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The results of this micsien are the subject of this repert,
ond we will suceinctly diseues its contont,

) ]
H

1 < In fact the cenient plant was well built and uses high
quality equipment. [t is capable of producing 33C t. daily of elinker
whieh serresponds, under normel operstions and given local conditions,
w 90, 000 t. annually of clinker, or, following the addition of gypsum,
an average of 98, 0CC t. of cement.

é - In point of fact, it was only able to produce 45,000 to 35,000 ¢.
with an istermediate year approaching 70,000 t. This stagnation is

significant and disturbing, especially since it was accompanied by
similar stagnation in quality which remained highly insufficient.

This reflects the inadequecy of the technical staf! and perhape
he sense of organisation and authority of the general management
whoee slaff changed 100 oftea in the past. On the other hand the new
gomeral management has becon:e aware of techaical needs, and thie
has already produced a slight but impressive financial recovery. The
difftoulties which have just been mentioned, however, persist ;
techaical recovery has not yet been achieved, and an effort at training
persoanel remains to be made.

3 - The natter of quality remains fundamental for the future of
e firm in the compatitive climate to be encountered to-morrow. As
it happens, it is impossible 0 masufacture good clinker starting with
bad raw materials. Uniform, carefully proportioned materials are
ossonatial and ir eplaceable in obtaining goad cement,

4 - The supply of ;ood raw materials is a matter of the quarry
involved.

As it hagpens, the quarry was neglected by the builder and seems
o have beea opened without any extensive studies. In addition, although
very near Sskoto there is & major imestone source with favorable pros-
< posts, ot the present time, contrery ‘o widespread opinion, there
are a0 known depoeits of good limestune which can be used ia the
mamsfechure of coment.

Givea the quarry's present condition, the carbonate content may
be eensidered 1o be 100 frequently below the acceptable limit,




Pinding and ueing to -morrew's materials is one of the essential
tasks to be carried out in succession, and a detailed chapter is
doveted to this problem in this repert (homogeneous or heterogenous
Quarry with correction n aterials to be emploited st ancther location,
reeerves and so forth).

5 - Not enly is the raw meal's carbonate content too close to the
l4mit, bt it is uneven, since the homogenisation unit at the plant
ie not operative. Of that, the equipment, insufficiently changed over
by the contractor at the time of the conversion from the wet to dry
process, is more responsible than the personnel. As it happens, the
hemogenisation process, always difficult, is a major step and will be
of ecqual importance to-morrow if, as is likely, it will be necessary
to work with correction materials. Concerning this, the report gives
recommendations for an improvement programn.,

8 - Other imperfections influencing equipment efficiency concern
the raw material dryer, kiln operation and the cement grinder which
is too often out of adjustment. These imperfections are less important
then defects in materials and homogenization, since they are easier
to solve.

7 - Essential for production without any hitches, the maintenance
program must be improved by instituting visible regular maintenance
and by the stocking of better chosen replacement parts. ‘

8 - Improved productivit must also be applied to management and
sdministration, There is an excessive number of operating personnel
in virtually all areas. As has been said, the number of high technical
staff and supervisory personnel must be added to with individuals of
kv own capability. Analytic bookkeeping must be set up, and this will
countribute considerably to supervising costs and the proper operation
of each shop.

9 - We have specified technical coefficients of consumption and
efficiency which can be achieved using present equipment but at the
cost of training and disciplining personnel which must be carried out
without any delay. Even 80, however, results will show a deficit in
that the plant, although able to more than meet ites direct manufacturing
costs, will only be able to provide for some of its amortization and
financial expenses.




At that time, even taking into ascount a possible increase in the
ooet of supplies to uniformly obtain better raw materials, the financial
burden of the new installation muet be easily met.

Even when output will reach nearly the capacity of the two kilns
there must eve:. appear a margin to help with the amortisation '
deficit of the firat plant, Howeves, it is worth saying this result can
only be given as an indication, since the corresponding capital
expenditure has only been too briefly evaluated,

10 « The margins created, however, will never make it poseible
to repay the indebtedness acquired as of thic day and which is
excessive. As it happens, this indebtedness is certain to grow for
the present plant alone by the amount of investments corresponding
%0 reorganization of its operations (prospecting for correction lime-
stone, adjustment of the homogensation, various improvementc and
personnel training).

As it is, it is unquestionable these various investments, which it
is virtually impossible to detail due to the unpredictable nature of
geological prospecting, will total several hundred thoueand N Pounds.

11 - From this must follow the financial reorganization of the
company in order that, with its new structure, it will be able to
operate profitably. This means a considerable reduction in capital,
the partial or total wiping out of the present indebtedness and a new
call for funds.

The rate at which debts are to be wiped out will be determined
by the amount of costs healthy, tecihnical perfected administration
will allow it to cover,

12 - The question of mx increase in capacity mentioned earlier
does not arise as concerns obtaining these results, since, brought
about under present conditions, there is an excellent chance it would
be disastroue. No plant, no matter how large, can survive with the
two present handicaps : merchandise of quality inferior to that of
competitors possibly available on the same market at the same price ;
and ineufficient operational ratio of installed equipment whereas the
investments were planned for amortization with much higher output.

To summarize, reorganization is essential d for. oy i wwrease
in capacity.




M oreover, prectical factors precently forbid this. Un the one
hand, it le & gucetion of locating the suitahle rew maleriale in terme
of quantity, quality a:d price, and, an lhe other, of finding the
ROCEBBATrY elactric po.rer.

The tin.e to solve tiese problems corresponds closely to that
needed in training the persoanel and carrying out the market otudy .
always keeping in mind the fast that la-ger, better sales oan onaly
be obtained if quality is guaranteed.

13 - To semmarise, it is no more a question of giving up the
uudennweho.‘bkobcmntwommu‘wmuhm
to make the same mistakes, which could only graduslly lead it inte
oa wntenable position.

Action can and must be underiaken immediately in 3 directions !

- & reduction of superflueus operating oxponses which have
gredually proliferated (ensess mamber of persoansl, waske,
veness, (0o distant customers and improvement ia cost
fasters) It would seem, in this respect, the present general
management is worthy of confidence.

-ummmauw.qmmuxun. in
epocific erganizing production, supervising it and training porecansl.

. ummmmcu“nmmmmm
mhtcomAmmrthmMW
earlier (quarry, homogenisation, replasement parts and so forth)
and insufficiently studied at the beginning.

The exan:ination alrealy carried out gives reasea (o think that,
if theee steps arc taken, it will be eae or two years befere the
company can develop ite output and mar' ets and recotablish & now
financial balance in & better setting whici more advansed teshnieal
and financial studies will be able to define.



His EBuoellansy ARGUNGYU, Minister of Pinanses
The Jenerel Sesretaries of the Ministry of Fissnces
(Mr. Selaiman LIMAN) and the Minietry of Natwrsl
Ressusees (i r. ALCALL)

T™he .ireswr of he !fan, + r. ENN

T™he JMresters of the Ministry of Maturel Regssuress,
rMegare. Ahsssan ABUBAKAR and Umare NDANARC

The Direstor of the BCN, Mr. IBRANIM

- Ammeag he CCN¥N peresnnel :
The Ceneral Mamager, Mr. LUKMAN, who doveted oo
sush ane 0 wo and shared hie capericase and hiaking
with v
br. YAHAYA, Administretive Jesretary
[ r. BNAJL, Diroster of Percsnnel

AN Utvisien Chiefe. both Nigerios and Burepsen
(V.osars. BEULKE and BAARRETT)

Vo, YARUBU, Deputy Gensrel Vasager of he NNIDC
Me. Mohamed DABO, Sales Mamager of the CCNN
The Feresnnsl of the Osclngical Survey and Merhoting

Beard
And, naturelly, the UIIDO representntive, M'r. CLAINEY,
whe oo g astlitated sur contaets and eslved

Questions.




ABOUT THE SYMBOLS AND MEASURES

1 . In the text, we use the metric tons - t = metric ton.

8° . For the currcncy, we use the Nigeria pound, £ N, with decimali.

sation ; anyway, this d:cimalisation will be legal January lst, 1973,

$° . For chemical analysis,

adopted :
8 for
A for
| for
C for

8o, Cg8 mcans

C‘l‘ mcans

LA mcans

MS means

the following symbols are internationaly

8io?
Pt Lo
reﬂo’
Ca0

Tricalcic silicate (CaO)yq 8iO4
Tetracaleic alumino-feinte
(CaO)q . AlgO3 . FeqOg
Lime Saturation Factor
Silica modul

¢° . Por statiscal matters, we use symbols m and - for the averages
and roal typical diffcrence of the population, and symbols m' and
' for the averages and typical diffcrences of the sanples cxtracted

from this population.
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DESCEIPTION OF THE PLANT

1 - BACKGROUND

As we said in the Introduction, the history of the Sokoto plant
is rather complicated. Criginally, it was designed to be operated
using the semidry procass with a granulator directly feeding the
kiln with gramules.

Subsequently, to take into account foreseeable drying difficulties
due to the water contant of the raw materials, the project was modified,
and the plant was constructed to be operated using the wet process
with a calcinator.

As soon a8 the plant was started up in 1865, however, it turned
out to be impossib le to operate it due to : the excessively high water
content in the raw slurry ; and decantation phenomena.

Thus, without attempting a virtually impossible adjustment, the
engineers then decided to convert to the dry process. Naturally, the
cost of this conversion, resulting from the insufficient preliminary
studies, had to be borne by the supplier.

This explains :

- that the converted section was built at lower cost than the unit
oonstructed in 1965 ;

- that the plant's lay out is not the same as it would have been had
it been originally designed to use the di'y process ;

- and, lastly, that the characteristics of certain units (the kila, in
specific) are unconventional for an installation of this type. In specific,
the kiln diameter (3.4m) is instead that of a kiln normally designed for
140 to 150,000 T. of clinker using the dry process. This kiln is very
short, however, since it was equipped with a preheater, the calcinator.
Similarly, the homogenization silos do not have the conventional
dimensions associated with the dry process.

The wet process plant was designed to produce 100,000 t. of
eoment annually.

The newly installed equipment was modified to existing equipment
and at the time of the conversion o the dry process output of 135, 000 ¢.
ansally was announced,




Il . FLOW SHEET

On the rediced flow sheet attached we have entered the
characteristics of each major equipment unit, characteristics which
appear on the documents provided by the suppliers or which we
consider to be reasonable.

Cn the much more detailed flow sheet (Appendix I) appear the ,
circuits for the :
- materialc
- fuel oil
- hot gas leaving the kiln and then the dryer

A - Circuit for the materialc

Following blasting, the raw materials are loaded by mechanical
shovels on dumpers which feed the crusher,

On leaving the crusher installation, the crushed product is sent
either for storage or directly to the dryer,

On leaving the dryer, tie rock is sent either to storage or
directly to the grinder.

The raw meal, following sifting on leaving the grinder, is brought
by & Fuller pump to the storage and homogenization silo.

The meal, drawn from the silo, is brought by a Fuller pump to &
reserve hopper from which the kiln is fed by means of a constant
level buffer hopper and a FOLYSIUS variable-speed chamber.

The meal is placed in the fume jacket preceding the cyclone
collectors. Thus, it is centrifuged and preheatad before reaching the
kiln,

On leaving the kiln, the clizker is cooled in a quenching cooler
and brought to the storage bay by a conveyor belt followed by a bucket
conveyer.

The cement grinder hoppers are filled with clinker and gypsum
by a travelling crane. Two adjustabl e, vibrating extractors draw off
the clinker and gypsum to feed the grinder. The grinder is ventilated
and its tube mill is cooled by sprinkling.



CRUSHING

PLANT
4t

SOKOTO CEMENT FACTORY - FLOW SHEET

OMARRY

3 Veserhfitte excavator 1,25 m3

5 Fodden dumpers

CRUSHMING PLANT

1 Miag hammer crusher
TITAN 40 D 50

RAW
MATERIAL
STORAGE

DRYING PLANT

1 Bittnerwerke dryer
f2,8x19m

10 000 ¢t

RAV MILL GRINDING PLANT

1 Miag compound mill 500 kW
g2,2x 10m

GE_and HOMOGENETSATION

4 Cl, Peters Jilos
f7mx13m

Storage 1 2 800

CLINKER
STORAGE

KILN PLANT

1 Miag Xiln
fl,4x60m

18 000 t

COOLING PLANT

1 Fuller quenching cooler
6' x 25¢

CEMENT GRINDING FLANT

STORAGE
1 000 t

1 Miag compound Mill 650 kW
g2,2x13m

O principal points of sampling for PACKING PLANT

laboratory

2 silos (3 40 t each)
2 Haver machine
(20 t/h each) 60 t/h




A Fuller pump sends the cement to the 2 oilos tapped by
fluidization.

The packing station irakes it possible to simultaneously load the
bags onto trucks.

3 -« Fuel oll cireuit

The fuel oil, which coraes from the Port liarcourt refinery, is
heated and brought into the kiln by a mechanical vaporisation burner,
Lightweight fuel oil is used when the installation io started up in the
dryer furnace and kiln.

C - Fume and dust circuit

The hot gas leaving the kiln following centrifugation is removed
by a fan which can theuretically handle gas at temperatures of up to
660° C and is cseat through a long conduit to the dryer operating in line
with the kiln with all the drawbacks this implies.

After passing through the dryer, the cooled fas is centrifuged two
timer and removed by the climney,

Cust collected at the bottom of the first cyclone collector after
the dryer is returned to the kila,

This results in : the dust coming from the kiln being recovered
in ®e dryer installation and returned to the raw materials going to
the raw material 5ilos ; and the dust produced by the dryer being
recovered in the '"iln eyclone collectors' and returned to the kiln
feed.

Consequently, the raw material/clinker ratio is very difficult to
obtain without accurate meagsurements (in any event, very difficult
especially in the Zas at a temnperature of 300° C leaving the kiln) of the
duct concentration in the gas (cf. attached diagram).

The clicker/raw ruaterial ratio is influenced :

= by the ignition logs of raw materials whicl has varied from
0.63 to 0.687, or 8 percent ; here, a check can be performed by

analyses.

- by the presence of "'parasitic'’ materials, those from the
quarry introduced into the system by the dryer.
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- by he Joss of dust coming frem the kila which can be returned
® he grinder aystem by the dryer and by the eyclons separetors at
he dryer output.

These last two faclors are very difficult to measure.

W1 . ELPCTRIC FOWER

Fower ie provided at 33 7V by the Sokoto ECN power station.
Aa appended note outlines the present and future problems of this
power siation which, moreover, is located a long way away.

'‘wo series transformers step down the voltage :

- ane from 33.0C0 to 11, 000 volts
« the other from 11,000 to §, 000 volts

The two grinders are operated from 6,600 volts and the rest of
e plant is fed with operating power by means of two 1200 KVA
transformers which step down the power to 400 volts.

In comslusioan, this plant, built with high-quality equipment (1),
would appear 0 be fully viable, but we will see later on that it is
diffiouit to operete and that ceriain problems (in specific homogenisation)
remain to be solved.

@) The majer sugpliers build good equipment.

T™he maia supplier was MIAG. The others insluded : SIBMENS,
Clawéive PETERS, EUTTNER WERKE and o0 forth.




IV - ELANT COST AN.. FINANCING

It is rather diflicult to accurately determine the initial sest
of the _oi.oto plauit proper, i otiier worde leaving out the Juieas
sterage faciliiies and additicnc which came after the plant was
placed in operation.

Liowever, we can ta::e 10 be accurate the figure for aseets
agpearing on the 31st Mcy 1987 balense sheet, the date of the CCNN
Wakeover.

This figure was | 4,448,870, not \aking into sccount § 363,183
eorresponding not to equipment but to the negative balanee of
preproduction speading and income as of 3ist May 1987,

The detailed breakdown of the | 4,448,870 is given in the attached
table in order 0 permit & rapid evaluation of expenses which would
0 a twofold increase in plant sise. [ievaluation of the DM
at the end of 1 989 has not bee:. takea into account.

Financing was provided by a capital of ¥ 1,80C, 000 in K | stesk,
of which 80 percent was provided by the NNDC and 30 percent by
Ferrostaal.

In addition, NNDC had sdvanced |. 70, 000 from a current and
draft ssccunt and promiseory noles 1o the coatrastor written ia DM,

oovering a figure of I/ 2, 583,040 (at the enchange rate in offeet at
that time of DNV 11,3 for } 1). A bank overdraft covered the balanse.
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For doubling the
buy items Il and III,
that is to say about 2 6C°

RKOTC FACTORY

Guarry 179 4583
Crusher 118 081
Raw material store 45 328
Dryer and hot gas lines 368 543
Raw mill 183 383
Raw material pump house 58 257
Raw material silos and 189 860
hoiaoger < isation

Cyclones preheat 134 108
Kiln 8584 108
Cil firing plan 67 478
Jypsum crushers 13 230
Cement mill 2117 281
Cement silo plant 95 154
Cemaeut bagging 58 920
Compressed air 7 003
Switch and transformer plant 132 8717
Laboratory equipment 17 G35
V/ater supply 42 212
Workshop equipment 43 7141
Cftice equipment 4 456
Weight bridge 31713
Cutside lighting 8 43¢
Fire origade and first aid station $ 3
Emergency power sets 11 468
Lorries and trailers 78 148

Spare Parts
Roofing of equipraent

Land and buildings of the factory
Staff house and club

Miscellaneous : staff cars, radio,
furniture , fixtures, etc. ..
Unidentifiec (about 1077)

total would probably reach 3 000 000 £.

1 861 697

380 480
111 088
199 613

848 087
106 678

41 333

502 307
4 448870

factory , item 1 is 5ufficient , but it would be necessary to
about 140 000 £ from 1V and 130 00C from V1 and spare parts,
000 £, with contingencies and growth of prices , the




CHAPTER 1l

1 - PLANT OPERATING RESULTS

We have taken the main operating results from the log kept daily
by the laboratory ciace the first month the plant was taken over by the
CCIN, in other words June 1567, Earlier, the Terrostahl Company
had operated the plant for one and one half monthe to perfect its
functioning and perform dry process acceptance tests.

As a crit erion of regularity, we use the operation of the kiln and
its accessories which, until now, unquestionably constituted the weak
point and bottleneck. Kiln operating days were divided into three
categories :

- virtually without incident (continuous days or with stoppages of
less than 1 hour)

- with incidents (stoppages exceeding more than 1 hour)
- complete stoppage

1n Appendix 11 appears an even more detailed breakdown. As much
as possible, for complete stoppages we tried to indicate the technical
reason. In most instances, however, the former personnel who were
present were no longer working at the plant and, as such, information
is incomplete and sometimes, to a certain degree, inaccurate for the
earliest incidents.

From the beginning, plant operations can be summarized as follows:

- the period irom June 1987 to April 1968 seems to have beer: a
period of breaking in and apprenticeship with equipment adjustments and
trials and errors, Cperations were irregular and output very poor.

- the period from I ay 1963 to Narch 196 saw financial crises
frequently interrupting operations and leading to a search for new liquid
accets. Production was very chaotic with a complete stoppage of three
months and no judgement can be made concerning the plant.

- during the period from April 1969 to February 1970 the equipment
seemed to be broken in and more familiar to the personnel who, in tura,
gredually succeeded in training themselves. During this period of time,
the best plant results were obtained with 4 months of seemingly normal
production (at least in terms of quantity), these being the months of
April, July and August 1969 and January 1970.




-2

« between February 1970 and April 1971, production once again
became more irregular, and uninterrupted days of operation became
less frequent. In addition, the lacl: of replacement parts prolonged
the stoppages. In addition, taough, stoppages of several hours during
the day became n:ore common, This may be related either to more
extensive wear of the equipment or a change and lowering in the
quality of staff personnel or both reasons at the same time,

YQuantitative Cutput

We will not spend any time discussing the production of clinker as
it appears in the daily operating log aixi which we have reproduced in

Appendix I1.

In point of fact, this output is determined from the quantity of raw
materials muitiplied by a coefficient which has varied over time
between 0.65, a value clearly too high and maintained until the end of
1569, and 0,835, probably too low. It is still being adjusted and will
perhaps stabilize between 0.55 and 0.60,

Thus, we will go on the quantity of cement actually sold which ia
surely the quantity known most accurately, since a weighing operation

is performed at the time of bagging and the loaded trucks are weighed,

although these recorded figures do not always coincide, but deviations
do not exceed 5 percent,

This quantity differs from that of the produced clinker by the
addition of gypsum totalling 3 percent by weight as well as due to bad
clinker which, on several occasions, was manufactured, rejected and
only recovered and reground in a mixture in small quantities.

1 'oreover, the removal of the clinker from stock and its grinding
were generally performed during stoppages for technical reasons or
kiln breakdown. Thus, cement output to be indicated cannot be strictly
compared with the kiln operating hours given earlier.
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RUN OF THI FACTORY FROM THI BFGINNING

i

TABLE 1|
! !
Year A B : c ' D Reasons o comple
T
1967 | S
June 0 13 ! 17 262 i A * days of continuous or ‘-
July 10 3 22 190 | pratically continuous work
August 17 2 12 431 .
Se:t:mber 1 3 f 26 | 68, 8 ! B c'l::)yn wi:h some noticeable
October 9 5 0 11 | 214,8 ppag
November 7 3 20 | 19 | C = days of compiete stop :
December 2 2 : 37 83,5 D = working hours of the f
1968 | - | | Kiln/month O
January I 8 5 18 | 281 unitherm (fucl prchcater)
February 13 8 8 | 420 |
March 18 4 8 493
April 16 2 12 1 408,5 vibratory conveyors ‘
May 0 0 ) S 0
June 15 4 11 425 l
July 5 1 | 25 128 ) no supplies by lack of money !
August 0 o | 3 0 ) !
September o 0 30 0 ) financial reorganization |
October ¢ | 0 ! 31 o ) 9
November o ' 13 ' 1 203 | ) i
December 18 ! 2 12 438 belt conveyor and raw mill '
1969 |
January 13 3 15 | 353,2 ) cranes failure |
February 0 ] 28 | 0 ) and primary air blower '
March 7 5 19 | 23
April 27 2 1 ! 660
May ' 4 4 25 ! 135,3 | ) raw mill bearings
June 12 1 17 1297 )
July 22 3 | 6 581,3 |,
August 2 5 2 662, 6
September | 17 | 3 10 | 485
October 17 3 11 | 453,717 |
November 25 ‘ 1 4 | 618
December 13 5 i 13 374,3 i
1970 i
January 22 9 | 0 677,17 !
February 11 1 ; 16 270, 3 | rebricking
March 10 3 18 276,6 , bad clinker - hop gas 1n
April 12 9 9 397,80 ‘ vibratory feeder
May I ¥ 9 5 481,7 ' power failure
June 5 5 20 | 170 roller dryer - hot gas fan
July 16 4 11 |  442,5 | powcer fuilure - hot gas {:
August 5 6 20 200,7 | power failure B8 edown
September 13 11 6 + 508,7 )
October 9 5 17 | 2145 | ) Tebricking |
November 8 4 20 | 204,3 rebricking - fuel heating disposal
December 20 ¢ ] 375 roof collapse - hop gas fan |
1971 | | preheater explosion
January 11 12 8 435,4 Fuller cooler - power failure
February 14 8 6 416,2 ! lack of water
March 7 0 14 1 10 356,4 | roller dryer
April 9 T 1 337 | rpnor_ﬂzgr - Fuller cooler
b | rg!l m ’Al ) ]
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Adfed (n the form of a flesal year going trom et June to 31t May
of the fellewin; year, thece results are as follows :

Fiosal year 1967 - 1568 432,365 tons
1008 - 1065: 43,818 tons
1989 - 1C70: 69,140 tons
1970 - 1871 87,000 tons (51,000 as of 33rd April T
+ the estimated production
for 38 days).

As the smamination of kila operations has siown, it was the period
July 1900 to January 1870 which was the most productive with
t. monthly for 7 months.

{

- 8

rem July to Cctober, 30,000t. were produced or 7,300 t.
meathly for ¢ nionths in a row,

Usiag the same arrangement clinker output for the same period
would have totalled 34,707 t. in 7 monthe (7,800 ¢t. monthly) or 31,880t
ia 4 menthe (7,000 t. monthly).

This emghasizes the use of an excessively high clinker/raw material
osnversien cesfficient at that time (0. 65), especially since the cement
edde 3 pereent gypsum to the weight of the clinker.
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11 - ANALYSIS OF QUALITY

The quality of the products has been examincd at various stages of
production : raw material, clinker, ccmrent,

A - QUALITY OF RAW MATERIAL

The chemical properties of the final product are determined by
those of the raw material except for the adliag of gypsum.

a - Gauging and Ccrrecting Raw Material

The gauging of raw material is made only at the mill, After that,
there i8 no other correction in order to ameliorate composition or
regularity of the material. This compusition is dutermined at the Je-
livery of the mill by hourly samples of which the only carb.nate tenent
is gauged by chemical analysis. The silica, alumina and iron, which arc
also likely to vary, are note gauged.

