fuel, "lisu" (kraal dung) is 
a fuel which not every­
body has access to. It is only those households which have livestock that
 
are kept at home all year, or 
for part of the year, that can dig "lieu" out
 
of their kraals. Additionally, a few relatives and friends that help in 
 the
 
process do get some "lisu". The rest of the fuels 
are gathered and it is up
 
to the individual housewife t 
 choose the types of fuel she prefers, depending
 
on 
the circumstances that may control accessibility and usage. Some types of
 
fuel, e.g. bokuluba, are less preferred, and 
are used only in cases where a
 
lot of fuel is required and any fuel will do, 
for example, in the process
 

of brewing beer for feasts.
 

Appendix I (survey questionnaire) shows that an 
attempt was made to get the
 
number of trees owned by households, the number cut 
and the amount of fuel
 
that remained. Another attempt 
was made to get the number of times fuel was
 
collected, distances travelled to collect 
or purchase fuel quantities collect­
ed or used, as well as quaintities left.
 



All these attempts failed because there was no 
consistency 
in the figures
given and some respondents could not 
even estimate the figures reouired.

As with the quantities of paraffin purchased, respondents answered that
they never bother tc 
count their trees, mor2 especially poplar trees that
are often crowded together where they grow. They said 
they could not give
the number of trees they cut 
in most instances because they never count
them and because in 
some cases they do not 
cut the whole tree, but Just
branches. The 
 same problem arose with quantities of fuels collected and
number of 
 imes they were collected. The interviewers tried to 
estimate

distances travelled to purchased or collect fuel, but that 
too proved not
 
to be very useful.
 

VI1
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Conclusion
 

This effort was only a preliminary survey concerning the introduction of
a new technology to 
the people of this District. Some aspects of the work
were easier to accomplish than others. The most notable difficulty was the
portion concerning fuel use. It 
is hoped that problems encountered as 
well
as the conclusions reached ty this study, will prove useful to 
future ven­
tures in this area.
 

The people who purchased the solar water heaters had steadier income genera­ting jobs, and were rPltively better educated and wealthier than the rest
of the sample populatic,. 
It would seem that neing wealthier and having a
job make it 
more likely that 
someone will risk their resources on 
a new ides.
It is also likely that having a better education means that 
new technologies
and their potential benefits will be 
more easily understood. We expect that
in other portions of the District, people similar to 
the purchasers in this
sample will tend to be the first to 
adopt the new energy related concepts

and technologies that 
are being presented by the R.T.U..
 

The decision to purchase a solar water heater tended to be done in consul­tation with at 
least one other person. In half the cases, this individual
 was the purchaser's husband. Since many husbands are working in the Republic
of South Africa, while their wives remain in 
Lesotho, such consultations,

which will probably occur, will take a long time to reach their conclusion.
This may appear to 
slow down the adoption of the new technologies but it 
is
not 
clear how large this effect will be. Also, concerning decision-making,

It is interesting to note that the primary reasons given for purchasing or
wanting to purchase solar water heaters were tb 
save fuel, to 
save money
spent on paraffin and to 
save 
time devoted tu 
the collection of fuel. Fuel
is certainly a problem as 
 far as 
the sample population was concerned and
because fuel supplies and costs are 
similar throughout th 
 District, it is
 
likely to 
be true in other areas.
 

The purchasers were generally pleased with their 
new devices, which performed

as they expected them to. 
 While the purchasers were clear as 
to what the
solar water heater could do, many others in the sample were not. It 
is very
important that the energy extension officers make it 
clear exactly what each
device is capable of doing, 
so that 
future buyers will not have false expects­
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tions of the units they intend to purchase, Finally, when units are pur­
chased in the future,and the R.T.U. wants to 
evaluate them, it would be best
 
to wait longer then six months after purchase to do so. Perhaps it would
 
be 
even better to evaluate performance quarterly over a period of one to
 

one and a half years.
 

The knowledge of the new technologies has been thorough within each village
 
but has not 
spread much beyond it. The pattern of the diffusion network has
 
been a relatively equal distribution from the purchasers to both relatives
 
and non-relatives. At this stage, the non-realtives passed information along
 
to their relatives. We expect that these patterns of distance and relation­
ship will occur elsewhere in the District. This suggests that at 
least in
 
the early stages of introduction, an effort will have to be made to 
reach
 
as many villages as possible so 
that the widest adoption of the new technology
 

can occur.
 

