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CHAPTER 1 Introduction

Gary Klein and Alan Uyatt, which will hereafter be referred to as the
interim report. Financial assiatance four thig Teport was provided by
Ropropriate Technalagy Internationael (ATI) of Washingtan, 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 8 local staff tg identify, build, test, and
explain the resulting devi:es tg People in the District, Based on the

solar technologies had to be explored in grester deteil. In addition, the
existing prototypes needed to undergo wintertime evalustion and the
extension effort needed to be developed.

This document Teports on the new research areas and on the results from just
OVer one vyear's effort in the other activities. These topics include
climate, water hesting, food dehydration, solar electric systems, cooking
solar distillation, climete-wige building design, greenhouses and cald
frames, extension snd marketing, end training. Rether than repeat many tech-
nical tables, relevant sections af the interim report hsve been referred to

in the fallowing chapters. Please nate that Appendix ¢ contains carrec-
tions to the interim report.,

Happy reading!

P
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CHAPTER 2 CLIMATE IN THABA TSEKA DISTRICT

This chapter will analyze the weather datm available for 1980 and compare
it to the long term records. This is done primarily to evmluate the effect
of weather patterns in a specific vear on the various devices we modelled
in the interim report. Some new datas will be presented where we amcquired

new equipment to eid in our investigations. Topics include temperature and

solar radiation.

Temgerature

Temperature end degree day infarmation arec necessary for predicting heating
snd cooling loads of buildings. Temperature data ias mlso used for determining
the efficiency aof various solar collectors. In the interim report, it wes
decided to use data fraom the Paray Mission weather statiun for the long=term

temperatures. We hawe continued to do so here,

Figure 2-1 compares the mean minimum, maximum =nd everage temperatures from
the Paray astation for six manths in 1980. The pattern campares well with

the long-term information thet is available. Table 2-1 and Figure 2-2 cam-
pere the 1580 mean with the loang~term mean. As can he seen, the differences
are slight. Because of this, the long-term Paray dmta will continue to be
used for the generel calculations in the remsinder of this repaort. When

particular situations are examined, the 1980 datm will be used.

Solsr Radiation

Osta on insolation, or the mmount 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 values from
Maseru and Oxbow would serve ss reasonable approximetion for horizontal
surface totmls. Fram these values, monthly mean daily surfsce totals for

north facing tilted surfaces were derived.

In late June,1980, an integrating pyranometer wams installed at the R.7.U.

N
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The Unit was purchased from Austrmlim and is being used to establish an
accurate radiation record for the Thaha Teeka arca. It contains its own
battery and a six digit counter. Specifications zre included in Appendix 1.
For purposes of this report, SI unitas have hbeer converted to 8TU/SQ.ft.

Table 2-2 compares the sctually measured radiation with the previously
derived flgures from July to November,1980. A graphic represemtation 1is
conteined in Figure 2-3. The standasrd ceviation and the percent deviation
of the measured radiation were calculated for thase monthsg. The percent

difference between the measured and derived radiation wms slso calculated.

As can be seen, the standard devistlon wes very large for August end
September. These months were in fact guite varisble, with periods of sunny
westher 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 mvmilable faor only part
of one year, for general purposes, the derived figures should still he useg.
When specific periods of time are examined in this report radiation totals
from 1980 will be used. It is recommended that daily rescings continue

80 that lang-term resulte can be ohtained.

Conclusion

The previously developed temperature and solar radiation data should con-
tinue to be used when making long-term predictions. When analysisg of

specific periods within particular years is desired, the memsured inform-
ation for that period should be used. The pyranometer that wass purchased

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


http:BTU/SQ.ft

Table 2-1. Comparison of Long Term and 1980 Mean Temperatures for Selected Months,
Long 1380 Mean ?i;jﬁ;gg?e Percent
Term Difference
Mean (°C) °cy | Ty (°c) %)

Jenuary 16.4

February 16.4 16.5 2 -1 6

March 15.0 15.5 2 -5 3

April 11.8 11.5 3 3 2

Msy 8.0 9.5 3 -1.5 19

June 5.2 5 2 .2 4

July 5.6 5 2 .6 4

Auqust 8.3 8.5 3 -2 2

September 11.3 11 3 o3 3

October 13.2 14 3 -.8 6

November 15.6

December 17.9

< Ua

FParay Mission




Table 2"2.

Derived Radiation

Comaprison of Measured and Derived Radiation on a Horizontal Surface

Measured Radistion an a8 Horizontal Surface

cn a Horizontal Percent Percent
Surface (BTU/ft? /Day (BTU/Ft2 /Day qn Deviatian Difference
January 1860
February 1760
March 1560
April 1330
May 1130
June 1030
July 1090 1140 100 g 5
Auqust 1300 1310 300 23 1
September 1550 1420 490 34 -8
October 1800 2020 S0 L 12
November 1940
Der 2mbher 2080

2 4a
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CHAPTER 3 SOLAR WATER HEATERS

Sinca April 1980, anly two basic types of solar water heaters hava Seen
tasted, and marketed. Both of these are hbatch units, one with stone 3nd

mud walls, the other with an insulation-filled sheet metal skinnec =nclasure.
R single sheet of fiberglass allowe light to enter the box and heat the tins,
Technical drewings and initial test results ere contained in the interim
renport. This report will describe the efforts to create "sroduction” models,
the development of a standardizad test srocedure and the evaluation of the

prototvpe following one year of testino.

DESCRIPTION OF PROTOTYPES

Mud snd Stone lWall

The stane wall and muo mortar water hemters were the type most freguently
sola in villages in the district. Quer twenty have been built and operating
forrperiods up to one year. In addition to continuing the test prongrams,
attempts were made to optimize the use of expensive materials ard o
standardize the construction methods so that high quality units coulg be
produced with the minimum of cost and effort. Figure 3-1 shows tho Final

design.

The first element thast need:d attention was the cover, This is the most ex-
pensive part of the heater, costing M11.00 per square meter Just for the
fibergless sheet. Based on sheet sizes and compared to tin sizes, 1% was
feltthat areasonable size would be 600mm x SdDmm for the cover. This allows
for simple conatruction st tilts from 30° to 45° without necessitating any
changes In materismls or construction practice. It is possible ts reduce
the gize to 450mm x 600mm for the 30° tilt models. Costs For the Fiberglass

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

It was also neceseary to make the wood frame simple and durabls. Uood planks
have been supplied in 2Ewmm x 3Bmm x 3.6 meter lengths. This allows cuttiro

to size with almost no waste. Joints are made so that one piece laps aver

LN
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che other. Much time ha= been saved where it used to be spent ripping the

planks to size.

To make a cover, all that is now required ias to cut the boards to length,
mark and cut the jointe, nail the boerds together, end attsch the fiberglass
sheet. The entire proceas takews leas than one hour for someone with a

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

or MO.S6 or MO.84 far the two sizes respectively.

Once the cover is made, it is then time to make the walln. The ground is
levelled mnd then dug down sbout 100mm. Going down reduc:s the Pinal size

of the wells, fhereby also reducing wind resiatance and hest lose. The rec-
tangular hole should be no bigger than 250mm x 450mm for the 30° tilt unit
and 3C00mm x 450mm for the 4LS° tilt model. The walls should be built up about
150mm wide right from the edge of this hole. The lang axis af the hole should
te oriented eeat- west and the high back wall uf the heater should be on the
gouth. Thisg results in the cover facing north. While exact orientation is
not necessary, it 1s best i a compsss ig used when siting the device.

The caver should rest in the middle of the walls =nd should be surrounded

by mud built up as bigh as the %thickness of the cover. (See Figure 3-1C.)
To coamplete the urit, thatch gress is cut and put in the box. For a good
stunemason, construction time af the wells takes two hours if stones and
water arz at the alte. Cost for laber is figured at M2.00 per unit. Total

roats run sbout M7.00 -MB8.00 for the water heater.

Sheet Metal Sides

Figure 3-2 cantains phntogrephs of this model. Tt is shown with two uszed
Food Aid oil tins painted black. Howszver, to meke it more versetile, the
interior hes been desigred to hold two five iiter tins. Oetails of the

catch and hendle are shcwn in Figures 3-2C and O respectively.

Praduction of these units has proven to be a problem. The d fficulty has

been finding a skilled local person td build them. When the sheet metal
worker in Majekaneng laft, we decided to hire end trein someone to build
these unita. Training was pravided in Theba Tseka and was not very extensive.
The woman hired is now ressonehbly capable of making water heaters and ovens,

but will meed much mrre work tafore ene i3 a skilled metal artisan.
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To simpUfy construction procedures, cutting templates were made for the
inside and outside boxea. This reduced memssurement errar as well as time.
The templates also contain marks which show where tao bend the sheet metel.

A grest desl of time is still spent an making the frame faor the fiberglass
glezing. The most efficient use of materimls requires thet tuwo pleces of
metal be spliced tagether. While the necessary tools mre svailablez, the
skills and patience to do %hig correctly are not. In a reasonable product-
ion mode, it should be possible to make two to three units per day. Present
casts of a completed unit are M15.00 including materiais and lahor.

Test Procedures and Results

R test yerd and test acheduiz have been developed so that standardized
observations of water hesmter performance can be made. Ten mud end stone
water hesters have been huilt., This exsrcise enabled us to train peaple

in making these devices am well as providing us with the desired test units.
Five orientationa, east, northeast, north, northwest and weat, snd two tilts,
30° and 45° can be examined simultaneously. In addition to the mud snd stone
units,Asix sheet metal water he=vers are used to test verious additionel
orientations. Besed on the results of the initiml tests i was falt that
furthur tests of sheet metal versus mud snd atone models were unnecessary.
Rather, orientation and tilt were of primary concern and the sheet metal
units shaould be used to take advantage of their major design feature, their

portability.

Table 3-1 displays the test schedule. Two days aof testing are necessary

to examine most of the important possibllities. Stationary tests, to de-~
termine tne value of a particular orientation end tilt throughout the yenar
are the meajor components af the Day 1 pracedure. The second day examines

the effect of switching the tins from one arientation in the morning to
snother in the afternoon. Tilt is fixed while the orientation is changed.
Both days have tests of Cchanging the water at noon in the north facing water
heaters and of tracking the sun from morning ta afternoon. & final festure
is that north mt two tilts is also tested on both deys.

The idea was to perform each test two days per week. A minimum of one
day per week per test was expected. This would sllow for following the per-
formance of the collectors throughtout the year ss that the heat determina-

\

\
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tion of mngle and tilt could be made for this Climete. It would mlso enmble
us to determine if two batches of water could be heatsd daily in a station-
ary collector, and how substantiml the benefits of owning a portable unit
might be.

It proved to be very difficult to institute and maintain this scheduls.

Data escouisition was done by hand using both glass bulb and disl thermometers.
Due to the large number of tins and the relatively slow response of the
thermometers, it often took up to 30 minutes to tave each set of readings.
Four or five reedings were tamken each day at two hour intervals so this

became & rather time consuming task,

The results are generally what would be expected. Of the stationery units,
north at 30° provided the best oversll 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 trmcks
the sun is mast valuable for allowing one to uue the early morning and late
afternoon sun, which a north-facing stationary unit misses. This results

in slightly higher overall temperatures ryer batch and should meke it poasi-

ble for three batches per day in winter and four in summer.

A batch is defined as two tins heated emch to an aversge temperature af 30°C
to 4LO°C above initisl water temperature. In winter, this mewens 35°C tg 45°C
finel temperatures. In summer, temperatures up to 60°LC are posaible. The
period from 1200 to 1400 hours is excellent far putting energy into the
water, particularly if the wster has been changed at noon. If this has been
dane, a 20°C average increase in temperature will generslly result.

Evaluation

The sheet metal units are more dursble and vergatile than the mud and stane
well water heaters. These units could be improved if cament wes uaed instead
of mud for the morter. The sdditianal cost 1s a minimal M1.00 to M2.00 per
unit and would mean that virtually no naintenance aof the walls would be re-
quired during its useful life. In a survey conducted in the Linakeng area

G
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(Rppendix 2. ) 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 = problem. In an ettempt to reduce this, sheet metal primer
Paint has been spplied to the inside of the tins. While ruating has heen
reduced, » smell from the paint has taken its place. Because of thias, it
ls recommended that the water not be used far cooking purpcses, anly for
washing. It ig necessary to find a more stable paint to be used for this

caating .

The Fodd Aid oil tins, while very inexpensive, are somewhat inconvenient
to use. This is due to the very small and easily breskable Plastic opening
that allows water to go in and out of the cans. The five-liter oil tins
heve a relstively wide screw Cap snd & hendle 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 evaluastions hsve come from the penple who are
actuelly using the heaters in the villages in the District. The ouwners used
the heaters on mogst goad days except for one who left hers coverzd most

of the uwinter. One woman used her heater tao finish cooking samp(hulled
maize) on a fairly reqular basias. It is probable that both the sun and the
insulative gualities of the heater contributed to the success of this

innovative effaort.

Table 3-2, taken fram this Survey, compares the benefita and disbenefits
derived by the purchasers of the water heaters. All mentioned fuel or cost
savings ss benefits of using the water heasters. Unly one was concerned that
1t took a long time for the water to get warm. The general impression ab-
tained by survey teams wes that people were plemsed with their purchase.

The survey also revealed that someone from almost every household in the

two villeges uwhere the devices are locater had either seen ane of the heat-
ers or had been %told about them by ane of the owners. The diffusion of the
ides hus 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 hemters tested and marketed in the Oistrict have met with

a generally favorable response. The demand for portable units is less than
that for the stationary ones, prohably becsuse of initial costs. It would
seem that demand for water hemters will not be »ll that great. This is due
to the fact that cooking is a much grester priority. Marketing a cooker
that also heated water would be e better ides.

Test results heve been very difficult to obtain. The findings

have been basically what we expected. It is recommended that the stationary
units be placed due north or slightly off to the northemat if wmter is
desired roughly once per day. Some ouners prefer water earlier or later and
the direction can be adjusted accordingly. The tilt should be 40°- 45° if
hot water is desired during the winter. If lower water temperatures can he
tolerated at this time, then 30° will be best for vear-round performance.
Many of these decisions neceasary for the stationary units are eliminated

if a portable wunit is purcheased.

It haa been possible to train several people, both at the Program and out in
villeges to build the mud eand stone units. While it is haped that these
villagers will begin constructing these heaters on their oun, this has not
yet occurred. It is probably still tao soon far this to happen. The product-
ian 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 lemst one member of the permanent R.T.U. workshop staff. In addition,
it would be adviseble to include a sheet metal working course in the trade
center curriculum. The people trained here should be from diverse parts af
the District so that their skillas can best serve the peaple when they return
to their homes. Part of this training should include “masa® production or

other time-saving and guality=-improving techniques.
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Table 3-1. UWater Heating Test Schedule
Omy 1
Orientation P Tt

East 30° | L5°
Northemgt 30° 1t use
North 30° | 45°
Northwest 30° | 4s°
Went 30° { L5°
Narth - Change water ge | 453

at noan .
Track Sun

_Day 2
Orientation Tilt
AM PM

Eagt West 30° | 45°
East Northwest 20° 1 45°
Northeast Northuwest 30° 45°
Northeast West ' 30° | 45°
North North 30° | 45°
North - Change water

2t noon '30° | L5°
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 takec & laong 25
time to hest
water
2. Knowledge that the sun can 25 2. Not working on 25
wark as fuel cloudy days
3, Reduced maoney spent on 50 3. Trouble of hav- 25
paraffin ing to keep frames
indoors at night
L. Saved time devoted to col- 25 4. Expenses on re- 25
lecting fuel pairing walls
5. Hot water for washing 50

N.8. Some people mentioned more that one benefit.
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CHAPTER 4 FOOD DEHYDRATION

Storege of food beyond the growing season ia one aof the problems facing
people in the District. This study focuses on the methodas of employing the
sun as the energy source for this method of Pood pPreservation. Five
different types of dehydrators have been tested. This chepter will explain
the various dehydratora and the results of tests carried out over the past
year. £arly investigations are explained in the interim report.

Methads Of Food Dehydrastion And Experimental Prototypes

Three types of dehydration were investigated; sun or nstursl drying, com-

bined convection and direct rsdimtion and convection only. Sun drying is

usuelly done on & flat surfece aut in the open. This method is sub ject to
contamination by air-borne particles, to animals mnd insects, und to the

vagaries of the westher. The designs of the other dehydrators attempt to

addreas some of these problems.

Three units were built that combine direct radistion and canvection., Figures
4-1, 4-3 and 4-5 contain sketches while Figures 4b-2, L-b4 und 4-7C contain
a sketch and photogrepiha of thia device.

The stane wall food dehydrator (M&S) 1ig a very simple unit, usually built

of stones and mud mortar. The caver, & flbergleas sheet, dimensionsg

900mm x 600mm, is attached o 8 wood freme, constructed of 38mm square planks,
The drying tray is someuwhet smaller, 750mm x 450mm, and is made of metal

or fibergless acreen or galvanized sand aleve (3/16" mesh) sttached to

e wood frame of the same size lumber as the cover. Screened vent holes are
located above and below the tray in the atone uaells sa that the pattern

of alr flow is up through the Pood 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 M10.00 for materiasls and ML .00 for
laber. This yieslds & cost per unit drying area of M41.50/m®. Costs could
be reduced by making the caver out of greenhouse grade plastic sheet, but
this would need to be replaced snnuamlly.

While this unit performae re=asonably well, two bamsic problems husve 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
increages the cost (now M&2.40/m?) 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 caver ig 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 sttach wire loaps to the cover

and hook these to heavy rocks placed aon either gide of the unit. This

method worked well for the solar water heaters and ig recommended in this

Caae.

The second dehydrator using direct radiation and convection that was teasted
was supplied by the Ministry of Rural Development (MINRUDEV). The unit is
mede of galvanized sheet metal riveted to s welded gngle iron freme and
painted flat black inside and out. The 900mm x S500mm fiberglass cover ig
attached to its hinged angle iron frame with sllicone caulk. The screened
tray is similar to the one described in the previous unit but ig slightly
larger, 800mm x 500mm. Unscreened vent holes have been provided by punching
out round holes in the botiom and in the back side of the device. A metal
8lide allows for adjustment of the size of the upper vent holes. Taotgl

cost of the dryer is M50.00, yielding a cogt per unit drying area of M1250¥m?,
substantially higher than the stone wall unit. The angle of tilt of the
cover of both units is 20°. For test purposes both units were faced north.
(See Figures 4-3, 4-4C ang 4-7C.)

The solar chimney (SC) food dehydrator is a substantially larger unit than
elther of the previous examples. It, too, operates on the principles of direct
radiaetion and convection. The roof, bottom and access doore are made af
galvanized sheet metal. The east, west and north sides are Fiberglass sheets.
The entire structure has been bolted together; angle iran providing the
necessary structural support. In addition to the energy that penetrates the
fiberglass walls, a small callector, tilted at 457 provides nreheated air

to the food drying in the trays. This gimple air collector is made of sheet
metal sides, a fiberglass cover and a piece af Corrugated roof sheet placed
inside such that air Pesses along both sides of the sheet perpendicular

to the direction af the corrugations. Vent holes are screened and sre located

”PL
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acro=s the bottom of the collecter and shove the access doars 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 12, withoue substantially effecting its
performance. Each tray is 500mm x <480mm giving a totasl drying area of 3.7m’.
The unit cast, M115.00 in materials and MB80.00 in labor for a totel cost of

M135.00. The cost per unit drying areas is M52.70/m?.

This prototype had a few minor problems. The first was that it fell gver
during constructian and once during a severe wind storm. This caused the
freme to go out of square =nd made it difficult for the doors to close
properly. Obviously such a top-heavy device needs to he stabillzed. Concrete
blocks sttached to the two windwarg legs worked in this situstion. The
doors actually did not close well for another reason; the hinges were weldad
to the frame such that the doora tended to spring open. This meant that it
wes difficult to control the air flow because air could come in or escape
wherever it fnund a crack around the door. This situation allowed for the
entry of more air-borne contaminents than wes desirable. It grevented in-
terior temperstures from evar getting very warm and it reduced the affective
draft that could have been achisved by virtue of the height differentisl

between the top and bottom vents.

Another prohlem is that the roof is corrugated and opaque. The corrugated
roof mekes it difficult to seal the edges and sgain reduces the ability

to control air flow through the device. The Oopeque material prevents sun-
light from entering the baox when the sun is high in the sky. This makes t!a
dehydrator less useful during the summer months. It is recommended thet
future units hava clear, flat roofs if this configuration is maintmined.
Another option would be to place the entire unit at some angle, say 45°,
The trays would be pPlaced level to the ground and access be provided by a
side door. This idems should he comparad with the performance of the preaent

unit.

A finel problem with this unit was the direction of the top vent. Because
of the location af the dryer in a valley, the wind was often directed right
st the opening which meant thaet the alr Flow was in the direction opposite
to what wae intended. Whils thig problem would occur depending primarily
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on the location of the device in » particular microclimate, it was felt
that =n omni-directional vent should be provided on future units so that
they could be used without modificetion throughout the Cistdct,

The last dehydrator works on convection only. This unit is modelled after

a deaign by Solar Survival, a company in New Hsmpshire, U.S5.A. The original
pPlans use a S55.ca2llon oil drum to provide lateral structural support and

a collector surface. Since used 0il drums are not as common in the mountsins
of Lesotho ms they are in the United States, 1t was decided to madify the
design to use a piece of galvanized sheet metal painted flst black instend
of the oil drum. Lateral support is provided by an angle iron frame to whith
the collector surface is attached. The drylng rack supports are part of

this framework. Vent holes are screened and are located on e=ither end of

the dryesr and undernesth on the eamst side of the unit. (Left hand vide in
Figures 4-6, 4-7A, B.)

Operation of the unit is somewhat more involved than the other units. When
the sun strikes the dehydrator the metal surface ahsorbs the energy and
Causes the air an either side of it to warm up. The air inside the dryer,
where the food is locatad, axpands and estapes out the vent holes at either
end of the box. This results in a slight vecuum which in turn drsws air

in the lower vent, through the passage between the sheet metal and the
fiberglass sheet, =and ints the cehydratcr helow the drying recks. Thig pre-
heated eir rises through the food and out the upper vents, taking moisture
with it. The temperatures in this unit were generelly warmer than in the

other dehydretors.

Six trays were provided for this unit af 4B80mm x 1150mm each. Total drying
area is 3.3m*. The cost of this unit is M90.00 for materials and MB0O.00 for

labor. The cast per unit drying eres is MS1.s0/m?.

Testing has revesled 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 abvious solution is to make future trays

aslightly smaller in widgth and, clven the spacing of these racks, 25mm thick.
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Another prablem is that the nair pagsage is constri:ted as 1t sniers “he

-

ssible

(]

unit beneamth the food. Solar Survival cezign had = sneath, emaily =cc
and large opening at this point. In contrast, this prototyps has = sharp
bend end en opening smaller than the previaus nessaceway. future uynita
shoulc be made sc that thias apening is more like= “he Solar Survival madel.
An associated problszm is that thae top vents wre smaller in mraa Shan the
inlet vent. Future units should have the top and hotiom opermincs eoual in

area.

After several manths of operatian, the mccasa door fell off its hinges.

|

These wer= not put on as well as thay might have been, the screws r)L1 )

(8

cut of the chiphoard =surface. It is recommended that tha hinges ke hplte
rather than screwed onto future driers of this type as the chipboard ia

inherently very wesk.

This prototype was made with one layer of fiberglass glazing rather then

the two shown in the Soler Survival desion. Althouoh provision was made for

a second, outer layer, only ane was put on to see Haw well the unit performed.
It is proteble shat two are nesded because of the Ninh temperaturee that

are deveioped in the pasange bhetween the glazing ang the gelvenizec metal
sheet. With the second layer, performance should imorove becauss hant lnss
alang this surface should be significantly reduced and warmer air w.th the
potentizl to sbsorb more maisture will reach the food. The =ffact of thig
s8till'reeds tobe investigated. If put an, this extra sheet will sco ¥29.00

to the overall cast. (Cost per unit drying area will increpse t3 MS57.60.)

One rinal note, this dehydrater was desioned =rournd the aizpgf the sheet

of firtergless intended to be used as the outsice ~over. The sneets in atock

at the time were 1.2 meters x 1.8 meters. Whila this reaylts in a cood size
[

unit, it would be advismblae tp try a design basec on a 1.2 meter x 2.4 meter

glazing layer. This would make it possible, without substantially {ncrems-

the desired modifii:ation=z to the funcuioning af the dehydrator.
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Test Reaults

During our early investigmticnas, severs! types of food wers dried. Oue to
cost eand availability, most fooda were fropped from the list end cabbsge
used ms the te=st product. It wws hoped that =nough data would be reguired
to =na’’ a thorough amassessment of yesr-rnund performance of the various
dryin_ ..ethods but it was not possible to do this. It is recommended that
this be attempted during the coming year.

Figure 4-8 compares the drying rate of mutton in three dehydrators during
8 period in August. The solar radimtion wes =versge for that month. The
daytime tampermtures ranged from 6°C to 18°C. Nighntime tempersturss never
dropped below freezing. While the Minrudev Unit did somewhat better than
the other twc models, it still took nine days foi the weight remaining to
drop below 20%. The Minrudev and mud and stone units had approximately the
seme rate of weight loss on most days, slightly grester than the Solar

Survival design.