The considerable variations in quality vbscrved at this stage of

production are slightly reduced when the materials enter the kiln, thus the

is nu usc for the nomogenization facilities which would be clearly cut of
service,

For this reason, the chemical properties of the raw material are
highly variable,

1l Period from June 1970 to February 1971

The table below pives the moenthly averages of the CO3Ca
content of the raw material from June 1970 to Fobruary 1971 (1),

———— CRm— -

Month June - Jul, ! Aug. . Sept. | Oct. ! Nov. [Dec.yJdan, ' Fob !

1970 o l | 1971 {1671 |
U ._,_..,‘__l',_ _,.-4,. . T 1 I ¢ g T__-‘ .
Raw mate- \ 1
rial 227 ‘131 |1s.elrae | - 754|718 (10.8) ma
leaving f
crusher \ }

i ’ |

Entering \ ; '
kiln 73.2 ‘72.5 l 75.2] 74.8 ; - | 74.8|74.4] 15 | 14.3

(I Fizurce recorled in SOF OTO

-t




1n.1

This corresr nils to the fcllowing averag:se ¢

Raw nrill leaving cruch.r Ta .k
Eatering kiln 7.1

Thege tw - averages whico are sigaificant vnly foc pr il ag

orders of magnttide voveal that thc gauging ol toe raw naterial is
apparcntly quitc inad . quate (1).

2 - Fcbruary 1871

The graph 3 appended to the present page gives the daily
averages for the munth of Fobruafy 1671 for the CO3Ca cuntent .f
the raw material leaving the crusher and entering the kiln,

These laily averages vary, in a month, betwuen 72,9 % ct
76,1% of CBCa at the exit of the crusher and between 73,3 ¢t 75,8 %
of CO3Ca at the entry of the kiln, that is tc say variatiuns of 2,2 %
an 2,5 %. The uxtend of these variations must be 10,3 %, as it is
the case in a well rogulated plant,

3 - Hourlz Variations

In order to appreciate the regularity of a raw material, it is
necessary to examine non >nly monthly and Jaily averages, (these ave-
races Jive a fivst idea) but also the hourly variations that reflect ingtan-

I K -~

tancaous variations of the CU3ea content.

The table below and graph 4 show the average COgCa content
(m') of the hourly sariples and the corresponling daily veriance -
between February 12 and 21 1971,

21/2

‘1971 | |

. .lznlls/z\m/z ‘15/2 h6/2  17/2!18/2 l19/2 120/2
. ] | !
. | ‘

+—

C M ! . l ‘ |
'm'l 73,6" 12,9 73,0" 73,8]75,2175,0 |74,9 174,7 ‘73,7l 73,9
Raw | . ] » i ' |

‘n'..ill f s‘ | \ & B '

it v, 0,81! 1,441 1,68, 2,030,61 0,75 0,87 0,7011,2211,00
| . . | Y
; ] -
'. L m! 75,2 73,3] 73,5, 73,5/73,8! 75,1 74,9 {74,71175,3] 74,2
!‘Kiln | ';
| =11 1,08 0,87 o,ss! 1,40{0,74] 0,87} 0,46 0,44‘ 0,49| 0,69
’ v | | |

T Bce Chapter TV paragraph B on chemical gauging.
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From all the samples N taken durii; 10 days the following
figures are obtained ¢

; E Raw Mill J ¥iln
Qo g I
N 243 | 284
m' 74.2 V14,2
' 1.40 |L 1.02

The average figure for the ten days gives the percentages of
CO3Ca fairly well identical to these obtained for the monthly averages
from June 1570 to February 1971 (1).

. - - . ~ B ———— - o —-— —— ——nanmie

.I_{aw Mill _— _..!Jl Kiln _“

e o

Jume 1570 60 | Feb. 12 *5 || June 1870 to| Feb. 12 to
Fob, 1971 | Feb, 21/71 || Fueb, 1971 | Feb. 2171 |

PR U S -i
1

7.1 74.2
(2) 1.02 |

1
- . - el e b i

v (2)

!
i m' | 4.4 {i 74.2
i |

This table shows that :

I° there was no chapge in the CO4Ca content of the raw mill
gince Jun. 1572, thus the raw nill remains apparently un.
lergausci, (3)

2* the typical lifference is very high, this fact thus confirming
the wide variations alrcaly inlicated. Within a well aljustel
factory having prehomogenization facilitics the percentage
of CO3 varies from + 0.25 and the LSF of ¢ 1.

(I Maoee are Jally averapges.

(2; The typical hffurcnee 1as not Leen calciiate o for the 9 nonthg
for all the correcn:n’ing figurcs wore st available (.0 tac range
of 3 to 000 ruplia.,

(3) So. Chanter [V parazrapa B on cacmical gauging.




b - Inflacnee of tu. Clay Phage on the Com posttion of Raw v:ill

In order to determine the hourly variations in the eomposition of
the raw mill, com;rehensive analyses have been performed in France
on hourly samples taken in SOKOTO luring our visit of th. factory. (1)

The average figures obtained for these camples arc as follows ¢

e e ' l ——
N=1 S A | F } c | Mgo I CO3Ca
m' 13.¢ 3.8 2.0 | 43.5 | L2 1 1777
S 0.74 c.18 | €. ' 1..4 | .08

) N ! K

Which corresponds to @

LSF = 1,09
MS 2.2
A[F = 1,85

This average raw mill is thus overgauged, but the variances show
considerable irregularity in the compesition in particular for lme
and siliciumr, which thus results in major variaticns in the LSF :
between 0,87 and 1,13,

The graph 8 appen.led gives the variations in the percentage of
CG3Ca and Cal for these hourly san.ples taken Juring the nignt hours
from 5 PM to 4 AM Juring our visit .f the factory.

The Aifferenee between the Lafarge and CCNN analyscs stem
trom the method of analysis. The CCNN measurcs all the carbonates
whercas Lafarge measures the tctal lime content (limie in the form
of silicates, phosphates. .. and lime in the form of carbonates),

The method used by the CCNN results in systemratic under-
estimation of the percentage of liire within the raw mill, (2)

(1) /e give in appendix the total results of analysis made in
France.

(3) Tac nrcbiemr of nectho!! of analysis is lealt with in 2 gpecial
~aragranh (cf. chemrical jauging: § B Ch, IV),
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¢ - Instantancous Variations in the Raw Material

In order to determine with greater accuracy the extent of the
instantancous variations in the raw mill when entering the kiln, a scrie ,
of samples have been takea at an interval of several minutes on Aprill?
between 5.3C PM and! 6.50 PM.

These samples have been analyzel by the Central Laboratory
of CIMENTS LAF/ARGE,

The table balow gives the averages anl typical liffercnces of

the corrponents of the samples : (N = 15)

s il A .
. N=15| S l A . F CO3Ca (1) Mgo . TiO2 | K20 ‘
1 ! f ! . - \
| S | : | | |
| ) o0 l 4.0 | 2.2 76.0 1.4 ‘ 0.15 | 0.18 \
i e i 0.42 . ©.13) 0.08 0. 80 S0 0.40 | 0.03 |
' " ' _'L '___‘_ ‘ ——

LSF = 0.93

MS = 2.2

A[F = 1,8

This table reveals thus the extent of the variations in the CO3Ca
and the siliciur: turing such a short lapse of time, as has already
been observel. These variations are illustratel by the graph IV ap-
penled : within sne hour and twenty minutes the percentage of CO3Ca
varied between 77,15 an! 74,85, thus n:cre than ¥ 19%. The silicium

varie? between 14. 75 and 13. 25,

Graph 6 appen:ed also shows the variaticns in the LSF, which
is especially the result of the variations of thc CO3Ca and SiO2. The
LSF varies between 5.99 and 0.9C, It shculd be noted that the curve of
variations in the LSF is more or lcss the sarre as the curve for varia-
tion in the CO3Ca content @ it woull thus appear that the silicium and
the lire vary in nct a completely inlependent manner.

(1, Calculated on the basis of the total CaO

o a——
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As an dnitial approximation, it should be possible (to be verifiel)
to gaugc the raw materigl by meaguring cnly the CO3Ca content or
that of CaO, provicdel that these lata are supplemente ] quite frequen-
tly by suveral comrplete analygsec to make sure that the Ca0 conteat is
represontative of the real quality of the raw n.nterial,

Systematic quality controls performe! on the raw material bear
only on the coatent of carbenates. Tor this reason, besildes the several
Analyses of the rax material male in the factory and excopt for the anae-
lyses which we have performed on several samples, lata is available
cn the other elements : S, A, F and MgO cnly thr.ugh the analysis of
clinker and cement.

The table un the opposite page consolidates the analyses of average
daily samples Jf clinker for the month of December 1070, It sh_ull
be note! that the contente of magnesium vary between 2.0 % anl 3.5 %,
which is far from being neglipeable, althoupgh it is bel w the allowable
limit within the Britigh Standar.ls.

In thc table belw are shown the minimum and maximum values
for lime, silicium, alumina anl iron for the month of Decencber 167

Ccmiponent Mininum T Mamnem T -
CaO 63.4 67.5
$102 21,04 22.72
411903 4.4 3.2
Fep04 3.2 | Q8
‘ i ]

The extent of the variaticns in lirce and silicium has already
been pointed out and are further confirmed in this table.
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d - Phosphatcs with the raw material

In conclusion, it shculd be noted that tere is a presence of
P30y in the raw materials. Out of 13 samples taken from the factory
hall, the average content of this clement is PoOg = 0.32 (1). This
content comes within the generally accepte ! limits,

It may well be that the P205 plays an egsential role in the
formation of chalk-gtones on the blades of the hot gas fan, This for-
mati_n can give lesastrous effects),

The analysis of thesc concretions has provided the following
results :

s A F C MgO 8O3 COz  HaO+MVW
26.45 8.35 4.55 31,15 2.4¢ 1,15 20,00 3.7%

K30 Nag0 P20 C1 Ti02 Total

C.73 0.06 4.9C C.035 0.45 12C.37

Analysis by thc X lefraction has revealed the presence within these
components of caleite TF, quartz tf an.! a hydratel phosphate compoun'!
of iron an) aluminium (Fe Al (POy)2 (CH)2 8 HR0 - metavauxite).

¢ « Conclusicns .n Raw Material

It may be that there is a certain inter lepen 'ance between the va-
riations in the lire an! silicium,. This interlcpenlence is however
inalequate for controlling the quality of the raw mill by limiting
onesclf unly to the measurement of the percentage of CO3Ca, In order
to pro'uce a regular quality raw mill, it weull be necessary to gauge
the four main c¢lements (S, i, F an! C) tu carry out the correcting
allowing to obtain a raw mill with always the same LSF.

(D Nursc 2. W, 1552 "Action u ~hos hate sur la ¢ nstitution et
l¢ ‘urcissencnt M ciment Portlan!',

Cuye F. 1¢84 '""nflucnce 1u hoephate sur le ciment Purtlan ',
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B - QUALITY OF THE CLINKBR

The stu'y f the quality € the raw mill has Je! . the analysis
of the chenical proportics  f clinker ag woll, 1t has bevn | inte ! (wt
that the extent f the variati ne in the chemieal ¢ mp eiti ats . f
in.p.rtance an'! it brings . n varintions in the potential ¢ nopooeiton,

The tabl. n the prec. 'ine pade shows the poteatial ¢ nipositione
cbtaine ! from the 'aily "nalyses f the avera,.s [ samiplca { r the
month of Deecmmbor 1.7

Minimum an | ieaxitoun: ¢ ntents ars ae f 1l we

———— -
Miaimum i Mamin in.
A A = = - — -
CyS 39. 1. ! 8.1
 Cq8 .. 30 3.8
C’A . N l 8. 1‘
lc.oF L. 18 ‘ 13.17
L—-r J‘ — e e

The irrc ularitics in the comyp sition «f the raw mill
which have boen noto ! are foun ! in the p tential eompositiva  f elinher,

In or 'vr %0 supplur ont this 1ath, 1 niier scopic nnalysis has bela
ma le of the suctions with elink r fr nv SOKCTO. A ltailes ropoet
of this stuly is viveg in th. ap;alix  The ¢ acluei ne arev as {1l we .

A clinker which is knowa t bo p or in quality, pr.leed ' prior t
July 1T, has ., r vi 't b vary hterogone s an! unleriauge ! There
is a c.onsilurabl. an.uat £ Cg8, that is : ¢t 8 %, an! the clinker i0
Quite for us,

A clinker which is kn wa t bo . . ! quality, pr luc.!ia
Apeil 1671 rovials 1 oo rnial alitic poase alth ugh a bit 1w (CeS* 30 %),
The lar, . sise f the crystals (ia. = 83 ¢t. 1. ) inlicatus that it re.
maine ' al ny tin.v in the kiln,

The bulitic [ hase is 8 rwal (Cg8 * 38 %), The crystals ar. well
Hotribute !,




i e

Inb th cagus, there is n lapye percentnye - f magnenia

(8¢t 3% theim Intelan! r upe) crystals witha lia, .5 tc 2
are in the form [ periclage. 1t shoul! be rccalle! that periclage can
Dbt Cun-be-the-0vnteu—vi-that-pesislaes-ean in the 1. ng run be the
e.urce .f ¢ astderable swollin - which may len ! to the lestruction f
the structurcs, [tis 1 reover in rler t combat this harmful effect

f ma aceia that tac /in ericans have level peld the quenching ¢ ler,
This revenls the inp rtance f stoeping,

Rehwllbe nte! that in b th cascs a naj r liqui! phase hao
allowe! fur bakin ata rolatively 1 w temperature, bel . w 1480° C
(1 acrice in strin a Cg3),

Iab th cascs, tucre ig a rather 8l :w ¢ ling which regults in the
f.rnati 0 f finc crystals, This erystalizati n which is luc topoor
stoviin: results ina bw level prnoeat f resistince streng'th at carly
mtfk‘..

o - Milling

In riirt c.mpletc the stuly f the characteristics f clinker,
milling tcets have Loca perf. rme!. They were carric! ut by ¢ mpa.
ria: with clinkers fr n the whole CIMENTS LAF.ARGE oroup (1),

Graph ¥ appen'c! sh.wg the results  f thie testing which was con-
‘uetel in the f 11 wing nanner : 8 kg f clinker are place” int. a laboe
rat. ry n:ill, The nunbor f r o tations - f the will is ree rlel nald

e 5 ‘ic'ﬂlx foroorteiaountoer froteti ng (1 07, 1500, 2 70, cte,)
the fth v uet . i@inel is woengure ],

"tic ¢ aclu'c! fron thie testing that tic clinker fr o SOKOTO is
har'ir than any. t.r Lafarge elinker. This an naly ariscs fron the
vverbaking whieh or. ‘ucco 2 clinker which is cstremely har to mill,
N.riral bakin; an! st.crin woull coneld lerably impr ve the milling,
p-esibilities {.r tiis clinker.

(1) France = Cannla - N.rth Africa
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A _COMPARISON OF THE BROYABILITY OF THE CLINKERS

QF SOKOTO & LAFARGE

| NO.OF ROTATIONS OF MILL
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b « Conelusions on Clinker

The irregularitics noted on the raw mill can be appliel t. those of
clinker. The irrepularitivs bee me even worge tue to the absence of
gtoeping an’! the variatinng in the kiln fee ling which results in toc much
baking.

An improvement in steeping anl baking woull result in two alvane

tages : the milling would be improvel and the risks Jue t. maghesia
woull be reducel.

C - QUALITY OF CEMENT

The quality anl the mrechanical strengtl cf the cement have been
e¢xamined.

is far as fincss f quality is concerned, the monthly averages,
both for the samples taken when leaving the cement mill and Juring
packing, are irregular and the typical differcneces quite wide, This
variaticn in quality is a lisadvantage t. the user fur it influences the
cement hydration specd.

It should moreover be notel that the quality of the milled product
is quite go. 1 which, in view of the erystalline forn. of the clinker
and at times its potential compositivn, is neccssary fur obtaining carly
strength, Clinker with a slightly higher Css cont:nt and cne which is
capecially mrore regular woull und ubtedly make it p-ssible to reluce
the milling process which would save electrieity.

The mechanieal strength is contr el on mortar. The averages and
typicals liffcrences have been calculate! for cach month, thereby mae-
king it pessible to make the following comments !

- The mechanical strength varies consilerably.
- The mechanical strength after three anl seven Jays is sometimes

below the standarls ( see graphs 8 anl19 appended).

These results are confirmed by the tests which were performed
at CERILH (Centre 1'Etudes ot J¢ Recherche de 1'Industrie les Liants
Hydrauliques).
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CEMENT MILL
SPECIFIC SURFACE BLAINE cm3/gr -

11. 18

.

|
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a - Tests on Strength of the material :

Cement from SOKOTO tested according t> BSS stanlards on mortar
with BSS sand from Great Britain).

Compressive Strength

Cement 1 lay 3 lays
from
Sckote 15C psi 175. si

BSS 12-1556
standards

2200 psi

Testing time : starting : 3,55
finishing : 5. 2C

No stiffness was chserved,

b - Physical testc

Sclid volumre = 3.21 ; Specific surface Blaine = 3770 gr/cm:2
This test which was performel on any sample has cnly an inlicative
value. A series of san.ples alung with statistical processing uf results
wuuld be necessary to Jletermine the quality of the cement,

However, it turas cut that the sample testel has a lower mecha-
nical strength than requirel by the British Standarls. In view of the
sclid volume and the specific surface Blaine which is large it would
appear that therc is a retarding admiix in the cement, (Is this the¢
result of the action of the clay of the gypsum adlitive or that of the
P20 ?)

The chem.ical composition and potential composition are not cxa-
mined in detail herein for they have been Jealt with in reference to the
raw mill anl the clinker.

However, the comrplete analysis male in the CERILH is given
in the tables below and in appendix :
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] A F MgO
21,85 6.08 3.40 2.40

TiOg K20 Neg0 SO4 CCq+MV
0.32 0.27 G.04 1.85 0.85

The following sh:ul! be notel :

1° the presence f a large quantity of F20g which has lelayed
the Jevelopn.ent of the mechanical strengith,

2° the lar; ¢ MgO eontent. In crder to check the effect after a
long period of this magnesia the cement has been tested for cxzpansion
by means of aut:clave an! n the basis of the ASTM stanlards. This
test sh-wed an expaneion of .9 % while the suaximum tolerance in
the standaris is 0.8 %.

The harmful effects of these two elements on the properties of
cement have alrcaly been discussed at length,

¢ - Gypsum Additive

For the month of Decenber 157C, the chemical analyses of cement
provide the resultc on the 303 content

2 3 ) 13 15 16 17 2"
2,60 2.18 2.20 2.00 2.4C 2.50 2.20 2.30

21 22 23 2 25 27 28 25
2.40 2.44 2.20 2.30 2.00 2.25 1l.84 1,88

It appears that in the course of the same month, the 8303 contents
varied between 1,84 and 2,60 %e.

Under these conditions the quality of the proluct can only be very
irresular anl the users of this pruduct should be aware of the varia-
tions in the setting times.




d - Cunclusions on the Cement

The characteristics of the cement from Sokoto are very irregular
and sumetimes under the British Standarls thercby affccting the
setting, handling an! the strength of the product. To these must be
added the risks of ¢xpansi.n after a long pericd, The same irregu-
laritics exist in the cement as in the clinker and the rawmill,

These major irrepularities finally run the risk _f having effucts
on the behaviour of censumrers wiic may thus prefer other competitive
cement to cement from SOKOTO.

One cuuld imagine that the results -as well fur the quantity than
for the quality- would be improving from the beginning in 1567, In
fact, the preccdent analysis show that this was not the cas:. This
appears to proceed either of insufficient technical knowledges for
detect the reasons anl promote the ncecssary instructions, cither
of the general discipline in crder to make these instructions applied,

Perhaps the two recasons have jeined in the post ; for the present
time, the first hypothesis seems the more probatble as the action of
the actual general manager appears to be well orientated,




Il - FINANCIAL BALANCE SHEET

The length of time required for adjustments and inadequate
initial output could only reflect heavily on financial results.

These losses can be specified by analysing the balance sheets
from the first fiscal year of operation (1st June 1867 to 31 st May 1968)
until the last fiscal year for which information was made available to
us.

These results have been assembled in Table 1, preceding it with
the results for earlier montis. The latter show a loss of KN 363,182
which, in point of fact, was listed among the assets, since these were
setting up expenses, and appears under the "'quarry" entry.

In this table, operating expenses include manufacturing costs, and
administrative and sales expenses as well as the excise duty collected
by the federal government totalling :

- 93,666 I for 1967-68
- 45,130 ¥ for 1968-69
- 72.935 I for 1969-70

As required, sales expenditures inciude the costs of client
delivery in the form of very large transportation expenses whose sise
is estimated in Table 3 using the annual reports somewhat arbitarily.
It can be seen these were quite high (from | 3.5 to I 4 per t.) and
constitute a sizeable share of the deficit, since this nearly represents
the difference between manufacturing expenses and income. Thus, an
observation which should be taken into account in establishing the
company's new commercial policy is that excessive delivery costs
should be elin.inated through the use of a single, ex-factory price.

The information in the fifth column in the table takes into account
other factors which are present apart from cement sales.

These include sales of acsets, outside services, the product on
capitalisation and stock variations taken into account in the balance
sheet and which figure in production expenses.

Thus, the agreement with the figures in the balance sheet is
reestablished. ~
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TABLE 1
sales | mnnufac-: M awe | M losses exchang depre-| total
Exercise in | turing | (negae .to the ta-|balance | losses |ciation |losses
¥ ' coowin tive)  lnce dest! sieet |(reevalu in balan-
i ¥ ; KW po-| tion DM ce sheet’
T a—— - c—— —‘AL‘V..- e ...._.,“. — - : ' o - :, + d‘
Before 1.1.61 none | 316,005 ¢ 319.8054 ) ; ‘ i i
| ; | ) |363.152 | none 1363.152 .
January © Myl  105.007 189,310 : 84,303:40.956 ) | ! ?
87 . ! In | ! -
| i ! [ 4 :
1967-68 | 718.C871, 846.698 | 126. 827; 36.392 | 90.475 498.100 588.575i
; . 1
i ’ ‘ ‘ t
1968-69 616 .792; 785.469 178,677;19.957 | 158.720 6.889469. 71U 635.@0;
! ’ l | |
1969-70 1.080.4622 1.267.807‘ 187.345/114. 998 , 72.347| 190,620{250.911 513.8781
g —_—— b — i
| - 492.048]171. 307 321,542 | 197,309 "1 2187221,731.19
L —— l 4 ' ‘
TADLE 2
1967 - 68 1968 - 69 1969 - 70 |
T T
Sales, ¥ 719.871 i 616,792 1.080.462
Tons sold 42,265 42.518 65.140
Price I / t. 17 14,4 15,8
Difference to 13,5 ¥ 3,5 | 0,9 2.1
Sales if price was 13,5 § 570.577 573.993 933.39%0
Difference in sales (attributed to 149.294 42.800 147.070
transport invoices paid)
Real cost of transport (in ! 254.614 209. 704 364.134
balance sheet)
Loss for transport operation 145.320 166. 900 217.084
Loss per ton (i) 3,45 3, 3,18
I ;
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Depreciation has been listed separately since it does not figure in
financial losses and could appear in a provisional "postponed depreciat-
ion " account. However, the supplier credit \as been paid, and this
was done from public funds, since the comnany is unable to make
available the corresponding amounts. To be noted is the nearly 50
perceat reduction in 1569-70 in depreciation reserves. It would
clearly seem that here the change was from excess to flagrant
insufficiency.

Due to the long stoppage at the end of 1968, the corresponding
fiscal year is not significant. The 1969-70 fiscal year is not significant
either due to the loss attributed to the exchange rate of 1 190,620
which appears under the Ferrostahl annual payments entry due to
revaluation of the DM in 1969, an event for which the company cannot
be held responsible,

The 1869-70 fiscal year includes L 95,470 in stripping work at
the quarry and ¥ 100, 352 for the purchase of spare parts, expenditures
which can probably not be entirely charged off to this fiscal year alone.

The deficits listed in Table 1 were covered as follows :

As concerns the payment of installments corresponding to the
supplier credit for equipment, by loans :

- either contracted at 8.5 percent from the ICSA, the financial
agency of the 6 Northern states, for a total of L 503,359,

= or contracted directly with the 6 states and paid in fact by the
federal ministry of finances which substracted the ameount from
its allocations to these states, Total: L 1,053,157, The same
procedure will probably be used for 1970-71 payments or
¥ 493,184, At that time, this will leave total installments to be
paid amouniing to I 1,27¢, 700 with the interest as of 18t June
1871,

As concerns operating deficits, by various financial means such as :

- advances from the NND C account totalling nearly ¥ 300, 000

- bank loan of ¥ N 200, 000

= current supplier advance of approximately ¥ N 230, 000 a portion
of these advances is now being repaid.

There is no question the company's results would never allow it to
rid itself of these financial handicaps for which, moreover, it cannot
be held fully responsible.