Finally, an attempt 
was made to determinethe nature of fuel usedln rural
 
households in the District. Because people do not generally keep records on
 
either their fuel expenditures or on 
the amount of fuel thev collect or use,
 
it is very difficult to apportion percentages to the different fuels used in
 
each household. However, it 
was 
found that the most widely used fuels were
 
sehala-hala, khapene and paraffin. If more exact 
Information on fuel con­
sumption is desired, it will be necessary to keep accurate records of 
a
 
sample population for a reasonably long period of time.
 



Table 1 

Characteristics of the Respondents 

Group 

P 

T 

S 

X 

y 

Total 

No.
of 
Reap. 

4 

8 

11 

1 

2 

25 

Average 
age 

47 

43 

39 

58 

53-

45 

Sex 
M F 

1 3 

2 6 

2 9 

- 1 

1 1 

6 19 

Occupation 
Paid Unpaid 

3 1 

2 6 

2 9 

1 -

2 -

10 15 

Average
Education 
(standard) 

7.5 

5.1 

4.5 

5 

4.5 

5 

Position 

in ()
Household 
1 2 3 4 5 

2 2 

3 4 1 - -

3 6 1 - 1 

1--

2----

1 11 2 - 1 

Average 
occup. ) 

.'75 

.25 

.22 

1 

1 

.4 

Average No. 
in 

Household 

7 

8 

6 

7 

4.5 

7 

(1) Position in Household 

1- household head 
2- wife of household head 
3- mother of household head 
4- Daughter -in-law of household head 
5- son of household head 

(2) Occupations 

1- paid job 
0- unpaid job 
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Table 2
 

Significance 
of Educational Level 
(1)
 

Group N r 
pt 
 4 
 7.5 
 254
 
'T' 
 5.1
8 287 2.4. /1.7 - 1.41 

S11 
 4.5 290 2.96/1.5 = 1.97
 
Sample 
 5.4
25 937 2.1/ 
1.6 = 1.31
 

(1) N - Number of people in a group
 

- Mean 
2


Ex -
 Summation of individually 
 squared observations.
 

T - IT' test value
 

Table 3
 

Significance of type 
of occupation
 

Group N X Ex2 T 

1P' 
 4 
 0.75 
 3
 

T'8 0.25 2 0.5 /0.26 = 1.92 
IS' 
 0.23
11 2.25 O.52/0.2b = 1.86 
Sample 
 25 
 n.42 
 10.25 
 0.33/0.24 = 1.38
 

http:0.33/0.24
http:O.52/0.2b


Table 4A 

Significance of Go-at Ownership
 

Group N X axz T 

I 4 23.75 41.25 

IT' 8 5.6 1053 18/11 = 1.64 

IS' 11 9 4100 15/12 = 1.25 

Sample 25 10.83 1 178 13/11 = 1.18 

District 2341 7.96 59250,000 16/11 = 1.45 

Table 4B
 

Significance of Cattle Ownerihip
 

Group N X x T 

'PI 4 14.25 1001 

IT' 8 4.87 387 9/4 = 2.25 

.S 11 3.64 526 
 10/4 = 2.50 

Sample 25 6.04 2083 8.2/4 = 2.00
 

District 2341 3.95 
 18, 130,966 10.3/4.6 = 2.24 

Table 4C
 

Significance of Sheep Ownership
 

Group N 
 X x2 T 

P 4 51.25 15.825
 

T 8 
 4.12 629 
 47/18 = 2.61 

S 
 11 3.37 900 
 47/18.6 = 2.55
 

Sample 
 25 19.18 39,870 32/19 = 1.68
 

District 
 2341 16.6 321. 140,000 34.6/19 = 1.82 



Table 5 

Significance of Field Ownership
 

Group 
 N XX E T 

P 4 3.5 
 54
 

T a_ 2.4 44 1.1/0.5 = 2.2 
S 11 1.9 56 1.6/0.5 = 2.0 

Sample 25 2.6 
 195 0.9/0.6 = 1.5 
District 2341 1.8 
 108,740,000 1.7/1.5 = 1.13 

