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.1. N T О U с

THTi miiT’-m ПАт.тn;:g ,г;т̂ Г. V ; j FugM :;g Frd.vIIIZA.TION

in Vienna (hereinafter c;! ! 0 US " Mt: o )

concluded the to.1 i ¿••ml . a i 1 -¡’0 tic t To,;;n/B0T/73/00i

with POLPT -.''ПУХ, irfia ici nafter referred
to as " Contractor " ) 1 u ■ a- •••: ■<] о i 0a o; services relating
to Assistance in the F: t-ihi i.r: of Cl a,y Products and
Non-Metal lie Buildings Та1 nri ais Industr1on in Botswana.

The Institute for Ceram.ins, Refractories and Raw Materials

is submitting - as subcontractor to Poly kechna - the Final 
Report giving account of tie duijpr carried out in conformity 
with Substantive Terms of Reference, page 2, 3, para a) 
through j) and with Contractor's Proposal of Services, page 12 
through IT,
The assignments to be fulfil Jed were substancially the follow
ing ones ;
In the first phase deposits of raw materials for clay products and 
non-metallie materials industries should have been identified, 
assessed and sampled; taken samples were to be despatched 
to contractor*s laboratories for testing and technological 
trials. The results should have indicated the suitability of 
local raw materials to be processed into products.
In the second phase a market survey in Botswana and in 
the adjacent countries was planned for the products of which 
the manufacture had been found technically feasible followed 
by detailed techno-economic fens? hi tity studies for relevant 
industries.
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î. cc;;cLUoict;3 Arrp RBCor^îiarpATioNs

The following products and materiels are technically feasib
le from Botswana's raw materials: 
brickware facing bricks and facade tiles; 
stoneware facade tilesr floor tiles and sewerage pipes; 
ceramic wall tiles; glazes; cement-asbestos products; 
gypsum /for cement manufacture only/; quick lime.

The following products and materials were recommended by 
market investigation as saleable in Botswana and adjacent 
countries or desirable for introduction in Botswana's mar
ket :
brickware facing bricks and facade tiles for versification 
of starting brick manufacture; ceramic wall tiles /2 alter
natives/; experimental manufacture of floor tiles; small 
scale production of quick lime.

The economic examination brought the following results:
Wall tiles: Both the alternatives /Industrial plant 

2 2150 000 m and pilot plant 50 000 m / are economically 
viable. The alternative of pilot plant Is recommended to 
be implemented.
Experimental production of floor tiles; Manufacture is re
commended in combination with wall tiles in the pilot plant. 
Quick lime: Combined manufacture of 5 000 t quick lime for 
flushing and painting /replacement of imports/ and 5000 t 
quick lime for mortars and plasters /newly introduced mate
rial/ is economically feasible and recommendable.
Brickware facing bricks and facade tiles for versification 
of brick ware production are recommended as being profitable.

For implementation of foregoing conclusions the following 
assignments are recommended:
Pilot riant or Industrial Plant
Assignments before investment is started:
Systematic drilling tests for determination of the best mi-
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ring cnn il lions. Total reserves fer 50 years production
should be as follows:
Mudstone grey M” /TS 3/ 30 000 t
Mudstone dark: Mr /T3 4/ 30 000 t
Sandstone background /TS 33/ 60 000 t
Clay grey brovn Mr /TS 5 + IS 6/ 10 000 t
Pegmatite S.P. /TS 18/ 20 000 t
Note: The deposits can be indentified by means of the en
closed List of samples and the maps.
Additional investigation of market in SA, Lesotho and Swa-

2ziland regarding wall tiles in price categories 10-18 P/m 
through a wholesale dealer and providing a set of correspon
ding samples for investor.

Conclusion of anagreement, with Zambia on exports of wall 
tiles /especially in case of industrial plant/.

Assignments during and after investment;

The following UMTDQ assistance is recommended:

A short-term mission for drafting orders for machinery and 
evaluting tenders.

A mission of one year /6 months before and six months after 
starting production/ for opening mines and introducing the 
system of mining - profession mining engineer.

A mission of 2 years /starting 6 months before staVt of 
production/ for design of patterns and paintings and for 
training local personnel.
A mission of two technologists for carrying out the follo
wing duties: consultancy for investor during guarantee tests 
carried out b,y supplier of machinery, training local person
nel, supervision of manufacture.



Quick lime plant
Assignments before investment is started:

Verification of limestone deposit LS 23 Tonota, limestone 
deposit MNTadinare or other deposit if need be. Total reser
ve for 50 years production should be 1 000 000 ton.

Verification of alleged annual imports of 4000 - 5000 t 
quick lime for painting and flushing.

#
Campaign explaining advantages of quick lime application 
in mortars and plasters. This campaign should be sponseredi 
by Chief Architect, carried out by an experienced firm and 
directed also tu rural areas. Questionnaires and interviews 
are recommendable.

Assignments during and after investment!

The following UNIDO assistance is recommended:

A short - termed mission for drafting orders and evaluating 
tenders.

A mission of one year for a technologist to consult the in
vestor during guarantee tests of plant carried out by supplier 
of machinery, train local personnel and supervise manufacture.

Versification of brickware manufacture 

Assignments for implementation:

For the present experimental manufacture of glazed facing 
bricks in the brick plant in Gaborone production equipment 
must be completed to a small extent and measures taken lor 
proper firing temperature and against glaze contamination.
In the further planned brick plant especially a kiln of a 
higher standard is recommended.
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Future assignments
Pegmatite Selebi Pique /TS 18/ the reserves of which should 
be verified for application in the body for ceramic wall ti
les could be also applied for glaze manufacture. Therefore 
the samples of pure pegmatite should be also submitted to 
tests regarding their application in glazes.

As soon as the feasibility study for cement factory in Botswa
na is finishedr regular potential deliveries and price estima
tes of asbestos fibres from Botswana's mines should be found 
out and a feasibility study for asbestos-cement manufacture 
should be prepared.

The reserves of quartz near Halfway Kop should be verified.
This quartz is of outstanding quality and could be possibly 
applied for the manufacture of pure quartz glass. Also quartz 
from the locality Maapi could be applied for glass manufacture.



2. FIELD ACTIVITY

The following team of experts left Czechoslovakia for Botswana 
on 12 June 1976 to fulfill the assignments in the field.

Ing Jan Dfevo, team leader (economist)
Ing Josef Franôe, geologist and mining engineer 
Vratislav P.ahgtejnek, technologist 

The team was Joined in Botswana by
Ing Zdenëk Engelthaler, CSc., -special consultant. 

Duration of the trip - team of experts : 12.6.1976 - 4,8.1976
- special consultant : 19.6.1976 - 28,6.1976 

Official persons contacted during the field trip are listed 
in the annexe.

The course of the trip

13»6. The team members arrived at the Lusaka Airport on
Sunday, June,13,1976 at 12.25 LET.

14—18.6. The days from 14 to 18 June were devoted to establish
ing a survey of geology and geological research in 
Southern Africa, To this purpose the Geological 
Survey was visited and the director Dr. Thieme wil
lingly arranged for the library to be available for 
the experts. Prior to establishment of the Geological 
Survey Department in Botswana, the Geological Survey
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19-20.6

21.6*

in Lus8ca had covered by their activity Botswana 'a  

territory aa well, and consequently the library con
tains valuable dossiers on Botswana, too.
In this period the experts also visited the UNDP 
Office where Mr. England willingly provided visa to 
Botswana•

The team touched down in Gaborone on Saturday June 19, 
at 12*45 and was met at the airport by Mr. Pints, 
Senior Planning Economist of the Ministry of Mineral 
Resources and Water Affairs and by Mr. <H Mul, UNDP 
Assistant Res.Rep. who was very helpful with the 
passport and clearing formalities. Mr. Wroblicki,
UNIDO Consultant at the Geological Survey was also 
prceenta He immediately draw our attention to the 
fact that geological research in the country, directed 
exclusively to ceramic raw materials and row materials 
for building industry, had been very scarce in Botswa
na; these raw materials had been reported only spora
dically in connection with investigation of other 
minerals deposits.
To provide the list of potential deposits of raw mate
rials required by the Contract the experts started 
immediately excerpting the literature submitted by 
Mr. Wroblicki.

Arrival of Special ConauJ,ant №  Engelthaler, reception 
by Mr Svenewik, UNDP Resident Representative, in pre
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sence of Mr* Eruwayo, Deputy Res «Вер* and Mr, V/roblicki, 
UNIDO Coneultant* Afterwards financial arrangements for 
the team were made and in the afternoon the opening 
meeting of representatives of UNDP, Ministry of Mineral 
Beeourcee and V/ater Affairs, Ministry of Commerce and 
Industry, Botswana Development Corporation and Geolo
gical Survey Department Lobatse was convened +^* In 
this meeting the programme of the team and the coopera
tion with the present governmental bodies were discussed* 
Mr* Engelthaler visited also Botswana Enterprises Deve
lopment Unit.

22*6* Mr* Engeltheler and the team members visited the Geolo
gical Survey at Lobatse that was appointed counterpart 
by the Government and discussed with Mr* Walshaw, Deputy 
Director, the requirements of traffic, labour, mechani
sation, literature, guides, contacts with local authori
ties end enterprises etc*

• •
23*6* Mr* Engelthaler and the team members visited a pottery 

workshop with attached kiln for firing limestone of 
Serowe Brigade Development Trust where they supposed to 
find traces of local ceramic production and plastic 
clays* Technological problems were discussed with Mr* 
Lekoms, Deputy Director of the trust*

24*6* Starting work in the allocated room in the Geological

+/ See the list of official persons contacted
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25*6®

26.6®

27.6.

28.6. -2

Survey premises,, Completion of the list of poten
tially exploitable deposits and preparation of the 
working programme in the terrain. Visit of the 
Thamaga pottery.

Negotiations -with BEDU, Botswana Development Corpo
ration, Building Department and Ministry of Mine
rals and Water Affairs, and UNDP, before departure 
of Mr. Engelthaler.

Final consultations between Mr. Engelthaler and tho 
team, guidelines for further field work. Prepara
tion of samples taken during the week on deposits 
to be taken to Czechoslovakia for preliminary tests. 
At 14» 00 Mr. Engelthaler left for Lusaka.

Final preparations for tho first expedition

.7. Mr. Franfie and Mr. Rubstejnek, accompanied by the 
geologist Mr. Gold left on a landrover for the area 
of Mahalapye-Palapye-Selebi Pikwe-Mokame to inspect 
the preselected deposits :
Mamabula mudstones 
Mokarae limes tone 
Mokoro mudstone 
Molepo River mudstone 
Molapo River Quartz 
Molupo River marblo 
Selebi Pilcv/e tailings 
Selebi Pikwe pegmatite



Fir. Dfevo stayed at that time in Gaborone to excerpt 
five reporta of Ministry of Minerals and '.Voter Affairs 
and of Ministry of Commerce regarding the economy of 
the country, the development of the building industry, 
the costs and requirements of building materials. He 
also collected preliminary data on present imports 
of building materials at the Statistics Department.
On July 2, he moved to lobatse to discuss further co- 
operation with Mr. Jones, director of Geological 
Survey.

On Saturday morning a meeting was held with the re
presentatives of Geological Survey at Lobatse in the 
presence of Mr. Jones, Mr. Vialchmv, Mr. Gold and Mr. 
Coates. Mr. France reported on the experience of the 
first week spent in tho terrain. The most valuable 
clays seemed to be those of the Makoro deposit. The 
application of the auger, which was the only available 
machine for shallow drilling, would hardly be possible 
because of very hard surface layers. Therefore labou
rers for digging pits were required. Mr. Jones agreed 
to send out a truck with 6 diggers and to hire further 
5 diggers in the place of investigation. A working 
programme for the period 5 - 1 6  July was established. 
Mr. Dpevo and Mr. Babstejnok were supposed to inspect 
the progress of work on the Makero deposit while Mr. 
France would undertake a further trip to the Francie- 
town area in search for cyonites, feldspars and brick
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clays. Mr. Coates who was managing o geological camp 
between Palopye and uiakoro was appointed consultant 
for that period. On Sunday, July 4, reports were 
written, Mr. Rabstejnek wo3 the both days busy with 
preliminary tests of samples in the laboratory.

5-16.7. On Monday (July 5) the team arrived on a lnndrover
and the labourers on a truck at Palapyc. On the f.Iakoro 
deposit the pit3 were marked and dug. On July 7 - 9 ,  

Mr. France and Mr. Coate3 undertook a trip to the 
Francistown area whore they took samples from the 
following occurrences s

TnntcKine - ICopjes 
Halfway Kop 
Mat3ilo je 
Ramokwe Bona 
Franc is tov/n 
Foloy-Lebung

pegmatite in odamelite
cyonitc shale
syenite
adamelite
brick earth
gypsum

On July 8, Mr. Dfovo and Mr. Rabstejnek went to tho 
Serov/e area where they took the folio-wing samples :

Moteemacwon River limestone
Khutowe sandy clay
Khutowe residue clay

On July 10 and 11, tho team made a trip to the geolo
gical area Tuli Block researching for plastic cloys.
A few samples were token alongside tho river Limpopo.
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17-18.7.

The stay in the Palnp.ye area was finished by July 16, 
while the labourers with the foreman were left for 
another week on the site, as with regard to the thick
ness of the deposit the underbeds hud not been attain
ed by that time and outcrops of finer clays had been 
found. The team with a considerable quantity of sam
ples moved again to Lobatae.

Saturday and Sunday v/eiespent at Lobatse. A meeting 
was held at the Geological Survey where team's program
me for the following week was submitted. All require
ments for labour and equipment were fulfilled.

19.7. The team removed to Gaborone. Shollov; pits were dug 
and samples of brick earth taken under the dam near 
Gaborone. Mr. Drevo reported to ¡¡r. Eruvayo on the 
progress of the team's work.

20.7. Mr. France and tir. Rabstejnek accompanied by Mr. Gold 
went to see the deposit of talc and asbestos investi
gated and mined by the firm Ceramic Minerals LTD. They 
were allowed to take samples. At the same time dolomi
te was sampled which is deposited as waste in mining 
asbestos. On the back way the quarry and stone dressing 
plant at Lobatse v/as visited.

Mr. Drevo procured visa for the bock flight, discussed 
the transport formalites of the samples with Air Bots
wana and with Customs. He also ensured the enlargement 
of the aerial picture of the Malcoro deposit.
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21*7* Mr. France and Mr* Rabstejnek went to see the
Quarry L.J./hyle LTD near Gaborone where they took 
samples of bolorite (diorite) in the form of fine 
waste from the dressin;* plant^ and granite* Along
side the airport route they took a sample of lateri- 
te.

Mr* Dfevo spent the day at Customs and Excise v/here 
he put down yearly exports of some items. He found 
that these are rather aggregated and that it will 
be necessary to contact the main importers to spe
cify the items received from the uu3toras.

22-23*7* Mr* Franfie left with Mr* Coates for Palopye for
final assessement of pits. ivo*. Dpevo and Mr. RabStej- 
nelc had difficulties in providing bags for air trans
port of samples. At 3.ost they got some in a flour 
mill at Lobatse. They also visited Mr. Davies 
(Geological Survey) to obtain the required list of 
prospecting license and mining lease holders for 
ceramic a building industry raw materials.

24-25*7* Mr* Rabstejnek wa3 sorting and packing samples* Next 
day I.ir. Drevo and I.ir. Rabstejnek were reducing the 
sorted samples. The total quantity of 1500 kg of 
taken samples was reduced with regard to preliminary 
tests to 1208 kg (contracted quantity being 1100 kg)* 
Mr* France was compiling documents for the geological 
port of the Interim Report.
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26-30*7* Ur. ^revo reported to fir. Eruwayo on the final phase
of work. Tho final session with interested parties was 
agreed to be convened on July 28. Mr. Dfevo and Mr. 
Rabstejnel: inspected final packing of samples and la
boratory equipment and transport from Lobatse to Gabo
rone. At the airport they v/ere informed that with re
gard to small aircrafts flying from Gaborone the spip- 
ment would be delivered in parts to Lusaka. They were 
recommended to contact Lusaka Airport and arrange for 
further transport. Mr. Dfevo arranged the final finan
cial affairs and visited also the firm Asbestos Cement 
LTD, the main importer of asbestos products to get a 
knowledge of the imported assortment for comparison 
with the potential production of sev/erage pipes. Mr. 
France was drawing maps for the Interim Report. The 
final meeting at the Ministry of Mineral Resources and 
Water Affairs :

UNDP : Mr.C.Eruwayo,Deputy Res.Rep*
Ministry of Min. Resources Mr.Pintz,Senior Planning
and V/ater Affairs Officer

Mr .Chanda,Planning Officer
Geological Survey Department:Mr.Davies,Deputy Director 
Ministry of Commerce and
Industry : Mr.Maehler,Senior Planning

Officer
Mr.Cau,Marketing Adviser

Ministry of Commerce Schulte n , , _Building Department : Mr. ,chief Architect



Botswana Development Corp.Ltd Mr .'.7a 11 er
Polytechna Team : Mr.Di«evo

Mr „France 
Mr.Rabstejnek

The participants were informed by the team members 
of the scope of performed work and preliminary re
sults. Mr. Cau was informed that after the technolo
gical tests we should be able to say by what products 
the assortment of the planned brick factory could be 
enriched. Mr* Di*evo assured Mr.Schutt.e that the tech
nologist would try to produce sewerage pipes. Mr. 
Maehler stressed the necessity of focussing the 
Market Report or. import possibilities of adjacent 
countries.

He was answered that market investigation of adjacent 
countries was included in the programme. UNIDO, how
ever, seldom agreed to projects the profilability of 
which depended predominantly on exports.

Mr. Maehler v/as promissed that Mr. Drevo would discuss 
the matter with UNIDO and v/as asked to let Mr. Dfevo 
know in the name of Ministry of Commerce which countries 
would Botswana promote commercial connections with.

The team of experts left Botswana on July 30, at 
16.45 for Lusaka.

31.7«~1*8* In Lusaka the borrowed literature was returned to
Geological Survey and the Zambian Airways v/ere con-
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tacted. it v/os agreed that partial deliveries of samples 
from Gaborone would be assembled and despatched in one 
shipment to Pome vie Luanda. The team left for Pome on 
August 1st, at 20.00.

2—4*8. Visit of Cargo Department of Alitalia, agreement on
immediate further transport of samples to Prague after 
their arrival, exchange of currencies inconvertible in 
Czechoslovakia, acquisition of commercial leaffets on 
technological equipment.

Departure on August 4, at 11.35 SET from Milano, arrival 
at 12.05 MET in Prague.



3. ASSESS!,¡EK T OF AVAILABLE RA’.V L.A ! KHJ ALS AMI) SAMPLING IK THE FIELD

In conformity with stipulation of the Contract attention was 
devoted to the resources cf the country, which can enable the 
development of building materials and ceramics industries. In 
studying the results of existing geological investigation a 
comprehensive help was offered to the team of experts by the 
Geological Survey Department at Lobatse. The experts could stucy 
both official and unpublished reports in the Documentation Centre 
of G.S* inclusive of respective geological maps. Rased on this 
background and consultations with specialists from particular 
areas the team could carry out a choice of raw materials and lo
calities tiiat were sampled and where incidently further geological 
investigation was completed. The obtained information was supple
mented by information and recommendations of the companies invol
ved in prospection and mining in the country as holders of pros
pecting licences and mining leases for minerals.

Raw materials for the following products were investigated:
- bricks: brickearth, lateritic soil
- ceramics and refractories: mudstones, feldspar and feldspatic 

rocks, limestone and dolomite, talc, tailings from the dressing 
of Cu-Ni ores, quartz, kyanite,

- other raw materials for building industry: limestone, gypsum, 
asbestos, diatomite

3.1 Outline of geology

Botswana is described as essentially a depression in the ancient 
Africa shield which was filled in various stages, from the 
Middle Precambrian upwards, with sedimentary and volcanic de
posits culminating in the accumulation of the Calahari Sands* 
^hese recent aeolion sands, and the Tertiary-Pleistocene sedi
ments termed the Kalahari Beds mantle some 80% of the surface 
area. Older rock3 outccrop in a broad belt along the eastern 
border and scattered, relatively wide areas of exposure are
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also found in the northwest. The basic structural feature is 
a centrally disposed ancient lepositional basin dating back to 
pre-Karroo times. This basin, elongated along a RE line, is 
bounded by planed areals of pre-Karroo rocks to the northwest, 
northeast, southeast and south. Basement Complex in the south
eastern part of Botswana is formed by unmetamorphosed sedimen
tary and volcanic rocks. Metamorphic complex occurs mainly in 
eastern part of the country. Granitic gneiss predominates, but 
ultrabasic rocks, bonded ironstones, quartzites^marbles and 
intrusive granopheres are also known. In the southeast of the 
country, the Gaborone Granitic Complex, consisting of Rapakivi 
granite and granitic rocks pass gradually upwards into fine
grained da^k-coloured felsites of Kanye Volcanic Group.

The Ventersdorp System comprises a Lower Volcanic Series with 
rhyolitic tuffs, and quartz-porhyrie3, the Rlogobane Series 
/shales and siltstones/ and relatively thin andesitic Upper 
Volcanic Series. Transvaal System overlies the Ventersdorp 
System with non-angular discordance just across the South 
African border. The basal Black Reef Series /quartzite/ is 
succeeded by the Uolomitic °eries. At the top there is the 
Banded Ironstone Formation, which is a quartz-magnetite rock 
with thin crocidolite bands near the Rlolopo River. At the con
tact of dolomite with dolerite dykes and granites, asbestos 
deposits, resp. talc deposits, are known. The Pretoria Series 
overlies the Dolomitic Series. There is a horizon of andesitic 
lavas in this series.

Waterberg System attains a maximum thickness in the southeast 
of the country, north of Gaborone, where it lies inconformably 
on the Transvaal System and all earlier rocks. The Waterberg 
system, formed mainly by sandstones, shales and quartzites, is 
cut by numerous intrusions, particularly sheets and sills of 
syenitic to doleritic composition.

Damarnn-Katangnn Belt: Although this underlies a vast area of 
northwest Botswana, outcrops are very sparse. The Ghanzi For-
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mation, consisting of sandstones with occasional marly hori
zons and the Kgwebe formation, consisting of quartz porphyry, 
are higher members of the stratigraphical sequence.

Karroo bystem: Ranging in age from Upper Carboniferous to 
Jurassic, tnis includes the sporadically developed Dwyka Se
ries /mainly tillites/, the well-developed Bcca Series /shale, 
sandstone, mudstone, coal/, possibly the Beaufort Series /shales/ 
and the Stormberg Series /aeolian sandstone succeeded by basalt 
lavas/. The maximum recorded thicke£ssof Karroo system in 
Botswana is 1500 m, of which basalt forms 400 m, and the top 
of the succession is not seen. The Middle Ecca stage contains 
several important coal seams, refractory mudstones and in pla
ces traces of uranium mineralization. An extensive system of 
basalt and dolerite dykes cuts the entire Karroo succession 
and older rocks. Several kimberlite pipes cut the Karroo lavas 
in the Orapa-Letlhakane area.

Kalahari Beds: These range from Cretaceous to Recents. They 
consist mainly of poorly sorted aeolian sands, In many places 
semi-arid weathering processes hove produced extensive calcrete 
and silcrete paths, especially at depth. Contemporaneous with 
the Kalahari Sands, or at least their upper part, are the del
taic deposits of the Okavango swamps, which are probably much 
thicker than 200 m. The stratigraphy of Botswana is represented 
on the enclosed stratigraphic table.
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AGS

ertiary 
o Recent

Late 
Carbonifero-.! 
to Jurassic

Late
Precambriar.

STRATIGRAPHIC TABLE - BOTSWANA 
STRATIGRAPHIC UNIT LITHOLOGV

s Harreo System

Lañara System

Kalahari
Beds

r S tombe rg 
Series

I Lt-yka and 
! Loca Series

f

s Undifferentiated sands and subordinate gravels, 
marls, calcretes, silcretes
Pan and lake sediments and deltaic and swamp 
sediments

^ Dune sands of linear type and of barchan type
^ Basalts with subordinate sandstones and lime- 
I stones in the Bohonors area

Sandstones and suborn in • te shales, mudstones 
s ana marlstones
h Predominantly carbor.aocorns muds'-ones ana 
; coal seams

Arkoses and subordinate shales and coal scans
IJudstor.es and shales, carbonaceous in she res.

^ Tillites and varved shales
Quartz schists, quartzites, dolomitio limesto
nes and marbles

L'aterberg System

N

Ghar.zi
Pormation
Xgv/ebe
Pormation

^ Pretoria and 
J Griquatovna 

Series

1ar4QSt0 r.es, suc-or . 1 C O r
Glaba;occasioaal porphyries -and

Quartz-feldspar porphyries, diabases, 
and tuffs

sandstone

Sandstones, grits, conglomerates, shale; 
dinate andesites and limestones in t

1
the

1
102

.rio:

r sihales, quartzites and subordinate conglomerate 
limestones, banded ironstones and andesites

1
roM
I



Mid
Precambrian ~

Transvaal. System
L

Dolomite and 
Black Reef 
Series

Ventersdorp System
Shoshong 

К "Series'1

Xanye Volcanic 
Pormation

{
Dolomites and subordinate banded ironstones, 
cherts, shales and quartzites

{

uartzites, shales, arkoses, banded ironstones and 
limestones
Tuffs, agglomerates, quartz—feldspar porphyry, 
andesites, silstones, shales and conglomerates
Pelsite

Early
Precambrian Basement Complex

ч

{ Undifferentiated acid and intermed:.ate volcar.ics 
and subordinate metasedirrents
3asic metavolcar.ics and subordinate metasediments 
Banded ironstones
Serpenxinites and ultramaiic schists 
Meta-arkos_es and quartzites 

v Undifferentiated gneisses

Early
Precambrian 4
Early and Mid Precambrian 
Mid Precambrian

INTRUSIVE IGNEOUS ROCKS
 ̂Granite (including Gaoorone Granite)
^ Granodiorite
Diorite, syenite, gabboro, dolerite, anorthosite 
Ultrabasic rocks

I
Г О
I N )

I
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3.2 B®w_materiuls_for_briek_groduction

Resources of raw materials for brick production are both 
the recent sediments, i.e. clayey material from sediments of 
river plains and weathered rocks of older geological forma
tions, namely mudstones of the Karroo system.

From the viewpoint of quality requirements the raw materials
are subdivided into two groups

a/ raw materials for full bricks produced in the centres of 
local consumption by a simple and unexpensive technologi
cal process with application of manual labour and minimum 
mechanisation, fired in piles or field kilns

b/ raw materials for brick products manufactured on industrial 
scale:
- light-weight bricks for external walls and partitions
- facing bricks
- facade strips
- pipes, gratings and other decorative building elements 

Ad a/
A series of materials suitable to this purpose are described 
in the Study of the Wilding Industry VIAK. The results of 
tested raw materials from the localities Gaborone, Francis- 
town, Lobatse and Palapye were favourable. On these localities 
samples were taken for laboratory tests. The results from the 
locality Serowe were not favourable. With regard to a great 
local interest to promote brick manufacture in this area the 
team took two samples from accessible sources with the objec
tive to develop a brick body by combination with other poten
tial components. The application of mudstones for this pro
duction method is not recommendable because of their hardness 
and a higher firing temperature. ^

Ad b/
Based on existing results /VIAK/ and on the teams preliminary



technological teats in the field and with record to the 
planned development of the build in/' industry in Botswana 
it was decided to tube samples for further technological 
trials from these two raw material sources;
1. Clay deposit in the Gaborone Dam Area,
2. Lads tones in the areas Lmamabulu and Makoro.

3.2.1 Clay_ deposit in the Gaborone_Dam_area

The deposit was investigated in 1963 by Dr. °reen who had 
assessed here 190 000 m of raw material for brick manufac
ture. In 1976 J. '.Vroblicki carried out a new investigation of 
the deposit in 21 boreholes. Based on his research, 3 funda
mental technological types of raw materials were distinguished 
in the deposit and sampled for further technological trials:

G - grey, humic, clayey and plastic silt /+ grey humic 
clay in the borehole 1/,

R - red-brown, clayey and plastic silt,
Y - brownish-yellow, clayey and plastic silt 

Bused on documents submitted to the team by Mr. Wroblicki 
the reserves of the raw materials in the deposit specified 
in particular types were calculated.
For the calculation the following data were taken;

- minimum thickness of raw material 0,9 m,
- maximum thickness of overburden 0,9 m,
- isolated occurrences of the clay G and beds with inter
layers of sandy material were excluded from the calcula
tion.

Taken samples; Lab. sample Technol. sample
Gaborone - brown-yellow,

clayey and plastic silt /Y/ LS 42, TS 20,TS 21,
LG 43,LS 44

Gaborone - red-brown, clayey and LS 45,LG 46 TS 23,TS 24 
plastic silt /H/

Gaborone - grey, humic, clayey 
and plastic silt /G/ LG 47 TG 25
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colnula ted reserves amount to:
Clay G 1 201 10Ü cub. metres
Clay R 672 100 " «•
Clay Y 481 300 ” H

Total reserves 2 354 500 cub. metres

Overburden 163 900 cub. metres

The situation of the deposit and the calculation of reserves
see map No 2.

3*2*2 Mudstones from f.Imamabula and M8koro_areas

The mudstones from the Karroo system are in general refrac
tory and their processing for brickmanufacture requires fine 
grinding of raw material and a higher firing temperature. 
Bricks produced by this method can be applied both as facing 
and refractory bricks. This manufacture is dealt with in a 
more detailed way in the part on ceramics and refractory pro
duction.

3*2.3 Raw_materinl3_for_local_brick_production

Survey of taken samples:

Lobatse - lateritic soil
Lab. sample Technol* sampie 

TS 27
Palopye west - brickeorth 

/Losane river/ LS 28 —

Palapye south - brickearth
old workshop brick LS 29 -

Francistown - brickearth
bark of Tati river LS 39 -

Serowe - brickfield
brown-red brick cloy 
humic and plastic LS 51 TS 30

Serowe - Kutzwebrown silty cloy LS 52 TS 31



of morj row Diatori;ila, each of which adds specific technolo
gical properties to the body. As a rule the ceramic body 
consists of these fundamental components:

- clay component /clays, claystones, kaolin/

- for refractories special high alumina minerals /kyanite/ 
are used

In application of multi-component raw materials /e.g. sandy 
clays or clays with a high flux content/ some of the compo
nents may be eliminated or reduced.

The main problem encountered in Botswana is the fact that in 
the past attention was paid predominately to the clay compo
nent /mudstone/ while the other ones were omitted.

3.3.1 Clay_coinponents
fudstoneQ_of_Karroo_system

As it results from the geological survey, the Karroo System 
is developed on a considerable part of Botswana's territory. 
Occurrences of claystones, usually named mudstones, are known 
on a series of localities where they were found mostly in 
prospecting for coal or in drilling wells. After studying a 
series of published occurrences /Massey, VIAK, Green and 
others/ it was decided with regard to the referred data and 
preliminary toots to direct the investigation to the loca
lities Idnamabulo /130 km north of Gaborone near the main 
roud and railway/ and f.'akoro /10 km south of falapye, close 
to main road and railway/. On Mmnitiabula deposit the team 
started from the previous investigations of Mr. Green /The

- grog

- flux /feldspars, feldspar rocks, limestone, 
dolomite, talc/
quartz raw materials: quartz, quartzite, 
sandstone



Ljnamabula cool area, 1961/ which was reassessed. On the 
Kakoro deposit a new investigation /pits/ was carried out 
and the deposit was assessed with regal’d to bedding condi
tion and the reserves were calculated.

Cl3£_deposil_inĴ maff2byl2_®E§2

The area around Mmamabula, at the railway siding 130 km 
north of Gaborone, was thoroughly investigated between 1958 
and 1961 in search for coal resources. Boreholes provided 
detailed information on the lithology and succession, and 
showed also that the effects of weathering and sub-surface 
decomposition extended to a depth of approximately 25 m* 
Consequently, when the argillaceous and carbonaceous beds 
are traced towards sub-outcrop, they pass into a zone of 
alteration in which they contain partly plastic, clayey 
material. Mudstones of this weathered zone are pale grey to 
yellow, clayey, rather soft. They represent the most common 
part of mudstones of the locality, which may be compared to 
the technological type ME3” of the locality ffokoro. The second 
technological type of raw material is represented by the light, 
rather hard, silty mudstone / si^ed as type "S"/.

Up to Mr. FranCe/s assumptions the reserves can be exploited 
in the quantity of 8 640 thousand cub. metres /of both types 
together/. The situation of the deposit and the bedding con
ditions are represented in the map No 3» The samples were ta
ken for laboratory testa and technological trials from the 
previous pits near the borehole 84 /light silty mudstone/ and 
between the borohole 84 and 89 /grey to yellow, soft mudsto-
ne/.

List of taken samples: Labor, sample Technol. sample

Fit near borehole B 84 LS 15 TS 11
light mudstone - silty 
Pit between boreholes B 84 
and F> 89 - dark mudstone LS 16 TS 12



Clay_deposits_inJ2akoro_nrea

Olay deposits in the Makoro area are bound to Ecca series 
at the margin in the non-carbonaceous mudstones. On the flat 
margin of the pan the clay beds were dried and chemically 
changed under the influerxce of fluctuating water level and 
weathering conditions. Claystones subjected to those proces
ses are very hard, showing a shell fracture. They are refrac
tory with a high alumina content, in green state they vary 
from light grey green colour to violet or dark grey in lower 
positions. Interlayers consist of sandstone, calcrete or 
grit. Dr. Green describes the occurence of these claystones 
to be about 1 mile south of the crossing where the Martin's 
Drift road joins the Ealapye-Mahalapye road /about 10 km 
south of Palapye/. In the publication "Hie Geology of the 
Palapye Area", IS6 3  Dr. Green says: "Sixty five feet of this 
material, below only a few feet of superficial deposits, were 
penetrated by a water borehole drilled in the contact zone 
of the dyke on this northern side". The place of this bore
hole could not be identified precisely. Mr. *ron£e gives 
only its approximate position on the enclosed map.