Thus, it is essential to reduce and consolidate the indebtedness.
In Chapter VI we will give an idea of what can be done to this end.
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I - QEOLOGICAL BACKGROUNQ
A - Geograﬂ!ical location

The state of Sokoto takes up the north-west corner of Nigeria,
It extends west, north and north-east as far as the borders of the
Republics of Dahomcy and Niger, The western part of the state,
stretching over a uniform region of some 45 000 sq.km, is made
of sedimentary cretaceous and tertiary rocks lying on Precambiran
granits,

B - Geological Past

At the beginning of the Cretaceous period, sands and clays
resulting from the erosion of the Precambiran shelf were deposited
on the north-west part of the province of Sokoto, In the middle of
the Cretaceous period, a slight movement of the earth's crust gives
these deposits a slight slope towards the east and north-cast and
then sedimentation of the same &ind continues.

A shallow sea which extended over what is now the Republic of
Niger then covers these deposits, Deposits of the same kind continue
to settle in sea into which also settle some calcareous deposits
as well as some gypsum deposits in the lagoons on the edge of this
sea,

At the time of the Focene period, the sea deepens and deposits
with greater calcarcous contcnt appear, However, the settling
conditions varied considcrably and the depositing was intermittent,

At the end of the Eocene period a slight movement of the
earth's crust gives all these layers a slope towards the east and
north-east, This movement is accompanied by the withdrawal of the
sea,

After this withdrawal, continental deposits continue to move in
with materials from erosidn of the materials previously described
and of the Precambiran shelf,




C - Irepent deposiia

The present deposite are as fellows (beginning with the moet
recemt)

™OS8T ECCENE Gwandu clay and Coarse sandstones and
Grit group continentul clays
- Discordance — -
FOCENE Sokoto group calcareous bed care and cl
Dange bed
UPPER Rima group Wurno bed detrital sandstones
CRETACEOUS and clays
Mosasaurus shales shales and
mestones
Taloka bed detrital sandstones
and clays
e - —--— Discordance
UPFER Gundumi Gundumi bed coarse sandstones and
CRETACEOUS grit and continental clays
clay group (continental ir*ercalary)

in this whole, the limestones noted in the Mosasaurus deposits
form only nodules and small balls without any economic importance,
The only plainly limestone level is the calcareous bed of the Sokoto

grouwp,

On the regional scale, the pattern of scdimentary rocks in the
province of Sokoto is quite simple, The deposits are located in the
south-eastern part of a synclinal the center of which is in Niger
just north of Niamey,

No geological fault has complicated this pattern, The dip is
low, 3 to 4 m per kilometer, In the vicinity of the town of Sokoto
the layers are dirccted 20° cast and incliied towards the west,

Erosion shaved up the calcareous bed which forms a ''cuesta'
which passes through Sokoto in a south-west/north-east direction,
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11 - BASIC MATERIALS OF SOKOTO

A - Dego-it

All the documents received on the survey of the Sokoto deposit
have been examined and the data contained thercin have becn
completed by observations made within the context of the present
mission as well as by laboratory tests,

a - Location of the Quarry (General Vicinity Map - Figure X)

The quarry of the Sokoto factory is located about 300 m south
of the cement factory, The quarry was opcned in a hollow area of
the plateau stretching out along the southern bank of the Sokoto river,

The present deposits are composed of :

- reddish brown alluvial sands Otolm )

- laterite and ironstone 7 to 12 m ) overburden

- greenish white clay shale 0,5 to 5 m)

- limestone series :limestone blocks, )
very hard calcareous nodules, chalky ) Partly worked
calcareous formations, white marls, } deposit
grey clay 10 to 12 m)

- Dange blue clay

The quarry is worked on two faces :

- the upper face : overburden composed of sand, laterite and lamellar
clay. This overburden is to be discarded ;

- the lower face which supplies the cement factory with a part of the
calcareous deposit which is worked.

Atthe present time, the quarry is being worked towards the east,

b - Survey of the deposit

The localizing of the deposit for the Sokoto cement factory
was performed in three stages :

- Regional study by the Geological Survey of Nigeria

- More detailcd study of the vicinity of the town of Kalambaina
located to the west of Sokoto, by the Geological Survey of Nigeria

- Study made by the Contractor of the factory and covering a smaller
area west of the town of Kalambaina,
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The chronological progress of this research work was outlined
in the March 1971 report produced by ARTHUR D, LITTLE (1),

The first research investigations on the regional scale were
carried out in 1959, together with 43 exploratory borings and 500
analyses, These works revealed in the calcareous bed the existence
of an area richer and mainly thicker in limestone, west of Sokoto(2)
beside the town of Kalambaina, The results of these initial investi-
gations are however very inaccurate due to the poor recovery of
boring samples (on an average 72 % in the calcarcous deposits).

An additional investigation was conducted in 1960 near the town
of Kalambaina and involved 11 borings and 3 pits (3). The average
recovery of the cores of the second campaign was only about 69 %
and for this reason the results arc also very inaccurate, On the
other hand, among the three digged pits the only one completed,

N* 2, allowed to identify the geological cross section,

The most important result of this additional investigation within
a small area is a change in the interpretation of the results of the
first survey campaign.

In the course of the first survey campaign, the variations in the
thickness of the calcareous deposit and the presence of clay and
marls between the blocks had been interpreted as the result of erosion
before the appearance of laterites.

Taking into account the observations made in the course of the
second survey campaign, the geologist in charge of the mission
interpreted the presence of limestone rocks covered with clay as
the result cf dissolution of the calcareous deposits, Thus the disso-
lution would be greater near the outcrops and in particular on the
slopes of the valleys, where the topography cuts through the calca-
reous level, which corresponds with the field observations,

(1) ARTHUR D. LITTLE Inc, Technical and Fconomic Evaluation of the
Sokoto Cement Factory - March 1967 - Ministry of Trade Industry
Norther Nigeria Military Government,

(2) GSN Report 1182 - The Sokoto Limestone Investigation 1959-1860,
M, P. JONES, Senior Geologist, and J, P, BELL, Mining Geologist.

(3) GSN Report 1184 - The Sokoto Limestone Investigation : a supple-
mentary report on the Kalambaina area,
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The Contractor then undertook the survey of an area of 105 acres
west of Kalambaina by means of 18 borings (1533 ft of drilled bering
holes).

As observed by A,D. LITTLE, this area covers only 2/3 of the
CCNN concession of land,

In addition, from these 18 borings holes which should have allowed
for satisfactory identification of the deposit, only 4 were used for
chemical analyses. In any case, the percentage of recovery of the
cores extracted during this last campaign was only 74 %, It is
consequently difficult to obtain from it any valid information on the
chemical composition of the deposit ; and that, all the more so since
the quarry was in fact opened more than 100 m north of the investi-
gation area,

Finally, due to the poor quality of the survey work performed
on the calcareous layers of Sokoto, very little information was in
fact provided.

On the regional scale, it is fairly certain that there is no
formation of compact limestone within a radius of 20 km around
Sokoto,

As far as the deposit is concerned, the results are the same :
the boring holes samples revealed that the calcareous series are
a mixture of limestone, marls and clays, but the average chemical
characteristics of the series are unknown and the chemical charac-
teristics of the deposit even less so.

¢ - Characteristics of the Deposit (Figure XI)

The observations and sample analysis performed in the contex
of the present mission have made it possible to distinguish the
following characteristics :

1 - Surface Formation
The surface is composed of red brown sands the thick-
ness of which varies from 0to2 m,
'"he analysis of a sarmple has produccd the following results :

s A F C Mgo  Ti0, Kj0

90,10 4,40 3,28 0,48 0,00 0,40 0,08

[N
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‘ 3 - Laterite and ironstone
{
: Laterite and ironstone combinations which appear in the
! quarry are very compact, Their thickness varies from 7to 12 m,
They are definitely thicker on the north face near the small thalweg,

Analyses of two samples, one from the lower part of the iron-
stone, the other from the middle part and the last two from the
upper part have provided the following results :

Sample S A F C MgO C()2 +H20+V M
Lower 64 16.40 11,45 38,40 1,00 0.18 11,75
Middle 63 18,40 9.15 61,18 0,40 0,08 9,60
Upper 68 83,40 4,25 35,20 0,30 0.10 5,40

69 53,00 1,60 40,55 0,50 0.18 3.30

K JI Clg shales

The formation of white clay shale with greenish shades
which are found beneath laterites are the base of the overburden, Its
thickness varies inversely with that of the laterites, i,e, between
0.5 and 5,0 m, A phosphate level which is intermittent lies at the
base of these clay shales,

Chemical analysis of two samples of clay has revealed the
following results :

Sample S A F C Mgo0 ’I‘iO2 Kzo
89 56,95 14,30 8,45 1,65 4,95 1,03 0,38
S 68 83,46 16,83 7,80 1,80 5,10 0,97 0.63

4 - Calcareous formation

1) Geology

This formation is covered on the top by a lovel
of phosphate limestone appearing intermittently and which has been
mentioned previcusly,

On the basis of the Nigerian Geological Survey Department obser-
vations, it is possible to distinguish two layers in the calcareous for-
mation :

- at the top just under the clay shales, the limestone series
- at the bottom, the lower calcareous clay shales,

This distinction is analyszed below and corresponds to the obser-
vations of the present mission,

e ———




I, 7

- Limestone series

This term, in a wider sense, is applied to the part
of the formation in which the limestone is more abundant. The lime-
stone exists in the form of intermittent large blocks, white, chalky
and friable, measuring 0,50 to 2,00 m in height, These limestone
blocks are covered with a mass of chalky white to soft beige norls wh
numerous fossile imprints, In places, 0,20 to 0,05 m thick beds
of grey clay are found in contact with limestone blocks and seem
to have slid with the blocks they ccver,

In various places very hard recrystallized limestone nodules,
several centimeters in diameter, can be found.

The limestone block erea is, generally speaking, separated from
the clay shales which cover the blocks with 1 to2 m of white chalky
marls,

These series are particularly intermittent and, as stated in the
first GSN report, it is impossible to make a correlation between
the boring holes, Thus the information obtained from each boring hole
has, as far as quantity is concerned, only a punctual value,

This intermittent nature of the fcrmations, along with the
phenomena of dissolution has not sufficiently been taken into conside-
rotion in the course of the investigations which followed the regional
survey,

The whole limestone series have = depth of 7 to 8 m,

- Lower Calcarcous clgy_ahales

At present, the floor of the quarry is located at the
top of this level which is not quarried,

On the basis of the observations of the present mission made in
the quarry and which are confirmed by the interpretations of the
GSN and the ARTHUR D, LITTLE geologist, this layer is outstanding
for its regularity and lithology.

These scries are composed of chalky fawn beige marls with
greenish effects, The interpretation of the croas scction of the pit
digged in the series has made it possible to conclude that progres-
sively the shales change to clays which then become sandy when in
contact with the lower formation,

The lower series are about 3,5 m thick,
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2) Geochemistry

-~ Limestone series

Analyses of various types of rocks constituting
this series have led to the following results : '

|
|

I USSR S

1 - — - b —— e Sishamatid e e ——— ——ban

Formation :LSamplei S . A Fl C |Mgo TiOZ‘KZO P205

: t . ' 1 T
Clays covering 3 . 54.8 15,8 Y'7.85' 2.75 |@.40'0,85'0,658 :0,19

limestones 4 | ! ‘

! i '
Chalky white) 5 | 1y 7 13,7 |1,40| 44.65{1,10/0,16/0.12 |0.16
shales ; =

' ]
Chalky white| g | .7 10,2 0.3 |54.7 }o.z 0,00 0,00 0,08
limestone

t

Decomposingl 2 | 45 |1,3 0,85 51.4 rmo 0,04/ 0,2

limestone 7
's
Limestone !
nodules t 8 0.15' 0.0502 :55,35/0.1 ‘0.00 0. 00

- b et ——

These analyses reveal the heterogeneity of the deposit since,
within one formation, the lime content varies between 2, 75 and
85, 35, that of silica between 0,15 and 54.8, that of alumina - between
0,05 and 15, 9 and that of iron oxyde between 0,20 and 7, 85,

At present, the entire limestone serics are quarried, An average
of 6 samples taken from the entire height of the working face provi-
ded the following results (major elements) (sec details in the table
on the following page) :

S A F C Mg0 C03Ca (1)
13,9 3.8 1.8 41,9 1,55 74,8

(1) This is actually lime expressed as C0.Ca, The same applies
to contentsof C030a dealt with in this chapter,




Which corresponds to :

These figures call for two comments :

- These series are slightly poor in lime content, but this fact may
arise from the representativity of the sampling, This fact is of
major importance and should be kept in mind for plantoperation,

- The heterogeneity of the formation is again revealed by the wide
variation of the content of its components,

Maximum Minimum

22,70 8. 35
6. 65 2,10
3.10 1,00

47,40 33,10

Mgo0 2. 30 1,10

In order to attempt to identify the average chemical composition
of the quarried formation, two series of samples have been taken
in the raw materials storage hall,

At present, the material coming from the quarry is stored in
the factory hall in 2 clearly separated piles so as to have theoreti-
cally a pile of material with a low COBCa content and another with
a high C03Ca content,

Samplings of the low CO_Ca content pile have provided the
following averages (11 samplés of several kg) :

N=11 S8 A F C Mg0 "I'iO2 xzo C03Cl

m! 16,0 4.4 2,9 40,1 1,5 0,18 0,17 171,68

'

-} 0.45 0.14 0,13 0,34 0,07 0,01 0,01

Which corresponds to :

LSF = 0.177
MS = 2.17
A/F = 1,48
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Samplings of the high CO,Ca content pile have provided the
following averages (24 samples of . several kg) :

S A F C MgO TiO2 K20 C03Ca

13.5 (3.9 |1.9|42.,7{1.3 |0.16 |0.16 | 76.3
1,08 /0,31}0,18| 1,10 0.14 | 0,02

Which corresponds to :

LSF = 0.98
MS = 2. 32
A/F = 2.0

For all these samplings, the heterogeneity of the products
should be noted. This heterogeneity is apparent through the variances
exceeding 1 for silicium and lime content,

The average chemical features of the quarried formation may
thus be estimated without considerable risk of error to be :

S A F C C03Ca

14.3 4.0 2.5 415 174.0

The presence of P_0_ should in addition be noted in the limestone
formation, which may %mgre consequential effects on the clinker, Out
of the 13 samples fror the factory hall and on which analyses have
been performed, the average result obtained is :P205 = 0,32,

This P._0. content is within the allowable limits but has harmful
secondary &fgctl such as the depositing of material on the blades of
the hot gas fan, which led to the unbalancing and then the explosion
of this equipment,

The distribution of the P 05 in the worked formation and the way
of eliminating it should have ?‘to be examined in a special detailed

study,

- Lower calcareous clay shales

Chemical analyses of this formation were
performed on samples obtained from the pit digged in the floor of
the quarry.




The 1,5 m thick upper part which is under the floor of the
quarry has the following characteristics (sample 56) :

S A F C ‘Mgo0 Ti()2 KZO C03Ca

16.15 4,20 1,90 39,55 2,10 0,17 0,20 70,63

The 2 m thick lower part which forms the base of this formation
has the following fatures (samples 54-55) :

S A F C Mgo Ti0, K,0 CO,Ca

28,1 8.3 3.5 278 2.4 0.4 0.5 49.6

- Dange formation

Two samples have been taken in this formation :
one in the sandy brown clays which form about 1 m of transitional
gone between the limestone formation and the Dange blue clays ; the
other in this latter formation, The results of analysis of these
samples are as fdlows :

Sample S A F C Mg0 'I’iO2 K20 003Ca

Brown clay 55,0 13,65 7,10 4,50 4,95 0,80 0.90 8,03
53

Blue clay 57.85 1995 6,40 1,40 2,45 1,15 1,35 2,50
52

d - Conclusions on_the characteristics of the deEnt

Upon examination of available data, it appears that there is
not enough information on the Sokoto deposit,

At present, there is even none who can tell in advance what the
characteristics of the extracted material will be nor all the more
what the overall characteristics of the denosit are :
is the average C0_Ca content of this deposit greater ot smaller than
the usual content of cement raw mixes ?

Boring holes made by the GSN were very far from the quarry,
From among the boring holes made by FERROSTAL, only several
were actually analyzed,
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In any case the data provided by these boring holes have only
an indicative value in view of the low percentage of cores recovered
i.e. between 69 % and 72 %, Consequently, the deposit remains to
be investigated and this is most essential., The methods to be used,
either pits or drillings, ghould allow for all the material to be
sampled and analyzed,

Although the characteristics of the dcposit are not known in
detail, observations made within the present mission point to the
fact that this deposit is very heterogeneous,

Utilization of the limestone series in the cement factory will
thus demand as much homogeneity as possible so as to able to
obtain a product having regular chemical characteristics from highly
heterogeneous materials,

B - Utilization in cement factory

At pregent, the entire limestone series are being worked, A
distinction is, however, made between the high C03Ca content pro-
duct and the low C03Ca content product,

In fact, the "high C0_Ca content’ product sampledshows a very
slight excessive C0, Ca content compared with that of a raw mix of
cement factory, Its characteristics are as fbllows :

S A F C Mgo C0,Ca

13,8 3.9 1.9 42,7 1.3 76,3
Which corresponds to :

LSF = 0.97 - slightly high
MS = 2.32 - slightly low, but acceptable
A/F = 2.0 - slightly high

Upon adjustement of the clay content this product could be used
as raw mix in the cement factory and would produce a cement with
an approximate potential composition of as follows (in percentage) :

CBS CZS CSA C4AF Total

83 13 12 10 100

thus, a product of excellent quality,
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These results have been confirmed by the clinkerization test
performed in the Central Laboratory of Ciments Lafarge in Viviers
(see Appendix),

It should, however, bc kept in mind that the characteristics of
this product have been defined with quite rudimentary means and
thus our sampling may be tainted with errors, Moreover it is very
important to state that, in view of thc heterogeneity of the deposit,

it is impossible to puarantee constant characteristics, It is felt herein

that at times the so-called high CO0 _Ca content product is very
slightly richer in lime than necessary for the cement factory raw
mix and at other times this product is definitely toc low in lime

content,

Correcting a material having a slightly too high Ca0 content for
a cement raw mix does not raise any problem. The Sokoto quarry
containts sufficient clays and shales, Thec same is not true for
correcting a product with a slightly too low Ca0O content, In this case,
rich limestone will be required, But no rich limestone has been
found in the deposit, Thus, under the present conditions the factory
cannot at all correct its raw mix, thereby making the preparation of
a regular product impossible,

The necessity of obtaining 2 regular raw mix of good gualitz

thus makeg it indispensable to have limestone available for correction
cither within the quarrv ~r otherwise (1).

A detailed investigation of the quarry should make it possiblc to
locate arcas rich in C03Ca and -areas poor in C03Ca.

Provided that the differences between these arcas are large
enough, it would be possible to have material to correct the raw mix,

Should it not be possible to locate high C0,Ca content areas, when
quarrying the entire depth of the limestone scries, it should be possi-
ble to enrich a part of this level, in view of the fact that the limes-
tone masses and blocks are generally surrounded by two layers of
marls, However, the removal of marls surrounding the limestones
would increase the waste rocks,

(1) Practically speaking and for evident economic recasons, a ground
raw mix cannot be eliminated whenever its lime content is too low,
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For a long tin o, the presence of limestone has been cbeerved
o three or four poiite in Northera Nigeria, but eepecially in the
Northwest. . ire counstruction of a cement plant is part of a program
for e mamulectui'e of basic materials whose principle ia no loager
o be questioned as woon as satisfactory rescurces are available,

These rescurces, located near Sokoto and discovered in 1911,
were entonsively studied by the Geological Survey in 1986-681, and
the esnslusions were promising. During the firet 8 moaths of 1061,
he Reskolfeller Zrothers Fund requested, asked for a feasibility report
an Ameriecan sngineering firm with an office in Lagos (5tanley
Engineering). This study adopted a 100, 000 t. program using the
somidey process and iinugu coal. Capitalisation was estimated at
J. N i, 50C, 00¢, and t.e report concluded there would be no question
ebout the profilability of auch a project.

Consegue'itly, in ctober 1981 the Government of Northern
Nigeria suthorized the construetion of this cement plant and approved
8 eontreet between the company it set up for this purpose, the Coment
Cempany of Northern Nigeria (CCNN) and the German engineering firm,
Ferrestaal, & contract followed by a second one for administrative aid

duriag the first years of eperation.

In point of fact, the CCNN is an 80 percent owned swbeidiary of
the New Nigeria Development Co., a financing organisatioa of the
Jeverament of the MNorth, and is 30 percent owned by Ferrostaal. 3ince
April 1at, 1988, tiie NNDC has beea the emanation of the six states
whish swoceeded tie Soverament of the North.

The So0l:0t0 ceient plant was designed by Ferrostaal with a
oaposity of 100, J0U t. uaing a wet process with a grasulator and using
fuel oil for fuel. Coastruction was completed at the end of 1943
fellowing emcessively brief techaical and economic studies, especially
00 consernsd quarry materials.

Teots proved disastrous due o ensessive absorption of water by
e clay, owelling of the latter cbetructing the conduite and the
resulting wanseepiable censumption of celories in he kila with a fall
in he sorreegendiag capacily.




il 14

Another solution would be to find high CO_Ca content limestone
in the vicinity of Sokcto, In the Mlalbasa deporft some one hundred
kilometers ncorth of Sokoto there arc such layers although they are
also quite irregdar. Similar deposits should be investigated in the
vicinity of Sokot), Such investigation work could be assiged to the
G8N which is highly qualificed for solving this type of problem,

C - Rescrve gtocks

Calculation of raw materials rescrves for the 8oknto factory
is significant only s far as the quantity of overburden to remcve
in crder to make these reserves avail:ble is also evaluated, As a
matter of fact, leaving aside the ratic limeat-ne/overburden, it is
possible to consider that thc reserves arc unlimited, since a large
part of the formation has the chemical composition required for
produciing clinker,

At the start, the GSN identified an area of 32,77 million egquare
fect corresponding to 109 million short tons of limestonc reserves
with a ratio limestcne /overburden of 1/1, This area is located beyond
the CCNN concession of land,

In fact, the quarry was »pened outside the arca designated by
the GSN and it has turned out that the ratin between the overburden
and the limcstone was in the vicinity of 1,6, For the present,
quarrying lcaving in place the lower calcarcous clay shales, the
ratic should be about 1.5, In any case, in view of the necessity of
2nriching the limestone series by lcaving in placc the lower calca-
reous clay shales, it is fclt hercin that, ut best, within the area
designated by the GSN, with a similar quarrying method as that
used at present at Sokcts, the ratio between the sverburden and the
limestone should still remain at 1, 3 to 1.4,

On this hypothesis, the rescrves of the prescent conccession are
estimated to be between 6 and 8.5 - 10 tons of clinker, by assuming
that the limestone formation can be quarried to a depth of about 7 m
and that thc ~verburden is 10 m thick. Only thc rcsults of a detailed
investigation could provide precisely these figures, These reserves
correspond to 100 000 t of unnual production during 80 years or
300 000 t of annual production during 30 ycars,

In any case, there are large possibilitics of incrcasing the
rceerves by oxtending the concession,
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D - Quarrying operations

Quarrying opcrations are composed of two parts : removal of
overburden and extraction of marls and limestones,

a - Remcval of overburden

Up until a recent date, overburden removal was performed
by an outsidc sub-contractor, For about a year, this operation ha
been carri.d cut by the factory with ite own cquipment, :

At present, the overburdcn to be removed is a mass of some
10 meters decep. It includes sands, laterites, clay shales and several
detached patches of limestone with phosphate.

The sands and upper part of lateritcs are removed by means of
a bulldozer. The hardncss and compactness of the latcritc and iron-
stone require blasting sc that this material can be removed by means
of a shovel and then loaded into dump trucks,

The deposit of waste rocks is located north/north-west of the
quarry about 300 maway from the working face. In the future, when
ever the quurrying operations will be sufficiently advanced, it will
be possible to place the overburden material on the floor of the
quarry behind the working face,

b - Extraction of limcstones and marls

The extraction of limestones and marls gocs down 7,0 m to
7.5 m in depth, with the lower clay shales being left in place,

Thesc materials arec removed by means of a shcovel and loaded
i nto trucks which dcliver the material to the factory,

On the basis of the arcas from which these matcrials have been
extracted, we have noied that the factory attempts to obtain twc
types of products : cne with high COSCa content and another with
low C03€a content,

The matcrial extracted from the quarry is normally sent to the
crusher and then to the factory hall, However, during the dry season,

rt of the material oxtracted from the quarry is stored within the
actory, before crushin:, for the {r luction neels luring the rainy
mearon, 2t which tie the quarry is not easily nccessible,
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¢ - Quarry eguipment and haulage facilitics

Quarry equipment currently includes :

3 Weser-Hutte TW12 1,5 cu, m. diesel shovels

1 compressor and 1 wagon drill )
8 Fodden trucks in more or less satisfactory condition

- 1 bulldozer,

When the factory was opened, 6 new Zettelmeyer Type A6 85 HP
dump truc's were purchased and after the first year of service they
were corrpletely worn out and their motors were used to replace
that of the bulldozer,

The operations were then carried out with 8 F odden trucks
purchased second-hand and 2 new trucks. At present, out of the 9
second-hand trucks, 3 are in gserviceable condition as well as the
2 new trucks,

Two other Fodden trucks have becen ordered.