Table 6 

Access to Other sources of Income
 

Group No. 
in 
grnu[ 

No. of 
people per 
household 
remitting 

Sale of 
wool or 
mohair 

Sale 
of 

crops 

Sale 
of 

Beer 

Income 
from 
employ­
ment 

Other 

money 

P 4 0.5 0.75 0.25 0.25 0.75 0.5 
T a 0.9 0.25 0.37 0.6 0.25 0.37 
S 110.7 0.45 0.27 0.6 0.27 0.18 
X 1 3 0 1 0 1 0 
Y 2 0 0.5 0.5 0.5 0.5 0.5 

(1) For all the other 
sources of income mentioned except number of people
household remitting money:
 
1 represents 
'Yea' the household has access to
 
the source
 

0 represents 
'No' the household has 
no access
 
to the source
 

(2) Other sources of income here include 
:
 
(i) Running a cafe 
 (iv) Selling floor mats
(ii) Selling dishtowels 
 (v) Selling brooms
(iii) Selling eggs 
 (vi) Doing part-time work on 
the
 

roads
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Table 7
 

Expectations, number of people who gave them and percentages calculated
 
from the entire sample
 

Expectations 
Number of people
who gm2.' them Percent 

Keatina water 16 64 
Cooking 

9 36 

Food drying 1 4 

Observing the sun working 
as fuel 1 4 

Table 8 

Expecced benefits and disbenefits, with percentages calculated from the 
entire sample 

Benefits % Oisbenefits % 
1. saving money for paraffin 56 1. children and/or animal, 

are likely to play 
or, the mud-end-stone 
water heaters and
destroy them 40 

2. saving fuel 24 

3. saving time and trouble 
collecting fuel 24 

4. getting cooked food for 
the families 20 

5. getting hot water whenever 
it is needed 16 

6., reducing expenses on 
sources of fuel 

7. ',-ping food warm 

other 
8 

8 

8. selling peaches dried in 
the devices 4 
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Table 9 

Frequency and purpose of use
 

No. 	 Freauency 
 Purposes
 

P1 	 Less in winter when it does not work
 
well and more in summer 
 Heatinn water
 

P2 Daily except when the weather
 
was bad 
 Heating water
 

P3 Two to three times a week 
 1. Heating water
depending on the weather 
 2. Finish cooking samp
 
p4 	 Used every sunny day when it was
 

still in good condition 
 Heating water
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Table 10 A 

Relationship patterns in diffusion
 

Purcheser 


P1 

P2 

P3 


P4 

Average 


T S 

1 0 
0 1 
0 1 

1 

0 
I 
0 
1 

1 0 
1 I 
1 0 
0 0 
0 0 
0 
0 
0 1 
1
I 0

I 
0 1 
I 1 
0.5 O.6 
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Table 10 8
 

Relationship Patterns in Diffusion (1)
 

Purchaser People told by those who 
 People who expressed interest
 
were told by purchasers/ 
 to those who were by purchasers/
 
came to see or enauire came to see
 

PI 
 4
 

3
2
I
4
 

P2 
 3
 

4
4
3
3
I
 

P3 3 3
 
3 3
4 

4 

4
 
4
 

2 4 
I 
I
 

P4 3 
 3
 
3 3 
4 3 
4 
 4
 
3 4 
4
4
3
3
3
3
 

Average 3 
 3
 

(I) 
1. Represents from relative to relative
 
2. Represents from relative to non-relative
 
3. Represents from non-relative to relative
 
4. Represents from non-relative to non-relative
 



Table 11
 

Diffusion in Distance
 

S & T Groups 
 Secondary Network
 
Purchasers 
 Village Residents Residents 
 Residents 
 Residents 
 Residents 
 Residents
of of Linakeng of 
 a. other of Linakengpurchaser of
Ha 'Mphosi Matlatseng villages Ha 'Mphosi 