Figure 49 compares the rat= of drying of cabb=ge by =un drying and in the
two small units. Again, the Minrudev unit did sligntly batter than the mud
and stone wall drier. Both units performed better than the open-air method.
The experiment was ended atter sight days. This period would have heen re-
duced if the long weekend had rot intervened during which time the food was
brought inside. It is interesting to note that with the =xception of the
firat day, the diyiny rate in the open alr method was essentislly the same

as in th= other units.

Figure 4~-10 compares the drying rate of cabbage in the Minrudev drier during
three different periods. As should be expected, the drying rate was faster
in Octoher than for sither period in September. It is interesting to naote
that in October, moisture loss was recorded during the period from 1600 to
C800 hours whereas it generally did not occur in September. It zan slso hbe
cbserved that the drying rate slows down =ignificantly when the moisture
tontent drops below 30%. Finally, the food wams considered dry one day sooner

during the Octaober tmst.
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Figure 4-1]1 examinea the same periods but concerns the cpermtion of the

mud end stone wall unit. This drier did not perform es well in Octobmr as
git the Minrudev model. In Fact, an extra day should ihave been used to bring
the weight remaining below 20%. The patterna for the ather twos periods are

essentially the same am in the Minrudev unit.

Figure 4-12 compares the drying rate of cabbage in four debycdretors i{n
early September,1980. At the #nd of the test period, five days, the fond

in the Minrudev unit hmd reached the lowest percent weight remsining. Next
in order were the= mud and stone, the solar chimney, and the Solar Survival
units. On most dmys, excent the Plrat, the drying rates were mlmost =xactly
the same in all units. However, as shcwn in Table 4-1, whiles the percent
weight lass per hour wms esaentimlly the asme on emch Cmy, the solar chimney
and Solar Survival units wers fillecd with much more food than the smaller
unita. In fact, the SSD had twice the weight at the beginning while the
solar chimney had seven times the weight. As can be seen, the fact that a
much larger guantity cen he dried as well in the same amourt of time makes

the initially larger investment a sound one.

Tably 4-2 examines the percent weight loass ger unit aof solar redistion far
each day of the test period. The rate ig easentially the same Por all unita

on any given day. However, substantially less weight is removed {(approximately
50%) per unit of radiation as esch day zoes by. This peints to the fact

thet it is harder te remove moisture ms the material gets drier. Clcudy,

calm days at the end of a drying period would probasbly result in pogar

performance by all of the units.

Conclusions and Recommendationa

All units have performed ressonably well, although the SED design has not
done i3 well ms mipected. Thig is nrobably due to the lack of the second
layer of glazing anc to the probleme discussed concerning the pir cagsage
and vent sizing. Itas performance should improve i{f these madifiratione are
made. The moat rost—effertiym de=ign is +he sglar “himney, if ten “‘rays

are uged M37.90/m°). This is probebly af value to farmers who wish o

dry large cuantities of produce. In sevaral tmata approximately 1.5kg or
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one head of cabbage was cut and put on each shelf in this unit compared
with only one head in the small dryers.

With the exception of o few larger farmers, nat much interest hms been ex-
nressed in food dehydrmtors. Extensiaon and marketing efforts in this aren
should be directed to this particular segment of the population rather than
to everyone in the District. Technical modification end future testing
should focus on improving the devices desired by this group of people.



Teble L-1. UWeight Loss Per Hour and Percent Weight Lass Per Hour for Four
Dehydrators, September 1-5, 1980

Number Weight Loss Per Hour(g/hr. ) Percent Weight Loss Per Hour
Day HDS:B 55D SC M MRS 55D SC M MRS
1 5.5 80.0 321.8] 58.2 67.3 3.4 L.0O 4.9 5.8
2 8.0 96.2 296.2 | 41.2 L1.2 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 1.8
4 8.0 32.5 96.3 8.8 10.0 1.4 1.2 0.8 0.9
5 8.0 11.2 50.6 8.8 3.8 0.5 0.5 0.8 0.5

% 43




—
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Table 4-2. Percent Weight Loss per Pyranometer Count for Four
Dehydrators, September 1-5, 1980
Pyranometer Percent Weight Losgs Per Count
Day | Counts BTU/ft? Counts/hr SSD| sC| M |mMes
1 238 754 43.3 08 | .09 ].111{ .13
2 L3 1604 55.4 .06 | .06 {.06 | .06
3 L93 1563 - 61.6 0641 .03].04 | .03
4 L28 1357 53.5 .02 .02 ].011{ .02
5 461 1461 57.6 -01}.01].01] .01

% 4o

o/
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Figure 4-1  Mud and Stone Wall Solar Foad Dehydrator
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Ch S

CHAPTER 5 SOLAR ELECTRIC SYSTEM

In April,1980, a field installation of e saolar electric system was made at
Linakeng Clinic. The two photovoltaic panels were sttached to an engle
frame which in turn was bolted to 3 cum pale end wood-plank stand whic
raised the whole assemhly about 2.0 meters off the jraurd. The nanels Face
true north. Power is fed underground t3 2 cantrol panel end baitery hox
ingide the clinic. From there, power is cistributed through zoncuit to

the two-way radio and to ceiling-mounted 12 VUDC fiourescent lamps., Mare
detalls on installation and initial test results can be found in the inter-

im report.

The batteries initislly used were two dissimilar sutomotive batteries that
hed been in use at the clinir. Blocking diodes were used to prevert cycling
between the two batteries which could be caused by uneven zheroing in the
two batteries. Two 90 amp-hour, 12 volt truck batteries (Chloride No.670)
were installed in late August. While probably unnecessery, the blocking

diotes were left in the svstem.

Two watt-hour meters were installed in May,1S80 to meesure energy input to
the batteries from the anlar cells and tc measure lichting enmergy used. The
third watt-hour meter had to be returned to the manufarcturer herause the
Wrong unit was supplied. Of the two meters installed, only the cne measur-
ing energy input ever warked. This unit was out-of-arcer for portians of
July and August and Finally stopped working in Or4ober. The unit sen: to the
U.5.A. for replacement returned in late November and was installeg in De-
cember. The exact prohlem with these meters has yet to be determined. How-
ever, at one inspection, it was noticed %hat the cgunter sometimes moved
forward an extra digit or one-half dipit in the tans ar hundreds place on
the dial. Sometimes this cccumed so that the thousends digit would move
even thougn the total accumulated gn the counter only read S0C. Altnough

we realized that this problem could nccur at any time, we cdacigded tha+t the
Counter should be reset at the end of eny cay when the r~eadinc was greater
than 450. Whether it was “*he resyl: of this praocedure ar due to chance, the

meter worked for an additional forty-five days without a breskcown.



Ch 5
-2~

While problems have been sxperienced with tha datm-cmthering souipmept,
there have been none with tie photovolteic cells. Thess have heen supplying
nower to the hatteries on a regular and reliable pasis. The anly hreskdowns

that have ocroumed heve been elsewhere in the system.

On seversl occasions, the radio did not work on rold, winter mornings. This
was probably due to the fact that the radio =and batteriss are baoth located
in & roum which at the time had no door and old windows that clased paorly.
This could very likely result in "hard-starting". A further complication
was that the batterles were both relastively old. In any case, the praoblem
was cleared up by noon and the radio was working fine. Ta prevent this
problem in the future, it is recommended thet the batterims snd the radio
be located in a place where they are not subject to such severe teraerature

extremes.

The second major complaint was that on cer+ain occasionsg, there was not
engugh energy in the batteries. Upan invastigstion, it was discovered that
this situation bccumed after the lights had beequgiagi}y used the previous
night and usuelly after a period of very inclementY Cne particular casa
was when someone in the villaoe died and all of the liohts were on in &the
clinic the entire night. In the morning, there was not enough enerqy to
run the radio end the petrol generator had %o 5e turned on. This prablem
has rnot occuaed since the new Satteries were ingtallad, but neither do we
think that much energy has been required in the seme manner since that in-
stance. One solution would be to increasse the Capacity of the system, but
this dees not seem warranted bec yuse in most cases the energy provided

has been quite adeguate. It smems that until = substentislly larcer enerqy
demand is experienced, it will be the responsibility of the clinic staff
to be conservative of their use of lights, even on emercency occasions, cor

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

thing the following day.

On one occasion, the wire fuse between the battery and the radio blew out.
This occumed shortly after the radio wes properly wired to the battery
through the protective fuse. Sinca the fuse was only 2 amps mand the current
draw of the radio during transmission is 10 emps, 1t is not surprising

that the fuse blew. The wire was replaced with a larorr one, so that uncer

normal usage , 4h= fuse would Temain in<ars.
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More recently, we were tnld that the hatteries had drairmed down for no
apparent reasnon. When checked, it was found that this wes due to a poar
connection tnat occuned when the hroken watt-hour meter was removed., Jnce

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

The final problem haes to do with dust accumulation on the sgler panels.

On most ingpections, it hes been necessary to wipe off the nanels an that

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

needed.

Subjectively, the system hes gecformed very well. The intention bad hose
to monitor the system fairly exactly and thereby see how well demand and
supply were matched. Because of equipment failure, it was not%t possible o
do this. Only energy input was monitored, and thst only far a periacg af

four months,

Table 5-1 compares the mean daily watt-hour meter and pyranometer readings
for these four months. Two separate totels, 0800-16730 and 0800-0800 hours

are shown as =re the standard deviations of the rearings for these periade.
With the exceptian af September, the mean cdaily wats-bour cutpus is rela-

tively constant. This is to be expected berause the =il nf the nsmele yas
adjustad to follow the semsons. 1t was 5G° in winter anc maved <3 <3° a-
the end of August. The lower reasdings in September are probably due to the
fact the solar radiation was lower then anticipated curing that month. hoce
alsno that the standard deviation is substentially l-rger in August anc Sep-
tember. This corresponds to increased variability in the soler insalatian

resource during these months. (See Zhapter 2 far more d2+ails.

This information is sunporied and dieplaved an a daily bSasis in
5-2 and S-3. These grezphs =cmpare daily nyranometer ane watt-hour metoer
resdings for July, August and Sepiember. Jata nresented pre frr -he 277

CBGO tozals. As gefore, the variapility af -he reacdinge in~resces far garh
’ b

menth. A& Tlaser sxamiration reueale =hat in ceneral, the trend in ovoanImeter
readings i1s clasely Fsllowed Ly “he wati-hour recardings. "his de sar-iTylary
nctizzeble when the weather 13 relatively avernast ~smoared “g -he surround-
ing cays. cxact relatinonshios shauld ~rr Se attemnss- Decagep She ~oraa

Vay
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nometer is located in Thaba Tseka while the sglar electric system is in
Linakeng, about 30 kilometers away. It is obvious that the weathsr in both
locations will not aluays be the wame. (To convert pyranometer readings into
BTU/ft? multiply the numbers given by 3.17.)

Table 5-2 comparesa predict=d and me=asured mean daily waett-hour readings for

the four test months. The predicted values are hased an the rauetion
Energy Output = .15 x Incident Radiation

(watt-hr/day) (BTU/Ft? /day)
where the incident rediation varies cepencing on the month and the angle aof

tilt of the penels. Percent differences are all legs than 10Y go it is

felt that the panels are perfarming up to their expectetions.

Conclusions and Recommendations

The performance of the solar electric eystzm at the Linakeng Clinic has
prave=n to be quite successful. The staf{ at the clinic have found the unit

tno be relisble with the fsw noted exceptions. Mesayred output is cloae

=nough to predicted values that sizing future inatellations should be fairly
simple and accurate. Bmsed on the performence af the snergy monitoring equin-

ment, it would be advisable tao find more relimble meters for future= work.

Since the present two-battery system has been able to ke=sp up with the
average demands of the clinic, the District Medicel Officer has Heen advised
to include this type of system in the other clinics around the District. It
will only be necessary to go to larger syastems .if the cemand is substantially
greater than thut experienced in this situation. Ubvigusly, lomg-term p=r-
formance should be watched and wn accurate record of repairs and difficulties
encountered should be kept. At this stage, it would seem that the system

should prove to be reliable for many years Lo come,



Table 5-1. Comparison of Mean Dally Watt-Hour Meter and Pyranaometer Readings
for Four Maonths, in 1980

§ uj

\?

Watt-Hour Meter Pyranometer
Readings Readings
Month 0800~ 1600 0800-0£010 0800-1600 0800-08 00
June 213 2L7
Un 30 33
July 216 255 343 355
0n 36 36 31 32
August 220 2La 365 403
Tn 48 65 96 93
Septemher 187 222 Lo2 437
G 84 85 153 156




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

1 Watt-Hours Difference Percent
Month Predicted Memssured M-P Difference
June 260 247 -13 5
July 272 255 =17 7
Rugust 256 2L6 -10 4
September 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 hased an actual insclation figurea abtained in Thaba
Tseka in 1980.
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CHAPTER 6 COCKING

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 effor:s an this problem and
about one guarter of our time was spent on this task in the second haglf of
the year. Jpen fires, peolas, mud stoves, and golar gvens were investigated.
This chapter presents the prototype we tested, initial results and evaluastions

of these units. Much more wark is needed.

Prototypes and Cooking Methods

Local cooking methods rely on the use of apen fires and paolas (brazier type
cookers). Occasionally, people use & clay aven to hake bread, slthough we
have not yet seen this in Thaba Tseka District. The fuels used are lisu-kraal
dung, khapane-couw dung from the Plelds, shrubs, cheche, sehalahala, lengana,
etr, and usually in wintertime, if availeble, willow or poplar trees. Fires
are made elther inside or outside depending amn the time of the day and
the weather. Windhresks are used by some end are made of atone walls built
into a cross, a 'T! ar a circle or are Just pieces of sheet metal propped

up as needed to protect the pots.

We decided to look hboth at methads af increasing the efficiency of traci+iunal
fuels and at their replacement. In the area of efficiency, paolas and mud
stoves were considered. Solar ovens were examined for their potential of
replacing ar supplementing existing supplies. Increasing efficiency and
replacing the need for traditional fuels should result in conserving these
Starce resources. However, the outcome might be'that there will be no net
decrease in =Zansumpticn. Instead used patterns might zhange, 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 purchase an expensive store-bought stove. Other
features inrlude 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 aof the fuel “het is used. In order to see how well thisg technology would

\z



be accepted by peaple in this District, three prototypes were built at the
R.T.U. and two in peoples' homes in the nearby village of Pontseng.

Figure 6-1 -ontains photographs of the three units at the R.T.U. Figure #-1A
1s the first mud stove we buili. A wooden form 1 meter sguare by 500mm

high was placed an top of a previously constructed stone and mud base. Sand
and clay were mixed together in a ratino of 231 and SOmm long pieces of thatch
were added to help act as a binder. Water was cambined until a8 rather wet
cement mixture was obtained. This was then poured into the mold until a
height of 400mm was reached. The stave wes 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 lzng was used as the chimney.

Figure 6-18 shows the second prototype. Instead of using a mold, this staove
wes built up with layers of a not-so-wet mix. The mason was able to complete
the upper portion of the stave in less then 8 day. The mixture used the same
clay, nnly this time the ratio of sand to cleay was 1:3. The smoke peth
follows a counterclockwise loop and the only demper has a side slot. The
‘pat holes are recessed into the surface of the stave.

Figures 6-1C and D are of the third protatype. In this case the slump method
was 8lso used end the smoke passage, damper slot and pot holes sre the same a3
in the previous design. The clay-tneeand ratio is also the seme= but in

this cese a8 different clay was used, red insteed of bleck.

All units have been left outside during the reiny seeson without eny cover-
ings. They have held up gquite well although the gecond prototype shows the
grestest signs of wear; surface cracking is noticeable in the third stove
although not in the others. The fire chamber 1in the first unit changed
from bleck to red after several Firings. The demper slots have become worn
as have the pot holes. This isprabably due in pert to the relatively coarse
sand used in the mix. Since this sand 1s what 1is typically available, it
woculd be advisable to paess the sand through a 1/8" mesh sieve for future
units. The fire chamber in this unit has continued to pit enr wear away
since the stove was compieted. It 1is likely thet silt in the clay, cosrse
send and the sharp points of the sehalahala sre cantiibuting to this sit-

uation.

v




Smoke is @& problem with sll nf the stoves. It comes out sround the sidas

of all the pots, and through the top demper slots. On many occasions the
chimney does not drew well and the flames and smoke come aut the feed hole.
The height of the chimneys relative %o thelir surroundings and the wind
pattern in that particular location ars probably the cause of this lgst
problem. The smoke escaping sround the pots is probably due to i{nsdaquate
draft and to the fact that the pot3 do not sit completely smooth all the
way ~round the haoles. Even though effort haes seen put into fixing this,

some of the difficulty lles with the cast iron pots which have a bump in
thelir surface right where they ait on the stove; recessing the pots protects
them from the winds but has not really solved the smoke problem. The
probable solution tn the smoke dilemma will be %0 incresse the height and
dismeters of the chimneys., Other options include fixing the cast-irrnn pots
permanently into the stove,or using theeasier-to-seasl aluminum pats. In
spite of the difficulties we have encountered, cast-iron pots have been usged
throughout our experiments because these are most commonly found in peaples!
homes and because aluminum pote ere used primarily on a paraffin burner,

not on an open fire.

Papa, steam bread, rice, cebbage and meat have all been cooked successfully
ont the mud stoves. Most af the testing has been done on the first prototype
which has two relatively short smoke peths. The secand 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 stave usually was compared to an open-fire without 8 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 wgs kept can-
stant while water lass and time were measured.

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 af the open fire.
Since the firat prototype did not have s water container permanently in the
smoke path, the additional energy probably went into heating up the stove walls.
This would be valuable if the unit wes inslde a house and the heat was needed.



When more than one pot was placed on the stave and only one on the open
fire, the mud stove took from 1-1.3 times the time to cock the food ss the

open flre. The pot on the fire hole generally *ook the same time or evaporat-

ed the seme amount of water as the pot on the open fire. While the time
ratios are similar to the first Case, the fuel consumption retios 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 apen
fire so actual fuel consumption per unit of food cooked was 0.44 to 0.83.
This translates into a 20% to 60% 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 Pire hole evaparated
ebout the same smount of water as the ane 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 actuelly evaporated. It ig interesting to note that when three
pots were placed over the same operr fire, only about 60% of the water could

be evaporated compared to tFe mud stove.

There was a noticeable difference between the hot and cold mud gtove. This
experiment involved eveporating water from three pots when the stove wasg
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 8s on
an open fire. Their major value is that they make the fire "portable".
This is particulerly important when dung i{s used as the fuel. After the
initial smoky stage, the dung coals. It cen then be teken inside and used
for both cooking and heating without the occupants having to suffer quite
8o much from the smoke.

Three types of paolas were investigated, 8 regular paola, @ 3--hale unit and
8 unlt that is similar in design to a cooling tower. Figure 5-2A contains

photographs of these three items. The regular panla is usually made from a
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a discarded paraffin tin. Many =mall holes are punched =round %he sides;
a slightly larger hole is put in which is used when tending or lichting the
fire. A wire handle is provided and some methad of holding the pot up off

the fire is usually included.

The second prototype has three larger holes provided around the hase. o
small holes have been punched aruund the sides. Joth this and che ragular

pecla are apout 30cm in diameter and 30cm high.

The third prototype ic made from galvanized sheet metal which has been form-
ed Into two truncated cones. The top caone has been inverted and has been pro-
vided with small ridoes, presently one centimeter high, to subport the pots
up off the surface of the cone. This allows the smoke to exist around tne
gides of the pat. The top af the upper cone has been Fitted with a2 wind
shield to help protect the pot from losing too much heat when it is windy.
One smell hole has been provided far tending the fire. This panla is de-
signed to take & size 3/4 uo to a size 3 cast-iron three-foot pot. A size 1

i1s shown in the figure. See Figures 6-28,L, and D fou more details.

The reagon for developing the last mocel was to help eliminate some of +he

problems apparent in the other two designs. The regular puola has tws hasic

n

difficulties; na real control of the airflcuw and, drranding on the size o
the pct, =2 hich probability that the Flames =nd emoke will rot hi= rhe ~-=
as they rise out of the paocla. The fire tends to glow, not flame, a situa-
tion which 1s good far home heating which results in slower cooking. The
three-hnle prototype at least directs the airflow; but it still daes not

control the smoke and flame path arpund the pat.

The last design both directs the airflow up through the fuel and farces
the flames and smoke to pass close by the pot as they leave the naolsz. This
is because the bhole over which the no% rests is smaller than the pnt end
in order to escape, all air must go in that directionm. The cancentrating
effect is ouite substantial. In on2 comparative test with the regular oazla
the new unit cooked rice in 15 minutes using .79 g of fuel whilz tke regu-
lar paola =ock 25 minutes and reguired 1.2kg of fuel. This represents a

60% savings in fuel consumption. In a wa%er evaparatinn test, with the fuel
held constant, %he new pacla required 85% of the time and evaparaied aoff

1.3 times the water nomoarsd “o She ronular paola. Approximassly the 3amp

<



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

pacla performed similarly in their comparetive tests.

The new paola design is rapable of producing end sﬁstaining a flame through-
out the cooking process. This is not typical cof nmarmal cung or lisu fires
whether in the open or in 2 pacla. Another feature is that the new design
produces almost no smoke if the fuel is Zry. This =cmhinatiorn allows for
guicker cooking inside or out and less smoky corditions when the pacla

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 modificatiorsare alresdy spparent. First, because of thé high tempera-~
tures caused by the concentration of the flames, it is likely that the
galvanized sheet metal will burn out fairly guickly. While not expensive

to replace ( the material cast cf thez entire poala is only M1.50) we feel

it would be better to have a more durable desion. If the idea takes-off, it
might be worthwhile to consider & cast-iron model, particulaerly for the base,
which should prevent burning aout for 40 years or so. Uther possibilities in-
¢lude heavier gauge sheet metal or even steel plate 1/8" to 1/4" thizk. It
would probably be adviseble to have a hexagonel or actagonal base and flet
sides rather than a conical shape to facilitate the manufacturing nrocess

1f heavier materials are used.

Another possible modification is to put 2 door over the fire tending hole
tkat 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 heneficial
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 ahove the upper cone

are larger than they need to be. fcr a start, they should he reduced to .5cm
high. If a flat—sided design is :ried, they may nct be needed at all as

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

pass throuch the vees formed where the sides meet.

Still another optiaon is to either insulate ar tao acdd thermal mass such as



cement or sand to the outer walls of the fire chamber. The insulation

would probably result in more heat to the cooking pot. The additional mass
would make the pesola more difficult tg mave zround but would serve to store
the heat that presently radistes out the side walls. This may solve same
af the problem of the quicker cooking times on czold winter nights; heat is
released around the pnt during cooking while the mass stores up heat for

when the fire has gone aut.

While technical modifications need to be made, it is also importent to work
witk local village women to examine their renctions to these new energy -
canserving cooking designs, both mud stoves and paolas. Village tests of

the mud stoves began in late November but results have not yet been received.
The panla was alsa developed at sbout the same time and hes yet to be demon-
gtrated to many people. However, the uwomen who come tc the R.T.U. are very

impressed.

The mud stoves represent cnly ane attempt to bring stoves inta the haome
that reduce fuel use and take out the smoke. Much more work hams to go into
reducing the amount of smaoke that escapes into the house sround the pots.
If this cen not be accomplished well enaugh in mud to the setisfication of
the local women, it may be necessary tao oo to alternative and probably more

tastly designs.

Finally, more effort must o intc including local women into the design
process of the cooking devices. The R.T.U. should set up & stove develop-~
ment unit that works with women in ane or two villages for a concentrated
period of time. The ubject of the discussions would be to examine more close-
ly performances =nd attitudestowards fuels and cooking practices. The women
should be encouraqed %o help develop designs that woulcd better meet their
desires. A perticularly aood reference printed in Uctober,1980 is "Helping
Peaple in Poar Countries Cevelcp Fuel-Saving Cookstoves", a manual from GATE,
=/o Deitsche Gesellschaf: fir Technische Zusemmenarbeit (GTZ), Gm BH,

Posttach 5180, D-£225 Eschborn 1, Federal Republic of Germany.
Salar Quer s

Our experimentation Beaan in April 1960 with the design described in detail

o
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in the Interim report. This design had fixed reflectors which were
attached to the cover. When access to the inslde was 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 explaln the ones that

we tried.

Figure 6-3 contains photographs of the next model investigated. The ob ject-
ive of this design was to reduce cost, and to incremse the ease of construc-
tion and operation. To this end, the emount of woad in the oven was reduced,
the corner reflective fleps 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 gless so that cooking food can be inspected without opening the door.

The reflecturs can be folded down for easy transpart and storage of the oven,

Because of the modifications made for this design, it costs M35.00 to pro-
duce. This includes M15.00-1abor and M20.00- materisls. Templates have been
made for the sheet metal parts which decremses 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 pileces
of wood that make up the top and bottom edges of the frame that separates
the inner and outer boxes . (See Figure 6-3C.) It was not possible to get

these precut to the correct cize so 2ach ane had to be made separately.

The next prototype was a much larger unit. The internal flaor area 1is

roughly four times that of the initial madel (.35m? versus .09m?). This unit
has 8 rear access door that uses strips of sheepskin far the weatherstripping.
The wsalls are the same thickness as before, 75mm,and are also filled with
fiberslass insulation. The four reflector flaps are each ..sSm? and held

apart and at the correct angles by lengths of wire. Figure 6-4 contains
photagraphs of this oven. The oven was recently sold for M45.00. It hed been
optimized for a glass size of .25m2 and meterials totaled M30.00.