In searching the terrain two outcrops of the described clay
stones /usually called mudstones/ were found in pits opened 
at the margin of the dolerite d'ke, where material for road 
building had been extracted. In the place of these occurren
ces and in the neighbourhood of the southern outcrop, pits 
were dug from which samples were taken for laboratory tests 
and technological trials. At the southern margin of the pan 
an outcrop of wheathered mudstone was found, here a pit was 
dug in order that the bed of sandstone under the weathered 
mudstone might be found. The results of these investigations 
are summarized in the map No 4*

The obtained data show that this research revealed one part 
of a vast development of noncorbonaceous mudstones in extra- 
ordinarly favourable mining conditions. According to the pre-
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liminary t e c h n o 1ogica] tests the mudstones may be devided 
into three fundamental types

F - hard, light, grey-pink to dark-grey mudstone 
/flintclay on the surface of the banin/

B — brown /brown-grey, brown-yellow/ soft muds tons 
/in deeper parts of the banin/

W - weathered /plastic/ mudstone in the outcrops 
In the investigated area ttiese reserves were assessed:
/see map No 4*/

List of samples taken at the locality Makoro:

Laboratory sample Technolog* sample
P i t  M R - 1 1 , 1 - 2 , 1  m I S  1 —

ft
2 , 1 - 2 , 9  m L G  2 -

ft
2 , 9 - 3 , 9 L G  3 -

ft 1 , 1 - 2 , 1 L G  1 7  / a s s o r t e d  T S  1 0  

g r e y  m u d s t o n e /

P i t  M R - 2 1 , 1 - 1 , 7 L G  4 -

ft
1 , 7 - 3 , 1 L G  5 T S  3

f«
3 , 1 - 4 , 1 L G  6 T S  4

ff 4 , 1 - 4 , 6 L G  6 0 -

P i t  M R - 3 1 , 5 - 3 , 0 L G  7 -

P i t  M R - 4 1 , 0 - 2 , 8 L G  1 2 T S  7

ff
2 , 8 - 4 , 0 L G  1 3 T G  8

fl 4 , 8 - 6 »  2 L S  1 4 T S  9

P i t  M H L - 5 0 , 0 - 0 , 5  m L G  8 T S  5

ff 0 , 5 - 1 , 0  m L S  9 T S  6

ff 1 , 0 - 2 , 0  m L S  5 6 T S  1 3

ff
2 , 0 - 2 , 4  m L S  5 7 -

ff b a c k g r o u n d s a n d s t o n e  L S  5 8 T S  3 3

P i t  M R L  6 0 , 0 - 0 , 5 L S  1 0 -

P i t  M R L  7 0 1 o >• V
I L S  1 1 -
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Fcl rs_«nd_i'el_tlsA>n t i c_ r° cks

Research vvoi’k directed to feldspars has not yeut been 
carried out in Botswana. The possibility of exploitation of 
some granitic rocks is mentioned by hV.Vo tiussey in the 
explanations to geological maps contained in his publication. 
Pegmatite veins discovered during mapping were mostly of 
small thickness and irregular position. The above rocks were 
examined and sampled for chemical analysis.

Characteristics of the sampled rocks:
Granite Kahalapye: finegrained to middlegrained rock, very 
hard, the outcrop of which cun be seen in the dry bed of the 
river Mahalapye. This type of granite occurs in a gre8t 
extent in this area.

Tantebane Kopje adomelite: this rock massif with pegmatite 
veins occurs at the margin of the Granite Timbale. The rock 
is middle-grained with a thick network of pegmatite veins, 
of maximum thickness 2 m, very irregularly developed. The 
mining of pegmatite is possible only in combined mining 
with adamelite for building stone. The pegmatite content in 
the rock is about 10%.

Raraokgwebana adamelite: a similar adamelite as that one of 
Tantebane Kopje.

Matsiloje syenite: north of Matsxloje on the river Ramokg- 
webana, a big body of syenite, of a high flux content /up to 
9i>Si/ is known. Possibility of large scale raining.

Gaborone Rapakivi granite: a big massif between Gaborone and 
Lobatse. The sample was taken from the overburden in the do- 
lerite quarry near Gaborone.

Apart from a few thick and irregularly positioned pegmatite 
veins in the deposit Tantebane Kopje, the described rocks



contain a certain quantity of mineral r containing col miring 
oxide:;. Consequently these rucks can he uned before a].} for 
such ceramic product:; for vhich the white i'i.i ing colour is 
not required. To this purpose other rocka sai l a he used as 
well: e.g. powdertd v.*aato from the quarries at Gaborone /do- 
lerite, diorite/ and Lobntso /quarts, porphyry/ or waste from 
the dressing plant at Uelebi-rikwe /very fine slip:;/ if 
need be. If the resvil ts of some of the above byproducts are 
favourable, they could be substituted to feldspar in coloured 
ceramic bodies. The waste is produced in sufficient quantity 
/in the quarry at Gaborone about 10 tons of powder per day/»

Quite a new raw material occurence y.as to be found for white 
ceramic bodies. Based on the study of chemical composition 
of rocks in Botswana and after consultation with the geolo
gists of the Bs.nungv/ato Co Ltd at Gelebi rikv:e the attention 
was focused on come types of li(> htcoloured rocks /felsites, 
granites, pegmatite/ from this area. In a 50 m v/ide strip 
situated about 2 kin from Selebi-Pikwe via airport outcrops 
of lightcoloured types of anortosite of feddspatic-quortz 
granite and pegmatite were found, which appeared macrosco- 
pically to be applicable for fluxes in ceramic industries.

Characteristic of these rocks:
Anorthosite gneiss, quartzo-felds^athic gneiss and pegmatite 
in Gelebi-i’ikwe area

In eastern Botswana, a few sill-like bodies of anorthositic 
gneiss occur in close association with units of ultrnmafic 
rocks. Rocks are isoclinically folded into basin and dome 
structures with a pronounced orientation towards north-north
east or northeast. The anorthosites occur as large concordant 
sill-bodies, reaching a maximum thickness of one kilometre 
in the Gel ebi-basin and the i’ikwe dome. The rikwe anortho
site body is neighboured by an amphibolite layer and qunrtzo- 
feldcpathic gneiss. A garnetiferous horizon marka the contact 
between the arnothosite body and the amphibolite layer while 
the contact between the quartzo-feldspatic gneiss is often
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marked by thin tnnds of pi ugioolnss-quarti; grnnulite. Y/ith
in the fikwe anorthosi tea, layers and lenses of anatectic 
granite-tonelite gneisses are found. Smell bends of amphi
bolite are also found in the anorthosites. The anorthosite 
is pale white in colour with greenisn pa tones commonly pre
sent. It is predominantly medium to coarse grained. Grani
tic gneisses are fine to medium coarse grained, pale white 
or pink in colour. Small pegmatite todies with brick size 
feldspars of pink colour occur in granitic gneiss.

Geochemistry of these госкз was studied by A.K. Hor /De
partment of Earth Sciences, The Univei’sity of Leeds/ in 
1972» Twenty-one specimens taken from a drill core through 
the anorthosite body, one specimen of granitic gneiss and 
two specimens of plagioclass-quartz granulite from surface 
outcrops^were analysed. The analyses of some samples have 
shown their applicability for ceramics. Interesting results 
have been obtained with the following samples:
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Anorthosite Pink granitic
(borehole Pw 75) gneiss - Pw 75

(535-557) (733-756) (387-462)
H 10 11 16 .7 2

Si02 50,50 57,60 76,20

Ti02 0,00 0,00 0,16
AlgO-j 29,80 25,60 12,80
Fe2°3 0,00 0,10

1,64 )
FeO 0,23 0,07 J
№ 0 0,01 0,00 0,03
MgO 0,19 0,05 0,20
CaO 13,00 8,26 1,32
Na20 3,30 6,36 -

k 2o 1,02 0,41 4,45
h 2o+ 0,62 0,09 -
h 2o’ 0,09 0,12 -

P2°S 0,00 0,00 0,00

Total 98,76 99,06 96,00

Anorthosite
(outcrops)

JI

71,00

0,34
16,40

0,57

0,004
0,77
8,82

0,09

0,06

98,054

Based on this lcnov/ledgc two samples of feldspar rock were taken 
about 2 km south of Pikwe mine beside the road to the airport*
One of these samples (LS 26) is a mixture of medium coarse 
grained anorthosite and anorthosite gneiss, the second one (LS 27) 
is a coarse grained pegmatite* The investigation of these occur- 
renciés could not be carried out as the field programme did not 
include the basic geological research and prospecting new as far 
unknown occuirencios. The existing results of our research indi
cate aome occurroncics of these types of rocks in the Solebi 
Pikwe ares and it can be supposed that further prospecting could



-Ji

discover deposits of valuable raw mat* rial 

Purvey of taken samples of feldspar raw materials:

Labor. sarti pi e :
LS 24 Mahalopye granite
LS 26 Seiebi-Fikwe granitic rock
LS 27 Selebi-fikwe pegmoti te
LS 36 Tantebane Kopje pegn. at ite
LS 37 Tantebane adamellite
LS 38 Ramokgwebana adamellite
LS 40 Gaborone dolerite /dior
LS 41 granite
LS 53 Lobotse quartz porphyr
LS 59 Matsiloje syenite

Technol.sample

TS 17
TS 18

ite/ TS 19

Dolomite
Dolomite occurs in Botswana as a part of the Transvaal system. 
It was separated as by-product in mining asbestos in the mine 
lloshaneng and it is stocked together with the other by-pro
ducts /minimum 100.000 tons/. Doth the assorted lump material 
and the crushed mixture of accompanying rocks, from which 
asbestos was obtained, wercsampled. Dolomite might be applied 
as fluxing agent in ceramic bodies for building ceramics, 
/floor tiles, wall tiles/.

Survey of taken samples;

LS 48 I.’oshaneng assorted lump dolomite TS 28a
LS 49 Foshaneng crushed dolomite - not assorted TS 28b

Limestone
There ore more occurrencies of limestone in D0tswona. They 
will be dealt with in detail in the chapter on other building 
materials. Alternatively limestone could be used in ceramics 
os a component for the manufacture of wall tiles, to this 
purpose samples of calcrete from the trenches A and C from
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the locality Mokane tv ere taken. It is supposed that the 
higher SiO^ content in calcrete will not hinder the manu
facture if a suitable technology is applied. Considerable 
reserves were calculated in this locality.

Signature of samples:

L3 20 ' okane - trench A - calcrete To 14
LS 21 Mokane - trench C - calcrete TO 15

Tailing3 from Selebi-Pikwe

As tailings from the dressing plant at Selebi fikwe /Oarcang- 
wato Concession Ltd - mining and dressing of copper and 
nickel ores/ would be easily accessible, samples of this 
material for further trials were taken. The first prelimi
nary tests at Lobatse showed a high content of flux in this 
material. The practical usage will be limited by the inju
rant content of sulphur.
Two samples were taken:

LS 18 - clay tailings from the upper part of the 
sedimentary basin

Application of talc for ceramic manufacture is taken into 
account for special ceramics /e.g. steatite/. Prospecting 
and mining rights have been conferred on the firm Ceramic 
Minerals /Pty/ Ltd. The technological sample was taken from 
the stock on the mine Mostianeng. According to the information 
of I.lr. J.C.Davies of Geological Survey the present state of 
prospecting and mining can be characterised as follows: 
“Additional trenching adjacent to the Mabelane talc deposit 
has shown that tile best material lies in the vicinity of the 
large trench from which production occurred in 1965 and from 
1967 to 1971» A new mining lease was granted in 1576 to 
Ceramic Minerals /Pty/Ltd, and hand-cleaned pieces of talc 
have been stockpiled for export to South Africa".
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Signature of the sample taken for laboratory and technolo
gical tests:

LS 50 Moshaneng - lump talc + /To 25/
LS 19 - tailings with high Fe content from the lower 

port of the sedimentary basin

3.3.4. Kyanite
Kyanite is used as a special refractory raw material with 
high alumina content. In Botswana, kyanite was mined at 
Halfway Kop about 14 km southeast, of Frar.cistown from 1951 
to 1957. The maximum yearly production made ?.000 tons.
Four main types of kyanite are described at this locality:

/1/ Massive kyanite rock - consisting of an interlocking 
aggregate of radiating kyanite crystals up to 75 mm 
long with minor interstitial pyrophyllite. This forms 
the central kyanite-rich zone.

/11/ A quartz-kyanite-sericite schist with snail kyanite 
crystals in parallel alignment.

/111/ A compact, brown-coloured, quartz-kyunite schist with 
irregular plates and bladed crystals of kyanite in a 
fine grained mosaic of quartz. Minor Quantities of 
sericite, dumortierite and rutile are also found.

/IV/ An asbestiform type of kyanite occurring as veins up 
tc 40 mm wide, normally concentrated in the zone of 
massive kyanite rock, but also associated with the 
compact quartz-kyanite schist.

The deposit was worked initially by opencast and quarrying 
methods, but once the rich kyanite rock had been extracted 
the deposit was worked underground by means of two shafts 
with a number of drives and crosscuts. No attempt was made 
to beneficiate the ore or to increase the available tonna
ges by blending low-grade and high-grade ore. Only a limi
ted amount of exploratory drilling was carried out on the 
deposit and, in the absence of detailed mine records and



plans, it is impossible to stole who tlier the deposit still 
has any economic potential o r  not.

Two samples of kyanito rock ware taken from the waste ronte- 
rial in the surroundings of the old mine nt Halfway Kop:

Ifi 3 4  Halfway Kop - kynnite 
LS S'j " - kyan.ite bearing rock

Also one sample of pure quarts signed IS 3 3 v/as taken.

3.3.5 Quartz
Very little work has been carried out to investigate possible 
sources of high-grade silica materials. As the main type of 
silica raw material in ^otsvnna is described metaqu.artzite 
from the Pasement Complex at Kaapi, 35 km southeast of fala- 
pye. Reserves are "enormes" and transport along the main 
Palapye-Martin,s Drift read would appear to present no pro
blems. Quartz veins are very common but their snail bulk may 
well rule them out as uneconomic. Quartz reefs are reported 
to be ubiquitous in the Tati District. They form large round
ed hills near Humokgwebana and also a series of ridges about 
13 km north of i’rancistown near the main road.

In ceramic production, sandstones from Karroo formation can 
be used as the source of silica in ceramic body.

Three samples of silica raw material were taken for further 
trials:

LS 25 Kaapi - quartzite TS 16
LS 33 Halfway Kop- quartz of the quartz vein 
LS 58 Mukoro - Moralano - pit No 5, t ckground TS 33 

of mudstone beds - fine grained sandstone
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Limestones ore fairly widespread within the r istment Com^Lex. 
[.'.any have suffered metamorphism and serpent it. ¡ '¿a tion and 
have high I.fgG or SiO^ content. In general it. ran be said that 
all deposits that have been described are very variable in 
chemical composition

The main limestone deposits ore:
- Llokane - calcrete
- Makoro Hills - marble
- kinadinore - limestone, marble
- Itiat3iloje - limestone
- Hakalaphala - limestone

All these deposits are described in the study of U.Y/.D. fins coy 
and in the report of V1AK.

Short description of deposits:

fookane
Kokone is situated about 12 kin south of f.'.mumabula, The raw 
material is calcrete very variable in chemical composition.
The I.’gO can be expected to increase with increased depth to 
an unacceptable level /more than 5/̂ /, the silica is also va
riable and is generally far too high /more than 20//. The 
latest investigations have shown that the Mokane calcrete is 
a very poor source of raw material for the cement industry.

i)2i£2E2-liili2
This deposit is located 11 km east of Hadisele siding,, between 
Mahalopye and Palapye. The deposit is situated in the Basement 
Complex ar.d consists of hardly metamorphosed limestone. The 
magnesium conteat in some parts of the deposit is too high 
for the stone to be directly useable for cement manufacturing 
/more than %>/, It is necessary to make a more detailed in-
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vestigation /with diamond drillin'/ to find out. if there 
are any pure limes tone layers of mineable extent.

timadinare

This deposit is located about 5 - 10 km north and northwest 
of the village t.madinnre /near h>elebi Pikwe/. The deposit 
is very bie. It is widespread at tin. area of 6 x 1 5  km, to 
the depth up to 50 metres. The total calculated reserves are 
70 million tons. After the new investigation it can be said, 
that the deposit is built up of a stratified series of 
quartzites, limestones, dolomites, banded ironstones and 
amfibolit.es, in the Basement °omplex of cataclastic gneisses, 
home of these rocks are very pure /dolomitic marble/ and 
seem to be useable for the production of the lime if special 
technology is applied, ,lft.er the recommendation of Dr.U.Key 
one sample of white dolomitic limestone at T’onota was taken 
as the type of dolomitic limestone at fmadinare deposit.

Matoilcje
This deposit is situated south-east of the Tati Concession.
The deposit is made up ox' layers of limestone, dolomite, 
specular iron ore, jasperoid ironstone, hornblend schist and 
quartz schist in an older granite. There is only one pure 
limestone layer in the most southern part of the deposit.
The distance of 15 km to the nearest railway means that this 
deposit could not be a first priority deposit.

Kakala^holu
This deposit is located 8bout 27 km south of °erowe in the 
Basement Complex.. Limestone body is in the ares of 24.000 
up to the depth of 50 m. About 3 million tons of limestone 
are estimated. According to the 12 chemical analyses published 
in the report of VLAK it can be said that there are some 
layers of very pure limestone, ^ome of ttie samples have a 
very high content of magnesium, which means that there must 
be layers or bands of dolomite or scarn in the limestone body.
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It is neCPSB,ary to mak o n lieta Ì 1 I'd i r .v e r  t i /■•a ti an V..1 f h d inniond

drillings to> fitid (jl l t piLire l i r e er tarn: layerr and on i cu t a 1 e
reserves of the su itubli0 rf w irateriul.

Survey of taken samples

LG 20 / + TG 14/ r.ioknnt; -  T r e n c h  2 -  c a l  r; r e te
Lo 21 / + TG 15/ Lokone French C - calci e te
LG 22 ink oro Hills - marble
LS 23 Tono tu - doloriitic marble /type of

Unn i in.are pure dolo-:.i tic 1in.es tone/
L5 31 Serowe - e a 1 c i e t e /Motseman.-.-en river/

/ type of 1,'nkaluphala limes tone/
LG 32 Gerowe - lime

3•4 o 2 Gypsum
Gypsum deposits ore known in the aia.a of roley and Topsi, 
in the distance of about 15 - 20 kin west of the main road 
Gaborone-Francistown. The gypsum deposits take the form of 
gypsiferous earth or gypsites Jri which selenite crystals are 
contained in brown sandy soils. The soils also contain cal
crete nodules and quartz pebbles. The gypsite is overlain 
by black cotton soil, barren of gypsum and underlain by 
Karroo mudstones which also contain lar£,e gypsum crystals. 
The grade of the deposits varies from C - 50 percent avera
ging 25-3C£. The gypsite varies in thickness from 0,30 to 
2,7 m, averaging 1 m, with an oveiburden 1,20 - 1,50 id. 
Total reserves were estimated by Geological Survey over 
1 million ton, after special prospecting work by Mineral 
Research A ’ty/ Ltd about another million tons.

Recent development in exploration is characterized by 
Mr.J.G.Davies /Geological Survey/ as follows:

Since 1971 work has been concentrated in the Lojannnnne 
area where previous exploration had indicated the best 
potential for exploration. Various tests have been conduc-
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ted on the raw material to determine the most feasible pro
cess. At present it would appear that a wet method is n e c e s 

sary, and that additional sources OJ water will be requii 1 
before production can be considered. A decision is expected 
by December, 1976.

Samples 'were taken from the dressed stockpiled material at 
the locality f.loshaeiwa near F o l e y .

Samples are signed TS 32a,TS 32b.

3*4*3 Asbestos

Asbestos occurs at several localities throughout Botsw-ana, 
the most important being in the southeast part of the country, 
in the region of Moshaneng.

From 1928 until 1948 exploitation was intermittently carried 
out in the lUoshaneng area by prospectors under licence from 
the Balkis Company, Exploitation continued in the years 
1951-1965 by Marble Lime and Associated Industries /Pty/ Ltd. 
The deposit was worked out in 1965. In 1970 a prospecting 
lease for asbestos in the Moshaneng area was granted to 
Asbestos Investments /Pty/ Ltd., who are currently prospec
ting an associated occurence of iron-free chrysotile asbestos, 
mainly south of the Lobatse-Gharizi road.

Chrysotile asbestos has also been found to occur in the 
south-central Kalahari area in the western port of the 
Ngwaketse District. The serpentinized body has a strike 
length of about 50 km.

Recent development in exploration for asbestos is described 
by Mr. J.C.Davies as follows:

Ifoshnneng
Drilling in 1971 and 1972 confirmed that asbestos in serpen- 
tinised dolomite occurs southwest of the old mine workings.
An inclined prospect winze was sunk on the lower of two zones



and boxholes were cut to sampl•> the upper zone. Bulk camples 
taken from these zones were mill tested and it was demonstra
ted that the mill product could be sold on the European mar
ket* The principal problem is that the area defined by the 
drilling is small, and until additional reserves can be out
lined it would be premature to commence mining and milling.

Keng fan /Keeng Ban/
Drilling in the ultramafic lover portion of an intrusive 
complex has confirmed that a stockwork of chrysotile is pre
sent throughout. Atree zones of greater concentration have 
been defined, which contain marketable-quality fibre, but the 
amount of fibre is too low to consider development. Additio
nal exploration is planned in the hope that a new zone with 
a higher asbestos content can be located.

One sample of the asbestos was taken from the new asbestos 
prospecting mine at Koshaneng.

3.4»4 Diatomite
Several deposits of diatomaceous material have been recorded 
in iiotswona but very little prospecting of these has taken 
place. Occurrences are described in three main regions;

- Ehitshane Kolopo /diatomaceous earth/
- Tull block - reported as fairly extensive deposits of 
diatomite developed in shallow drainage depression on 
Kweneng Ranch near lla chan eng i'olice Camp

- Rukops - diatomaceous limestones and calcareous dla- 
tomites along the ^oteti River.

One sample of diatomite was taken for laboratory tests from 
the Tuli block area, signed L5 55 ~ Standbeck near kmasehu-
mana.



3*5 Survey of tasted raw materials and their reserves

Raw material Locality Samples
taken

Available for! calculated or 
est treated reserves Note

1 2 3 4 5 6

Brick-earth Gaborone dam area IS 42,43, 
44,45,45, 
47
T3 20,21, 
23,24,25

full bricks,
facing bricks (+dolerite) 
facade strips (+dolerite)

calculated reserves 
2 354 500 m* - 
overburden 163900 ar

laboratory and 
technological trials

3rick earth Palapye IS 28,29 not available - laboratory testing

Brick earth Francis to v/n IS 39 good for full and facing 
bricks no geological pros

pection, possibili
ties of large reser
ves

laboratory testing

Brick earth Serov/e,
3 ero we-Kutzv/e

IS 51 
IS 52, 
TS 30 
TS 31,

full brick3, 
ceramics

(+mudstone Makoro- 
type F + 3)

no geological pros
pection laboratory testing

geological proopection 
necessary

Clay
(mudstone)

Mnaaabula area IS 15,15 
TS 11,12

facing bricks (+feldapar)
wall tiles (+calcrete 

Mokane)

Calculated reserves 
3 540,000 m* 
overburden 5.184,000

laboratory tests and 
technological trials

w
i
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1 2 3 4 5 6
Clay
(mudstone)

Makoro area 
T’akoro I 
Makoro- II Makoro-Moralana

4,5 j o,7, 
3,9.10,:.!,
12,13,14,17,56,57,58,
60
T3 3,4,5,6, 
7^3,9,10,13,

wall ciles (type F 
+ sandstone ♦ 

feldspar)
floor tile3 (type W 

+ feldspar)
facing brick.3 (assor

ted type F + feld
spar ^r dolerite, 
and/or tailings 
from Selebi-Pikwe

refractory (assorted 
type F + B) 

stone ware (TS 5,6,13 + flaxes)

Calculated reserves 
4,239.200 mJ - 
overburden 1.002.500 or

laboratory o.ni 
technological trials

Feldspatic
rock

Tiahalapye
13 24 poor quality

no geological pros
pection, possibili
ties of large re
serves

laboratory testing

Feldspatic
rock Tantebane Kopje 

adamelite 
pegmatite veins

13 36, 
37

pegmatite: good qua
lity for ceramic bo
dies (flux component) 
adamelite: poor qua
lity for ceramics, 
good as a building stone

no geological pros
pection, possibili
ties of large re
serves.
The pegmatite con
tent in the rock 
about 10»

laboratory testing

1



1 2 3 4 5 6

Feldspatic
rock

Rsmokgwebana
adamelite

L3 38 poor quality large reserves laboratory testing

Feldspatic 
rock

Syeni t e-nor th 
of :.iatsiloje

LS 59 poor quality large reserves laboratory testing

Feldspatic
rock

Gaborone quarry 
- dolerite

LS 40, 
TS 19

very good flux com
ponent for facing 
bricks and facing 
strips

10 tons of very fine 
powdered waste per 
day in the quarry

laboratory and 
technological trials

Feldspatic
rock

Gaborone granite LS 41 poor quality large reserves laboratory testing

Feldspatic
rock

Lobatse - 
quartz porphyry

LS 53 poor quality large reserves laboratory testing

Feldspar,
feldspatic
rock

Selebi Pikwe 
pegmatite, anorthosite 
auartzo-feldspa- 
tic gneiss

LS 26,27 
TS 17,18

pegmatite: very good 
quality for glaz' 'es 
and ceram: body 
anorthosit quartzo- 
feldspatic gneiss: 
good for ceramic body

no 3pecialy geologi
cal prospection

laboratory testing
the b^st feldspar 
in Botswana, 
special geological 
work is necessary

Dolomite (flux ma
ter)

Lloshaneng 
(waste material)

LS 48, 
49

poor quality as a com
ponent for ceramic bo
dies ■ about 100.000 tons laboratory testing

I
*ül
I
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1 2 3 4 5 6
Calcrete 
(flux matter) 
for ceramics

Mokane IS 20,21 
TS 14,15 good for ceramic,as 

a component in wall 
tiles

OArea about 14 km 
variable silica 
oontent

laboratory and 
technological trials

Talc lloshaneng IS 50 
TS 29 good for special 

ceramics Prospection work 
of Ceramic Minerals 
Ltd

laboratory testing

Tailings
(flux
material)

Selebi—Pikwe 
tailings after 
dressing and 
processing 
of Cu-Hi ores

IS 18,19 flux component for 
facing bricks 
(+ mudstone Maroko)

waste product laboratory testing

Kyanite Halfway Kop
Kyanite-bearingrock

IS 34,35 not available due to 
the low content of 
kyanite no reserves calculated

laboratory testing

Quartz Halfway ICop 
quartz vein IS 33 very pute quartz, 

good for glazures 
and glass industry

no reserves 
calculated

laboratory testing
special prospection 
necessary

Quartzite Maapi IS 25 
TS 16 good for glazures and for glass 

industry
P.eserves allegedly 

"enormous” laaboratory testing 
special prospection
necessary

i
.(=■O'
I



1 2 3 4

Sandstone

Limestone

LIakoro-ìloralana LS 58 
background of TS 33 
mudstone beds

good for ceramic 
bodies

llokane—calcrete LS 20,21 for lime available
TS 14,15 after special pro

cessing (poor source) 
very pour source for 
cement production

Limestone Ilmadinare
(Tonota 
(marble \

LS 23 good chemical compo
sition for lime pro
duction

Limestone IJakoro Hills 
(marble)

LS 22 good chemical compo
sition for lime pro
duct ion

Limestone Sero ve (llotsemasren 
river) LS 31,

32
lime

Gypsum Polev (Ilosha- 
eiv/a;

TS 32 a. cement production 
32 b) plaster of Paris

•  ¥

5 6

estimated reserves 
minim. 300.000 m

laboratory and 
technological trials

large reserves(14 km) 
of very variable qua
lity

laboratory testing

total reserves 70 
million tons,
(all types of lime
stones)

laboratory testing
special geological 
rork and separate 
calculation for lime 
production is neces
sary

no calculation laboratory testing 
Basic geological 
prospection is neces
sary

no calculated 
reserves

laboratory testing 
special geological 
prospection necessary

estimated reserves 
several million 
tons

laboratory testing
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Asbestos

Diatomite

2 3 4

Uoshaveng LS 54 asbestos oement
products

Tuli Block IS 55 very poor quality(Standbeck
near
Hmasehumana)



5 6

new prospection 
work of labeatoe 
Investments Ltd.

no oaloulated laboratory testingreserves

i
.p-
00

I
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4. TESTING AND EVALUATION OF SAMPLLD RAV.' MATERIALS

The geological report shows that plastic and non plastic raw 
materials are available in Botswana.
Plastic raw materials for bricks production are mined mainly 
in Gaborone, other less important localities are in Francis- 
town and Serowe. Clays for ceramic industry have been found in 
Mmamabula area near Makoro.

From non-clay mineral samples of feldspars and feldspathic 
rocks, dolomites, talcum, pegmatite and granitic rocks were 
taken out.
The last raw materials suitable for building industry are 
limestone, gypsum, asbestos and diatomite. These raw materials 
were also sampled.

4.1 Brick clays
16 samples were tested for chemical analysis. The chemical 
analyses are given in table No 1, technological properties in 
table No 2. Brick clays No TS 23 and TS 24 were ¿Joined together 
and tested by means of DTA and X-ray analysis. The curves of 
DTA and X-ray analysis are shown in the diagrams No 1 and 2, 
Joined were also the samples No TS 20 and TS 21, their curves 
of DTA and X-ray analysis are shown in the diagrams No 3 and 4. 
For DTA and X-ray analysis also the sample TS 25 was tested, 
curves of DTA and X-ray analysis are represented in the diagrams 
No 5 and 6. The diagrams No 7 for DTA and No 8 for X-ray analy
sis refer to the sample TS 30.
The samples TS 23 and TS 24 were evaluated as kaolinite with ad
mixture of illite. From non-olay minerals quartz is present 
in approx. 30 # and feldspars. The colour of samples is red-brown.
The samples TS 20 and TS 21 are of brown colour, they contain 
kaolinite with admixture of montmorilIonite and illite.
Non-clay minerals are quartz /25#/, feldspars, Fe-oxides.
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From DIA and X.ray analysis it results that sample TS 25 is 
created from kaolinite with montmorillonite, also quartz is 
present /33%/i feldspars, Fe-oxides and organic matter. Co
lour is brown-grey.
Clay TS 30 is of brown-red colour, as clay minerals are pre
sent mainly montmorillonite with admixture of kaolinite. The 
content of quartz is about 26%, feldspars 14%, also some Fe— 
minerals are present.

All these raw materials are suitable for the production of 
bricks.
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Refractoriness is lépÔ 'C for "he saw.. 1« LS 15 + TS ;i 1 and
1690°C for the sarx le LS 1 6 1 TS 12.
X-ray difracticn analysis• indi cat ? s the presence cf kaolinite
with admixture of mcntmorillenite in the sn:x le TS 11. Further 
quartz has been prove..! approximately 331- and small amount of 
micaceous minerals. Curves of DIA are shown in the diagram No 9 
and X-ray analysis in the diagram No 10. Colour of this sample 
is light ¿trey.
The sample TS 12 contains mainly kaollnite, the admixture of 
montmorillonite is low. From non-clay minerals quartz / 16'R/, 
further sericite,. Fe-oxides and organic matter occur. Colour 
is light grey. The diagram No 11 shows curves o: DTA, X-ray ana
lysis is given in the diagram Nc 12.
Both samples may be used in ceramic iniustry, some low stan
dard refractory roods may be produced. It will be a problem 
with low plasticity of samples especially with the TS 11.

I

I

4.3 f-iakoro clays
From the Makoro and Moralana area a higher number of samples 
has been taken out and tested. Clay from this area can be di
vided into three grouns. In the first one there are samples 
for which a rather increased content of CaO is characteristic. 
Chemical analysis and refractoriness of this group is given 
in table Mo 6. To the second group weathered sandstones belong 
and the third group are raw materials very similar to laterite, 
non-plastic. Chemical analysis and refractoriness of both 
groups is given in the table No 7.
Sample TS 10 + LS 17 is assorted grey mudstone. Technological 
properties of samples from all groups are shown in the table 
No 8.
Some of the samples were examine 1 by means of DTA and X-ray 
difraciton. The sample TS 3 was before testing separated in 
tv/o samples. As it results from curves of DTA, diagram 13 and 
from X-ray analysis diagram 14, the first one is koolinite with.





Cileni coi. composition Tabla 'Го 7

I la. U о го » Xoralane vo atlicrcd  tau detonas and l a t e r i t a

Sanalo 2Го Refra
ctoriness £L«o*Z Si02

£
-*2°3 Tio2 Го2°3 CaO :ijo

îS:c„,oà» ::a^o sTotal

ТЗ 5 s LS 3 1530°C 1 0 , 2 6 57,02 22,93 0,93 5,19 0,67 1,32 2 , 1 1 0,77 100,55

TS 6 s IS 9 1 ^20°C 12,^5 53,73 20,55 0,91 h, C0 О 1 O 1,33 o,cc 99,71

TS 13 Я LS 5б 1320°C 10,99 5 ';, 30 21,7- 0,39 h, 25 3,65 X f  v/ 1 , 5^ 0, 09 ICO,kl

LS 57 1 2 0 0°C 13,31 Vi,C3 15,63 0,72 2,77 tn г Г. - •',15 i,3'; 0 , 1 1 1 0 0 ,

TS 33 = LO 5D 1510°C 10,15 Cl, 20 2 1 , 0 1 1,13 0,33 O n  ̂P 1 , 1 6 î, 03 G j C C 99,32

LS 10 1^5C°C 6 ,^ 0 76,30 1C, CG 0 , 6 0 2,17 ~ > -O 0,75 0,9^ 0,07 99,91
LS 11 lv90°C 5,27 73,1’} c,55 О Г O*•) J** 0,39 0 y L G 1,13 0, 03 99,93
LS 33 1б2С°С 1C,57 53, ’;2 О м  r m l ., y T 1 , 5 2 1 , 1 2 1 , 2 1 с, CO c,72 0 , 1 0 99,39
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Tablo №  8

TccLiaologicai p ro p o rtie s  

of* EsJjoro c la y s

Sanplo lìot
LS 5
ssTS 3

LS 6 
st'is 4

LS 12 
»t s  7

LS 13 
cTS 8

Lo 14 
=t s  9

t s  5
sLS 8

TS 6 
=LS 9

TS 13 
sLS 5

LS 57

Locs on dry-’ v̂T 17,0 20,8 21,9 24 , C 29,4 19,9 19,5 20 , C 18,4

a t e rab s c rp 11 o n 1 1 3 0 pc - 17,2 14,6 11,3 6,7 3,2 8,6 6,9 9,2

a f t e r  T ir in e  to 12Q0°C - 13,3 13,0 10,0 8,5 C,2 8,0 3,1 8,4

temperature 125C°C - - 9,0 8,2 12,3 7,2  ̂ ru, e 6,4 7,1

T o t-d ry c’irin!;a~o * 2,3 2,3 - - - 6,0 5,0 5,3 4,5

E iy -f ir e d  c’irirù:a-o 11502C 3,9 3,1 4,5 4,6 + c,3 3,2 9,6 9,4 7,6

a f t e r  f ir iu :;  to 12 CO'3 C 6,2 4,2 5,3 4,7 +0,3 2,3 9,7 9,3 7,3

tr/.noraturo 12903C - — 6,2 6,3 +2,1 o n SJ f SJ 3, 6 9,2 7,9

Hoat cn tao elevo 4300 op/c;::4, - - - - - ih f10 13,37 19,64 32,7



- 58 -

admixture of morlllonite and quartz, mica, organic matter, 
while the second sample contains 89 # of calcite.