of other
 
Matlatseng villages


P1 Linakeng

Ha 'Mphosi 4 
 0 
 2 


P2 Matlatseng 0 5 
5 0 0
 

0 
 0 6 
 0
 

P3 Linakeng

Ha 'Mphosi 12 
 0 
 1 


1
P4 Matlatsehg 7 
12 0 


0 
 3 
 1 13 
 3
 



Table 
12 

Ownership of Trees 

Poplar 
Wiilow 

Both 
Group 

P 

T 

No. in 
group 

4 

8 

No. 
owning 

3 

2 

No. of 
those 
who own 

that 
usually 

... .2 
0 

No. of 
those 
who own 

that cut 
that year 

1 
0 

No. 
owning 

2 
2 

No. of 
those 
who own 
that 
usually 

cutcut2 
1N320 

No. of 
those 
who own 
that cut 
that year 

2 

No. 
owning 

1 

No. of 
those 
who own 
that 

usually 

0 

No. of 
those 
who own 
that cut 

that year 

0, 

Y2 

ToW25 

3 

1110 

10nn 

--

5- 8 

0 

0 0 

5 

21 

0 

6 

00 

0 
0 

0 



Table 13 

Access to the ChiefIs Allocation 

jiruup 

T 

J u. if, 
group 

8 

[o. thct rcut f'ror, 
Chief's aio(cation 

,
2 

ro. that do 
but cut from 
allocation 

0 
2 

:-,t oun 
Chrief's 

No. that oun thel'r 
trees tut s xii c.dt 
from Chief's allccotion,te1 

[]I 

S11 

x 

Y 

Total 

__ 

2 

25 

2 

0 

2 

7 

2 

0 

5 

0 



Table 14 

Other types of fuc 
 and Number of Households that 
use them
 

JGroup No. inI 
 Duna type 
 Shrub typ 
 Lu31hased fue_l
 

group 
 Li u 
 hapane Bokuluba 
 Seha8-
P cheche leng-4 dead3 3 13 h halh
T.. 8 

17 
nb twi s paraffin3 4 4- coal 
115
 

It' 2. 2 2 -- 2 
 1 

2
Total 2513 
 18 
 3 
 21 
 4 
 1 


--_(12)-_ (17) 
1 19
 

(2) (20) 1 (18) 

(1) The figures in brackets represent the Gtatiaticallycorrect 
totals for these categories after
ti-ey have been adjusted to account For the household that falls in both the IT' 
and 151 group3.
 



APPENDIX i
 

Survey Questionnaire
 

A study of the diffusion of new energy UTILIZATION DEVICES with particular
 

reference to Solar Power.
 

A. JIBOUTTHE RESPONDENT 

1. Date 

2. Village
 

3. Name of respondent
 

4. Position of respondent in the household
 

5. Sex 

6. Age
 

7. Educational attainment
 

S. Occupation
 

9. Membership of veluntary organisations
 

ORGANISATIONS 
 POSITION HELD
 

(a.)
 

(b.) 

(c.) 

(d.) 

(e.) 

B. ABOUT OTHER MEMBERS OF THE HOUSEHOLD 

PRESENT PLACE OF
NAME AGE 
 SEX 
 EDUCATION OCCUPATION 
 ABSENT EMPLOYMENT
 

(\ 



C. SOURCES OF INCOME
 

Does the household own 
the following?
 

Number of livestock owned 
 where keot most of Veer
 

(a.) cattle
 

(b.) sheep
 

(c.) horses and donkeys
 

(d.) goats
 

Fields owned
 

(a.) 
Ouned by the household
 
(b.) Rented from other households
 

Farm implements
 

(a.) Ploughs
 

(b.) Planters
 

(c.) Cultivators
 

(d.) Carts
 

(e.) 
Tractors
 

Other sources of income: 
 Do you receive income from these souices?
 

(a.) Number of members of household remitting money
 
(b.) Income from sale of mohair and wool last year. Yes 
 No
 
(c.) Income from sale of crops. 
 Yes No
 

(d.^ Income from sale of beer. 
 Yes No
 

(e.) Income from employment. Yes No
 
(f.) Income from other sources (specify)
 

D. 
BASIS FOR MAKING DECISIONTO PURCHASE DEVICE
 

Does the household own trees from which it 
can cut some firewood?
 