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 3L0mm x 550mm, originally intended for use on the first
oven described. The shape is similar to the second prototype but the back
has been {runcated to facilitate tleaning the oven. This results in a floor

o'/



area roughly double that of the first oven, .17m® versus .0Sm®. The change

in design removes the need for difficult carpentry and has brought labor

costs down slightly. Materials are slightly more expersive. The rosuls is

that the unit is being sold for M35.00 (Figure 6-5 shows construction details).

The ides of a front door is still a goad nne,narvicularly because of trans-
portation difflicultiass within the Districs. Breakage of plass rcan he =z
problem, but in very rough terrain the door czn he removed and carried se-
parately. Front access only becomes a praoblem when %the unit increases in
8ize, as in the second nrototype. The wood far the dogor freme is supplied

with the two necessary grocves already r=bheted aut. This makes the installa-
tion of the present glass guite simple. Silicone caulk is used to prevent
heat loss an? to ailow for expansicn. A fFlat piece of leather screwed znko

the frame acts asghandle.

The reflectors have caused some difficulties. The first design far the movable
flaps relied on bending over the sheet metal to provide structural strenath,
This turned out not to be good, so 3mm wire was wrapped inta the edge where
the hinges were attached. Upon examinztion of the work done at the market

in Maseru, it was cecided %kat Gtmm wire should Se wrappad arouncd all fcur
sides of the reflector to provide the cesired stiffness. The heavier gauge
wire should also he used for the stiffness between :he reflectors. A modi-
fication is now being #ried whirh innludes Sinned cormer flaps whi~ch imnreage
the reflective area but will still ellnw foar the easy fold-up-for-storage

feature of the present design.

The latest design has proved to be very pcpular. Six ovens cocmpleted in
early December were sold within a week. It seems that people liked she com-

bination af size, style and orice.

Performance tests of the solar ovene continue throuchout the year since %the
first ane was built. Fapa, cabbage, meat, rice, and breac have all heen
cooked suctessfully. Compared to tookirg with ostar fuels, -z-ki=g in s
snolzar oven is mu-h mare Sime-r-onepming, =fier Ltwn or Lhres fimes as larag
as other methods. It must he remembered, however, ithat very lis<le haking
is presently done by villaners, although baked bread iz 7 desired faood.

Since the solar agven affers an appartunity to inwrease the yariety Af fands



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 i3 still quite strong and the 45° tilt of the glass presents a qood
surface for energy to enter the ovven. It was found on one particular accas-
ion that white breed rolls put in to bzke at 7830 continued %0 rise inste=d
of bake and about 1/5 nf the dough epilled nut in‘o the oven, The krazd
begen to bake at about 100C and was cone by 133C. The next day “he excer-
ment was repeated except that the oven was allowed to werm up until 1500
when the dough was put in. It begen to bake right awcy and was cone by 1300.
Since both cays were similar in temperature, wind and sunshinme, this points
to the fact that the sun is not very strong early con winter marnincs. The

is reacdy to rank. Ey =znctrast,

ct
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oven requires greater warme-is Sime befaore 1
in mid- Oecember between 0800 and 0900, the oven temperature rose from 20°C
to 120°C, and this in an oven that had not yet had its interior nainted

hlack.

Because of productinon difficulties it was not pbssible to make accurate

comparison tests of the three models. However, ohservation of the units -
suggests that cooking times ere similer for all three units, although the
larger oven is a little slower than the smaller ones. This is because :ts
capacity per surface area of glazing is slightly lerner, and because its
heat loss rate is agreater than the other designs. Thie pnints to the need

to increase insulation as the ovens become larger.

The solar aovens seem to he a desired item but the exact market is not yet
clear. They require a certain zmount of patience to use if far no other

reasen than they take longer tn cook and, of caurse, they do not work when
it is overcast. A good production system for these ovens has been cevised
which allows for the ouick manufacture nfadurable and eesy-+~-maintain de-
vice. The potential fuel savings is cuite large if many neople use ane aof

these cvens.

Conclusion and Recommendatiaons

Several attemnts have been made to develop enerov-rnnserving and supple-

ment devices that can be used for cookinao. Muchn more work needs to S2 done






















CHAPTER 7 SOLAR DISTILLATION

The prototype solar stiil that was completed in February, 1580, has been
nperating almost continuously since that time. Produrtion has been monitored
twice each day along with visusl observations of other perfarmance factors.
The stored distilled water has frequently been requlred by the mechaniczl
workshop for the use in the vehicles 1t services., So far, demmand has not ex-

reeded available supply.

Test Results

Table 7-1 compares production from G800 to 1600 hours with full day output.
Production lz shown in a standardized auantity, liters/m’ /day, based on

the water pan area, which in this case is .46m?. The standard deviation

and the percent standard deviation are slso displayed. The percent standard
deviation varies ruch less for the full day procuction 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

hes made 1t into the primary storage container by the 1600 reading. Additior-
ally, since total production is stronoly influenced by dayiime weather

candltions, it is to be exnected “hat these figures would be more variable.

Figure 7-1 i3 a graphical representatian of Table 7-1. Produc:ion in liters/
day is shown in acditional to the stancardized 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 inmterim report,
winter production was expected té¥%bnut Q0.4 to 0.5 liters/m® /dzy. The actual
output fur June was 0.6 liters/m’ /day, slightly higher than the preadicted
valises. Since the predicticns were only rough estimates, this figure is

certzinly 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 meterials wishstood exposure
to the elements, both inside and Jutside the still. As explaired in greater

detail in the interim report, the unit was ronstructed with 3mm glass (cover),
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16mm chipboard (sides, door, and bottom), O.5mm gslvanized sheet metal
(water pan), silicone caulk (to seal joints) end paint (both inside and
outside). A 10-liter plastic contaeiner wes used for the primary storege

container. The following conditions were observed over the last yesr:

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 productiaon

7, Access docr 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 peint was rated

fur use in extreme environments such as the high temperature and humidity
conditions that might b= found in a atill. Eoth coats of paint were removed
and the pan was scraped and rubbed clean. It was then repainted with a high
temperature black sprasy paint. No primer coat was used. No rust has shown

in the three months since this operatiocn was perfaormed.

Despite this, salt deposits seem to be occumino after this modification,
whereas they were not apparent before. The appearance of salt is one obvious
conseguence 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 gry on

a couple of oceasions, which did not happen befare the change. The salt,
which makes the water pan surface appear mottled, does not seem to have
substantially affected production, so no atiempt has been mede to remove

it. Obviously, this situstion should be monitored and if 1% becomes signi-
ficantly more pronounced, the surface should again be scrapzd 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 un very well in a wet environment. It seems to absorb moisture



much like a sponge, and having done so, it expands, generally Increasing itsg
thickness. While thig nas not raused any structural weekness, it has result-
ed in dimensional Thanges at several Joints and subseauently the appearance
of a couple gf leaks. loisture comes from hoth inside the box and from
Periods of rain. In tre future, stills should not be constructed of chip=-
board but rather of '"OTE waeter-resistant materials such as flherglass or

concrete.

Faam weatherstripping was used to properly seal the atcess door to the back
of the frame. Thisg weathered badly aver a period of abaut four manths and
had to be replaced in mid-winter. Sections had to be replaced four monthsg
later when the gocr was rehingec. Since this type of weather stripping norm-
ally lasts about = yeur in its typical application around windows and tdoorg,
it is clear that it has been exposed tn harsher conditions than it v1s de-
signed for. It isg recimmended that fuiure stills utilize g betteg, although
protably more castly itTinping and at the same time cdesign the unit to prao-

vide greater praotectiiin for the weatherstripping that ig installed.

The ten=liter olastic contaiper that serves as primary storage far the dig-
tiileo water traivked zfter nipe manihs af use. Cnly the top surface of the
Ontainer had heccme so brittle that it cracked; the rest was s.-11 resilient.
Since the emtirn Jug has heen exposerd fn the elements, it spems that the
rablem is due arimacily tg the affect of ultraviclet radiation, whi:h ig

i
tronger when the sun i3 higher in the sky, striking tne top of the ug.

w O

Ag a temporary measure, the top of “he Juo was patrhed with tazpe until
the container cpulc be replazec. It ig clear that in order to increase the
longevity af thisg Fart af vhe gystem i ig necessary to find a mare durable
fantainer and/or o AProvids it proter.tion Fram 'the harmful effects of the

sun's radiatian.

ANO=her oroblem 2Aceuntered wish shig Arimary storage container was the
difficulsy orf atCurately measuring utput. The first methad tried was tg
MAr< the container with a ma23ic marker ar 0.5 ang 1.0 liter divisione.
These marks =non waznrd aff and yere reale.ed by pieres af tape, one edge
If whi K “arreepnaded sn she Frevinug nnratlicas markinns, Interpolating
Detwern marksg ATOMRE So Le d1TFliyly tap the trainees, rarticulerly in

winter uwhen daily autput uas enly T.1 ar 0,2 liters/cay. In the future, it
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would be acvissble to use a premarked container. However, since these have
heen difficult to cotain, another system of markinc that is both durable

and has creater aucuracy will have ta be devised.

Just recently, the acress doer Fell aff its hingea. This happened during

a8 storm when i+t was windy. Un examination, it was found that the
major cause of she :raSlem hed tS oo with <he leccation of the SCrews an

the door. These were set intg the edge af the chipboard, most likely because
of the ease of inszallation which this surface afforded. Due to the poor
weathering rharacteristi. s of the thipboard, end the tieight of the doar,

the screws evertually worked lacsa and the door feil off. The hinges have
been reloczted so that tney are properly attached to the door, the screws

going a:raoss she grain.

Congluqiog_and ﬁeuommgnuetions

The results from nine months nf testing and eveluation indicate that 8
golar still perfuorms reasonably well in this environment. While a large
demand for leorally uroduced distilled water has not yet presented itself,
the area hospitals =nd clinics are still importing the quantities that they
use. it is reccmmenuod tharn ‘wo atner uni<ts be huilt and tested utilizing
more curable materials such as -ancrate and Tiberolass. Gne of these ~ould
be bullt at the lozal rnospital thereby aroviding hoth production results

and zn in-sizu test, unicn would help examine the reliacility of supply

and problems of maintenarce for a lgoal instiusgtion.

Gn 2 wrare technical lavel, the argblems experienced with the prototyne

should be zccounted for in future units. Testing and observation saould
¢ontinue ano another unit should de built 3% the R.T.Y. GBased an observa-
tiong JWifficuls to cuantify, future units should have at leest as much in-
sulation surrgunding th2 water nan and eveporation rchamber as does the proto-
type. It would pProbably he desiresble o Go so far as to provide an U~value
of about 0.15 in the wallsg ano Dase af the unit. This would arevant conden-

s
sation on the wzlls ang foree more to ocrur an the relatively colder glass.

Given the basisz of nine morths af data i% wduld slso be valuzble to test
the effect »f both an insulated and an uninsulated reflector for ase pri-
marily in tne win=ar montns when procuction i low. While an insulated

reflector il pTCbanly recuse She amount 2% frost and icez Fzund in zhe

2till 210 cold winter marnings, it will Ee  much more Zostly 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

a8 larger still that would meet the desired demand.

.ww \[l



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

Daytime 24 Hour

Gn v Sm
Month L/m? /Day | Sw | T/ /Day L/m? /Day | Sa | U/m* /Day
February 2.1 0 0 1.9 T.0 .5
March 1.3 .5 Wb 1.7 .t .4
April -7 b .6 1.4 .6 ok
May .6 .6 1.0 .9 .5 .6
June 3 .2 .7 .6 -3 5
July A .2 .5 .9 .5 .6
Auaust oA -1 .2 .6 .2 .3
September .6 .4 .7 1.0 .5 .5
October .7 b .6 1.1 b .4
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CHAPTER 8 CLIMATE-WISE BUILDING DESIGN

This chepter facuses an the heating and cogling of buildings in the District
af Thaba Tseka. The goal of this work is to develop an approach to design
thet intearates building into the climatic conditinons prevalent in this re-
gion. The interim report outllines the basic concepts behind this procedure.
In eddition, it shoulg e referrec to for explanationsg of traditional housg-~
ing design and of the methad used ta calculate the thermal perfarmance aof
buildings. In this report, s nair of rondavels and 8 pair of townsite hguses
will be compared and the analytizal method evaluated. Weather data for 1980

are used in the celculations wherever it is availahle.

Description of Buildings ang Test Procedure

The aolar rondavel, drscribed in detai! N the interim report, has heen
lived in since January, 1980. In March, 2 thermogreph wes inastmlled to measure
daily temperature fluctuations. ".ith “-e exception af hest from people and
from either a paraffin or gas -0oking burner, the only source af heat to
the building has been the sun. "he thermogrsph was located about one meter
sbove the flonr near the south wall of the buildirg, never in direct aun.
Due to its locatian, it probably records temperature fluctuations that are
somewhat smaller than what ATtually acturs. Zecause the pesks are not as
great, the daily averages are slightly recduyced. Based on observations of

8 maximum-minimum thermometer located near the peak aof 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 g drawing of this house.

The rondavel that was instrumented stands shout 20 meters from the salar
rondavel in Mohlakeng. The tuwo buildings are approximately the same size.
This randavel has one small window and door which faces to the northeast.
The building is used only for sleeping By the man af the house when he ig
et home. The tiiermsl mndel has been adiusted accordingly. A thermograph was

pleced in this rondavel in August. Testing continued through October.

The E-hause with the attached grmenhouse was completed in July. A thermo-



graph was installed in August and operated through October. With the ex-
ception of two evenings in July, it was not nhecessary to supply any sddition-
al heat ta the house beyond that which came from people and appliances.
Mid-day temperetures were Bluays quite comfartable and the interior of the
house wes significantly brighter than similar units without greenhouses.

The greenhouse was not used for grawing plznts until late Rugust, when seed-
lings for the garden were started. A few that were in containers tlose to

the ground and to the glazirg 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 = drawing and photagraphs

of the house.

AR stendard E-house was also instrumented from August through October. This

unit required several hours aof auxiliary heat each night in order to bring
the temperatures up %0 the level desired by the occupanta. Both a paraffin

heater and an electric heater were used. This house is located shout twenty
meters sway from E-house with the attached greenhouse. Figures 8-4 and

8-5 contain technical drewings of this building.

Thermal Perfarmance Results

Table €-1 contains the monthly degree-days calculated for 1980. 8ased on

8 comparison with the tempersture data contained in Chapter 2, these figures
are not substantially different than the long<term results, with all manths
except May less than 10% off. The 1980 degree-days are used to calculate

the monthly heet loss of the buildings being exemined.

Table 8-2 displays the ad justment of sgolar heat gain based on the percent
difference between the 1980 meesured and long-term derived figures calcu-
lated in Chapter 2. The adjustment is made by multiplying the percent change
for each month times the relavant values cantained in Appendix 17 af the
irferim report. These adjusted values have hbeen used in the heet gain calcu-

lations contained in this chapter.

Comparisons of the mean minimum, maximum, and average temperatures inside
the four builcdings are contained in Tables 8-3 and 8-4. Table 8-4 includes
maximumg that occured in the E£~house due to auxillsry heasting, while

the data for the £-house in Table 8-3 does not. The average ingide and
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becomes very noticeahle beginning in September anmd points to the need for
windows that extend up from the floor and/ar reducing the size of the roof

npverhang cn the norith side of %the building.

The E-house has been plotted =z that the itemperature rise due to the input

of auxiliary heat can be seen. [his information was taken from the chermo-
Taph charts whizh showed 2 disztinctlve secondary peak that acocumer 3~ thp
evening around eight o'clock. Based on conversatleons with the accupants, it
appears that the OJctober auxiliary input is primarily due to cooking. It

is likely that the game temperature gains can be sttributed to this saource
during the other manths, the remainder belng the auxiliary heat inputs.

The temperature Fluctuatiuné are most markec in the L-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 an mast days.

If this had not been the case, the maximum would prcbably have been over 25°C.

It 1s now necessary to compare the 1980 performance against what the ther-
mal mcdel predicted would occur. Tables heve heen prepared showing heat
balance, percent solar contribution, and predizied averacz indoor tempera-
tures on a monthly besis. These are Tables 8-7 throuch 6-14. An inspection
of the cdata shows thet She sun zoniributes rouchly six times the eneray

to %he selar condavel as comnared o tke sleening randavel. The E-hanee
with attached greenhouse has an even grester proportion of its heat provided
by the surm when compered %o the S-hcuse. In fact, according to the modal,
there should te a surplus of hzat in 21l of the monihs examined. The model
also shows that the solar rondazvel should be warmer than She sleeping
rondavel. The seme relatinnship holds true for the E-house with greenhouse
compared fo Ihe t-house, 2lihouch the difference is mare prompouncec. The

axperience this year shows that these predictions are indesd the cace.

Table 8-15 zampares the predicied ang messured average indoor temperature

-

S
for the twc rorcdavels. Tsmperatures arz shown in both Fabrenbelt ard Canti-
e

grade. The percent diffzrences zrz wery slight, and are generally negative.

This means “hat <he actual “emzzrature was below the predicted value. Figure

d-1 disglays this graptizally.
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Table 8~16 compares the two E€-houses. The percent difference for the E~hguss
with the attached grasnhouse is large, ranging from 13% to 20%. Also aof

note 1s the fact that the meezured tamperatures were grester chen She pre-
dicted values in the E-hcusa. The large, negative differences in the E-house
with greenhouse are praobeb!y duz to the fact that whenaver the temperature
reached 25°C the occupmnt uwz2gnn to ventilate the grezenhouss=. This served

to prevent incide Semperatur=s from resching the peak thmy might ctSeroize
have attained. An wmaditional =xplemnation is that onmz of the vents in the
west wall was left open most or the time so the cats could go in anc out.

Neither of these phenomena were accounted for in the model.

The fact that the measured temperstures in the E-house were grenter tincen
the predicted values, albeit by a8 zmall emount, is intriguing. 8y axamining
days in these monthas during which the occupsnts were not at home it was
possible to see how the'pure" house fluciuated. Although thers weras vary
few of these days, the result is that without occupants, or the auxiliary
hemt inputs they required, the memsured vslues would be reduced by 3°C.
This 1s sufficient to account for the skewing of the anticipsted relation-
ship. Of course it is also posaible that the building is better insuletzd
than sssumed or that hoat gaina throush the opague woll surface are greatar

ST
than accounted fur in the mcdel. Figure 8-15 displava this greshically.

Table B-17 ccmpar=s tre predizted and measured increpse in tsmnarcatyure abnys
the outeide average temperaturszs for each of the buildings by month. If the
explanations Just given arm, in fact, %rue, the thermel modsel i3 reasomenly

accurate.

Conclusion and Recommendstions

Based on several months of tasts on two different huilding types, it appe=rs
that the analytical modal used to predict the thermal perfarmence of bulld-
ings is aound. It must be undaratood that the method relies heavily 2n an
acturate assessment of the tuilding heet loss and gain paremeters by the
person doing the calculetions. Yslues for materials tyoicelly useg in ccn-
struction in Le2sotho were oresented in ih= interim report and should Se used
in future calculations. I% must also be remembered that when predicting the
thermal performance of now-yet-bulldings, the actuml construction may re-
sult in a significany variasicn of the “termal paremesters from <has

intanded in <h2 de2=iqn. Thia oiil amabezie Sa most notizasble in

Fa Y ban
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tion rates although 1% will slzoc show up if insulation is left out of
places where it was intanded to he installed. Further variations from the
estimation orccedure will nccur because of the occupznts. Remsmber, whot

actually heopens and not what the desiorier intendzo, is corrsct!l

After living in :i¢ rondavel for nine months, ssveral design recaommencations
are apparent. The [irzt is that during constructlon, cne must be sure Shat
the thatch grass ls tightly packed when lald an the roaf. Thisg will reduce
the infiltration or cold air into the house through tha thatch, aomething
which is particulerly noticeable an windy days.

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

as the heat gsource for the bullding. They ghould run from cloae to tnn Floor
to just below the lintel and the overhang should be such that the narth
windows become completely shaded at noon in November, December and January.
The rough window openings should bz about 35% to 40% of the wall area and
should be placed on the northern half of the building. The entryway should
be placed more toward the southeast so that little or nao shading occurs on

the east window in the mornings. Oouble glazing is prefarred.
The final recommendaticn is that shutters should be deasinned to flt the
process, the resuit will probebly be a ticht=fis4inn, use=ful insulatinc

b
device. Couoled with the double glazing, heat loss will be substentially

Teduced and comfort layels railsecd.

When attaching a greanhouse to an zxisting building or when buildinng ane
into the design, a choice of masterials becomes'very important. Due g “he
large temperaturv fluctuetions, a great deal of esxpansion ang contraction
gceurs in the building materiala. This needs %o be accounted Far in sha

deaign so that th= structure ig not unduly stregsed.

Ventilation 1s also very important. it is necsssary <o pravent tne oreen-
house from overhemting. While gilizaficna? the prevailing winds can Se Sone-

Ficial, the basic design should not rely an them. In this climate, an area



equivalent to at least ane-sixth of the floor area af the greenhouse should

be vents. An even distribution of high and low openinas 1s best.

The airflow Setween the kouse and the greenhouse is also Yviry lmpartant.
In the =2xper:.i.e 5r <ne accupant, opening two wincows anc the door on

the adioining wall was adten sufficient to adecuateiv nistribute the heat.
This wes true =ven ticugh two windcws were remcunten =0 tnat they nad side
hinges. A smell fan, r=rhape sclar-powered, would help, but would add to

the initial rcast,

ODurinn this past heating seasan no additional thermal mass was added to

the greenhouse. Twanty~li‘er water sicrage containers were ordered but did
not arrive un<til Cetcber, They should bEe installed =znd cerfarmance moni+ared.
The effect should be to decreage raytime extremes and tc incresse nighttime
greenhouse temperatures. While more heat will be stared in the gr=2enhouse,
it is possible that the temperatures inside the house may be reduced.

This will also have to be checked as will the effect an plant growth.

In conclusion, it needs to be stated thet new buildings should be designed
80 that they are well integrated into the climatic conditions prevalent
in the Distric%. The basic oripcipleg have been outlined and the necessary
data tase has been zstablished. Using the developed thermal performence
model as & tocl, ocesigns canm be made that should work well. ALl that is
refuirses is oo racunmenc oractices. Gilwven ihe prepoasec erxpgansion of facili-

ties and services throughout the District, there will be meny apportunities

411

to do so.



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

1580 Mean Monthly ‘ Days Monthly

Temperature Per Degree

°r °oF (65-°F) Month Days
January 31 —
Febyuary 16.5 61.7 3.3 25 94
March 15.5 59.9 5.1 31 158
April 11.5 52.7 12.3 30 689
May 9.5 49.1 15.9 31 453
June 5.0 41.0 24.0 30 720
July 5.0 41.0 2L.0 31 744
August 8.5 . L7.3 17.7 31 549
September 11.0 51.8 13.2 30 396
October 14.0 57.2 7.8 31 242
November 30
December 31




Table 8~2 Adjustment of Solar Heat Gain through VYertical Single and
Double Glazing at Various Orientations Based on 1980 Data,
Daily Totals, (BTU/ft?)
North E/u NE/Nw
Single | Double Single | Double Single | Double
July 1430 1310 570 500 1070 980
Ruqust 1110 1010 640 580 960 870
September 740 650 680 620 810 740
October 550 Leo 920 830 860 770
Adjustment of Solar Heat Gain through MNorth Facing Single
and Double Glazing at 15° end 60° Tilts 8ased on 1980 Data,
Daily Totals, (BTU/Ft?)
15° T1lt 60° Tilt
Sinole Double Sinole | Double
July 1310 1200 1720 1590
August 1350 1230 1520 1390
September 1400 1280 1280 1170
Octghber 1840 1680 1320 1190
Adjustment of Solar Hest Gain on North Facing Vertical
Surfaces Based on 1980 Data, Deily Totals, (BTU/Ft?)
July 1550
August 1360
September 1030
October 930




8. ~10~
Table 8-3. Comparison of the Mean Minimum, Maximum snd Averaga
Temperatures, °C
Solar Rendavel Sleepino Rondavel
MIN MA X AVE MIN MAX AVE
May 12 15 13.5
June a 12 10
July 8 12 10
August 10 13 11.5 & 12 9
September 11 13 12 9 13 11
October 14 17 15.5 11 17 14
E-House with
E- Hnuae1 Rttached Greenhouse
MIN MA X AVE MIN MA X AVE
|__Auoust: 13 17 15 13 23 .18
Sent.ember 14 18 16 15 22 18.5
October 16 20 18 16 24 20 |

1. Does not include maximums due to auxiliary hesting.



Table 8-4,

E-House Typical Deily Temperature fluctustions fur Selected Manths,
Includes Maximum Due to Auxiliary Heating
Daytime Afternoon Evening
Minimum Peek Minimum Maximum
(°C) (°C) (°C) (°C)
August 13 17 16 19
September 14 18 18 20
Octaober 16 20 20 21

-1l -



Table B8-5. Comparison of Average Inside and Outside Temperature for Four Buildings for
Selected Months in 1980

Average Solar Raondavel Sleeping Rondavei E-House E-House with
Outside Attached Greenhouse
Temp Inside | DiffF. Inside Diff. Inside| Diff. || Inside Diff.
(°c) (°C) (°c) (°C) (°c) (°c) (°c) (°C) (°L)
May 9.5 13.5 L
June 5 10 5
Jduly 5 10 5
August 8.5 11.5 3 9 .5 15 6.5 18 3.5
September 11 12 1 11 0 16 5 18.5 7.5
Oct.ber 14 - 15.5 1.5 14 8] 18 4 20 6

0

-2 -
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Table 8-6. Comperison af Times at which the Minlmums end Msximums Bccur for Selected Months
Solar Sleeping Eagggiﬁoﬂégh E-House
Rondavel Rondavel Day Afternoon Evening

MIN MA X MIN MAX MIN MA X MIN Peak MIN MA X
May 0700 1500
June D700 1400
July 0760 | 1500
August 0700 1500 060n 1500 0800 1500 0800 1500 1700 2000
Sentember D?DdA 1500 0700 1600 D800 1500 D&no 1600 1800 2100
Octaber 0700 1500 D600 1500 0700 1400 0700 1500 1800 2000

-1,



:ble 8-7. Mohlekeng Solar Rondavel - Heat Balance snd Percent Saolar Contribution
| People and Percent
! Window Wall Applience Heat Saolar
; Heat Loss Heat Gain Heat Gain Hoat Ggin Halance Contribution
! Month ! (x10° BTU) (x1a® B1L) (x10° Bru) (x10° BTU) (x10° BTU) (%)
May 3.42 1.37 .19 .29 -1.57 456
June 5.01 1.738 .19 .28 -3.16 31
duly 5.18 1.L42 .20 .29 -3.27 31
August 3.81 1.15 .18 .29 -2.19 35
September 2.75 .82 .13 .28 -1.52 34
October 1.68 -7k .11 .29 - 54 51

1. May and June have heen ad justed for changes due to temperature anly.

end UOctober have been adjusted for both temperature and solar radiati

July, Rugust, September

an.