It thus appcars that the quarry is adequately equipped for the
timebeing. However, the equipment is not carefully used, It is partly
almost worn out and in no case could handle an increasc in productm

d - Drainage of the quarry

Water seeps into the quarry from two hydrostatic levels : at the
base of the laterites and the limestones,

At the end of the dry scason, there still remained several
inflows of water from the laterites, but these should be especially
abundant at the end of the rainy season’when the water empties
from the ironstones,

| Inflows of water from the limestone layers are more abundant.
| They are located in the cracked area of the central part of the limes-
tone formation, the part with the highest limestone contcnt,

This water is collected in ditches of which one is located at the
foot of the working face being quarried. The water is then drained
out of the quarry by means of a pumping station. At present, although
considerable effort has been made, the floor of the quarry is very
irregular and sometimes sloped in the opposite direction thus making
itdfficult to drain water, in particular during the rainy season.
A highly valid project plans to reverse this slope so as to allow
quarrying in any season,
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Il - ADDITIVES

The only additive used at Sokoto is gypsum of which theoretical-
ly 8 7 arc added to the clinker,

After various tests, the gypsum currently used comes mostly
from Malbasa and partly from the vicinity of Sokoto. The gypsum
in both cases is extracted from the same gcological level in which
it is found in small beds 0.5 to 2 cm thick, in various layers
within clay layers. Thus, the product used contains a considerable
amount of impuritics and it should perhaps be washed to remove
some of these impurities,

Analysis of three samples of gypsum has provided the following

results :
Samples S and A F C Mg0 SO Co, K, 0 Na,0
3 2 2 2
insolubles
36 20,20 4.00 3.50 22.95 0.80 27.85 0.50 0,35 0,12
37 19.70 3.80 5.1% 22,35 0,70 27.75 0.60 0,36 0.11
70 17, 90 3.30 3.80 23.75 0.55 29,85 1,85 0,36 0.10

These analyses reveal the poor quality of thc gypsum used and
the large portion of clayey gangue previously referred to and which
results in abnormally high silica, alumina and iron oxide contents
and low S0_ content (1), The claycy gangue has a harmful effect on
cement (:h%'inkage, cracking, poor resistance).

Without purchasing imported gypsum which is very expensive,
the quality of the product delivered to the factory should be better
controlled and the factory should be more demanding as far as
quality is concerned so as to have a minimum of clayey quangue.

(1) The theoritical maximum SO0 content in gypeum is 46,93,
Fine quality gypsum has a sos ontent of 40 and poor quality gypsum
has a Io3 content of 38,
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IV - GONCLUBIONS ON RAW MATERIALS

Most of the difficulties facing the Sokoto factory since its start
up come from the raw materials,

At the very start, the Geological Survey of Nigeria warned the
Contractor who built the factory as tc the risk of opening the quarry
in the area quarried at the present time, The GSN foresaw that
this area would be poor in limestone und also suggested, in view
of the heterogeneity of the deposit, that a survey of the formation
be carried out with a 90 % recovery of the cores,

Since this advice was nct heeded from the very start, the
factory has had some difficulties producing a raw mix rich enough
in C0_Ca. This fact had been frequently noted and the raw mix was
often knt to the rotary Kiln with too little 003Ca content,

However, the chemical characteristics of the limestone serics
are on the average adequate for producing raw mix for the factory
with satisfactory quality, The irregular C0,Ca content results from
inadequate knowledge of the deposit and from its heterogeneiy In
order to solve this problem, it is necessary to have a high C0,Ca

3
comtent correction material,

It would be possible to obtain a higher lime content product
either by enriching the formation currently quarried or by orienting
the quarrying activitics towards the areas with higher limes content,
or by finding elsewhere limestone with a very high lime content,

The cnriching of the limestone series would increase the
proportion of the overburden and would thus result in an increase
in costs,

Orientation of the quarrying to areas with limestone having a
higher lime content is impossible at present due to the fact that
the deposit has not been sufficiently investigated, A detailed recon-

naiggance gurvey of the Ego!it thus appoars to be nccegsary,

Utilizsation of an outside source of limestone with a high Cad
conmtent would require a regional study,

The heterogeneity of the raw materials which contain products
with highly varied chemical characteristics would require a more
efficient homogeneization method than the one used at the present
time,




During quarrying and haulage, the materials are somewhat
homogenized, but the product delivered to the crusher is still
very heterogeneous,

As o result of the inadequacy of the homogenization facilities,
a largce part of these heterogeneous materials arrive in the kiln,
which leads to cement buriing difficulties and produces clinker

of variable quality which impedes the cement grinder from operating
at maximum capacity.

Provided that modifications, it is herein proposed for the
preparation of the raw mix and its homogeneigation be made, the
raw materials of Sokoto can be used for the " production of Portland
cement for which they are perfectly adaptable,




CHAPTER IV

PROCESS AN- RECOMMENDATICHS

In thie chapter we will first examine present operating
eonditions of the equipiment and will progressively indicate our
recominendations to improve plant operations.

Then we will study present manufacturing operations and
improvements wi.ich can be made, From them we will deduce the
potential the plant would iave were it located in Europe.

1 - EXAL.INATICN OF PRECENT CONDITIONS C7 EQUIPM.ENT
b RECOMY ENDATIONS

TING 1

A o AP oo A

A - Jaw material drying

Aa important cbservatioa is to be made concerning the dryer.
In point of fact, any stoppage of this unit exceeding 1 hour stope
the kiln,

From 19 March 1970 to 1 February 1871, equivalent to

approximately 178 days of kiln operation, 19 kiln stoppages were
@ue (0 the dryer. These were the result of various causes including :

- breakdowns in the equipment used to handle dry products
- breakdowns due to one of the rotary dryer's carrier rollers

It is unfortunate the chimney which seeme to have been deeigned
%0 remove the fumes from the kiln without passing through the dryer,
should the latter or an auxiliary unit break down, is not in service.
It would make it poesible to avoid kiln stoppages due to the dryer,
Thus, it must be used, and for this purpose it has to be equipped
with eyelone collectors or connected to the normal circuit used to
remove fumes from the dryer using pipes passing through this unit,

In the latter instance, opecial attention must be given to the
operating conditions of the kiln exhaust fan (gas temperature and

power drawn),

Operation of the hot gas fan is interferred with by deposits
appoaring on the blades. It will be difficult to avoid these deposits
and resulting usbalanced coanditions.
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Thus, speeial attention must be given to monitoring the
eperation of tuis unit and lLiaving the necessary replacoment parts
on hand,

In specific, it is necescary fo :

- verify that the measuring units and gas temperature signalling
devices are in good condition

- systematically orcanise outside and inside inspestion of the
fan and periodical .y clean the blades

- take samples of the deposits for purposes of analysis to keep
track of ciianges in the phenomenon and possibly determine those
elements which might lead to discovering its causes.

b - Rgw jrinding

It is equipped with a separator for closed-circuit operation, but
ummuuopummmuwmtumu
grinder is rather fine and grinder volume is sufficient.

It is uafortunate the screen at the grinder's output was not pleced
direstly between it and the Fuller pump, thus making it necessary to

Mmﬂnohﬂotoﬂmnmhmnuu.em
thtouuhumdmcmtulqunymhu

soasumption of kV/h.
C - Homogenization

Feinogenisation of raw materials is a problem which has beon
poerly selved in Jokoto although Ferrostaal supplied an installation
for homogeaization by fluidisation of the Airmerge type (system
developed in the USA by the Fuller Compaay).

Let us first review the operating theory of this installation.

Bach homogenisation silo (s equipped with porous surfaces divided
inte ¢ quadrents.

The fuidisetio: air is divided between a so-called active quadramt
and the three other se-called inastive quadrants.
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A large quantity of air is sent over the "active" quadrant,
whereas a small quantity of air is distributed over the three other
"{nactive" quadrants. The matter above the "active" quadrant is more
fluidized and thus less dense than that over the other quadrants and
it rises higher coming down on the remainder of the matter.

The dense matter of the "inactive'" quadrants in turn slips under
the highly fluidized matter of tihe "active'' quadrants. This leads to a
sort of vertical,continuous boiling creating an effective mixture and
providing homogenization of the materials.

Using the air distribution valve, the "active'' quadrant is
periodically changed, making each of the four quadrants active in turn,

The "high pressure'' active air compressor must be capable of
delivering this air at 1.2 to 1.4 bar, the preasure needed at the start
of the operation to change the matter to an emulaion ; once the emulsion
sxiste (normal operation), pressure of 1 bar is adequate.

The so-called "low pressure' "inactive' air compressor must
deliver its air at 1 bar at the outset followed by 0,7 bar (normal

operation).

The Fuller Company claims the Airmerge reduces deviations
(of Ca CCg concentration for example) by a factor of 10 (1). In point of
fact, industrially we have never encountered as high an improvement
as that announced by the Fuller Company.

However, sometimes (8) a reduction by a factor of 7 is obtained,
and, normally, it should be necessary to obtain a reduction by a factor
of at least 5.

Maximum efflicieicy, however, can only be obtained if the equipment
ie in perfect condition and if it is operated under good conditions.

(1) In other words, if the homogenisation silo is fed with a product
wheee conseantration varies by + 3 points around the value of 78, the
homeogenised product will have a concentration of 78 + 0.3.

(8) Ia point of fact, this reduction in the variations is very closely a
funstion of the heterogeneity of the materials entering the homogenisation
presess.
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We feel the difficullies encountsred by the plant in this
shop originated in :

1 - contradictions between documents provided by the
constructors. The homogenization system was set up according to
the plans of Claudius Peters N* PO 324 116 E. With this installation '
and existing equipmeat it cannot operate according to the plans of
Miag Z 39 264 (and the iote from Miag V 64553 of June 1568), In
specific, the high-pressure "active" air which, theoretically, must
be seat to but a single quadrant is sent towards 3 quadrants and the
"inactive" air, which shculd be sent to 3 quadrants, is only sent to
1 quadrant. 3ci>matically :

—— anee usm
'

' T
| Afr i This should give us 3 Actual installation
blown i N
A
over . Pressure |  Pressure
- - — -
One quadrant | "active" air 30 m3/ma | "inactive" air 20 m3/ma
; 1.6 bar { 0.6 bar
The other 3 | "inactive" air 6 m3/mn | "active" air 6 m3/mn |
i .

| quadrants 0.0 bar ! 1.6 bar

[}
4

2 - an unclear definition of the metliod to be employed in
offectively using the homogenization process.

3 - the need to hand operate the air distribution valves. Thig
maneuver must b performed every 15 minutes for a silo undergoing the
homogenizatioin process. For storage silos or for tapped silos, it is
desirable that the air distribution valve be operated every 30 minutes ;
however, this is less important than for the silo undergoing homogeniz-
ation. As it is, it is very difficult to get operators to systematically
repeat the same gesture every 15 minutes. To avoid this dull work,
motor-driven valves have been installed for the fluidization of cement
silos (where they are less indispensable). Valves of the same type have
been installed on raw material silos, but these are not motor operated
(1) (a proof that the changeover to the dry process at the plant was
performed at less cost than the initial construction in 1965).

(1) This operation will successively require the immobilization of each
silo, and this will considerably interfere with the manufacturing process




The econoinic report shows that things cannot be otherwise given
the competitive climate created by cement plants in the South which
enjey considerably better manufacturing conditions. Apart from
virtually identical costs of manual labor and electricity, this leaves
two factors :

- the price of fuel oil which is 3 to 3 times higher than in the
Jouth,

- the size effect (for example, a plant which is 5 times larger
has production comts which are 40 % lower) which is unfavorable
to the North,

As it happens, Sokoto is also handicapped by its distance from
to-day's major consumer markets and especially by the 130 miles
separating it from the railroad. Moreover, it has already been
pointed out that a large share of the deficit is due to plant sharing in
the costs of shipping the cement to far-distant customers.

Thus, major efforts are to be made in commercial and gouvern-
mental areas which can be summarized as follows :

- regional sales are to be improved and a single price used, with
customers paying for shipping. This will produce a slight
shrinkage in the market, more theoretical than real, however,
and the brief market study given in the report indicates that this
will leave enough to operate the plant at full capacity;

- the sales network is to be reorganized, especially by comparing
:?, profitability of direct storage with that of com:r.crcial
epresentatives firms. The same applies to the profitability of
the transportation service as compared with specialized companies.

An attempt rn:ust be made to negociate better conditions for fuel
oil shipping, for tie amount of the fixed allowance in the supply of
electricity and, if possible, for the excise duty.

There is good reason to believe that, with such arrangements,
factory operations will begin to break even. In point of fact, the
economic study shows that with 90. 000 t of output it is possible to
produce more than £ 300, 000 in amortization, However, the business
is still unable to provide for its survival, and other solutions must
be examined.

Possible diversifications as well as the use of groundnut shells
eanmet provide the basic answer and can only constitute additional
approaches sometimes difficult to put to work (the case of groundnut
shells is covered in a special appendix).

The true solution is to be found in the increase in capacity, and
the small amount of information given concerning the probable 1975
market shows there could be a twofold expansion,
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4 - porous surfaces of dimensions probably too small to
permit offective fluidization (and even if the porous surfaces were
sufficiently lar;’e, the silo's usable homogenizable would only be on
the order of £ to 10m. whereas these silos are 18m. high) (1). The
fill height/diameter ratio must be on the order of 1.3 t0 1.5 to obtain
proper homogenisation,

At the present time, new operating difficulties probably
come from :

- fou'inz of the porous surfaces making them ineffective :
the sitire installation should be clesned ;

- overfilling of the silos which are now only used for storing
the materials

- air distribution valve leakage

Given these conditions, the homogenization installation is
aot used, and the gilos are used virtually solely for storage purposes,
This leads to nonuniformities in the composition of the raw materials
which compromise the uniform operation of the rest of the installation
following this point and which reappear in the clinker and then in the
cement.

To rectify this situation, it is necessary :
1 - For experimental purpoaes :

« to modify the installation at one silo to be able to blow the
required amount of air by volume and pressure over a quadrant, the
other three beeing simultaneously supplied with "inactive air"

- at the same time completely overhaul the installation at
this silo and agcertain that the porous surfaces are clean and in good
condition

- determine for a fill height of 8 to 8 m the homogenisation
quality for this silo : variations in CaCog content must be reduced by
a factor of at leaat 5.

(1) It should be remembered these silos were designed for wet process
plant functioning.
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3 - If homogenisation is inadequate, it will be necessary to
inorease the amount of porous surface area (1) and thus modify (2) the
bottom of the < silos.

Thus, it will be possible to solve the homogenisation problem.
One other problem, however, will appear, that of the amount of volume
available for siorage purposes, since virtually 3 silos out of the 4 will
be taken up by one of the phases (filling, homogenization, analysis,
correction), and it will then be practically impossible to fill them by
more than 50 percent.

To solve both the homogenisation and storage problems (to
use their entire heigit) several silos could be modified by placing a
homogenisation stage in the top of each with the bottom being used for

stOrage purposes.

In any event, it is likely it will be necessary to increase
plant maneuver possibilities by building a fifth silo (to be reserved for
homogenisation purposes) to permit the proper preparation of the raw
material. To avoid this investment, homogenisation and possible
correction operations for the taaks must be performed very quickly by
the laboratory ; as it happens, the length of these operations is heavily
influenced by the quality of the raw material leaving the grinder and

by its sampling.

Moraover, the capacity of the fifth silo could be larger than
that of the presently existing silos.

In conclugion, the solution to the homogenisation problems
will require :

. eithes rather lengthy experimentation leading to investments
whose utility will have been thoroughly studied, and, in particular,
sufticiently large samples of industrially ground raw materials must be
studied at the laboratory and at a pilot plant ;

A W o A

(1) For 1 installation of the same type, we would have had a total blown
air flow of 31 m3/mn (14 m3/mn of active air at 1.2 to 1.4 ber and

7 m$/ma of inactive air at 1 bar) distributed over 4 quadrants each
having a minimum of 8 m3 of porous surface area {(instead of 3 m2 per
quadrant in Sokoto ; (cf. the Miag Z 39 264 -1 drawing).

(3) This operation will successively require the immobilisation of each
silo which will considerably interfere with the mamfacturing process.



IV."

- Or, new investments which can be already decided on (1)
and which, in any event, will be useful to plant functioning but which
might perhaps have been mininiized.

In our opinion, the first of these two solutions is preferable,
since it will make it possible :

- to accucately determine requirements,

« to cpecify the characteristice (air flow, porous surface ares,
necessary homogenization time, dimensions and so forth) of
the required installation,

- and thus to optimize the equipment and the cost of the
additional investment.

Future plant expansion is to be taken into consideration in
this study.

The homogenization elevator which should be used solely for
correction purposec operates without interruption or else the bottom of
the elevator bacomies filled with raw meal and cannot be started without
emptying this bottom,

This raw meal can come from two sources :
- leaks in the by-pass shutters of the air slides (silo emptying)

= or more likely (since it piles up to several meters high), the
decantation of dust coming from the dusty air travelling from
the oilos toward the dust removal mechanism through the
air slides,

Reducing the pressure at various points in the dust removal
eircuits, by closing off certain parts of the installation, will point to the
origin of the dust thus collected and indicate the modification to be
pesformed on the dust removal circuit,

Subsequently, if this elevator is used frequently for tank
corrections, the bottom of the elevator will not have enough time to
become filled up between two operations (naturally, it will be necessary
to check it).

(1) - anincrease in the porous surface area of the bottom of each silo
- construction of a fifth silo
= installation of additional compressors
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D - Rotary kiln and burning

The kiln's dimensions (length 60m., diameter 3.4m., length/diameter
ratio 17.6) are unconventional (1) for a dry process burning installation with
one stage using 2 heat exchanger cyclone collectors. This is a consequence
of the fact the plant was initially built to operate using the wet process with
a calcinator.

On first glance, this leads to high fume temperature and thus high heat
consumption due to the fact that exchange operations in the kiln are insuffi-
cient and that the m..:erial reaching the burning zone is more poorly prepared.

On the other hand, fortunately, the diameter of the kiln in the burning
gone is quite sufficient for burning the planned volumes.

A sizeable imbalance (a difference of 100° C between the temperatures
of the gasses entering the cyclone collectors) is seen between the exchanger
cyclone collectors and the kiln output due to the unsymmetrical use of raw
meal (3). This problemn can be cured.

The high temperature of the fumes (on the order of 360° C following
the cyclone collector stage) is favorable, moreover, since the fumes are
used to dry the raw material before grinding ; as it happens, this material
is very humid (commonly 14 to 18 percen. water).

Dust is removed from the entire gas circuit using cyclone collectors (3)
gome of which werea clogged. As concerns efficiency and power consumption,
electrostatic dust removal equipment would have been preferable, but the
cost of the investment would have been higher.

The kiln ig operated through control of :

- fuel flow

- kiln rotation spced

- the speed of the rotary kiln feed lock chamber
- the flow of primary air

(1) With one stage of cyclone collectors, the length/diameter ratio is more
commonly on the order of 30.

(3) Calibration differences can also explain part of this difference.

(8) The temperature at the bottom of the cyclone collectors, an indication
of proper removal of the recovered dust, must be monitored,
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As 1t hagpens, the ecnirel of the kiln rowiion speed and the feed
are not aynchronised. Given these eenditions, any disruption of the
busging proeess, correeted by the kiln speed, leads to problems vith
the burning wi.ose repercussions are still felt a long time afterwards
(pemping phenonmens caused by the irregular arrival of the raw
meterial in the burning zone in turn due to constant feed of the kiln
deapite variations in iln speed),

It would be desirable to develop and use a table making it posaible
0 oontinually adapt the speed of the loc: chambe~ supplying raw
material to the kiln to tlie kila rutation speed,

It would be much better if an automatic mechanisn: continually
synehronised those 3 speeds in order that the kiln operator no longer
has 0 worry sbout this operating parameter.

At the end of lNovember 1070 the fuel oil reheater (1) exploded. A
temporery heating system (the fuel oil circulation pipes had been
Jocated parallel to the kiln at a distance from the burning sone of
approximately | ‘om) iz in operation, but the fuel oil is caly brought
© & temperature of 60 0 70° (under the most favorable heating
conditions : during the dry period) which is inadequate (3) for obtaining
goed vagorisation of the fuel oll. The temperature previously desired
was on the order of 100* C.

Approuimately one third of the Rotary Kiln Control Stand equipment
no longer operstes. Conseguently, some major parameters for proper
kiln eporation (for example, pressure ia the {irst ceoler chamber,
sesendary air e perature) are ao longer available to the kiln operator,

- —

(1) In Appendix appsar the charecteristics of the fuel oil used ; we
would like to diav attention to the asphalt probably contained in this
fuel oll.

(3) We believe that at the time this report will appear, the fuel oil
reheater system will have heen repaired and that, consequently, the
fuel oil used will be at an appropriate temperature for good mechanical
vaporisation,

Bl |




Kiln eperation is thus disrupled :

- by the lack of incomming nieal due to the fact the reserve hopper
ie not fluidized (althougl it is the job of one worker to monitor this
important point) ;

« by the formation of rings and balls : the major cause of the formation
of rings in the kiln is uneven operation (both irregularities in the rew
material as well as irregularities in kiln operation and heating).

On the other hand, there do not seem to be too many problems due to
oaking in circuits pi >ceding the kiln or clogging of the cyclone collectors
(the portion preceding the kiln was in remarkably clean condition).

An inspection hole (with a redius of approximately 30 cm) in the heating
floor makes it possible (o @e what is going on in the cooler. At the time of
our vieit, it was open virtually all the time introducing cold air into the
upper part of the cooler, highly undesirable for proper thermal operation
of the kiln.

Lastly, as concerns operations it would be preferable to determine the
donsity of the clinker (1) from: samples taken at the kiln output and not from
hoee taken from the bucket conveyor in order to reduce the response time.

Ceoler

The pressure indicator in the cooler's first chamber does not operate
any more than the secondary air temperature meter. This is unfortunate for
quenching efficiency and proper functioning (3) of the cooler, especially
since the operators do not seem 0 have any precise instructions to change
the speed of the grating as a function of kiln operating incidence.

This speed must he modified t0 kiln operating conditions (normal
functioning or crust removal) and must be marked on the daily output reporte
(or recorded).

—— - . . o - 3

(I) Or free Cai.

(3) One minor detail : the cooler traps are often emptied without any concern
for the removal capacity of the bueket conveyor, thus leeding to the buckets
overflowing whea they receive oo much material in too short a period of
time (the equipment operetors should be asked not to open wide the trape
uwader the cooler in order to limit the flow of the fine clinker).
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mmmdurbmnmumhrmmumumn
| the speed of the grating and kila output. In case of insufficient volume
| for the grating speed, the clinker is not longer quenched (1) but, in
addition, distortion in the frame of the cooler is 8 poseibility. This
hes aiready occcured several times (it must be pointed out the quenching
eooler is s device which is very sensitive to operating mistakes).

K - Coment grinding

a) Yolume
Thie grincor has alresdy produced 15 to 16 t/h (3).

in April 1971, the volume produced by this equipment was
tasufficient in view of ite characteristics (dimensions, power, ventilat-
ten). The main sources of this insulficient volume were :

| - the leck of clinker quenching,

. insufficient CaC content (LSF too amall)

- sdjustment of grating openings and charges in grinding elements
to be changed, all causes which were worsened by the difticulty
in adapting the grinder charge to clinker of variable quality

E (and hardness).

How can this failing be rectified ?

The raising partitions remove the clinker very easily, and this
c.unmcmummmmgy- seems to be empty of any
material and rings very clear.

The clinker must leave the first compartment very well prepared,

and, for this purpose, some of the openings in the gratings at the
eutput from the first compartment must be closed (3) in order for the
elinker o stay long encugh in the first chamber 0 improve grinder

output (4).

E (1) As it is, in Chapter 1l (coment quality) we saw that quenching is
| eepecially important in Jokoto.

| tl)rmmwuvomwmmuuumnu
| 18, 800 . of coment without drawing on the stock which was very low
| uuumomrorunnmunmmmwdm

f poriod. The grinder operated for 798 hours, corresponding o &

| volume of at Jeast 15 t/h and evea 18 t/h if stock errors are small,

r (3) By welding steel billets some of which will perhaps have to be
| oliminated subsequently if the first compartment becomes packed 00

quickly.
(4) 1t will perhaps also be necessary o shorten the first compartment. ’
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Por he same reasen, it will perhaps alee be nescesary ‘o
mnmummmnmumw.

