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1, INTRODUCTION

In the Finel Report (Fefe1) iynitted to UNTDO
in 1977 relating to the Project No, SM/BOT/73/001
the Research Institute for Ceramics, Refractories
end Raw Materials at Horni B¥iza, Czechoslovakia
recommended among others the establishment of
a pilot plant for the manufacture of 50 000 8q.m,
of wall tiles and experimental production of
5 000 sqe.m, of floor tiles per year awar Palapye
in Botswana, The expected local consumption was
estimated at 20 000 aq.m, per year (15 000 sq.m.
white wall tiles and 5 000 sq.m. in plain uni
colours). As such a small production would not be
economically feasible the team of the Institute
searched at that time for solutions teking into
account the requirements of the Ministry of
Commerce and Industry for promotion of the mutual
trade with adjacent countries and extending
assortment by exmort of wall tiles decorated
with local motives in small series as required
by the architects designing tourist hotels,

The Final Report was accepted by UNIDO,
the Ministry of Commerce of Botswana, however,
refused any manufacture of wall tiles for export
at varience with their earlier attitude and requested
the pilot plant mized for local merket only(ref'Z)
without dislocing their ideas of undertsking such
a venture which definitely cannot be profitable,
With this problam has now been faced the team
of the UNIDO-Czechoslovakia Joint Programme. To
avoid the loss in mamufacture of 20 000 sq.m, wall
tiles for locel market and to obtain at least the
cquation sal2s = costs they have proposed an
extension of the plant sized for 20,000 sq,m.
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of well tiles (Pilot Plant II) by a combined
menufacture of Sb tons of earthenware products

per year to be produced by using the capacity
regserves of the machinery for wall tiles manufacture
and requiring only low additional investment in
shaping and firing cspacities (Pilot Plant III),
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COMPARATIVE STATEMENT AND ECONOMIC ASSESSMENT

In the table No 1 economic¢ parameters of the
fellowing proposals arse compared: Pilot Plant I
proposed within the Final Report in 1977 (ref.l)

- Pilot Plant II of the reduced capacity requested
by the Ministry of Commerce and Industry of Botswana
in 1978 - Pilot Plant III the combined manufacture
of wall tiles ard earthenware for local consumption.

The indications of the Pilot Plant III have
been calculated on the following bases:

Investment cost of buildings and civil engi=-
neering work being a local delivery remains at the
sane level as in the Final Report of 1977 (vef,1/
/p. 125,172) The team had no possibility to verify
present prices in this sector in Botswana. This
part amounts to 16% of the total investment only,

Cost of machinery and equipment was calculated
in close co~operation with machinery producers and
(ref.3,4) Prices are at the present level,

Operation costs of the main imported items
(glazes, stains) sre based on the present price
level, This applies also to the depreciation derived
from the present prices of machinery, The other
operation costs, above all the present prices of
fuel 01l in Botswana would have tc be verified,

The present prices of the 20 000 sq.m., of
wall tiles to be produced in Botswana were estimatec
by 10% higher as compared to tae prices of 1977,
The estimated average prices of the earthenware
products are likely o correspond to prices of
similar goods imported to Botswana.,




Pable No 1
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Economic parameters

i
! Total investment

1
Yearly sales
{(full production)

Yearly prcduction
costs
(full production):

a) costs without
depreciation

b) depreciation
c) total costs
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Pilot Plant I |

(1977}
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279
108

387

Comparative gtrtement of economic parameters

Pilot Plant II :Additional sales {Pilot Plant III
(requeated 1978} and costs-brought | combined manu~
{ about by earthen- | iacture of wall
i ware mauufacture tiles and
esrthenware
000 P 000 P ' 000 P
o e —————— ~——pom—— S e e e e
]
614 ‘ 88 702
122 110 232
!
130 42 172
b 50 5 55
! 180 47 227
\
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! - 58 + 63 ! +5
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The demend for the proposed 50 tons of
earthenware would have to be verified, ALl
foreign prices quoted in US dollars were
converied in Pulas at the rate 1 Pula = 1,20 US Dollar,