~-hi.



Table 8-8. Mohlakeng Solar Rondavel - Prediction uf Average Indoaor Temperatures
Daily Heat Daily Predicted
Daily Daily Geln from Tatal Change Mean Average
Window Wall People &nd Deily Deily in Daily Induor
1 Heat Gain Heat Gain Appliances Heat Gain Heat Loas Temperature | Temperature Temperature
Month (BTU) (aTu) (BTU) (BTU) (BTU/°F) (°F) (°F (°F)
May L4330 6010 SL00 59740 6538 5.6 L9, 57.7
June 45370 6490 9400 61860 £953 8.9 41.0 L49.9
July L5750 6560 34L00 61710 6958 8.9 L1.0 49.9
Aunust 37210 5770 SL00 52380 6946 7.5 L47.3 54.8
| September 273L0 L2110 o400 40950 6935 5.9 51.8 57.7
DOctober 2800 3540 9400 36740 6936 5.3 57.2 62.5

7. May and June have been udjusted for

und solar redistiocn.

chuniges due Lc tempersture only. July, August, September and
tictoher have been edjusted for both temperature

-5/ -



Table 8-9. HMohlakeng Sleeping Rondavel - Heat Balance and Percent Solar Contribution
People and Percent
Window Wall Applience Heat Solar
Heat Loss Heat Gailn Heat BGain Heat Gain Belance Contribution
| Month (X 106 BTU) (X 106 BTU) {X 1D6 BTU) (X 106 BTU) (X 10° BTUW) (%)
August 4.17 - .26 .14 -3.77 6
September 3.01 - .18 <13 -2.70 &
| October 1.85 - .14 (0 -1.57 8
Table 8-10. Mghlekeng Rondavel - Predicted Average Indoor Temperature
Oaily Heat Predicted
Daily Daily Gain from Total Daily Change Average
Window Wall | People and Daily Daily Heat in Mean Dailly Indoor
Heat Gain | Heat Gain Appliances Heat Gain Loss Temperature Temperature Temperature
Month (BTU) (8TW) (BTU) (BTU) (BTU/°F) (°F) (°F) (°F)
August - B556 LLOND 12956 7592 1.7 477.3 43.0
| September - 5957 L6400 10357 7598 1.4 51.8 53.2
Octaoher - 4390 L4400 8790 7653 1.1 57.2 58.3

-9/~



Table B-11. E- House - Heat Balance and Mercent Solar Contribution

People and Percent
Window wall Appliance Heat Solar
Heat Loss Heat Gain Heat Gain Heat Gein Balance Contribution
| tuath x_w® BTw) (x_10b BTt _ | (x 10" BTUW) (x 0% arw) «x_0® aru) )
_fuaust 4.36 L2 < .63 -3.17
Lintemher 3.15 .06 .09 .61 -2.39
| Utober 1.96 "‘ .03 .63 -1.30
leble 8-12.0  E-Huuse - Predicled Avernge Duidoor Temperature
Daily Heat Predicted
Daily Dally Gain from Tutal Ooily Channe M Dail Average
Window Wail People snd Daily Daily Heat in gan Vally Indoor
Heat Gain Heat Gain Appliance., Heat Gain Loss Tomperature Tempersture Temperasture
| Ponth | (OTL) (81U BTu) (T (BTU/°F) SR (°F) (°F)
| “unust 13671 bE60 20398 | 38779 7940 4.9 4723 __52.2
_ciptemben 2026 308, 20394 ~ ’5510 7955 3.2 51.8 55.0
| ti tober ‘__”::__"~J_A__986 20328 21304 8098 2.6 57.2 59.8

S



Ofﬂ

Teble 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 G(Gain Heat Gainr Heat Gain Bsalance Contribution
Manth x 10% BTy | (x 108 BTw) | (x 108 Bruy | (x 105 BTW) | (x 10° mTU) %
August 6.60 9.39 — .63 3.4L42 2> 100
September L.76 B.56 — -61 L1 > 100
Uctober 2.91 9.72 - .63 744 2 100
Table 8-14. E- House with Single Glazed Greenhouse -~ Predicted Average Indoor Temperature
Deily Heat Predicted
Daily Deily Galn from Total Daily Change Average
Window Wall People snd | Daily Daily Heat in Mean Daily Indoor
Heat Gain | Heat Gein | Appliances |Hest Gain Loss Tempersture Temperatur< Temperature
Month (BTU) (BTU) (BTU) (BTU) (BTU/°F) (°F) (°F) (°F)
Aunust 303,000 — 20398 323,398 12024 26.9 L7.3 74 .2
SeotembeJ 276,000 _' 20398 296, 398 12024 2L .6 51.8 76.4
lictaber 313,600 - 20398 333.998 12024 27.8 57.2 85.0

-8/ -
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due to temperature.

ture and solar radiation.

July, August,

Tahle B8-15. Comparison of Predicted and Measuread Average Indaor Temperatures for Two Randavels by Hanth
Solar Rondavel Sleeping Rondavel
Difference Percent Difference Percent
Fredicted | Measured M-P Difference | Predicted |Meassured M-P Difference
Month | (°F/°C) (°F/°C) (°F/°C) (%) . (°F/°C) (°F/°C) (°F/°C) (%)
57.7 56.3 -1.4
May P 1.3 13.5 -.8 -2
49.9 50.0 <1
June 9.9 |_——10 .1 .2
49.9 50.0 -1
July _—"9.9 10 -1 .2
S5L.8 . 52.7 -2.1 49.0 Aa.g/,, ~-.8 -2
Aunust —12.7 |. 11.5 -1.2 =4 9.4 | _— 9 = b
57.7 _—|53.6 — 1 =41 53.2 51.8 -1.4
..... 2ntenber 4.3 _////WETD - -2.3 -7 ,/////;;.8 11 ~.8 -3
82.5 — 59.9 _—|-2.6 58.3 57.2 -1.1 -2
| ti-toner 5.9 |__—75.5 1.4 -4 .6 |_—1 -.6
1. The predicted average indoor temperaturcs for HMay and June have only been ad justed for changes

September, and Dctober have heen ad justed for both tempera-

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

Houses by Month

E~ House wi{h Greenhouse E-Hnuae1
Difference Percent Difference Percent
Predicted Measured M-P Difference Predicted Measured M-P Difference

(°F/°C) (°F/°C) (°F/°C) (%) (°F/°C) (°F/°C) (°F/°C) (%)
.2 6L.4 ~-9.8 52.2 59.0 6.8

August 23.4 18 -5.4 -13 11.2 (,//’//?g//' 3.8 13
76.4 65.3 -11.1 55.0 60.8 5.8

September 2L .6 _—"18.5 -6.2 =14 12.8 16 3.2 10
85.0 68.0 -17.0 55.8 6L .4 4.6

(ictobar 29.4 20 ~9.4 -20 154 18 2.6 8

1. Does not include increase due to auxilisry heating.

-7



Table 8-17. Comparison of Predicted and Actual Increase in Tempersture sbove the Mean
Outside Pveramge Temperature by Month
E-House with
Suler Rondaveil S5leeping Rondsvel E-House Attached Greenhouse
Predicted j Actuel Predicted| Actuasl Pradicted| Actual Predicted| Actusl
(°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
May 8.6 7.2
June 8.9 9 i
July 8.9 3
Auqust 7.5 5.4 1.7 .9 L.9 11.7 26.9 17.1
i
September 5.8 1.8 1.4 0 3.2 S 24.6 i3.5
Octahber 5.3 2.7 1.4 0 2.6 7.2 27.8 10.8

-1



Figure 8-1 Soler Rondavel - Mohlaekeng
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Figure B8-2 E-House With Attached Snlar Greenhouse
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Figure 8-

Greenhause

B. E-House with Attached Solar

£-Hause
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D. Greenhouse Glazing Detail
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C. Greenhouse Window Detail - cracking putty



- ) I | S| |

-

He.

vafmlll!!-




oo 2088 | 2250 o

- AT
w J\ ﬂ n n
m._-:.l + .ll._
9 | 1s+4 bm
m m% m ! v m
-~ - a o
T n ..m .m .m. v
HﬂV =] %4 cC Crl.
[aal Vg P
L

ToK

150
(x 909

;
Bed Room/Living Room E

Porch
ADQLO

2300

S—
299
H

1 ae.. Nove mpe ...o_..-a-_.
ISale - 1:50 | .




—— AL o al 3 TrrTTT NS ES
: IBRBAN T T‘;‘L‘}‘T"“d_r*".‘f"“rrf‘r ot
7 HESSEsN LSUSEESESS §Y Fre s b bt T 4
Tt TTR T EITT T T b e r b et b s by b
+ IS EEREE RSt a EIR ISR SP OSSN G S R
Tt er -+ b e v e bppedr e sy g ~"L‘».-¢>-—..’-;~*L..4_<
. ; ' SESSSITS RS SHEERNNSSS FIS SN NS HAS HES
s + 1 Prostrrrrrttrtrss vy broses v otrerbenriy
BN IBRSS R [ R S AR (eitdE R L PR SN S S
J"a[r, AN A SRR E Rl BENAINER I SN PN SIS
—— IORESSUSSS SOOEEHESNN S HDEOTRGE b T
+ ++ v - - - g4 R N RN R R R R e
Al -LH,W‘ R IR AR T S S ,..(...:;;
- -y cde e Dy I T S S S A Seeian
— ‘»wCerrPgeK@m D G RER Ae& Y By PR AR S OF
gobn pooe - A s 1 £ . {7 LHe=S N 2L alBN
I‘.“y‘*-o—b B R e e e o L R S e el Vr""f—'-' R R SR IR R S O R S SR SO
+ + madt ARSI IR S e o8 Fepoe T ry‘»lf‘,'-- o o- . .. . T . D
e OESSENSSS SE RS ...80 A A S - Y KEOAD
llrv“'—"‘k’—*"_"r R Banaind . L
s s SR SPSSShaL SRSRRYRES DR LSEASY DIIEE SIS PR SISEE S SOBDIIME SEOEIe:
AIAA. . +—+ * i e T S S S S N e
IS . D s e ST »‘l—ohb—f—‘&y>r44lY-rf~"-o~b e R SRR IR SE TR ISR SR SPOD N
e - _.g.-L--./,-N,. PRAAESHES SEHEOET POHE SN PSS SENS SEREH DN
“V—f—'—f"-ﬁ-—«r -r—'~r-v~—7—~H4,~»y‘yorv--.~?. R R R T T
BRSARSERSEE ,,..,.‘,.4....;....r...‘;.‘..r..,......“
-+ IRt = SR .-<.'f.-',1~~.o».o-¢4 PR S .“‘......,L... R T T A T S
’ DT RS - O N S O P S
=: GEIITIEET S e e S S SIS S S b S SRR Rt
T Y T " b .
——t b DUNSS SN RENDIE TN R R R A A A ISR A SO S M
e o SRR SRR SO SN e S B e S
Sades Shasy bossd Seb S8 503 SESSISE N } SESEERES
PR R AR ¢ i se et b A‘A..‘,T.+. D N SIS SRS SRR G §
TIIIT l»7-7-ro-7m“ b IR IR R IR SR SRR I IPAE AT S NN S e e "“"“f
b Eadees £ s AL IR Bt o B = pr—r & .} . pe Ve s e e
Pestaslfades sages toss =Hods e LT ITH #I&HL‘E“—(’(A&@,.....,,*:
SEessSanns bASRY EEGESERREE 2= 22 =xe - FES N fed il SSESUey
Sadaseded! (- R8RS SeaReRERSiRe) Vay 13T SESSEILL.
0 .
+
P Sy IR I DM S DS T .
»IIT.,.-I‘.fﬁ;.,,Tr, trrr e P g e ey o
SN Y YRR SIS e v o b 9‘,‘....‘1..¢
+ — 8 e
+ R e S SRR S
+ P e RIS I S T .
++ IRSSOESEO0 SERGESEASE SRS T og
-t SRS DN s
- +
ISSSOSES SHSES SEURY PNSSNGEOE -+ SEEESSODE PESESSE:
R s el et R e R R R R N I e
,%"“h"“"‘f?‘" R et e B R R R e R kR I
v B B T e
+—4 oty - g aanst IEIRIEIE I e .
ISBYEeS MDY NG SENGR 1S AN
Pttt USRI RSB
by vy B inn i sunntaadd! ...
2 | Snav/iSeantaasss
4 s ' :
-t T —— +
+ ¢ PO --.H¢.yo4» PR
4 — -— P IR e SR S, b
R +——t r_’; . .
JIRS: (MARERANN L ey, o e
4 PRGNS S — b dee
—t e PSERGy IR BTES
ppm et e e 4 —edr e} e b
V- . .-/y e e e . e e b
~— - 3
——— e e — REDIDEND Y
— e S ORI RN C e e
SOSHNNNNE HHGRE SHBAE SN IR
REDDHGNDEDRN ..-Ij — e ceeeei
._._.,*-..._...-.L..-,...a.. b - o - = e e,
PPENEDE SUDER S IR e,
SESNINSDESBRREE DEDEE SEBOEE LITr
N TR e T
oo e ey o AT ./i e e e e e .
P,
LR D PSR IR e e el
T TR DDOOS e e
S0 ESTOINIEND I SR N e e
m‘..-.-r.-..,.-.l/ [P e s
. AL e e
— - - R S i ~>.-c1
-ﬁ—f-f—-”-‘-«o——v—y-&«»o. o oo e o e
| SEDER SRR ISR I [
e e e FER RS - .../o........ Ve e .
_.,..-.-,---4..... M B [
»‘—0700‘00-[00'¢ Dk i ot oI SR NS e v e
BIRGHROEESIE SENDEE SN DI
SUSHSOOOEE DN --?. UL N
BEEHRNRIINE SIS I At S . Caly
e I T T IR S e S R L - RN
S ENPIIEE I SN S D . . -y
S A I g - PO . ! sy
T sy s e e SRR
i T : —
G S e N . ' o ,.....1
SSeRet EESRauas suctieuad FREEEUSEE URENNNEEE ERNUDE o
SRR -,.,.._.—.*4.._._.._-.&0 Sy - . .,]
D R S Uﬁr N 067[;8: -
e i T e e I - e .
D N B [ C
D S S S . . . ..
D T T . . .
& 4 e e e mie e g e e e e ———
_,-.,‘_._.‘k......,....L...‘......,.,.... e . e .. .
REREDERERNDEDIR Sy S I .o . .. RN
UG S U ""“""‘Y"“""‘f" [ . e e B PR
S R T e IR IR R IR AY IR TR I IR PR AP . b . R PO e e
e G T L. N R R ....-1
D o T S e . T e
R e e s e e .,,_._-....,‘.....,....{.. . . S e e e . P Fe e
N A .,---.._._j
R SIS ..,,....4...,..‘-.....i... : I
D e S P - L D
PENSEERRSSSROBRRSHNE SOBISHHIHE SESSPPEE DD IINEN N s
e e TR R e R I I I | . Gy e ...I ke b e b d
R S N TN I A IR AP Sy |
T [ . t . .- ...t4.. Ce e, e e e e e d
e o wbee e ane e e b wie e e e amems e s e b e n e e s e e et s . D |
: .--ﬂ...-,_..--r-rf—..—._--...q.............,.........‘r.‘.V>......,. ce e e e
I ! B i ISESNSEAS SSRISSESESSSAORNES SRANRSbunt



& 28~

——y— —r—
— ;;‘I' ISa= SR EBEE SERNNERRE PSRN TG ORI O

+ ‘ {«ﬁ........-._..,.,,.'w**._.,_._. ORGSR VY U U S S,
- - — e v le PR SO
T vrae o - PR v s
OﬁPﬁQHoA)" LT
_4..,...,...‘..,,,.,.. ..... R .. . o G g
Pt g v boe e ey ey ......,...1»...-.-.. - . < - B -
e S A T T T e e e e e R

S et e e B R i s

.-.,,...-, P

114..4n,.., R . e
e e .- e e el
e c- . v eea
bttt a0 @ an o . P |
et e ‘e P
TTLIILUL A,
R I [N Ceee e
dd e e e b e e e e e
yre e g4 - . Cee
- 1 oy
P e e oo ed
bttt rtom e foormmsgeifornmemre it oMoy Lo e e a
S0 e e e
TA e T I
1ttty R ey
4+ Tty e Gme e . '_-"j
Fet e b i BTN IR
F4+ 4~ 1 e s o B R T .,.j
ﬁ'*Q?YV‘ R A ..-%
=t .
B Tt
et ey P & R e e e aad
g e e g e s b e e ea e
- - R IRy [ P
[0 10 SN e e g e I
frpe e e a4 e e e e e ey
A SO, e e . PPN
_L_,_L..,,u..- e b —— e -t e -
_Y_,.._,...-,(s/ B e b
HE R T ! LIS
o e R o e R B ] --»l i e S B

I Eetadt P

S enaeae BT B i dia
P TN Sy

v g s are ol o ser e

ek ar tRIE IS BESEER S ..-“»,..g e b dee gmpe e e

B e i e R SRR R

"“P“"*"Y”‘"" i e DO e
R P T SRR .
R e

[}
3
H
i

L /v I I

’ *
nssseeiies DRGEEwEm: it

+vmpat ot o e g g e . Ly e e ey e
vt f sy s e IR AR L IR

R R R T T T AT I BRI P

T e S R A CTTTITITTI T

[roemt o= oy e ey . . . . .-

DU SDENITE R . .

R RIS - - .
ERIEERERRIDS SRS .. . .
[Tty see w v sie e e a . .

e b tamam o e .. . .

S T

E TS

[ YU SO

E

R =Lk TUTN JE S SDUDEp R S

B T St Ly S .
— - 4.& -y —- y-:_o—v-o—'o P i e b p e g e b d e . .
Rt R e e et e i et -
fhoveree g e I AL T DU .
ENERERSRE I DS SN . yores P EADEIORED IR S SNDEN e e e
S ahansadt (R STSIR SSRGS AN SRR R s S B e e i e
RENNSOE: 1S DUSSRR RS DRSNS B e s e e B S e TR SN BRI
BEER ‘ R e e unana ok e SIeE e R - T 4 bl e B R i SO .“ B O T S T PP S W
ol
B I I RN [N SIS MU TR AU IMUM ———  —— m—
LR T e L T LT I Pt Ce s e e f PR .
ee . ’...’...‘..- e s e e emeie ....-..':...ﬂrr.,-... aﬁ’&g e e e e
.».»..*.ah.«.‘..*-_ PRI U RS R TR . Umbmar - — e om—
[P SORP, IRV SR SR 0 S S S R R e ke L e e
DIPTSR TR T (PSP DN GG S U S SIFUIN U R nm C e e s e e
R IR I SR e T I SrB RSP SUNPPAS PRSP S —————
R T R O e T e S --.r.s»..-.... e e
R R R e T !
e e b ek e e .£<.3—<'.-».Aas.id..y.l{Li--y-»t"b~-.-AA»A0-
AN I RIS T S e s e
RPN et b bda.. fe e e
R sedooe e e e ey
. IO NN e e esae
[ A TIPSR SR P B T T T sy
R e E R I N u,'_a._&»..:j ;—..-»-.-’-i..-...><.-l
vee b meriad b s st bedla s lodsenrdibes reas. ......»...-i
PR ST S S OGO S SPO S PYUE S5 SRS A U ORI
A A A ;




[ maus s sl enansaansnd
P R
—~ -

P S

A S50 00021 5SS AITS s suian sndi aden sk ol A
PR T TIIIT I T T T T
oy e

peroee s

_"q —

e

[P

IR

1

RS S n G

IOSOEENSS A

F O R e e
e e s rr o~ 4 - RN . RN
R R L, . . . S
Lokt I A h .- e e e . .
PG . ' . . -
r,._.,.zu - - e
R . , T . L
I . AN e - . .
DRI SRR RPN P e e e mee e .- L - . [N . .
DO I DIIIylilonl SRS EEEEE -
SRR R P C e - . P Ce e
i e I s i . . N R
L R R R R R L R e e e R - e ‘o e e e e e . . . b—
DO R R T R T e et e e
: : + . 4 rem e
Snahiedail R RN e et P JRN R T
g e ey e v--.-w.-.--‘-—,,.v.v-.,.-.l.. PN 1 I P - .y e e e -
A T T - . e e b e ee e - R e s
e s T .. e e e
e et et S TR R S T PP , e
NN R DI S S . s -
o e e e e i
O o
Bauty d o RERRERRERT
'
RO NI
[ == »et s e
MR R e
F--..... e e s
trre e foow g e s
| ENEDEDENENRANEY IS S,
UMD SN

gy b ey

cr— A

X

ey

[ T

[ :
LI

e eee s
e me—— b o

u). . . . . N
S £ Hoyse
b e dee empe e . 5-‘/;‘0 . . . .
T i house wiTH: -
- ! Vo ) o
BERDES Sy SO T T hIREEATHOUSE T
SUTDONRENNI (S - P . ..
FOSRNEEN SR N D N -
ansR R EEREREER IR LIPS B [ .
.—-.vo-.o E R Y R e e I R R R e IR I T * .. . o
SRSSSOBINY Riuthuapirs & HMIMom .
T SIS .. e e nn e e, P
..f,,-.._h.éw ey P U S RY S S T -
Ftee-se p-aflat b ¢ eeme ee bt d et it bme e b b e ebe et e eie mee aes b md&._ -
st et + e} o e oot
bogowiace o o LU S T e e e 1 .
boo-ee aie v a T i “ e e . PO SN . . . .
e ot . R R I ¢ e a— e e
SOSASSSENY FEEESEESEE SRR & MaxIMUM ;
o omere v o v s . [ UG G e
e .. - P N I . e e e e PR s et e o e e e ‘. P PR
-+ s 4 b e 0w S T . e e v e e . . . . . . . .. ve e e ) . - .
- e e L S Y T S S . e
~4...41. PR S S I B O A S
+ . . -
el T SR . S B e e
arat R IC IR Y S 4. N T RO L s e e d
b—T—f?o»o:‘ﬁ ‘. . ..v.IA..l Ll . DT N S
gadr IR SRR S . PO L S
BEIDE I AR Ak B e R S R T T s T S P sy L G R
e I s G S IR ;—64—1——;--’—0——-.0—.&;4;!'*.‘4.-’6—.-»----‘4—0‘—’0A1»v>0-.-0—v-‘
ekl St S SP EOES MRS SIS U SR P vt et etded b s breh b e e e e v b e

e

e

N 9



T T IREGEEEHETEESEHEN NN SN RPN . T
1 + =rrrt Tt e T

JES1 s 1 I LT s ; f.#._Lli..th
N r++: .Yﬂ - e At et e b e v e ey bl
«4. -+ RSS2 S S T LR e
- 1 4 -t ﬁH;A\...| .17‘?1i‘v,r¢orfo e S et o
fﬂ‘fﬁ.r Rkt e e R e R e Sl sk IR SIS
b -t e rrrbeb et by aceeed bee - ]

B #ﬁ_.‘ vﬁﬁ*.rw —_.HH..’:._V.. N f.h..r.r.v'....ﬁwu

_v« 'T.LJ - R N B R R I E i e G e T st
PR | BRI IS 30 (AN ISP SNDIINE SN

SRanN ﬁr(....«ii DRI S
j,w#.ﬂxf B S R RN R R A R
|+ b+ ek ‘l.rw.rfo.]v.! S R S e (Y m - .IH
1 . RENSERADE RO v BEEEE EREE: .. . ..Q
4+ . i bt o avvmne foe-{of- I S . e ey
] iy ISR RO N D N e
Ly .J*.Y!.frr’xr. F O N Lo M e d
E.TT%~ e Y R B et EotIIRIPI S Spene

— -

A h Y AU R, EVSININPOHE R
vt + S JUFCIS IR SN 3 NN TP G
. [ S i
| - e bbnbos boe o PUURPEFTENTY SR
pE : , , R ceie - P A . e e

Btk o o e e B R e i et b .
Hﬁ ORI RSN S T S L.,Mw,r T e S

pee e e e

Ful
P e B R PP WP [ S Oy + - - - - . . -
=T . + o deie g e ﬁ PR ST »!m4

07
L b by - vq4|1, — oy .
F Lt 1+ +r . .4,JIW X

T ! A...Ll....e IR BB IS MDD D EPENER DRI ﬁ

PR P
+1-
;
B
*Ir'
{
!