Yes 
 _No 


-e -o 
If the answer to 1 is yes, specify the type and
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number of trees owned. Please also 
specify the number cut this
 
winter and 
state whether more or less trees were cut this year

than in other years and if less or more trees were cut, 
how many
 
are usually cut.
 

Type of tree Number owned 
No. cut 
this winter 

Number 
left 

Number 
Usually cut 

Ca) 

(b) 

(c) 

(d) 

2. Does the household have access to wood owned by the chief/village?
Yes _ No ___. If the answer is yes, how many trees were cut this
 
winter from this source and was this less or more than in other
 
years? (Indicate type of trees and amount(s).
 

3. What other sources of fuel 
are available to 
the household and in
 
the past month, how much of this fuel 
type did you buy 
or collect?
 

Type of Number of 
 Number of Distance Quantity
fuel times pur- How

times col- travelled purchased 
 much is
chased in 
 lected last 
 to pur-
 or col- left?
last month 
 month and chase/cal- lecaed
and where where col-
 lect fuel
 

-purchased lected
 

(a.)
 

(b.) 

(c.) 
(d.) 

(e.) 
(f.) 
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4. Have the quantities of fuels indicated above been less or more
 
than what you usually use, and if so, 
why have you increased or
 
decreased the use of those particular fuelv?
 

Type of fuel 
 Trend in use 
 Reason for trend
 

5. Do you own a stove and what type of 
 stove is it?
 

6. How often do you use this stove?
 
If the use is less or more then at 
an earlier date, reasons for
 
this new trend:
 

7. Why did you buy this device? 
 Date of purchase?
 

8. Had you seen or heard of a similar device before? If the answer
 
is yes to any of the questions, wherg did you 
see a similar device
 
or 
who told you of a similar device? Were they related to you?
 

Name of device
 

Village where 
 Heard of 
 Name of

device seen or 
 or seen person, owner
heard of 
 or teller 
 Relationshio
 

(a.)
 

(b.)
 

(c.) 

(d.) 



9. Was someone else involved in deciding whether to purchase the de­

vice or not? If the answer is yes, were they related to you? From
 

which village did they come?
 

Name of Co-decider Village of origin Relationship
 

(a.) 

(b.)
 

(c.) 

(d.)
 

Ca.) 

10. 	When you first purchased the device, what were your expectations
 

about it? For example, what did you think it would do?
 

11. What specific benefits did you think you would derive from
 

ownung the device?
 

E. EVALUATION
 

1. Now that you have purchased the device, how often do you use it
 

and for what purpose? Please explain:
 

2. Since buying the device, has it been altered in any way, for what
 

purpose, and by whom? If the answer is yes, how much did the alter­

ations cost?
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3. Does the device need alterations? Please explain:
 

4. You have now had the time to 
find it whether the device is useful
 
or not. 
Pleese state all the benefits and dis benefits you have
 
derived from using the device.
 

Benefits:
 

Disbenefits:
 

F. DIFFUSION
 

Now that you have bought this device, have you told any of your
 
friends about it? If yes, give their names, villages in which they
 
live, their relationship with you and whether they 
are female or
 

male.
 

NAME 
 SEX 
 VILLAGE RELATIONSHIP 
 AGE
 

(a.)
 

(b.)
 

(c.) 

(d.)
 

(e.)
 

2. Have any other people made enquiries about the device? If the 
answer
 
is yes, give their name and the village from which they had come.
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NAME 
 SEX VILLAGE RELATICNSHIP TO YOU
 
Ca.) 

(b.) 

(c.) 

(d.) 

(e.)
 

(f.)
 

3. Of these people whom do you think are most interested in owning
 
one of these new devices and why?
 

FOR NON-PURCHASERS, ALTERNATIVES TO SECTION D, QUESTIONS 
 7-10
 

1..Would you like to purchase the device? Yes - No 
Why?
 

2. Have you seen or 
heard of a similar device before? If yes, give

the 
name of the device and where you 
saw it 
or who told you about
 
it.
 

Village 
where Heard , Name of 

Name of device 
seen or 
heard of 

or 
seen 

owner 
or teller Relationship 

(a.) 

(b.) 

(c.) 

(d.) 