In gpite of the fifficulties in cost pricing
the comparative statement gives a picture for further
decisions, On the one side the corrections in
operation costs may after verification still worsen
the results, on the other hand the price level of
the relevant p—oducts may have risen more in the
past two years than calculated. In any case the
pilot »lant will not be a profit yielding venture,

As far as the simplification of machinery
is concerned it was carried out to such a degree
as not to deteriorate the quality of products,
It is hardly pocsible to eliminate ball mill,
fiiter press, meclanical press or a progressive
kiln, Mainly the mechanical transport in the
phase of body preparation was replaced by manual
work, A potential way to lower the investment
cogt might be the use of secondhand machines,

In such a case, however, the delivery would be
without guarantee,

The comparative statement (table No 1) and
comparative specification of sales (table No 4)
prove that smgall sized plants for wall tiles
menufacture cannot work effectively unless their
production programmes of standard producte comprise
a menufacture of required stylish wall tiles
produced in small geries with a higher labour
input and saleable at threefold cr fourfold
prices, The submitted alternatives (Pilot Plant II
ard Pilot Plant III) are far from being satisfactory
from the economic point of view,

- e e s o 0 -




3. EXECUTIVE SUMMARY

The Government of Botswana shculd decide whether
in view of the small local market and the unfavourable
economic consequences they insist on the implementa-
tion of one of the twu submitted alternatives (Pilot
Plant II, Pilot Plant III) or if they would prefer
to introduce ceramic industry by a more viable way.

In the c¢ase of implementation of a pilot plant
" the following measures should be taken:

- The Government ghould decide the financing of
the investment cgst 8s no profit is to be expected
unless the investor would resign to create the
depreciation fund for the renewal of machinery,
buildings and civil engineering works.

« The locaiign of the Pilot Plant should be planned -
at Palapye with regard to changed conditicnms
{by the Final Report the location was considered
on the Makors deposit)., Palapye (distance 12 km
from the deposit) will be electrified by the time
of erection, it has 8 railway station with sidings,
’ further utilities and manpower would be locally
availiable,

~ The demand for earthenware should be investigated
with special regard to tourist industry development

- Plastic clay imported to Botswana as aadition
for small scale earthenware manufacture should
be subjected to laboratory and technologiocal tests
and a suitable earthenware body composition with
the Makoro-Mcralana clays should be resgearched,




A suitable technology using the proposed machinery
for wall tiles manufacture should be elaborated for
the earthenware production.

- The loeal operation and investment costs for
a pilot plant should be revised end final budget
an?. cashflow prepared.

- Systematic drilling tests for the determination of
the homogenity of the deposits aimed at their optimum
opening should be carried out.

- Apnropriate technical assistance before, during and
after investment should be requested.

In the case the Government of Botswana would prefer
to introduce the ceramic industry in an economically
more aceeptable way the following solutions are
recommended for inveétigation:

- Firet of all efforts should be concentrated on
bringing the industrial brick production on & higher
technical level,

~ Additional ceramic walling and flgoring products
based on brick body should be produced using partly
the equipmeni of the brick factory or in an attoched

special line depending on economic situation (See also

Versgification of brickware production (ref.1/p.142)

- Semples of the clays used in the brick plant should
pe iaken, laboratory and technological tests ghould
be perforxrmed.

.- Local consumption should be assessed.

- The Peasibility Study should be carried out based
on a running or planned brick plant,

. ¢




4. ANALYTICAL PART

4,1 Technology of Pilot Plant IIT
- combined manufacture of 20,000 sg.i, wall tiles
and 50 t earthenware producis

Technology ¢f the yearly manuiacture oi 20,000
8qem, wall tiles uses the same body coriposition as
recommended by the Finel Report (ref,1) Reduction
of sizes of machinery could be done only partly

. as both the Pilot Plant I and the Pilot Plant III
capacities are rather smal fo. industrial machines
while laboratory equipment is not productive enough
to cover them, In comparison to thke Pilot Plant I
(refu1/pe167) 41e Pilot Plant III would work without
any conveyors and 2levators, the daily net production
being only 1 ton per day. Clay crushers of over size
greins were replaced by manual breeking, Also
travelling pulley blocks were not applied, Channel
driers for drying cakes were not plamned and drying
will proceed in open rake driers in the production
hall, Pressed wall tiles sre supposed to be dried