L s ok = S S EYSEERIR R e e e e e s

L A

+
e
st

ISR S5 WU A0 A

fw . TL;.,.L..rvauT,o....lLiqlr.,‘J..ﬁlyA.Tr‘ I R e A
P e s e NG P g
) . oo [P S .‘mAw«lrwl
M .
! 3y

113

&'4

T+ .
B St aidiat e ELIE e SR R R ) dos

¢ ? DN : - . .
"N e b e i PSRN S TRODENL~ SINDSRIRN JNORENN - e
- B D O s O O T T T R A R IR
. HEPURNED N PRSI R .- B S DR - . e,
Pt t ey tr e ..u
- + — - [P R S PR .. .oy . b
GBS RRSEE RRGRBNTEES BOSOETENG SN SIS S i
- Q R S AP T S ‘ W . . -l [ SO [ )
. S e e e . Gl e b d
1 |w.lh... T . N
- Fqber e ek jee T..‘T.._!\w.f.vl; e b e b X.H‘. B
g S T [ N e v aebead
- i DN Tt T L t o — w N N .
R\ DO : PRI IS DD Né:p I BN i e e
TS 0Th) RIS IS SN I S S URU T S . ot -
-3 - T L L I IRt e e . PR . —
T .TH LAl 7,04 g ,».;wf"..ry!., P T I LT T R T I Ay I e et
Ll A 08 IS SRIRIS ISENIDES SR IDENIS SHIDERES SRIRIDUSRIN DN SDE PP S ek m ¢ et
Py - —_— T,.# P O SO ....l....o»v‘.y..:..+A. C e beaia e e .I—.r “ e i
P . - - R e R SRR ot SR LR ek cR kLI S g - P . PRI
‘Wod...;.ﬂm N R et e T . Q... -
RN % DD e . D e e I AR e e s L. e e e
‘ P ik 4 H " N e i
¥ - N N U S By N S -] -
TH.IY R T R o L R T S A I . .- — e s e ——
11P| rILI.IrQl\o‘.r(.trr.....ﬁ..lv.,..'.vﬁ e e e N ————
i : - .. - . - .- -—
I W 30 SRRy T S e e e e -
T . PO S URDPSEY RIS SPUD SRR V. */ e [
B B LT BT e e ke e Aﬁ....... vli~ -
e ey . — - - -
s ey . -
, o B i na el Rt L. K
v ¥ X

B N -
— B e
SN TH D SRy S B
Lo L L S i
S R Bt e S
L - TS T T
P B I e I
.Ta.,..v ....v_v.i.f?!?t.ll.v.vv..ﬁv; .
R s R R RIS
..iilﬁ - . —_
- :.1.v'+|¥0‘00q&'¢xll|i. P
P S T TR
e b b e s e e

PR R T
tr .
...o..t'il'q,..wAAl',.A.‘ . e

~
T
(R ST
(887
R
Ce ey
e e
e
i
[
T3t
g
‘o
’
.
'
!
f
1
.

-5
:

e
v-
t
+

tot

.ﬁ.
Sanell RESS RSO OSSR :
_WHM ESS SRRSOt B '
el |y ISSSSHEBOOAIE SENIIN




B EESNRAGREs .,vHH~h% HH~¢MMJ,.» ; - — J
PR Tt Tttt A SRS SHEHHN1 DD BRGN|
- g -y t - + ' v B e ST o
O O R O R S T  a  a H iRt e
S S4 RS SES) SN0E SENETE DU EISSLESE SHOSEIIORE SPSSSEESE
..+.~ vvvo,o*ﬂﬂlﬁrvtrﬂk vuf+..rtxf.»v+'rr'..ob.o...Y'.v [P UIOE R |
D S O N T e L LI R e |
D S A S e S e s
Y N S S S T TR I o
DA e e et
B 1 T I I b eeeda
D e P O T R T T S ...Q"»lH
- - AR BRI SR SRR Rk BETE SRR S N o J l.v-o',vv'l'v0'~0nntﬁu. EEE A aahad
S SONENIE S OF SENHEE S, ;o'?.~...4._r..r:--. ..w...a.On.‘
F JE e D e N S |
DR B U P Y I TR § IR S |
.. e e b e e s PR R R .0....v...
R T O N S N R I R R |
[T1.. ym. NIV S S R e R I
i<ﬂzuot‘ v - e . b e e e g - e ... L IR I cee e . ..
v+.14.'ﬁhv.1 ~£41.v.. e e e e D U T —ed
e ooy — . SR J T T e
b v+ 4 0 Pt ¥ B T R I o T R IR U B N .
bea b o ',A/A‘ P O Y SR Vtg
Py . Cee e - . PR
nTo. ..P.E'-!.c. s vy b O S o . -
L br s o .o . [ PUVON P Y -
SN ﬂ.P LIt SRS SRRORSARE P Ty s
ﬂ4» N [ R T e —- JS S P SR - —-
- - - DR S DA TR N Y S TP F S O
bt e — - ﬁvﬂv"or.~?..b«?.q¢ocﬁlﬂ‘. S S s O
ifop O R 1) I T TS Xeaavepe O .Am.vyv?
- - - - . boe e eme g - cr e MRS . .. e s
RBEL AR [ vt . =1 . (SN
: = - ™
Lo e . B et B AR TS S e rd sp e - ..Q..Yvolol
b+ r B T e e R R TR IR IR B I b .
SR O B - L IR I e X I o T S e
[SUPRINS | N . P T S I T R I SR S IR LI I
LI«LTWJ pr. .;.¢'74ﬁ0‘ﬂv11414 R R et RS IR v'.:qv‘fw.~oc¥ﬂv...‘.....'.010.“
Sattaghalds Rand' I R I et SRR SR r“v...fcq. I e R e A R IR
LN o R SRR R RS RS e s s R R E: S SRR Rt DS CEed PR es
= +—+ 1+ %a. -~ .- .....».'pkvk [SPUSAP SR S S PP S GO »f.ﬁ.?.qll...w..o'?l‘..n
Liie s i 4mtlv$1 P S e T I IR e «.vo.'.v«........’~¢&
b+t 7 ; = ..oll,'alz!..t.v'...t«-%'..'?...,,.,.,..,....:7. I S B S I
b+ 4 - - N B T e O B I R B A it dban AR I
- L R o I S T T T I S B LI S I B e
- B s o IR TR R A B R IR IV IE IR SN IR I SRR S PN
rAUvA - b et v b e daee ey - PR ST P IR IR P S S e o o
. [ R T R I I B T SRR
L4 t ey P A N I e R R - r e e v s P R T P T B ..O....vAY.‘
oul.7.74slv.oo‘v...r7 P S e P U S S S CED P
h~ n ot + + + e -
R [ SR s O O IR [N GG ne
D et R e e S I E R AP P S ey
* il It =R SR B D IR N b
et -+ B U IR R A R PRI R -
N RS u NS LR ESOSEEE SRR P SR . e
53 D e e LR S T Y ‘e e e R i T Y LR - ey
, b+ N DSOS SEBSNEEEN S IDDODDOENE SEINNEE" ) S
I B N SO ENDIIE DEIMINIIPIINS E IDOOOOEEEE DOBN v e
1*  SRaRARIE S b B R L D e R i I o - - - .
Tt B
P N I I T T S S S Gty I S [
SO R SEE SO RS Dt .-r.la) )
ln.g-,. AN SN BN e ITITTUINOIIN LY
S S P PP S S
4 S T e e e
w|+4l.M"..Hl.....‘-. L I I B ;w . e e SR c e -
i R T R B K IR . DR I B D]
b} JUUURPEREN PSPPI UG by . TRNDESEPEI
P X R T o
Lﬁ4~ PR s s e b e e P s e e e .......A.~......... P P |
+—t -1 B T T S e Y P T P S |
14,.4. B S S S T .‘.....‘.H.......,. P S I e s e e e
- o.£4<. L S S T T T T T U
Tq+..u”.:4 DS O S e T e
1 i + } 4 ]
SOROyT| MMIE DOROINININE SIS T DS [ N
o AO.'w P O Ol S S ) D S S
“%5v1>c PRI AT BT S p ey 4 T S S |
oy i 1
.IMHA, IR IR P IRV ERIR IR IR ' Y I RS IR UTIE SRR o PEPEN |
R R A EERE R R I i Aoy o IP ey SN T Y - ey
SEUSHE DEDE SRS SHNEEN SIS SN _ O
RERer ESE DERRRERERS FRCEESTRRE RRTRR 0~
.- P S T P . e
3 -
4 - B T P S SO [ S e
NSO SN S SN _. PN I
MEDSETE SIS DI RS SO
PSR U S O S ~ S S S
R I I TC IR IR ISR SR .rﬁ.... see e b e e
R S I B N T
Lolliiipiiiininipiiin B JROSE SSSTesSte:
L U S B L R
. e *.O.... D e e e
R R D R
M.‘. T .
N S TP D S I e
L T R T R
'.».....h.'...b.u. R ~...... 'YY.AJ'4..A3I.....r.
D R AR TR TR TS oY PSPPI D e R A I IS
>+ T R L
‘?«.‘.T?,.-.....L .t NPDENDIN) BN DS
A?r.qriY.fiot P R L I O gy

. - - | ST SR SUD G e e - - - - e - d'ntv'o‘vl.b<v~
P R R s RSN ;




- >
22 -
alﬂnf, I SORS! . o i BEEEGSRE & ! REPBIEE
. . RN IRABE N T ity : ., M
Y i, RS NES JBESBEARE U H S
; IS NERS ) HJ B fp bt e 42 IS EDERGEE Rt [
ﬂA_l.!..l L 4 tr e r« 44 ﬁH W\Tr. S TN BN RS O R et SChaetens
e DO JDESAPENES SENEREIPE N A Yﬂ. RS RSN 1 SRESNOGGDE PHOSEHRBINY HPIINNITFNEE
+ g Fer e e PSS S R T SR TRAaE S S B e o T S T T dh bt R
= AL MG HISEDRE PRNRSSEBEE B T eI SEeoRi SotE SEOOEORONT MRSt Uns
SRNNE T 155:Y DEGSINNIIGE BHIPETNREE SEIHPEE WY e N et i N e
i 3 A + . i - h " - " -
e .iwfro SRR DINNPEMPIIN ,.:¢w....”..#r~‘r,vv.i..;.x.....Yo.'.fvy.v.o.lﬂv«.“
. ¥ Af“s.e'?tfﬂil.':?-.y..:f.l..I.I... T e R R kb dsnanah an
SNy B .- B I ek atet st R I TR d .&7??'0,0.#.11?..::0 L B e
+ .JI.' I.E.éx,lt SESNGIP NI I MU S s DRI T RS ST IS OReus B <o emem s
bewedhot e § e o VLN RO s U y.‘,v&'»ix.wr PR NP [ . ot o
o :
.4?.91.&51.(Iq?..-i.-::;w Ve e e b IROSEEENEE S e e
et . I B R R R R ERe 5 B J S RIS T R
4+ o v.m vu.rviv“vvf?z:ro\v.o.v. - ?*t R T It SIS ECIC R B W e
‘«‘.IT‘@' - JE N R L 2 . - P U P e et ey o 4
R [P SN SN N ~ D D SMDIENIPENPENS
[DENDE D DG RSP NP SIS SNEPUREREIPEpS
“ace e g s e e > e R A P . e e ey
FE i T [N S R e -
S RN P
O e J O
MDD S ISSDDNOSIE SORINIENNIIN
B O I O
e e e
T O T s e s e
v e fe e g s e e e
J D R e e e
[P S R Lot
IR e T e e,
IDSSAS BSREHP RSN et
trr o=ty e b e ey Lo oo b n eome o
[ Py S S P e b
o T S e PO S S F R
+ T —
e D R o SR . - FEDER SR
EDEREDEDER (500 S S S S S L kA B
[P SR TR IR IR IR P T I I |
S tts sis Rt ieb e StetaRtul GONEE G B Y
b e VH&.&.? Fopbibpdaicbisbcdribltredtbraerverrre e ket e
NDISENE RS IS S I I T R SRR YR p AP e sITill
F e S T T T T S B R
B s o s ot R TUIIL S IE LIRSk S JR it ok o maqr..‘w e e e ey
O . e R RS S S RSO ees .v!..ajk‘ P R T IR
SR Eie: B —% Tt
IIVJ,&./MwLLCﬁ F O B S R AL & ~= YR IR P R O
gyt STy Dt e N R B I AR R S
- .QJ.Y..JIoY‘AWJ.jvf,«l,.?_T_o&T«b I EE [ N
+ +— : L O R T e S e P S
SR SEYPY PPy og B e ) 0%,0..01.v,v.r PO P S
ﬂ; r 1 90643‘,,?10.11~. Fas e gy e S S
- - PRSI SN SPURES U SPUI S G BV SEDUPY POl TP
Dy - ' SN, b e et b 4 P e e D P
] B e et T IR
(1P b+ redodlooidn, RN
.%4 4 P S R
-4t 47 Tl PR
t-4- [ e O R
M [ U S PO N
- § o .t T TR R R
N 4 ’ B R PPN SO
+ dr b+ - PP S TR T R s 5 e
NP -8 I D T T g PR O .
w2 B - — . .
RS NS PRGOS EEENE PO R R R [ P
4.«‘&‘”_‘.‘ J D e T R S
. D S R P
‘ LR I I I T T I N N R - DRI
P N O BN
B I B R R B R N S
...H|.¢'.‘.av. PO ] R - ve s
I R el ee e e N SO
.v.*ov-...".~,o..v<.va. v e e e ey v . . DRI .. +
D P T T S B
D R RN A 2F I R i »u'....v.w.........*.......~. R I B .
. e . R R A I Y R I B A ) e T T T e R A R 2 PR R R R S ) ‘.
T T R R R X F O L e
R e (0 S O L T R R skras
B D O B R T I e Il SO R
e RS Ret) SRSRS ST PR SRR ERRRES RERESEEEEE RS- YERES ERERESRRE RS SOReS
R R RS AR R SRS BOE RS EASE SR aEE e S NSRS SRSt
' — —— -
P e N N TR e ke
B I AT T I R R I S e e e
B S N S S R
[ T e R I S R TR IR S e e
. b PR A S P A A Y L . e b e .
R R S L IS IRk SLTE IR S R
O T P R L e e
IR T S TE T T TN TR e I RIS e e
v -+
[ S - Fe e e e e e e s
NS NSNS DRI SN . M
T A SN S S - R e s et e
I A ok ok I PR 3 B R S . B I e R
R T T TP S e . PO ST S S
SSRGS SHHHEN INNEEE I . PO .Ml.ﬂf
R S st RIS IR - '5.'v?.."...vv5!
D R B IR R TR R R R EEE - e rs re e oo e .
[ S S SO S . . e . ..p‘) 1
L O T PSP S ¢ S D
[ S T e R [ T I
P S S A A I e e b - X
"o FE e T S T R X [ e,
.o P I I I AU S S S S I S e ey .. [y
- R I I B R LI IR e e e e s ..mﬂt.f?‘d.
1 Tv;m‘ IS DRSS EIE SIEINMNNE SEININDINNE SIMIEEEA - I SOINIINNIER I S
<+ vEﬂh?,Y - B S S S T T S T I B R R SRt N R S R
-+ 4 .4~¢E. F S T T T T S e B e Tt R
A.Jv.wl’.“v.or.&v PERSRIE RN SR IR SR SR A ¢...........».v~'.7vf?sv.v‘7».......olﬂ.?0.%
fd‘ﬂ’ﬂ7 . b - v o
P4+ 4o .o g . R R T e I R T R R B s Mhandea L PP |
e nﬁ - v./Z Tf?f&iﬁ.)r'.rfo.llv. O PSSR P EIEPEPPUDUPOY S o
S0 B Denabab nt 1 gt B S . e S & I T e e P IR b e e
blu + T . 0,00.0,11119%!.6.!71;.{#.&vrrvtl..!.JrOQal»'&IO?erV’.lY[.Yo P p)
4 " L 5 \ i !




o i o e T s e e e e e e e T T
M Fee s s r B T i A T A o!?ffan.. . + i SRR ‘ e o
BOSE SN SH NS REE PO A N S ey SUeyy ++ Pt : + +
a e e I e R e R R R it STV S VSN (N S, . —
H*...“. R AR SR TR AP PR A SPTE X 3 TR N S +
- > PR I e e e a e e s e e e D I A A — . R Ry AR B L e A b o e
ISSSSOSDE SRRSRESEES RERERERESE SREORIEEEE PRSSSOOENE SHISSETIES PRSSRISHEE SUNSPRDu
O S TR ST ........r*‘.A'...,on R R R
wA14<4nv-H.v,...~¢..‘0~. ..u-.».‘uﬂ. Y cv‘wv‘4¢'o.-‘-1n-o ol;?.d"lt‘vv.c.4|0'.olt.'
e 4 - - . H 4 .
M e e Yhﬂw. I SIS INENSMRIREIENDD SV SN
%04. - *>‘¢n~4‘~0 e e e mo.<..‘q PP U Ul U S PSPV K S T G U IR Sy
.ﬂa.@. .‘.....'.nhv......va.‘o.'.+.v.4.b>?~ vI1>!...‘«t.r..&.v.m‘.»%‘v?m:r}hﬂ
s . . P e EECEICE B - e A TN L R R e e e e - - +—
re-— .MJ/&.w...... .v.,... IIL.I |0I~<“ e e ees . coeepetereends ﬁn..y'«.'.u
»..,C.R"... .« e e .Um*.ﬁ...~A..~.v....._“ B L T e N ¢ R |
édf. R ‘..]U...UE..-. H B I A I ‘.C..?'!“
NN N1 55yt S DD SDID DI Sl - SN I B ] {
NN T Ty T :
. - ! .. .. .. .y O 1 . PP I
,:.../\u,p._ . . PN .}.....‘....f!.i.‘ Ceeee b ....,QR.,
broree . e e .. f B L R RO S TE N iy VR e e e M
UM ! ;”*M:H.:T.HL.? IOUSSOREEE SEURESEH 11§
e e - e . T N . Ce e e -4 o . s - 4
MSEAY Sl B . R S ‘
....I.uL. ‘SRR N Y
o .FW. Ty I T IR
e e . + 3 . PRI . Coe e . CEEEIENY £ % D . - A Y .
$en . i P C e e e e e e e P B A
SRS N ESAS N O iy
PR B PO B G
.<.~..0‘.5 e e e e s .q.....w¢..q m ‘...«.k.w
R SEE ERES SR
x,rqv»#.w*.. L Y .w.u.¢t..-ﬁ !
1.'W T . DN N D i
a&rwwmﬁut SR FEERERERRE SRR SRERE EERRETIS S b b :
g e s . .. . Ce . . L . . PN . P T .. SN e .. FRP
L#w,ﬂ& R R D B e S SRR
SRS 5§ D S SRS SHSRESE S S FEGESEESSE SENSSSHSEE SHSSShGdhun
D T R S B o B B DY S g e s
v+4+up.~4%wr......: MAIHNI . * ......W,..r'-.l ..,...m..i.“.. .noih
4+ v s .} P I S TS P T Il.. 4 « s e b e s e e e e PRI SN o e
JH\H‘,. ' - .!v...ﬂs..h......‘...Aﬁ..].. . . .~.h.‘...>... s e o mms e ey
b T S SRR IR IRIE SEUERIRRIPIP SRR I S S e bl ......v¢.wt6.l..l..‘w.c R e
T'%AJJI s ;T«..‘.v...“...f.....M PEPTY PR [ .m...v.‘.f. PGy SR W
13 N SRR RSN = RN R SRS LRI SaR e
[ N SRS SO MMM SN EMDEMPEDEINIE SO
2ol DAY I DO r/“ v,~. 'SOORSHSSRE SHSSUGDEHE SEEGEHN Y
- o R LR Y D I TR . s e e s e e D T e I Ty e - IR T o Y
numr SEN S SSSOSERONE SOSSEIRIEE S SESSSHRE  SSSEELONS SHSTEEnOBs BOPSRbm
ny e L D e R D R R RN o ._/. R R R R R
mad ..Dm...lu.‘-.;...-. ”.j&, M %TR.....H.I... LTI LTS
DTANIIN I s AN I PRSI SR B> 2 /.. it
ey b .24|...‘q...* ...... .._M&.......-...-o;!‘.....r....:..1:.
BOWIN.N .. S S ; .f.wuﬁ ..... LTI S
DI S N R OO RS SO
231 ISSSOOEREE SESSREE i S /.,‘ﬂ G
———y e P T T O N I T T U U S S U S UIPUI S [
+..4_” M.........W.........,. . ‘. .m.H......'....‘:‘.J'..,w....?.‘s
404”0 L I I IR ..fv e e - D T T e L TSP SR P e S
st 4 o L P P S, [ S,
R NI SN A SO S
-~ e e s S . . B . T
qf_;c.ad proiiioniitiiiinoioon : S SSSSSERSRERNE s SOShes
e L T R . R S S S Ty
bt oo e e e PRI PR . S O
‘-.4.dL P ...‘H...'.,..‘.<. .. . L [P
WHHM. . w, ....k.......‘..w.,.. . e e b b el b e e b e e e e b e
4..?AP.U+...,.....N.....‘..;.,,. . ,H IDOSEODE DEBRESS SN
..41.,4 .0«‘.....-.‘.....‘....u., .. . e e b B AL IR IR IR PN e
- e B
7&.4+f R IR ...".‘nﬁ.. ..... “ g . S e ek e -
aendiiii JRRERERRRE DOSDRRRRRE PN 3 . Ceenil
uﬂ_« LN o _ oot ot
b+-4 o 3 . T Ve e . P T e . PR P . ——
SN T SRS SODRADBOEE SIIUSEEIE BUE- ¥ AT RS SRS EOEH OSSRt
RN . (E R RN DR DM o A NP DO S
- ) i g .
LL<.U...L.....'.... ...... Y [ -
i RS R e R Pr e
4. D N .. -
SRR : N SO S D S :-.,:-.T_J
O s B S A ClITITIITII T T I
D O L I T T e . Qe
,Hlm.<m ce wu.......*" »Aoo\,..t.r‘t?ft.v.ft-tycvﬂmh
RSS T R RN RR RO o .,.,.:r.um,mﬁw..tvn b
bevobe oo 4. L. e e . ) Ty ) L_
SIS F S S AL
BN Sl TEALSD
St HEEE NS s b ST e Y
ot S A S, ORI SN I —
+.,v8... e e e e s ..‘*..y.f.v .. m..\ITX
H.o“ R I [ .‘t.v,‘vhuvc.q’o.la,'A.."ti_'OL
R IR IR, oy el DA IITIITIITVIUN LI
iw». v d e A MR D SR et
.HH.W” HH, ”H”. .. 4..".‘...'..h.Qt.’.‘.o!»ch,
SudRES ERRTEN RO o I S S
DO :
uuiw) “oe FM e e e L T U U §
BT _“.M. PR VIR St S A e
r&lqﬁfllut’vrln . —— :.!.tﬁ T e rt‘v..:tlr,',n.i,.l?. N . T — -
Ay pan)




- e

e ..

[

IR ﬁ
v‘o. . .. .
RN
Ftu%ié R~
neRlng o
R
-y .. \.r). o
SR
g Y
115 gﬁ“

=

z
2

S

v
I'4

)

O]

2 2 FiE R

SN RO TH

A
iTt

.

EYiiie Ty iiion-

7_, i
et RS SERTES
mu:uu S
NI
pasei NPty SO 5
Ny
bt frr = § ...\).
.+ )' ..fﬂ. .

1
AP

. s
i

.«

EMPEYADP

T r—r———

L dE 2 7 PO O
bR ol e SR TR

cea g
N OB R
/:xm”“fl_uf”

B B R

S

1 bt :
RSEEEHLE DERRIESNES

b e D anan el

Y N v T '
*1. B S S -+
Rl die b o e st T IR SRR G A
Rt St S

%
w .

. - b .
[ o1
ke

..
“ R R EE R L r R R ORE DO DRGEN DN S
. ORI RSP VPSP S [ SRS

vvvvv R I T I P PR S |

.f“:

-
e e
e e e
LR
e

e e L N § -

TRt et et be e e e—————

DS SR
=T

R : NI N

i -

R .

e

) I




.35"

v - . < .

R

PR )

phe !

AR

i

e

.

ty

oo e

R

T PN

4..4 ) ) .

IR R Py et

L . P IR

N P D

picoc Gy

.

——
L
ooy
'
: cr
A it
". 4
. LI
P ; ! .

.....

o Deah mmm Arb

Coﬁ{/’ﬁﬂlsw

23005 4

IS PR ATORES € TTUO LU0 pers ;

- FHlauee 819

V4

&)

.1,1
.&.«lqn‘
LI B
PO
4e e
e
+ b
s

.

=

B e

b e b
—t e e e ttee e ey

Peepicren O &
Mensoesp [1HH

e+ s e o .

i

b
- bt
A

e e e,
1.1.‘1171

...... .t
fe e N
..... W eed g
...... P
...... .,
...... .y
L 1
..... e
+
........

.

ey

toe .

iy

PN
...... 1.
.
.....
e S S ST
D

cee iy
P
...... g
...... ..
e v
e
...... N
.......
-
.......

.

>

.

N



LR
48

699

ST_

J8_,

2.

/e

-

2]

10

3

}i"

|
AU OST



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 Framggv%éen
observed although not thermaily monitored. Results of the analysia of the

E-house with attached greenhouse are ‘ncluced in Chapter 8.