Simultaneously, we will see whether or not it is possible to
Nrther ventilate the grinder, since clogging of the openings of the
s between the first and second compartments will lead 0 a8
additional loss of charge (wowmhuomnlvuondnunnudm
finighed product recovered during dust removal which muat be of the
same order as that of the desired finished product).

We feel it is desirable to increase the volume of the grinder
through better adjustments and through modifying the quality of the
elinker .

Thus, we should be able to retura to the 15 to 16 t/h already
sbiained sarlier and the grinder will no longer be a plant bottleneck.

However, if need be, use can be made of the separator installed
ot the raw material grinder although it is not in service. Use of this
separator will provide an increase in production on the order of 10 to
18 percent but will necessiate s new adjustment of the charges and
s since use of & separator considerably modifies the gramular
éistribution of the cement and thus all of ite characteristics, eepecially
mechanical strength.

b) Uge

However, even if the grinder is properly adjusted, in addition to
the quality of the finished produet, the other operating conditions muet
be closely monitored (1) :

- volume (nﬂnr“mmunmdlm
of 3 %0 3 mn)

- consumed power
- charges in grinding elomonts

i gesd equipment efficiency is ® be obtained,

(1) Thie is ast preseatly the case.
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Ia aposifie, it is necesesry !

- 0 organise the systematic relsadiag and serting of the three
compariments. in specific, in April 1071, the balls and cylpehe
charges ia the three compariments had not been sorted for a long
tme. Notwbly, the first compartment had too many balls reduced
o o0 small diameters by wear,

Systematic daily or weekly reloading of the first compartment
can be performed by feeding in through the grinder's feed chute a
cortain number of large balls (an estimate of hourly operating consumpt-
ion 48 %0 be made over a period of three months. From thia can be
determined the mumber of balls 90mm in diameter to be added system-
stically sach week, as a function of the number of hours of operation,
in the first compartment),

- %0 regularly (1) determine (using the sxisting kWh and number of
operating hours meters) averags consumed power.

Thie is an excellent way of monitoring grinder efficiency.
¢) Molstre in the grinder

A the time of our visit, the gypsum bin in the bay was emply.
We hope it was filled before the rainy season, siace major ofticiency
losses {(due to clogging) can be the reeult of the moisture in the gypsum
(or clinker).

For the same reason, it is desirable to very likely cover the
buwoket conveyor transporting the clinker due to the heavy summer

reins (exposed length, approximately 30 m.),

(1) Theee recommendations slso apply 0 the raw material grinder,
but it i necessary 10 cbeerve thet the rew material grinder nermally
csnsumes far foewer grinder clomonts than the coment grinder.
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F - Shipments

All of the cement is shipped in 6-ply bags, no matter how much
distance is to be covered and whatever the means of transportation
vweed is, consisting of trucks followed by the railroad or trucks alone,
Cther, less expensive shipping methods (4-ply blg-. bulk) are to be
swdied and probably adopted.

It would appear the scale is not kept calibrated sufficiently
accurately. dince the scale indicating clinker tonnage produced by
the kiln is inop:rative, plant output and thus the output of various
units is evaluated afterwards by the volume of cement shipped
fellowing the indispensable stock adjustments,

Thus, for this purpose, but also to avoid disputes, it is important
% adhere to Nigerian laws, periodically calibrate the scale and
regularly check the accuracy of the weight of shipments.

Systematic comparison of the weighing slips for fuel oil trucks,
before and after unloading, with those of the plant delivering the fuel
oll, should permit locating any possible variations in respect to an
official scale on which these trucks might be weighed from time to
time,




Without esntiming, the centrester immediately undertosh o
senversioa 10 tie dry prosess of the equipnmont and &t his owa
cuponse, vwheade Uw savings in the correeponding eonversion
whish could only lead %0 operating difftculties.

Moreover, it would not appear that sufficient effort was mede ‘
both in the choice of foreign staff and in the \ralning of local
persoanel working at the plant.

Thus, given such conditions, it is not surprising the resulls
obtained with the start of operations ia the middle of 1967 were
rather mediocre on the whole ; particularly medicore as concerans
quality, and the considerable shoriage of cement during the past
few yoars in Nigeria covered over this deficiency which was very

dangerous for the future.

The results were also m.ediocre in terms of quantity, the

planned dry process capacity of 138,000 t. never having beea
r'aohd. since the average for the i years of operation was
.m t.

Sueh Jow output could only lead o major financial losses and,
in specific, the inability to develop the funds for amortisetion whieh
would have made it poseible (o make the instiallment payments agreed
on with the general coantrector, payments which originally tolaled
§ N 478,000 per yesr with interest. Bven more, the CCNN's
chligatiens 10 provide the § asrthern states with cortaia quotes
burdensd t.e compang with extremely high transportation costs
which could not be completely covered ia the sale price thue leading
t® an additional operating deficit.

Thue, this led 0 & major hindrence for the § northera staies
whieh, in 1908, inherited the indebtedness and, in spesific, the
pagment of the installments, einse, in addition, the federal

t which guseanteed the service subtrected the amount from
the annusl subsidies it normally awarded theee states. Thus, the
latter, worried about a situation they could see was hardly improviag,
besame concerned about the plant's future and ashed the UNIDO to
owlnncmhh.mb&bdhmumh‘d

light on the policies 10 be adepied.

This euamination was sesigned to the Sseiétd ¢'Biudes pour Jo
Développoment ot Seelal (SEDEJ ia Parie) which chiained
he toshnical aid of the Soeiétd des Ciments Lafarge. This missien
wae carried out ia Nigoria during April 1071 and was thea analysed
in Frenee during the aest three menthe. in partioular, deolivery of
campios gathered en the apet caueed & delay of soveral weshe.
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11 « EXAMINATION OF PRESENT CONDITIONS OF LABORATORY

A - Building and equipment
Laboratory operating conditions are poor :

- the building is in poor condition : very large cracks due to
sottling of terrain, It is not air conditioned.

- excessive vibration transmitted to the scales considerably alters
the accureacy of weighing operations.

- the sand used for mechanical strength tests is not standardized
sand. The substitute sand used must be subjected to at least 10 times
a8 many tests as have been performed in the past before being used,

- the methods used for storing the prisms employed in strength
testing are insufficient. The temperature of water used for storing the
samples is unregulated and frequently exceeds 30° C, thus fictitiously
increasing mechanical strength values (1),

Laboratory equipment must be modified. In specific, the following
should be obtained :

- & damp cabinet for the storage of test prisms before immersion

- vessels kept at a constant temperature by a regulatios making
it possible to perform ESS siandards tests under better conditions.

- & gas analysis unit of the Orsat type (the Hermann Morifs unit
is more complicated) making it possible to ascertain that the kiln
outlet fumes do not contain too much Oz and thus that there is not too
much excess air which increased heat consumption uselessly,

(1) Systematic experiments have demonstrated that, for concrete with
a concentration of 300 kg/m3 mixed with a water/cement ratio of 0,66,
the increase in mechanical strength when going from 18° C (normal
storage temperature) to 30° C is on the order of 500 pei.
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B - Chomisel Amieis

Bince the mechanical strength of a cement primarily depends on
the CaO, it is thie substance which will interest us firet of all.

In general, the magnesia behaves as an inert substance, but in
certain cases it can be dangeroue (cf. Chapter II - I1/C) ; thue, it
must be analysed separately.

The method used in Sokoto to analyse the raw material, a
volumetric method, in reality first measures the total amount of
carbonates in the material : caleium carbonate and magnesium
ocarbonate. Their, by a separate analysis, the amount of MgCOyq is
obtained and the amount of CaCOyq by a different method.

Normally, the laboratory only analyse e the amount of total
carbonates ; we have aever seen the N.gCUg and CaCOg in raw materisls
analyted successively,

l'oreover, in the laboratory records we found no analytic results
for the CaCOq and 1gClg analyses of the same raw material.

Sinse the reeults of these ordinary analysee, performed by
operalors at continuous stations, were expressed solely in terms of
oaleium carbonate, the measured result for Cal exceeds the actual
valwe, since the 2 to 3 percent of larger amount of magnesium carbonate
was ignored,

In addition, this method does not make it poesible to determine the
amount of lime which might be present in the raw material in any form
other than carboates, such as silicates or phosphates.

In studying these various points, we took a seriee of samples which
we had analyszed by the three chemistry technicians in the laboratory
responsible for co:tinually monitoring the quality of the raw material.
These samples v ere then analysed using the same method along with
{luoroscopy at the ceatral laboratory of CII.ENTS LAFARGE at Viviers.

The resulls of these tests appear in the following table :
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SOKOTO I LAFARGE
T S | uranoe
. Operator - Operator OCperator “ Volumaetric; Fluoroscopy
1 } 2 ‘ 3 i Analysis ' 4!

| i 'l; ; J v gOo '

TL N —— e e — . #CQC Mg .
114 . 71,5 ' 71,50 17,75 1 78,10 | 44,95 1.15
112 11,18 77,85 7.1 - | 44,95 1.10 !
100 ' 14,15 75,00 74,75 | 175,80 43,10 1.25
108 - 74,50 13,15 73,00 | 74,80 | 43,80 1.25 |
100 ' 12,50 12,50 73,00 | 73,80 | 42,00 1.30
117 11,25 77,50 77,25 . 785,00 | 44,85 1.20 |
116 | 77,25 17, 5( 77,50 | 76,10 44,75 1.30
108 ' 77,80 77, 75 7,18 | 79,00 | 44,55 1.18

)

. i ! . !
— s y E .

We should note :

« that the dispersion between the various Sokoto operators is low

- that the results of the Lafarge volumetric analyses are higher
tha.: those obtained in Jokoto. The difference between the two varies
between 1.08 and 1.75. This systematic error (1) may be the result of
inadequate calibration at the Sokoto laboratory. The contradictory
analysis of the same sample performed by several laboratories, would,

in the future, make it possible to avoid such systematic errors or
deviations.

The difference between the Lafarge volumetric and {luoroscopic
analyses is due to the uncombined lime in the form of carbonate : this
lime is combined in the form of silicates and phosphates.

It is on the order of 2 percent CaO or 3.5 per cent CaCOy if we
refer to the fluoroscopy analyses carried out in obtaining Graph V and
those performed on the £ samples above.

(1) If they are constant, the systematic errors are much less of a
miisance for the mamfacturing process than random deviations.
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As for the entire deposit, the M.gO content would be on the order
of 1.4 percent or 2.3 percent MgCO,. It can be seen the unanalyzed
CaO of the raw material is more or :iou compensated for by the
Iv.;gCOg (1).

The complete analyses are made by gravimetry using a method
more than 40 years old. Too commonly, the analysis total is different
from 100, thus demonstrating the analyses are erroneous (cf. the
December 1970 table showing clinker analyses, Chapter II, II/B)

In conclusion, the laboratory must try to better determine the
values of the raw material leaving the crusher and the raw material
leaving the grinder. Thus, it is necessary to systematically perform
the complete analysis of the raw material much more often than that
of the cement (the latter is the consequence of the former),

In specific, for the same raw material it is necessary to frequently
determine :

- the CaCOUg and NigCOlg3 contents

- the CaO content determined from the CaCOg
- the MgO determined from the MgCOg

- the total Cal content

and determine froimr this the procedure to be followed when only the
CaCOg + 1"gCOg or CaCOq alone are known,

«nly this rrethod will make it possible to place in the kiln raw
materials havine a correct CaC content.

(1) In point of fact, the amount of MgCOy measured in the raw material
leaving the grinder is less than the MgCOg leaving the crusher, since
the MgCOy is partly decarbonated in the dryer where it is in contact
with gas at 500° C.
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C - Sampling

Proper sampling of the produets is perhaps the most difficult
problem to resolve in the manufacture of cement ; the Sokoto plant
is not an exception to the rule,

Sampling at the crusher output is difficult to achieve due to the
material's granulometry. It is necessary to sample several tens of
kg. to determine the average analysis to a good approximation. This
is rarely performed in Europe ; in Sokoto, they are very far from this.

The sampling system using several levels in the homogenization
silos is not used. This is unfortunate.

Sampling of the clinzer at the output of the siln for purposes of
operating it is made from the bucket conveyor. The response time, if
a kiln operator's action is required, is too long.

Sampling at the cement grinder's output does not correctly repre-
sent the finished product, since the fines produced by dust removal
from the ventilation circuit are sampled haphazardly , depending on
whether the dust removal discharge occurs at the time the sample is
taken,

Given the present status of the installation, it is simpler to agree
to only sample the cement at the grinder's output, and for this purpose
it is necessary to keep the dust removal valve closed while the cement
sample is being taken,

Thus, samples of similar origin are compared (the systematic
difference between the Blaine finenesses of the product sold to customers
and that of the ground product sampled at the grinder's output is due to
the sampling method).

Naturally, it is neceassary to frequently check that the dust
collected in the dust removal device is always of the same fineness.

In operating the cement grinder, it is preferable to determine the
specific Elaine surfaces from these samples rather than from the
rejects on & screen, g

In point of fact, the specific Blaine surface better "'integrates"
the gramlometric composition of the cement and its hydration potential
than rejects on a screen.




-
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Lastly, the plant normally prepares average samples from
cement samples taken over a 24 hour period and studies them,

For the manufacturiug process, it is necessary to use both
average samples and instantanecous samples (in specific, in grinding
the raw material),

On the other hand, in determining the quality of the finished
product it is desirable to use instantaneous samples since, in the
final analysis, customers work successively with "'instantaneous
samples''and not with average cements.

D - Guality checkﬂg_

Effort to be made in those areas preceding the kiln will be
highly worthwhile, since the quality of the raw material and its
uniformity are essential factors in the manufactore of uniform,
good-quality cliniter and thus of good cement.

In other words, onee the raw material (ready for the kiln) has been
stored before reaching the kiln, it is difficult to repair measuring
errors and effectively modify the characteristics of the cement which
depends on its chemical composition (good burning is essential and the
proper addition of gypsum is necessary, but the latter must be applied
to good clinker produced using good raw materials).

Thus, it is necessary to concentrate most laboratory effort on the
preparation of the raw material, even if this means fewer controls
(if there is a lack of personnel) of the clinker or cement produced,

8) Raw mix quality

Given present conditions, the laboratory must produce the raw
material of the highest possible concentration compatible with :

- quarry characteristics

- burning characteristics

Subsequently, as soon as the personnel has been trained, the plant
must be operated at the lime saturation factor (1) which takes into

account the various capacities of the siliceous, aluminous and ferric
phases of the raw material for holding lime.

(1) LSF = lime saturation factor
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1V - TECHNICAL COEFFICIENTS

Plant operation is irregular (long kiln stoppages, shorter cement
grinder stoppages, but ncvertheless of highly variable length depending
on the month), T!is leads to highly irregular consumption of power,
fuel oil and various consumable materials (balls and bricks).

Consequently, oaly averages for rather long periods of time are
meaningful, especially since errors (inevitable when measuring the
stocks) can completely falsify the results of a given month and cause
n.aximum or miniivum figures to appear which Lave not truly been
obtained.

At the end of each paragraph we estimate those coefficients which
should be obtained when the plant is best adjusted, when the renewed
control and reorgzanization currently underway have borspe their fruit,
and, lastly, when the set of improvements mentioned earlier has been
instituted.

CLINKER / RAW NATERIAL RATIO

- — e -A—

The output of a kiln at a cement plant, not equipped with a scale
to weigh manufactured clinker (1), is estimated :

- daily, by multiplying the amount of raw material consumed
duriag the day by the clinker/raw material ratio (2)

- monthly using the same procedure, but also by calculations
performed using actual (or so estimated) stock of clinker and cement
a8 a base. The calculations make it possible to estimate changes in
the ciinker/raw 1.aterial ratio,

In point of fact, this ratio combines :

- the ignition loss of the raw material (essentially CO3 lost
by the carbonatec and removed in the fumes)

- all losaes in the form of dust (kiln chimney, cooler chimney,
various handling operations, and, possibly, leakage and so forth)

- all possible measuring errors and so forth

(1) The one installed in Sokoto is inoperative and would have given
"satisfactory"” results during a very short period of time. It would
appear it was neither sufficiently reliable nor accurate.

(2) See Chapter I-1I, paragraph C.

V-6

We believe this training must be carried out using active methods :
Have the workers discover by simple experience :

- the operating principle of the major pieces of equipment that they
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The ratio used in the calculations changed according to the diagram
below :

L 1969 N 1970 N 1971 >
& | - )
L v L 4
h—:d . h——lJ L—J
12 Jkys of 8 dn}’n of
kiln operation kiln oporuiomé days of
- kiln operation

Using a high clinker/raw material ratio it is easy to obtain erro-
neous outputs 10 to 15 percent high.

V/e believe that 0, 57 should be used in the calculations, This
figure is the clinker/raw material ratio for a 10 month period :

produced clinker . MA1,238% .
raw material used ~¢%, 068 0. 57

thus, there is a good chance of minimizing stock errars.
A - FUEL OIL

At the end of May 1867, during the acceptance tests which lasted
three days, the announced heat consumption for a clinker/raw material
ratio of 0, G5 was 1, 050 th/t, Operating records and documents for that
period to which we had access did not allow us to confirm this conclu-
sion,

In Marc 1671 we observed 1,180 th/t.

During the last 10 months, the plant consumed :
- sccording to kiln meter readings : 5, 828, 000 1.

- acoording to stock and received shipments records (Mobil Ofl
bills, fuel ofl at 40° C) : 3, 015, 0001,

V-1

4/ - available space and copy equipment for documents, since the
trained personnel will like to be able to refer to the documents they
will have helped produce or have understood.

5/ - lastly, that the plant's executives express their interest :
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(emtries, in the books are not always coheremt, bxt, on the whole, this
figure agrees with Mobil Oil fuel oil bills paid without any terms of

paymant),

Estimates of temperatures, stocks and possible meter variations
explain these differences.

Ve will use this last figure.

The lower heat value of this fuel ofl is :

9, 814 mth/kg (cf. Appendix)
or 117,635 BTU/Ib

for a density of 0.950 at 40°C,

During the last 6 months, with the 0. 37 clinker/raw material ratio
the plant should have consumed 121 kg of fuel oil per t of clinker,
giving a heat consum.ption of :

121 x 9, 814 = 1,186 th/t.

In point of fact, due to possible irregularity in fuel oil consumption,
#t would appear prudent to use a alightly lower value for the effective
heat value, for example 9, 300 to 9, 700 mth/kg.

V/e feel the well-kncwn causes of excessive heat consun:ption at
this plant are to be found :

- in poor consun.ption due to the temperature of the insufficiently
heated fuel oil,

- in the poor recovery of heat in the cooler (secondary air tempe-
rature too low. In addition, unheated air is drawn in through the
inspection hole located in the kiln operators'floor, an inspection
hole which is very often left open).

- unquestionably in the excess amount of air in the fumes (the plant

cannot mensure the 0, content of the fumes, and the automatic
Siemens unit never micuoned).
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We hope other Nigerian and neighboring cement plants (or other
companies) will agree to the principle of such traineeships.

It must also be recognized that certain types of training, for

avarmnla warn'init <o Iranadomas .t can alen he nravided at 8 CcOMMOERAY
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- in uneven raw ma‘erial quality creating irregularities in kiln
operation,

- in the large number of kiln stoppages requiring many reheating
operations.

Following the elimination or reduction of some of these causes,
we feel this plant will consume 1,100 th/t.

B - ELECTRIC POWER

During the first 9 months of the fiscal year (June 1970 to February
1971) the plant :

consumed 8, 160, 000 kWh
(minimum November 70 379, 000 kWh
maximum December 70 1, 006,000 kVh)
produced 42,1700 t of clinker
ground 40, 500 t of cement
shipped 40, 500 t of cement

corresponding to an average 148 kWh/t of cement.
At the present time, the distribution would appear to be as follows :

90 to 100 kV/h/t of clinker
50 to 50 kWh/t for grinding and shipping of the cement.

Following proper adjustments, we feel it will consume approxima-
tely 110 to 120 k'7h/s.

C - GYPSU I

Since estin ates of gypsum stocks are not performed regularly,
gypsum consumption can virtually only be determined by analysing (1)
the products.

(1) Account must be taken of the fact that a small portion of the 30,
in the cement is provided by fuel oil sulfur,

II - MAINTENANCE

As concerns tools, it is unfortunate that each cualified maintenance
worker does not have his own personal tools for which he is responsible,

Cl el lmanler & {m sssnfrmenbrermmbdbo dlive emomec et Fose o 2% 8. o =% . LAt .. % .
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With an average 1.8 to 3 percent 80, in the cement and gypsum
with an 80, comcentration of 26 to 30 perbent, we feel the addition of
gypsun. is'on the order of G to 7 percent,

It should be noted it is in the plant's interest to add to its cement

the largest amount of gypsum compatible with good quality (since,
in Sokoto, the gypsun. costs a lot less than the clinker).

D - TORN BAGS

The number of torn bags is noted very carefully every day. It is
possible to count on breakage of approximately 1 percent,

By perfecting the installation, it is unquestionably possible to
obtain u figure of 0. 3 percent for good-quality 6-ply bags.

E - PERSONNEL

In April 1871, the Sokoto plant staff (including Gusau, Kaduna and
Maiduguri depots) totaled 247 people (cf. distribution, Chapter V,

paragraph A).

Following reorganisation, we believe plant personnel will total
170. The reduction in the number of employees will affect all the
departments, but, especially, the general services (offices, courtyard,
gardeners, chauffeurs) and manufacturing services (including labora-
tory technicians on the production line). On the other hand, the number
of personnel in the electrical maintenance division should be increased.




V - CEMENT PLANT PRCDUCTION CAPACITY

A - ENVIRONMENT AND OUTSIDE CONDITIONS

Although weather conditions are favorable to the manufacture of
cement during the dry season, on the other hand during the wet season
rainfall and extremely violent storms considerably disrupt the manu-
facturing process :

- by the dampness in the raw materials used,
- by the shortage of electric power,
- by the flooding of certain pits,

Moreover, many weaknesses in the supply of electric power to
the plant cannot be compensated for by the plant's power generators
which are not strong enough to operate the kiln-dryer line (the same is
true for most cen.ent plants, but, on the contrary, the supply of
electric power is more reliable even during very stormy periods).

The Sokoto plant is located far from a major industrial center;
consequently, major breakdowns last longer due to the inability of
the plant's maintenance service to call on competent companies or
obtain the necessary supplies. Thus, the maintenance service is

frequently forced to use makeshift solutions (cf, dryer roller, fuel oil
heating).

B - IMPROVEMENTS TO BE MADE

From the production point of view (1), we feel it is urgent :

- to use the correction nraterial hopper by filling it with limes-
tone having the highest possible concentration of CaCOa to more
easily obtain the desired grinder output concentration,

- install an autor.atic sampler at the output of the raw material
grinder to better analyze the average raw material entering the
homogenization tanks,

- to properly operate the homogenization proccess (check its
proper operation by sample taps located on each tank) after
overhauling the entire installation as well as the motors driving
the air distribution valves,

(1) Ve will examine the other aspects, including management and
administration, below.
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- 10 operate the manufacturing process with hour-by-hour cal-
culations of the assumed CaC0_ concentration in the tank being
filled and by correcting for po:ublo limestone shortages,

- 10 return to service inoperative measuring equipment, warning
signals and safety systems,

- t0 improve clinker quenching (by an increase in the volume of
air blown over the first cooler chamber, pussibly to the detri-
ment of the volun:e blown over the second ckamber),

- to adjust the openings and the charge of the cement grinder as
soon as uniform clinker is produced,

- to standardize the plant's laboratory for better quality control,

- t0 reexamine the problem of replacement parts in light of past
experience,

- and to begin a large-scale training operation,

C - PRODUCTION CAFACITY

Those units we feel constitute the bottlenecks are :

- the hots gas fan,

- the homogenization systen,,

- the quenching cooler cooling fan,

- and the bucket conveyor.

However, we feel the entire plant (including the cement grinder),

i{s well blanced and subsidiary plant equipment all has good enough
characteristics for proper operation of the facility.
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In Sokoto, dwe to :

- technological difficulties in operation of the homogenization
process and, consequently, of the entire manufacturing process,

- increasing wear of equipment (1) and damage to some machines
subjected to makeshift repairs,

- bad weather conditions during the rainy season,

- and industrial isolation (difficulties in obtaining local repairs),
we believe that, if all the personnel were European, this plant
could only produce 90 per cent of its normal capacity in Burope,

For another few years we feel it is still necessary to add an
additional 10 percent reduction to take into account the shortage of
qualified staff personnel fully familiar with the plant as well as the
inadequate training of the workers.

D - CONCLUSION

In Europe, following s few improvements (especially homogenisa-
tion) this cement plant would be capable of producing at least 110, 000 ¢
of clinker (2) or more than 115, 000 t of cement.