® ' stacked on kiln cars beZore firing. In the oil
fTired shuttle kiln both the biscuit and glazed
bigcuit will be fired., Hand glazing by waterfall
system will be used instead of a glazing line,
The technological flow is shown in table ilo 2,

The additisnal production of 50 { earthenware
per year has not yet a definite technology willh
regard to absence of a suitable plastic clay in
Botswane which is imported, It musgt ve tested and
a pbody composgsition researched, IFor economic reasouns
the production line for wall tile manufacture will
be used., For caat products the slurry will be taken
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from the oistern beforec the filter press, cast in
moulds, open air dried end glazed by dipping.

‘One-fire procedure will allow for using the capacity

of the shuttle kiln for wall tiles. The body for
turned earthenware products will be taken after
veing dewatered from the filter press, deai~d

then by the vacuum extruier and turned on a potter s
wheel, Drying, glazing and firihg will follow in

the same way as with the cast products. Combined
technological flow is represented in table lio 2,




Teble Ko 2

- Pechnological flow of Pilot Plant Il

Jenual loading of extracted raw materials
in the deposit :

\]
Tractor with trailer - haulsge of raw and other
neterials

-

ianual breaking of oversize pieccs of raw
malerials l

Bolance: Veighing body components and
Tilling bail mill (manually with buckets)

2211 mill: Wet grinding of raw malerials
' |

Vibreting screens end eleciromagnetic

separator

\%
Proncller mixer suspended in a cistern

Pilter gress with pressure pump anuvel cestving
in moulds

I'anmal transport of dewotercd cakes on
pallets to oven air rake driers .
(Tor \all tlloc)

}

e
. lianual tranuooru of dry cakes into
tie pan gr_ndef ~ grinding (foxr wall tiles)
<., -
R Vv
ITanual f£illing of the »nregs honrner Open eair drying
(for wall tilcs) creen products
;
.
llechanical press - presging end
stacking wall tiles ,<
<= .
VA CoTTTemT e e Glazin~g and Da
Loading on kiln cars 4
14
Shuttle kiln - firing
l _ Pired biscuit(well tiles)
Vv
Sorting and packing (glezed wall
1 tiles, carthenwarc

o F section 11

—




tlanmal ce
in moulcs

(@}

ting of earthenware slurry
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Open eir drying of earthenware
green products

~—Glazin; end painting
\

N

211 tiles)

- )
De-piring filter pressed Ddody
in vacuum extruder

!

v
Turning egrthenware products
on potte{_fjwheel

Glaze prepifation

(

ey

e ———
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Table Yo 3

List of technological equipment
of Pilot Plant III ocompleted
by marual operations

20,000 sqeme wall tiles + 50 t earthenware products

-

J
i
]
N '
{Pos.: Pcg. : E
R S B | Manual loading of extracted olays on |}
i i | the devosit : !
dmend 4 - e -
t i i 1
12 } 1 | ?ractor with trailsr for hauloge '
1 I - {
] ! i of raw materials to the plant E
I — - .
i 3 s - E Boxes for raw materia’s (civil E
E s s engineering work) !
o ——
14 1 - ! Manual breaking of oversize greins !
5 f i by hammers i
B e rmem e -
] 5 ; 1 é Charging balance H
drommfenmeed I — 5
s 6 | 1 | Plotform over tne ball mill with stai-
{ t
1 il T - -
o A | Vater supply .
b oo !
‘ 8 i 1 g Ball mill for wet grinding - capacity !
] : ! 1 500 kg of ground material E
1p—ﬂﬂ-?—n—--~+lt ——————————————————————————————————————— —=
9 | 1 1Vibrating screen 236 openings per sqem |
I S ;
]
10 | 1 iVibrat:i.ng gcreen 2 500 openings !
1
1. ! E per 8q.cn '
N E e
:11 ' 1 ! Propsller blunger i
e e ——w— :
112 1 1 | Presure pump for fi1ling filter press !
A e e s e e et oy e e o e o 0 o o e o e o e 1t o 8 e o e A
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13 | 1{ Pilter press capacity 800 1 i
- e .
14 11 Manusl cutting and loading of cukes ;
n on pallets '
15 - { Manual transport of palieta to open '
air driers !
—- - ]
16 1] Open air rake drier for dewatered body |
""“ - D s AP s s s > 4
17 -1 Manual transpori of dried body on i
pellets to pan E
e NI B
118 | ~{ Pan grinder for dry milling 1
] 1 ]
119 | 2} vVibrating screen 800x200 - meaual f
1
! % screening !
' - J - S GO QP a s WD WD TN P - = Y A S D WD D ity - 4
b |
! 20 ; 1t Mechanical press with 1 die t
e s
21 : ~ i Manual stacking of green tiles on :
! kiln cars !
'P-“:*---F‘ﬂ------ - g - e D P Ay S ) gt G S AP ey D q:
122 1 -1 Open air drying of green tiles on H
' E kiln cars by applying waste heat from 5
! the kiln ' !
bt S —— -4
23 ! 12= Kiln cars !
24 b= Shuttle kiln 12,5 cubic meters for !
H firing temperatures up to 1 250 sq.m i
P 0il fired |
a1 s
: 25 i 11 Hand operated crossing transfer “able |
! ! for kiln cars !
T
126 ! ~! Rail transport system !
{ ] |