Woodlot Greenhouse

These two tunnel qreenhouses ere used primerily 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 ambhient tempera-
tures. Reasons for this were lack af proper ventilation and absence of any
heat storage facilities. It wes recommended that a total of Sm? of venti-
lation and 5890 liters aof water storage be put into the greenhouse to help

correct thls situation.

Only ® portion of these modificmtions heve been completed. A total of four
roof vents and one door are in place, only 3.412m* of ventilation area. Day-
time temperature maximums heve been reduced but they sre still not down ta
desirable levels. Only half of the recommended water mass has been added to
each greenhouse. This has helped prevent nighttime minimums dropping helow
outslde temperstures, but hes not gtopped the inside temperatures from going

below fremzing.

Figure 9-1 shows what has occuped i{n the greenhouse from May through Octo-
ber,1980. Inside and outside mean maximums and minimums are compared faor
each manth. It is 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 r position st eye level down to plant level near the
floor of the oreenhouse. This change is shown in the graph where the d4if-
ferences between the maximums decrease and the differences between the
minimums increamse. The temperature regime is considerably more stable

where the plants are located than at higher positions in the greenhouse .



In conclusion, 1t should be pointed out that it would be advismble to com-
plete the remainder of the modifications and monitor the effect that they
have gn 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

af the tree seedlings, it 1a more important to prevent the soil surround-
ing their roots from freezing. Even with only nresent modificetions in place

this has not occured and the plants have grown reasonmbly well.

Rs a finml note, it should be emphasized that these tunnel greenhouses are
not designed for use in the climatic conditions existing in Thaba Tseka.
Initisl design work has been done on a large-scale greenhouse faor an expand-
ed tree nursery. At capaclty, the nursery would be able to turn out ane
million trees each year. The intent of the design is tn pessively hest and
cool the modules that will comprise the greenhouse. If and when this nur-
sery ls constructed, the performance of these structures should be carefully

monitored.

Attached Cold Frames

The first experience with attached cold fremes in Thaba Tseka began in 1978
when a relatively large unit wa2s built onto a B-house. Initial performance
informaticn 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 Caold Frame

This unit is approximately five meters long, ane meter wide and one meter
high. The unit faces north at e tilt of 45°; ventilation is provided by
vents located on the relatively flat, upper section of the cold frame, and
by opening the covers. A skeich is shown in Figure 9-2, technical drawings

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

Cperating performance for winter 1980 is essentially the same ms for the tuwo
previous years. Fresh oreens were grown throughout the winter and in fact,

during the entire yesr. The unit was not used as a source of hest for the

\\
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house. This was agein due to the damp smell af the air and to the fact
that cold air infiltrated easily into the greemhouse so that the vents into

the house rarely supplied very warm mir.

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 differentisl between the vents is so small. Note
the black rear wall and the healthy growth of lettuce and spinach.

Figure 9~6D shows one of the problems that is probebly the cause of some

of the demp smell in the cold frame air. The swelling of the chipboard
(perticle board) is evidence of moisture apsorption and most likely is asaoc-
lated with rot. Most of the water absorbed by this material comes fraom in-
side the cold frame. The rest seeps in from outside through geps around

the poorly seeled fiberglas caver.

The original purpose of the chipboard was to suppert the innmer layer of glaas
on the cover. It was found that the double layer aof glass made the caver toa
heavy to manipulate easily. Eventumslly the glass broke and the two sheets

of glass were replaced by one of fiherglass. Fiberglass has been usecd in

the other two units. The wide hoards usen in the construction of the cavers
also contributed unnecessary extrs weight. The width of the boards has bren

cut in helf in the other unite.

Figure 9-68 shows why another problem occurred due to moisture. The sect-
ion next to the wall of the house containing the vents, ns well as two large
sections of glass, is mlmost flat. Because aof the desi~n, water has trouble
draining from this part of the cold frame , resulting 1in absarption of the
water by the wood that is there. This feamture has been eliminated in the

other designs.

This Figure also shows why cold air can easily infiltrate into this zold
frame, There is no obvious method of preventing amir from coming in the oaps
between the covers. The other designs include a piece of wood between each
peir of covers on which they rest. Weatherstripping makes the seal reason-

ably tight.



€ - House Cold Frame

This unit is asbout three meters lang, one meter high and one meter wide.

The walle are made of stone with cement mortar which, becamuse of the ori-
ginally poor finieh, has been plastered. The three covers are 900mm x 1200mm
and are tilted at 30°. 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 contmins a sketch
and Flgures 9-8R and 9-88 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 gquite 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 desion intended to rely

on & tortuous alr path to cut down infiltration. Whatever little was left,
could be stopped by easy-to-spply commercisl weatherstripping. The covers
were to rest on the inside of the base of & U channel formed by three pieces
of wood. Since the covers were so skewed, these channels were no longer in
guite 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 gaps. Figure 9-8B shows this in detail.

While these problems were experienced in construction, the owner has heen
satisfied with its performance in growing vegetables. No attempt was made
to use air heeted 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 one-half 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 ‘remes with clear silicone caulk and brass screws (added



since the photograph was tmken). Figures 9-8C and 5-80 cantain photographs,
and Figure 9-9 is a sketch, of this cold fraume.

The problem of attaching the cover hinges to the board attached to the wall
was solved as shown in Figure 9-8C. A board wae 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 thaet water dripping off
the roof would rall below the joint, thus preventing too much unuwanted water

from entering the cold frame.

Figure 9-80 shows what was done to control air infiltration. On the two sides
of the cold frame the cement was bullt e s0 that the wood frame rests below
and 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 unite. Before 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'e vegetable garden and it wil) be used 4o
grow tomatoes and cucumbers which do not do as well as they might, even in
the summer months. It is planned to continue using the cold frame far fresh
greens throughout the winter. As befare, vear-round performance =ancd materials'

weathering will have to be monitored in the coming years.

Conclusion and Recommendations

It 1s felt that the last unit makes the best-use of the materials available
in Thaba Tseka for constructing asttached cola frames. The two units with
covers tilted at 30° will have to be compared with theB-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 determinstion., It will also be necessery to see if
ventilation is needed in addition to opening the covers. If so, the design

used in cold frame number three can be modifiad to accommodate this feature,

Free Standing Cold Frames

Three protatypes were built, completed by mid-winter. The objective of this



effort wes to determine the ability of the various designs to provide a
relatively inexpensive cold frame which could emsily be built by villages

in the District. The idee was to use a minimum of imported materials, relying
on stone and mud to provide the structure which would suppart the cover.

Twa of the protatypes were monitored to determine temperature fluctuastions.

Prototype 1

This unit was designed and built by a member of the R.T.U. far his hame
vegetable garden. The cold frame is basically & 45° right triangle with the
hypotenuse aligned on an east-west mxis and the S0° corner pointing to

the south. The cover is set at a tilt of 15°. The walls of the unit are
made of large stones with mud mortar. The entire unit s built into the
slope of & hill in his yard. Only aone side had to be bermed up to give

the effect of being completely below grade . Figure 9-40 contmins 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 ere 3.1 meters long and the hypotenuse is 4.4 meters.
This gives a8 rough glazing area of 4.8m°. The growing area is just sliohtly
less than this snd the enclosed volume is 3.6m’ . The plastic has been buried
in the ground sround all three sides of the cold frame, thus reducing the
cthances for unwanted air infiltration to occur along these edges.(See

Figure 9-118.) It was also applied two layers thick to provide additional
strength. For thermal purposes it is equivalent to only ane layer of glez-
ing. The door sits quite flat on its supporting frame and because of the
plastic covering both surfaces, the asir seal is quite good when the cover

ia closed (see Figure 9-11).

On the whole performance has been quite eatisfrctory. Growth has been quite
good, improving continually since July (see Figure 9-11C). The sturdy con-
struction has vaused the unit to hold up well sven under the severe wind
conditions that have been experienced this pmst semson. It is likely that
wintertime performance will be as good as the other units becsuse of the
flatter angle of the cover, but this will have to be evalusted during the

coming year.

W



Prutotyge 2

Thia cold frame was aleo built into the slope of a hill, but hecause of a
somewhat steeper cover tilt, approximately 30°, and less rigorous con-
struction, it is not as well thermslly ineulated by the surrounding ground.
The walls are stone with mud mortar, although the stones are nat as mmgsive
8s in the first prototype. The glezing area is 2.1m?, the growirg =rea ic
1.8m* 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 squere SAP planks with a two-sheet thick layer of greenhouse grade
Uvidex 602 on top and a single layer of the same mmeterial on the inmide of
the frame. Hinges have been mede using pieces of an old tire. Sneepskin
strips nmailed to the bottom frame act as weatherstripping. Figure 8-12 and

9-13 contain 8 sketch and photographs of this unit.

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

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 hes occured

on the stone wall. The mud and stones have washed sway, mastly on the
wemther-exposed west side. This has resulted ip several atir gaps beneath
the lower wocod frame which allow for a significant amount of air infiltra-
tion. It is recommended that future units have wider stome wells which are

built up level with the top surface of the lower wood frame.

Other problems heve occumed due to animals and the wind. On a aumber of
occasions dogs ate ogut portions of the sheepskin weetherstripping. The
thermometer readings dropped accordinoly. It seems that the doogs were after
the salt on the skins, a=o obviously the salt should te scrapec aff prior

to its use as air seal. The wind eventumlly caused the cover frame to Sreak.

\b)\



This was probably due to its lightweight construction. Future units zhould

have a cover made of 35mm x5Emm glankg with dlagonel carner braces.

Plants grew well in this prototype. Its wintertime performance wag somewhat
better than in the first cold frame, However, ag spring progressed, it fell
behind the ather unit, Nonetheless, it sti]l praduced very nerdy seedlings.

Protot!ue 3

This unit is the same size as the previous prototype but geveral featureg

of the first unit have Been incorporaeted into the design. The ctaver, a single
layer of greenhouse plastic, has been huried into *rhe walls surrcunding the
cold Frame. The daor is smaller, accupying aniy about ona-quarter of the
surface area af the cover. The combination of these two femtures was intended
to bring infiltrmtion rates below that of the second =old frame prototype.

Figures 9-14 and S-15 Contain a sketch and photographs of this unit.

The stone wells were bullt wider =snd mare nearly level to the top of the
tover than in the second prototvce. (See Figure 9-155.) The weatherstrip-
ping and the latch are shouwn in Figure 9-15C., Rubber inner tyk=g taken

from a truck proved ta ba a useful and fairly duranla Ltem.

It wes found that the single thickness of the Dlasgtic cavering tore uery

easily. Although it doubley sne Giazing price, it is Tecommended tnat Future
units have a two-layer thick outer covering. Another optizn iz tg usge fiber-
glass for the cover. While initial zost is significantly highar, it will not

neajannuelreplacement; in fact it should last sbcut 10 years.

R final featurs of this unit is that it hag = greatar height from the cover

to the soil at the lgwer side of the cover. Thisg 3lightly incressed volume

+

will not% seriously affect the performence although it shouldmace it nossitcle
for the plants o gTow taller without coming tac clase to “ne glazing. The
added effect of increased, below arade, thprmmel =ess may alsn he benefigial,

This will have to bpe investigatad during the zaming year,

Test Results

In order to zxamine the fthermal perfocrmancs -+ bR Firac ond sencnd srpso-

types two maximum-minimum STATIOMEL AT wery o) arwe - - 2o nni Trane, Thoe
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hsve sultched positions. It is likely that both of these phencmenon are
partially explained by the relationship of the changing =altitude of the
sun to the cover tilt. Becausas the angle of tilt is flatter in the first
prototype, more energy enters the unit as the sun climbs higher in the aky.

Table 9-4 calculates the average smount of energy stored in the water stor-
uge containers that were placed in Prototype 2. The upper row of tins ab-
sorbed more energy than the lower row. This is prohably due to the fact
that a greater surfacs area of these tins sit higher up in 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 readinga. At 0800 the temperatures in both rows are
identicsl. At 1600 the temperature in the upper row is generally a few degreass
warmer than the lower row. As expected, the fluctumtions mre 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 meke very
good compearisons between the two prototypes. These include shape, surface
area, volume, heat storage medium, mngle of tilt and relationships betuween
these, such as surface ares to storage mass. It is recommended that = series
of tests be carried out in the coming year which sxamine some of these
factors. A good place to stasrt would be to keep the surface area and tilt
constant and vary the shape and storage medium. This could be dore so that
triangular units could be compared with rectanqgular onés and water storage
conpared with rock storage. It would be advisable to install = thermograph
inside of each unit &s well as using one to rscord outside air temperature
variations.This would allow the times at which the extremes occur to be

examined as well as the sxtremes themselves.

In any event, at this stage, three freestanding cold frames and three at-
tached units have been built and are heing observed. All units work ressona-
bly well. Long-term performance and maintenance and repair requirements need
to be monitored. Further thermal evamluamtions would be advisable, although

for widespreed adoption in the District, it is felt that more emphasis should
be placed on the free-standing units. It will be particularly important
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measured soil temperature at sbout 3 i{nches in depth, the other meamsured

air temperature at plant height, just above the ground. Readings were taken
Jt 0800 deily. The tempersture of the water in the heat storage containers
was megsured at 0800 and 1600, also daily. The datm has been analyzed on a
werkly basis fram August through October. An exception is mid-September when

the resdings were discovered to be inaccurats.

Table 9-1 displays the mean minimum, maximum and sverage temperaetures by

week beginning in May,1980. The fourth "week" of each manth encompamsses

a period of either nine or ten days rather than the seven used in the other
periods. Table 9-2 displays mean. average pyranometer readings on a harizontal
surface from July through October. The dats 1is ghown for the periods C800

to 1500 and 0800 to 0800.

Table 9-3 compares the temperatures cbtained in the two cold frames for each
weekly period beginning in August. Datms is graphically dieplayed in Figures
9-16, 9-17 and 9-18. Figure 9-16 compares the mir and suil tempermtures aof
Prototype 1 to the outside air temperature. Figure 9-17 does the sasme for
Protaotype 2. The air temperatures for both units are coispared with the

outside mir tempersture in Figure 5-18.

In cold frame Prototype 1, the minimum air temperature gerermlly followed
the pattern of the minimum outside air temperasture. The same is true of the
maximums. Inside minimum air temperatures never went below minimum outside
air temperatures, minimum soil temperatures tended to show less variatiaon
than air temparatures. The general trend for all temperstures was to ine
crease fraom August to October. The same basic pattems are evident in the
secand praototype. It is interesting to note that during one neriod in
October the minimum inslde air temperature dropped below the minimum out-
side air temperature. It did not, however, go below freezing. The minimum

s0il tempereture was generally sbout Z°C less than in the first unit.

The minimum inside mir temperatures af the second prototype sre generally
less than the fFirst cold frame. This difference increases from August ta
October, with the first prototype getting warmer while the second rematning
about the seme. The inside maximum =mir tempermtures exhibit a different

trend. In August, the first unit is belaw the second, while by Cctober, 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 probebly be with the large farmers who, curing visits to
the R.T.U., have expressed interest in these devices.
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Table S-1. Mean Minimum, Maximum and Avermsge Temperatures in °C, by
Week, for Selected Maonths in 1980

Minimum Maximum Rverane
May
1 -7 3 20 12
8 -14 1 18 9
15 -21 3 18 11
22 -31 o 15 7
June
1 -7 -2 12 5
8 -14 -2 13 &
15 -21 -1 12 3
22 -30 -5 11 3
July
1 =7 -6 10 2
8 -1 -4 13 4
15 -21 -1 14 3
22 -31 -1 14 7
Rugust
1 -7 3 15 9
8 -14 1 14 8
15 -21 -2 15 7
22 -31 2 18 10
September
1 =7 & 20 13
8 -1 2 15 9
15 -21 4 19 11
22 -30 3 19 10
October
1 -7 6 21 14
8 -1 9 23 16
15 -21 & 18 12
22 ~31 7 21 14

N

\/
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Table 9-2, Maan Average Pyranometer Readings, by UWeek, for Selected
Months in 1980, in BTU/SQ.ft

8 -16 8 -8
July
1 -7 1090 1120
8 -14 1060 1110
15 ~-21 1050 1070
22 =31 1130 1160
August
1 -7 1060 1100
3 -1 1080 1190
15 =21 1430 1510
22 -31 1120 1318
September
1 -7 139n 1490
8 -1 480 1550
15 -21 1480 ' 1560
22 =30 890 1090
October
1 =7 1290 2100
|
8 -14 1560 1960
15 -21 1540 2080
22 -31 1940 2320



http:BTU/SQ.ft

Table 9-3. Comparison of Tuwa Free-Standing Cold Frames - Temperatures in °C
PROTOTYPE 1 PROTOTYPE 2
Thermal Mass
Air Soil Air Soil Upper Lower
MIN MAX MIN MAX MIN MAX MIN MA X 0200 1600 Gaoc 1600
August

1 =7 Q 24 12 23 3 34 10 23 12 25 12 25

8 -1 7 24 12 21 5 38 10 23 10 26 10 25

15 -21 5 25 12 27 3 33 9 22 10 24 9 23
22 -31 8 26 9 30 5 32 10 24 12 26 12 22

September

1 -7 8 L0 11 34 8 31 10 27 1L 32 13 26

2L =30 10 30 9 32 L 29 8 17 4 10 4 8

Uctober

1 -7 8 L7 12 38 5 L4 9 34 el 28 2] 24

8 -14 1h L8 14 37 9 L7 12 39 17 31 16 26

15 -21 13 L7 16 42 8 L0 12 33 16 27 15 24
22 -31 13 51 14 L8 9 Ls 11 L1 17 32 17 31

—h/-



Table 9-4. Calculation of Averege Daily Energy Stored in Water Filied Hest Storage
Containers in Free-Standing Cold Frame Prototype 2
Upper Rouw Lower Row Average
Number Number Dail&
of O T u of AT L U+ L Density BTu's
gallons (°F) aallans { (©°F) 1b /0Bl Stored
August
1-7 7 23 161 7 23 161 322 8.34 2630
8 -14 29 203 27 183 352 3270
15 =21 25 175 20 140 315 2630
22 -31 25 175 18 126 301 2510
September
1 -7 32 224 23 161 385 3210
24 -30 11 77 7 49 126 1050
October
1 -7 34 238 29 203 L 3680
8 -14 25 175 18 126 301 2510
15 -21 20 40 16 112 252 2100
22 -31 27 189 25 175 364 3040
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CHAPTER 10 EXTENSION AND MARKET ING

The basic pattern of Pitso and in-village construction workshaps continued
throughout the year. A total of twenty-one lipitso were made in 1980 with
the average attendance mbout 86 people per pitso. If §{t is mssumed that
each person represents one household and there are 15,600 househalds in the
Districg then spproximetely 12% of the District households were reached

in one year by our extension effort. While = reasonably large number of
peaple in the District have been reached, a much smaller percentage have
purchssed devices, anly sbout two percent of those spoken to at the pitsos.

As of the end of December,1980, 19 mud-and-stone vater heamters and one mud-
snd-gtone food dehydrator were sold ta villagers and built for them at their
homes. An additional fourteen sheet metal wster hesters and ten solar avens
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,
althuugg wherever possible, brief visits are made to people wha own the

devices.

R more systematic survey was done by the Econamic Analysis and Evaluation
Division of TTIRDP in QOctober,1580. The people and the unite they pur:hased
in Linakeng 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 ere relevant to the rest of the District. The survey
results are included in Appendix 2 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 gample surveyed. Education levels are
based an the attainment of & certain standard or grade 8s defined by the
country's school system. Wealth is based on comparisons of livestock owner-
ship, ownership of f.rm implements and fields end whether ar not one has a

peld job. In all categories possible, the purchasers were campared tg both

W
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gnd the ownsrship
the sample and to the District. In sll aspects of liveatock ownershipYaf

fields, the purchasers are significantly wealthi=sr than the rest of the

people in the District.

The diffusion pattern of the new idea 18 interesting. Starting with the
purchasers, they were asked whom they had told about the solar water heater
and who had caome to see 1t an thelr own initiative. Some people from both
of these groups were surveyed and they were asked who they had told about
the device snd who they thought were really interested in the idea aven
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,almoat all of whom

live in the =zame village as the purchaser. At the se-ond level of intersc-
tion, ;¢ was mostly non-relatives of the purchaser who told other people

and they told their relastives. Again the information tended to stay within
the village where the water heater was sold. Although distance wss not greet,
almost every household in eech village had been identified by someone in

the survey and very few more than once.

These two porticns of the survey indicate that 1t will be the wealthier n
and more educated people in the Digtrict who will be more likely to acicn:z;'c"“‘j
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 ssme proportlon of wealthy and edu-
cated people spread throughout the Diatrict, then sbout 450 to 780 house-
holds might be expected to purchase some new energy device igs%éar-term
future. If these prove beneficial to their ouwners, it is possible that a
very large percentage of the remainder of the population will consider buy-

»

ing one when they have the money available.

Anather question asked in the survey relates to the effectiveness af the
extenslon 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 hesters. The oumers 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 slso derived
these benefits upon using the device. However, some of the other people
interviewed expected to be able to use the water hester= te cook or to dry
food, something which they are not designed to da.

The protable reason for this confusion had to do with the fact that during
the pitsos a number of energy devices are discussed and it i{s quite possi-
ble that people got the capabilities of the devices mixed up. It ig very
important for the R.T.U. extension staff to explain ewch device and its
capabilities clearly so that people ere 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 oifficulties which were experienced
elsewhere besldes in the survey area. A booklet af this type is being de-
veloped in cooperation with the Lesotho Distance Teaching Center. The pri-
mary languege is Sesotho but a limited number of English copies will he
aveilable when it gets printed. These booklets will be given to each per-
san who purchaszes an energy device as well as to peaple at clinics, schools,
churches and stores throughout the Oistrict. It is hoped that thorough ex-
planations result in the wider adoption of the new ideas with people mare

conscious of the decision they are making.

Extension of the new ideas must continue during the coming years. The pitso
end village construction/demonstration workshop 1s a reasonably effective
tool for accomplishing this but ather methods should be tried. A better
dlalogue needs to be created among the villegers and the technical staff

at R.T.U. One method of accomplishing thias 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. Thig feed-
back will help produce more useful and better quality products. The market-
ing of enmergy 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 19681. 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 ides 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 1t comes to energy. The major problem i{s cook-
ing. Future efforts should focus on this while offering solutions to other
problems es pecple request them.
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CHAPTER 11  TRAINING

Training in the second half of thisg project has been essentially the sam~

as that which was explained in the interim report. Because of turnaver in
staff (only one person remains from the firast group of trainees) it hag

been necessary to redo the basic classroom and practlical training that was
developed in the initial ghase nf this work. Thig hes made progress in other
areas such as extension and marketing slower than originally envisioned, but
the fact remasins that, at this stage, the develapment of a competent staff
is more important then the mass marketing of ideas or products throughout
the District

As before, several levels of training heve taken place. Thease include R.T.U.
staff technical training, supervisor training, produce traininy. Different
people havz boen involved in each phase and results heve varied as will be

explainea in th: following sections.

R.T.U. Staff Technical Training

This activity encompassed several topics: theoretical work, practical
training, extenaion methods, and testing and evaluation procedures. Basic
energy ard 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 fundsment-
als are well retained. Even 80, it has proved very difficult for the train-
ees to translste basic concepts into practical situwations. This facility
will only come as they gain more experience in ‘this fleld.

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 heen pert 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 thig two~week course to be useful but it
would probably be valuable to repeat it about once per yesr, 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

(S
\7
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developing these skills.

Extension methcds are obviously an essential part of the training program.
These include holding lipitso (town meeting), working as trainer in an
in-village demonstration warkshop and explaining devices to people and groups
who visit the R.T.U. While seemingly varied, all of these activities require
e combination of technical knowledge end an ability to spesk before and

with a group of people. Part af this work also invaolved reporting on what
happened during lipitso and workshop sesgions, thus strengthening both ohbser-
vational and linguistic skills. (See Appendix 3 .)

S5ti11 enother asspect of the training invoived testing snd evaluation pro-
cedures for the devices that have been experimented with. Learning to acru~
rately measure weights, temperatures, windspeeds and solar radiation were in-
Cluded in this phase of the program. This information was recorded on 4
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, evaluastion has to he carefully supervised
because the trainees do not have enough experience with numbers to catch the

fairly freguent numerical mistakes.

Four aor five people have been participating in these areas of treining. The
Solar project staff consists of Four peaple, one of whom is the supervisor.
The fifth person i3 a student from the National University of Lesotho who
works with us during vacations. Three af the people have completed high
school, the fourth has completed his Junior Certificate (Junior High School).
Given this background, they have dore guite well. Nonetheless, more time
should be spent on developing basic science, meth and linguistic skills.

Supervisor Training

The person originally chosen as supervisar left in May, 1980. Because of

this it was necessary to select and train snother person to do this joh.

The persan chosen has been working on the project since Januasry, 1980 snd

hes demonstrated the characterics desirable for this task. Ag of Septem-

ber he began acting as supervisor. Training has involved learning how tu run
a meeting, planning out the weekly work, budgeting, long-range planning,

and basic personnel administration. As with all other efforts, it will
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require some time befare the concepts sre well learned.

Producsr 7==711irg

In addition %ta woring with pur care staff, it has also been fcund desirable
to work with lscal crafts people to develop the skills necessary to praoduce
the devices that we nresent. Masons, carpenters and sheet metal workers

have all been involved in this effort. Some were already skilied in their

craft and others neededto learn it.