The rest are then Fe-oxides /7$/ quartz, kaolinite and mica. 
Curves of the second part are in the diagrams No 15 /DTA/ and 
No 16 /X-ray analysis/.

The sample TS 4 is evaluated as montmori]Ionite with admixture 
of kaolinite, from non-cía’' minerals quartz /8#/, mica /4#/, 
Fe-oxides /3chf and organic matter /4#/ are present. Correspond
ing diagrams are No 17 /1/FA/ and No 18 /X-ray analysis/.

The diagrams No 19 /DTA/ and No 20 /X-ray analysis/ show that 
the sample TS 7 oontains montmorillonite with ample admixture 
of kaolinite. Colour is light green. Quartz is present in the 
quantity of 20 <&, Fe-oxides 4$, sericite 3t3.

The curves of DTA in the diagram No 21 and X-ray analysis in 
the diagram No 22 show, that the sample TS 9 is main^Ly mont
morillonite with very low admixture of kaolinite. From non-clay 
minerals quartz with 8$, Fe-oxides, organic matter and sericite 
are present.

The sample No TS 6 has its DTA in the diagram No 23 and X-ray 
analysis in the diagram No 24. It is composed from kaolinite 
with a very low admixture of montmorillonite. Content of quartz 
is 8%. Most mentioned raw materials can be used in ceramic in
dustry for wall tiles, floor tiles, stoneware and similar. The 
details will be given in the following chapter of this report.

The sample No LS 30 can not be recommended, although the che
mical analysis is good. The situation on the place, where the 
sample has been taken from, does not give the slightest guarantee, 
that the quality will be uniform and technologicaly suitable, 
because the clay is an outcrop of the mining site and besides, 
it is mixed with waste material.
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4*4 Non-clay raw materials for ceramic indue, try

Non-clay row materials -ere sampled fivvr, different places. 
The quality of there materials ir variable, some of them 
would ms’< dustier and process it.,: before uriri/, in ceramic 
industry.

4.4.1 Feldspars ar.'J fcldspnthie rocks

In the following’: table No. 9 the chemical analysis and 
refractoriness are /iven for samples No TS 18=LS 27, LS 36, 
LS 37, LS 38, LS 59 end LS 26=TS 17.

Table No 9

TS10*
LS27 LS36 LS37 LS38 LS59

TS17»
LS26

Refractoriness °C 1340 1260
___

1170 1230
■■

1130 1 3 1 0

L.bioi % 0,28 0,35 0,82 0,85 1,41 0,52

§ io 2 % 73,95 72,73 73,11 73,01 62,08 77,46

*1203 % 14,45 14,98 14,15 15,10 17,56 13,23 .

Ti02 A* 0,05 0,04 0,20 0,19 C ,38 0,11

Fe203 rs/w C ,12 C ,24 1,50 1,26 3,57 0,25

CaO % | 0,49
i
0,881 1,73 1,90 3,52 1,43

KfiO < '! 0,28 ! 0,20 0,67 0,47 1,94 0,71

k 2o /U 7,40 : 7,30 3,40 3,10 2,95 2,71

NOgO (.;tv• 2,47 ! 3,40 4,40 4,40 6,45 3,44 |

Total % 59,49
s
! 100,12
i

59,98 loo, JO 99,86
1

99,86



From the chemical analysis given in table No 9 it results 
that ot first the samples TblO=LS27 and Lb>36 can be evalu
ated as feldspars suitable for using in ceramic industry 
and also for glazes. Other samples are not so clean, due to 
a higher content of FegO-j adjustment would be needed, however 
using ns a flux material for coloured floor-tiles is very well 
possible. In the table No 10 chemical m  nlysee and refracto
riness of feldspathic rock samples are given.

Table No 10

LS24 LS46«
TS19

LS41 LS53

Refractoriness °C 1190 1130 1340 1490

L.o 1: % 0,84 1,73 1,04 2,11

SiOg c- 73,96 52,30 78,60 78,31

A12°3 % 1 3 , 6 8 14,72 11,70 11,33

Ti02 % 0,24 1,00 0,19 0,20

Fe203 'At 1,57 12,61 1,65 2,63

CoO % 1,43 8,00 0,66 0,49

K«0 % 0,63 4,50 0,28 0,55
i

KgO % 4,74 0,94 3,20 4,55

| NagO fc 2,67 2,90 2,23 0,10
r
I Totali % 99,76 100,31 99,63

i
100,35 j



Quality of these oa:¡pire is variable, LS24 can be used in 
cerai:ic bodies for floor tiles, L540=TS19 no a flux for 
production of facing bricks and facing strips, other two 
souples arc not good quality raw materials if taken into 
account as flares for ceramic bodies.

4«4»2 Dolomites
The samples of dolomites were taken out and tested. From 
the following chemical analyses it stands to reason, that 
sample Ho LS4C=T28n ia dolomitic limestone, while sample 
Ho LS49=TS20b is dolomite with high content of Si02» All 
samples are due to a higher content of SiO^, unsuitable for 
production of Te^ractory goods, but probably can be used 
in ceramic industry for production of v.-all til es.

Chemical analyses:

Sample Ho LS40=TS20b Sample No Lc'49=TS28b

The chemical analysis of sample L550=TS?9 she vs this mate
rial as good quality talcum, usable for different purposes 
in ceramic and electroindustry. Talcum from the area, where 
it has been taken,is mined under niinirq; licence in small 
quantity only.

L.OI. - 39,66 
Si02 - 5,59 
A1203 - 0,20
Ti02 - 0,06 
Fe203 - 0,23 
ChO - 48,15 
K'f.0 - 6,47
K20 -  0 ,0 1
Ha20 - 0,06 
Total -100,45 100,36

20,52
21,37
0,56
0,04
0,70
24,67
24,43
0,02
0,05

4.4.3 Talcum
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Ch^nical nnalycis

L.o.l. 5*, 10
Si02 61,09

A12°3 0,90
Tio2 0,03
Fe203 1,60
CoO 0,17
loo 30,90
K20 0,02
Na20 0,02

sample L050=To29

100,19

4.4.4 Kyanite
The s i:r.ple3 of kyanite marked L534 and LS35 were taken out 
in the surroundings of the old mining, place.

The chemical analysis of kyanite cample;

Sarapl e No 34 Sample No 35
L.01. - o,eo 0/A> 1.25 %
Si02 - 69,64 ('A> 61,41 cfj

M 2°3 - 32,70 % 33,29 A»
Ti02 - o,36 VA/ 1,42 %
Fe203 - 0,19 % 0,01 A>

CnO - 0,22 % 0,44 c>A*

t'co - 0,32 % 0,36 %

K2° - 0 , 0 3 % 1,40 %

IIa?0 - 0,04 % 0,47 <VA*
Total — 1 0 0 , 3 0 % 100,05 %

Refractorincso: isar.ple No LS34=1 760 °C
" No LS35=1 720 °C

The content of kyanite is low, not suitable for errsnic 
industry.
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4.4.5 Quartz
In the following table No 11 chemical analysis of quartz 
samples is given.

Table No 11

Sample No
Vj

L. ol. S io f A1?03 t-3 h- o ro ̂ Fe2°?
' J

CaO
'b

MgO K20
%

Ha?0 Total

LS 33 0,10 99,56 0,15 0,04 o«Ko 0,08 o O 0,03 0,02 100,06

LS 25= 
TS 16 0,33 98,10 0,85 0,03 0,07 0,25 0,28 0,20 0,02 100,13

Both samples have refractoriness 1760°C. They may be used in 
glass industry and for production of porcelain.
Sandstone, sample Li’58=TS33, from Makoro-Morolana area, which 
creates a background of mudstone beds can be used in ceramic 
bodies as non plastic material. Chemical composition is as 
follows: Loss on ignition - 10,15$, SiO^ - 61,2 $, Al20^-21,01$, 
Ti02 + Pe203 - 1,96 $, CaO + MgO -4,49 $, KgO + Na20-l,ll $.

4.4.6 Tailings /flux materials/
Waste products after dressing and processing of Cu - Ni ores 
were also sampled. From the chemical analysis a high content 
of Fe20^ is striking. They may probably be used as flux compo
nent in the production of facing bricks or facing strips.
Samples are marked LS18 a L819.

4.5. Other raw materials for building industry
From this group of materials samples of marble, limestone 
(calcrete), 'diatomite earth, asbestos and gypsum were taken.

4.5.1 Dlciomite earth
Under microscopio testing no diatom parts were found out. The 
sample LS55 will be probably silty clay.
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Chemical analysis:

L.OI.
%

21,16
Si02 43,71
a 12°3 5,70
Fe2033 1,80
Ti02 ' 0,81
CaO 17,18
MgO 5,74

No special using is possible

4*5*2 Asbestos
The sample of asbestos LS54 was evaluated as chrysolitic 
halfsoft asbestos with high effectivity. The using of asbes
tos for different products is dependent on separating and 
dressing methods. The production of asbestos goods would be 
possible*

4.5*3 G££sum
Two samples of gypsum were sampled and tested. Chemical ana-
lysis of samples 32 A and 32

32 A 32 В
% %

L.ol. 20,68 14,94
Si02 12,84 31,55
*2°3 4,00 3,84
CaO 28,98 21,83
so3 33,03 26,76

Both samples were tested by means of DTA, GTA and X—ray ana
lysis. The content of CuSO^ . 2H20 is 66,9 % in sample 32 A 
and 54,5 % in sample 32 B. The content of quartz is high 
especially in sample No 32 B. For the best kinds of plaster 
of Paris the required quantity of CuSO^ • 2H20 in raw material 
should be 90 % minimally and for the worse kinds min. 75 %•
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1)TA curves for sample 32 A are shown in the diagram No 27, 
X-ray analysis in the diagram No 23.. VTA curves of sample 32 B 
are in the diagram No 29, X-ray analysis in the diagram Ho 30. 
GTA curves of both samples shows the diagram No 31.

4.5.4 Limestone

Prom the Mookane area two samples of limestones were sampled 
LS20=TS14 and LS21=TS15. Chemical analysis shows the following 
results.

LS20=Tol4 LS21=TR15
* «

L. o. I 33,77 36,82
Si02 21,95 15,87

R2^3 1,99 2,44
CaO 39,86 39,04
MgO 2,20 5,20
unsoluble 
rest /SiOp/ 9,50 7,70

Samples were tested by means of DTA, GTA and X-ray analysis. 
They were also fired at 900°C, 1000°C and 1100°C respectively. 
Prom all trials it results that tested raw materials are not 
suitable for the production of lime. It is of course possible 
to gain a lime, but special conditions are to be observed.

1) Firing temperature must not be higher than 1100°C

2) «Softly” fired lime can be hydrated, the product of hydra
tation should be valorized. It can be done by separation 
of calcium hydrate which of course will bring futher 
production costs. The consumption of energy will be higher 
and the technological equipment will be complicated.
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Further two samples of limestones were taken from 
Makoro Hills - sample LS 22 and from Tonota - sam
ple LS 23. Chemical analysis given bellow sohow that 
at first sample LS 23 is a very pure limestone and 
that after firing a good quality lime can be gained.

Chemical analysis:

LS 22 LS 23

L. 0 .1 42,70 43,24
sio2 1,23 0,43
AlpO 0,31 0,20
Ti02 0,04 0,04
Fe?0p 0,55 0,25
CaO 54,72 56,20
MgO 0,84 0,10
k2o 0,05 0 , 0 3

Na20 0,11 0 , 1 3

Total 100,53 100,62
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5. TECHNOLOGICAL EVALUTION OP BOTSWANA^ RAW MATERIALS

Some of the raw materials sampled in Botswana were found 
usable for manufacture of different ceramic products.

5.1 Brickv/are
Brickware is noted for a coloured body which is sufficient
ly firm, porous, mostly nr.t-glazed. These products are re
sistant against water, different chemical agents and weather 
and often also frostproof. They are basic and widely spread 
building materials.
For the production of these materials clays from the Gaborone 
deposit can be used. A series of laboratory tests has proved 
suitability of the yellow-brown clay /marked Y/ and the red- 
brown clay /marked R/ for the manufacture of different 
brickware.

5.1.1 Full bricks
For the manufacture of full bricks clay Y and R were used.
Both clays are very sensitive to drying, a relatively high 
addition of non-plastic materials is necessary. A series of 
trials has been made with non-plastic materials found in Ga
borone area and in the near vicinity. Following materials 
were tried: a) coal ash /TS 26/ - waste product from Gaborone 

power-plant
b) laterite /TS 27/ - concomitant raw material in 

the raining place
c) dolerite /TS 19/ - powder waste material from 

the quarry /L,I.Whyle Gaborone/
From the clays Y and R and the mentioned non-plastic materials 
three bodies were prepared. Clays Y and R were mixed in the 
ratio 3:2 /from the laboratory trials this ratio was found as 
suitable, it corresponds also to the quantitative conditions 
in the Gaborone deposit/ and different parts of ooal ash, la
terite and dolerite were added. The weight of each mixture
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was 50 kg.

Composition and properties of products are given, in the 
table ïïo 1?.

Table No 12

j G6-L G6-CA G6-CAL

Clay Y part by
weight 3 3 3

Clay R n 2 2 2

dolerite IT 1 2 1

laterite If k - 2

coal ash 15 mm II - 3 1

body moisture 16-18 16-18 16-18

dry-fired shrinkage a, A,2 2,0 3,3

firing temperature °C 1050
-1080

1050
-1080

1050
-1080

water absorption $ 10,5 17,7 16,0

compression strength kp/cm^ 288 62 101

Prior to the processing of body, some of the raw materials 
are to be dressed. The lumps in the clays must be crushed 
down and coal ash is to be crushed to the grain size not 
exceeding 5 mm. Laterite and dolerite do not need any dres
sing.
Bricks are extruded by means of deairing pugmill.

In general it shcild be said, that Botswana's plastic raw 
materials and mixtures prepared with them are very sensitive 
to drying. Addition of non-plastic materials, their right
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choice and ratio are very important. The drying process 
must he very carefully controlled, forced wet-drying would 
be preferable to a natural one. If coal ash as non plastic 
material is used, compression strength of product decreases, 
nevertheless, the workability of body is good. In the table 
No 1? three products G6-L, G6-CA and G6-CAL are given.

The body G6-CA1 is most siutnble from the production point 
of view.

Czechoslovak standard CoN 722610 requires for full bricks 
compression strength min. 75 kp/cm and water absorption 
min 15

5.1.2 Facing bricks

Facing bricks - brickware used for facades of buildings. The 
quality and above all appearence of these bricks are rather 
higher than those of full bricks. For a better effect, the 
bricks can be partly glazed. For this purpose ordinary earth
en glaze is recommendable. Facing bricks and glazed facing 
strips may be a suitable supplementary product in the manu
facture of full bricks. As a basic material the humic clay 
grey marked G /TO 05/ is considered. For the facing bricks 
body as a second component dolerite from Gaborone quarry is 
recommended. For diminishing drying sensitivity the addition 
of 107S crushed reject from facing bricks production will be 
suitable.

The technology is the same as in the case of full bricks. The 
dried products are on the front surface provided with earthen 
glaze. The glaze is applied by pressed air spraying. The ware 
is either fired with full bricks on the top layer, ’where the 
tempera Lure is raLher higher, or in separate chamber by the 
respective temperature.
In the following table No 13 composition and properties of 
facing brickn .arc given. Composition of the glaze A will be 
given in separate chapter, ’’Glazes".
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Table No 13

GD-6

clay grey - humic /G/ part by 
weight 5,5

dolerite tt 3,5

crushed rejects upto 5 mm II 1

body moisture 16-18

wet-fired shrinkage % 4-6

firing temperature °C 1080
-1100

glaze - A

water absorption «6 6-8

compresión strength 2kp/cm o 
o 

oo
bulk density kg/nr' 1900

5*1.3 Fagade tiles
It can be a further supplementary product for brickware 
manufacture* The basic raw materials are clay grey-humic G 
/TS 25/, dolerite /TS 19/ and laterite /TS 27/ - maximum 
grain size of laterite should be 3 mm. The mixture was 
prepared on laboratory scale /20 kg/. Facade tiles were 
extruded on the laboratory deairing puggmill. Glaze is ap
plied by spraying. Fagade tiles were fired in the factory 
tunnel kiln to temperature 1080-1100°C, After a series of 
laboratory tests two bodies were finally prepared, the com
position and properties of which are shown in the table Wo 14.
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Table Ko 14

GD GD4

clay grey humic G part by 
weight 6 6

dolerite « 4 2

laterite upto 3 mm « - 2

body moisture $ 14-16 14-16

wet-fired shrinkage % 5,8 5,0

firing temperature °c 1080
-1100

1080
-1100

glaze A A

water absorption % 8,7 11,2

bending strength 2kp/cm 85 56

For this kind of product no standard is available, however, 
it may be stated that for the weather conditions of Botswa
na such type may be useful.

5.1.4 Facing bricks /pressed/ - based on the raw materials from 
Malcoro and Limamabula areas. In these areas very firm mud
stones were found. After a series of 16 laboratory trials 
two bodies were suggested, the utilization of which may be 
for building industry or after increasing compression strength 
as industrial floor tiles non-glazed.
Raw materials were prepared in two fractions 
1/ 0-6 mm 
2/ 0-2 mm
Bricks were pressed on a friction screw press. Drying was 
not difficult. Dried pressed pieces were glazed by spraying 
with glazes 2 A and 3A.



Composition and properties are shown in table ITo 15

Table Ho 15

Ï.ÎAK0R0 
HR 10

inAT.IABUlA 
PR 7

/To10/
mudstone-assorted 0-6 mm

part by 
weight 4

" " /TS10/ 
0-2 mm

M
1 -

grey-yellow mudstone
/To 9/ 
0-2 mm

I t 2 -

granitic rock /TS17/ 
«==10,2 mm

u 2 -

dark mudstone /T312/
0-6 mm

M - 5

" " /TS12/
0-2 mm I I

— 2,5
granitic rock /To 17/

_0,2 mm
I I - 2,5

body moisture °h 14-15 14-15
wet-fired shrinkage 6t0 7,0
firing temperature ° c 1230 1230
glaze - 2A,3A 2A,3A
water absorption 8,4 10,9
compression strength

'

okp/cm 170 216
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5.1.5 Full bricks — Training Centre Serowe

Near Serowe brown-red brielc clay /TS 30/ was mined and by 
very simple technology utilised for manufacture of bricks 
fired in piles. The quality of bricks was very bad, there
fore this production was stopped. We tried to solve this 
problem with following result:

- brick clay /TS30/ needs a high addition of non-plastio 
materials

- suitable non-plastic material is laterite
- even if higher addition of non-plastic material is 
added, certain problems Pith drying occured, forced 
drying \vould be recommendable, which, however, in 
the given condition is not feasible.

Laboratory tests showed, that only lower quality bricks may 
be produced, compression strength being 60-75 kp/cm, 
water absorption 15 - 18 #.

5.2 Stoneware products
Stoneware » product with water absorption max. 8 # 
/stoneware pipes max. 9C3/, Stoneware products have a wide 
range of use in building industry /floor tiles, stoneware 
pipes/, in chemical industry /acid resistant products/ in 
agriculture, household and also for art purposes.
On the base of Botswana's raw materialc,production of diffe
rent kinds of stoneware was suggested and tried.

5.2.1 Stoneware facade tiles - glazed by earthen glaze
As basic raw materials weathered mudstones grey-brown 
/TS5 + TS6/, brown-green /TS13/ from Morolana area were 
used. Further raw materials are sandstone background /TS33/ 
and laterite /TS27/# Dolerite /TS19/ was also added for the 
required water absorption to be reached.
A series of laboratory trials proved that about 30-40C5 of 
non-plastic raw materials including fluxes must be added.
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From the used raw materials sandstone must be milled to 
maximum grain size 3 mm and clays must be free from lumps. 
For olay milling also wheel pugraill oan be used. The façade 
tiles were extruded on the vertical deairing pugmill. Dry
ing brings practically no problems, although wet-dry shrin
kage is 4-5 <h .

Composition of the body and properties of products are shown 
in the table No 16

Table No 16

MRL-SD MRL-LD
clay grey-brown % 35 30
olay brown-green % 35 30

sandstone upto 3 mm % 10 -
laterite upto 3 mm c l - 20
dolerite % 20 20

body moisture % 14-16 14-16
wet-fired shrinkage $ o ? 8,6
firing temperature °C 1230 1230
glaze 2A,3A,/lA 2A, 3A, 4A
water absorption $ 9,3 8,2
compressive strength kp/cm 135 110

Glazes are applied by spraying. The suggested composition 
of glazes is given in chapter "Glazes”,

5,2.? Sewerage pipes

All kinds of these products are glazed, either by earthen 
rlaze applied on dry pressed piece or by salt glaze. Glazing
j.y salt KaC 1 is done ' n the firing cycle.



hue to a lack of rr - r.r.T.erials only the limited number of 
trials has been don-? end the products were prepared in small 
dimensions only, „‘he lump? in clays were crushed by means of 
pan mill and the repeats /stoneware grog/ were grained upto 
maximum grain sine - mm. Body is prepared in a wheel pugmill. 
The pipes are extruded on the vertical dearing pugmill. Firing 
temperature mates 1210 °C. The manufacture of stoneware pipes 
and agricultural goods is not simple. Sufficient skill and 
production experience are required to obtain goods of stan
dard quality.
Table Ho 17 shows compositions and properties of mentioned 
stoneware products.

Table Ho 17

LD - G
clay grey-brown /V- 20
clay brown-green r*

VJ 20
laterite o ', 10
dolerite '/0 20
rejects /grog/ upto 4 mm riV? 30

body moisture f a 14 - 16
v/et-fired shrinkage cb 7,0
firing temperature■ °c 1230
glaze 3A
water absorption 9,2
bending strength kp/cm^ 95
acid resistance * 92,4

Acer.ling to the Czechoslovak Standard Acid Resistance



‘,!u: . , ■> Ld bo achieved: Ait minimum 90 %t
■’ British standard requires

{•rn::!;i ■■ s per ft, water absorption is
nol : ;a:c w

, 2 . 3 1 O O’ ‘ ! ■ 1
lion-.-'; 1 •' 0 ;..i f.,: i. a higher standard product. Using
of floor li !.• Jn b :; lb.i r- industry is very wide. Raw mate
rials a-v. iu b boro-I.«orole.na area. The basic materials
are v.nat.i.ercb i;iuu./,u::o ,, grey-brov;n /TO 5 + TS6/, grey-yellow 
/TSB -t- TO 0/ and tone background /CS 33/, Supplementary
raw material rn peg.-.- ti ■ ""013/ as flux, for colouring of
body late rite /2027/ ir; usee. - production of different 
colours co floor ti) -"nuired, certain colouring compo
nents are added, Anolbor possible way iB based on the fact 
that if some natural row -.Aerials are added, they give a 
colour to the product, b't.cr many laboratory trials three 
colour bodies for‘i oor : ; l>"were composed - red, yellow 
and grey. The colour:., nr not so sharpy distinguished as if 
colouring admixtures t re reded, but are prepared exclusively 
from Botswana raw ais.

The mentioned throe oodles were prepared in 5 kg batches, 
raw materials vere milled ir. wet ball mill; ratio raw mate
rials: pebbles: water - 1:1, 5:1,2. After milling, rest on theO
sieve 0,09 mm /h.900 op/on"/ showed not to be higher than 2 
The slurry gar .od in this way is dewatered and milled to the 
maximum grain sire 2 mm. rloor tiles are pressed on the labo
ratory hydraulic press ana properly dried. Clay grey-yellow 
/TOO + TO9/ ban high wet-dried shrinkage and requires carefull 
drying.
in Liie table Ao }h can.nos i t.i on and properties of floor tiles 
are given.
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clay grey-brown /To5+5/ \o

V gn 
1/1

1 :. LLQ’.V 
5

Tub Y 
10/1

70 30 -

" grey-yellow /778-3/ ~ 35 40
sandstone /7333/ - 25 55
pegmatite /T3I8/ 10 10 5
laterite /7327/ r*7v 20 - -
rent on the sieve 0,09 mm r4./- 2,1 1,8 1,5
moisture before pressing ft 6-7 6-7 6-7
wet-find shrinkage ft 1,8 2,0 2,2

tiring temperature ° c 1230 1230 1230

water absorption rt0 4,8 2,1 1,8

bending strength kp/cm^ 164 170 160
acid resistance ft 98,9 98,4 95,2

Czechoslovak standard CSN 724820 has following requirements:
water absorption - red and grey floor tiles max 4,0 #

yell0 7/ floor tiles max 4,5 #
2bending strength - min. 120 kp/cm 

acid resistance - min, 92 %

The British Standard requires water absorption 0,3-5,0 'h 
bending strength 250 kp/cra2, individual 200 kp/cm2,

.3.1 '¿'all tiles
7/" IT tiles are porous products, with white or yellowish body, 
glazed surface, used for wall tiling in households, hospitals 
and many other buildings. Technology of wall tiles is rather 
intricate, at first nou-glazed product, the so called bis
cuit is fired. Than after {glazing and second firing final



In the laborn-uory 12 trials were marie with raw materials 
from I.Iakor ‘-Morolana area ~ mudstone grey /ТПЗ + Т34/, sand
stone baci ■'•round /1333/ and as flux pegmatite /Т318/ from 
Selebi-Fikwe area was used. Other part of trials was based 
on Mmamabula raw ¡nate-ials - mudstone light /TSll/, calcrete 
from deposit near Moicane /LS 20, L5 21/.

Working body was prepared by wet milling in ball mill - 
ratio raw materials: pebbles: water = 1:1, 5il»2. Rest onpthe sieve 0,09 /4.900 op/cm /after milling should be very 
low, max. 0,7 The gained slurry is dewatered to the press
ing moisture 5,5 - 6,5 #. Wall tiles in dimensions 150x150 mm 
were pressed on a friotion press /60 tons/, dried in labora
tory dryer and blsquit fired in industrial kiln to tempera
ture 1060 °G. For glazing, production types of glazes were 
used, dost firing was done „о temperature 1020-1040 °C. The 
table No 19 shows composition and properties of wall tiles.

product - glared v;all tiles, Is gained.
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T a b l e  No 19

MAKORO 
MR 2

III.1! AM ABU LA 
KM 1/3

mudstone grey MB Cl', 20 -
" dark A'

YJ 20 -

mudstone light MM ( rf\/r - 70

sandstone beokgrou.no r; 40 -

calcrete % - 15
pegmatite % 10 5
orushed rejects 

/bisquit/
<h 10 10

rest on the sieve 0,09mm °h 0,5 0,3
moisture before pressing 6,2 6,0

wet-fired shrinkage ch 1,5 1,0

firing temperature 
bisquit °C 1060 1060

" temperature 
glazed wall tiles °c

1020
-1040

1020
-1040

water absorption % 28, 5 30,2

bending s trength kp/cm 137 82

Harkort test white 
+ coloured °C >175 >  200

Chemical composition: Mil 2 MM1/3
m o 2 °b 66,78 63,00
Al.,0,

¿ _
C?, 19,32 20,63

7K?0l 9> 1, 50 3, zo
"'iOp' % 0,95 1,06
MgO # 1,03 1,65
CoO % 5,04 10,15
MSpO 0 , 3 3 0,23
:-',0 c!o 4,85 1.23

To te.3 BJ> 99,02 99,95
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To the reached quality of "•all f.Lles It should be said that 
in the laboratory hi in hi nqui t was fired to the temperature 
1080—1100°C and '.rater aosoration ?;as 20—22 Unfortunately 
in the industrial kiln the firing was done to lower tempera
ture, thus gr. ’ring higher water absorption.

Used glazes were of Czechoslovak production made in "Glazura" 
Roudnice. 1 rerun i ion of frilled glasses and glazes is not 
easy, in any case it is better to start with glazes from 
known producers such as:

Ferro-enamels, Rotterdam Netherlands 
Degussa, Frankfurt Alain, German Federal Republic 
Reimbolt-otricke, Koln/Rhein, German Federal Republic 
Johnston-I.ia thews, Stoke on trent,. Great Britain 
Ilommel 0., ini Lsburg, USA.

5.4.1 Refractory products

Refractory products must withstand the temperature of mini
mum 26 SK and are used for building of different furnaces and 
kilns in the metallurgical industry as well as in cement, 
glass and ceramic Industry. Many different qualities are known 
and used in the 'world.
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Table Ho 20

In the following ‘.able Ko 20 some stand aras are given.

GREAT
BRITAIN

Czechoslovakia CSN 
72 61 06

B31758:6l 
Grade 3 SI SII Sill

P.C.E 3K 33 33/34 32/33 31/32

Al^O^ content 'p - min.A0 min.3 7 min. 35

Pe203 " % - <  2,4 <2,8 <3,5
v/aterabsorption ch - A t—4 O <13 <16

Refractoriness 
under load °C

1520
/5#/

1410
/ o ,3 V

1370 1330

compression strength 105 Qlin* r 
100 kp/cm£

mi
100 kp/cm2

spec, gravity g/cm'* - min,2,00 mini,9 1,8

Prom the characteristics of raw materials available in 
Botswana it is difficult to prepare refraotory products of 
average quality. Prom mudstone dark /TS12/ a grog was pre
pared by firing to 1350 °C, Water absorption reached is 
12,5 %. As a binding material mudstone dark and mudstone 
yellow were used.



Table Ko Kl brings composition and properties of tried 
firebricks.

Table No 21

( iz:i KM 2
mudstone dark-grog ] t.

0-] mm j ^f
40 50

mudstone dark ; o,i /uinm j 40 30

mudstone grey-yellow  ̂
0-2 mm j 20 20

body moisture j % 15,0 14,3
wet-fired shrinkage | °C 3,8 3,2

Al^O^ content | 33,2 33,5
Feo0, content j % 1,65 | 1,59
refractoriness j °G 1630 1640
compression strength j kp/crâi 120 75
refractoriness Ì

1
under load j 1350 1 3 1 0

j water absorption j % 15,3 18,7

The main problem is in the fact that no good quality bind- 
in£'5 clay with sufficient refractoriness is available.

5»5*1
The glaze is a thin, hard and usually glossy layer of spe
cific kind of glass, melted on the ceramic body surface, 
which becomes in transparent , mechanically more firm, more 
resistant against abrasion and against chemical substances. 
Each glaze also enhances aesthetic appearence of product. 
Glaze must correspond to the physical and chemical proper
ties of the body, to the different firing temperatures and



enormous number of differentfiring cond i li Oils. The I-I.! I.:- 
glazes coraposi tions, wuJc'! are a result of combinations of 
different basic m -  m •: ,f- i а I.z . if the glaze is prepared 
from the materials soluble i о water, it is necessary to 
change them in insoluMe /flans through melting with other 
components. Such glazes are known as fritted glaze or frit
ted glass.
For glazing some products mentioned in preceding chapters 
several kinds of glazes have been developed and tried, sub
stantially the earthen ones. The Botswana's raw materials 
v/еге used. These glazes are not usable for wall tiles.
Glaze for firinr temcoruture 1080-1100 °C_ ___ _ —  . — -  -  - ... —  -  -------------- ■ ............. ...........

Using: 1/ Facing strips /chapter 5.1.3/
2/ Facing bricks

Colour of glaze is brown, glossy. The glaze is marked "A”. 
In the glaze "A" composition, a -transparent fritted glass 
205 from Czechoslovakia has been used.

Fritted glass 250 is produced in CSSR by the firma Glazura.
Glazes for firing temperature 12jO°C /1250°C/
Use: 1/ Facing bricks - with basic raw material

mudstone /TS10 and TO12/
2/ .Stoneware facade tiles
if Sewerage pipes and agricultural stoneware 

Glaze "2A" is black, seraidull 
Glaze "1 A" is grey-brovm, semtdn.ll 
Glaze "/i/i" is red-brow'n, semidull

Preparation of glazes is not difficult. A1 1 components 
are milled m  wet ball mill U 1 l the rest on the sieve 0,06 
mm e. g. lO.OOO op/on/ in less than 3

Composition of glaze "A" 
transparent fritted glass 250 
dolerite /T8 19/ 
mudstone grey-yellow MU /TO 9/

50 ch 
A0 S 
10 %
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Composition of glares 2/ 3 A, U A
h A

transparent fritted rihs*s 205 20 T - -

dolerite /To 19/ to  % - A 5$
pegmat ite / IT • 3 b / 30 ch 0 5 w A 56
mudstone grey-ye H ow LR / F 0 9 / 10 35 10 03 106
syenite /113 59/ - 45 / -

All glazes were applied by spray Lng with pressed air.

5.6 Limestone 6ased products
The most important product prepared from limestone is lime.
The lime is gained from limestone through firing ’oy tempe
ratures 1000 - 1200 °C. Limestones from Llookane area 
/ LS 20 = TS lit and L5 21 = TS 15/ were in the laboratory 
fired by different temperatures /900 °C, 1000 °C and 1100 °C 
respectively /. The results of testing were not satisfactory; 
in both cases lime was gained, but with technological difficul
ties and with high production costs. Tore detailed information 
are available in "Report of physical and chemical tests of 
Botswana*^ limestones" included in Annexes page 1 - 18.

Limestones marked LO 22 and Lf5 23 were fired at temperatu
re 1000 °C and by the way gained limes were hydrated.
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Lime from sample LS 22 had after firing lrov;n odour, what 
was not expected, frown colour did not enange even after 
hydratation. Due to a brown colour and GIG content which 
is higher than 2 1 can be evaluated as average product only.

On the other side, limestone marked LS 23 fives after firing 
lime of white colour, with low content of SiC^, and its 
hydratation is very rood. This lime can be evaluated as 
a first quality lime.

5.7 Gypsum-made products
The semiproduct plaster of Paris is used for plastering, 
casting moulds and cases in different industries and for 
partitions in building industry. Gypsum itself can be ap
plied in cement production as one component in quantity 
of about 5 5j. The perforemed tests have indicated that the 
found gypsum of the Ivlashaeiwa deposit can be used for ce
ment industry only.