In Sokoto, in view of current local conditions, we believe this
plant could procuce approximately 90, 000 t of clinker or 85, 000 t of
ceomant,

Should efforts at organising production (in specific as concerns
raw material quality) alrendy undertaken by the present general mana-
ger continue :

- if plant maintenance can be organised within a short period
of time and, as such, preventive maintenance substituted for
incident -by-incident repairs,

(1) There have been few failures in electrical equipment until the
present time, but the situstion is worsening.

(3) 330t/dally for 11 months,
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- if personnel training ean be expanded, which means the hiring
of a sufficient number of competent stafl,

WMMdmmhlw.MtMnmumy.mdem .
the minimum time required to reach this output level will be on the
order of 3 t0 3 years if the above conditions are met,




CHAPTER V

PERSONNEL AND MANAGEMENT

1 - PERSONNEL

£ - Present conditions

Chaiges in the number of worker and employed personnel
(leaving out staff and foreigners) have been as follows :

Vionth

1568 | 1969 . 1970 | 1om |

| ! _
! ' _:— '
6 12 1 6 12 1 8 | 4 |
; s
308 82 1387 s 64 245 281 ; U

-,

It is presently distributed as indicated in the attached table.

The turnover in staff personnel has been very high. Oriefly, there
were 5 different technical directors over a 5-year period.

Almost the same has becn true for the other staff pocitions, and it
would have been virtually impossible to redraw the company's past
personnel structures if we had wanted to due to :

- & lack of sources of information

- somevwhat unclear organization, with functions and responsibilities
poorly defined with functions overlapping each other.

Certainly, whenever necessary, the company structure must be
adapted to present ctaff persconnel, but it is the goal of the general
management to organise the plant along conventional lines.
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To use this criterion, it will be desirable to introduce to the
laboratory new methods of analyzing raw materials, much faster than
the methods presently used, including analyses by complexometry
and colorimetry (analytic methods using fluoroscopy which are very
rapid, have now been perfected but require the use of equipment which
is still very expensive).

b) Clinker quality

It must be verified that clinker density isc indeed a parameter
characteristic of burning (at many plants we ocoserved that clinker
density could not be considered to be a characteristic parameter of
burning and that we had to use the free Calcriterion. This led to regu-
larly determining the amount of free Ca0 in the clinker by the kiln ope-
rator or a laboratory technician) and, for this purpose, statistically
study the correlation between free Ca0 and clinker density,

c} Sypsum quality

It will also be necessary to examine the uniformity and quality
of the gypsum by studying a large number of samples taken at the
grinder's input to determine the risks involved in the addition of too
much or too little gypsum,

Moreover, the number of trials required to determine the time
required for the cement to set can be considerably reduced (this is a
lengthy, imprecise determination to which is to be preferred
determination of the 3Cg3 percentage).

If this determination is to be continued, the operator can be
satisfied with secing whether or not setting ic rapid.

In the future, the study of the optimum amount of gypsum will
maike it possible to take the best advantage of clinker characteristics.



NUMBER OF EMP__IpYEES AS OF APRIL 1971

‘ ' Type of Employees
Total e e
Grade 1 Grade2  Grade3l
U S A 4
T | | i
PLANT | | | '
] i
- Cuarry 12 3 .8 | 3
- Mamufacturiny posts 41 7 22 : 12
- Chipping 13 ; 3 L 10
‘ ! !
- Laboratory ; 20 8 | 6 i ]
! i
- Courtyard ... guards | 34 1 o ' 28
- Chauffeurs - 1 ; 23 9
- Truck maintenance 18 B 1 9 1
! ! \
; ! !
- Machine maintenance | 8 : 10 4
- Electrical maintenance = 6 ] [ 3 1
‘ ] i
- Cffice 18 ! 3 .18
. - T
TOTAL P 314 36 ‘ 90 ‘ 88
[ '
. !
WAREHOUSES i ;
; \
- GUSAY .15 |
= MAIDUGURI 3 |
- KADUNA Ly
TOTAL n
STAFF g
TOTAL 12

ALTOGETHER : 247
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The general manager, who receives his instructions from the
board of directors, is to have under his orders :

- & production manager responsible for the entire manufacturing
process including the quarry and laboratory,

- & maintenance engineer

- an individual in charge of the adminigirative and financial
services,

- & sales manager to be responsible for organiting sales and
adminigtering possible deposits,

It would seem: the plant suffered badly in the recent past :

- from the disagreements among the foreign personnel. A large
number of laboratory documents, with or without any value, is said
to have been destroyed by the chief chemist when he was fired,

- from the excessively fast turnover in staff personnel. Cne of
the effects of this turnover is a lack of knowledge of the documents
supplied by the various constructors with the equipment.

Sometimes there are mistakes in these documents, and a few
revisions have not been made. However, on the whole they are well
put together, and the user should be fully familiar with them, although
this is hardly the case.

A very large share of the plant's personnel can neither read nor
write, Conseque.tly, the professional qualificetions of both electrical
and machine maintenance personnel leaves a great deal to be desired.

Laboratory personnel are more apt to properly perform their work
(unfortunately, as we have seen, their working conditions are very

poor),
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B. Mmelﬂnuonn

The goal to be attained is plant operation and the manufacture
of good quality cement with the smallest possible number of personnel
and especially foreign personnel. However, and this is & national duty,
it is also necessary to raise the general level of the personnel's
knowledge.

Thus, we are proposing the following action :

1/ - INVENTOXY OF PERSONNEL AND CLASSIFICATIONS as a
function of schooling but aiso as a function of the understanding of
phenomena which determine the plant's operation for :

- the organization of classes

- posaibly better adaptation of the men to their jobs by transiers
between divisions.

2/ - INCREACE IN GENERAL LNO\/LEDGE

- .-

The organization of school-type courses after working hours will
permit :

- teaching all those desiring it to read and write

- raising the average level of those who already have some
educetion.

Attendance at these classes will be facilitated if there exist :

- financial encouragement (reniuneration or attendance bonus,
prise for good results),

- or a discouragement, whoever does not know how to read will be
dropped from the plant.

It is desirable that these clacses be shared with other companies
and that they be run by men [rom the teaching profession.



3/ - TRAINING OF MANUFACTURING PERSONNEL

For this training, it is desirable :

- to create a fourth team (below called D if the three teams which
work normally are called A, B and C),

= to have two men on each team having the qualifications of manu-
facturing foreman,

V/e propose the following diagram to organise the presence of
personnel :

HOURS ‘ 678 9 11 1213 1415 16 17 18 19 20 31 22

. - wem—

The kiln operator's during ;

i

|

‘z

job, for example, is ;: normal A E t
to be held by a team = time ! ' |
member | a4 -..+<.,, — s R : t
i during : : ;

training A C A D E |

| period ‘ |

1 - n _

When team's kiln | I j ’
operator is being | a A B g
trained : | i

Thus, the work schedule of team D, called the replacement team,

is on a daily basis. Each team, A, B, and C is to receive two weeks of
training out of every three.

However, it also may be desirable if some of the workers from a
team remain on the job for their 8 hours to provide uninterrupted work,
Only then will a part of teams A, E and C be receiving training, Either
the best or those most likely to advance most quickly are to be chosen.
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We believe this training must be carried out using active methods :

Have the workers discover by simple experience :

- the operating principle of the major pieces of equipment that they
\IIC, !

- the sense and raison d'8tre of the mu-urim units allowing them
to better operate thc equipment,

At the same time, it is necessary to develop analytic thinking.
Advantage of this can be taken to :

- have the best workers or foremen draft ''guide jobs'' using for
this purpose the notions and information concerning setting up, use and
maintenance operations supplied by the constructor,

= put together the corresponding technical reports.

This means :

1/ - that personnel, at least one engineer and one advisor (1), be
hired for this purpose, personnel whose sole responsibility will be
training. Otherwise, this personnel will too often be assigned to tasks
of immediate interest.

2/ - that this personnel have :

- eagy contact with the others

- an excellent pedagogical sense
- & taste for education

3/ - that this personnel reach an agreement beforehand with the
membeic of the staff in order that there be no misunderstandings
concerning the teaching.

— - - -

(19 Perhaps also an instructor. It is in the plant's interest that the
following basic training :

- in reading and writing

- in plant knowledge
be acquired rapidly in order that the employees not lose their interest.
For this training, qualified individuals on mission and assigned to the
Sokoto ministries can be used,
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4/ - available space and copy equipment for daecuments, since the
trained personnel will like to be able to refer to the documents they
will have helped produce or have understood.

i 5/ - lastly, that the plant's executives express their interest :
- in the training program '
- in raising the level of the knowledge of the personnel.

4/ - HI12IUG

. o ——

Among others, hiring must be aimed at rapidly raising the
qualifications of plant personnel and favoring the training of existing
personnel.

Thus, as soon as possible, it is necessary :

- to increase the number of Nigerian engineers on the staff,

- in Nigerian industrial cities to hire already trained electricians
and mechanics or hire young men who have recently graduated from
schools in Zaria and Sokoto.

- to interest young people attending the Sokoto schools in the
plant (1) and hire a few young men having the necessary basic knowledge
but who have demonstrated their aptitude for leadership (for example
in the army) in order :

- to increase the number of competent plant personnel

- and, to facilitate the training of the others

The best, if they recognize they are not being used sufficiently,
will leave the plant to the plant to the nation's greatest benefit.

8/ - TRAINEETIIPS

vTiile waiting for the personnel to be placed in charge of the
training program to be recruited, efforts can be made to increase the
knowledge of the Nigerian staff members by appropriate traineeshipe.

(1) Traineeships during school vacations. These young men are to be
followed and guided by the personnel in charge of training who will thus be
able to make a selection for future huring.
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We hope other Nigerian and neighboring cement plants (or other
companies) will agree to the principle of such traineeships.

It must also be recognized that certain types of training, for
example wareinouse manageme:t, can also be provided at a company
other than a cement works.

It can be noted that scholarships are sometimes awarded by the
French government as part of the aid program to Black African nations.
First of all, if necessary, these scholarships include an audio-visual
traineeship making it possible to learn French.

¢/ - FOREIGNERS

It would be desirable to agree to the necessity for :

1) - lonzer contracts than the 13-month contracts (including three
months of vacation) presently in effect, )

3) - adapting the mode of remuneration to the new Nigerian laws
concerning the transfers of capital abroad but also permitting :

- the hiring of truly qualified personnel concerned with handing
over their knowledge to the Nigerian personnel,

- and making the stay in Sokoto both desirable and lasting .



II - MAINTENANCE

As concerns tools, it is unfortunate that each cualified maintenance
worker does not have his own personal tools for which he is responsible.

Similarly, it is unfortunate the repair (machine, electrical and
garage) shop is lacking in some equipment (for example a milling
machine). However, when this shop is compared with the correspond-
ing shop at the ECN power plant in Sokoto, it is superbly equipped
(moreover, the cement works often helps out the power plant).

Above all, however, the maintenance division (machines, electrical
and garage) is lacking in qualified personnel, both staff and workers,
Thus, as soon as possible, they must be recruited from Nigerian
technical schools,

The presence of qualified workers will facilitate the implementation
of a preventive program., This maintenance technique,* which requires
systematic inspections by an excellent maintenance worker, ig indispen«
sable if the maintenance division is not to be inundated by unforeseen
breakdowns preventing any form of organization.

It should be noted the I'errostahl Company has supplied the CCNN
with lists of operations to be systematically performed and with the
desired frequency of repairs. These lists are very useful, but the work
described is difficult to perform if no qualified foremen are available,

This applies both to the macuine and clectrical maintenance division,
and for the latter, it is necessary to hire at least two electricians
responsible for maintaining electrical or monitoring equipment in good
condition but also t{raining their fellow workers in the repair of the
measurement devices used in operating the cement plant.

In point of fact, the proper functioning of the plant is highly
dependent on the proper functioning of temperature, pressure, speed
and other indicators at the installation's various strategic points.

Finally, it will be very difficult to make the personnel ''maintenance
minded" if the plant does not have a group of competent individuals in
the various maintenance divisions.
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The maistenanee division is highly dependent on the stock of
replasement parts available at the plaat. Thus, it is necessary to
oot up offective supervision of items entering and leaving the warehouse
as well as of the rcaidual stoek.

Heing out of stock of certain iteme is sepecially undesirable since
the plamt is located a lony way from induetrial ceaters.

*  Adminietration of thie warehouse in terms of quaatity and value
is naturelly very desirsvie, but at the outset administration in terms
of quantities can be settiad for.

J course, in this instance the book value of warehouse stoci. will
not be better known tian is presently the caue. It will be necessary to
continue (10 enter ae expeiditures the sparc parts orr warehouse supplies
as 900n ae they reach the plamt,

Subsequently and as svon as possible, heavy or expensive parts
or those eaeily referenced (for example bricks, balls, fan turbines,
%iln rollers and so fortii) will be administered in terme of value.
Gradually, administrative records v ill be kept of other parts of lese
importance.

As coucerns o ders, it is unfortunate major orders (balls, bricks)
are wndled vis thie intermediary of Ferrostahl.

Lastly, the plamt must be organized in order that specific
replacement parts may gradually Le ordered also directly from the
sugplier (Buttnerwerke, Siemens, P'eters and so forth).

Jpecial atteution must be given to inspection by the receiviag
department and 10 the stura,e of replacement parts. 1)

W G G R A ~ — - - - — - e o e maEEe e Wt N W - e a—

(1) In specilic, atteation o the dolomite bricks for the burning sone.
These bricks are very difficult te store. The containers mwst be
received sealed and kept sealed.
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Il - POOKKEEFIN

The sxamination of all annual plant spending clearly indicates
that fuel and povves cuanding are very large factors in the cost of the
cement and that it i3 desirable to take action concerning thess two
elements.

Thus, it is not aecessary to set up highly detailed budgetary
sdministration. ..owever, we fe¢l it would be desirable to plan for
the future and t:.ug organize plant bookeeping to know the orders of
sise of the operating cocts of the major shops among which muat
basically be distributed :

- labor

- power
o fuel

- and spending for replacement parts

Distribution of the amount of electric power used is possible by
means of the 8 individual meters installed in each of the main shops.
Readings are taken daily, but it would not seem they are used in a
systematic manner.

The estimate of stocks (clinker, gypsum and cement) should be
made monthly (by 2 or 3 individuals independently) to better determine
their influence on costc and better évhlunte ecuipnicnt pruduction,

IV - ORGANIZATION

The staff of Nigerian engineers should be expanded. As part of
the responsibilities they are assigned, they must see to :

- the maintcaance of discipline

- the wpdating of documents concerning the plant, for enample :
- mamifacturing files
- the results of tests carried out
- the condition of replacement parts and so forth

- finally the maiatenance of continuity in the organisation.
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d) Cement quality

A major effort is to be made at ascertaining that the quality of
the cement indeed correcpoids to BSS standards.

In specific :
- the storage conditions for the test cubes must be improved

- more extensive coirnarative tests must be performed on the
cand replac’ag the standardized sand.

Moreover, it will be necessary to ascertain that the undesirable
effects of the magnesia are not of any worry (tests in a laboratory
equipped with an autoclave) or, what would be even better, that the
clinker quenching is cufficient.

E - Attend_i_gg to magg_{acturigg:and checking

For a cement plant it is easential to monitor changes in the
characteristics of the raw materials, clinker and cement manufactured.
Thus, it is necessary to use the same equipment or be familiar with
the calibration of one in respect to the other if equipment is changed.

For example, several screens of different mesh sizes have been
uced at various tirnes to measure the ''90 4 -ajacticn'' without any
accurate lnowledge of the dates or changes which took place and the
cuaracteristics of the corresponding screens, Tius, given these
conditions, it is difficult to conpare the various obtained results (1).

Prodaction iine volume and finished product quality are basically
a function of the uniformity of the products being processed.

Efforts are to be made, thus, to standardize the entire process
starting with the initial link, a uniform raw material, and samples are
to e kept representative of the raw materials, clinker and cement
for possible subsequent comparisons. In specific, a check is to be
made of clinker hardness, for example, once a vveek, by determining
the Llaine fineness obtained for a certain number of revolutions of the
laboratory grinder (it is advised to make one grinding operation with
a certain number of revolutions), the rejects corresponding to the
N* 900 screen arc to be measured and one other grinding operation
is to be performed at a higher speed of revolution to determine the
Blaine finemess obtained.

—— o

(1) If desired, the screens used to operate the grinders may be screens
made in Gokoto, thus less accurate than standardized screens, provided
it is regularly checked (intervals to be chosen by the laboratory head)
that the correspondence between the standardized screen and screen
employed does not vary.



As concerns labor relations, we feel that contact between
division heads could be organized in a more systematic manner
(1t is true that when we visited the plant the number of foreign
personnel had bee:.: reduced to two individuals).

We feel this number is insufficient (and the plant director shares
our point of view), and more systematic briefings should be organiszed
to reduce the response time when the plant's staff has been increased
in number,

A B g



CHAPTER VI

*. . COST-BENEFIT ANALYSIS

As already stated, this study is to be carried out for a market si-
tuation and profitability which are considered to be normal, thatis after
the correction of the observed defects, while maintaining a margin of secu-""
rity in the form of "contingencies and miscellancous''. This means that the
figures used and thus the profitability situation will be attained only after at
least two ycars, that is around 1973-1974,

Since there is no analytical accounting method used at the factory,
it has not been possible to evaluate the cost of each distinctive operation,
such as: raw materials (from quarry) - clinker - cement- maintenance -
administration - capital charges. Thus the expenditures taken into conside-
ration are such as those of overall szlaries, fuel, ¢clectricity, packing, cte.
As already stated, the depot or warehouse expenditures have not been torken
into consideration for the present estimation details with the cost ex-facto-
ry. On the other hand, the Sslcs Manager, considered as indispensablc for
marketing of the product has been included in the calculations .

The expenditures have been dividad into two types:
- Variable expenscs
- Fixed cxpenscs

1 - VARL.BLT EXPENSIES

These are expenses or costs which are directly connected to the quan-
tity produced. In the present chapter will be considered: the quarry costs;
since they areespecially comprised of personncl costs, cost of equipment or
of the land , they can be incorporated in the fixed costs or expenscs.

The variable expenses involve fuel, electric power, packing and mi-
scellancous items,

A - Fuel

Fuel is delivered to Gusau by the marketer at 21.2d a gallon and has
a density of €.95. One mctric ton thus costs § 20.5. To this must be added
the cost of transport from Gusau to the factory. The fuel is currently transpor-
ted by means of large trk trucks owned by the Kadara Associated Traction,
a fully owned branch of NNDC. From December 7, 1970 to February 18,1971
the tank trucks made 22 trips carrying 63 000 gallons of fuel for a total cost
of £ 664/9/1, thus 2.54 d a gallon or Nigeria £ 2.47/ton.
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By taking into account some loss during storage and handling,
it can be cstimated one ton costs £ 23,4 which can be considered
as taking into account as well an cxtra amount due to the filling
of the kiln with gas oil when in operation (gas oil being worth
twice that of fuel) provided that the stops arc not very frequent,

Since the net heat value is 17 000 btu, or 9 600 "thermies''/t
and with the technical cocfficient adopted being 1 100 "thermies''/t,
the cost turns out to be :

23,4 x1 100
9 600

The international price of fuel is currently rising and thus it is
quite probable that this figure will become higher in the near future,
However, this rise will affect all cement factories in the world and
will certainly have an influence on the price of cement,

= £ 2,68/ton

B - Electric power

At present, . the average consurmption of electric power is
137 KWh/t. The technical coefficient adopted is 110 (it should be 95 -
100 for such a cement factory in Europe),

In view of the fact that cost ratcs decrcase with the quantity
consumed (sce Appendix II provinding the rates per bracket), it is
necessary to provide several cstimates depending on the production
volume,

Moreover, the subscription involves a large fixed sum of
£ 2 200 per month since the subscribed power is 2 200 KVA - the
incidence of which, it is felt, is too high and will of course vary
inversely with the production, The comment of the foregoing para-
graph will be used to integrate the fixed ccst, since it rcprescnts
about one-third of the total, with the variable costs - that is a sum
of £ 26 400 a year,

The variable rates on the basis of the KWh are as follows : !

For 5000 KWh 20 000 d

the next 5000 KWh

(up to 10 000) 17 500

the next 40 000 KWh

(from 10 000 to 50 000) 120 000

the next 100 000 KWh

(from 50 000 to 150 000 250 000

407 500 d (£ 1 697.9)
Thus 407 500 _ .
150 000 2,717 d/KWh

Above 150 000 KWh and up to 1 000 000 =2d
The following table is thus obtained :
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C. Packiy

At the present, all the production is sold in 6-ply paper bags manu-
factured by the Paper Sack Ijora of Lagos. Thus, 2s outlined in the Chapter
on Marketing, 80% of the production delivered to the North Western state
(i.e. theregion of Sokoto) could be packed in 4-ply bags. From the standpoint
of a new market distribution, the 50 000 to 60 000 tons required for the North
Western state (of which 20 000 to 50 000 for Sokoto) could be supplied by
CCNN. This means that as of now half of the production could be packed in
less costly bags and this is precisely the hypothesis which will be adopted
for the present evaluation - by taking the cost of the sack as being the average
of the two prices.

The 6-ply bag was worth up until February 1, 1971 £38.25 per
thousand ex Lagog An excise duty (10 + 5)% is to be added; this price has
risen to £ 40.75. By adding the rail transport cost to Gusau (£9/ton), the
dividing into consignments and road transport from Gusau to Sokoto
(£2.5 / ton) a figure of about £ 51,2 per thousand bags is rbtained and
taking into account a 1% loss duc to tearing, the approximate price is
thus £ 51.7 per ton of cement (20 bags):£ 1,034,

The quotation for 4-ply bags from the same source was not known in

Sokoto. It is assumed that the relation between the types of bags is same
as in Europe:

Type of bag Weight of bag, gr. - Relative price

3-ply (1) 185 56
4-ply 245 70
6-ply 375 100

On the basis of the same ratiog, the 4-ply bag would thus be sold
at £ 28,52 per 1000, thus dclivered, including freight:

£ 35.4 per 1000 bags
thus with losscs £ 0.173 per ton of cement,

According to the analysis of the market situation it can be assumed
that at least half of the deliveries could be packed in 4-ply sacks, thus at
an average packing price of £ 0, 875 per ton and a slight decrcase with
the quantity produced since it will be sold mostly on the local market,

(1) The 3-ply bag is widely used in Eurcpe for short distances ; it has
not been kept for Sokoto,
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D - Gxgsum

The average consumption of gypsum is 5 % of the weight of
clinker, The price currently paid for collected gypsum is £10/t
delivered to the factory. This appears to be high, In fact, at
Malbaza for a collecting distance which is hardly greater and
with salaries and transport costs being higher, thc cost is £ 4.5,
It is thought that the Sokoto pricc ig due mostly to inadequate
organization, and the pricc taken into consideration will be that of
Malbaza plus the transporting to Sokoto (200 km) which results in
a price of £7.5 /t, this price moreover comes within the factors
subject to increase for contingencies,

The price of gypsum per ton of cemcnt is as follows :
5 x 7,5

m‘— = 0,375,

E - Consumer products

There is first of the gas-oil used by quarry cquipment which
can be estimated at 35 000 gallons/yecar for 80 000 t of cement, i.e,
at a price of 45 d/gallon for delivered gas-oil, this amounts to a
cost expenditure of £ 6 500,

To this must be added on the one hand the ingredicnts (oils,
grease, cleaning cloth) estimated at about £ 2 000 and general
accessories (tubes, shect metal, iron sections, electrodes, hand
tools) for about £ 8 500, )

The total variable expenditure to be taken into account is
17 _000 . o 9 212 Excluded from this figure are the consumption
80 000 ) * figures for lorries and personal cars,

F - Excige tax
This tax levied directly at the factory for each delivery on the

account of the Federal Budget amounts to 20 sh/t of £1/ton, It is
subject to the temporary extra tax of 5 %, thus £1, 05/ ton,

G - Mineral rqglg

It is based on a rate of 8 d/ton of raw material, thus more or
less a lump sum of £ 0,04/ ton of cement,
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Il - FXED EXPENDITURES

Personnel costs

This is one of the mecst difficult aspects of the new organization,
In fact, it has been previously indicated that the factory was cur-
rently suffering from :

- too many workers, in particular in the laboratory and offices, at
the kiln and for driving of vchicules

- a lack of technical exccutive staff,

The reorganization should be carried out along the following
lines and be based cn the figures below :

A - Executive staff

The Nigerian staff should be comprised of 10 managers or
depcrtment heads, namely, general manager, administrative and
financial manager - and assistant - personnel manager - sales
manager and a commercial assistant - head of quarry department -
head of laboratory - an assistant head of production and an assistant
head of maintenance,

The technical executive staff should call upon 5 expatriated
experienced executives, namely,

- a technical manager, in charge of general organization and cost
prices,
- a head of production,

These two men being ccement specialists,

a chief chemist, in charge of quality matters both for the orientain
of quarry works and for factory controls,

- a mechanical maintenance chief
- an electrical maintenance chief

- a 6th executive in charge of setting up analytical accounting and the
organization allowing for control of the cost price, w -uld not neces-
sarily have to be an expatriate ; his mission would be limited to
one year, The cost of this executive has not been taken into account
in the final total, for he would have to be convered by the interim
costs for putting things in order,

The current salarics paid to expatriates in Sokoto do not appear
to be high enough to allow to have personnel with the required
compeerre and authority,
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In fact, on the one hand salaries are constantly and rapidly
increasing in all industrialized countries, and on the other hand,
it is necessary to provide for the necessary social sccurity and
pension which are gencrally available in Furope and all the more
so since the person involved must contribute to them with his own
funds, since the CCNN does not offer these services ; it should at
least take on the holiday pay.