The basic praocedure was ts locate one or more af these crafis pecple and
have them work with ug on a particular project, for examnle, mud- and-stone
golar water heaters or solar avens. These projects often invalved more %han
one craft such as masonry and carpentry, or carpentry snd sheetmetsl work.
Over the course of one year, flve carpenters, six sheet-metal workers and
four masons, all af them skilled in their trade, have received same form
of guidance in builiding and manufacturing solar devices. At thig point in
time nane of these trades people have truly incorporasted these new devices
into their normal business. This is most probably due to the limited demand

for their new oraoduct.

Several issuws presenct themselves when working with these tredes peopla.

[P

Rmgrn them .o "mzzg" grcductian capability, trans iercy, anc =re w lirg-
ness to try nmew items. With the exception of one carpenter, none of the
crarts 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 aorder for 10 sheet-metal solar water heaters and the sheet~-
metal worker would complete onme unit before Eeginning work on the next.

This seemed like a very slow method since each unit had to be messured
separataly. In an attempt to help them develop a faster and eaqually reliable
production scheme, templates-cutting and bending patterns were introduced.
Thege have teen round to be very helpful for the gheet-metal waork. A similar
tachnigue was develeped by the trainees when teaching scme villagers how %o

build mud-znd-stcne water heaters.

At 8 minimum, such templates reduce the time spent measuring each device,

28 well as praoviding for some standsrdization of the final product. This cen
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help reduce materials waste. A more difficult problem was to get the crafts
person to s=2e that given an order for 10 units, that dividing the projects
into discreet tasks of cutting, then bending, then sasembling, faor the
entire order would help speed up his/her work, su that it wouid take less
time to complete each unit, end therefore, the profitebility of production
would increase. (Labor was worked out an a per unit basis.) While the local
hendymen were reluctant to adopt this idee, the solar trainees seemed

more willing to do so.

Another p- :blem that was encountered was transiency of the crafts people.
When a person had been worked with for several months, they ended up being
called to go somewhere else, usually on pressing femily business. This was
particularly true of the locel shent-metzl wcrkers. One of the best car-
penters hod to leave in order to tend the family's livestock up at the
cattle post. Whatever new skills 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 notimgossible, to plan a realis-
tic production schedule to take such variations in labor availashility 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 practice,

this has been impossible %o dao.

In an effart to help alleviate this production problem, which was most
notable in the sheet-metal items, two spproaches 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 metsl working skills, use of patterns and more repid
production practices were included in the treining. This method (of train-
ing and providing production) has proved to be satisfactory but is certainly
not without flaws.

The second approach involved gaing to the market in Maseru which includes
several sheet metal warkers 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 Cape, boxes, hinged-top grain storege
bins and concrete block molds. An examination of these items revesled

that the solar weter heaters and ovens were well within the range af their
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capabilities. Nonetheless, it took almost two months to get one solar ocven

completed.

There are probably several ressons for this, mast of them having to do with
the willingness or unwillingness to try new items. The two people who starter
to make ovens both had similar risks, yet only ane completed the oven
succeasfully. Questions arose as to methad and form of payment,, who would
supply materisls, what should be done about new or strange materiasls. An
example is in order. When ardering the oven, it was first demonstrated

8t the market place. Following the demonstration, all of the sheet metal
workers were asked if they would be interested in making one. Two sald vyes.
The oven wes left at the market so thet it would serve as a model and so
that accurate measurements could be taken from it. Ue left, promising to

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

Rfter that period, we rewurned and found that nothing had hsppened. One

man sald that we were nat 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-
terisls with us and we were able to reach an agreement so they woulc 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 came 175 km to check on the progress and that

could not happen as frequently as it ought to have.

Another serious problem seemed ta be that becsusz the ovens involved the
knowledge of a secaond craft, carpentry, they were perhaps more reluctant
than otheruise to 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 thet not more than 10 meters away were several car-
penters who could have either msdvised them as to what to do, or done that

part of the job themselves.

Although one oven is now complete and the gther has been abandoned (measure-
ments were tog far off to fix emsily), we have decided that the Maseru mar-

ket is too far away to work with on 2 ateacy basis. The better z2lisrnative

!

!
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is to trein one or more people who are from the District to do the
necessary work. Until trey have e large repertoire of skills and products,
it will probably be necessary to pertially subsidize their vraining by
guarenteeing a market for their wares. After they are sufficiently srained
it 1s likely that they will be able to provide themselves at least & sup-
plementary income fram sheir trade, relying primarily on the already ap-
parent needs af the local pecple. An obvious side benefit is that as demand

increases for solar products, they will be sble to supply the desired items.

Conclusion end Recommendations

The core staff cf the Solar project should continue to receive training

in the specific technical skills required far their jobs and more generally
in besic science, math and linguistic skills. Theoretical and practical
training should be continually incorporated into the regular work program
end progress should be checked snd skills updated et least twice =z year.

The trainees should be encoursged to sttend the locally available COSC courses

(high school eguivalency) so that they cen improve on the appropriate basic
skills.

Since the present project fecuses anly an energy, it will be necessary to
absorb some cf the trainees into ather projecta that meke uo the now
functional Village Technology Section of the R.T.U. Training in the necess-
ary technical areas, initielly senitation end water and wind power, is al-
ready envisaged in the Section's plans for the coming yesrs. Because of the
emphesis that has been placed an techniceal training and on extension, it is
now clear that the four core trainees will primarily be involved in educa-
tion and digsemination of new ideas and not so,much in the production of

the developed items.

Supervisory training will have to continue ard the gerson's performance
monitored closely, particularly in the next few months. The supervisor will
soon hecome responsible for the sctivities 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 esrly stages of tran-
sltion. All efforts should be made to make the process as straightforward

as possihble.
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As far as producer training i{s concerned, it is procbebly most advisable

to train people who already reside in the District to perfaorm the desired
tasks. Mare efforts must be macde teo 1ink with the existing Trade Centre
and certainly with the proposed trade school. Training will have to focus
on technical and busineas skills g~ that the envisaged entrepreneurs or
trades people will know how and whether they are making money. Additional
efforts must he made to get the R.T.U.to make the items tha* ars2 needed

80 that some of the vagaries of transient labor are minimized. Another
aoption elang these lines is for the R.T.U. ta provide space faor some aof the
crafts people who graduate from the verious training courses so that these
people will have a3 simpler time marketing their wares. This nption would
serve to eliminate some aof the pratlems encountered when two crafts are
needed to complese an item, particularly if thege Joint skill items were

included as part of their training.

R final area of training is that courses andg Arogrems that exist in other
countries must be sought out. They will obviously need to be examined far
their suitability to this particulsr situation, but a relatively wide variety
should pfuve applicable. To date, it has heen very difficult to locate such
courses. Another option is to bring in resource pecnle on particular tapics
for definite and short periods of time, thus vpgrading skills within the
local context. Both approaches need ta he explored as the benefits from

either methad seem substantial.

\Z)
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CHAPTER 1?2 Canclusion

Fifteen months of activity have led to a great deul of progress but it
must be remembered that maore work needs to be done. Many prototypes have
been evaluated and subseguently demonstrated to over ten percent of %tne
peaple in the District. Most of those who have chosen to adapt the new
technigues ere happy with thetirp decision.

Changing our emphasis to cooking was a good decision. This effort has
resulted in the development of both s Cangervation and a solar technolagy
that promise toa be beneficial to the District's residents. The paocla 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 an the part of the householder.
However, the aven makes it possible to further reduce the use of tradition-
8l fuels and to ircrease the egse of performing certain cooking operatians
such as baking. Future units will he modified on the basis of user feedback.

Of the many technologies investigated, two others stand out from the rest.
The photovoltaic system ac the Linakeng Clinic has been working continuous-
ly sgince installation and seems likely io do so for the foreseeatble future.
Given the widespread need for small smounts of electricity in remote areas,
we would recommend thet similar installations be made as the need arises,
The ather technigue, climate-wise building, has also demonstrated its
effectiveness. While the nerformance results indicated the need for some
chenges in design, the predictive model was éhown to be guite accurate.
This moZ21l and the assumption on which it isg based, should hbe incorporated
into the design of future structures. The widespread use of these techno-
logies will help decrease Lesotho's dependence on scarce and expensive
imported fuels, thus freeing up cepital for other agpects of development.

Egually as important as the technologies, has been the develapment af train-
ed local people in the field of energy. Although the actusl numbers are
small, the effect of their effort has been substantial. Their work in in-

creasing energy swareness throughout the District will continue an many

WO
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levels ranging from extension to production end their effectiveness is
likely to incremse with time.

The sceds of a new energy future heve heen plented. While the initisl
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.



ARPPENDIX 1 INSTRUMENTATION

Several instrumentations were used to record the various perameters
conteined in this report. These include thermometers, thermographa,
pyranometers, and anemometers. Figure A~/ conteins photographs
of some of these devises.

Temperature reedings at the weather station were taeken by the standard
meximum and minimum thermometers in use by the HYDROMET service throughout
Lesotha. These are shake-down types that record in degrees centigrede. No
photograph af these has been taken.

Temperatures in other locations have been recorded by means of several other
inatruments. in the cold frames, and the woodlot greenhouses, a combined
maximumeminimym thermometer has been used. This thermometer haa a8 U sheped
column of mercury. Magnetic slides rest on the tops of each column. These
remain et whatever temperature extremes have been reeched until they are
reset by a hand held magnet.

Thermographs and thermo-hygrographs have been used to record temperature

in the houses that were gvaluated. Produced by Campbell- Stokes, these units
use 8 weekly chart which rotates by means of & wind up clock. A bimetsllic
thermometer operates the temperature arm while changes in the apecially
treated human hair cause the relative humidity arm to move. Two scales

were used, -5°C to 45°C and -10°C to 40°C. An important item to remember

is that actusl time of day should be synchronized with the time shown on

the charts when the charts are replaced. Thie helps to simplify the analysig
procedure. Figure Ri-1A4 shows a thermohygrograph and a max-min thermo-

meter.

To record temperatures in the solar water heaters the solar ovens and for

the ather caaoking experiments, three other types of thermometers were used.
All were obtained fraom OMEGA International, Stamford,Cunnecticut, USA because
equivelent units were unaveilable locelly.
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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 0°C to 100°C and 0°C to 300°C. The surface
thermometer has a magnet that emables it to be sttached to iron based
surfaces such as paolas or chimney flues. It has a dual Fahrenheit and
Centigrade scele that ranges from 50° to 750°F (10° to 400°C). The three
probe unit, trade name Faatemp, can read ges, liguid and surface temperatures.
It has a low, 12° to 43°C and a high, 38° to 420°C range. The probes each
have 8 15 foot lead. It was found that the batteries drained down fairly
easily and that scale calibration waes required at least once per day.
Figure A i-/3 contains a photograph of the long stem thermometers.
Table A /=) to A7 -3 contain specifications of all three types.

The integrating pyranometer was purchesed in Australis from Resuchfuss Instru-
ments Division, 12 Monomeeth Orive, Mitcham, Victoria, 3132, Australia

(P.0. Box 62, Mitcham, Victoria, 3132). All but two of the solar cells are
used to recharje the battery unit that operates the device. The radiation
received by the remaining cells is accumulated in the device until 8 suf-
ficient amount is stored and the counter advances one unit. Specifications
are cantained in Table A/-«v and a photograph is shown in Figure Al-/C.

Three basic types of anemometers were used to record windspeed; an electric
wind odometer, a spectrum analyzer, and & mechanical wind odometer. The
electric wind odometer allows f9r placement of the cups an top af a tower
and the counter in a3 more convenient location at ground level. This device
records the number of miles that the Cupa 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 eassily read from the ground. A photograph of this unit is contain-
ed in Figure A/-/D, Firmally, the spectrum analyzer records the number
of full minutes for which the average wind speed was within a particualer
range. This device had ten divisions that were set an arrival in Lesotha.
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 eddition to
calculating the sverage wind speed.

|
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must be carefully considered, the Mode!l Q usually provides the perect answer!
External diameter of head is only 1%42". Despite this compact size, the dial is
extremely legible. Model Q Thermomelers recsive the same meticulous care in
assembly and calibration as do all larger instruments. They are 1n every sense a

fine laboratory device yet are 3o ruggedly made that thoy will stand up under ail oAy s 00
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FAST EW
Miniature
Thermometer
and Probes

Locates ‘“Hot Spots’’ or ““Cold
Spots’ in Seconds

Choice of Two Models in
Fahrenheit or Celsius Scale

1

, *. ¢, Three probes available. One
- universal model RBT-12is
supplied with instrument. All

probes have 15 foot leads.

Immersion /
P.robe (RBT-11)
Nickel-plated copper
Dbrobe can be used for non-
corrosive liquid temperatures.

Accessory probe § 22

Forthe RBT 11 and RBT 12 probes,
he response time in slilt water is 9.5
Seconds. In still air, the response time
's 26 seconds.

. Forthe RB87-13 probe, the response time

"N still air with the air temperatures of 0°F Air Probe (RBT- 13)

Vented housing permits free

Change, tlow of air for rapid sensing of
temperatures. For air or non-

corrosive gaseous lemperatures.

Accesscry probe § 22

and 100°F, ai the end of 55 seconds, the
Probe will achieve 63 percent of the
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R “3" different »
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This probe supplied
with unit.
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Discount Schedule:
1-Qunits ........... Net
10to 19 units . ...... 5%
20to 99 units. ... 10%
100 armore ....... 15%
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The RIMCO Electronic Integrating Pyranbmeter Models R/EIP & R/EIP-C

General Information.

Sensing Head = consists of 24 silicon solar cells, 22 cells
for re-charging batteries, 2 cells acting as measuring cells,

Sensicivity - output fromp 2 measuring cells adjusted to give
0.5 mV per mWHr cm™“ of radiation.
Cells are operated in current mode through a low impedance
(~%n) to maintain linearity,

Integrator
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 per count:
Contact output (optional) change-over contact (2 Amp rating)
1 contact per 10 counts on counter (50% duty cycle)
Calibrition - instrument calibrated to give 1 count per mWHr cm™?

ot radiation.

Power Consumption - 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.

Power Supply - *4 Vv, derived from 2 re-chargeable sealed lead
acld batteries,

Batﬁery capacity - 900 mA H

Shelf life - 1% months (at 20°C)
Charging - battery charge maintained by 2 banks

of 11 silicon solar cells, each bank
delivering 50 mA maximum,

General Information on Solar Radiation.

With sun at maximum elevation on clear summer day average
radiation = 100 mW Hr/cm® (this gives' 100 counts on ccunter/hour).

Average daily radiation (for Melbourne) based on figures fror_n2 ’
CSIRO Aspendale (Div. of Atmospheric Physics) = 425 mW Hr cm™“/day.

Summer maximum approx. 1000 mW Hr cm~2 / day
Winter minimum " 50 mW Hr cm™2 / day

For RIMCO R/EIP with sensitivity of 1 count/mW Hr cm 2
expected yearly accumulated count = 425 x 2365 = 155,125 counts.
Useful conversion faétors.

1 mW Hr = 8.601 x 1071 calories = 3./7 G/"U/Ffz

1 mW = 2.389 x 1074 calories/sec.
100 mW Hr cm™? = 86.01 calories/cm?
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INTRODUCTION

In September,1980, The Saocio-Economic Diviaion of the Thaba-Tseke

Mountain Development Program was requested by the Solar Energy Sectian

of the Rural Technology Unit to design a survey that would examine the use,
evaluation end the diffusion prtterns of solar devices. It was decided to
conduct the survey in two villages in the Linakeng area: Matlatseng and
Linakeng (He'thosi) because in each of these villages two househaolds had
bought mud-end-stone solar water hesters in March that same year. Eerly in
October,1980, this survey was carried out.

The main objectives of the survey uwere:

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

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

(c) To de’ermine the diffus ion networks of the solar devices.

Methodalogz

The survey guoutionnaire was administered verbally to individuals, by a
socivlogist from the Socio-Economic Division. She was mssisted by a senior
extensicn worker from the Solar Energy section, who had been involved in
building the mud-and-stone salar water hesters in this areas six months earlier.
The collection of dats was completed in five days. A sample guestionnaire

cen be found in Appendix 1.

Data Anmlysisg

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

= Puzchaserg

- People who were told about the devices by tiie purchasers.

- People who came to see the devices or enquired about them
from the purchasers.

- A person interviewed because: she was a8 chieftaziness. Her
couriceity had to be satisfied befaore permission was
granted to interview others in the villege., She wes alao
in the 'T! graup.

Y - People who expressed an interest in the solar devices and

wanted to be interviewed.

x -0
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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 rerson who was told and by enother purchaser
8s somebody who came to see the device. As a result he hed to fall under
both groups,

Not everybody mentioned by purchasers was interviewed because some people
heppened not to be home in the five days during which the interviews were
carried out. Besaides that, a8 few ather people who were mentioned lived too
far awsy for interviews to be done in the time allotted.

For the main part of the analysis, groups 'X' snd 'Y! gre left out. The
reason for doing so is that the numbers of People constituting these groups
are too smell for any significant observations.

ABOUT THE RESPONDENTS

The survey sought profiles of the individual respondents including: age,
education, position in the hoﬁaehold, 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 resulta sre 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 aof dsta).

(c) 55% of the respondents held the position of wife of househcld hesd in
their €amilies, 4OD¥ were household heads mnd the rest were mothers, sons,

- and daughters-in-lsw of household heads
(d) Ages of respondent range from 22 to 67 vears with the average 45 years

(e) 60% of the respondents had unpaid occupations while the remaining (0%
had full-time or part-time Jobs and
(f) The averuge number of members in the respondents' households is about 7.
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Table 1 shows the averages for the above mentioned issues by groups of
PeT,5,X and Y. What is striking from this teble is the relatively higher
average level of educatian of the purchaser's group and the fact that three
fourths of this group had some type of paid occupastion.

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 exemines the significance of the mean educationsl level of the
purchasers compared ta the T and the § groups and to the entire sample,
The results show that it is unlikely that their attsinment of higher ed-
cational levels is purely a matter of chance, althaugh the tendency is not

very strong.

Table 3 tries to determine whether or not it 1is significant that the
tendency of the purchasers is to have a paid job. The results also shouw
that 1t ia 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 soler technologies, people with higher levels of education
will be more willing to adopt the new idess. Secondly, during such stages
it is likely that people who have steady and relisble incomes from their
jobs will be more willing to take the risk of buying the new devices.

Access To Wealth

Livestock ownership

Appéndix II, Table 1 compares aversge numbers of cattle, sheep, goats,

horses and donkeys ouwned by various groups in the sample with those that

are owned in the Thaba-Tseka District and in the Linakeng ares. Figures

given for the number of households in the District gnd the ares are taken
fram the 1979 household survey thet was conducted by the Socio-Economic
Division of the Thaba-Tseks Progrem. The bounderies for the esrea were

defined by both the villagers and the Thaba-Tseka Government &s being r'nder
this area. Linskeng Ha Mphosi and Matlatseng, the villages that wers involved
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in this survey, are therefore part of the Linakeng erea.

This Table shows that purchasers as s group owned more livestock than 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 erea

and the Thabe-Tseka District. Based on comparisons with the Houaehold
Survey, the purchasers fall into the category of 5% of the hauseholds 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 ouwn 13% of the
goats in the entire Oistrict. The other three groups are close to, or below

the average for the District and the area in livestock ownership.

Table 4-A,B, 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 tha’ 19e people who are rich in
livestock will be more willing to put their money into inmovation items

like the solar devices.

Table 2 in Appendix II shows that the 'P! group had the highest average
number of fielXs as compared to the other groups in the sample and to the
District and area averages. 50% of the households in this group were slso
among the 6% of the households in the District and the 30% of the households
in the Linakeng area that owned planters. All four households in this group
have at leanst one plovnh. These can be indicators of wealth because with more
fields than mi'st other households, the 'P' households can sell the surplus
produce and get extra cash. When the cash value ogﬁalanter, which 1s about
twice the value of a plough is considered, ¢these 'P!' households can he
clsssified as beirg wealthy.

The significance of the !'P!? group's greeter number of fields was tested and
the resulis were significant as displeyed in Teble 5.

Access to Additional Sources of Income

Other sources of income that were considered far the respondents are:
members of the household that remit money, sale of wool and/or mohair, sale
of crops, sale of heer, income from employment, and any other means of earn-

ing money. The results (Table 6) show nothing wnecial except to confirm the
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findings that were mentioned earlier: that the '"P's tend to earn extra
income 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

to purchase the salar water heaters, the reasons for having bought ar
wenting to buy the devices, the expectutions, benefitg ar disbenefits, and
the evaluation gof the devices by the purchesers,

The tendency among the purchasersg was to involve Someane in the process gf
deciding to buy the soler device. Three (75%) out of the four purchagers
sought somegne else's opinion or consent. Two of thesge 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, ane alse sought a Cousin's opinian,

Rlthough the sample here ig VEeTY small, it ig probable that if wgmen, whg

are primary users of Cooking and heating devices, are going to make decisions
to buy solar devices, the treng will be for them tg seek their husband's
opinion or tonsent. This is likely to be g lang process since in Lesotho

8 large Percentage of the men 8re away mast of the time, working in the
Republic aof Sauth Africa mines. In cases where men are dead ar women never
merried, there ig 3 possibility that the wamen tancerned will consult same

When the peaple who were interviewed werz asked why they decided to buy
the devices or why they would 1ike to buy such devices, the main resson
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could help to reduce money spent on paraffin, and that the devices could
help to save time spent to collect fuel (bath given by 20% of the sample).
The first reason can basically meen in cases where fuel is peraffin, ssving
fuel is the same ag saving money usually spent an peraffin, If it ig a

type of fuel thaet is collected, saving time devoted to its collection can
mean seaving energy. Appendix II Table 3 shows the above mentioned reasons
that were given, the number of Peaple that gave them and pPe>centages caom-
pered to the entire sample. Some peaple gave more than one reason.

The emphasis that these people put an saving money spent on paraffin and

on saving time devoted to collecting fuel shows aon the aone hand how high

the cost of paraffin is for them, and an the ather hand, that people can

no longer collect fuel near their homes. As a result they walk long distences,
three kilometers on average each way, to collect shrubs like Sehale-hela,
which is commonly used. These people who are residents aof linakeng Ha
'"Mphosi, Matlatseng and Seroala-Nkhoana, however, can rightly be envied

by residents of ather neighbouring villages because their villages are
situated relatively near mountain peaks where shrubs are still plenty.

What a8ll this means is that there are some people who travel longer distances
to collect fuel and that fuel 1s one of the problems FPaced by the peaople

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,
1t 1s necessary to make a Couple of explanations. The devices that were
purchesed in this part of the District at that time were mud - and - stane
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
anything, demonstrations were made in village public gatherings (pitsos)
with different devices like hayboxes thet finish the cooking process, and
food dryers. As g 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.

N
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It 18 encouraging, however, to ohserve that all four purchasers are

among the 64% of the people that expected the anlar water hesters to heat
water. £5.5% of the 'T! group said they would expect these devices to caok
food and the one person who said he would expect to dry food in a solar
water heater wes also in the 'T' group. This confirms the statement made
earlleron that people wha were told might nat have understood which devices
were being referred to. As 8 result they could be disappointed if they were
to buy the devicea with wrong expectations. It is therefore impartant far
solar energy extension agents to explain clearly to buyers how each device

works.

All the respondents were slso asked what benefits or disbenefits they
expected to derive from using the solar devices. Table 8 shows the results.
Some of the respondenta mentlaned more than one beneflt or disbenefit.

From thls table too, the confusion sbout the functions af ph$
different solaer devices that people saw durlng the demonstratidﬁéig%ﬁaag
the four 1ndividusls who said they expected to derive a benefit of hot
water . whenever it is needed, two said in perticular that they expected
to get hot water in the mornings, or that they did not want to waste time
waiting for fire-heated water in the mornings. One of these twa purchased
one of the solaer water heaters. Strangely enough, this person did not say not
getting hot weter in the marnings was a dishenefit when he was askesd about
derived benefits and disbenefits after purchasing and using his device.
Although he did not say sa, what this could meen is that he got a hetter
explanatinn'about the functions of his device when he bought it.

The benefits that were expected by the four purchasers in general were
reducing expenses on the other sources af fuel, especially paraffin(75%),
saving fuel(25%), getting hot water for washing and saving time waiting for
fire-heated water in the mornings(25%).

Evaluatian

Table 9 preéents date on the fre guency of use and purposes for which “ne
devices were used. What it indicates is that all the purchasers understoaod
that the effectiveness of their solar water heaters was controlled by the
weather. This is good, but the solar energy extension agerits should make
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gure that the buyers understand very well the extent to which the westher
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 thet it had been covered most of the winter months.
What 1t means 1s that it wes never cleer 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 serviceasble at the time
when the survey was conducted because the walls had fallen due to heavy
rains. It was one of the three devices thast needed their wslls rebuilt.
While Pl's device was still in good condition beceuse it was zovered from
raine, 1t needed to have its tilt angle adjusted so that it could be used

8ll the year round.

It hes alreaedy been indicated that on the whole the purchasers understood
how the devices they bought would work, but Table 9 shows a case where ane
of the solar water heaters wes used to finish cooking semp(crushed corn).
The lady who did this did not do so out of ignorance or confuslian, but she
was being innovative. She wanted to see if it would work and when it did,

she continued doing it.