5.8 Cement-asbestos products
These products could be technically manufactured in Botswana 
with regard to the good quality of tested asbestos.
However,, the prospection carried out by the lease holders,. 
Asbestos investments Ltd., in the Iioshaneng area has not 
yet discovered sufficient reserves worth mining and milling. 
A similar situation is on the Kang Pan deposit.
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6. CONCLUSIONS Alin RBCOILÏhlîiDATIONS

6.1 The manufacture of brickware from the raw materials deposited 
near the Gaborone ham is technically feasible. The erection of 
a brick plant, which is supposed to satisfy present; needs of 
industrially made bricks in the country, Is already under pre
paration in Gaborone. Consequently the assignment of the team 
of the Institute for Ceramics, Refractories and Raw Materials 
consist in this case in submitting results on brickware supple
ments - partly glazed facing bricks, facade tiles and pressed 
facing bricks if need be - for potential extension of production 
programme proposed in the layout plan of the brick plant.

6.2 The manufacture of s toncwaie - fayaric tiles, sewerage pines 
and H oop tiles - of a satisfactory quality is technically 
feasible. Most raw materials are available in the Iloralana de
posit. Waste dolerite from Gaborone could be used as a flux.

6.3 The manufacture of wall tiles of satisfactory quality is tech
nically feasible. Guitable mudstones and sandstone for the pro
duction are available in the Makoro-Moralana deposit. The body 
composition contains also pegmatite from Selebi Pikwe, the re
serves of which should have to be verified. Glazes are supposed 
to be Imported in the first years of production. Wall tiles 
can be also successfully produced with light silty mudstone
of Mmamabula and calcrete Mokane.

6.k Refractory products based on raw materials found till now in 
Botswana are of insufficient quality.

6.5 Glazes on facing bricks and façade tiles as well as on stone
ware façade tiles were made from dolerite, syenite and pegma
tite available in the country. For wall tiles Czechoslovak 
glazes were used.



+

6.6 Cement-asbestos products could be technically manufactured in 
Botswana with regard to the good quality of tested asbestos. 
However* the prospection carried out by the lease holders* 
Asbestos Investments Ltd.* in the Moshaueng area has not yet 
discovered sufficient reserves worth mining and milling.
A similar situation is on the Keng Pan deposit.

6.7 Gypsum-based products
The semiproduct plaster of Paris is used for plastering, 
casting moulds and cases in different industries and for 
partitions in building industry. Gypsum itself can be applied 
in cement production as one component in quantity of about 5$. 
The performed tests have indicated that the found gypsum of 
the Mashaeiwa deposit can be used for cement manufacture only.
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,8 Limestone-based products
Large deposits of Mookane calcrete appeared 1. be unsuitable for 
the manufacture of ouick lime in consequence of their high si
lica content /see Annexe - Report on physical and chemical 
tests of Botswana's limestones/. On the other hand, this mate
rial was successfully applied in wall tiles /see preceding 
para 1.3/.
Marbles of Makoro Hills and Tonota could give qick lime of 
good quality, but these deposits have not yet been prospected. 
The investigation of demands for quick lime will be carried 
out in the Market Study, which should indicate whether in
dustrial production of quick lime would be reconmendable.
As far as marble tiles and marble plaves art concerned, none 
of the found raw materials was suitable.
The team did not look for limestones for cement production 
as a feasibility study for establishment of cement industry 
in Botswana is being prepared by die Deutsche Gesellschaft 
fur technische Zusammenarbeit, GMBH. The marble deposit Mma-
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dinure 25 km northwest of Selebi Pikwe contains allegedly up 
to 50 ft CaO, under 3 ft MgO and is suitable for cement product
ion. Also the reserves estimated on special prospection are 
sufficient.

6.9 Scope of Market Study
With regard to preceding results the Market Study should com
prise the following products:

— stoneware façade tiles
— sewerage pipes
— floor tiles
— wall tiles
— oement- asbestos products
— quick lime
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7. FIELD ACTIVITY 
The experts

Ing. Jan Urevo, team leader (economist)
Ing. Miroslav Stockert, technologist and market 

specialist
left Czechoslovakia for Botswana on 21 May to fulfill the 
assignments in the field.

Duration of the trip: 21. 5. 1977 - 25. 6. 1977

Public institutes, commercial firms and persons contacted 
are listed in the Annexe.

The course of the trip
22. 5. The experts arrived at the Lusaka Airport on Sunday,

22 May, at 11.55 LET,
23. -27. 5. On the first working day the experts called on the

Regional UNDP Office where they were provided by 
a covering letter for contact with local authorities 
and commercial firms. At the same time UNDP Offioe 
requested UNDP Resident Representative in Gaborone 
to arrange for visas for the experts on their arrival 
at Gaborone.
During the week persons listed in the annexe were 
interviewed about locrA production in Zambia of 
clay-based and oeramio products as well as building 
materials; their opinions on potential future imports 
of those products from Botswana were examined.

28. 5. The experts left Lusaka for Botswana at 13.45.
With regard to the hot frontier between Zambia and 
Rhodesia the route of the flight was diverted and 
the arrival to Gaborone took place at 18.30.
Free day29. 5
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30. 5.-11. 6. At the opening of the field work in Botswana the
experts were received by Mr. 0. owenevik, UUCP Re
sident Representaive. fir. Eruvayo, Deputy Resident 
Representative v;as arranging during the experts' 
stay in Botswana their contact with the Ministry 
of Commerce and Industry and contacts with UNDP 
offices in further countries.
After the reception at the UNDP Office a meeting 
at the Ministry of Commerce attended by Mr, Bareki, 
Mr. Esche, Mr. Setswayelo, Fir, Mogopodi, Mr. Cau,
Mr. Eruwayo and both experts was held. Mr. Setswayelo 
was appointed guide of the experts and was arranging 
during their stay contacts with governmental autho
rities, public institutions and private fir.as (see 
the Annexe).
At this occasion Mr. Stockert submitted samples of 
products manufactured in Czechoslovakia from Botswa
na's raw materials:
- brickware - partly glazed facing bricks
- glazed faqade tiles
- stoneware - facade tiles and floor tiles
- wall tiles,
- refractory products.
The samples were deposited in custody of Mr. Cau.

12. - 15. 6. The experts left on 12 June for Johannesburg where
they spent night in the transit hotel being not pro
vided with visas for South Africa, and left in the 
morning for Lesotho, In the capital Maseru they were 
received by Mr. P. V/. von Mallincrodt, UNDP Resident 
Representative. The working programme was prepared 
by Mr, Yucer, Programme Officer. Mr, Wm, Buohanan, 
UNIDO Consultant for development of brick industry 
agreed to be guide of the experts for the three
days and was very helpful in getting informations 
about the local market.
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16. - 17

16. 6. 
20. -  22

23. - 25

6. On 16 Llay in Ihe morning the experts undertook a
flight by a charier from Maseru to the Matsapa Airport 
in Swaziland and went on by ear to the capital Mba
bane. They v,’B.rc received by Mr. S. 3. Hussein, UNDP 
Resident Representa live. The working programme was 
prepared by Mr. T. Van Gaallen, Programme Officer.
The visited institutions and firms are listed in the 
Annexe.
On 17 June in the evening the experts went by air 
to Johannesburg and returned to Botswana (Gaborone) 
next day in the morning,
Free day

6. The experts were collecting further information pro- 
missed to them before departure to Southern Africa. 
Next day they visited the Geological Survey at 
Lobatse, where the proposal of recommendations con
cerning this Institute was discussed.
On 22 June the final meeting in the Ministry of 
Commerce and Industry was convened. The session was 
presided by Mr. Bareki and attended by Mr. Esche,
Mr. Mogopodi, Mr, Cau, Mr. Gregor, Mr, Setswayelo,
Mr, Drevo and Mr. Stockert, The experts informed 
the participants about preliminary results of the 
mission and answered questions.

6 On 23 June the experts boarded for return flight.
At S.45 they left Gaborone and arrived at Lusaka 
at 16,00 from where they left at 21,30 for Frankfurt 
where they landed at 7.30 on 2A June. They reached 
Prague next day in the morning.
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8. M ù B K E T n T (I D Y 

0.1 Introduction

The market study should submit the results of market investi— 
put ion related to the produets end materiels reeornmonded In 
the conclusions of Phase A of this report (page 88,para 7.9), 
namely
— stoneware facade tiles
— scvora 'o pipes
— f o o r  tiles
— wall tiles
— cemert I; - asbestos rroduots
— ntück lime

The conclusions of the marî;et study should indicate products 
and materials that can. he produced and sold in Botswana; bo-
f ; \ f] Ç* \-h i r. ’..‘are should be also marketable in adjacent countries 
if local market is not )/rr,o enough to secure economic produc
tion. The market of ’.!1 o above products and materials is close
ly connee tod with bn i.} d i.ng and construction j ndustry and is 
an integrated pari; of the national economy characterized by 
the fol iovi rig indication:;.

bote: Costs and prices are based on rate of exchange valid in 
June 1977 in Gaborone
1  Pula = 1.0T3T Band (SA, Lesotho, Swaziland)
1 Pula = 0.9530 Kwacha
1 Pula = 1.2000 US Dollars
1 Pula = 2,8230 Germon Marks
1 Pula ts 0.6986 Lstg
Imports before 1977 are priced 1 Pula = 1 Band
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Table

Gross bonier: ¡,1c Produci rn1 Population

197 6/1977 Estimate
1980/1981

Gross. Dûmenti.c Prod, 293 in Pula 431 m Pula
G DP per' bend / o f ) Pula 500 Pula
Populat i on 74 R 000 irh. 863 000 irh.
ToteJ labour fu roe 3 73 000 i nil* 434 000 irh.
Hot in formal emi b-'merit 261 000 inh. 307 000 inh.
In formal employment 66 000 inh. 81 000 inh.
Y/orking abroad 46 o o o  inh. 46 000 inh.

The table shorn a relatively high I lo1 pa ted growth of Gross 
Domestic Product, which, however, is not suffice!ent to diminish 
high unemployment.

Table 23:

Pro.ieoted Grò\: i n of Gror.s !iomost. 1 c Product in .Sectors

P million

Sector 1976/77 1980/81

Agrieu1tu re 75,8 89,3
Mining 36,7 93,3
Manu Cacti» leg 16,2 27,0
W a t e r an d electric.it y 7,7 9,6
Construction IR, 1 23,8
Trade, hotels 64,2 79,0,
Transport /ed communications services 9,1 13,-
Finance, Insurance Bussiness 
Real Estate 24,3 33,-
Community and Personal services 15,1 20,2
'Cenerai ‘Còvòrtimènt"’“ ~ l3i,T" 43,2

298,7Total 431,4
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Mining, manufacturing, water and electricity and construction 
sectors'are of interest in connection with Market Gtudy, The 
mining sector comprises diamonds (73 ft), niokel-oopper (14 ft), 
prospecting, quarrying, coal, etc.(13 ft). Manufacturing inclu
des food industry (72 ft) and other manufacturing industries 
(28 ft»)» Water (29 ft) and electricity (71 ft) is represented pre
dominantly by public utilities. The Construction sector consists 
of building and civil engineering by companies and Ministry of 
Works. The absolute value of the CDF of this sector should rise 
from 21 million Pula in 1973/74 to 24 million Pula in 1980/81.

Table 24:
Imports of Opods by Pnd Use 

(Г million)

1976/77 1980/81

Intermediate 83.5 100.0

Capital formation 20.0 4.9
Consump (.ion 82.2 109.7

Total 185.7 2 14.6

The low value of capital formal.ion in 1980/01 means that in-
vestement in mineral industry in planned period will be fi-
nished prior to tills year

Table 25:
i!::por ts of Goods by Frond Group s

(P million)

1976/77 1980/81
Meat and meat products 37,4 52.1
Nickel-copper 44.0 bb.fi

Diamonds 31.5 78.2
Oilier (incl. re-ernorts) 17.0 28,9

1? - 216.8
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In the ye nr 1976/1977 imports substancially exceed import:;. 
However, in 1990/1991 imports ami exports will nearly balan
ce,It implies extraordinary export ach Levement rspedally in 
the nickel-copper and diamond industry,

8.2 Development programmes

The National Development Programme includes projects concer
ning all spheres of economy. As far an minerals are concer
ned large projects for diamonds, and copper-niclccl have been 
prepared and implemented. In the last, planning period (1971— 
1976) studies on development, 0 1 ' building industry rore prepa
red and investigation of possibiJlies to exploit local mate
rials v;ere recommended. In this connection a preliminary 
study of potential establishment c  cement industry and 
a feasibility study of clay bricks ’-ere elaborated. In the 
present planning period (1976/77-1980/91) the project of a 
brickfectory was prepared and the plant has been erected in 
Gaborone, A project for a cement plant is under preparation,
A further item in the development, programme is c l a y  products. 
With this theme the presented study is maLnly concerned,

8.3 Method of assossing market renuiremergt,s and tronds of pro
duction

Raw materials and ceramic products are widely spread in most 
countries and the first criterion for establishing these in
dustries is as a rule expressed by the requirement to satisfy 
the needs of local market and to reduce imports. If local mar
ket is not large enough for a certain production to be run 
economically, markets of adjacent countries are taken into 
account where either raw materials for a certain product do 
not yet occur, or the relevant Industry has not yet been de
veloped, or cannot be run economically. Therefore the sta
tistics of imports are one of the important sources of in
formation, Unfortunately their reliability varies in different
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countries. Besides, the statistical. j toms cannot bo specified 
deep enough e, g, under the item hr jet:; there ore normal bricks, 
feeing bricks end o Hier brick products iu to tvl qua” 11 Uy end to
tal velue. Besides, in some statLsti os quantilies ore looking 
or are allegedly unreliable. The évaluat.ion of statistical (la
ta for derivation of future trends is in these years of econo
mic depression also very problematic.
For these reason the following procedure vas adopted:
— Accept as basis of investi go Lion products and materials re

commended .in technical conclusions (paye 60, para 7.9)
— Submit and commont import statistics rhore available
— Exclude products and materials the consumption of rhich is 

insignlfleant in Botswana
— Contact main importers as the most reliable source of infor

mation on imported specific products and prices
— Assess cautiously future consumption in the year .1961 after 

consultation with planning authorities, architects and con
tractors

— Extend the recommend at i on s of production programmes by pro
posing versification of existing production, experimental 
production or small scale production of products, where the 
introduction on Botswana's market would be desirable and 
profitable.

8,k Botswana's market

0. A « 1 Existing production, imports, assessment of future mar!: et 
reou Froments

None of the investigated products is produced in Botswana. 
Statistical data on import are indicated in the following 
table.
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j.r m t

Common i t;y
Code number hour С--:'t i ty Value
Unit Pula
fJnglazed ecr-'-T.io sc ?, tr: 
f 1 a'■ r, and biles 
69.07

j ■ 7 f 
i ’- 7 9 
! ■ 7 d

17 .1.16
i ■ •

П '•. ,< j
* ’ t
'-’i

2 26 
2 51

G 7 a. z ч rj г; о г г*;о so t ss 1 2 962
flags aid til.os p 
69.OB n ’

Г -7 5 17 ;11 *7 r; ¿1 lL
1976 9Л 320

Piping, conduits r/’.d 1 22 p - ?.
gu hboring 19/7 to '1 19 lri-3
69.06 l:r 1 -76 - ■’ 2 6 i

Articles of a.stostss. 1 :7u i" \ ' 1 '9 171
cement <f cellulose fibre- 1 ';t 1 ' •• 9’ ■' „• 3 r / 799
cement and the line 
68.12 kg

17 76 * 1 •

Quick line, sia’-od lime 197 ; [ * : 3 5 o?0
and hydraulic lire, ether 197 3 7' 2 if l-t 2
than calcium or hoc end 
hydroxide
25.22 ir

1976 - • . V iu

The investigatod products arc included under the above code 
numbers:

Stoneware fnc- tiles are sc or sed to be included under the 
code number ( ;f unglazed end unde.-’ the code number 69.OB
if glazed.
Sewerage pipes -'••re included unde- the code number 69.< 6.
Floor tiles are included unde»* the code number 69.07 as only 
unglazed floor tiles are inpo/v.ed.
Wall tiles are under the number 69.09,
Cement asbestos products are unde’- tire code number 6P.17,
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The values for the years 19?/» and 1975 in the table rare 
taken from External Trade .Qtatistics 1375, the values for 
1976 from the not yet published statistics. Quantities in 
this publication are not indicated.
Mr. S'-ockert tried to complete quantities from the tabula
tions of Customs and Excise which, however, appeared to be un
reliable for code numbers 69.07 and 69.08. resides, the quanti
ties and values of a nr; re*; a ted items do not. give any picture 
on imports of particular products.

Estimates of lrrmo-ts ( 1976) by local import erg

Stoneware fapade tiles

Stoneware facade tiles and mozaics are materials suitable for 
Botswanans conditions, Because of their high price they are 
imported only exceptionally for outer welling of public buil
dings. Regular imports do not exist.
Manufacturing stoneware faca le tiles for non-existirg market 
cannot be recommended. They ecu.Id be produced only in combi
nation with other saleable products.

Sewerage pipes (ceramie)

Only 20 - 30 ton are imported for year especially for aggre
ssive sewage. Otherwise asbestos - cement pipes prevail and 
vinyl type pipes for conduits inside houses are applied. The 
consumption of ceramic sewer pipes is not supposed to rise in 
future. The proportion of ceramic sewerage pipes compared to 
asbes1 os-cemetit a vinyl tyre sewer pipes is not supposed to 
increase and local manufacture is not recommended.

Wall tiles

Average present imports of glared ceramic veil tiles are esti- 
muted a-.. 17 000 m‘‘ per year, ’¡.ported wall tiles are mainly
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of commercial quality. Only smaller quantities are sold in high 
grade quality.

pIn 19R1 the consumption is supposed to rise to 20 000 m . This 
quantity is insufficient for an industrial plant. Industrial 
production can be recommended if exports are sufficient.

Cement-asbestos products

About 500 t of water piping, too t of sever piping and 500 t 
of roof sheets, slabs and other buiJding part3 are yearly im
ported. These quantities may increase by 15 0 by the year 1901.

Quick lime

A 000 t of povdered quick lime are estimated to be imported 
per year. Quick l_me is used for painting and flushing. In the 
country limestone is burnt in some places in small kilns and 
quick lime used for mortals.
The abstention from use of lime mortars in commercial construc
tion is explained by easier handling with cement. Architects 
and some contractors, hovever, object that vails built vith 
cement mortars are cracking in the dry and warm climate and 
are of the opinion that home-burnt quick lime at acceptable 
price would sell.
Small scale production is recommendable,

Brlckware facing tiles end facing bricks

The investigation of brickvare products was not carried out in 
the markc1 study as a brickvare project for the brick plant pro
ducing hf500,000 bricks per year was prepared by Ingenjorsfirma 
L, Svard AB.
Neverthless, samples of clays for bricks were verified in phase 
A, in agreement with Geological Survey and samples of facing 
bricks and facing tiles were produced which could contribute 
to versification of the planned production. The extent of this 
additional manufacture will depend on technical conditions of 
the brick plant and on absorption capacity of the market.
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8• it• 2 Prices of ceramic products and building in* >crisis

Kearly all investigated ceramic products and building mate
rials are supplied from the Republic of South Africa (RSA). 
Botswana, RSA, Lesotho and Swaziland are associated in the 
Customs Union, Consequently Botswana does not impose duty on 
goods produced in RSa or any other member of Customs Union, 
Exceptionally the member states can apply duties on imports 
from the Customs Union to protect infant industries up to 
8 years. The goods imported frcm countries outside the Common 
Customs Area is of course subjected to duty.

Building and oeramic materials are purchased either directly 
from factories in RSA or from wholesale merchants. For quanti
ties currently sold to Botswana there are not great price 
differences between these tv;o sellers, as factories are not 
anxious to compete with wholesale merchants who ore their 
clients.

Average landed cost of products and materials based on avera
ge prices in RSA + transport + insurance (for fragile pro
ducts only) is listed in the table 27,

It should be said that landed cost is the base on which the 
wholesale price is calculated. The wholesale margin includes 
transport cost from railway station, handling, stocking and 
sales expenses and profit. The margin fluctuates between 
1 2 - 1 8  for different products.
The landed cost, however, is an important characteristic which 
must be taken into accout in setting out price limits for 
products of industries to be established.
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Table 27

Item
Unit F t ». i'(;

hi’A
'transport fusu

cos t rance
Landed cost 
Botswana

herd : did 1 and Land Pula
Stoneware facade 
uiles 4
Stoneware sewer 
pipes (200 mm)

2m

r.m. >.()" O.vo 3.70 3.50
Ceramic floor 
tiles ?m 20. /¡() o.Om 21.00 19.87
Quarry tiles 
(flooring) 2m A . 8 'v 0.90 ccr-• 5.A7
White wall tiles 2m A, 2 9 0.32 0.11 A.72 A, A 7
Coloured wall tiles 2  

(uni colours) rn 7. HO 0.92 0.20 0. A0 7.95
Cement asbestos 
products:
sewer pipes (200 mm) r.m. A. no 0.50 A. 50 A.26
water pressure 
pipes (200 mm) r.m. 7. 90 0.50 8.00 7.57
sheets 2m 1.65 0.3 5 2.00 1.89
Quick lime t 55.50 A. 50 60.00 56.76
Cement t 30.20 3.80 3A.00 32.18
Facing bricks lOOOpcs AO.00- 60.00- 57.00-

1.0 0 . 0 0 2". 00 120.00 11A.00
Stock bricks lOOOpcs 3 /4 .OO- 5A.00-- 51.00-

A 7.00 20,00 67.00 63.00

Markets in count.-»-•ies cf Conr,o»i ('■:s‘ons Area and Zambia

The following review of Trade 1971 - 1970 shorn, that import 
from C.C.A# countries has g'orn from 69,3 l5 in 1973 iipto 79,8 # 
in 1975* The main part of importer! goods is of SouthAfrican 
origin,
Botswana's export to the C.C,A. countries is substantially lower 
than corresponding import. Tin main customer fo*» Botswana's goods 
is United Kingdom which participates by more than AO in Botswa— 
na's export.
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The Direction of Botswanans trade 1973 - 1975 is shown in 
the follov/ing table.
Table 20

(all values in 000 *s Hand)

Area 1973 197A 1975
Imp a>rtS n-y.p c  ts l mpeC"t.S IExports Imports Exports

C.C.A. 79 530 11 071 9 A 393 30 771 27 109 2A 772
Other Africa 12 A38 A 338 17 265 3 A36 20 310 A 70 A
U. K. 6 350 lid 15A A 32/1 35 A 50 3 875 A9 727
Other Europe o 2 lh 3 013 2 A 90 3 200 3 AO/i 2 816
U. S. A. 1 oa. !.. 56/- 33 5 06/4 0 617 3 831 22 6AA
Rest of V'o-'ld 1 860 591 1 07 A 516 759 1 oo

Total llli 96/i 59 200 12 5 A 18 81 990 159 288 105 0A0

Prom the adjacent countries except C.C.A, Zambia is the most 
potential customer for Botswanans goods. The mutual trade is 
still insufficiently developed.

In the part 8.A.1 manufacture of rail tiles and quick lime was 
recommended. In the first case, however, local consumption is 
insufficient to start industrial production, therefore potential 
imports to adjacent countries must be examined. As far a3 the 
other products and materials are concerned, general situation 
in imports and local production in respective countries should 
be caracterized,

,,5#1 Republic of South Africa

Industry of building and ceramic materials is very well develo
ped in the Republic of South Africa, nevertheless, data from 
External Trade Statistics show, that certain quantity of ceramic 
materials, namely wall tiles and mosaics (of exceptional quality 
and décors) are imported#
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Data regarding nail tiles and mosaics Import are shorn in 
the following table:

Table 29

Commodity 
code number 
unit

Year Quanti ty
;■( >n 

pri ce 
' fond

Rand 2  

per m

wall tiles 1974 1, 596.1/13 3,678.248 2,30
69.0i}.40 1975 71?. 150 2, '.02.617 3,31

m Jan-May 
+ 1976

29 1.001 M02.345 3,08

Mosaics glazed 1974 161.0/19 334.604 2,08
69.§8.10 1975 39.571 151.319 3,83

m
+For the year 1976 the statisti cal data tore available until 
May only.

In imports of rail tiles to the Republic of South Africa many 
countries participate, AIL prices are quoted FOB country of 
origin. Differences are due different qualities and designs.

Table 30 ~
All values in Rand per m"

Exporting
country

UNITED
KINGDOM

VJEST 
GERÌ.. Ah Y Rii' ATI; ITALY BRASIL J Al’AH

FOB 1974 2,30 4, A1 2,82 4,66 2,97 2,64
prices 1975 2,38 5, A4 1,17 3.37 1,82 2,91

The indications in these tables refer to FOB prices to which 
freight and insurance must he added to receive GIF price and 
port dues + duty to obtain landed cost, '¡'lien further costs 
and wholesale margin are added and the ..-holesale price is 
calculated:

Average price FOB ports of exporting countries (1975) 3.51
freight 0,93
insurance 0,145
CIF price SA ports A.59
duty 20 $ 0.92
warfage and handling 3 # 0.14
landed cost RSA ports 5,65
average railway transport and handling in RSA 0,47
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leaded Cost Johannesburg 6.12 
15 tfo wholesale margin 0.92 
Wholesale price Johannesburg 7.04

The price calculation is demonstrated on the average price of 
imported wall tiles the year 1975.

Ceramic factories in the Republic of South Africa (Johnson Ti
les, Pilkington's Tiles, Cerama, National Ceramic Industries) 
manufacture very wide assortment of wall tiles, mosaics, floor 
tiles and other products. Impo-t is plainly concerned with exclu
sive wall tiles, mosaics etc., according to the requirements of 
customers. From 1975 Import dropped to the half quantity compa
red with 1974. The level of 1976 will be approximately the same 
(extrapolated from import values for January - May). The decre
ase of import is caused partly by the fact that a new factory 
started production partly owing to recess in building industry.

South African producers are able to safisfy local demands as
well as requirements of Lesotho, Swaziland, Botswana and other

2countries in standard wall tiles. The 700 000 m of yearly im
ported wall tiles from U, K., West Germany, Spain, Italy, Bra
sil und Japan are, as said before, special déoors and designs.
On interviewing South African contractors in Lesotho and Swa
ziland the experts '»nme to the conclusion that 10 # of these

2imports i. e. 70 000 m could be replaced by imports from Botswa
na under the condition that
a) deliveries of wall tiles would be in coloured déoors, with 

application of local and rural motives, partly manually 
applied,

b) prices of deliveries would be competitive with prices of 
imported products,

e) deliveries in minimum quantities of 2000 in on s; d a l  de
mand would be possible (at higher prices).

The other ceramic industries as that of facade tiles and sewe-
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rage pipes ere mufficiently developed to oo 
local market. The manyiactu^e of floor tile 
being developed end is therercre protected 
(25 # + 200 c/n2). In 1075 r U U  to COO it2

ver the demands of 
c and mosaics is 
by a hirh cut.y 
of glazed mozaics

were imported.

The building materials such as car ont-ashe stos products, ce
ment and lime are produced in sufficient quantities and also 
exported. This applies to briokwa*e products as rail.
Average prices of most these products rere indicated in 
part 8.A,2,

8.5*2 Lesotho

Lesotho with its population of about 1,000,000 inhabit ans has 
a low consumption of building and ceramic materials. Neverthe
less from "Data on building mereriels (selected) imports 
1972 - 1975" the increassing trend is visible.

Following table shows the consumption of building materials:

Table 31
All values in hand

Item 1972 1973 1974 1975
Quick lime 
cement

N
V
>

338 000 ùO 0C0 
428 CuO

3 2  000 
£09 000

63 000 
942 000

asbestos-cemen t 
products * » 0 -ti 9 i* 0 /i# 203 000 373 0C0
bricks 180 000 125 000 199 000 242 000

All this above mentioned products are supplied iron the Repub
lic of South Africa, The data on imported wall tiles were not 
available and had to be assessed by local contractors. The de
mand, for wall tiles is about 8 000 - 10 000 m2 per year. They 
are both of South African and Eurojfan origin. For Lesotho it 
is characteristics! that demand for wall tiles varies from the 
cheapiest ones in white colour upto the most expensive colou- 
red and highly decorated tiles imported from Luropan countries
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(Italy, German Federal Republic). In Lesotho wholesale does 
not exisb, wall tiles are imported directly by contractors 
from RSA. Prices are very different, depending on colour, dé
cor and quality. They range between 5 and 60 Rand per m^„

What ran said about conditions for Import of wall tiles to 
South Africa it applies to Lesotho as well or even more as 
tourist industry is being quickly developed in the country 
and architects are anxious to apply original decorations in 
hotels and catering industry. Potential imports from Botnwa-pna in 1981 can be estimated at 5 000 m per year.

Ceramic floor tiles are pwacticaly not used, only terazzo ty
pe, thickness 12 mm, prices vary from 3 - 16 Rand depending 
on quality. Situation with the quick lime is the same as in 
Zambia and Botswana. People are not accustomed to work with 
quick lime and cement is highly preferred.

Other building materials - facade tiles, facing bricks, are 
supplied to Lesotho from the nearest South African factories 
and brick plants. Products from Botswana most probably could 
not compete.

8.5.3 Swaziland

A similar situation as in Lesotho exists also in Swaziland. 
This country with half a million inhabitants has not its own 
ceramic industry. All building and ceramic materials are Im
ported. The Republic of South Africa is practically the only 
supplier of these materials.

Prom the statistical dates a certain recess in consumption 
is remarkable.
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Table 32

All values in Rands

I ter. 1972 1977 1974 1975
bricks and other + 81,000 76.000 2 14.000 53.000
quick lime 102.000 107.000 c-oo«CP-*w 87.000
cement 555,000 542.000 \ 033.000 787.000

+Wall tiles are not listed separately.

The housing programme enables a market for approximately 2 ,10 000 m“ of wall tiles. From this quantity Botswana's pro—
2ducts coulrl replace 5 000 n in the year 1981, The quality

requirmonts are commercial grade, landed cost of imported wall
2tiles ranges from 5.0 - 8.0 Rand per rv", "’.¡11 tiles are supplied 

in the sire 150 x ]50 x 6 mm from 0he Republic of South Africa 
and a small quantity also from Kurope at. considerably higher 
prices.

8.5.4 Zambia

Zambia, the northern neighbour of Botswana. v-i th 7 million inha
bitants is a more developed country than Botswana# Doth the 
countries are interested in promoting mutual business. The tra
de be tween Botswana rnd Zambia is not. much expanded till now.
The construction of 'Botswana — Zambia road will undoubtedly 
help to promote deeper economic -relations between both countries. 
Zambia's economy depends on mining industry, especially on copper. 
World copper market influences the whole economy of Zambia; lo
wer export of copper has its conseqn.enoies on imports.

Zambia's imports of ceramic products 1971 - 1976 are shown in 
the table 33.

Wall tiles on Zambia's market are of commercial quality, dimen
sions 150 x 150 x 6 mm. More than 90 # of white wall tiles are 
required. Wall tiles are not yet manufactured in Zambia, They 
are imported from different countries via Dar es Salaam, The 
cost of transport makes a substantial part of price. Yearly
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imports a bit waver, however, 70 000 m per year is a fair 
number. Due to a complicated transport, the price of wall ti
les is unusually high. Landed cost in Lusaka i3 in averagep
9,50 Kwacha/m . On account of breakage which makes sometimes 
20 - 25 ft, the in stock price amounts to 11,0 - 12,0 Kwaehap
per m'. Wall tiles are subjected to 25 ft duty. Zambia can be 
considered a good market for wall tiles, it is estimated, thatpyearly import of 5C 000 m of white wall tiles from Botswana 

Table 33
Imports of ceramic products and building 

materials 1971 - 1976 
(Values FOB exporting countries)

2

Commodity 
Code number 
Unit

Year Quantity Value
Kwacha

ICr-acha nemark_ 
per unit KemarKS

Ceramic unglazed 3 971 17 72 5 23 712 1,337
setts, tiles, 1972 12 274 19 924 1,623
paving, etc. 1973 92 097 24 340 0,264 duty=20ft

p 1974 14 613 11 017 0,754
66 244 m 1975 3 972 9 108 0,293

1976 53 849 34 496 0,640

Ceramic glazed 1971 129 3/i 9 115 671 0,094
setts, tiles, 1972 162 279 157 731 0,792
paving, etc. 1973 24 697 32 035 1,297 duty«25ft

p 1974 120 668 148 812 1,233
66 24 5 nr 1975 74 142 12 5 051 1,686

1976 80 767 166 950 2,067

Ceramic piping, 1971 2 483 716 0,288
coduits and 1^72 1 517 813 0,536
fittings J 973 1 882 1 705 0,906 duty free1974 98 247 2, 520
66 243 kg 1°75 3 824 2 141 0,559

1976 1 053 758 0,719
Asbestos-cement 1971 4,577 721 531 610 0,116
products 1972 74 529 30 829 0,413

1973 2 050 3 031 0,478 duty free
66 188 kg 1974 3 000 800 0,266

1975 2 050 3 050 1,407
1976 1 681 1 784 1,060
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are edequate. At present, however, Zambia is resolutely cutting 
down import licences. If the erection of a ceramic plant in Bots
wana is agreed with a production programme involving also ex
ports to Zambia, a bilateral agreement should be concluded on 
this subject between Botswana and Zambia in advance.

Floor tiles a3 flooring material have no chance in Zambia, 
their use is very rare. For flooring in houses and offices 
mainly vinyl type of flooring material is used. Sometimes also 
quarry tiles and ter.vazzo are used. Terrazzo is also imported, 
landed cost in Lusaka being IB.50 Kwacha per m^. The price of 
quarry tiles is 0,2 Kwacha per piece.

The production of cement in Zambia is sufficient,no imp rt is
necessary. Quick lime is used in a limited quantity only, the

ruse of cement is highly p; . fered.

Also in the production of asbestos-cement, products Zambia is 
independent, import is of no importance. Asbestos for manu
facture of asbesto-eement; products is imported from Swaziland, 
Brick industry is fully developed as well to cover local demand,

8.8 Conclusions and rccornmc;ida t;i ons

The results of investigation market requirements for pro
ducts and materials recommended in technical conclusions (pa
ge 00, para 7.9) can be summer.!red as follows:

Stoneware facade tiles

These products are imported to Botswana occasionally In small 
quantities for rop re sen ta t i ve buildings, Market in the Customs 
Union countries Is abundantly sunlled by HUA, Zambian importers 
are not interested in importing these products. Industrial pro- 
duction of sfconevnre facade t.i les in Botswana is not recommen—
ded
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Scr/ernme pipes
Imports of coramic se’-ei age pipes make only a fer tenths of 
tons per year. Ceramic pipes could parity repJace asbestos- 
cement pipes imported from USA. Iloveve’", building contractors 
prefer asbestos cement - pipes because of easier handling and 
assembling. Small consumption of ccamic sc’-orege pipes in 
Customs Union countries is fully covered by deliveries liora 
Rf>A. Zambia uses exclusively asbestos-cement pipes produced 
by local industry. Industrial production of ceramic severage 
pipes in Botswana is not re comm e n fieri.