To sum up the financial situation could be as follows :

a) Nigerian staff

one at £ 3 500/year 3 500
three at £ 2 000/year 6 000
three at £ 1 250/year 3 150
three at £ 750/year 2 250

15 500
+ benefits and gratuity 2 000

17 500
b) Expatriate staff (1)
one at £ 6 000 6 000
two at £ 5 000 10 000
two at £ 4 500 9 000
25 000
+ extras (trips, gra-
tuity, medical care,
holidays) 7 800
32 500
50 000

Although it may appear to be paradoxical for 5 people under the
General Manager to be paid more than this manager, there are
however quite legitimate reasons for this in view of the rarety of
competent personnel and the large demand for such people in
industrial countries,

(1) As far as expatriate staff is concerned, the salaries and bencfits
indicated herch arc still lower than those offered by the new cement
factory in North Cameroon (FIGUIL) which is currently recruting its
executive staff,
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The case is not exceptional in Africa and it is possible to pay
part of the salary outside Nigeria, The difficulty of finding volunteags
teers with experience for working outside their country indicates
that although- this higher price is at present practically an ineluc-
table condition, Or else, only candidates not accepted elsewhere,
and thus unsatisfactory, will be available,

B - Workers

It has been seen that the labor force should be reduced
to 170, not including those in warchouses on the basis of the
following breakdown, The current rate has been slightly increased
so as to take into account the rise in the cost of living,

Monthly allowable Monthly amount

Number

rate (£) (£)
Grade III 12 68 820
Grade 11 20 68 1 360
Grade 1 31 36 1 120
172 3 300

Incrcase of 15 % for overtime,
transport allowance, medical care 3500
: o 3 800
Thus for a year 45 500

In total, the personnel item comes within the fixed costs for
an amount of £ 95 500 which will also c::c¢ within te amut sibmitted
for contingencics,

C - Sparc parts

This is a very important matter and no accurate estimate
can be made on site, because of the initial stock and operating
accidents of which some can be considered as being abnormal,

It has been deecmed to be more rational to base oneself on
European consumption figurcs and multiplying them by a high factor
in relation with the severity of climatic conditions (heat, seasonal
humidity), the limited experience of the executive staff, the less
regular production operations, as well as to take into account the
size effect of the factory in relation to Furopean factories if the
spare parts are dealt with in terms of the number of tong of cement
produced,
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This coefficient has been evaluated at between 30 and 60 % ;
40 % has been adopted for calculations,

Another important point is the difference in cost at the European
factory and the cost at Sokoto, The analysis of several invoices
revealed a markup of between 120 % (in the case of bricks) and
50 or 60 % (in the case of electric motors and mechanical parts),(1)
In fact the FOB price includes the cost of special packing for
shipping and marks up the price in Furope ; in addition one must
take into account that in certain coses the products were sent by
plane, For these rcasons, the average marky of 100 % on European
prices should be applied in Sokoto,

Our reference for normal estimating will be the consuraption
of 211 the French cement factories of the Société Lafarge (14 factorks
for 7 million tons in 1969), This consumption of spare parts was
4,50 F/ton or £ 0,35/ton. By applying the preceding factors, we
thus obtain a forecast figurc of 0,35 x 1.4 x2 = £0,.98, In order to
determine the total annual expens, this unit consumption will be
applied to the average production of 80 000, corregponding to an
annual expenditure of £ 78,500,

In fact, we estimate that for 1 000 t or more the consumption
will hardly be greser ; and that similarly it will be reduced only
slightly for production volumes of 10 000 to 20 000 tons less, If
the consumption of balls for sockets is in fact decreased, weardown
due to more interrupted operations and the eg effects of thermal
shocks and expansion in the kiln, the cooler and dryer cause prema-
ture wear down,

The sum provided for the spare parts will also be taken into

account under contingencies. This markup will also cover certain
exterior repairs which may be required during the year,

D - Overheads
This tiem covers :
- work insurance covering personnel

- stock insurance (petroleum products, bags, warehouse, supplies)
- equipment insurance (building, cars)

(1) As an example, the following is an approximate estimate for a
92 t consignment of bricks from Germany :
CIF price £ 4 350

Shipping 1 300
Duty 2 150 (rate 33 % + 5 %)
Transport 1 730

£ 9 500

Thus, 20 -
9 50(‘); 353 350 . 4119 % markup on price in Europe,
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The best equipment and finest personnel, however, do not protect
a laboratory from unsuspected deviations. To avoid them, or at the
very least detect and correct them, it is necessary to perform frequent
calibratione. For thic purpose, it is necessary :

- to compare the iresults obtained in Jokoto with the raw materials,
clinker or cement with the results obtained on the same materials
by other laboratories, cement plants, official Nigerian laborator-
ies or other nations.

- test in Sokoto thoge cements considered to be standards
- test the cement test press using crushers

- lastly, using standard cements, test the sand used for the
mechanical strength tests (large lots of this sand are to be
prepared in o~der that the cost of checking its quality may be
acceptable),

In specific, it will be necessary to ascertain that this sand
contains no impurities capable of speeding up or slowly down
the cement setting process.

As concerns production volume, ignition loss is to be determined
most frequently (1) in the laboratory, and it will be compared with that
resulting from stock calculations to compare, on a month-to-month
basis, changes in the clinker - raw material ratio with changes in
measgured ignition loss.

Lastly, it is highly desirable that the laboratory be rebuilt as the
plant managerc have been planning, and that it be equipped with
aircouditioning.

ARy S S . T e G -

(1) In the laboratory we only found two values for raw material
ignition loss.
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- administrative expenses (paper, PTT, approvals, business trips)
.- accomodaticn expenses for executive gtaff (maintenance, water,
elcctricity, gardening, keeper)
- gasoline consumption of vehicles assigned t.. perscnnel about
15 200 gallons /ycar
-legal services and Board of Directors costs, (cudit. ,)

With-ut going into the details of this iters, it is estimated that
the forecast provided by the CCNN, namely (administrative personnel
and medical costs accounted for elsewherc will be excluded)
£ 45 500, is toc high and a sericus effort should be made to bring
it dewn to £ 25 000 including contingencies, It may be possible to
make certain savings (insurance, participation cf personnel involved
in accomodation ccsts, gasoline consumption),

E - Working capital fund

Although working capital funds are to a certain extent
variable with the production output, they should be considered as
fixed costs within the limits of the producticn anticipated,

Thege funds shculd cover direct production costs during abcut
threc rionths, With these dircct ccsts being about € 11 /ton, a fund
of £ 250 000 is required for an annual production of 90 000 tons,

The corresponding capital will be agsurmed to be borrowed from
regional banks at an intercst rate of 8 7, Thus thc annual cost of
£ 20 000 will be adopted and taken into account under contingencies,
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111 . COSTS AND DEPRECIATION

By applying the data just given to cement plant output of between
4Q000 and 100, 000 t. we obtain the following table for per ton costs.

It should be remembered this output combines all increases in
productivity detailed in the previous chapters. Since some can be
very difficult or very long to achieve 80 long as no experienced
personnel and organized stock of replacement parts are on hand, we
have provided for contingencies calculated, as is the rule, on10
percent of the total.

In point of fact, the factors not requiring any efforts at productivity
should have been left out, these being the excise duty, royalties and the
bags. We have kept them, and this means adopting contingencies of
approximately 12 percent.

Output in tons |

B T

40.000 50.000 IOO.OOO 170,000 | 80.000 90,000 ' 100,000

per year
Cost of factors ! 3 ' |
in m L . JL : 4 L
Fuel ofl : | 2,68
Bags ‘, ; ; ©.875 |
Gypsum ‘ | . 0,375
Consumables | ' ; "0.212
Excise Duty \ ' 1.0 |
Royalty : : 0,04 ’
| 5.2 5,333 5,3 TN 523 5.2 5.2%
Electricity | 1,676¢ . 1,417 1,417 1,345 1,287 1,344 1,208
Personnel © 2,387 ' 1,591 1,391 1,364 ' 1,153 1,081 0,938
Spare parts ' 1,862 1,308 1,308 1,121 0,981 0,872 0,788 4
General expenditures « 1,125 0,750 0,750 0,643 - 0,562 0,300 . 0,450 i
and bank agios ‘ ; . |
Total . 13,382 . 11133 10,298 §,705 9,355 8,008 . 8,681
3 ! , : . r :
Contingencies ' 1,288 . 1,117, 1,033 0,975 0,935 0,891 0,089 !
10% rounded off 0 ‘ : ' !
Direct cost 1,03 12,25 1LY q0,68 1018 6,80 080
‘ ‘ ' : : %
& R S d

Theee results are expressed in the attached graph;
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This leaves capital costs to be taken into account, in other words
depreciation and interest on the loans. In doing this, we do not take
the past into account, in other words the excess amount paid for the
eonstruction (resulting, for example, from excessive shipping costs
for the equipnient, losses involved in changing currency, the over-
estimate of the quarry), of certain auxiliary facilities such as the
depots, since we are basing our calculations on the ex-factory price.

In addition, we are not tacing into account successive operating
deficits covered by a part of the loans. Also, we will calculate
depreciation on the total as given in Chapter I and which, in our opinion,
repregents an approximate figure which is fairly correct although at
least 10 percent nigher than the true value.

We will not depreciate the purchase of the land, the latter being
congidered to maintain its value,

Investments and depreciation are divided into 3 major categories
whoee approximate totals are as follows :

- buildings, various structures and quarries
¥ 650,000
Depreciation over 20 years, or yearly 32.500 ¥N

- Production equipment : 3.200.000 ¥k N
Depreciation over 10 years, or yearly $30. 000 KN

« Dumpers, vehicles, office equipment and
household equipment
N 180, 000 or over 4 years 4.000.000 LN (1) 37.500 LN

390,000 ELN

Thus, it eappears immediately that even for 80, 000 t. of output
(deprecigion is then LN 4.33/t), they cannot be completely covered
(9. 00 of direct cost + 4.33 = 14.33, a figure exceeding the sale price).
Thus, there is no queation of being able to cover the interest on the
borrowed funds (supplier credits or others).

(1) This figure of LN 4, 000, 000 corresponds to i 35/t yearly of capacity
for a dry process plant, which, as we have said, would have a capacity
of 115,000 t in Europe. As it happens, such a plant located there would
coet approximately 168 k/t., thus giving an increase factor of 2.2 which
is acceptable, accepted figures varying between 1.3 and 1.5 for a plant
near the coast and up to 2.5 to 3 for a plant located a long distance

from the port and access railroad (but all with little duty taxes).
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In point of fact, however, this treatment of the problem, orthodox
in terms of depreciation, does not seem precise enough to us in terms
of financing costs, since the reserves for depreciation are used in
repaying the loans, and annual interest will thus gradually diminish,

Consequently, we will examine possible viability using another
method whicii, moreover, is indispensable with a view towards financial |
restructuring of the company.

IV - FINANCIAL VIABILITY AND RESTRUCTURING

It is important that each year the company produce :

- the sum corresponding to periodic purchases of equipment
which depreciates rapidly and for minor work or productivity
purchases. This sum is estimated at a minimum [N 40,000
and preferably 6C,00C. \/e will take 50.000.

- the coastant annuity on the interest and depreciation of that
part of the capital to be consolidated as borrowed

- possibly (statutory or other) interests on the capital which can
be evaluated at 5 percent or, here, LN 80.000. We will forgo
this entry, since, as such, the stockholder states benefit
directly through cheaper gupplies

Precedently, the calculations of direct costs led us to the
following margins produced by the company $

1

Annual Output 50.000 ; 60.000 . 70.000 | 80,000 | 90,000

+ $

Per ton margin 1,35 ' 2,17 3,82 3,33 3,7

(difference at i 13.5)

Total produced in ¥ 62.500 ; 140,200 157,400 | 265,600 333.000

Total available apart from

12.500 | 9C.200 147,400 215,600 | 283.000
annual needs (§ 80, 000) ‘ ‘ ’

e et e e e =

Given different possibilities concerning the borrowing time and
interest rate, the available margin corresponds to the constant annuity
of a loan whose figure is given in the following table for the 80, 000 t.
output considered to be normal,
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V . v

Rate Coef. L 10-year loan | Coef. li 2-year loan | Coef, {1 5.year hcr*
6% 15,59 i 2.080, 000 11,03 r 2.380,000 10,30 J;r2.750.000
T % I 14,24 '- 1.980. 000 N 12,59 1'2.250.000 10,963 }2.59().000
8 % lr 14,0 1.£00.000 3T13,27 ;2.125.000 + 11,68 32.410.000

The major elements in a financial solution to company
restructuring appear as follows :

1/ - a reduction by 50 or, even better, 75 percent in the capital stock,
since this capital can never be paid back in its original amount. Thus,
the new total would be 400, 000 K.

2/ - An increase in this capital for a new inflow of fresh money to pay
for company reorganization, As an example, a twofold expansion would
make available I 400, 000.

3/ - Elimination of the company's present indebtedness which has
passed its due date

4/ - Consolidation of present indebtedness in an amount to remain less
than or equal to I 2,000, 000 for a 7 or 8 percent rate over 12 years,

The § 2,500,000 figure given in the preceding table as the
maximum amount which can be made profitable and depreciated
corresponds closely to the present undepreciated value of the plant,

In point of fact, the latter has operated for 5 years of a total
lifetime of 15 years (4, 000, 00C x 10/15 = 2,700, 000 i) which means
entering the depreciation ana:ities paid until now in the profits and
lossec column,

Cther solutions can be examined (for example current account
advances, convertible following the reorganization into stock or bonds)
which had the advantage of creating greater flexibility for the transition.

It will be up to experts and accountants to determine with the
NNEC directors the most appropriate method of defining a viable
structure adapted to the company's potential.
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I’oreover, a change in the production plant, for example an
increase in production capacity, would considerably modify financial
results including the ability to pay back capital already invested or
capital to be mobilized to carry out the change.

From a realistic point of view, first of all it is important to
reorganize the present financial structure. However, the chances of
obtaining good profitability can militate in favor of a structure reserving,
to a certain degree, the rights of the first lenders who have agreed to
the cancelling of their debts.




CHAPTER VIl

THE MARKET OF THE SOKOTO
CE MENT

It should be recalled first of all that in the terms of reference
of the contract only cursosy verification of this factor was required
in order to determine whether or not this Was an obstacle to
satisfactory operation of the company.

A comprehensive study was in fact requested for the specific
surveys in each of the consumer sections both public and private
in all the Northern States among competitive suppliers in the south
and transport organizations, The whole study taking into account
the middle term of both the reconstruction phase after the war
period and the expected major petroleum product developments
which will make it possible to intensify the public investment cffort,

These factors cannot be considered from Sokoto, and especially
within a short delay. However, the lack of information on the future
marketing problems turned out to be important for the study of the
future prospects of the ccment factory (marketable quantity at a
profitable price), Thus, in view of the above mentioncd shortcomings,
it has been felt necessary to exarine this problem more carcfully
than expected, This was don¢ more or less under the poor condi-
tions in Sokoto and without statistics on imports and production for
cach state which, duc to the recent troubled period in the caintry,
was not very significant, As an indication, given in the table
below is the total consursption in Nigeria since 1966,

I Total in t cement |

with 5 % gypsum
on clinker

Irported , Imported ~  Nigerian
‘clinker (t) , cement-(t) = production

‘Year

1966 93 000 160 000 002 000 1 260 000
1967 38 000 137 000 750 000 927 000
1968 42 000 80 000 557 000 681 000
1969 49 000 108 000 564 000 723 300

1970 37 000 214 000 292 000 545 000

(6 onths) (rythm of
§ ' 1 100 000 t/year) |

1 "




VIl 2

It can be seen that the events from 1967 to 1969 resulted in
difficulties. The 1970 consumption as compared with that of 1966
shows that a potential derrand was certainly not satisfied,

There are three possible ways of approaching the marketing
problems from Sokoto :

1 - Designation of the geographical areas constituting a true market
for the cement factory in the near future, which would be
competitive with the factories of the south and the ccnsequence
of this,

Il - A rapid survey among consumrer services of the state of Sokoto,
with the intention of combining thc first approach,

II1 - Indicative evaluation of the order of magnitudes of consurption
in the Northern States through an eccnomic correlation,

It should be pointed out again that this document is incomplete
and possibly contains some uncertainties, thus it would be advisa-
ble to carry out such a study in greater dectail,
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I - GEOGRAPHICAL LARKETING ARFEA

It has been previously stated that the Sckoto cement factory was
built by the group of six Northern States in order to ecnsurc a part
of their supply of cer-ent, But this is justified only if nc cther
scurcc of supply is available at lower prices, This is to be exami-
ned by cormparing the prices of the cement from Sokcto in the six
states with the delivery conditions fron other sources,

Comptetition from imported cement will be excluded in the
present analysis, In fact, the CIF price of this cement is normally
fror £17 to 7.5 (8ome irmports arrive at duriping prices, lower than
€ 6 to 6,5 and cannot be a reliable and regular sourcce, but only
several opportune occasicns), To this price must bc added a very
high customs duty (43 %) and various sther taxcs, The toal reachs s0 12,5 to
13 £ at the part which compared to € 13,5 ex Sokoto does not
leave cnough difference for transport for this imported eer-ent having
a chance of being competitive in the north,

Thus, therce remains essentially the Nigerion cement from the
south, This cement is currently produced by :

- the Ewekoro factory with a capacity »f 250 000t in two kilns

which provides cement under the trade nare "Elephant' at £10,5/t

in 8-ply bags, In 1971-1972, this cement factory will increase its
production to 843 0G0t by the installation of a third kiln, This factory
is provided with a siding trock and is located some 30 miles south
of Abeokouta, It i3 opercted by APC,

- Nkalago factory, with a production capacity of 200 000 t, but is
currently closed down, however it should be reopend in 1973, This
factory uses coal frorm Fnugu which is closeby (32 miles), The
engincering services are provided by the Danish firn Schmidt,

- the Vkpila factory project (to be locoted between Auchi and Nbiala),
although planned to be small, will be discontinued duc to difficulties
encountered with raw matericls for correction, for the limestone is
too pure,

- milling clinker from Lagcs (Lagos Cement Works) : this factory
has a small capacity and processes imported clinker and gypsum,

- the Calabar factory appears to have been convpletely destroyed by
the war,
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111 - MANUFACTURING CONTROL

A . Present situation

To easily feed the crusher during the damp season, large stocks
of raw materials are assembled during the dry season near the crusher.
Ve are afraid the plant will encounter crushing problems when using
these materials which will have soaked up water.

In the storage bay the crushed material is separated into 2 heaps,
one with a low CaCCg and tie other with a higher CaCOg content (1).

The travelling crane feeds the grinder hopper from these two heaps,
It is unfortunate that the orders given the travelling crane operator do
not take sufficiently into account the CaCOg content of the full tanks (as
could be estimated from the measured concentrations of instastaneous
samples taken at the grinder output).

The grinder output raw material is sent to the tanks, and the
laboratory tries to feed the kiln with a raw meal containing 74 to 74.5
percent CaCOg, but the means it uses to obtaia this result are very
limited since it is virtually impossible for it to determine what is
actually in the tank {due to a lack of homogenization) and correct it.

At the present time, since there is no correction material (1)
available and the concern with cement sales comes before quality, the
laboratory is virtually trying to produce the raw materials having the
highest possible concentration and use the highest concentration tanks
(2) to feed t:e kila. “7hen it successfully manufactures an overproport-
joned tank, it mixes it with an underproportioned tank or simultaneously
feeds the kiln with the two tanks (here arises the problem of mixture
quality and uniformity, difficult to obtain from inaccurately adjusted
silos).

(1) Cf. Chapter Il - I1/A/C/4. During our stay the heap with the
higher CaCOjg content contained 76.3 percent of CaCCg. This material
may not be considered as correction limestone and could virtually be
sent to the kiln as is. Cf. Chapter III - 1I/B,

(3) In general, these are under proportioned.
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The first two factories, assumed to be completed or in opera-
tion, are in a good position to compete with cement forrm Sokoto :

- in the case of Ewekoro, because its current extension will moke
it possible to lower its selling prices probably down t: £ 9 and
will even be a dangerous competitor for Kaduna, However, the
requirements of the south are such that competition should be
limited,

- in the case of the Nkalogu factory, since it sells at 2 lower
price than Sokoto and it i8 in a better position for serving Kafau-
chan, Jos, Bandi, Gombé and the north-east generally speaking,

At pregent, the ex-Ewekoro price applicd (the only factory
capable of handling deliverics) is £ 10,5/t packed, Therefore, it
has an advantage of £ 3 which may balance =2 lenger transport to
the north,

A concise examination of how these data appear on the compe-
titive situaticn of prices in the major cities in the north is provided
hercin, These citics are possible outlets for the cerrent from
Sokoto either vin road alone or road and rail wherens there is rail
alone from Ewekoro, For this factory, only this mean >f transport
have been examined, but it roust be kept in mind that like in all
developing countries, the r-ost distant arecs frorm the const are
greater expcrtcers than {rporters in terms of tonnoge and that the
unbalanced traffic situation can allew for return shipping at 1w
rates, This is not the case for rail, the rates f>r which arc stric-
tly applied, but there ray be deliveries by trucks looking for
filling up an er-pty return trip, It has been nssured that this could
only involve small volumes of cement,

The concise coraparison results will be presented in a table,
For rail transport we have usde the cfficial tariff schedule n* 7
which supercedes n® 6 of 1962 (N* 7 is valid as of November 1970)
local cerment is classified under index B, by sommetir-es rounding
off the distonces from Ewokcro, This rate is given in Appendix,
Road transport is performed on an average rate of 3,2 d/ton-mile
which depends of course on the condition of the road and the capa-
city of the truck as well as the return trip cargo, In certain cases
a bracket has been indicated which in fact appears in the invoices
of shippers,

Road transport from Sokoto to Gusau as far as the railroad has
been cstimated at £ 1.6 (134 miles with transport rates barying
between 1.5 and 1,75) and the division into consignments in Gusau
has also been taken into account,
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In order to estimate the cost of the latter, the cost of opera-
ting the warehouse of Gusau which appears to be high has been
taken into acccunt, In fact, the totel 1970 salaries of them3 ware-
houses were ahout £ 5 500, that is including Kaduna and Matdugari,
put have only a local role and are not very costly in comparison
with Gusau ; Gusau has in addition renting and amortization costs,
The role of Gusau is mainly t> redistributc cement (since the trans-
port of fuel ex-warehouse is now direct) with a minor function of
receiving railroad consignrments, The transport of cement involved
some 4 350 t in 1970, and the cost of handling and dividing consig -
ments exceeded £ 1/ton, however this latter figure will be used
in our calculations,

With the above data the following table is cbtained :

Fror: Sokcto to Zaria Kaduna Kano Jos Maidugari

By direct road
in miles

Cont in £ 3.3 4 4to5 6,5 9tc 10

by road via Gusau
hgﬁdlingl (£1) and

otal cost 4,2 4.8 5,1 6.6 8.8

245 300 340 400 715

Fror- Abcokcuta to

by rail (via Kaduma,

Kafouchan) in miles 553 5035 640 6735 1 030

Cost in £ 5.1 4.8 5.7 5.9 7.9
thus for Ewckoro
(+ 30 miles) 5.3 5 6 6,1 8

The railroad stations in the neighborhood of Jos (Kafouchan,
Banchi, Gombé) show the advantage of the railroad, since the route
via road seers to be longer,

For greater accuracy,te twolet cost figurcs via rail will have
to be increcased by an additional disadvantage in the range of £ 1/ton
sc as to take into account the handling upom arrival for delivery to
clients ; this division into consignments is not required in the casc
of direct delivery via truck,



Thus, it can bc ncted that

. Sokots has an advantage in delivering by rcad cver Zaria,
Kaduna, Kanc and probably Jos. In the casc of Maidugari the
costs arc about thc sarme, cspecially if it is kept in mind that
the warchouse handles deliveries.