]
1 27 1 Manual glazing of wall tiles by
i weterfall system ‘
! Manual glazing of earthenware by ¢
dipping
~ vow—e [
1
28 1 Ioading of glazed bigcuits on kiln
cars (wall tiles)
29 1 Platform truock for transport of goods
1 ' to sorting takle and to store
30 1 Table for sorting
I
E 3 1 Table for packing
oy - - - - e D P e B D P = O O S Dy
32 1 Ball mill for glaze preparation
capacity 200 1
‘ 33 ‘1 Double vibrating screen coupled with
| ! electromagnetic separator
-u——-;.-.q—p - - L1 ) —--1'
i Shaping of earthenware by casting i
| into moulds
’ ~-——+~--qp-¢-. - - e ----—4-
34 4 Equipment for casting -~ containers
1 with lips
-—-—-F--o-ﬂb—-o-n- -opwm: - o an - v--------4:
35 4 Rake driers fo.» castings H
1
1
36 Brushing of castings :
;--n-—-ﬂ--n-ndb--— Ommapap e - :‘!
{
i 37 1 Mixer for plaster slurry preparation |
E LT T T ) - - - g om an o ~i
! 38 ] 1 ! Pattern maker s lathe i
i 1 A

- - - =y «o an o
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Shaping ¢of earthenware by turning on
potter's wheel
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39 1 Veaouum extruder 0,1 t/h
40 1 Mechanical potter s wheel
41 1 Potter s wheel for manual shaping
42 1l Brushing wheel
oo e o>t - g -
43 1 Wheel for painting
voafon v cn wy e
44 Power diatribution to machines in the !
production hall
.
S -
45 1 Water distribution to ball mills
46 | 0il handling system i
{
47 | Mechanical and electrical workshop
pove -J-: - -
48 | Laboratory
i
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4,2 Fixed assets
Site development, buildings and civil

engineering work
Pula
Site development incl, price of land 2 000
Production hall 1 400 sq.m incl.
attacked boxes for raw materia ls 91 000
Office premises and laboratory 100 sq.m 5 000
2 septic tgnks incl., piping T 800
Feneing 280 running metres 1 176
Water supply conneztion 1 200
Power line connection and transformer 5 000
Subtotal 106 176
Contingencies 10 824
Site development and
buildings - total 117000
Machinery and equipment
(asper specification) -~ FOB price 316 000
Sea transport, insurance, port dues 21 G600
Terrestre transport to Palapye ,
(by railway) 9 000
346 000
Erection cost 58 000
404 000
Locally delivered steel accessories
and bricks for shuttle kiln 15 000
Contingencies 15 000
434 000

Fixtures, laboratory and workshop
equipment 30 000
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Transpoxrtation
1 tractor with trailer

Machinery equipment and transportation
- total

Summary of fixed assets:

Site development, buildings and
civil engineering work
Machinery, equipment and
transportation