Floor tiles

Floor tiles are imported in small quantities because vinyl type 
is preferred. Ceramic vail tiles are applied in class rooms be
cause of their resistance to abrasion. Architects ere of the 
opinion the consumption of ceramic floor tiles of good quality 
would increase if they v/ere available locally. In Lesotho and 
Swaziland the consumption is lev;, in hi.'A the manufacture of 
floor tiles and mosaics is being developed and is protected 
by hig)i import duties. Imports of floor tiles in Zambia are 
negligible. Torrazzo tiles are p-eferod. Industrial product!on 
of floor tiles Ip. T’ots-ena is not rerorrenried. Ir case of a pi
lot plant, manufacture, evpc- jmental P’-orinction for market 
acquis!tion could be recommended.

Wall tiles

With regard to existing imports to Fotsvara and the other coun
tries of (bustoms Union and to Zambia ns "ell tvo alternative 
production programmes a r-e recommended to be suejected to eco
nomic examination:
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Table 34

O
Maximum production programme of rail tiles (m )

Country of 
destination

Y/hi te 
wall tiles

Coloured 
wall tiles

Totals

Botswana 15 000 5 000 20 000
R.S.A. - 70 000 70 000
Lesotho - 5 000 5 000
Swaziland - 5 000 5 000
Zambia 4 5 000 5 000 50 000

Totals 60 000 90 000 150 000

Table 35
p

Minimum production p ■ ogramme of wall tiles (m )

Country of 
destination

’white
vail tiles

Coloured 
wall tiles Totals

Botswana 15 000 5 000 20 ooo

R.S.A. - 15 000 15 000
Lesotho - 5 000 5 ooo

Swaziland - 5 000 5

ooo

Zambia 5 000 5 ooo

Totals 15 000 ^
 i 000 50 000

p•■^Experimental production 5 000 m of floor tiles end mozaios
per year

The maximum production programme involves local production 
and all potential exports. Should this manufacture not meet 
economic criteria, then the minimum production programme should 
be examined which comprises also local production, exports 
are cut down and should be concentrated predominantly on
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special décors saleable at higher prices.

In case of adoptation of the maximum programme an agreement 
should be signed with Zambia including imports of wall tiles 
to this country.

Cement-asbestos products

Yearly imports of these products fluctuate between 1500 and 
2 000 ton. The Customs Union countries are supplied by suffi
cient production in R.S.A. Also Zambia erected an industrial 
plant in recent years covering nearly the whole consumption 
of the country. For the time being industriel production of ce
ment-asbestos products is not recommended in the country. How
ever, if the project for a cement plant is implemented and if 
the development of mining asbestos comes so far as to guarantee 
regular deliveries, then the manufacture of asbestos—cement 
products should be taken into account.

Quick-lime

Quicklime in all countries of Southern Africa is used only for 
flushing and painting and produced on an industrial scale only 
in RSA, Y/ith regard to technical and possibly economical advan
tages of quick lime mentioned in part 8.^,1 it is recommended 
to subject a small scale product ion of lime to economical exa
mination.

Brickware facing bricks end facade tiles
i n —t — r ■  n u n — r r m — r r r  r - .  — i th _ ,  t     .r.-ii ..T _ n n  J _ :w*im

Prickrare was not included in the investigation for the market 
as briokware project was being prepared by IHG, FA, L.SVltRDAB, 
Engineers and Consultants, and the new brick plant is expected 
to start production just now. nevertheless the team of Czech 
experts took samples of brick clays from the Gaborone Bam area 
in the year 1976. The clays are evaluated in the technical part 
of this report. Samples of products manufactured from these ma
terials were submitted to the Ministry of Commerce and Industry 
and production of some of them will be tried in the new briok 
plant for versification of assortment. Preliminary
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assessment of profitability is recommendable.

During the field vork in Phase A brink clay samples were taken 
in Serov;e where local brick production had to be stopped be
cause bricks were cracking. During the second field mission 
in Phase D a reeipe for brick manufacture from the iSerowe 
clay v:ith admixture of a clay from fiakoro was handed over 
to the Geological Survey for the Serowe Brigade to enable 
them to start again brick production.
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Review of scope of production and prices of produots
recomnicnded in the forepoin/r conclusions___________ »

Table 36

Product Proposed max. Proposed min. Country Present im-
quantity per quantity per of desti- ports In

year year mation country of 
destimation

Wall ti
les v/hi- o p o
te 15 000 ra 15 000 m Botswana 14 000 m

II - - R. S, A. -
It - - Lesotho 3 000 m2
It -

2m
- Swaziland 3 000 m2

II 4 5 000 - Zambia 60 000 in2
Wall tiles 60 000 2m 15 000 2ra 80 000 in2
white total = = = = == = ======================„ „ „ „ „ „ ===„*===„= =

Wall tiles 
colon ■■ ed 
and deco— 2m

O p
rated 5 000 5 000 m Botswana 3 000 m

II 70 000 2m 15 ooo m2 K. S. A. 700 000 m2
1? 5 000 2m 5 000 m2 Lesotho 7 000 m2
II 5 00 0 2in 5 000 m2 Swaziland 7 000 m2
If 5 000

rs
m'" 5 000 2m Zambia 10 000 m2

======_ _ = 90_000 3 5 000 2_in____ =222=oog=m2=

Quirk.Jin!e..JiOOOr50QO_t_=/iOQQ̂ 5P.Q2-l:--L̂ i§̂ !i§=a,arS5Q2QI!la.
Pvires Pula
Wall tiler- white 4.90/m2
Wall tiles plain colour 7.60/m2
v;a 11 f,i 11 U Ccc0ra ted with Tooa 1 mo lives
( nnallor de 12.00/m2
Wall tile:; r.\-'- -wily dcco”ated ;v.i. ih local mo-
lives (ri-iirl.1 - ’■ --rn) 16.00/nr

m



Experimental production of floor tiles and mozaics:

average price 10P/m2
Quick lime: Present price of imported lime

for painting and flushing 60P/t

On pages 99 and 112 small scale production of 
lime is recommended by which the lime for mor
tars and plasters is meant of which the price 
is unknown. It should be calculated in adequa
te relation to cement. Also the combined pro
duction of both grades of quick lime incl. 
replacement of import could be taken into 
account.
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9. E C O  II 0 1 U C  S T U D  Y

9.1 Introduction

This techno-eoonomic study is based on the conolusione of 
Phase A of the feasibility study on the market study and 
the economic investigation carried out in the field in the 
Phase B. The manufactures of the following products were 
recommended to be examined economically:

- 150 000 in2 of wall tiles
- 50 000 m^ of wall tiles (alternative)

2- 5 000 m of floor tiles and mozaicsfas experimental pro
duction for market acquisition

- 5 000 t of quick lime for mortars and plasters 
Besides a preliminary assessment of profitability of some
brick products developed within this feasibility study for
versification of starting brick indus'r.v was recommended.

Note: Cost and prioes are based on rate of exchange valid in 
June 1977 in Gaborone
1 Pula * 1,0434 Hand (SA, Lesotho, Swaziland)
1 Pula » 0.9530 Kwacha
1 Pula a 1.2  ̂US Dollars 
1 Pula = 2,4.1.30 German Marks
1 Pula = 0,6986 Lstg
Imports before 1977 are priced 1 Pula = 1 Rand

9.2 Industrial plant 150 000 m2 of wall tiles

It is well kno -'n that .yearly production of 150 000 m2 is not 
sufficient t;o be manufactured economically in standard wall 
tiles. Cheaper labour and raw materials in Botswana cannot 
compensate for more expensive machinery imported from over
seas and low economic efficiency of small scale manufacture.
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Pable 37 Industrial plant 150 000 m2 wall tiles - cash flow (Pula}
o ^ c. *> b 5 6 7 8 Q 10 11 12 1" 14 1 -

recursion m 75 i000 120 000 150 000 150 000 150 000 150 000 150 000 150 000 150 C00 130 000 150 C'C jZ':, * c; ̂
3ou:■*ce o* cash:dquitv (800 000} 210000 5Э0 000
?. Lea:: (l 726 000} L726 000*i T Sales revenue 704 000 1126 000 1408000 1408000 1408000 1408000 1408000 1408000 1408000 1408000 1408 000 1408000 1408 Л Л

Source of cash-total 210000 2316000 704 000 1126 000 1408000 1408000 1408000 1403000 140800C 1408000 1406000 1408000 1408 000 uoeooo 1408 r, r. *
3. Jses oi rash:1. ~ixed capi :al expenditure

cuiiC.ir.gS 1DOUJU 40000
”.achinery and equipment 1873000

1.3 Transportation 21000
1.4 Henlacecent

Fixed capital expen-
21000 21 000

diture 150000 1934000 21000 21 00r
Э
2I1

Uet nora Lax capital investories 53500 41 10C 27 4002.2 Accounts receivable 38500 23 100 15 400Ket corking capital—total 107000 64 200 42 800
3. Other costs:
3.1 ?re—investment cost 60000 213000
3.2 Start-up expenses 

Pre-investment and 52000
sta-t up exp.-total 60000 275000

4. Protection expediture
13 000 160284.1 нат materials 9 000 16028 16028 16028 16028 16028 16C28 16028 16 028 1боге 16 0234.2 Siaxes and stains 60 000 90 000 112065 112065 112065 112065 112065 112065 112065 112065 112 065 112065 112 0654.3 bnergy 87 000 130 000 145299 14 5299 145299 14 5295 14 52 9 9 145299 145299 145299 145 299 145299 14 5 2 99Operating supplies 33 000 53 300 66012 66012 66012 66012 66012 66012 56C12 66012 66 012 66012 66 0124.5 Personal costs 157 496 157 436 157496 157496 157496 157496 157496 157496 157496 157496 157496 157496 157496-i. 5 Administrative costs 11 000 13 000 14475 14475 14475 14475 14475 14475 144,5 -14475 14475 14475 14 475a. 7 Sales costs

Production expenditure 25 000 34 000 4 5000 4 5000 4 5000 4 5000 4 5000 45000 4 5000 4 5000 45000 4 5000 45 ooc
- total 382 496 490 496 556375 556375 556375 556375 556375 556375 556375 556375 556375 556375 556 37 5

5. Debt service
5.1 .nterest on loan 189 860 189 860 189860 165000 1 Э 2 0 С 0 99000 66000 330005.2 repayment of loan 226000 300000 300000 300000 300000 300000 * ш

debt service - total - 189 860 189 860 415860 465000 432000 399000 366000 333000 - - -
s. Profit tax paid-total - - • _ 54006 2 55756 268319 279369 291418 291418 296069 2960 6 9 293. ?5vbees or cash-total 210000 231bOGO 63655!3 !̂з1215ь ^2235 1021375 10*2331 1233143 1190694 11692*4 347733 847793 975444 8!?4444 S 5̂surplus/deficit (A-3; 67444 402844 435765 396625 36̂ 619""” 174337ТТ730Г 238756 5o0207 560207 532555 53355c 555—> • depreciation reserve 67444 202844 235765 186625 165619 2 5143 17306 38756 280207 280207 252556 273556 2735¡56• Suplus for dividend — 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 280000 280000 280000 280000 280C0C
Percentage of equity 25 * 25 * 25 ft 25 * 25 ft 25 * 25 ft 38 <?, 35 * 35 ft 35 ft 35
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9.2.3 Evaluation of industrial plant 

Censitivifry analysis

The foregoing Cash Flow gives a complex picture of funding> 
capital expenditure and development of sales, costs, loan 
repayments and resulting surplus values during the years of 
investment and life time of production equipment.
The presented Cash Flow is based on presumptions refered to 
in the analytical part (9-8-1) which of course may be chan
ged. The following relations represented graphically in the 
enclosed Break-even point chart show to which extent particu
lar changes in input data change the resulting surplus.

The surplus is given by the equation:
Spl=Pr x Q - F C - V C - I  — LP

where Spl = Surplus before tax
2Q = Quantity of production in m

2Pr = Average price per m of produced quantity 
FC = Fixed costs 
VC = Variable costs
VCs = specific variable costs per unit of producti l

I = Interest
LR = Loan repayment
d = Change of any value

Application:
Price chanres
If prices are lowered or inncreased the resulting diference 
is sales revenue brings the same difference to suplus.
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Example:

The projected yearly consume tion of 1‘tio L oil is 603 t at
103 p / t  = n o  3/tg p

In case of increase of prices ’ y 1 r’ the price difference 
would be 1.83 P/t

dSpl - —dPr x Q 
dSpl = -1.83 x 608 
dhpi = -1103,35 P

The stilus would be reduced by 1103,-9 5 P 

Charges in capital expendij:■e

If some component of capi‘8.1 expenditure or all components 
(fixed capital expend!tun e, net working capital, pre-invest
ment and start-up expenses) a e changed, then sur̂ .us is chan
ged in case that the investor decides to change the loan. In 
this case tne change of loan brings about change of repayment, 
change of interest and consequently change of surilus.

dfpl = dLJ; + dl-i; x 0. n
Example:

The plant cost "ould be decreased by 100 000 P and by this 
amount would be reduced the loan.
The surplus will be affected as follows:
3rd - 5th year dfpl = + 100 000 x 0.11

dOpl = + 11 000 P yearly
6th year dop.l = + 100 000 if the repayment programme is

not redistributed
Total surplus elevation of surplus is 133 000 P in the 
3rd — 6th year:.
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Table 38
Internai rate of return

Year *«ttl‘y
P

burplus
P

Factor 
at 34

Equity
discounter)

P
Diet inflow 
discounted

P
1 210 000 1.000 000 210 000
2 590 000 0.746 268 440 298
3 87 444 0.556 915 37 561
4 402 844 0.415 607 167 425
5 435 765 0.310 154 135 154
6 386 625 0.231 4 58 89 487
7 365 619 0.172 729 63 153
8 174 857 0.128 902 22 539
9 217 306 0.096 195 20 904
10 238 756 0.071 787 17 140
11 560 207 0.053 572 30 Oil
12 560 207 0.039 979 22 397
13 532 556 0.029 835 15 889
14 553 556 0.022 264 12 324
15 553 556 0.016 614 9 197
15 Res.value 139 600 0.016 614 2 319of assetsl̂ '/.'orking 214 000 0.016 614 3 555

capital 650 298 = 649 055

»
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Table 39
Net present value

Yea? Equity Surplus Feotor 
at ll't

Equitypresent
value

lash inflor 
present 
value? I) p P

1 210 000 1.000 000 210 000
2 • 590 000 0.900 900 531 531n
J 67 444 0.811 620 54 739
4 402 34 4 0.731 188 294 555
5 435 765 0.658 72 7 287 050
6 386 625 0.593 447 229 441
7 365 619 0. 534 636 195 473
0 174 857 C.4 81 653 84 220
9 217 306 0.433 921 94 294
10 238 756 o % DO o 919 93 334
11 560 207 0.352 178 197 292
12 560 207 0.317 277 177 740
13 532 556 0.285 33/1 152 223
14 553 556 0.257 507 142 544
15 553 556 0.231 988 128 418
15 Pes.value 

assets
of

139 600 0.231 988 32 305
15 v7o”kin£ 

capital 214 000 0.231 988 49 645
741 531 2213 353

Present value of return 2 213 353
Present value of equity 741 531
Not present. value 1 4 71 822

Direct value added and empToymen.t effects
Average annual profit before tax 
VJ ay, e s an d r; a 1 a r i e n 
Average in Lor es!,
Direct value a-Vied per year

P
560 657 
157 496 
01 690 
BOO 040
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V: o p!n >;, v/ould give employnen I. fo 11. uivii •. n o/ tec* ■ \ -«a? 
>■1(1 administrative staff a d  for 5 V ’"orke-c'.

m a r r in n l  p r o due t l  y j  t y  o f  nap i_f

/’.•Kill 100 Pula of o»j)H,al inves! men f; ' • i l l  b r in g  o n:: '<1.60 Pu
la of direct value added per year on an • are.

Balance of payment ef fect

Revenue in foreign currencies 
Savings For impo ts

P/yCnr
l 6oo 
__m  J)00
1 407  500

Less:
Clares end stains 
i’uol oil
Electricity (70 % of total cost)
Spare parts
Depreciation of teohnolog i n  o I unimpeut 
Annual savings in foreign exchange

112 065 
110 349 
19 740 
29 700
141 000-JU2_ J93j.

994 566

Risks of the enterprise

Tire above results give a picture of very efficient econo
my of the proposed plant. The proposed price for special pro
ducts produced for small orders c e  attainable ns the experts 
verified din ing field work.
The main risk Is a great dependence on foreign markets.

a<6 til'" e* V
Calcs 1.n Botswana 13.33 20000 7.92 111 500
Exports to Customs Union 53.34 R00O0 73.72 toon 000
Exports to Zamb.l a. 33,33 50000 15. 3 6 _ f5a 500

100.00 160000 100.0 14 00 000
The local production for- home consumption lies low under the 
break—even point. There is a great depend once .vi C u s t o m s  Irion



countries, especially on H.H.A (63.73 1o of total sales). 
This phenomenon in characteristic for most developing 
countries that try therefore to build up braader economic 
systems.

Note: Break-even point diagram is enclosed.

- 124 -
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(),3 Pilot piant

The presented alternative is based on the following prin
ciples:
- Introduce ceramic small scale manufacture in Botswana
- Provide training of techni cians and workers in ceramic 

manufacture for present needs os well a3 for future exten
sion

- Cover lo nl consumption of wall tiles and floor tiles or 
mosaics

- Reduce dependence on exports (compared to the industrial 
plant)

The produotion programme is based cn the minimum production
programme referred to in the Market study (p. Ill)

? 2- 50000 ra of wall tiles and 5000 m of floor tiles and rao- 
zaios (specification see part 9.0.2.3)

9.3.1 Investment
Fixed assets

Buildings and other oivil 
engineering works 
Technological equipment 
Transportation 
Fixed assets - total

Othe r investmcrvt
Preinvestment costs 
iHart-up expenses 
Other investment - total

Working capital
Inventories 
Accounts receivable 
Working capital - total

P

117 000

802 000 
21 000 

lJ)2°J>0p(

P
33k ooo
30 ooo 
16k 000

69 000 
r 35. OOP 
i.0k ooo
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Summary
Fixe'l assets 
Other investment 
Woricing capital 
Total investment

1 020 000 
164 000 
104 000 

1 288 000



r.3*2 Table 40 Pilot plant - 50 000 nr wall tiles, 5 000 m~ floor tiles and aozsics - cash flow (Pula)
Tear 1 2 *3 A 5 6 n 3 9 1 0 7 1 3 7 1 “ 3

all : 1 1 a s Production n“ _ J jo 20 44000 55000 55000 550OC 53COO C(‘ 7 '' “ ̂ ! t A, p 5 H O C ' *0A ■' -r 'V4 “ O' ' '
A. .:jurce of cash: ^

1. Equity 6400 COO I ' 1 60000 340000
A. loan (Sixo 0j0} 
%  Tales reverse

346000
3730C0 49',ooo 621000 521000 521000 621000 621000 671000 62100'.' 6 21;'n ̂ 52100C «0 7 * -sf) A"> 3 - *

Source of cash - total 60000 1136002 373000 497000 621000 671000 5 '1000 501000 501000 cOlOOO A A VA " '* l ■' *"■ 9 • ' A y- '"

Tses of '■ash:
1 . fixed raoi'al etccendirure 
-*u -• ui -.. 11:5 a } 300GO 37000
1.1 l.'e~ 39 diner* and equ lessen t S820Q0
i,3 -ransrornation 21000 21000 21000
1,_ "eulaoecent —

fixed carita’. expenditure—total 300C0 9SCOOO '1000  ̂  ̂•*,
2, let vo 'ki. k can! ial 
0.1 -tv.-entort.es ¿1300 uoo o 14000
2 .2 Accounts receivable 21000 7000 7000

net working caoitai — total 620CC ’1000 2100C
2. "re-irtves trcer. t and scart-ut

exr>er.ses
3.1 Pre-investment costs 30000 104000
2.2 3tart-ui> expenses 30000

Pre-ir.vt; ‘.meat and startup 
expenses— total 30C0C lAiiOO-̂

-t* Production expenditure 
-i.l r.arr materials 3645 5126 6408 6408 5405 5408 64 Ac c.V;8 6408 6408 0 A A P, f. ’ p. 6402
¿.2 Hanes and stains 26220 34960 43700 43700 43 700 4 3 70C 4 37CO H H C 437C0 4 370C 4 '"0C 4 7 7 3 0 A : 70 A
2.3 -r.ergy 4 '.000 51000 59397 55997 59997 59997 K.QC.r.7 -- Ci C' 7 5 A AO 7 5 99° 7 c c r. 0 7 ~ A c. r. 7 =■ r. c. r. *’
-.2 Cpe-ating supplies 20474 ■ 2 7 30 0 34124 311.24 34124 74124 341.-'- 'j A 1.... '71,',' A 34124 •J _ ̂ '' A A/, l
-.3 Personal costs 107897 137957 107897 1C7897 1C 7897 107897 107S3r' ’ ; TO 7 a 7 .--: ' A 7 S 7 7 ■ - 3 7 1 n r. 7
-.o Adainistracive costs 7196 8006 0995 3995 f)C|9 c. 3995 PC 7 7 7 A'.; •: A A *' r-. t : - 00 c. p  ̂ r,
a . ! oales oos*s 10300 14400 18000 18000 130 00 12007 vqf> •* a • 'i'i 1 ct '' 3 0 H ' c-■ - H. ' - M 1 Cl •. ••

oreduction expenditure- total - - PISA** “ 248779 ■'79121 279141 7 ~ - ' ' 2 7 C " 1 '■ • 7 a A‘""! - 1  - 1 ^' ? . . ^  ̂ c 1 (

5* Aett service
3.1 -nterest on loan 93060 3060 93060 °o;3o 7 C. .’" 7 £ -3 h r, r “Of,A *. ' 5 a c : 176 50xepajcent of loan 41C0C 113000 112 A A 113020 ' 1 “ 0 0 ^ 7 ' T ~ A ■; 1 } c A A A IHOOO

- e o f  s e r v ic e - r o * al 93060 Cl ■} 7 £ Q 134C60 2 22 550 i ^ - -I O'" m ' 5 “ f ''' • a • l-i-A A AC 1 '75 50
* ?"ofi^ tax raid— total - - 9 0 1 ' ’ 7 ;J ̂  1 ' V ^ P' ; •t •\ £. -» /> 0 1 ; 1  ̂i p p 1 - C. A “ .t_______-ses_gr_25sn-^otai____ ¿Qtjyjy AijiWLsssssissssasrsssssaal: 4 7 2 -O'hR: = 39Ss=a^s^3ts "17? 76:Sd33S33 = £5 saia =mrTrm~-— 7T~"----= trs=3BK3i!iS3 ass =:?- nurplus/Def ie.it (A-3) - - 40508 134161 207819 1383'9 150979 117018 78264 86649 94871 1070 >4 001.321 - 2 32.L 922 2 31uepreciarion ; eserve 40508 75161 149219 30329 57979 59018 2.0264 78S49 36871 4 5094 143 721 164323. 164.121Surplus for dividend (C-3) - 59000 58000 58000 58000 58000 58000 50000 58000 58000 58000 53000 ^eooorer-en are of equitr 14,5 14,5 M, c 111 * - l«b P . 14.5 14.5 14.5 14,5 14,5 — - «c
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9.3*3 Eva. 1 uAtlon of pilo'. pia'_t

Scr r > t i vit. y jy - yl/v; i s

The presented Cash Flow sliors a complex picture of funding, 
capi tal e/.penfixture curl development of pales, costs, loan 
repayments an id resulting surplus vsln.es during the years of 
investment and life time of production equipment. Specifi
cations are included in the analytical part (9.0.2)

The Following calculations show the impaci, of potential 
changes in input data on resultine surplus.

The surplus i.s riven by the equation:
9pi = Vr x Q - PC - VC - I - LR

rhere Spi
Q
Pr
PC
VC

Surplus before tax
2Quantity of production in mpAve aje price per m“ of produced quantity 

Fixed costs 
Variable costs

VCs = Variable costs per production unit
I = Interest
LF. = Loan repayment
d = Change of any value

Price changes
If prices are reduced or increased the resulting difference 
in sales revenue brings the same difference to surplus.
T’:x ample:
If the price of coloured hand painted wall tiles (see part 
9.0,2.3) 1.s reduced from lfsP/m2 to lAP/rn% the total diffe
rence will, moire

29000 (m2) x 2P = 50 000 P



By the nor e p^ice rou]d bo reduced the surplus.

Chances in rg'one pr jrjro duct ion

Changes in produced qu-^n+gty influence rules 7'ovenue and bring 
forth charges in variable costs and sti’-plus as well. These re
lot ions can be expressed by the equatio -:

dSpl = Pr x d'l - dVCs x dC 
d-'pl - d? (Pr — clVCs)

Example:
The current production of 50 000 m2 ra 11 tiles and 5000 m2 of 
floor tiles and mosaics should be increased by 5 6’ in all gra
des.
Pr = 11,29 P (aver age price G21 000 : 55000) 
dQ = 2750 rr2
VC = 162229 P (! av.’ materials + glares and stains + energy + 

operating supplies + sales costs 
VCs = 2,95 ’’ (1622?? : 55000 = 2.95 P)

dSpl = 2750 m2 (11.29 - 2.95) 
dflpl = 22935 P

The siTplus increased by 2293 5 P.

Changes in production costs
These changes are mostly preceded by price changes of supplies 
and they i- flu mice directly the surplus

fjOpl = idPr x Q
Examplej
The p-pi to ted annual consumption of fuel oil is 253 t fuel oil 
at 103 l’/1 - '6729 Should the p- h e be increased by 1,5 ch 
the price di f "e ■ enno v.'ould mate 2,74 5 I’/t,

tf '.pl = -dPr x Q 
dbpl s -2.745 x 253 
fit;pi = -094 . 40 P

- 127 -

T,’° f?rf,P.I rp -o’. I. i be reduced bynot./iH p.



Changes in cari t o i  ex e-n d i tejgg

If some componen • of cap:' to.'! {-чрепсН turc ej» -Л 1 viponents 
arc changed then ser-'lr-. ir, ’hn’o-od in cane t hat. inve stor 
decides to change the loan *no. In t h i s case ; he change of 
loon brings about, change of repayment arid consequently change 
of surplus in encrai

dSpl = dl-R + -111 v -..11
df>el ~ dl.R X 1.31

- 12? -
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Table 41

Internal rate of return (1)

Y^ar Equity Surplus Facto” Fquity Wet inflow
P P at 2 5 io discounted discounted

1 60 000 1.000 000 60 000
2 340 000 0.800 000 272 000
3 40 508 0.640 000 25 925
4 134 161 0.512 000 68 690
5 207 819 0.409 600 85 123
6 138 329 0.327 680 4 5 328
7 150 979 0.262 144 39 578
8 117 018 0.209 715 24 477
9 78 264 0.167 772 13 131
10 86 694 0.134 218 11 636
11 94 871 0.107 374 10 187
12 134 094 0.085 899 8 856
13 201 221 0.068 719 13 828
14 222 221 0.054 976 12 217
15 222 221 0.043 980 9 773
15 Residnal va- 76 

lue of assets
630 o « o -p- 980 3 370

15 Working ca
pital

104 000 C"\o•c 980 4 574

332 000 376 693
332 000

+ 44 693
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Table 42
Internal rate of return (O')

Equity Surplus I'aotor Equity Wet inflow
P P at 27 ch discounted discounted

P P
1 60 000 1.000 000 60 000
2 340 000 0.787 401 267 716
3 40 508 0.620 001 25 115
4 134 161 0.488 189 65 496
5 207 819 0.384 401 79 886
6 138 329 0.302 678 41 689
7 150 979 0.338 329 35 983
8 117 018 0.187 660 21 956
9 78 264 0.147 764 11 565
10 06 649 0.116 349 10 082
11 94 871 0.091 613 8 691
12 103 094 0.072 136 7 437
13 201- 221 0.056 800 11 429
14 222 221 0.044 724 9 939
15 222 221 0.035 215 7 825
15 Residnal va

lue of 
assets

79 630 0.035 215 2 804

15 Working 104 000 0.035 215 3 662
capital 337 716 343 739

337 716
+ 06 023

Internal rate of return * Pi *
= 25 +

L ■%> -/i r
r hh 693

(Po - P
O j

y
4. 3 R 6+ — jrri'-p)--

= 27.01
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Table 43
Net present value

Year Et»uit-V Surplus Fan
at

tor
11

Fqu ity 
present 

value
Cash infle 
present 
value

P P P P
1 60 000 1.000 000 60 000
2 340 000 0.900 900 306 406
3 40 508 0.811 620 32 877
4 134 161 0.731 188 98 097
5 207 819 0.658 727 136 896
6 138 329 0.593 447 82 091
7 150 979 0.534 636 80 719
8 117 018 0.481 658 56 36?
9 78 264 0.433 926 33 960
10 86 649 0.390 919 33 873
11 94 871 0.352 178 33 411
12 103 094 0.317 287 57 516
14 2 pp 221 0.257 507 57 2°3
15 222 221 0.231 988 51 553
15 Residuai 

value of 
assets

76 630 0.231 983 17 777

15 Working 
capital

104 800 0.231 988 , i j ,i i. - j , 24 127

066 306 829 191

Present value of return 829 191
Present value of equity 366 306

Net present; value lift?. 805



Direct value added and e ne-’t eiu t,. t.s

Average annual p oli1, befo.-c f ax 
Wages and salami en 
Average interest.

Dirent, value added per yea;

The plant rould provide eir.ployinei;t r<>- h merabers of techni
cal and admxnis¡native staff and fi A3 ro’-kers.

Social ma ^inal productivity of < spi tal

Each 100 Pula of capital investmeni rf i. j brin/» out 28.54 Pula 
of direct value added per yea" on an average.

Balance of payinent effect

P/year
Revenue in foreign currencies 
Savings for imports

490 000 
111 000

601 000
Less:
Glazes and stains 
Fuel oil
Kleetricitity (70 fi of total

COS ! )

43 700 
46 299

Spare pa is
Déprécia!ion of technologi
cal equipment

7 000
13 ooo

66 130 176 149
Annual savings In foreign exchange 424 861
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•file economy of .the p -oposed pHo ‘ р’.*>о • is ”ot so efficient 
3S that of the indust -ial pin '1, ^ i • Is qui ¡e ounraoteristic 
for decreasing production volume. 0-. U л o' iso- hand the risks 
of dependence or foreign markets a-e p:H.iy educed. It should 
be also taken into account, the the o’\ie, ive of the pilot 
plant is to train worice•-s and M h ui:. •: aus for later extension 
of ceramic industry and that similar enterprises (brigades) 
are run in Botsvana without рт о 'A to ’"hi I e here the net surplus 
is 1 4.5 °b ol equity per- yen' O 'd the lute na1 -'-ate о Г return 
27 f>.
Dependence on foreign narkets

Rales in Botswana 
hxpo ts to Customs Union 
Exports to Zambia

rh % P
<40 2? OOP 21.1 131 000
49 27 COO 04.4 400 000
11 6 000 Л4.5 90 000

m o ю 000 100.0 621 000
. un.de- ■ e ь • e ak-even point., Th'
the pTod;ictJon for the Customs

Union is looked u-oi as fbr me economic system. The break - even 
point diagram is enclosed.

J
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laole iii Quick lima plant - 10 000 t - cash flow (Pula)

1 2 3 1 5 7 g 'j 1~ 1 l t -J 7

P reduction v O 1C 000 10 000 10 000 10 000 10 000 10 000 10 000 10 000 10 PIC 12 13 1 12 •. 12 3 2 1 1 ' '* 1 ' 1

-'ounce of tasl.:
1. Ps -.icy i'2i0 :oc3
2. ; k :
", 'ales

"curce of cash-total

210000
537000 * « o ~ c

? 2CC00
330000
3900CC

330000
330000

390000
390000

393''00 
390000

33QOCO 
3 3000,0

150000 
3 7 337C

39oo?3
r. r\ ft '*■' ? 3 21C 2 ~.c j0C<3 r.r - 03 3 5

2* .'ŝ y ol cash:
1. 1 l::z± cay-cal e.roer.diture:
P. . ..uiiainrs
1.: ;:atr -acuir.ery and equip-

ner. ~
1-2 2ransportatior. 
i--i- l.eplaoeuenc.
TiTe^ exc.-total

3000

585000 
72000

515000
22000

2. Pet working capital
2.1 Inventories
2.2 Accounts receivable

Z.'ex irorkln* capital-total

44000 
21000 
o cOOO

3. Other investment:
3.1 Pre-invessre-t costs
3.2 Trial rur. costs 

Other investment-total

34 300 
12 000 .2 - r\

-. 1 reduction etrasr-dicure
— •_ I3'£riS'. 3 
-.2 Znergy
-.3 Opera*ir.~ supplies 

Personnel costs 
-.3 Adninis*• r•>.tive costs 
--.£ tales costs 
? rod \o t ior — rotal

112'71
'i5;X

' ? t C.
11700
’ C 1

' r>  ̂' O ~

7 t —: - -

” It •••

■■A A3 
11?

” l^vt - r '3 
1G ; ■ 1 : 0

O'", - •“)
livO"

l^nn
o '■ ->. ' 
I.-J 7 ■ ■■■'

: } . j 3 
11 -

1  ̂7

3 o v -

1 •- r< ~ '

11' i: p :p I ill'll 
' ' i. -

1 J

3. Pebt service 
c.l -r. teres: or. loan 
;.2 ? epayner.t of loan 

Pelt service — total
5SC70

103000liT'C"
-7130
loaoc:
13 319 0

1030 1,
It;-'!'