As part of the eveluatian, the purchasers were ssked to state derived bene-
fits and disbenefits since they bought and used their solar water heeters.
Teble 4 Appendix IT shows the results. People seemed to be unsure af their
enswers for this question. However, the major benefits were that fuel was
saved end that expenses on paraffin were reduced. These two henefits corres-
ponded with the first two expected oenefits (Table 8). The major disbenefit
was that the solar water heaters were nnt servicesble on cloudy days. The
other disbenefits were;taking a lang 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 disbenefits in Table 8. The genersl impression that the interviewers
got from the purchasers asbout the devices was neither good nor bad, except
Fof P3 who finished cooking semp in her device and wes highly impressed

with its effectiveness.

Our recommendation for getting people to evaluate the effectiveness of such



devices 1s to give them & longer time between the date of purchase and the
date of evaluation. This period should also cover most of the seassons of

the year. This survey was conducted gix months after the solar water hegt-
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 trece diffusion patterns or networks, people were asked
if the individuals with whom they discussed the solar water heaters were
their relastives or not, and in which villages those individuals resided.
Table 10 shows the beginning af the diffusion networks based on a8 person's
relationship to the purchaser. Pecple are represented by a '1' if they are
related to that 'P' or by an '0' 1f they are not related tec the 'P' in
guestian. Table 10-8 1a continuation of the diffusion networks. This Table
shows how the diffusion of the ides spread from the 'T' and 'S’ groups.

The pattern that the diffusion followed from the purchasers 1s such that
there is an approximetely equel distribution between relatives, non-relatives.
However, it was mostly non-relatives of purchesers who told other people
about the devices. Non-relativea 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 davices. Even
though the sample is small, whet this can mean is thet the Basotho like to
share new ideas with at least their relatives. Possibly, the relatives of
the purchasers did not feel they had to bother about spreading the nouws
either because their relatives in the villages had already bought the devices
tr they alreedy knew about them. The non-relhtives of cthe purchaserqzon the
contrary, probably felt it was their responsibility to discuss this new ideas
with their own relstives.

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 Matlatseng only. P3 who lived
in Linakeng Ha 'Mphosi then (his proper home was Pitseng), had 92% of the
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people mentioned lilving in this same village: finally, emong 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: Matsalle, Seroala -
Nkhoana, Pitseng, Pitsaneng and Selomong, all of which are situated in the
eastern partion of the Thaba 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 Khogeli, Ha

Tokho and Ha Mokoka, all of which are situated in the same poction of

the District as the other villages mentioned earlier. See Table 11.

Access to Fuel

This section exsminee ownership of trees, access to the chief's allaocation
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 poplsar trees, 32% owned willow trees,

and 24% owned both. People plant trees for different purposes. Some trees

may be planted especially for construction purpases, such as for rafters.
Such trees are herdly ever cut for firewood, wiile sometimes a stand of trees

1s used a number of ways.

In this survey, the major concern was firewsod. 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. Reaspanses
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 vear. See Table 12.

This Table also allows for comparison between different groups to be made.
Among the three major groups the purchaser: group (P) had the grestest
percentage of households which owned trees. Out of four households 3 (75%)
claimed ounership of trees. Only 2 out of 8 (25%) and 3 cut of 11 (27.3%)
households in groups 'T' and 'S' respectively claimed ownership of some trees.

It is interesting %o note that neither of the households that ouwn paplar

S
N
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trees from the 'T' group usually cut them nor did they cut any that year.
One possible reason far this is that the trees were still taoo young ta hbe

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 juriadiction
of the chief ur the village concerned. Some trees,though they may not have
been planted, can sapreed out of the plots of land allocated ‘o 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 far
cutting to those Individuals wha caome 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 af their own.

The survey findings show that 28% of the papulation that was surveyed

hed access to firewood from trees that were under the chief's Jurisdlction.
About 71% of these households that had access to the chief's allocation

of trees did not have trees 57 their own. The guestion did not

enguire about the types of trees that these households were alloceted to
cut. Furthermore, respondents were not assked about the criteria followed
when chiefs allocsete 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 can be grouped
into the dung type which includes "lisu" (kraal dung), "khapane" (cow manure)
and "bokuluba (horse mahure), the shrub type which includes sehalz-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 ane of the fuels used by their households. Second %o sehasla-
hala was paraffin, used by 72% of the population and third was khapane which
was used by 68% of the population. See Table 14.

While 8ll other fuels are only used for cooking and heating houses, paraffin
i1s also used for lighting inside builldings at night. The survey findings

g\
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show that about28% of the households whose respondents mentioned pararfin
did not have any paraffin stoves (primus stoves), which means that for them
paraffir was bought solely for use in lighting. The usage of primus
stoves in most households was limited toc cases where oulck cooking was re-
quired, e.g. boiling water for tea, or in ceses where there was ro other
type of fuel available. In a few househalds, hcwever, paraffin was scid tg
be used zlmost daily for cooking or hestinc buildings. Finding guantities
of paraffin bought and used within & given period of time, is one of the
means af determining the ussge of paraffin compared to the other types of
fuel. Unfortunately, this information was not consistent because people
sald they did not note how much they bought and used within certain periods
of time, therefore it had to he rejected.

ARs 1s shown in Table 4, only one household, one of the four that had
purchased solar water heaters, had access to cosl. This household happened
to be the family of a businessman who bought his goods in the Republic aof
South Africa, and was able to purchase coal there. Since it was found that
four househal.s owned coal stoves, more households could have used coal,

but they were not able to purchase it.

Hesides the purchased fuel, "lisu" (kraasl dung) is a fuel which naot 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 "lisu" out
of thelr kreals. Additionally, a few relatives and friends that heln in the
process do get some "lisu". The rest of the fuels are gathered and it is up

to the individuasl housewife to 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 end any fuel will do, for example, in the process

of brewing beer for feasts.

Appendix 1 (survey questionnaire) shows thst an attemnt 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 %o collect or purchase fuel quantities collect-

ed or used, as well as quentities left.

Ay V
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Rll these attempts failed because there was no consistency in the flgures
given and some respondents could not even estimate the figures reoulired.
Ag with the quantities of paraffin purchased, respondentg answered thaet
they never bother tc count their trees, morz especially poplar trees that
are often crowded together where they grow. They smid 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 fuelg collected and
number aof :times they were collected. The interviewers tried to estimate
distances travelled tg purchased or collect fuel, but that too proved not
to be very useful.
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Canclusion

This effaort was anly a preliminary Survey concerning the introduction of

a8 new technology ta the peaple of this District. Some aapects of the work
were easier to accomplish than others. The most notable difficulty was the
portion conrcerning fuel use. It is hoped that prcblems encountered ag well
as the conclusions resched by this study, will prove useful to future ven-

tures in this area.

The people who purchased the solar water heaters had steadier income genera-
ting jobs, and were relatively better educated and wealthier than the rest
of the sample pepulaticn. It would seem that being wealthier and having a

Job meke it more likely that someone will risk their resources on a new ides.
It ig also likely that having a better education meansg that new technologies
and their potentlal benefits will he more easily understood. We expect that
in other portions af the District, people similar to the purchasers in thisg
sample will tend to he thke first to adopt the ney energy related concepts
and technolecaies that are being presented by the R.T.U..

The decision to purchase a solar water heater tended to he done in consul-
tation with at least one other person. In half the cases, this individual
wax the purchaser's husband. Since many husbands are working in the Republic
of South Rfrica, while their wives remain in Lesotha, such Consultations,
which will pProbably occur, will take g long time to reach their conclusion,
This may appear to slow down the edoption of the new technolngies but it ig
not clear houy large this effect will be. Also, concerning decisinn-making,
1t is interesting to note that the primary reassons given for purchasing or
wanting to purchase solar water heaters were to 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 the District, it is
likely to be true in gther areas.

The purchasers were generally pleased with their new devices, which performed
as they expected them to. While the purchasers were clear as tp what the
solar water heater could do, many others in the sample were not. It ig very
important that the energy extension officers make it clear exactly what each
device is capahle of doing, so that future buyers will not have false expecta-
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tlons of the units they intend to purchase, Finally, when units are pur-
chased in the future,and the R.T.U. wants to evaluste them, 1t would be best
to walt longer thaen 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 neaw technologiles has been tharough within each village
but has not spread much beyond it. The pattern of the diffusion network has
been & relatively equal distribution from tie 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 aa possible so that the widest adoption of the new technology

cen occur.

Finally,.an attempt was made to detemmirethe nature of fuel usad in rural
households in the District. Because people do not generally keep records on
elther 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, khapane and paraffin. If more exact information on fuel con-
sumption is desired, it will be necessary to keep accurate records af g
sample population for a reasonably lang period of time.
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Table 1
Characteristics of the Respondents
Pogition
No. Average in D) Average No.
af Average Sex Occupation Education Rausehold Average ) in
Group Resp. age M F Paid Urpaid (stendard) 1 2 3 4 5 accup .’ Household
P 4 47 1 3 3 1 7.5 2 2 - - - 75 7
T 8 43 2 6 2 6 5.1 3 b 1 - - .25 8
S 11 39 2 9 2 9 L.5 3 6 1 -1 .22 6
X 1 58 - 1 1 - 5 1 - = ~ < 1 7
Y 2 53 - 1 1 2 - L.5 2 - - - < 1 L.5
Tatal 25 L5 6 13 10 15 5 111 2 - 1 ol 7
(1) Pasition in Hausehald (2) Cccupations
1~ hausehold head 1- paild Jjob
2~ wife of household head 0- unpeid job

3- mother of household head
4~ Daughter -in-law of household head
5~ son of household head
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Table 2

Significance of Educational Level (1)

Group N X & x? T
P 4 7.5 254
‘T 8 5.1 287 2.4 /1.7 = 1.41
gt 11 L.5 290 2.96/1.5 = 1,97
Sample 25 5.4 937 2.1/ 1.6 = 1.3
(1) N - Number of people in a group
X - Mean
Ex*- Summatinn cf individually sguared observations.,
T - 'T' test value
Table 3
Significance of type of occupation
Group N X & T
1P 4 0.75 3
'T! 8 0.25 2 0.5 /0.26 = 1.92
'S 11 0.23 2.25 0.52/0.28 = 1.86
Sample 25 N.42 10.25 0.33/0.24 = 1,38
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Table 4A

Significance of Gonat Ounership

Group N X &2 T
'pY 4 22.75 41.25
1T 8 5.6 1053 18/11 = 1.64
15¢ 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 Ounership

Group N X & X2 T
1pe L 14,25 1001
1T 8 4,87 387 3/4 = 2,25
3] 11 3.64 526 0/4 = 2,50
Sample 25 65.04 2083 B.2/4 = 2,00
District 2341 3.95 18,130,966 10.3/L.6 = 2.24

Table 4C

Significance of Sheep Ounership

Group N X £x? T
P [ 51.25 15,825
T 8 4,12 629 L7/18 = 2.61
S 11 3.37 300 L7/18.6 = 2.55
Sample 25 19.18 39,870 32/19 = 1.68
District 2341 16.6 321, 140,000 34.6/19 = 1,82

e,

-l
e F ‘.
vl



r

Significance of Field Ownership

Table S

X

Graup N E2 T
P b 3.5 54
T 8 2.k L4 1.1/0.5 = 2,2
5 11 1.9 56 1.6/0.8 = 2.0
Semple 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
Rccess to Cther sources of Income
Group Na. No. of Sale of Sale Sale Incaome
in people per wool.or of af from Ot her
aroup household mohair crops Beer employ-
remitting ment
money
P 4 0.5 0.75 0.25 0.25 .75 0.5
T 8 0.9 0.25 g0.37 0.6 0.25 0.37
5 11 0.7 g.45 0.27 0.6 0.27 0.18
X 1 3 a 1 ) 1 0
y Z 2] 0.5 0.5 0.5 0.5 8.5

(1) For all the gther sources of income mentianed except number of people
household remitting money: '
1 represents 'Yes' the household has access to
the source

0 represents 'No' the household has no access
to the saurce

(2) Other sources of income here include :

(iv) Selling floor mats

(v) Selling brooms

(vi) Doing part-time work an the
roads

(i) Running a cafe
(11) Selling dishtowels
(i11) Selling eqgs
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Table 7

Expectations, number of people who gave them and percentages calculated

from the entire sample

Number of people

Expectations who gz2ve them Percent(ﬁ)
Reating water 16 6b
Cooking 9 36
Food drying 1 4L
Observing the sun working
as_ fuel 1 4L

Tablz 8

Expecced benefits and disbenefits, with percentages calculated from the

entire sample

Benefits % Disbenefits %
1. saving money for paraffin 56 1. children and/ar animals
are likely to play
or. the mud-wnd-stone
water heaters amnd
destroy them L0
2. saving fuel 24
3. saving time and trouble
collecting fuel 24
L. getting cooked faaod for
the families 2a
5. getting hot water whenever
it is needed 16
6. reducing expenses on ather
sources af fuel 8

7. ''2eping food warm

8. sellirg peaches dried in
the devices 4
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Teble 9
Frequency and purpase of use
No. Freauency Purpases
P1 Less in winter when it does nat work

well end more in summer

Heating water

Deily except whern the weather

P2 was bad Heating water
P3 Two to three times a week 1. Hesting water

’ depending an the weather 2. Finish coaoking samp
Py Used every sunny day when it was

still in aood condition

Heating water
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Table

Relationship patterns in diffusion

10 A

Purchaser T ]
P1 1 0
0 1
0 1
P2 1
a
1
0
1
P3 1 0
1 1
1 0
0 0
0 0
0
0]
PG 0 1
1 0
1 1
0 1
1 1
Average 0.5 0.6

'\
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Table 10 B

Relationship Patterns in Diffusion (1)

Purchaser People told by those who People who expressed interest
weTe told by purchasers/ to those who were by purchasers/
came to see or enquire came to see

P1 4
3
2
1
4
P2 3
4
4
3
3
1
3 3
P3 3 3
4 4
4 4
2 4
1
1
P4 3 3
3 3
4 3
4 4
3 4
L
L
3
3
3
3
Average 3 3
(1)

1. Represents from relative {o relative

2. Represents from relative to non-relative

3. Represents from non-relstive to relative

L. Represents from non-relative to non-relative



Diffusion 1in Distance

Table 11

—
S &8 T Groups Secondary Network
Purchasers Village Residents Residents Residents| Residents Residents Residents
of af Linakeng of 0. other of Linakeng of ‘ of other
purchaser Ha "Mphosi Matlatsenq villages Ha '"Mphosi Matlatseng villages
P1 Linekeng
Ha 'Mphosi 8] 2 5 0 0
P2 Matlatsenqg 5 0 6
P3 Linakeng
Ha 'Mphosi 12 a 1 12 0
Py Matlatseng a 7 3 1 13 3

2

2
{

—’72—
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Ownership of Trees
Popler Uiilow Both

Group |No. in Na. No. of No. aof No. No. nof No. of No. Npo. of Nao. of

group owning those those ouning those those Quwning those those

who own who guwn who own who own who own who own
that that cut that that cut that that cut
usually that year ususlly that year usually that year
cut cut cut

P 3 2 1 2 pd 2 1 a 4]

T 8 2 g 0 2 1 2 2 0 0

5 11 3 3 3 3 4 0 2 1 0

X 1 1 0 0 1 1 1 1 0 0

Y 2 1 1 1 0 0 0 0 0 0]

Tatal{ 25 13 6 5 a8 5 5 2] 1 0

2t
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Access to the Chief's Allocation

Teble 13

liraup Ra. in No. that cut from Ko. that do >t gun flc. thsl cun the!r
group Chief's allccaticn but cut from Cnief'sg trees but siiii cui
allocation ——.from Chief's allccalion
H b 0 1
T 8 2 2 0
S 11 2 2 - _ g
X 3] G a
Y 2 2 1 1
Total 25 7 5 2

21



Table 14

Other types of fuel and Number of Households that ysge them

I Oung type Shrub type Purchased fyel
[Group No. in
group Lisu WKhapane Bokulubs Sehala- Cheche 1leng- dead
hgla na twigs paraffin coal
P 4 3 3 1 3 4 1
T 1 7 4 1 5
| S 11 1 9 3 ] 7
| X 1 ) 1
Y 2 2 2 2 1 2
Total 25 13 18 - 3 21 4 1 1 19 1
(12) (17) \2) (20) | (18>

(1) The figures in brackets represent the atatisticalycarrect totals for these categories after

they have been adjusted to account for the household that falis in both the Tt and 'S' groups.

2t
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APPENDIX 1

Survey (uestionnaire

A study of the diffusion of new energy UTILIZATION DEVICES with particular

reference to Salar Fguwer.

R,

ABOUT THE RESPONDENT

1.

3.

b,

5.

7.

Be

9.

(a.
(b.
(c.

(d.

Date 2. Village

Name of respondent

Poeition of respondent in the housshold

Sex 6. Rge

Educational attainment

Occupeation

Membership of veluntary organisations

ORGANISATIONS POSITION HELD

)
)
)
)

(e.)

ABOUT OTHER MEMBERS OF THE HOUSEHOLD

PRESENT

NAME AGE __ SEX EDUCATION  (OCCUPATION  ABSENT

PLACE OF
EMPLOYMENT

B
iy

NN
AN
0
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C.

SOURCES OF INCOME

Does the househald own the following?

Number of livestock ouned where kept most of year

(a.) cattle
(b.) sheep

(c.) horses and donkeys
(d.) goats

Fields ouwned

(a.) Ouned by the household
(b.) Rented from gther househalds

Farm implements

(a.) Ploughs

(b.) Planters

(c.) Cultivators

(d.) Carts

(e.) Tractors

Cther sources af income:- Do you receive income from these sou; ces?

(a.) Number of members of household remitting money

(be) Income from sale of mohalr and wogl last yvear., Yes No
(c.) Income from sale of crops. Yes . No
(dej Income from sale of beer. Yes No
(e.) Income from employment. Yeg Na

(f.) Income from other sources (specify)

BASIS FOR MAKING DECISION TO PURCHASE DEVICE

Does the household own trees from which it can cut saome firewsod?

———

Yes No « If the answer to 1 is yes, specify the type and

W
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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 yeer
then in other years and if leas gor more trees were cut, how many

are ususlly cut.

No. cut Number Number
Type af tree Number awned this winter left Usually =zut

(1)
(b)
(c)
(d)

2. Does the hausehold have 8ccess to wood ocuwned by the chief/village?

Yes Na « If the answer ig yes, how many trees were cut thig
winter fram this source and was this less or more than in other
yeara? (Indicate type of trees and amount(s).

What ather sources aof fuel are availeble to the housaehold and in
the past month, how much of this fuel type did you buy or collect?

Type af Number aof Number of Digtance Quantity How
fuel times pur- times col- travelled purchesed wuch is

chased in lected last to pur- or col- left?
lart month month and chase/col- lec:ied
and where where col- lect fuel
nurchased lected

(a.)

(b.)

(c.)

(d.)

(e.)

(fF.)

WO
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4, Have the quantities of fuels indicated sbove been less or more
than what you usually use, and if 80, why have you increased or
decreased the use of those particular fuels?

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. Lhy did you buy this device? Date of purchase?

8. Had you seen or heard of 3 similar device before? If the answer
1s ves to any of the questions, where did you see a similar device
or who told you of & similar device? Were they related to you?

Name of device

Village where Heard of Name aof

device seen or or seen person, owner

heard aof or teller Relationship
(a.)

(b.)

(c.)

(d.)



9. Was someone else involved in deciding whether to purchase the de-
vica or not? If the answer is yes, were they related to you? From
which village did they come?

Neme of Co-decider Village of origin Relationship
(a.)
(b.)
(c.)
(d.)
(e.)

10. When you Pirst purchased the device, what were your expectations
about 1t7 For example, what did you thinmk 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 explsain:

2. Since buying the device, has it been altered in any way, for what
purpoee, and by whom? If the answer is yes, how much did the alter-
ations cost?

<3
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3. Does the device need alterations? Plemsse explsain:

4. You have now hed the time to Pind 1% whether the device is useful
or not. Pleese statz all the benefits and dia benefits you have
derived rrom using the device.

Benefits:

Disbenefita:

F. DIFFUSION

Now that you have bought this device, have you told any of your
friends about 1it? If ves, glve thelr nemes, villages in which they
live, their relationship with you and whetier they are female or

male.

NAME SEX VILLAGE RELATIONSHIP AGE
(a.)
(b.)
(c.)
(d.)
(e.)

2. Have any other people made enguiries about the device? If the answer
is yes, give their neme end the villege from which they had come.

Y.
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NAME SEX VILLAGE _ RELATICNSHIP TO YOU

(a.)
(b.)
(c.)
(d.)
(e.)
(r.)

3.

Of these people whom dg you think are most interested in owning
one of these new devices and why?

FOR_NON-PURCHASERS, ALTERNATIVES TO SECTION O, QUESTIONS 7-10

1. -Would you like to purchase the device? VYes Na
Why?
2. Have vyaou seen or heard of a similar device before? If yes, give

the name of the device and whers you saw it or who told you about
it.

Village
where Heard . Name of
geen or ar guner
Name of device heard aof seen or teller Relatiunahip
(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?

"W\\



b. 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.)
(c.)
(d.)
(e.)

5. Heve you told other people sbout this device? If yes, plaese give
their names, their village and their relationship to you.

NAME SEX  VILLAGE RELATIONSHIP

(8.)
(b.)
(c.)
(d.)
(e.)




Table 1
APPENDIX IO
Comparison of Average number of livestock owned by variagus groups in
the sample with people in the ares and in the Oistrict.

Group No. in
group Cattle Sheep Goats Horses and/ar Donkeys
District 2 341 4 17 8
Area 243 3 16 15
P 4 14 51 24
T 8 5 4 5.6 2.4
S 11 4 4
X 1 0 0 0 1
Y 2 7.5 77 15 4
N.B.

The 1979 Househaold survey from which the figures for the District and
the area are taken, did not Bnoulre about horses and donkeys.

Group Na. Na. of Ploughs Planters Cuylti- Harrows Cartg Trac-
in fields % “ vatars % % % tors %
group  at;ned gwning owning Cwning auwning owning owning

District "2 342 2 L2.5 3 1 0

Area 243 1.9 34 3 g 0

P 4 3.5 100 50 100 0 0 0

T 8 2.4 94 12.5 ~ 37.5 12.5- 12.5 0

3 11 2 LS.4 0 27.3 0 g g

X 1 3 100 0 100 0 0

Y 2 4 50 0 50 50 0 o]

(1) The 1979 Househald Survey did not enguire about cultivators and harrouws.



Table 3

Reasons for Buying or Wanting to buy Solar Water Heaters

Reason Number of Percent
times
__Qiven
Ta save fuel 7 28
To save maneyv spent an paraffin 5 20
Ta sgve time on callection of fuel 5 20
To be used ir 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
Solar devices ware smokeless 1
Sular energy wes cheaper than other fuel 1 4
sgurces
It would be an additional fuel source at
home 1 4
Table 4
Derived Benefits and disbenefits as Stated By the Purchasers
Derived Benefits Percent Derived Dishenefits Fercent
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 fuazl ' cloudy days
3. Reduced money spent on 50 3. Trouble of hav- 25
paraffin ing to keep frames
indoors at night
L. Saved time devoted to col- 25 L. Expenses on re- 25
lecting fuel pairing walls
5. Hot water for washinag S0

N.B. Some people menticned more that ane benefit.






4, Details of Pitso.

A. Hcw man pneovle? (Men. wome:, children, approximgtely},

B. Wh:xt topics did you cover?

recrls mosT intevested in? o .

C T m s ram ’ \
o iy YT L MRS S MO , . . Ner |
: - ~ (PUMSN S ¢ )

W

D. Did you get any orders ror devices?

17 =0, piecse 1ist how nmany. whicn items and who waxnis Them.

P12 naly oyTu o in fMture linitao?

. [

D
A. How wany people participated? (men, women, children, approx.)
B. How many =and which devices did you build?

C. Did »nz:ple halp wou? If sc¢, how?

De What problcems ald you enccunter? Hew did you solve these
problems?

E. What did you learm that will help you in future workshops?
F. Did you get any ovders for devices in addition to those

1
you built? If sc, ho: gany, which items and who wnats
them? :

G. List cn file cards tne nomes, addresses, cccupations and
the device puvennssd Zov sach person vou worked with.

A3-2
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1.

12.
13.
14.
15.
16.

7.
18.

village Sx*115 Inventcry,

Tixo

[oN)

Please file cards T na y a
and level nd 3ipe of interest in the

veorl:.

R
~ e

e
.

Sean

Pl
M

or

weavers

Spinnérs {(mohair or w

Gir<h mow.ore
- - A tee GOV L D

Y

addle makers (leatherworkers)

workars

ninagsers

Gocd Tarmors
Al N -
1¢ or nozui4tnl workers.

. N S
...C:)r 1 .va ,_‘:)
T3 A AR T
Vvillage lanilizzars

SR P
Chhers.
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dressess, dctupations
T.U

of the following
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RPPENDIX &

Checking the effect of this mistake an the appropri
tables, we Pound that ig introduces en error of at most 4% in the monthly
heat loss and an error of up to 0.2

temperature. This was felt ta he relatively unimpor

Correctlons to Interim Report

ate heat loss and gain

°C in the predicted average indagr

tant in averall accurscy

so ell the tables have not Leoen corrected. I should be noted that only some

months are affucs
primarily the wi

Table

ed by this problem when the caiculatlons are performed,

nter months and in a3 few cases tke summer ones.

AR 17-4, Day and Night Length bty Month
Day Night
_Jdanuary 13.7 10.3
February 13.0 11.0
March 12.2 11.8
April 11.6 12.4
May 11.0 13.0
June 10.3 13.7
Julv 10.2 13.7
August 10,7 13.3
September 11.5 ' 12.5
October 12.3 11.7
November 13.1 10.9
December 13.7 0.3