Pixed agsets ~ total

Pre-investment and start-up expenses

Preliminary expenditure and lay-cut
plans

Engineering during construction
Trial run~-costs A

Working capital ~ inventories

Raw materials (6 months)
Glazes and stains (2 months)
Fuel oil (1 month)

Auxiliary materials and spare
parts (3 months)

Woik in process (15 days)
Minished products (1 month)
Packing material (2 month)

Total

11 000

475 000

oy e g s

117 000

475 000

592 000

ﬂ

30 000
30 000
20 000

R

80 000

1 622
4 914
2 283

3 000
3 583
14 098

5C0

P e

30 000

The pilot plant is congidered to be financed without
credit, Therefore no interest during construction is

vaker into account,




Summary of capital costs:

Fixed asséts

Pre-invesiment and start-up
expenses

Working capital

Total investment

Pula
592 000

80 000
30 000

D oy O A oy =

702 000
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‘ 4,3 Sales and costs - Pilot Plant II, III
Comparative gpecification of sales Table No 4

1= - = R 1
| Commodity Quantity Sales Sales Sales |
! Pilot Pilot Pilot 1
! Plent I Plant II  Plant II}
1
i Pula Pula Pula |
e o ) T 1
| White wall 0 ¢
! tiles 15000 m 73 500 80 850 80 850 {
{ Coloured wall :
! tiles 2 }
- I (uni colours) 5000 m 37 500 41 250 41 250 1
‘ | Coloured wall :
! tiles (décors !
1 applied by silke- i
| screen - small > '
| series for export) 5 000 m 60 000 - - !
| Coloured wall tiles H
| (manually applied . :
1 rural décors ]
| -~ small series 2 :
| for export) 25 000 m“ 400 000 - - :
| Earthenware 50 000 kg - - 110 000 |

571 000 122 100 232 100

P Exports are feasible to Common Customs Area (ReS.A., Swa-

ziland, Lesotho),

Prices of Pilot Plants II and III (1979) are estimated
' 10% above prices of Pilot Plant I (1977)
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Operating costs - Pilot Plant III /lst year of full production/

Raw materials
Raw _materials _for wall kiles

Raw materials Quantity Price Cost
e et es o ton P/t Pula__
Mudstone grey MR /T53/ 83.56 Te 444,92
Mudstone dark Mr /TS4/ 63,56 T7.C 444,92
Sandstone background /TS33/ 127.08 TeTC 973452
Pegmatite SP /Ts18/ 28,60 16,00 457,60
Crusihed biscuits 28,60 1.70 48,62
5 - ——
311,40 2374.58
Raw_materials for earthenware products__ -
Raw matverials Quantity Price Cos%
e o On_ o B/& ___  Pula _
Clay grey brown /T55+6/ 20,50 7.10 150,47
Clay grey-yellow /TS3+9/ 20.50 7.10 150447
Sandstone /TS33/ 6480 T.70 54,38
Pegmatite /TS18/ 6,15 16,00 103,32
Plastic clay SA 13,65 30,00 409,90
(not identified)
67,60 868,64

Raw materials exocept pegmatite and crushed biscuits are
supposed to contain 10% hwmidity. The price of the imported

plastic clay was estimated.




Glazes_and stdgins for wall tiles

Quantity Price Cosv
- - L X 2 T Y tog - Plt - EH'LQ——
Glazes 20,00 1030 20600
Stains ' 0.15 8812 1322
21922
Glazes and stains for earithenware products ____
Quantity Price Cos?
——— - Yon B(Y . Pula__
Glezes 7459 850 6375
Stains for décors 0.15 7900 1185
7560

Energy

Wall tiles 3 500 Mcal/t of net products (wall tiles)

Eerthenware 11 000 Mcal/t of net products

3 500 Mcal x 200 = 700 000 Mcal (wall tiles)
11 000 Memal x 50 = 550 000 iMcal (earthenware)

1 250 000 Mcal

1 250 000 Mcal : 9 231 Mcal = 135 t fuel oil

135 x 203 P = 27 405 P
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Electricity