 ̂.-i f.' r. 1 ̂ 
1 1  ~ -

11550 
lttOCC 
110 9 0 0

c. Profit tax paid - Aral - - a. _ - ; r. ^* " O'' *.:t -• -V T '
==_'l§es_af _casl_-_ total_______
0. Surplus/Defiei: (A—3)
O. Oepreciation reserve
P. Surplus for dividend 

Percentage of equity

77700C = e S ^ I S =
316^0 
34640

=2iti3c__
46520 

- 1480 
4800C 
20 $

38400 
10400 
43000 
20 *

— l l i Z l o
70280 
22290 
48000 
20 *

=l=l=ei= 
51943 
3945 

48000 
20 «

C Q c, 17 *
109427
51427 

48000 
20 $

_2 c2c7t_
131427 
83427 
48000 
20 £

? h T •
13142'’ 
33427 
48000 
20 *7

7 7 7, T’’
131427 
33427 
48000 
20 v

131477 
83427 
48000 
20 3

105112 131112 
61112 33112 
48000 48000 
20 O 20 7

2^3
131
83
48
20

112
112
OCO

i
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Interno! roto, о " return (l")

Year M ully Surplus Г on-or Equity Net inflow
I* I ot 2 5 ! discounted discounted

_____________________  ____  Г P
1 2A0 000 1 .0 00 000 240 000

2 3/4 6/4 0 0 .8 0 0 000 27 712
3 /4 6 520 0 ,6 4 0 000 29 773
4 58 t o o 0 . 512 000 29 901
5 70 280 0 .4 0 9 600 28 786
6 51 9/45 0 .3 8 7 680 17 021
7 109 427 0 .2 6 2 144 28 606
8 131 427 0 .2 0 9 715 27 562
9 131 427 0 .1 6 7 772 22 050
10 Ш 427 O . I3 4 218 17 640
11 131 427 0 .1 0 7 374 14 112
12 100 112 0 .0 8 5 899 9 372
13 131 112 0.068 719 11 262
14 131 112 0 .0  54 976 7 208
u Residual 27 74 5

lT\О%О 976 1 525value of
assets

и Working 65 000 0 .0  54 976 3 573capital 276 183
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Table '■
( o

Til V! Vet inflow
d 1 f?': O! IU t; ft d u i  3coun t c dI. O

1 24 0 OOO l.iiOO i-nr pin ooo
£ ?/j 0 ()/'■■■ 0-V). ¿5 646

4 99o 0,731 715 27 526
4 49 U O') ) 3 /“V • ‘ • i • 26 582
5 7u 230 7.V;, i ; 24 607
5 31 94 3 0,249 929 13 990
7 109 427 0.207 1/5 22 670
8 131 427 0.1 r0 3 66 20 945
o 131 42? 0.122 uRO 16 111
10 131 427 0,099 320 12 393
11 131 42? 0.072 r0 0 9 533
12 109 112 0.0ro 79° 6 C83
13 131 112 0.042 799 5 627
1'4 131 112 0.033 017 4 329
14 l.ftf. ioual 

value of 
assets

27 74 5 0.033 017 916

14 V.'orklnr 50 000 0.033 017 C. 146
cap! i;al 240 000 220 109

22° 109
- 19 891

Internal rate of ref-urn r , r. - PX)/= pl * L • ^P2
ri 18?2 5 1-jj-^rr

2 5 + 3.22
i'd~TjMT i3° “ 25V



T a b i c  t 7
Il et pros e n t va lue

Year llqui l,y Surplus

I> P

Par l;o r 
al 11 '

Pqulhy Gash Inflow 
presen., present 
value value
P P

1 2/|0 000 l.'4'O non 240 000
r. Jr- 6to 0.000 900 31 207
3 4 6 520 0.811 620 37 756
4 30 400 0.731 188 42 701
5 70 200 0.650 727 46 295
6 31 04 5 0. 303 4 4 7 30 027
7 109 427 0.534 636 58 503
8 131 427 0.481 653 63 302
9 131 427 0.4 33 021 57 029
10 131 427 0 . 3 9 0 910 51 377
11 131 427 0.3 32 178 46 285
12 100 112 0.217 2 77 34 619
13 131 117 0.2 58 834 37 476
14 131 112 0.757 507 33 762
IT Pes ’.dual. 27 74 5 0.257 507 7 144values of

asse l;s
14 WO r-U ] P£ 65 000 0.2 57 507 __ Aé. 738capl f,al 24o Q0r‘ 595 021

Present value of re turn 
Presen value or equity 
He!, present value

fos n?l 
2'if) OOQ
3 35 021
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Ei ro"1. value h d and errjl oymer.t. effect

Average annual profi t before tax
W ag os an d n a 1 a r i e s
Average i n te re s 1
Direo i value ad loci per year

P
132 110 
55 905 
13 530 

20i_£2£

The plan. I, y/ould provi de employment for 32 workers and 2 per
sons fo. managemen t and admiuis trative.
Focial tiin°g.i r nl p ’oduc i i v L ry of capital
Each 100 Pula of capital investment brings out 25.94 P of
Direct value added per year.
Balance of payment effect

“ P/year
Savings for impo'-t 60 000
Less:
Electricity (2 0  ''■) 2 000

Spare parts l'1 "0
Depr of-t. ..equipment 4 4 Q'j'j 57 000
Annual savings in foreign exchange _3_000

Risks of the enterprise
The project proposes production of 5000 t quick lime as bond 
for mortars and pl-sers and 5000 t of fi'St class quality 
quic k lime for painting and flushing.
In the first case a new product will be introduced in the 
market. Preliminary acquisition campaign and training in 
application should el iminat.e any failure. In the second case 
the imported quantity of 5000 t quick lime for flushing and 
painting is an assessment of contractors and architects; the 
statistics are no >, so deeply specified as to confirm this sum. 
It should be verified before any investment e. g. by checking 
all invoices on imported lime during last 3 years with the 
Cus toms.
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9» 5 Versification of brickware produo i.ior.

Contribution of the technical part of this study to the 
presently starting brickware industry in Botswana consists 
in verification of raw materials and development of additio
nal brick products the samples of which were handed over 
to representatives of the Ministry of Commerce and Industry. 
Prom these products especially glazed facing bricks Cp.69) 
and facade tiles (p. 70) seem to be suitable for extension 
of the existing assortment.

Glazed facing bricks
Glazed facing bricks should be made in the same dimensions 
as bricks of current production. The recipe of body composi
tion is indicated on page 70, glaze composition on page 83 
(glazes for temperature 1080 - 1100 °C).

Glazed facing bricks would be produced by the same technolo
gy as common and face bricks manufactured in the brick plant 
in Gaborone. The body however consists of three components 
that must be mixed on feeding the mixer before the extruder. 
The grains should not exceed 3 mm in grain size.
Dried bi’icks are glazed on one lateral longitudinal side 
by a spray gun. The glaze prepared by half from local mate
rials is prepared by grinding in a small ball mill (d- 
mill).
Required additional investment:
1 spray gun
1 small drum mill (can be made in a local mechanical shop) 
Total investment, which can be second hand is estimated at 
700 P
In case of increasing demand an adicional mixer, a crusher 
for crushing fired breakage and a pan mill with sieves would 
be recommended.
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Calculation of coots and profit is based on Revenue costs 
and results analysis regarding production of 2 592 000 common 
and face bricks in Gaborone (L. SVÏRDAB: Study on clay bricks 3) 
to which additional costs are added relating to glazed facing 
bricks
Production costs depre
dation and interest
1. Salaries and wages 

Salaries 
VI ages
Total ho. 1

2. General expenses - total

3. Material, costs 
Clay 
Late ri te
Material for glaze
Coal 280 kg/1000 bricks at 
10.6G R/t
Ash transport at lR/t 
Total ho. 3

A. Electrici ty at 0.07R/kWh-total

5* Rf’Pglr and maintenance 
Spare p a r t s  

k i. I n
MainicAenoo of roada etc.
Guild f y hand tools 
Con t i r.goo!' i es 
Total Jlo. 5

Total 1 + 2 + 3 + 4 + 5

Pula
per 1000 glazed facing bricks

1.870 ------.
7.'284 ~ 0.540
9.154 0.540

0.201

- 3.430
- 1.012

3.272
0.308 -
3.580 4.44S

_ -377_ ___ 0.086 _

0.031 0.015
0.046 -
0.062 -
6,031. 0 . 0 3 1

.0.Î.Q92 . «

it. 2 6 2 0.04 6

15.5746 5.114
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7. Depreciation - total 1 .■■■c.H 0.432

8. Interest - total /24 0.302

9. Total 6 + 7 + 8 17.536 5.648
Extra costs r ̂ p ̂ 'j
Total costs per 1000 glazed 
facing bricks

Pace bricks produced in brick plant - uti'da^ed and made from 
brick clays only are priced 3 5P/1009 bricks. Prices of glazed 
facing bricks range from45 to 114 P/100C bricks with regard to 
quality. The submitted glazed brick with well sintered body 
due to laterite addition could sell at 50 1/1000 bricks which 
is a very careful estimate.
The increase of profit before tax depends then on to which of 
the current products and in which quantity the new product 
is substituted.

Common brick Face brick Glazed facing ______________________________ brick
Price P / 1000 pes 25.00 25.00 50.00
Costs 17.54_________ 17. 54_______23.38
Profit before tax 7.46 17.46 26.62

Glazed facade tiles
These products are supposed to be manufactured in dimensions 
250 x 65 x 13 mm. Other sizes can be applied as well. The bo
dy composition is referred to on page 71,the glaze composition 
on page 83 (glazes for temperature 1080 - 1100 °C).
Again machinery and kiln of the existing brick plant would be 
used for manufacture of new products and the same additional 
equipment proposed for manufacture of glazed facing bricks.
The mixed body, however, is not extruded in shape of a quadran
gular band to be cut in bricks,but in a hollow sexagonal band 
cut then to pieces 25 cm long. To this purpose an extruder core 
and a hexagonal liner must be attached to the press (extruder).
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In further process (drying, glazing, firing.- S'. semipro
ducts travel in this form of hers;;on'il tube SO cm long. 
After firing U ese tubes ore easi;y ■rokeu i a i  particular 
tiles by a slihgt hammer stroke as the ,;oi; k between strips 
are very thin. This technology ha.: ike dvant:. ; of firing 
without, any kiln furniture.
Required additional investment is the same as in the case 
of gla;n.d facing bricks.

Calculation of costs and profit is based again on Claybrick 
Study 3, Appendix Ho. 1.4.

Production costs, depreda- PulCiotj . a and interest per' 103 in glazed facade tiles

1. Salaries and wages
Salaries O.73
Wages 3u.Q0
Total Ho. 1 40.73

2. General expenses - total 0.72
3. Mate' i.al costs

C^y grey humic G -
Doler.i te ' .3 t x 2.5 R 4.50
Materials for glaze (100 kg/100 10.20
Coal (30'’ kg/10; m^) 0.330x10.00 R 3.50 
Ash transport 0.33 t x 1 R 0.33
Total Ho 3 15.53

4. Elec i"j c ity - total
5. Rep air •'.■I main tenance 

Spare parts
kiln
Main te--' ,av'.ce of roads etc 
Sundry hr . I cools 
Confingcnci cs
rr> I 1 r*iu Lai. i.e ^

T. o ̂

0.33 
0.17 
0.02 
0.0 0 
0. 3 
1.2 7
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6. Total 1 + 2 + 3 +  4 + 5 70.53
7. Depreciation - total j-25
8. Interest - total 0.45
9. Total 6 + 7 + 8  80.28
The prices of glazed facade tiles are the only item the experts 
could not manage to receive from contractors although this in
formation was promissed to be delivered by Berger and Gibbons 
Ltd. For this purpose consequently a careful p̂ -ice estimate of 
5P/m is set out and it is hoped that the invertor will be able 
to substitute a corresponding price.
Between the calculation unitsof 100 m2 of glazed fapade tiles 
a 1000 bricks there is the equation 100 m2 = 3600 pcs regar
ding the output given by kiln capacity while the weights 100 m2 
of wall tiles and 1000 bricks are almost identical.

Common Face Glazed façade
brick b'ûck tile

Price per calculation unit 25.00 35.00 500.00
Costs per calculation unit 17.54_______ 17.54_______30,23
Profit before tax per c.u. 7.46 17.4-6 419.72

Substitution of glazed facade tiles to common bricks:
If 100 m are substituted the output of common hriks must be 
reduced by 3600 pieces and consequently the above profit on fa
cade tiles will be reduced by 3.6 x 7.4-6 = 26.86 P

Substitution of glazed facade tiles to face brinks (unglazed)i 
If 100 m are substituted the output of fa'e bricks will be 
reduced by 3600 pieces and consequently '.lie above profit on 
facade tiles will be reduced by 3,6 x 17.46 = 62.36 P
Risks of the substi tutions;
The risks are only of technical natu> e, ho th the new products 
can be successfully fired if firing tempe-at>.r-e of 1030 - 1100°C 
is attained and glazed surface must be p-o touted against conta
mination during firing.



9.6 Assis tance to r..r-,l uiauuilic i--: c curie tj.; -'ials
In some places bracks are stili i' I c: ■ s: r-\'A limestone
is fired in small she1'1 kllu:-. . : !‘. ■ • ■ ! is applied.
Bricks are of vs-;/ lew q- ■ '■ '■ r ■cv,e brick ma
nufacture had le le s topped ’ . • ■ irp ■ • ; >-i.ck clay
were therefore taken rn ei-ov/e jar. . yean. • rd and a re
cipe foi’ brick body was ha- dec r vr ■ ' *• 'er>; ogical Survey
in Lobatse this year which shoe.]'1 enrbi e • o - -•■t the brick 
production again.
The burn t lime p -oduoed luca] x.y in j ; t o ., v q iglity. To 
this purpose a general solution, was p opo'cl in pa-'t 9.4
by small scale industrial produ' \ion of q h i.ir e.
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9.7 Conclusions
Alternative - Industrial plant /150 OCG vail tiles/ crpPilot niant /55 00C m wall tiles, floor tiles, mozaics/:
As said before only manufacture with prevailing proportion 
of special products produced in small series or even "tailo
red to measure" has a chance in Botswana. Sale of such pro
ducts requires not only an experienced sales organisation, 
but also a good climate in the market i. e. readiness of 
entrepreneurs to investment especially in catering and tou
rist industry and willingness of citizens to buy houses and 
improve flats.
From this viewpoint the pilot plant would be less risky. It 
should be said that this production unit, although performing 
some function of a pilot plant has infact industrial equip
ment and could expand in future.

Cuick lime plant is feasible only with combined production 
of 5000 t grade for painting and flushing and 5000 t for mor
tars and plasters as a bond and coal fired. This combination 
was not discussed in Botswana and existing imports 4000-5000 
ton should be verified before starting investment.

Enrichment of existing brickware manufacture seems to be 
very profitable.
If the required tec nical conditions are not attained in 
the first brick factory in Gaborone,, they should be taken 
into account in the planned factory at Francistown.

A feasibility study for a cement factory has not yet been 
prepared and the development of asbestos mines has not yet 
been finish' Consequently the data are not yet available
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9.8 Analytical part (A. P.)
9.8.1 Industrial plant 150 000 mc of wall tiles
9.8.1.1 Technology and _te c hn ological equipment

The plant should be located on the mako.ro-ho^olann deposit 
next to the railway. Raw materials except for pegmatite will 
be mined within short distance from the factory. Bush, sur
face layer and overburden will be removed once a year or in 
a longer period by bulldozer and excavator. 'Where overburden 
or raw material should surpass the hardness acceptable for 
earthmoving machinery, blast, g will be applied for disinte
gration.
The mined raw materials are transported onto piles from whioh 
they will be successively delivered to the plant by a team 
of k workers and 1 driver. This team will be equipped with 
a tractor and trailer, a transportable conveyor driven by 
petrol engine and with hand tools.
Pegmatite will be transpox-ted from a distance of about 70 km 
in the same way. It will be mined once in two years or in 
a longer period in a similar way as the other raw materials. 
Glazes and stains if need be, will be transported by railway. 
The reserve of raw materials stored in the plant will be for 
one month only as their maturing will, take place on the dum
ping grounds on tne deposit. This reserve will be increased 
up to triple quantity before the rainy season..
Raw materials delivered in lumps ere passed through the jaw 
crusher and the disintegrated material is passed by conveyors 
into boxes protected by a light roof, here they are loaded 
on a travelling balance and transported after being weighed 
onto a. platform ower 1 ne ball mills ~ud vre charged manually, 
A metered quantity of water in added w. 1,1. The mixture is 
finely ground to sieve residue " relating to sieve ope
nings 0.065 mm. After nil Ling the slurry is discharged, pa
ssed through a vibrating screen into a ".is ton: where It is 
blunged with, a propeller mixer, brvm the <•].» torn the slurry 
is pumped through a vibrating screen a'.u'l over a magnetic se-
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para to-' in to
f.i Had rh i l e

:: 0 r ; »•’ •% O' L•<■*»■>» < ‘ V ■ -> » O •■ • r ! " h r : ' ; ;  0 " e o r ' ■ h 3. i s
sin. ••ry  fl'OU 1. n , ' : : 0 •• 0 e i a pn ; n p • - ■5 in: to

ter  presr.CSS by di:'iv:^:;a jumps. ' Ora ;.r; i-'d .<;._':cb -2 dried ir.

a tunnel drier. T h e  dried body is passed i Jo a pa r.ill v.’ltk 
per ¡'or'tied path (openings 2 ;va- 1 m ’l ere i l is -round to
the press bn: ro-der of huiuidy 7-7
V'all tiles are pr essed on a hydrpulical press i r. dime 'sions 
13'> y 1 ['■■(.) y b mm, Tressed rail -tiles are slacked, slacks loa
ded 00. k i l n  ears and dried in the channel drier by lost heat 
from biscuit firing. Tried tiles are fired in the tunnel kiln 
to the temperature of 1100 °C. After firirr damaged biscuits 
are rejected and sorted biscuits are transported to the gla
zing machine. I-1 this phase manual under;, lane deco-at ions can 
be applied before glaring as rail as over;:lane decorations 
can be made after glost firing.
The glazed rail tiles are inserted into saggars on kiln cars 
and fired to temperature of 1030 °C. The fired v-are is sorted, 
packed into crates or cartons and transported to the store.



Industrial pi '4 '.t -_о io.'ir" ncrv
The t.ecOrolo -leal cv-r • г: proivu оС Гог v'e des
cribed process:

1'os. Pcs.
1
2 2
3 1
k 10

5 1
6 1
7 1
8 1
9 1

10 10
11 1
12 1
13 1
U 2
15 2
16 1
17 1
18 1
19 1
20 1
21 2
22 2

23 /i
?A 1
25 1
26 1
27 60

Iiintn/c clays a Hi pt'eni.-' t» ' C
TransporbsM e pc f t'o 1 — P >■ i vc a '';v vc vo 1 u n/hQO mm 
Tractor ritil trailer
Pooled tores for rav n.-i'.ori.-ln a t t.ao5 ed to the pro-
duct.io ' premises
Belt conveyor 6 m /A 00 nr.
Belt, conveyor lr' m / .ton or
Clay crusher 6 t/h
Belt conveyor 15 n/60o mm
Belt conveyor 1:3 m/Ooo r.m provided vith discharge 
tippler
Boxes for orate ed rev mat e rials in the production hall
Travel 1 inr; bairnсо ]/'<>>; tp
Ok ip elevator 0. 33 r.r , P m
Chary;iny platform over t o lad! mills
Plov me tors l̂ f) 1 / Hr.
.Ball mi 1.1s for vet ¿~r1 ;’d 5 o'' сарае i ty tiOO 1О
Vj braU’V’ г-oreer 2?G rcesi es/cm/' '3
Vibretv.''/' screen. 00:iC> mes’ es / cm"cPropeller mixer 3» 6 my 
Pi npt re -FI tm.np 100 1 / m i n
I сc t, ron;1;ye tic separator И r /•'.

Ггоре1 ter mixer 1.7 n'
Pressure pump for transport оf slurry to filter—
p  t  * c *  ,r-* Г5 О  f  5

T'i 1 tC’ -Г! ' ~ 7000 1
Coll e»'t 1,- .; Ь e 1t с о:1 v c у о•■,
Си 1.1. i 
Belt cc 
Brier <

-i tearing equ i ;-:pe 1 t fn 
су or 6f>0 rm 

" cape type

Г» ry>

• ft, Г О
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Pos. Pcs.
28 1 Chan rial drier li':‘);-:l.f.5 n> with 4 channels, incl* 

2 oil heaters
29 1

9BOX ni*’/''
30 1 Clay crasher 6 9/3.
31 1 Bucket elevator 10 v/h
32 1 Belt conveyor 600 mu1 provided v/.i.th side rake
33 2 Pan grinder 3 t/h
34 2 Vibra i 1 ng screen Pn0 2000 nn
35 1 Bel t .'uveyor 600 um
36 3 Concrete box .Cor workinr body
37 3 Turnstile feeder 0 rC0 mm, 6 m"/h
38 1 Belt conveyor 600 mm
39 1 Vibrating screen 800 x 200 mm
40 Transport routes towards presses (covered belt 

conveyors)
41 1 Hydraulic press ruth 2 cavities and pressure

12 5 - 2.50 t
42 210 140 kiln curs for drier of pressed tiles and for 

biscuit firing kiln
43 1 Channel drier heated rlth waste heat from biscuit 

firing
44 2 Circulation fan
45 1 Pan for air exhausting
46 Circula tion air distributi ng piping
4 7 2 Insulated door of drier
4 8 2 Tin noneter for inlet and outlet temperature
49 Insulai,ed air distribution piping between kiln 

and drier
50 2 Hydranjio pusher and driving unit
51a 1 '1 unnel bilu 44r3.2x2.25 m for biscuit fjring incl.

steel accessories, air rouditj..red, iii heating 
system, control system, electric iusultation.

51b 1 Tunnel kiln for giost f j.r i "g o r dimmensions and acce* 
ssortos as 51 a

52 4 Hand operated crossing t,ran (>,• table
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T o 4 Hydraulic racks
54 2 1 eetler o f 1 :> 1 na11i to i :•B. die ! 'i teg rating equipment
59 2 niaci-y line
56 2 Travelling container for pi tches, o, r> m
57 2 wort in," belt conveyor
58 6 Table f o r  packing
59 4 'I’ravellinr container for breakage o.25 it.
60 2 Platform truck for transport to store

I

61 1
62 1
63 1
64 1
65 1
66 2
67 1
68 1 
69

Travelling pulley V 1 o !:
Charging pint,form over ball mill 
Ball mill for ret grind i.ug, capacity 800 1 
Double vibrating scree”. BOO x 2000 cap. 
Tier, tromameti c Réparai.or 
I'iaptregm pump capacity 50 1/min.
P ropeiler it. i or, cap a c 11 ;/ 1.73Propeller mixer, capacity 1 m 
Tubing for glare distribution

70
71

.tail transport System
Air compressor fo” discharging ball mills
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>.8.1.2 Indus r i mI pi - ¡".ver:

Fixed
i::i Le deve] opmfe'i-., b-M-dir-s s- -l i V  i i .'.ce ’'inn work (l)

F u i  a

Site development ine . pr i r  e of i. ■ o 
Production hall ? 000 tn~ ìr.el . s ' ta ’• ed 
boxes for raw matei ics at v.
Of flee premises and labor .a u> ry i. m 
at 50 I-An"
3 septic tenks iuol. piping 
Fencing 280 r. m. a - i . 2 0 p/ r. m .
Water supply connection 
Transformer and ower line con-e -.ion 
Factory rai 1 corneo .ion siding 
Total 
Unfo rseen
Site devei.opment and buildings - to '.a]

Machinery and equipment (2)
(as p c  spesi fica-, ¡.on) - ? ,';B pr • ee 
Sea tranrpo t cos , cri insùr. si *■ e 
Ten'esine 
Erection.
Sub total
Loyally cieU.vceb r.eel accessor1 * s 
and bri- ks i/o v c rie rs and Ei. J ns 
Un forseen
Machinery and '.ecl.no ’ ogle I erp ipim

anrpo t in. Airies

1

1  SO/ ,  

1 1 
1 2 ' 

11 OS'1 
20 C O
IV' 3/6
17 0 0

I V  0 '.1

car -, s r)
] 1.7 '•'■•0
V- 0 /’7)

. cl ~r~"7

1m33 -7 0

1.4- 7-0

IS..1. -7-

1

Fix >,ares, 1 nbov'a t o and workshop eqn1 pnu-n t _1_50_J
Transpor taUon: 
1 tractor 
1 trai. Ter

/ U '•! 
7 7-0



1 truck 7 ] r
Transportation total. 0 j.
Machinery equipment and transpor U- 
tion total 1 j',„ s

Fixed assets - total 1 : . ry 

Pre-investment and start-up expenses

iQ

Pre-ir.vos tmoivt oos1 3 1 ula
Preliir.inary expenditure and lay-out plans 52 000
Interest during construction I'll/ or

1 72/ 0 0 0 ) 100 000
Enginering during construction 01 000
Total _2 7 3 _0 0 0 _

Start up expenses
Trial run costs 62 000
Other investment - total 32?_OOQ_

Working capital - inventories
Raw materials (6 morn.ns) 0 000
Glazes and stains (3 months) 28 000
Fuel oil el month) 9 000
Auxiliary materials and spareparts (3 months)S 000
Work-in-process 16 OOO

Finished products (l month) 62 000
Packing material (2 months) 6 000
Total 107 000
Accountr: rooeivaOle
Customers 20 days 77 000
Working capital - total 2_10_.690
Gummary:
Fixed assets 2 00/ 000
Pre-inves Omen t a start up expenses ” < ) 000
Working cap! > ■ ! 21/ 000
Total inVGS '.meat 2 /0/ 000
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8.1.3 Industrial plant ~ production and prices

Table 48
Commodity ----2----m Fula/m2 Total value 

Pula
White wall tiles
150 x 150 mm 60 000 O«-3- 234 000

Coloured wall tiles
150 x 150 mm 
(plain colours)

15 000 7.60 114 000

Coloured wall tiles
150 x 150 mm
(rural décors applied 
by silk screen small 
scale orders)

50 000 12.00 600 000

Coloured wall tiles
150 x 150 mm
(manually applied ru
ral décors snail scale 
orders)

2 5 000 16.00 400 000

150 000 1 408 000

The table is based on the maximum production programme of 
wall tiles proposed in the Market Study (p. Ill)
The price are based on the present level. Also operating 
cost and investment costs will be calculated at present 
prices.
White wall tiles would be sold in Botswana and exported to 
Zambia only (see Market Study p. Ill), As a protective du
ty (of 25 A) is proposed on imported white wall tiles in con
formity with Customs Union regulations (infant industry) the 
price 4.50 P/m2 will be under the sum of the present landed 
costtfuture 2 5 i> protective duty value (4.47 + 1. 12 - 5. 59 P* 
f.page 101). As far as Zambia's market is concerned the dif-



f e r e n c e  b e t w e e n  the pro' r _ . :7 - Лч 1 . ■■ t w ' = ; '.a a 1 1 d 1 a n d e d

c o s t  -J . 1'0 lf/m ” of W:‘:i. l b wal 1 titen tmpo: •ted at p r e s e n t  to

Z a m b i a  is sufficie111 tо c o v e ,! . i' ' : t c o s t  and i m p o r t  du-

ty in Zambi a and bo leave stili a Slot fiaient mariqi:! in fa
vour of Botswana's produr ts.

Coloured wall Li.les uud ю  оь sv i-divlcted into turee groups 
with regard to quality and different prices. Plain colours 
are priced (7.60 P/râ ) lower than present 1 ended cost (7.95P/m 
Prices of silk screen décors and manually applied décors are 
substantially lower than those of comparable products.



9.8.1.4 Cneynir cc;; .s

Rav.- Trotnriel?

Rav; materials ’ I ■. n ' i t 
t or.

y Trice/ r Cost
Pula

Mudstone ..-.ray OR :y 0 6.99 3 146
Mudstone lark OR /TO • ' 047 6.99 3 125
Sandstone oaek/rround /TO 3 3/ 0 e8 7.69 6 521

rriptxt.p S'"5 18/ 192 16 .. C 3 072
Crushed biscuits 192/'1 0/ 1.64 164
Total 2 129 16 038

The costs of rav; ma’orinis irelude only niiniu.r and stock
pilin' in * b« laposit erevided by a contractor and contin-
pencies connected v/ith ov er in, and running the rr.ine. The
cost of crus.ned biscuits includes only direct costs for
100 t biscuits per year. The cther 92 t vill be returned
fror kilns as "itches /rejects/.

G1a ze s and s tai ns Quantity 
t on

Price
T7 t

Cost
Pula

Glazes 150 665 99 750
Stains 2.7 4 560 - 12.212..
Total 112 065

Ererry T'ulat :r year
Ccr.srrr» ion cf • lec*rieit,y i? bn^e 1 an 
calculi ted specific con.sun:■ t.:> r o;
40C kV."i r o r ton of et : roi’uc ts :
l  5co x 'oo v;ri = 600 pto kve
600 OCO x P .':,’ 7 P = 28 200
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Wa£ es

Workers -manning tabre 1st
shift

2nd
shift

3rd
shift

A tn 
shift Total

Transport of raw materials 5 5
Crushing raw materials 1 1

Charging and discharging 
ball mills 1 1 1

oJ
Filterpressing and drying 
cakes 1 1 3
Attendance of press for 
wall tiles ] 1 2

Loading on kiln cars 1 1 2

Handling kiln cars and 
kiln furniture 1 1 1 1 4
Attendance of kilns 1 1 1 1 4
Sorting fired biscuits 1 1

Glazing and painting 5 5
Inserting glazed ware into 
saggars s 5
Sorting glazed wall tiles 2 2

Packing 1 1

Transport to store 1 1

Store of products 2 2

Kiln car repair shop 1 1

Machine work shop and 
mainta inance 6 6

Off site transport Q> 3
Guards, cleanrs, etc. 3 1 1 1 6

Total 42 7 5 3 57
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Profession
"f * 3 e s (dula >

per hour peí■ year total cost
Foreman ; i .ao o 300 11 200
Fitter 1.20 0u. A00 3 500
Electrician 2 1.20 2 -* 01J A S00
Skilled worker 33 0.30 1 30) 59 A00
Unskilled worker B 'j # 3 60 0 A 800
Driver 2 3.A0p.day 850 1 700
ecurity guard A 2,50p.day 625 2 500

57 9A 000

Wages are calculated on 250 working days a d 2000 workLng
hours per year.

Other expenses connected with wages Cos t 
Pula

6 paid holidays 2 2 55
15 days paid leave 5 6AQ
paid sickness, medical care 10 000
Total 17 856

Salaries (local personnel) Co3t
Pula

1 Manager 7 200
3 Technicians 1A A 00
1 Bookkeeper Li 800
2 Assistant and typist A 800
A Purchase and s;ales staff 1A A00
11 Total A5 600

Besides 1 mining ergi neer, 1 technologist and 1 designer will 
be requested by the Government for the start-up period in the 
framework of United nations Development Programme«
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Personnel cost - summary: Pula
Wages
Other personal expenses 
Salaries

94 000 
17 896 
45 600

Total 157 496

Administrative costs Cost
Pula

Administrative costs 
5 % of personal costs 7 875
Housing allowances 6 600
Total 14 475

Sales costs Cost
Pula

Packing, travel expenses and publicity 
(excl. personal costs)

Table 49

45 000

Summary of production expenditure: Pula
Raw materials 16 028
Olazes and stains 112 065
Energy
Operating supplies

145 299 
66 012

Personal costs 157 496
Administrative costs 14 475
Sales costs 45 000
Total 556 375
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Depreciation
1. Physical depreciation (Pula)
Assets and 

pre—  investment
Originalл % value

Г rodaci!j 
1-5 year

n years 
ly 6-13 yearly

Res.
value

Machinery equipment 1873000 7.5 141 000 141 000 40000
Transportation 21000 20.0 4 200 4 200* 8400
Buildings 190000 4.0 7 C00 7 600 91200
Pre-inves tment 335000 20.0 67 000 - -

2 419 000 219 800 152 800 139600

+replacement
¿. Depreciation rezerve
After 13.3 years machinery will he worn out and the follo
wing minimum reserve should be available for financing new 
equipment and a partial reserve for buildings to be further 
increased till the 25th year of production:

Pula
Machinery, equipment 1 873 000
Transportation 12 000
Buildings 99 000
Pre-investment 200 000
Total minimum reserve 2 184 000

3. Depreciation allowances for tax computation
According to the Income Tax 4et allowances in respect of 
various types of expenditure are granted as follows: 
lîew industrial buildings - total equals 115 15 '1o being
an annual allowance granted at, rate of 10 D per year for 
ten years.
Tfew plant end machinery - total equals 12 5 2 5 D being
an investment allowance granted in the year of first use 
and 100 6' being an annual allowance granted at whatever 
rate investor chooses provided that the total, allowed shall 
be not more than the total relevant expenditure.