3. What would you expect the device to do 
-.
f you were to purchase it?
 
What benefits do 
you think you might get from using it?
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4. Have you heard of any other people who would like to purchase
 
this device? If yes, please give their names, their villages and 
their relationship to you. 

NAME 
 SEX VILLAGE RELATIONSHIP
 

(a.)
 

(b.)
 

Cc.) 

(d.)
 

(e.) 

5. Have you told other people about this device? If yes, please give
 
their names, their village and their relationship to you.
 

NAME 
 SEX VILLAGE RELATIONSHIP
 

(a.)
 

(b.)
 

Cc.) 

Cd.) 
(e.)__ 
 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 



Table 1 
APPENDIX 
=
 
Comparison of Average number of livestock owned by various groups in
the sample with people in the area and in the District.
 

Group 
 No. in
 
groun 
 Cattle 
 Sheeo Goats Horses and/or Donkeys
District 
 2 341 
 4 
 17 
 8
 

Area 24 3 16 15P 4 14 51 24 8.5T 8 5 
 4 
 5.6 
 2.4
S 
 11 
 4 
 42 
 9 
 2
 
X 1 0 0 0V 12 7.5 
 77 
 15 4 

i.. 
The 1979 Household survey from which the figures for the District
the area are end
taken, did not 
enouire about 
horses and donkeys.
 

Table 2
Comparison of ownership of fields and farm implements between the people
in the area and the various groups in 
the sample. 0J
 

Group No. 
 No. of 
 Ploughs 
Planters 
Culti-
in Harrowsfields Carts Trac­
group vators %oi.ned ownino tors
nownin4- wninoDistrict 2 342 owninQ owning owning
2 
 42.5 


Area 1
243 0
1.9 
 34 3 
P 4 0 03.5 100 50 100T 8 0 0 02,4 94 12.5 
3 11 2 

37.5 12.5 012.5 
45.4 0 27.3X 1 3 0 0 0100 0 0 100Y 02 04 50 
 0 
 50 
 50 
 0 
 0
 

(1) The 1979 Household survey did not 
encuire about cultivators and harrows.
 



Table 3
 

Reasons for Buying or Wanting to buy Solar Water Heaters
 

Reason Number of Percent 
times 

,_given 
To save fuel 7 28 

To save money spent on paraffin 5 20 
To sove time on collection of fuel 5 20 
To be used in times scarce fuel 4 16 

The devices sounded like a useful thing 
to have 3 12 
To prove that the sun could work as fuel 3 12 
Solar devices were easy to use 2 8 

Solar devices ware smokeless 1 4 

Solar energy was cheaper than other fuel 1 
sources 

It would be an additional fuel source a-t 
home 1 4 

Table 4
 
Derived Benefits and disbenefits as Stated By the Purchasers
 

Derived Benefits Percent 
 Derived Disbenefits Percent
 
1. Less fuel used for cooking 50 1. It takes a long 25
 

time to heat
 
water
 

2. Knowledge that the sun can 25 2. Not working on 25
 
work as fu2l cloudy days
 

3. Reduced money spent on 
 50 3. Trouble of hav- 25
 
paraffin 
 ing to keeo frames 

indoors at nioht 
4. Saved time devoted to col- 25 4. Expenses on re- 25
 

lecting fuel 
 pairino wells
 
5. Hot water for washino 50
 

N.B. Some psople mentioned more that one benefit.
 

,t6l
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RURAL TECHNOLOGY UNIT 

Report format . to 
workshop session. 

be used on return from alpitso and 
4 

1. Description of village (list items A-D on a file card), 

~A. How, many people? (approximately)
B. NamE of Chief/Chieftainess. 
C. Name of headman 
Di. On what day and at what time should~fut.re lipitso
F. Does the village seem well off? 

be held? 

. 

G. How is. the water suppy?
H,. Is it a "content" village? (Thatis, are the people united 

ar are there factions ­ political, religious, etc.) explain.
I. Are there any interesting features such as windbreaks, trees,sstoves, reed ferces; etc? Please list and describe. 

2. Fuel situation I;) 3 

0, 

i ' -

A. What fuels do people use? I 
B. Which do-.-they prefer for which tasks? 
C. Whatis the availability of each fuel? 

(How mahy have adequate supplie of lisu? 
Is the4 e wood available? P.raffin? rubs khapane) explain,.