Power consumption is calculated on besis o1 the installed
input of 61 kW with regard to opcration times of particular
machines: 111 000 kWh x 0,047 P = 5217 F

Waer consumpiion

250 x 145 m for industrial use
250 x 1,0 m3 for soclal consumption

25¢ x 2,5m = 625m x 3P = 1L 8750P

Sunmary
Fuel oil 135t x 203 P 27 405
Electricity 111 009 kWh x 0,047 P 5 217
Vater 625 m> = 3 P 1 €75

34 497 P
Operating supplics
(materials, spare parts and repairs Cost
provided extermally) __ _______ e Puls __
4% of 404 000 P 16 160
2% of 117 000 P 2 214
Maintenance of transportation
and Diesel oil consumptlon 2 7127

21 101 P
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Wages
Workers - manning table

- - vy oy = o

Workers - manning table

s oy uy — s O AR WD W e o

-5 oty " en 5 ey W =P - = o = -

Shifts '
t__ 2nd_ _ 3rd___4th__ Total

Transport of raw matierials

and products 4 4

Crushing raw materials 2 2

Charging and discharging

ball mills and filter

pressing 2 2

Manuel transport of cakes

to open drying rakes incl,

transport to pan mill 2 2

Attendance of press and

loading kiln care 1 1

Handling kiln cars and

furniture 1 1l 2

Attendance of kilns 1 1 1 1 4

Glaze preparation 1 1

Glazing and painting 2 "

Sorting glazed wall tiles

and earthenware, packing 1 1l

Store of products 1 1

HMachine workshop and

maintenance 4 4
- Guards, cleaners, etc. 3 1 1 1 6

Subtetal _ ... 223 I S -2

Casting earthenware

and drying 1 1

Preparation of plaster

moulds and casges 1 1l

Turning earthenware 1 1

Total 28 3 2 2 35__




¢d

Profession lumber = ewm———sSR3Zllc
per_hour per year tolal_

- e o - s an as

Foreman 2 1.40 2 800 5 600 /
Fitter 2 1.20 2 400 4 800
Electirician 2 1,20 2 400 4 800
Skilled worker 16 0.90 1 800 28 800
Unskilled worker 8 0.30 600 4 800
Driver 1 3.40 per day 850 850
Security guard 4 2,50 per day 625 2 500
Total 35 - 52_150
Wages are calculated on 250 working days and 2 000
working hours per year.
Other expenses connected with wages Cost

—-— Pula_ !
6 paid holidays, 15 days paid leave,
paid sickness and medical care
14%_of 52 150 . ... 1.301
Salaries of local persomnel Cost
........... e ~.-Bule_
1 Chief 5 000
1 Bookeeper 3 960
1 Purchase and sales staff 3 400
Total _______ _ _ 12_360
Summary of personal costs Cost

- - e ow " G Y ) S WY WD " 132}9.“_
Wages 52 150
Other expenses connected with wages 7 301
Salaries ' e 12_360_
Total 71 811

Ll T T PP
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)
Administrative expenses Cost
- e Pula
% of personal cost 2 578
Rousing a&llowances 1 800
Total . ' —— 4 318
Sales costs Cost
. . - ’ . Pula
_ Packing, travel expenses and
:, publicity (excl. personal costs) 6 000
Depreciation Cost
- Pule
Buildings 117 000/4% 4 680
Machinery 404 000/T% 32 480
Transportation 11 000/20% 2 200
Start-up expenses 80 000/20% 16 000
55 360
Aig
FS

td
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Table ilo 5
Summary of costs of Pilot Plant II and Pilot Plant III
- o iy
Pilot Additional Pilot !
Plant II costs on Plant III
carthen=- i
ware '
Raw materials 2 375 869 3 244 !
{
L 1
1 Glazes and stains 21 922 9 047 30 969
y Energy 21 021 13 476 34 497
L4
. i
Operating
supplies 18 021 3 080 21 101 !

Personal costs

58 815 12 996 71 811

Administrative exp. 3 728 ©50 4 378
Sales costs 4 000 2 000 6 000 ¢
Sub-total 129 882 42 118 172 000 é
| Depreciation 49 970 539 55 360 E
Total 179 852 47 508 227 360 g
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