Iable 50 Calculation of income tax - Industrial plant
_ ̂ «¿jT 1 2  2 — 5 5 n z

Investment Product lor.
if U L 3 *' 70-000 1126000 1403000 1208000 1408 000 1 -02 f / ‘
loss orougnx forwara 
Production expenditure 382496

2283356
490496

1856712
556375

12139*7
556375

545322
556375 — r-ODO 0 n r

lepreciation on buil
dings 47500 19000 19000 19000 19000 19 000
^Depreciation on ma
chinery 2367500 •m
Interest 189850 189850 189860 165000 132000 99 000
Total 29373 56 2982712 2621947 1954322 1253697 ,C n 0 77 r
Taxable proiit/loss -2233255 -18 56712-1212 947 - 5*52 22 + 12-r303
lax 25 - on orofit - - - - S ’ r, r\ '

Year 9 10 11 12 1? 14 1;
Sales 1 -08 000 1408 000 140 = 0-00 1408000 1 4' j - 000 1 too /- r | /7 1 408 030
loss broughx forward 
Production expenditure 556 375 c c,'jJO 37 5

—
37 5 556 375 xc;A 07- e> — 275 ^ ✓

lepreciation on buildings 19 000 19 0 00 19 000 19 000 — -
lepreciation on machinery
Interest
lotal

66 000 
641 2P2

33 000 
608 375 57 5 °75 575 375 555 275 f— r*z> ~ c ■■

-

laxaole profix/loss 7 0 0 625 r-1 —t 3 V 52 5 832 525 332 525 851 525 351 0 ~ 831 525
Tax 25 ^ on profit 268 319 279 869 291 418 291 413 293 059 298  ̂ ^ 2 -• - 0 7 -
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9.8.1.5 Financing
Total investment comprises the following figures:

Pula
Fixed assets 2 08 4  000
PT-e-investment and start up expenses 33 5 000
Working capital 214 000
Total investment 2 633 000

Funding:
As only half of the working capital is needed before star
ting production the required sum of funds will be lower:

2 633 0 0 0  - 107 0 0 0  = 2 526 000 P 
The increase of working capital in the first and second 
year of production will be covered from sales revenue.
The funds will consist of

Equity (31.7) 800 000 P
Loan (68.3) 1 726 000 P
Total 100.0 % 2 526 000 P

Repayment of loan and interest:
• Year____________ Outstanding loan Repayment Interest 11 °h
1 investment
2 investment 1 726 000 - included in 

pre-inv.cost
3 production 1 726 000 189 860
4 " 1 726 000 189 860
5 1 726 000 226 000 189 860
6 " 1 500 000 300 000 165 000
7 1 200 000 300 000 132 000
8 " 900 000 300 000 99 000
9 " 600 000 . 300 000 66 000
10 " 300 000 300 000 33 000

1 726 000
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9.8.2 ilot plant - 50 000 m^ of wall tiles, 5 000 m~ floor 

tiles and mozaics
9.8.2.1 Pilot plant - technology and technological equipm^ t

The plant would be located on the Llakoro-Moralana Deposit 
next to the reilway. Raw mat' ial except for pegmatite will 
be mined in occurrences near the plant. Bush, surface layer 
and over burden will be removed once a year by bulldozer and 
excavator. Where the hardness of overburden or raw material 
should exceed capacity of earthmoving machinery, blasting 
will be applied for disintegration.
The mined raw materials are transported on to piles from 
where they will be successively delivered to the plant by 
a team of workers and 1 driver. This team will be equipped 
with a tractor and trailer, a transportable conveyor provided 
by a petrol driven engine and Lth hand tools. Pegmatite will 
be transported from a distance of about 70 km in the same way. 
It will be mined once in a longer period depending on availa
bility of earthmoving machinery. Glazes and stains will be 
delivered by railway. Raw materials will be stored in roofed 
boxes attached to the production premises.
Pinegrained raw materials are delivered directly into boxes, 
materials in lumps are manually fed to the jaw crusher and 
transported into boxes after crushing. Raw materials are loa
ded according to the recipe into the hopper of a travelling 
Idance. The hopper is transported by a travelling pulley block 
onto theplatform over the ball mill where raw materials and 
water are charged. After milling slurry is discharged and 
passed through vibrating screens into a cistern where it is 
mixed by a propeller mixer and p aped into filterpresses. De
watered cakes from filter presses are dried in a hannel drier 
to a humidity of 6 %, then they are ground,granulated and moi
stened if need be in a pan grinder with perforated path provi- 
vided with openings 2-3 mm up to a humidity 5-7 C&. Pressing bo
dy is fed into hoppers from where it is transported over r chec
king vibrating screen into the hopper cf the press. Wall tiles



Press tiles are dried in Vie shuttle drier and fi.red in the

a travelling block on a platform over a ball mill into which it 
is charged with water. The ground glaze is discharged from 
the ball mill over vibrating sereens and electromagnetic sepa
rator into a cistern provided by a propeller mixer. Products 
are glazed on a glazing machine or are decorated by hand as 
underglaze or overglaze.
In case of experimental manufacture of floor tiles or mozaics 
the same equipment for body oreparati on can be used. For pressing, 
however, other pressing dies and stamps are required. Therefore 
one additional second hand press is recommended for experimental 
production of floor tiles and mozaics. Floor tiles are fired in 
stacks interlaid by chamotte slabs. Insofar as they are not 
glazed they are fired only once to 1200 °C, After firing the 
stacks are unloaded,disintegrated, classified with regard to 
quality, shade and dimensions if need be.
Mozaics requires also different pressing dies and stamps. In 
experimental manufacture mozaics taken from the press can be 
immedietly inerted into saggars in vertical direction. Insofar 
as mozaics is not glazed it is only once fired to the tempera
ture of 1200 °C. After firing mozaics pieces are glued on paper 
in squares 30 x 30 cm or 40 x 40 cm.

oi l fired shuttte kiln to 1100 °0. Glazes 
plant ready tv,?*'!-:- and preti:.’ ir. Haze

delivered to the 
in de li ve •*.G by
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Pilot plant - technological equipment;

'flie following technological equipment is pr oposed for the 
discribed process:

Pos, Pcs«
1 Wining clays and pegmatite
2 1 Transportable motorized, petrol-driven conveyor 

10 ra/400 mm
3 1 Tractor with trailer
4 4 Poofed boxes for raw materials attached to the 

production hall
5 1 Belt oonveyor 6 m/ 400 mm
6 1 Belt conveyor 10 m/400 mm
7 1 Clay crusher 6 t/h
8 1 Belt conveyor 10 m/600 mm
9 1 Belt conveyor 10 m/600 mm provided with discharge 

tippler
10 4 Boxes for crushed raw materials in the production 

hall
11 1 Travelling balance 1000 kp
12 1 Travelling pulley block 10C0 kp
13 1 Charging platform over the ball mill
14 1 Flow meter 100 l/mln
15 1 Ball mill for wot grinding capacity 3200 1
16 1 Vibrating screen 236 meshes/om
17 1 Vibrating screen 2500 meshes/cm
18 1 Propeller mixer 3,5 m^
19 1 Diaphragm pump 50 1/min
20 1 Electromagnetic separator 8 m^/h
21 2 Propeller mixer 1 m^
22 1 pressure Pump for transport of slurry to filter 

presses
23 2 filter-press 1000, 2000 .1
24 1 Collecting belt conveyor, 800 mm
25 Cutting and tearing of cakes
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PoS. Pcs.
26 1 Belt conveyor f'00 mi
27 30 Drier car o!' oa:e type
20 i Channel drier- 1.1 x2.3xl«65,2 channels, inol. 1 oil 

hen 1 ,er
i Box feeder 6 [tV /} 1

30 i Olay crusher 6 t/h
31 i Bucket. elevator 10 i;/h
32 i Belt conveyor provided wi th side rake
33 l Pan grinder 3 l/h
34 i Vibrating screen 800 x 2000
35 l Belt conveyor G o o  inm
36 2 Concrete box for working body
37 2 Turnstile feeds'' 0 500 mm, 6m3/h
38 1 Beit conveyor BOO mm
39 1 Vibrating r. i er n 800 x 2000
40 Transport routes towards presses (covered belt 

conveyors)
41 2 Mechanical presses with two cavities and pressure 

125-250 t each. One of the pressess with additional 
dies and stamps for floor tiles and mosaics (second 
hand)

42 12 kiln car
43 1 Shuttle drier 14,5 m3 inol. oil heater
44 1 Circulation fan
45 1 Fan for air exhausting
46 Cj rculatior. fan cH s1 ri buti tig piping
47 2 insulated cloo:' of d ter
48 2 Thermometer 0-200 °C for inle iprid outlet tomperat

49
50

J 0

51a 1 niiul,t)c Jut In, oil heated, 14.5 in inci, accessories, 
air cor.di tioning, eontroL system, electric i". ela
tion
Chut tie kiln, oil lira led, 28 m3 ri ti; the same equip-51b 1
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Vo_5.
52
53
54
55
56
57
58
59
60

61
62

63
64
65
66
67
68
69

70
71
72
73
74

75
76

PCS.
? II? n d operated c os-sing !.->-ansfe.r table 
3 liyd rau lie n ok s
1 .feeder of biscui t.s 1 nol. d 1 sintegrating equipment 
1 0lazing line 31 Travelling ooutaine- fkv pit -dies 0,5 m
1 Sorting belt conveyor

32 Travelling container for- breakage 0,5 in'
1 Platform truck for t-rausnorl to store

1 Travelling pulley block
1 Charging platform o e; ball mill
1 Ball mill for vet grinding, capacity 400 1
1 Double vibraking screen 800 x  2 0 0 0  cap,O
1 Electromagnetic separator 8 nr/h
2 Diaphragm pump 50 1 /min.

31 Propeller mixer 1 nr
31 Propeller mixer 0,7 m

Tubing for glaze distribution

1 Sorting belt conveyor ind. disintegrating equipment
2 Table for packing
1 Travelling, containc- for pitches
6 Table f,' glueing mosaics
2 Table for packing mozalcs

Kai l t"'suspor tati on system 
1 Air compressor
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9.8.2.2 Pilot plant - investment 

Fixed assets
Site development- buildinrs and civil enginnering work /1/

Pula
Site development incl. price of land 2 000

2Production hall 1400 m incl. attaahed 91 0002boxes for raw materials at 65 P/m 2 2Office fremises and laboratory IOC m at 50F/m 5 000
2 septic tanks incl. piping 800
Fencing 280 r. m. at 4.20 P/r.m 1 176
Water supply connection 1 200
Power line connection 5 000
Subtotal 106 176
Unforeseen 10 824
Site development and buildings total ¿12 £00

Machinery and equipment /2/
/as per specification/- FOB price 
Sea transport cost and insurance 20 % 
Terrestre transport 10 %

Erection costs 25 %

Locally delivered steel accessories and bricks
for driers and kilns 50 000

Unforeseen 52 000
1 5 2  ooo

Fixtures^laboraty and workshop equipment ¿ 32  ooo

Transportation
1 tractor 7 500
1 trailer 2 500

1 truck 11 000
Transportation total -21 £00
Machineryr equipment and transportation - total £0£
Fixed assets - total 1=Q2Q_QGQ

400 000 
80 000 
40 000 

520 000 
110 000 
650 000
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Pre-investment and start-up expenses 
Pre-investment costs
Preliminary expenditure and lay-out plans 
Interest during costruetion 846ifO.lI 
Engineering during construction 
Total
Start-up expenses 
Trial runcosts

Working capital - inventories 
Raw materials /6 months/
Qlazes and stains /3 months/
Fuel oil /1 month/
Auxiliary materials and spare parts /3 months/ 4 265
Work-in-process 9 17T
Finished products /1 month/ 35 738
Packing material /2 months/ 1 833
Totai _6<£ 000
Recounts receivable
Customers 20 days 35 000
Working capital - total lp£ 000

Pula 
25 700 
93 000 
15 300 

134 000

30 000
16£ 00Q

3 204 
10 925 
3 858

Summary:
Fixed assets 1 020 000
Pre-investment end start-up expenses 164 000
Working capital 104 000
Total investment 1 288 000
Note: 104 000 P of working capital refer to full capacity 
operation. For starting production only 62 000 P will be re 
quired. Consequently the inital funding will be only 
1 246 000 P.



9.8.2.3 Table 51
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PiIrt riant - "reduction and prices

¡cmmodity m Pul- • Total valueFula
V.hite •■•all tiles 
150 150 mm 15 coo 4.90 73.500
Coloured wall tiles 
150 x 150 mm 
/plain colours/

5 COO 7.50 37 500

Coloured v:all tiles 
150 x 150 mm 
/decors applied by silk 
screen, small orders/

5 COO 17.00 60 000

Coloured ;vall tiles 
150 x 150 mm 
/manually applied

25 000 16.00 4CO 000

rurul decors,small orders/
50 OcQ 571 000

Experimental production: 
Floor tiler, 100 y 100 mm 
Mozsi'cs 20x20, ?G::40

3 COO 50 000
2 000 1/° ^ °  ,----- /average/5 000 50 oco

The indications are based on the minumura production progra
mme of v.” 11 tilrr proposed in the Market Study /p. 111/. Co
loured -.'all Jils are specified v/ith re card to quality and 
prices. /;-plied prices for Industrial plant a Pilot plant 
are indnr, t leal ,
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9.8.2.4 Operating costs /1st year of full production/ 

Raw materials
Raw materials for wall tiles:
Raw materials Quantity Price Cost

ton P/t Pula
Mudstone grey MR /TS3/ 150 6.99 1049
Mudstone dark MR /TS4/ 149 6.99 1042
Sandstone-background /TS 33/ 283 7.69 2176
Pegmatite SP /TS18/ 64 16.00 1024
Crushed biscuits 64/33/ 1.64 54
Total 710 5345
The cost of crushed biscuits includes only direct costs for
33 t biscuits per year. The other 31 t will be returned from: 
kilns as pitches /rejects/.

Raw material for floor tiles and mozaics:
Raw materials Quantity

ton
Price
P/t

Cost
Pula

Cl%r green-brown MRL /TS 5/6/ 109 7.10 774
Pegmatite /TS 18/ 13 16.00 208
Laterite /TS 27/ 27 3.00 81
Total 149 1063

Glazes and stains Quantity
ton

Price
P/t

Cost
Pula

Glazes 52 665 34 580
Stains 2 4 560 9120
Total 437.QO..-

E n e r g y
Pula

per year
Consumption of electricity:
specific value 390 KV/H per ton of net products
600 x 390 KY/H = 234 000 KV/H 10 998
234 000 x 0.047 P *
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Consumption of fuel oil:
l_heater_for_drier_cf_dewatered _boay /cakes/
ewaporated water : 600 x 0.3 t = 180 t
specific consumption: 1600 kcal/kg of evap. water
180 Q00 x 1600 Leal = 288 000 000 kcal - 288 000 Meal

i_b£2 l£E_£2 E_5 i2iiiii6 _drier /pressed products/
evaporated water: 600 x C . 0 7 t = 4 2 t
specific consumption 1600 kcal/kg of evap. water
42000 x 1600 kcal = 67 200 000 kcal = 67 200 Meal

£_£6ut;Qe_kilns

3500 Mcal/t of net products /wall tiles/
2 3 0 0  Mcal/t of net products /flocr tiles and mozaics/ 

500 x 3500 Meal = 1 750 000 Meal 
100 x 2300 Meal = 230 000 Meal

2 335 200 Meal
2 335 20C Meal : 9 231 Meal = 253 t of fuel oil

Pula/continued/

1 980 000 Meal

Summary:
1 heater for drying cakes
1 heater for shuttle drier
2 shuttle kilns 1 980 OCQ Meal

288 000 Meal 
67 200 Meal

253 x 183 P 46 299

Water consumption
600 x 1.5 = 900
900 x 3P
Cost of energy - total

2 700 
59 997
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Operating supplies /materials, 
spare partsand repairs provided 
externally

Cost
Pula

Buildings and civil engineering works
2 % of 106 176 
Production equipment 
4 % of 650 000
Maintenace erf transportation 
ConsumDtion of fuel for transDort

2 124

¿6 000 
2 000 
4 000

Total 34 124______

Wages

Workers - manning table 1st 2nd 3rd 4th Total
shift shift dfft shift____

Transport of raw materials 4 4
Crushing raw materials 1 1
Charging and discharging ball 
mills 1 1
Filter pressing and drying cakes 1 1 1 3
Attendance of press 1 1
Loading on kiln cars 1 1
Handling kiln cars and furniture 1 1 1 3
Attendance of kilns 1 1 1 3
Sorting fired biscuits 1 1
Glazing and painting 3 3
Inserting glazed ware in saggars 2 2
Sorting glazed wall tiles 1 1
Packing 1 1
Store of products 2 2
Kiln car repair shop 1 1
Machine workshop and maint. 6 6
Off site transport 3 3
Guards, cleaners etc. 3 1 1 1 6
X&I31__ ___ 4 A ___1 .-13____
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Profession Number per hour
■ ° j oer vear total cost

Foreman 3 1.40 2 800 8 400
Fitter 4 J..20 2 400 9 600
Electrician 2 1.20 2 4 OC 4 800
Skilled worker 22 0.90 1 800 39 600
Unskilled worker 6 o.30 600 3 600
Driver 2 3.40r• iay 850 1 700
Security guard 4 2.50c .dav 625 2 500
Total_____________ 12____________________________70 ¿00

Wages are calculated on 250 working days and 2000 working 
hours per year.

Other expenses connected with wages Cost
Pula

6 paid holidays 1 685
15 bys paid leave 4 212
raid sickness, medical care 4 000
To tal ______ 9 897___

Salaries of local personnel: Cost
Pula

1 Manager 6 200
1 'technician 4 800
1 Bookkeeper 4 800
1 Typist 2 400
2 Purchase and sale staff 9 600
Total 27 800
Summary of personal costs: Pula
Wages 70 200
Other personal expenses 9 897
Salaries 2 7  800

107 897
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Ad mi n 1 s trai, i ve 00 s t Cost
Pula

5% of personal costs 5 39 5
Housing all ov/anoes 3 600
To tal 8 99 5

Sales costs Cost
Pula

Packing travel expenses and publicity 18 000
( e ~xf : I ■ p c r s o ? 181. co 313 )

Table 62
Summary 0.:L" prod , 'lion expenditure: Pula

Raw materials 6 408
01ar e.j and sta ins •13 00r-

Energy 59 997
Opera ting sappiies 34 124
Personal costs 107 CTi00

Ad in i. u 1 s t ra 13. ve co 3 1 s 8 995
Sales costs 18 000
To tal 279 121
I)ep reo i at i on
1, Pi ysLeal depreciation '.Pula)

OH i .aI. P r'ofiuo t i.oil years Residual
vaiue 1-5 6-13 value atyearly yearly the end

of 13 th 
prod Lie Li - 
Oil year

jL'T: -'hi 1 >0 :■ ■> m il ipiMCU !. h P 0 030 / » L* 1 Of'.] 60 6615 "
T r-atisuo 1 1 a t.i.on i t 000 P ’.U t2 0 0 + 4200
B il L 1 d i.l1;- l i  7 Oso 4 .0 /¡V"0 1700
■p r*>— i V >•.; 1,!"1 ‘ • ! 1 t j ' 1 0 )0 '"N ' , r, 

c. * « .} r ? : ' •') : )
11 - 00s 1 5 0  750 60

22 050
1 680 
55900
'/963 0 ~

+Pep! 0.-■'■!? eii 1,
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2. Depreciation reserve

After 13-3 years machinery will be worn out and the following 
minimum depreciation reserve should be available for financing 
new equipment and a partial reserve for buildings to be further 
increased till the 25th year of production:

3. Depreciation allowances for tax computation Rates of allo
wances are indicated in part 9-8-1.4.

Pula
Machinery equipment 
Transporta tion 
Buildings 
Pre-investment 
Total

882 000 
21 000 
117 000
n 'hr* A

1091 000

4. Computation c‘ income tax 
Bee following rable Ho. 53



Table 53 Calculation of income tax - Pilot plant

Year 1 2 5 5 7
Investment Production

bales O o o 197000 621000 621000 621000 621C 00
Loss brought forward - 1070212 925781 689662 118033 133 752
Production expenditure 213 432 248779 279121 279121 279121 279121
Depreciation on buildings 29 2 50 11700 117C0 11700 11700 11700
Depreciation on machinery 1102500 - - - - -
Interest 93 060 93060 93060 33550 7 5900 63250
Total 1413 212 1123.701 1310662 1069033 811752 31782 5
Taxable profit/loss —1070 212 -92Ô731 —c89 622 -113033 -193754 +73175
Tax 35 # on profit - - - - - 25611

Year............ 9 1 11 1 13 14 15
-reduction

Sates 621 000 621 J 'Vj 621 00O 6 21 000 1 000 521 000 621 ~ £
Loss brought forward
Production expenditure 279 121 279 121 2*7C 121 279 121 279 121 279 121 079 121
Depreciation on buildings 11 700 11 700 11 700 11 700 -

Depreciation • n machinery
Interest 50 060  ̂n 950 9 C 300 12 650
Total 340 881 328 771 316 121 3 07 171 2?Q 121 OTG 121 279 121
Taxable profit/xoss 280 119 292 229 301 379 317 529 311 879 341 379 341 373
Tax 35 Æ on profit 98 042 102 230 106 703 111 13 5 119 553 119 5 58 119 6 53
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9.8.2.5 Financing

Total investment consists of the fol1o,,,ing items:
Pula

Fixed assets 1 020 000
Pre-investment and start-up expenses 164 000
Working capital 104 0C0
Total investment 1 288 000

Funding:
Half of the working capital being only needed before star
ting production, the required sum of funds wil1 be lower: 

1,288 000 - 42 ООО « 1 246 000 P 
Further increase cf 42 000 P in the first years of produc
tion will be covered from sales revenue.
The funds will consist of

Equity ( 3 2 . 1  #) 400 000 P 

Loan (67.9#) 846 000 P 

Total Л00.0%/ 1 246 000 P

Repayment of loan and interest: 
Year Outstanding loan

1 investment
2 investment 846 ооо

3 production
4 "

846 000
846 000

5 « 846 000
6 " 805 000
7 " 690 000
8 « 575 000
9 " 460 000
10 " 345 000
11 " 230 000
12 " 115 000

Repayment Interest 11 # 
(At the end 
of each year)

Interest included in start-up
expenses

93 060
93 о б о

41 000 93 о б о
115 000 88 550
115 000 75 900
115 000 63 250
115 000 50 60G
115 000 37 950
115 000 25 300
115 000 12 650
84 б"000 633 380
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9.9.3 Quick lime plant
9.0.3.1 Quick lime plant - technology and technological equipment

The location of the plant being not yet decided it is suppo
sed to be next to a deposit /Mmadinare or other deposits/ 
for these considerations.
The technology is very simple. Limestone is blasted by 
explosives, bigger pieces of disintegrated rock are bro
ken down by heavy hammers. Limestone for quick lime applied 
for painting and flushing must be very pure without any 
contaminations. Therefore it should be stored separately in 
the quarry. Sorted limestone is loaded on cars or narrow gauge 
railway tip trucks and transported to a jav: crusher where it 
is crushed to sizes 80 - 120 mm.
Crushed limestone and coal are delivered by means of a skip 
equipment into the dome of the kiln and charged according to. 
a programme. The kiln is fired by local coal. Burnt lime is 
transported by a roofed belt conveyor onto a roofed ramp 
where it is stored, lime for painting and flushing is filled 
in bags, biniing lime for mortars and plasters is stored and 
despatched in bulk.
Technological'
Por,. Pcs.
1 lining limestone
2 4 Cert/Tip Truck
3 1 Jrnv crusher 600 x 180 mm, 4 mV-h
4 1 Box feeder 6 jc?/h
5 1 Belt conveyor 10 m/600 mm
6 1 Skip elevator 0.5 nr*
7 1 Shaft kiln, coal fired, with acci
8 -
9 -
10 1 Fan
11 1 Roofed conveyor belt 12 m/600 mm
12 1 Storage of burnt lime in roofed
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POB.
13

1'OS.
1 Transportable belt conveyor 6m/400 mm

14 1 • Filling and weighing equipment
15 1 Belt conveyor of bags onto lorries
16 1 Belt conveyor of bulk limestone

9.8.3 • 2 Invest,merit
Fixed assets
Site development and buildings
Site development
Office premises 50 m at 50 P/m
Porer line connection
Roofed storing and loading ramp

Unforseen

Machinery and equipment - FOB price 
Sea transport cost and insurance - 30 P 
Terrestre transport in Africa - 10 P

Erection costs - 25 %

Transportation: 2 trucks
Technological equipment and transportation - to Lai
p i  v o r j

0 ther i rivestmont 
Pre-investment costs:
Lay-out ¡, ms
Interest during cojistruction 
P relimina,y expend! lures 
To tal

Pula
1 000
0L. 500
2 000
3 000
o 500
500

9 000
j h 0 000
7 o 000
"5
J 6 000

46 8 000
117 000
lh5 000

O
2 m

60 7 000
61 6. 000

1 5 0 0 0

5 9 o o  o

1 0 0 0 0

8 4 0 0 0
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Start up expenses:
Trial run costs IS 000
Other investment - total 9n 000

Working capi tal
Inventories:
Raw materials (l month' 10 000

Coal (1-5 month) 4 500

Spare pa,-ts (3 months) 12 000

Finished products ( 1 month) 13 3oo

Racking material (2 months) 4 000

Total 4 4 _ 0 0 ° _

Accounts receivable 21 000

Wor'cing capital - total 6 5 _ 0 0 0 _

Summary: 
Fixed assets 616 000

Other investment 96 000

Working capital 6 5 000

Total investment 777 000

3 Production and prices
Annual )r ri ,luo tion

Quanti ty h price Total value P/l P
Quick lime for flushing and pai^ ting 5 000 6 0 .0 0  300 000

Bin i nf' quick lime for mortars and piasters 5 00 0 1 3 .0 0  on 000

10 000 390 000
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9.8.3*4 Opera ting costs

? mater3 nl S

The only r m  material in limestone which must be b] .••steel. 
About the double quantity by weight is required compared 
to tonnage of fired product.
The cost per ton of limestone preclusive of wages is lov;er 
than costs of ceramic material r> indicated in preceding parts 
where application of heavy north moving machinery was calcu
lated. The cost of limestone includes only cost of quarry de
velopment, explosives, drilling tools, 10 contingencies 
and estimated at 3'P/t exclusive of wages.

J :ini ’Ir ltO f O.

Cuantity Trice Cost
t  г / г  p

?0 r00_____ 3.C0______60.00

Епогг',£ n*- Pula
Electricity:
64000 Г.7Н x 0 .0.;7 p 3 c;o

Coal
Applied coal - local coal of calorific 
value 5660 Toel/t
Calorific consumption for 10 CCO t burnt lime? 1150 t'.cal 
x 10 000 = 11 500 000 Teal 
Consumption of coal:
11 5 0 0  000 Teal : 5660 Tea] = 2032 t
The specific consumption 5660 ITeal/t applies to fin 1 oil.
With regard t.o Icv/er efficiency of con], firing double quanti
ty of coal is applied for cos', calculation:
40CO t x 9F = 3fLi'0Q +
Total cost of energy
+Cost for fuel would be 190 Ik j P if heavy oil is applied
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Operating supplies (spare parts 
repairs provided externally)

and Cost
Pula

2 % of 5-35 000 P 11 ooC"-

Wages and salaries
Workers - manning table 1st

shift
2nd 

shi ft
3rd 4th Total 
shift shift

Blasting and supervision 
of quarry 1 1
Prilling holes for expies ives

1 1
Manual crushing, sorting, 
transport 6 6 12
Charging lime and coal 
into skip 2 2 2 2 8
Operation of kiln and 
accessories 1 1 1 1 4
Filling bags and loading 2 2
Maintenance 1 1 2
Priver 2 2
Total 16 10 ? 3 32

Wages (Pula}immu'rj
por hour per year total cost

Foreman i 1. 40 2 800 2 800
FItter/eleetrician 2 1,20 2 oo.St 4 800
Skilled workers 11 0,90 1 800 19 800
Unskilled workers 16 0,30 600 9 600
Priver 2 3,40p,day 850 1 700

32 38 700

Wages are calculated on 250 working days and 2000 working 
hours per week.
Other expenses connected with wages P
leave pay, side pay, paid holidays, medical 
treatment
15 t of 33 700 P 5 805
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Salaries Cost
Pula

1 Manager 5 000
1 Accountant 4 000
1 Typist 2 400
Total 11 400

Personnel costs — summary 38 700
Wages 5 805
Other expenses 11 400
Salaries 
Total 55 905

Administrative costs Cost
Pula

3 $ of personnel costs 1 677

Sales costs Cost
Pula

Packing and other excl. wages 20 000

Table 54
Summary of production expenditure : Pula
Raw material (axel, wages) 60 000
Energy 39 008
Operating supplies 11 700
Personnel costs 55 905
Administrative costs 1 677
Sales costs 20 000
Total 188 290

r
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PepreeIation
1. Physical depreciation (Pula)
Assets and 
pre-investment exp.

Original
value t Production years 

1 - 5  6 - 13 
yearly yearly

Residual
value

Machinery equipment 58 5 000 n r{ • . 43 875 43 875 14 62 5
Transportation 22 000 20.0 4 400 4 400* 8 800
Buildings 9 000 4.0 360 360 4 320
Other investment 96 000 20.0 19 200 - —

712 000 67 83 5 48 635 27 745

’’’Replacement
2. Depreciation rezerve
After 13 years machinery will he wornout and a minimum reser
ve should be available for financing new technological equip
ment and adequate reserves for machinery and buildings to be 
further increased during remaining yars of their life times:

Machinery 58 5 000
Transportation 13 200
Buildings 4 680
0th . investment 80 220

692 000

3. Depreciation allowances for tax computation 
Rates of allowances one indicated in part 9.8.1.4

4. Computation of income tax 
See following table



of income taxCalculation
"sar 1

r\ 3 5 7

Ir.ve STIT,enx I r c d •u c t i v*i ^
Sales 390000 - o o r\ ,7 o -> ?. 0  ̂ J _* J 0 0 0 1 ' l"\ 7, 7 7 O „ 7 7 7 7

Loss brought forward - * "0 Q ■360 ' o 7 2 1 0 a n 740 94 O ̂ 7 -
production expenditure 135290 p,D 29C 153 290 138 2 90 13S 290 joo OCl̂
lepreciation on 
on. i X d x ng o 2 2 : 0 900 900 900 0001 7 7 7
depreciation on 
machinery 7312 50 _ — - -
Interest ^070 *• 7 1 - 0 C1 7 310 23 430 1 1 3 -d n -
Total 0 5 0 9 ̂ 0 coo ̂ P — ■'51 — ~ ,7 ° 50 29 5 1 0 0 13? l.-O
Taxable prc-fin/O-css — 300 £ " 3' • O r- > 3- 3 ■n n — X /' X <-* r - 91 7 n 7, ■f 54 9 0 0 ■*■200310
lax 3 5 on -profit — - 0 : 21" nn 7 0 0

'fear 5 - - *1 *1 0

" .: - - 1 o n
ouiss 3 90 0 0 - - - - . - - - - -- - - - - -o ~ 7  ̂' * '0 “~ 7 '• t 0 ;r - .7

—033 "brongn*t forward - - - - -
production expendi
ture 183 290 133 290 183 290 153 290 o'.'., x - Z i7v 133 2 9 0 10O OD7
depreciation
buildings

on

*t> 0 0 0 7-̂v V OO 900 — —
depreciation
machinery

on

Interest - — - — - -
Total 139 190 139 1C.7 19° 190 199 190 loo 2C0 193 290 l3 9 2 - 0
Taxable prof:I.C / XC 33 r\ r 1 ■* n- — ; sj w ^ -p OO 0 “i * — a. j T* ~ w •_/ £lo + £ 00 51o

2 5"
-rlOi 710 -i - X ,■ X~/ -_:i :io

r* ~ ~ “7
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9.8.3.5 Financing
Total investment of the

Fixed assets 
Other investment 
Working capital 
Total inves fcment

following items
Pilla
616 000 
96 000 
65 000 

777 000

Funding
The funds will consist of

Equity 30,89
loan 69.11
Total 100,00v

240 000 
537 000 
777 000

Repyment of loan and interest!

Year Outstanding loan

1 537 OuO
2 537 000
3 429 000
4 321 000
5 21 j 000
6 10 5 000

Repayment Interest
+

108 000 59 070
108 000 47 190
108 000 3 5 310
108 000 2? 430
105 000 11 550

+Note! Interest is paid at the end of each year. Interest 
before start of production is included in pre-invest-»
ment costs
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List of authorities, institutions and persons contacted during 
the first field trip ( 12. 6. - 4. 8. 1976 )

-  1 -

I

Zambia
r sological Survey, Zambia :
Dr. Thieme, Director 
Mr. Franke, geologist
Pragobuilders Ltd. Lusaka :
Ing. Cestmir Hemral, Contract Manager
Botswana

\

»

UNDP Gaborone:
Mr. Olav Svenevik, Resident Representative 
Mr. C. Eruwayo, Deputy Resident Representative 
Mr. Erick de Mul, Assistant Res. Rep.
Ministry of Mineral Resources and Water Affairs Gaborone :
Mr. Mustheng, Undersecretary
Mr. Pinta, Senior Planning Economist
Mr. Chanda, Planning Officer
Ministry of Commerce and Industry Gaborone :
Mr. Maehler, Planning Officer
Mr. J. Ter Haar, Director of Industrial Estate
Mr. Cau, Marketing Adviser
Mr. Schotte, Chief Architect
Botswana Development Corporation Ltd. Gaborone :
Mr. Paul Waller, Investment Officer
Geological Survey Department, Lobatse :
Mr. C. Jones, Director
Mr. K. 0. Walshaw, Deputy Director
Mr. J. Davies, Assistant Director
Mr. Wroblioki, UNIDO Colsuntant
Mr. Gold, Geologist
Mr. Ermanovics, Geologist
Mr. Coates, Geologist
Mr. Key, Geologist
Mr. Spinner, Geologist
Serowe Brigade Development Trust, Serowe :
Mr. M. 0. Brien, Director
Mr/ Kopano Lekoma, Deputy Direotor
Statistics Department, Gaborone :
Mr. T. Bessel, Statistician
Customs and Excise, Gaborone :
Mr* Stone, Statistician 
Mr. Tabor, Statistician
De Beers Botswana Mining Company, Gaborone :
Mr. Rose, Direotor General



Bamançwato 
Mr. Gordon

Coal Mines 
Mr. Thomas

Consession Ltd. Selebi Pikwe 
Chief Geologist

Moropule
Director
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List of luthorities, insitutions and persons oontacted during 
the second field trip (21. 5. - 25. 6. 1977)

Zambia

UNDP Regional Office for Southeast Africa :
Mr. J. England, Senior Field Advisor
Mr. J. E. Kitzenberger, Administrative Assistant

Central Statistical Office, External Trade Section : 
Mr. Snell, UNDP Expert 
Mr. R. J. Mwena

Department of Customs and Exoise : 
officers in attendance

Zambian Industrial and Commercial Association, 
Chamber of Commerce :
Mr, L. P. Edwards — Chief Executive
Zambia National Import and Export Co.Ltd :
Mr, Maudu, General Manager
Mr. Tembo, Deputy General Manager

Zambia Clay Industries, Ltd, :
Mr. A. 3. Mwemba, Sales Manager

William Jaks £c Co (Zambia) Ltd. :
Mr. G. A. P. Cochrara - General Manager
E. W. Tarry Zambia Ltd. ;
Mr. J. B. Gomm, Manager
Pragobuilders Ltd, :
Mr. V, StSpiin, Contract manager

Botswana

UNDP Office Gaborone:
Mr. 0. Svenevik, UNDP Resident Rep’ esentative
Mr. C. Eruwayo, UNDP .Deputy Resident Representative
Mr, P. Coinidis, Administrative Officer
Mr. G. P. Nyirenda, Senior Administrative Assistant
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M1 vi V- c ». microend Industry :
1.1 r# K. ' . ; - ì , Obicf Industrial Officer 
Hr, !i. v-.-!ivf , c” i o” i ndustri al Officer 
Hr. II, "at: lo 1 .ndustri rii Officer
Hr, ’. i ' r ' f l!l••::cfor of Botsv/ana Enterprises 

; cv'-!.onmonf Unit; (Bi'PIJ)
Mr. Mo/e'end1 , ; n r  Officer
Mr. Can,, Marl. c tin : Ac’ v i r;or 
Mr. Mr - ’ : ; ! = ; r ,  i ’ .l . - ’ ’ ’ ’ n r  officer
Ministry of fir•••.■»on end Development Planning 
Mr. Isari■r--'.!1, i'In'!■''f ny Officer 
Mr, 0. Tex Ad v i ror

Minin try of Local Government end Lands :
Ml*. \7 at s < < n, T l an ni ng 0 f f i oer
Ministry of Morirà end Communi cations :
Mr. Sehutfco, Ch ief Archi feet
Mr. Collin OnnpbolL, Building Coordinator
Mr, Brian? on, Arch i ’.oc t
Department of Taxer,
Deportinotit of Customs and Lxcise:
Mr. P. T. Land a. 1.1 
Mr. J, otonebam.
Pepar i mer i cl Labo'T ;
Mr. B. Masnabl, Comminloner of Labour
Mr. P, 0 l.rc*'« Acting Chief, Industrial Relations Officer

Fati ora). T i. Of. a t Ac::; Office:
Mr, Ori n A I it;on 
Miss M. Molefi
Geological Purvey Lobatse :
M**. Vi a. Is ha; , Beivi l;y Director 
Mr. B. JV* rongva., T:r, Ludhke