D. How:far or for how long do people go to collect each type
of fuel. 

D. How long does the supply 1Thst? How much of each fuel do they 
use each month?-. 

monetary terms or relative to another'fuel. ,A-n exampe might
be that a 50kg seck of khapane is worth a donkey load' of 
sehalahal-a).

G. Whiat problems do people have with fuels?
H. Are there specific probrlms for hentting and stiying warm, in 

winter? ~ I. What suggestions do odbple have to help solve these problems
with fuel? ("Ha ke tsebe". isln ,'t good enough). . ". 

3. Knowledae of R.T.U. 

. 

44A. What do people know about the R.-T.U? 
B. How many people already know about the R.T.U? Where didthey learn about it? 
C. How many items produced by the R.T.U are being used in thisvillage? (Be specific as to which items, if possible) -. 
B. How do people feel about the R.T.U? 
. ,What do 'eople think about the items they have purchased orh,.ave sen from the R..U"Whet modifications are reouired? 
F WThat other items would they like to se, made or supplied

by the R T Uf 
G. 1,hat new ideas did you come across from talking with people?,Who said them? 

3 4. 



4. 	 Details of Pitso. 

A. 	How man-, people? (174en- wome-., children, approximately,.
 

B. 	Wh.t topics did you cover? 

D. Did you get any orders for devices'? 
If so, piels I iast how mTany, which items ard who wants them. 

E. 	7hlat -....- -- . 'y - C 7j. %-.? 

5. 	 Details of workerhoT, 

A. 	 How many People Participated? (men, women, children, approx.) 

B. 	 How many -- d vhich devices did you build? 

C. 	 Did ni Die her ,ou? If '-,how? 

D. What problems aid you e..cw'ter? Hew did you solve these 
problems?
 

E. 	What did dou l,<a_,n that will help you in future workshops? 

F. 	 Did you Get any orders for devics in addition to -hose
 
you built? lf so, ho : many, which items cad who ats
 
them?
 

G. 	 List cn file cards the names, addresses, occupations and
 
the d ic ... . ;.ic,, nerso ,you worked with.
..... fr 



Ap 3 

6. V.llae S1,.l-s Inventcry, 
Please ...1 cards t- nare-s, addressess, Ocrupations
Ozd level .21d -.De of interest in the R.T.U. of the following
peorl . 

1. Buil>.:ro 

2. That.e 

3. Seat -tr::~a~ 
4. ,'eavers - or r-ds)
 

5. Spinners ::oh:'ir or wcol)
 

7. Saddle mnzli': leatherworkers) 

8. Sheet mctal vorkers 

9. ;ood v .: '2 

11. Sioo o,, or a,-'ger3 

12. Goo d farmers 
13. ClIno 0r: a! workers 

14. School t.crs 
15. Priests, ::: i~r 

16. ,iembers c" :hC 7il - Cevelo~ment Committee (particulary 

17. - ­

18. 0Ch.r;3. 

,93-3
 



APPENDIX 
4 
 Corrections to 
Interim Roort
 

Checking the effect of this mistake on the approprIate heat loss and gain
tables, we fcund that 
 it introduce ar error of at most 4% in the monthly
heat loss and oM 
error of up to 
0.20C in the predicted average indoor
temperature. This was 
felt 
to be relatively unimportant in overall accuracy
so 
all the tables have not been corrected. I' should be noted that only some
months are affected by 
this probLem when the calculations are performed,

primarily the winter months and in a few cases the summer ones, 

Table A 17-4. Day 
 end Night Length ty Month
 

Day Night
 

January 13.7 
 10.3
 

Februarv 
 13.0 
 11.0 

March 
 12.2 
 11.8
 

Aoril 11.6 
 12.4
 

a11.0 13.0
 

2une 
 10.3 
 13.7
 

July 
 10.3 
 13.7
 

AuQust 10.7 
 13.3
 

September 
 11.5 
 12.5
 

October 
 12.3 
 11.7
 

November 
 13. 1 10.9
 

December 
 13.7 
 10.3
 