Bn ns van a Do1', sir.: Corporation :
Mr, Bicha.rt.scn, A Dinar;' ng Director
The Botswana Dev ?lopmont Corporation, Ltd, :
Mr. Johnson, Daps fy Managing Director 
Mr. Vlaller, Inver,imeni Officer

Botswana Dover Corporation :
Mr. Jackson, Mr. M, Maury
Botswana Valer Ui.i li tics Corporation :
Mr. Uknns, Direcoir
Mr. Ashford, Deputy Director
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MJ nas ■( Go t swan a Ltd. :
Mr. Ad’.si ;;. "sssgor General
Mr. i'j •s- Contran i.s Manager
Bo ioka Con •; ’..ruction Ltd. :
Mr. A. Tool is. Dire e t o r

o o tar . Cons truetion Ltd. :
Mr. A, Me Dement, Manager
Berger ft Gibbon Ltd. :
Mr. W. Gibbon, Manager General 
Mr. Hughes
Builders Merchants Botswana Ltd. :
Mr. C. R. Page, General Manager

Hankins & Bonn Ltd. :
Mr. R. P. Coulter, General Manager
Powerglo Botswana Ltd. :
Mr. F. Holden, Manager
S, ft B. Construction Ltd.; Barthmoving Contractors 
Mr. D, J. Swart, Managing Director
British Petroleum Co. Ltd.
Mr. P. J. April, Manager
Barthmoving machinery Co. Ltd:
Sales Officer
Xoyotha Co. Ltd.: Sales Manager

Layland Co. ! bd.: Sales Manager
International Trade and Transport Ltd.:
Service Gaborone: Contract Manager

Lesotho

UNDP Office:
Mr. Mumm<f von Mallincrodt, Deputy Resident Representative
Mr. 0. Yucer, Programme Officer
Mr. William Buchanan, UNIDO Consultant
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Ministry■ of ¡•''i nance:
Mr. t'PL’ utt, PI;*’ailing Off!'
Ml n Is ’.jv■ 0 Worka:
Mr. Dab’.e rue, Senior Arch 1 Loot
Lesotho National .development Corporateon:
Mr. 13» ilonkloli., Deputy Manner
BISDCO (Building Hnterpreneur Development Corporation):
Mr. N. Fagan, Managing Director
Mr. B, Bcbatonc, Deputy Manuring Director
Mr. B. Gunn, Project Officer

Forrest Cons truotlon Lid.:
Mr. ForresManager
Building Design Group of Architects - Inland Construction 
Natal Ltd.:
Mr. Leader,nek, Manager
peter Hancock, Dipl, Arch.. Chartered Architect
SteiubrLdge Uouscham and Mo Pharson-Architects:
Mr. Househnn, Director

Thaba Bonin Ceramics Ltd.:
Manager

O T . nilond
Mr. S. 3. Hussein, UNDP Resident Representative 
Mr. T. Van Gaallen, Programme Officer
Ministry of Industry, Mines and Tourism:
Mr. Hans Peter Hansen, Planning Offioer
Ministry of POwer, Works and Communication:
Mr. H. Laroya, ¡Senior Architect

Ministry of Finance and Boonomics:
Mr, J. R. Pater, Senior Statistician

Factory Distributors Ltd.:
Mr, J. Camp, Manager
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Bo i,;tiiResources :uv. hev>-JU-pnenJ n;.: Lute of South
Afrlo’i, 1970
Project Proposal for (Me I? no. On l*’ t p r i r.es Deve lopment 
Programme, LI in Is try o*' Comm r <■<•••? .! ndo.;-: t ry and ’.’/«tor Affairs - 
BE DU, February, 1973
Republic of Botswana, G tudy of the Buildi ng Industry, Final 
Report Parts I, IT. V1AK Stockholm 1979
The Triple mo!itc.tjo■ • of a small—seale Industry Programme in 
Botswana, So tswana Entei priser.* Development Unit, April 1975 
Fifth Annual Report for the year ended IQth June 1975 - 
Botswana Dove 1 opinent Corporation
Botswana Knterprir.cn Development Programme, PROJECT REQUEST 
PHASE II, Bo tnwana Enterprise Rove lopment Unit, 1976 
Study of Clay Gri eks. Menu f ae tu r i ng In (labor one Botswana, 
Parti; 2,j — L, SVARD AP Sal to,jo Sweden
Forecast of numbers and Cost of New Dwelling Units to be 
built, in Gaborone from June 1975 - to June 1983 and Estimate 
of Numbers and Costs of New Buildings and Development of Land 
in the Entire Country in the Same Period - P. A. Folkman, 
UNIDO Expert, February 1976
A Study of the Building Industry in Botswana with the Main 
Emphasis on Cost, P. A. Folkman, UNIDO Expert, March 1976 
Botswana Enterpriscs Development Programme, Project Request 
Phase II /Supplementary Funds/, DEPII 1976
N. V/. D. Massey: Resources Inventory of Botswana: Industrial
Rocks and Minerals. Geol. Survey, Lobatse 1973
N. V.r. .1), Massey: Llookane calcrete investigation. 1971, 1973
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L i s t  o f  sfvnplo': snnt  to  tlio I n s t i t u t e  f o r  c e ram ic s  a t  H o m i  Rr i

C z o c li o s 1 o v a k i a

(UMIDO Contract. 7 6/I - H o t s  r: a n a)

r j i f j n a :  TRACT Hi 
] ;(.m oTi)
VUK No. 1.... 33

lb.
Mo

c C 0 ’ r rp
J.yl i N T

Sample
No. Aron — P i t Tliio.'cnoss S p e c i e s

LS 1 MR-1 1,1 — 2,1 Grey mudstone (flintclay)
IS P MR-1 2,1 - 2,9 {■;rcy mudstone
LS 3 MR-1 2,9 - 3,9 dark mudstone
LS 5 MR-2 1,1 - 1 ,7 f;rey mudstone (flintclay)
LS 5 MR-2 1,7 - 3,1 Grey i:mdstono(calcrete and 

sands i one)
LS 6 MR-2 3,1 - h,l dark mudstone
LS 7 MR-3 1,5 - 3,0 Grey mudstone, quartzite, sand— 

s tone
K LS 8 MRi-5 0,0 - 0,5 Grey, Iminic and sandy clay

LS 9 MRIy—5 0,5 ■1,0 brown—tureen clay
LS 10 MRIj—6 0 , 0 - 0,5 f;rey,humic and sandy clay
LS 11 MRJ.i—7 0 , 0 - 0,5 f.roy,humic and sandy clay
LS 12 MR-5 1 , 0 - 2,8 U.Cht-,;rey mudstone (flintclay)
LS 13 MR-5 2,3 - 5,8 Grey-yellow mudstone
LS l5 MR—/4 5,8 - 6,2 Grey—yellow muds tone
LS 15 Mil—13 85 « liftlit mudstone (silty)
LS 16 MM-D 85/89 - dark mudstone
LS 17 MR-1 1,1 - 2,1 assorted C>TGY  mudstone(flintclay
LS 18 SP-1 - clay tailings
LS 19 ST-2 - tailings (To)
LS 20 MO-A - calcrete
LS 21 MO-C - calereto
LS 22 Makoro Hills - marble (east on the road)
LS 23 Tono ta — dolomitic marble(type MMadinare)
LS 25 Mahalapyo - Granit (east Mabalapye river)
LS 25 Maapi - quartzite biasoment(Molapo river

f LS 26 ST boulders Granitic rock(from road to tlie
g airport)
3o
t



i »
.'к). C 0 11 T 11 T

oari pi о 
lio • •\roa-Pi. t Thickness S p e c i e s

LS 27 SI’ boulders pegmatito(frori road to the
n i rport)

LS 28 I’alupye west brick ern'Ui(Lotsane river)
LS 29 1’o.lnuye south old work shop briclc

к L5 3 0 Morupule — mudstone outcrop
LS 31 ST/ rl ver oaloroto( flotso; inswen river)
LS 32 ST/ lime(pottery-training centre)
?S 33 Halfway kop - quartz
I,S 3'i Halfway kop — kyanite
LS 35 Halfway kop - kyanite bearing rock

3< IS 36 Tantebane kopje pegmatite one rook
LS 37 Tantebano kop.je ada mollite
LS 30 Паш о к gw e liana adamellite
IS 39 Ftom-brickeartli brick lay (bank Tati river)
IS h o

h i .

Gab. area quarry dolerite (diorite)
- L. J, l/hyle Gaborone

4 IS Gab. area quarry granite-L. J. l/hyle Gaborone
s’

IS hz Gab. deposit — brown-yellow,clayey and plastic 
silt

LS h  3 Gab.dopesit — brown-yellow, c.1 ayey and plastic 
silt

LS Gab.deposit — brown-yellow,clayoy and plastic 
silt (Fe scrumbles)

LS h 5 Gab. deposit — red-brown,clayey and plastic 
silt

LS h 6 Gab,deposit - red-brown,clayey and plntic sill
IS h 7 Gab.deposit - grey,humic,clayey and plastic 

s.L.l t
IS h S Mosbaneng — assorted .lump—dolomite
IS h 9 Iloshnneng — crushed dolomito-not assorted
IS 5 0 Moshaneng — lump-talc
LS 51 S'./-brickfield brown-red brick clay,humic and 

plastic
IS 52 SVI-Khutzwe bro vm, s111 y clay
IS 53 Lobatse area quarry stone crushes Lobatse
LS 5 h Moohanong new prosp. asbestos
LS 55 Tiili JUock standbock (near Mmasehumana)

i LS 56 !I!8,-5 1 , 0  - 2 , 0 brown-green clay
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O. o_o n t  :í h t
Arca—lMt Tliiclcnes.s Spoej.es¡ampio

No.

1

,S 57 lílíl.-p 2 ,0  — 2 , h  In'ewn —,• ,roou o la y  and sandstone

,S 58 í 5 background sandstone ( f i n e  p;rnined)

;S 59 I la tsxJo jo  -  s y e n i t e  (n o r th  o f  M a t s i l o j o )

,S tiO MU— 2 /í,l  — h , 6  ¿'.’r e y  umdstoiio and sandstone

l’S 1 Th is  sa; ip I e was e l im in a  tod because o f  oxcoss w e igh t

f'S 2 Th is  sample was e l im in a t e d  noonuso o f  excess  w e igh t

3 1'3 3 HU—2 1,7 - 3,1 fjroy muds tone( ca.lcre te and 
sands tone)

6 T3 h flR- 2 3,1 - '»,l dark ’ indo tone
7 i'.S 5 URL-5 m01Q id’oy, humic and sandy cJ.ay
a TS 6 MUL-5 0,5 - 1 , 0 brown-,,roon clay
9 TS 7 MU-/* 1 , 0  - 2 , 0 1 ¡if': t-i'p.-cy mudstone(f lint clay )

1 0 rs 8 IIÍI-/1 2 , 8  - 7, 8 ,'-;roy—yol low mudstone
11 rs 9 MU--7 /1 , 8 - 6 , 2 r;roy—yol 1 ow mudstone
1.2 TS 10 112-1 1 , 1  - 2 , 1 assorted li;7 i i L mudstone 

( P 1 in telay)
'3 rs 1 1 NM-Il 87 .lifjit mudstone (silty)
l7i TS 12 MM-n tth¿V>9 darfc mudstone
15 rs 13 MUL-5 1 , 0  - 2 , 0 brown-,"roen clay
1.6 rs l'l MO-A - col c;roto
17 rs 15 MO-C - calcrete
18 rs 16 Mappi • quartzite basement(Molapo 

river)

' X

TS 17 sr boulders granitic rock (prom road to 
airpor t)

l rs J—» CO sr boulders poematito (from road to air
port )

:o rs 19 Gab , area quarry dolcrite (diorite)- 
L. J, lihylo Gaborone

i TS 20 Gab. deposit — brown-yollow, clayey and plas
tic sJ.lt

12 rs 2 1 Gab. deposit — bro.m-yollow,clayey and plas
tic si.lt

— TS 22 This sample was eliminated because of excess weight
23 rs 23 Gab, deposit — rod-brown,clayey and plastic 

silt
\h rs 2h Gab, deposit - rod-brown,clayey and plastic 

silt
25 TS 25 Gab, deposit — p;roy, hum: Lc, clayey and plastic 

silt



SAG
;Jo. C 0 IF T ii II T

oa iple Ai'ca-lMt Thickness Specios lio.
coal as'tios:i6 TS 2 6 Gab. po’/or plant

27 TS 27^ bobatso area
T3 2Gal IIoshanonG “l O
TS 2i3b J

29
Moslianone -

29 TS Hoslianonr; -
30 TS 30 \ S'.J—brickfield

— TS 31H S if— Klin tm/o

3 V L’S 3 2 a I loshac i.i/a—G —\ TS 3 2 b Hosliaoiva-G -
32 I'S 33 MilL-3 background
33 i *G‘I,i’o/iraphio samples

la tori, to
assorted lump - dolomite 
crushot-dolo'iiito not assorted 
lump-tail e
broim-rod clay,humic and 
pins tic
brmm, silty clay 
coarse-,'jypoum, foloy 
fj.no-;'Typonrtt, foloy 
satrls tono (fj.no grained)

L o f jC n d

mi - 1 lake vo no = i loc!:?‘Jio
Ililk :s llakoro-iiora.ln.na Gn.l*# ~ Gntorono
I.’ii = Jlamabnla. Su = >oroT./o
SI’ = Solciii—]’:i k'./e

LS  = inborn. tory sample
TS = Tc cl i no 1 o, j j. ca 1 s amp 1 o

Lobatso, 27 «July 1976 J, itrovo
Team J;oador

UiII!)0 Contract Jlotouana 76^1
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In the ,>re’vor'.l of tlif Weport or *’*>; . -leal u,• i ■ i cal Tests of 
flats war-a *r, i,i!iir<i tonof: ’"e would ] ike to remark tba t vm formerly 
proposed oiid elaborated n number of Inborn * a r.v phys i c'>l nr id che
mical tests, bn nod on which vo r-'i" letio'wii" both the behaviour 
of I imestone during. fii'in/' and the quo 1 i t.y of 1 iu>e with record 
to fii’in/, condition;; of 1 imestone. Fr >iu then»» t<--s♦ wc con Indi
rectly deduce the nppli notion of a sui tahl »• teehnologi cal firing 
equipment for the tented sample.

The first part of this series of teste consists of chemical , 
microscopic»!], and thermal .oralysen. The results of these tests 
indicate the content of carbonsten, further quantity, species 
and a kind of distribution of non-carbonaceous admixtures and 
finally the behaviour of sample during the thermal processing.

The second part of tests consists of firing a sample at defined 
conditions and of determination of lime quality on basin of carbon 
dioxide content, bulk density, specific surface and activity.

The quality of hydrate prepared by the defined method of slaking 
fired limes on laboratory scale is evaluated on basis of specific 
surface and percentage of combined water. The measuring is com
pleted by rheologic measurement of lime pastes.

Finally firing tests of limestone cubes compi etc the preceding 
tests with regard to break down of limestone and to determination 
of volume and strength changes during firing.



i

The resul ta of mensurrmerts provi do a su f! i c i» ¡1t j a for:. a tion 
on the touted raw [¡¡a lerial it' the v>ol </. scrirs ..if touts is 

pori'oriTiCd .

Having taken into account the low percentage of on! cium oxides 
and a very high content of sil.ic.ium oxide in tin; both delivered 
samples and consequently unsuitability of those 3 imps tones ac
cording to Czechoslovak standards and fur titer standards for lime 
production for building purposes, we did not carry out the whole 

series of tests, Nevertheless, we tried to find the way how to 
valorize the limestones and limes prepared from them for a pro
duct to be used for build in/; works at least. *-»uch a way is viable 

in firing limestone in such conditions as to avoid chemical bond 
between calcium oxide and silicium oxide, fol3 owed by slaking the 
free calcium oxide and mechanical separatin/', the turned out hydra

te.

In applying this method of exploitation of limestones oi lower 

value, it is supposed of course that no deposits of first qua3.ity 
limestones ore available; the production costs per unit of hydrate 
will be higher than those for the production of pure limestones.

Experimental port

We received the samples of limestones in a quantity of about 10 kg 

marked Calcrete i.ookane iV and Calcrete i-.ookane o.

About one half of the sample grained under 100 mm was crushed in 
a laboratory j a w  crusher to pieces under l ' j  intn. f y  qunrtation a



sample in quantity of about 200 g was selected, which after further 
cruohi^; was ground for chemical, thermical and X-ray analysis. The 

left part of the primarily crushed limestone wus recrushed and se

parated into grains 5 - 7  for firing.

Chemical analysis
Based on our experience with limestones from Africa we know that 

they contain a part from main components /CaOjMgOjSiC^ and R^O^/ 
often farther oxides, which occur scarcely in our limestones. As 

these can influence the process of chemical analysis, first of all 
the composition of the delivered samples was determined by semi- 

quantitive spectral emmission analysis. The result of the spectral 

analysis is given in table No.l.

Table 1: Results of spectral analysis of limestones Mookane A,C 

sample sample

A C A C

Si 1 1 Mn -2 -1

A1 -2 -1 Pb -2 -2

Fe -1 -1 Cu -4 -4

Ti -3 -3 Ba -2 -1

Ca 1 1 K -2 -1

The numbers given in the table are orders of concentration

lative elements in percentages.

The sample was liquefied by melting with soda with regard to a 
high Si02 content. Further process followed in conformity with



-  J

the CbN 720 105 /5s Standard/, silicic acid van determined by double
©vaporization v/ith ¡>01 to the dry state, heated SiO? was evaporated
with HF + H„S0, and the residue was added after molting with Hob.,0~ 2 4 2 2 f
to the filtrate for estimation of Ho0-, and OaO + MgO.

u  J

R̂ O-j were determined by repented precipitation witn ammonia and 
separated hydroxides were decomposed by heating to oxide3. CaO and 
KgO were determined by the complex measurement on murexid or erio- 
chrome black.

With regard to indication of quartz by X-ray analysis in both cam
ples /confirmed also by microscopical arid thermic analysis/ the 
determination of the decomposable part by acid according to 
CSh 720 107 /Cs.Standard/ was carried out. The principle of de
termination consists ir. dissolving silicic acid, separated during 
dissolution of the sample in IIC1, in 5/ hâ CO-j solution.

This method appeared to be unsuitable for the delivered samples. 
Already in dissolving, in HOI, the separation of silicic acid takes 
place in such a quantity that evidently cannot be dissolved by a 
short boiling, with soda. The results of this determination /19,2T 
for A and 13,00/ for 0/ indicate that BTi or 132/ ZiC>2 are present 
in the form of quartz. Therefore the insoluble residue was deter
mined by a modified method where the soluble silicic acid was re
moved by decanting the sample with a hot % Na^CO^ solution. The 
obtained results 9,5> or 7,7/ for the sample C seem to be more 
reliable. The results of chemical analyses are given in table 2.
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Tab. 2: Chemical analyses of samples A and C

Component L'.ookane A LiOokwic C

firing loss 33,77 36,82

s io 2 21,95 15,67

B2°3 1,99 2,44

CaO 39,b6 39,04

HgO 2,20 5,20

insoluble Si02 9,50 7,70

Kineralogical analysis
For the minernlogical analysis thin sections of limestone samples 
were prepared, which were investigated under microscope.

Mooknne A :
Sample A is a homogenous limestone consisting of tiny crystals of 

cal cite in sizes 0 - 1 5 m. In the sample sporadic stringers occur 
and irregularly isolated places filled with larger crystals of cal- 

cite in sizes under 160yim. Their distribution is mostly regular 

and they may represent less than 10% of limestone volume. The vo
lume of quartz in the sample is estimated at 10%. The grains of 
quurtz are isometric,rounded, without cracks as a rule. In the 
quartz cavities occur sporadically in the form of schliers and 
veinlets in diameters under 20jx\n, predominantly filled with gas.

No mutual reaction took place between quartz and calcite, because 
there are calcite crystals on the contacts of quartz. However, a



I

different granularity of these crystals can be observed on the 
contact where tiny crystals prevail as a rule, forming around the 
quartz worse transparent fringes under 20j .im thick. Sporadically 

locally concentrated hydroxides and iron oxides occur in the lime

stone forming not transparent to rusty brown schliers and irregu

lar configurations.

Mookane C:
The sample C is less homogenous taan the sample A from the point 
of structure and texture. In the limestone irregularly limited 
areas occur with distinctly different structure in comparison with 
the predominant mass. These fragments attain the size under 5 nun, 
they are badly transparent to translucent in the thin section and 
a very fine-grained calcite with crystals 1 - 5jm predominates in 
them. Quartz is associated in considerable quantity in the frag
ments with expressively rounded grains in consequence of the pre
ceding transport process. The proportion of quartz in opaque frag
ments of limestone is estimated 5 - lOk, with grains 15 - 150 um. 
On the contact of quartz there are only calcite crystals, rather 
coarser than in the other part of the fragment.

The areas of local concentration of iron are in the fragments quite 
isolated. The basic phase prevails, it is more coarsely crystalline 
than the badly transparent fragments and i3 expressively polydispcr- 
sive and perfectly transparent. Calcite crystals in the basic phase 
attain 2 - 5 0 jim. ¿his phase is also relatively rich in quartz. It 
is irregularly limited, rounded and attains the size from 3 0  to 
COO yim,predominantly,however, up to 150jxm. There are ulso calcite
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crystals on the contact, calcite has protruded cross-sections 

so that it forms fringes around the quartz with radial structure.

The pictures of thin sections enlarged 35 times are in the pic

tures 1 and 2.

Thermal analysis
For preliminary determination of the phase composition of delive
red samples the differential thermal analysis was carried out. In 

measuring, the linear temperature rise was 10°C/min, the sample 

and the standard /AlgOy' were placed in a corundum block. Tempe
rature and temperature différencies were token down by Ft - Pt/Rh 
thermocouple. Temperature was read off on a milivoltmeter and 

temperature difference after being amplified was registered on 
a line recorder. Thermograms of the both samples are in the pic

tures 3 and 4»

Firings and properties of limes
The sample of limestone grained 5 - 7 mm placed in a Ft crucible 
was fired in electric resistance kiln to preselected temperatures 

maintained at constant value by compensation temperature controller 
for the carbonates to be fully broken down. Before firing the 
sample was being preheated for 5 minutes within the temperature 
range up to 300°G. After firing the sample was immediately freely 
cooled in the air und kept in a closed vessel for further treatment. 
Based on former experience firing temperatures 900, 1000 and 1100°C 
were used for firing these samples of limestones. For assessment 
of fired samples, their bulk density and calcium carbonate were
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determined. Hesults of measurements are given in table 3® 

Table 3: Properties of limes fired from the samples A and C

sample

firing bulk density 

g/crâ % CaCO^temperature in °G time in min.

900 190 1,69 3,2
A 1000 40 1,81 1,1

1100 29 1,87 1,5

900 190 1,98 0,7
C 1000 40 1,66 1,4

1100 29 1,76 0,9

Hydration of limes and assessment of hydrates
The sample of lime in quantity of 10 g was sprinkled by water 20°C 
warm according to the rate of hydration. The total added water 

made 7 ml. By this method of slaking in substance the dry hydrate 
was produced, which was dried in a drier at 109°C after 30 minutes 
of maturing. The dried hydrates were subjected to gravimetric 
thermal analysis in order that the adsorbed water, the quantity 
of hydration water in calcium hydroxide or magnesium hydroxide 
and the quantity of the secondary produced calcium carbonate might 
be determined. The method of gravimetric thermal analysis was ap
plied in order that particular proportions of firing loos might be 
distinguished, which the analytic determination of firing loss does 

not enable.

In measuring, the linear temperature rise was 9°C/min., temperature
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of the sample was measured in the bottom of the t’t crucible and 

the reduction of moss was registered by a mass recorder by means 

of an inductance sensor, recording the deflection of analytic ba
lance arm caused by tile change of the weight in heating.

From the measured values of mass reduction the following indica

tions were calculated: the quantity of calcium oxides or magnesium 

oxide bonded with hydroxides, total quantity of calcium oxide bon

ded immediately after hydration with hydroxide /CnO from hydroxide + 
CaO from the secondary carbonate/ and degree of hydration as the 
ration of the actually hydrated CaO content to the CaO content 

capable of hydration with regard to the chemical composition of 
the sample.

In the pictures 5 and 6 are represented only the curves GTA of 

lime hydrates of the sample C fired to 900 and 1100°C /HC 900 and 
HC 1100/. A similar course have also the curves of the other hy
drates. The calculated results for all hydrates are given in the 
table 4.

Table 4: Properties of prepared hydrates

sample
CaO bonde „ 
with Ca/OII/p

KgO bonded 
with Kg/OH/g

Total bonded 
CnO

Degree of 
hydration

900 40,16 - 41,34 0,83
Ha 1000 40,44 - 42,92 0,86

1100 36,71 - 38,51 0,75

900 39,47 3,87 39,15 0,78
He 1000 38,20 2,80 41,02 0,81

1100 37,99 2,91 41,23 0,82
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X ray awM vuia

X ray diagrams wore taken on the X r<»y-di f f v.a cti on-m eter ri th 
Cu anode, Hi filter at anodnl voltaic ?A k’,7 and a nodal current 

20 mA for wave lengths corresponding to diffraction angles of re

levant. minerals.

Data published by Kitojgorodski, Taylor and Bogue were applied 

for assessment of diagrams.

Discussion of results
If we are to assess the samples of limestones, then already the 

chemical analysis shows they are unacceptable with regard to the 
high silica content, which makes after recalculation on fired 

state 2 5 , 1 2 a  with the sample C and even 3 3 , 1 4 ‘a  with the sample A»

The produced limes will have in the best case, if mutual reaction 
between GaO and Si02 does not take place during firing,, only 
60,12^ or 61,7c/a calcium oxide capable of reacting with water to 
produce hydrate, ouch limes do not comply even with the class V 
of the oSN stipulating the minimum Cou + iV.gO content equalling 

65'a and being acceptable only as fertilisers.

High silica content in both the samples of limestones in sure to 

support the possibility of mutual reaction of the both oxides - 
calcium oxide with silicium oxide in calcinating limestones. Hie 
degree of bond will depend besides firing temperature mainly on 
the character of the present silica and on grain sizes. If SiC>2 
is present in the form of quartz and the particles are large enough, 

then the degree of change will be low. On the contrary, if all 

the Si02 io present in the fora of amorphous Si02, then the mutual
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l e-iction will take place at, the Invest firing temperature ar;d the 
decree of fond will be only the function of homo*.unity and firing 
time.

Baaed on this analysis we decided to find out in what form silica 
is present in limestones. After first experiments with hydrating 
fired lines we came to the conclusion after subjective assessment 
of sieve residues /sieve openings 0,2 nur,/ that quartz is contained 
in limestones. After these experiments the performed thermal ana
lysis with the maximum adjustable precision /see picture 7/ as 
well os the X-ray analysis /see pictures 9 end 10/ and nt last 
the former microscopical analysis confirmed our assumptions from 
the qualitative point of view. The quantitative analysis was made 
by analytic me+hod;

the quartz content is 9 t%- in the sample A and 7,7, in the sample C. 
This result is in conformity with the semiquantitative determination 
of quartz by DTA /picture 7 and 6/. The sample applied for cali
brating DTA was prepared by udding finely ground quartz to the 
sample A in quantity of 10V. The surfaces of the both endothermic 
minima were compared. Hence it appears that only a smaller part of 
Si02 is in limestones in the form of quartz, which is difficult to 
react with CaO at given firing temperatures. Consequently it may be 
assumed that the remaining part of SiC>2 is in amorphous form and 
will react easily with CaO while forming dicalcium silicate and 
binding calcium oxide the content of which is even so very low from 
the viewpoint of production of good limes.

In selecting temperatures for firing limestones we were based on
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the ubove facts and as t.he most convenient temperaturo eliminating 
the bonds of CnO with Gi^O would be the temperature just over the 
break down point. Such a temperature is, however, very low and the 
firing would be very long and economically unbearable.

In rising firing, temperature both rising the degree of bond between 
CoO arid SiOp and sintering, could take place. V/o tried to find a li
mit in laboratory experiments for a still acceptable firing tempe
rature. This limit makes 1100°C. At the temperature of 120C°C and 
to a full extent at 13C0°G both sintering of particular lumps of 
fired lime and forming dicalcium silicate /CQS/ takes place. The 
rise of CpS is demonstrated by the phenomenon that after emptying 
the lime from the furnace its breakdown takes place during cooling, 
which is caused by modification change of GpG form changes toy'’. 
This phenomenon is well known from cement manufacture and it takes 
place in an inconvenient cooling, of fired clinker, when in slow 
cooling especially within the phase 700-b00°C a modification change 
of the unstable jj CpS to the stable^CpS. This process is accom
panied by expansion of volume o.f the original C^G, which is de
monstrated by total breakdown called also "dusting of clinker". This 
process v/as confirmed by X-ray measuring the broker fired sample 
separated from left fragments of lime. At 120C°C the binding of 
GaO with SiOp does not take place to such a great extent as X-ray 
measuring the lime sample fired to 1200°C showed in the end. The 
results of X-ray analysis are given in pictures 11 and 12.

Besides, it is necessary to draw attention to breakdown inclination 
of limestones in the preheating zone. This from the technological
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viewpoint unpLeasant factor it- j induced by considerable inhon.oge- 
nity of the both liu.estone samples with regard to Bi0o. The non- 
hotnogenity is accompanied wi ;h different dilatation of particular 
phases at increased temperature gradient in the preheated stone 
and consequently with grea t inclination to cracking,. This fact 
would bring about considerable operation troubles in firing in 
shaft furnaces of all types connected with drop of quarontecd 
output and lower quality of final product.

By hydration of Hues of the both samples fired to temperatures 
SfOO-llOO°C hydrates are produced, the quality of which does not 
comply with the respective 5bH. However, the hydration proceeds 
willingly, only the limes must not be "drowned". Because of the 
unsatisfactory quality of the limes with regard to Csii further 
tests for their complete assessment were not carried out, namely 
the determination of specific surface and rise of temperature in 
dependence of time of hydration. On the other hand, rneosurrnents 
were completed with OTA, as it was especially the assessment of 
GTA curves which enabled to calculate the hydration degree of 
particular limes fired to different temperatures.

It can be said in general that even at these low firing tempera
tures a partial bond between CaO and Si02 arises as it results 
from the degree of concentration and from the total CaO capable 
of hydration /see table 4/. The limes of the sample A show the 
decrease of hydration with increasing firing temperature because 
of the high BiO,, content. Hence it may be concluded that quantity 
oi' CaO bonded with BiO,, increases with rising, temperature. The
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limes of lh«' raw pi or C five the degree of hydration of about C,b.
In this connection it should he said that in the samp] e C magnesium 
oxide in ,i'irt,!y hydra ted /at. 1 o-ver fi ring to’!i,)»n tures a higher 
quantity of i.'gO is hydra!od/ it: consequence of which the degree 
of hydration in influenced an it in calculated on CaO capable of 
hydration only.

To enable the util i v.a tion of fired 1 ime as '-ell an of hydra to pre
wired from 1 imes in building industry v;e proposed a method of its 
valorization. After slaking-, softly fired lire to dry hydrate, the 
fine hydrate could be separated from larger ¿rains, especially from 
those of quartz, in an .air-separator arid in this way ,a product of 
a better quality would be achieved. Cn laboratory scale v:e replaced 
this process by separating coarse ¿rains after slaking a ¿renter 
quantity of line sample A 1100 on the sieve with openings 0,09 mm. 
The sieve residue makes 4ki and the CaO content of screened lime 
capable of hydration, calculated from OTA, makes hi,!?/. In this 
way the lime content in the hydrate increases from 3f,51/ to 51,4 251- 
determined by means of OTA and the total Gao content, determined in 
hydrate analytically, rises from 50,43k to 64,31/• The degree of 
hydration of this product, where analytically 64,31/ CnC were de
termined, is 0,bO. Although the degree of hydration is in principle 
the same as in the original hydrates, which shows Hmt undersize 
contains also CaO bonded with SiOgin the same ratio ns in the ori
ginal. hydrate, the original hydrate is valorized 1,3 times by se
paration. On the contrary, the coarse sieve residue /0,05 Dim op./ 
has only 23,bb/ CaO capable of hydration /determined by OTA/ as 
against 3b.,51/ in the original hydrate.
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It should t 
born lory t.< 
rificd, whi 
results to

O' inv> 1, however, that this Method w'is subjected to 1 o-  

ustc only,  tb.e conclusions ¿;ivc on information to be vc-  

Lch would require a reric3 o f  niposuroinentn fo r  the above 

be d e f in i t e ly  proved.



- 17 -

Conclusion

In assessing possibilities of utilizing samples A and C for the 
production of lime wi th repaid to their chemical composition and 
requirements sti pul a ted our and some other standards we have 
come, based on all the tests, to the conclusion that these raw 
materials ore not suitable fox- lime production. However, of there 
are no limestones of better quality in the given area, nor in its 
surroundings, and these raw materials would have to be applied for 
lime production, we must draw attention to come facts resulting 
from our measurements.

1/ In fixing limestones Idookane A and C it is unconditionally ne
cessary for the firing temperature not to exceed 1100°C and 
therefore to choose such a technolO£TJical equipment which would 
guarantee this condition.

2/ The production costs, mainly those on energy, will be higher 
because there are 25 or 33% SiO^ in the raw material recalcula
ted on fired state. Silicium oxide, in the lime is an inactive 
component and it is not desirable with regard to lime.

3/ Softly fired lime can be hydrated and hydration product can be 
valorized by separating calcium hydrate.

4/ 'Vith regard to a high Si02 proportion in the fired product it 
could be advantageously applied for the production of lime sand 
autoclaved products, suppose that F/.gO hydration coincides with
CaO hydration and that F/.g ; does not disturb by its later hydra-
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tion the volume stability of products.

Although the last two possibilities take into account the utili
zation of the ¿piven samples of limestones for lime production, we 
recommend to look for limestones of better quality which would 
quarantee the production of /pood lime in a simple process and with 
wider application.
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Picture 2: Sample Mookane C - microscopic picture-enlarged 35x



Picture 3: DTA curve - sample A 

Obr.5. Kfivka 1)ТЛ vzorku A



Picture 4 î DTA curve - sample <C 

Obr,4. КH.vk;i I)TA 7 7 0 rku C
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Picture 5 J PTA curve - sample HC 900

O r.5. Krivl'H !)'i'vr.orku HC 900
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Picture 0 : M ’A curve - sample HC 1100
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rieture 6a : GTA curve - sample НС 1100



Picture 7 : DTA curve - sample A

Picture 8: DTA curve - sample A with 10 % quartz
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