- the transport advantage of Sckoto via direct road over Ewekoro by

rail compensates the difference in pricc cx-factory (which is

£ 3) only to Zaria and runs the risk of being jocpardized by the

lower price which cculd normally result from the extension of
Ewekorc. However, the balance is attaincd for Koluna, and it is
almost attained for Kano, It can be thought that if a good direct
road existed fcr heavy trucks between Gusau and Kan. the advan-
tage would be certain owing to the possibilitics of quick, door-tc-
dcor deliverics,

1t would seem on the contrary that °nce the present peor
conditicn has disappeared, Sokotc will no longer be in a position
t> supply the north-cast market within cconomical terms, except
if it lowers its sclling pricc, thus its cost price or if it takes
advantage ~f a premjum for quick delivery which it can rovide
through its warchouse,

The best solution would certeinly be to provide a cerent fac-
tory for the north-east and this has in fact been contemplated with
reference t- the limeatone dej.osit of Aschka,

The above focts will be checked by cxamining the present
situation for dcliverics frora the fact.ry of Sckoto,

It has been said that the latter, sct up by the 6 statcs, should
provide these states with quantitics according to the regulations
ecach month on the basis of the share of these states in the cagital,
At thce present tirwe, the shares arc as follows @

North Westcern State 26 %
North Eastern State 19 %
Kono State 19 %
Benuc Platcau State 14 %
North Centreol State 14 %
Kwara State 8%

In actunl fact, salcs rcs;cct these jerccntages very little
and this is in ;crticular due to the fact that the outstanding
amounts for a State cannot be carried over to another month
and are thus divided among the other States,
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The breakdown »f dcliveries has benn made for the jericd
Junc 1969 to March 1971, by taking intc account the redcliverics
fror- the Gusau warchousc,

Thus the following table is obtained, in ‘which the gsccoend
figure, whercover it oxists, c.rrespends to this redistribution
from the Gusau warchousc (duc to certain differences stcraming
from the varicus documents consulted : certain figurcs have been
rounded off). (Sec toble of Tonnage deliverced)

The total including private su;plies amounts to 53 000 t,
whereas the reesrds of the factory jrevisusly cxarmined showed
84 914 t for the year 1970, The lifference arises from the fact
that thc private suj;.lies cof the first 5 months were not indicated,
or that therc were certain differonces between the sales and ¢¢
delivery scrvices of Sckcto, Kaduna and Gusau, Whatever the rcason
may be, the creentnges indicated belew have becen calculated in
relation to the surt of >nly the gesgraphically identific! tonnages,
that is 46 450t (50 030 - 3 550 privately lelivered),

The sam: cnalysis for the first three months of the year 1971
give the fcllowing regults : (See table of Tcnnage delivercd)

Uy ~n examination of the table of Tonnage delivered, it can be
immediatly ncted that

1 - Kwora cbtains cement frors -ther scurces that just the Sckoto
cermcnt factery

2 - Benue Plateau and North Fastern states lo not take their qucta,
which reveals the imjortance of the coat of ¢ »mbined rcad + rail
delivery, especially fur certzin markets dircctly scrved by rail
frcm the cement factorics in the scuth,

3 . Nerth Central state (Kadunz, Zaria) use up more or less thcir
quctas,

4 - Sokots and Dano states nct only take their quctas but alsc
take advantage of the cerment left by the cthers,

The natural salcs area for the cement fact.ry thus ajjpears
to be cssentially comy;rised >f the states of Sokotd, FKanc and the
Nerth Central state (Kaduna, Kafanchan, Kwai) with scveral outlets
in addition in the North Eastern state (Meilugari, Gombe, Banchi)
and occasionally Benuc (Jos, Bukuri, Kefi, Gudi, Makurdi, Atempko).
But it is ccertain that the latter sales reflect in part the shortage
of cerent which existed and continues to exist in Nigeria,
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The decrease between 19689 onl 1971 in the purchascs of cement
by thc North Eastern and North Ceatral states woull tenl to confirm
this fact, whercas Kanc maintains it purchasc level and Sokot> is
increasing its -wn, with Benuc reraining rmarginal and Kwara Jdisay -
pearing from the warket of Sokote, An-ther indicati.n as to the
instability of the prescnt situation is the existcnce of a black market
for cement, ;rices such £ 18 scem t. be applied in Lagos and
£ 22 tc 24 for amall quantitics in aduna, Kano, Maidugari., This
will of course disappcar with the cement factories which arc to be
put into operation again in the south,

The fcllewing conclusions can be drawn drom the above facts .

1 - The copital buildup of the CCNN cculd be modified 82 as to take
into account the relative intcrest »f each state in the operation of
the cement factory. Such changes are currently made in petroleum
refinerics beloging to scveral companics whose participation follows
the evolution of the pcrticn of the delivery that each company
assumes from the refinery,

An example of such a brecakdown in view of the present transi-
tional period cculd bec as f 1llows

NW :4) tc 45 - NE : 10 - NC :15tc 17 - Kanc : 22t~ 28
BP : 8 to 10 - Kwara : nil

Uniss, it could appears t be preferable to adopt iirmediately a
breakdcwn only betwecen NW - NC and Xano states,

2 - As far ag the futurc market situation from 1975 cn is concerned,
it can be ad pted that Sokcto would supply :

the whcele market of Sckoto

most of the market ~f Kano

a decreasing part of the market of the North Central state
- a small part of the r~arket of the. Nurth Eastern state,

3 - As far as thc role of the warehouses is concerned, it can be
noted that their cperating costs are relatively high, in particular
for the equipment which has to be amortized cver smrall quantities,
It would appear that under these conditions a better sclution would
be provided by an agreement with a representative alrcady installed
and equipped who could write off his expenditures and his equipment
on a group of products or demi-products,

The Gusau warehouse alone, since fuel no longer needs to
be delivered by truck fror the factory, should be re-analyzed in
these terms,
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Truck deliveries should also be better organized by road
carriers in order to be abie to {ill en pty return trips.

4 - However, if one lets the econonnic conditions follow their natural
path, the offensive action o, tiiec developed and niodernized cement
factories of the south miay turn out to be dungerous for the Sokoto
factory and even if the mar..et of the south 18 not completely satu-
rated ; in fact, all th.t is needed s that the profit gained from
certnin points 1n the north becomes greater than certain profits
made in the south,

It is recalled that this phenomenon is quite generally encountered
in all developing countries. The most favored areas are those
around ports and such factors as production costs, size of local
market and thus the s.ze factor facilities are to their advantage.
To this is added the possibility of obtaining marginal return trip
cargo on the bas:s of the normal rates.

It would thus -ppear thnt on the scale of the Federation, and
within a voluntary policy for developmment of areas which are less
favored, it would be legitimate to apply certain measures for assis-
tance by ucting on the cost factors or the taxing procedure. Some
of the me: sures which could be taken are as follows :

- lowering the price of fuel delivered to factory, by acting not on
the ex-refinery price (which would benefit all the factories) but
on the transport coust (applying 2 very degressive rate for haulage
over long distances),

- lowering the price of industrial KWh, especially the fixed
premiwn for the lurge industries in the north (even if certain
residential or commercial rates have to be increased, for the
present difference between the rates at certain levels is, in our
opinion, too little,

- exempting the basic products processed in the north from half
or even all of the excise tax, This appears all the more legitimate
since the custun:'s duties cullected by the Federation heavily

affect the price of spare parts and new equipment,
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I1 - CONSUMPTION IN THE STATE CF SOKOTO

The consumption sectors cre essentially comprised of :

- construction of administrative facilities, buildings, housing which
is carried out by the Ministry of Public Works acting on the behalf
of the other ministries and which represents at least 80 % of the
demand for cement (currently : main hospital, 2 other hospitals,
Secretariat General Cffices, Sokoto College, water services, etc.
for about £ 15 million for the 3 years to come).

- construction of roads, both for the state of Sokoto (3,5 million)
and the Federal Government ( £ 13 million).

- the requirements of the Ministry of Natural Resources involving
300 t/year for small works and 90C t/year for irrigation dems

(400 t/year for small structures and 500 t/year for the Bobo Scheme
over 3 000 acres, to be continued by the Bakalory Scheme arm ounting
to £ 10 million).

- private construction aind maintenance, representing only 5 to
10 % of the public demandbut which : re in the course of development.

- private or semi-public contractors ; the demand in this case is
very low for the present but certain large projects have been planned
(tannery and hotel at Sokoto, oil factory at Gusau, high voltage line
from Zaria to Gusau and irom Kainji to Sokoto and Dosso, etc.).
This sector would then correspond to 15 or 20 % of the public needs,

For the first two items, which are the most consequential, the
needs are estimated ot aboui 45 000 to 50 000 t/year :t the present
pace. Since the Sokoto cemeni factory could not supply this tonnage
owing to its low production cnd its obligations to the other states,
it has been necessory to siow down or defer the works and even import
cement from other sources, This is iow cement was purchased fron.
Lagos during the last year : 6 GO0 t of cement =t 12/6 a bag, that is
22/6 delivered to Sokotc, thus leading to an overrun of more than
50 000 £ as compared to the price which could have been obtained
locally. Another proof of inndequate supplies is the appearance of
a black market, although limited in quantity, it is very high in
price,
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If the needs outlined above for the sectors are summed up, the
total present needs amount to about 55 000 t and should grow
considerably in the next years so as to attain 62 000 to 65 000t
in 1975, thus a higher figure than that provided in the theoretical
calculations in part III of the present chapter,

If we divide this quantity by the estimated present population
of 6 900 CCO inhabitants, a figure of 8 kg of cement per capita
is obtained, which is much higher than the present situation ; the
deficit corresponds to forced restrictions, especially in the private
sector,

Finally, it should be noted that 80 % approximately of the needs
of the state come from the province of Sokoto itself, the remainder
coming from the province of Niger and that this factor con allow
for savings on packing, or even its elimination in the ci.se of major
site operations where a silo can be provided, which would be fed
in bulk from the factory. This should of course be examined in
a more detailed study in view of the special equipment which would
involve, however, it can be noted that this method is currently
being used in Dakar.



-

VII. 13

111 - THEORETICAL DEMAND FCR CEMENT IN THE NCRTHERN
STATES

Assuming that the general objectives of the Plan are attained,
the consumption in 5 years will be estimated. The theoretical
golution is quite simple : since the product is a consumer good,
the elasticity factor for demaond in relation to income is c:zlculated
(rotio between the percentage of consumer growth and the percentage
of income growth) and it is then ngsumed that this coefficient is
valid for the future, which accurate enough if this period involves
few years. Since cement is an intermediate product, the
problem is slightly more complex for the choice of the consumer
is not made directly for this product and thus the demand for final
consumer goods must be assessed and the consumption of cement
is to be calculated by using technical factors from an inter-sector

exchang table. It should be pointed out that in view of the present

state of the national accounts of Nigeria it is not possible to use
this method.

As an alternative to this analysis, a study can be made of
the compared evolution of the gross domestic product and the
cement consumption, The correlation thus obtained can be
extrapolated for future years. This correlation between the
per capita product at constant prices and the consumption of
cement in kilograms per capita is generally very good ior developing
countries with a major and diversified public and private economy.
It is not as good for countries with a low per capita income (and
thus a low consumption of cement} for the per capita consumption
ig influenced to a great extent by programs for the construction
of major basic facilities. This is the case of Nigeria, and in
particular tiat of the states of the north for which the National
Plan makes no distinction within the Federation. For exomple, in
the state of Sokoto, the Public Building and Civil Engineering
Sector accounts for 80 % of the consumption of the cement.

The last possible approach has been adopted herein, that
of international comparisons which consists in determining the
gross domestic product of these states and placing them on &
curve which provides information on a group of countries on
whicl. statistics are availoble in terms of two elements :
per capita income - per capita consumption of cement.
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However, it is necessary to see that this solution, which leads to
all kinds of difficulties in terms of clinker uniform:ity and quality, is
but a makeshift substitute already not very comrpatible with production
requirements and desired cement qualitv if the plant's future is to be
guaranteed in the face of foreseeable competition from plants in the
South,

The clinker leaving the kiln is veryununiform (cf table in Chapter
I1-A/C) and it is thus very difficult to correctly add the gypsum. In
addition, it is still necessary for the 3(,q content of the gypsum used
to be uniform or that its limits of fluctuation be known.

Lastly, given the conditions of inaccuracy in which the plant is
operating, it is virtually in possible to obtain the organized, economic
manufacture of uniformly high-grade clinker.

B - Recommendations

The major preoccupation in the operation of a cement plant should
be the obtaining of homogeneous, uniform raw material properly
proportioned when entering the kiln. The CaClg content must be suffi-
cient to obtain the maximum possible anmount (compatible with good
burning) of C3S responsible for good mechanical strength and easier
to grind than C5S.

It would appear this operating approach was accepted at the time
the plant was built and is now still being followed. However, these
consequences have not been extrapolated far enough.

A major share of the plant's problems will be eliminated if attention

is given to the raw material from the very start of the manufacturing
cycle, in otier words at the quarry.

It is necessary to be able to mix the raw material at the time of the
crushing process and correct it at the time of the grinding process, or,

as a last resort, at the time homogenization is performed. For Sokoto.
this means :

- having carefully studied the quarry, having full knowledge of the
various zones exploited and having arranged the working faces in

such a fashion that the shovels can extract the material at several

different points.
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Such a curve should be used with certain reservations as to its
exactitude. In fact the notion of income per capita in dollars allows
only an overall classification, for example one cannot coipare,
without committing errors, a country with a high local consumption
and 2 country with a more sophisticate market. Moreover, the
transposition of revenues into dollars brings into play an arbitrary
exchange rote and poorly reflects the structure and the real value
of the production.

The very definition of income is often not the same within
the international accounting ; the differences with the G. N. P. are
fortunntely much lower in less industrialized countries.

In the cbsence of a better method, this analysis has been made
and the curve appended has been prepared (previously for works
conducted by the SEDES - 1960) and thus provides certain results.
Logarithmic scales have been used for the magnitudes, so as to
compare the relative variations ; such a graph immediately
provides the elasticity coefficient for consumption on relation to
income by reading off the tangent at the adjusting curve (1),

In order to diminish the difficulty of an abnormally high cement
consumption through the imiplementation of major works, whenever
possible, the averages for the 3 successive years were taken.
Whenever data for a country was available for a larger number of
years, we have also shown a arrow . ... the slope of which is equal
to the elasticity resulting {rom the temporal correlation. The
general direction of these versed sines (the slope of which is
gener:nlly greuater than the corresponding tangent at the adjustment
curve) shows that the evolution oi cement consumption should be
greater than what is obtained from the graph. In other words, the
present elasticity of demand in the country in relation to per capita
income is equal to £ 100 (log 100 = 2) will be greater than the
slope of the tangent at the point 2 clong the x-axis.

(1) It is known that the .slope of the tangent is expressed as

dy d (log ) —gg- which is the definition for the
dx  d(logR) & consumption elasticity factor.

y
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A second graph with ordinary coordinate axes provides the
data for the second year of cement consumption and the income of
the developing country (1936) (1). '

A straitght line is shown for visual adjustment and confirms
the preceding curve,

At this point, there remcins to determine the gross domestic
product, on the one hand, for the states of the north and the growth
rate which will result from the 1970-1974 Federal Plan along with
the investment budgets of the Stotes, which is the main directive
element of their developnient and, on the other hand, the
corresponding evolution of the population.

The only data available is the evaluation of the gross domestic
product on the Federal scale and the growth rate adopted for the
second National Plan (1970-1974) at constant 1962 prices.

In the Plan prepared in 1970 for the period 1870-1974, the
following duta has been obtained for the whole of Nigeria :

(1) Source : consumption of cement : Cembureau
2,rue St-Charles - Paris.
income and population : World Bank Atlas - 1968 .
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(limited to 1966-67 since the 1966-1969 war lowered the GNP)

Unit "1962-63 1965-66 1966-67 Annual growth
rate
(recorded) | (estimated) (estimated)

Population million 55,67 58,2 59,7 2,5 %
Gross domestic million £
product at factor
prices 1315 1 540 1 805 5,2 %
current prices
(constant prices 1962) 1315 1 540 1 583 4,75 %
Building and cons-
truction sector 57,5 80,6 82,17 9,5%
G.D, P, £/capita £ 23,6 26,4 26,8 3,2 %

US $/capita | § 66 74 75 3,2 %

(£ x 2,8)

For the coming period (1970-74) covered by the Plan, the values
adopted will be in current £, although for the estimate of quantities (as in
the case of cement), it would have been better to base oneself on the
constant monetary value, The following three reasons explain why it is
felt that the consumption would be underestimated :

1 - The price of cement should remain relatively more constant ; this is
a basic product whose price should be maintained as constant as possible
Factories in the south will moreover tend to stabilize it, And if assis-
tance is to be providei for the production of the north, it would be
preferable for it to be a direct or indirect aid periodically revisable than
an increase in the price,

2 - The GDP appears to be evaluated
provide a figure of £ 80 for 1966) perhaps as a result
evaluating the local consumption,

slightly too low (the United Nations
of the difficulty of

3 - The portion of the construction sector which is the largest consumer
of cement grows more rapidly than the GNP in the Plan forecasts.



Projected Eriod (in the Plan)

Unit 1968-69 1970-71 1973-74 Annual growth
nit
rate

Estimated S
population million 62.7 66 71.2 2,%%
GDP at factor prices
(current prices) million £ 1 870 1 743 2 281 7,7 %
Building and cons-
truction sector million £ (k] 88,1 116,7 8,65 %
GDP £/capita £ 25 26,5 32 51%
GDP $/capita 70 74 90 5,1 %

(£ x2,8)

The figure of $ 90 per capita, shown in our would consumption curve,
gives a valuc of 22,5 kg per capita, which would correspond to a total of
1 600 000 t in 1974-75 for the whole of Nigeria,

A regional breakdown is to be provided for this figure of £ 80 so
as to determine the consumption of the northern states (that is mainly
North Western, Kano and North Central) The Nigeria national account
provide no breakdown for the states and the estimate provided herein
are debatable and arc only provided as an indication of the possible
methodology.

The population and the GNP must be estimated for each state,

PoEl_lation

A 2,5 % is applied to the only available sensus and which is quite
old, the one of 18963, More particularly, the new migratory phenomena
whether or not dve to war, are not taken into consideration,

In 1963, all the norther statcs represented 33,3 % of the population
of Nigeria,



Domestic Product

The only source of information is the estimate of tax revenues of
each state of the whole of Nigeria, as given in the Plan on pages 301
and 302 and it is assumed that the relation between these revenues in '
a reflection of the relation of the GDP for each state, This is certainly
not exactly so however it does provide, in the absence of other data,
an order of magnitude, The relationships between the tax revenues are
as follows and thesc coefficients are applied to the overal revenues of
Nigeria previously obtained. Considered in relation to the population,

we thus obtain the per capita GDP,

3 q !
 State % Revenues 'GDP £10° {Population 10| GDP £/capha G&)“Prw
- ST EETA1IY 73-74 70-71 1 73-74 170-71, 73-74 |70-71 : 73-74
Nigeria 100 174302 281] 66 |7,2 p6,5 [ 32 |74 [ 90
Northern States 36 % | 629 821 3520381 17,8 | 21,6 50 60
i i
T T
% in N, S, ! |
North Western 16,2 102 | 133| 6,81}7,3 hs 18,2 {42 51
Kano 21,8 138 | 179! 6,86|7,39 20,2 | 24,2 |57 68
North Central 16,8 105 | 138 4,87|5,24 21,8 | 26,6 |61 i}
82,8 345 | 450! 18,54|19,97 |18,7 | 27,6 |51,2 | 63
North Eastern 20 126 | 164| 9,26!9,97 13,7 | 16,5 |40 49
Benne Plateau 14,8 93 ! 121 ! 4,755.5,12 19,6 | 23,7 |57 68,5
Kwara 10,4 65 86| 2,8513,07,22,8 | 28,3 66 82
——— & e b | | com——d— p—
7 , ~ 284 \ 31 i 16,86,i8,16{16,8 | 20,5 |47 57,5
| { ! ‘

In terms of the current budget revenues as a whole, the southern
states represent

- Lago and Western : more than 30 7
- and with Mid-Western : more than 40 %

There is no need in recalling the little actual value of the fore-
going estimates on the per capita GDP for the northern states, In any
case, by referring to the general consumption curve, the following
table can be drawn up :



i

1970 per capita 11974 per capita Total consumption
States ': ____| rounded off in tons
Revenues| Consurp+ Revenu¢s Cons, v '
3 1 . 1974

e im$  donkg/niin$ Ikg/n 0
North Western 42 4,6 ‘ 51 7,5 31 500 55 000
Kano 517 9,5 68 13,5 65 000 { 100 000
North Central 61 11,2 75 16,5, 55 000 | 86 500
North Eastern 40,17 4,3 49 6,8| 0000 _68 000
 North states 50 7,1 60 | 11 | 250 000 | 420 000
combincd
Whole of Nigeria T4 16,5 90 23 P 100 00011650 000

The two figures coincide with those given in the table of consumption
at the beginning of the chapter,

As already explained, the states of B, P, and Kwara have been omitted,
since they will provide no natural clients for Sokoto in the future, The
data are primarily for the north-western states and Kano and on¢ part
(perhaps a third) for the north-central state as well as several occasional
sales in other statcs, representing perhaps some twenty thousands tons,
Thus for 1975 we obtain a potential market in‘thc range of 200 000 tons,
by assuming that the cement factories in thc south are in a position at
that time to produce about 1 200 000 tons and that they can freely
compete with the north, These figures are only approximations,

Nevertheless, thcy arc encouraging enough to reasonably raise the
question as to whether the Sokoto cement factory should be doubled in
size and capacity. This, of course, would have to be analyzed in detail,
however, this is not the purpose of the present study, Moreover, for
reasons outlined previously, it is deemed herdn that it would be a mistake
to make such a decision at the present time, in view of the unsatisfac-
tory operations of the cement factory of 1967, for quality will be a
major factor for success on the competitive market of the future,



CHAPTER VIIl

THE FUTURE

In the previous chapters we saw that present operating conditions
prevent taking full advantage of the existing production plant and that,
effectively, a pea'zing out exists both of quantity and quality not
corresponding with the technical potential and which might risk
compromising the company's future.

Fron: a detailed examination we deduced a certain number of
technical and administrative corrections which should improve both
qualitative and financial results.

Commercial reorganization has also become necessary in order
that sales be conceatratad in profitable markets, in other words, those
near the plant, wiihout becoming involved -- and naturally we are fully
aware the company hag been acting in this way out of necessity and not
lightheartedly -« in a price war which would be lost before it started in
distant ma.lets,

Two conclusions, however, have also emerged :

- corrective maneuvers, which we have called the reorganization,
will talze a relatively long time. In our opinion, they could be spread
out over at leact 2 years due to the training they require for all of the
personncl, a point which seems to have been overly neglected until now,

- even once tiis rcorganization has been carried out and the
indebtedness elin i.iated, there will nevertheless still not be enough
fundc to proviie for the minimim depreciation needed for ''self
regone-siion' of the production plant, in other worde the self
finaucing o’ it survival, Even by limiting sales to the closest markets,
which are the moat profitable, operations will nevertheless be very
delicate.

Ccasequently, the conclusions are not optimistic and could only
lead to an attempt to determine if it would be possible either to increase
income or reduce certain spending using new technical means,
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A - DIVERSIFICATION

An increase in income would obviously mean (independent of a hike
corresponding to an increase in factor coets) an increase in sale prices
which is very certainly not in the general interest and would further
burden the investment budgets of the states.

In addition, this would probably also not be in the interest of the
company whicl: would thus be niore vulnerable to shipments from cement
plants in the 3cuth,

V/ith the exception of this policy, there would be diversification of
CCNN activities, in other words involving the sale of cement already
valorized in the form of a seinifinished or by-product.

Such products include :

- hollow blockse and lintels, at first glance not very profitable due to
transportation losses (as much in combined materials as in delivery
costs)

- precast concrete products including tanks, claustra, feinces and
enclosures, large and small pipes. These unquestionably constitute the
most conventional and the most reliable application, and it would be
necessary to periorm a market study of contractors and users without
exaggerating the extent of \ne improvement such activities would provide,

- asbestos cement products, flat and corrugated plate, pipes and tubes.
The precence of a sufficient plant in Xaduna makes the examination of
such an application untimely,

B - SAVINGS

Direct speinding can only be reduced substantially, apart from
productivity efforts reviewed, by concentrating on fuel oil and electricity
costs,

For the first, while verifying that ex-refinery conditions are
equivalent to those extended to cement plants in the South, this would
mean concentrating on transportation costs, and this is a general
problem which can and must be raised by the CCNN but which cannot be
solved by it alcne.

This could also consist of replacing fuel oil with another, cheaper
fuel, in other words of local manufacture. The only possibilities we can
see would be farm waste and, primarily, seed husks (peanuts, cotton),
A special study, published in the Appendix, shows that even at the cost
of coneiderable organization and collection efforts this rather difficult
substitution would not provide the needed help.
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- using the grinding correction material hopper filled with
limestone of the highest possible concentration

- being able to mix 2 tanks if required.

Given the present condition of the quarry, it is possible to produce
raw material for correction purposes having a CaCOj3 content exceeding
80 percent, but this will require the sorting of high-concentration
limestone blocks (which will considerably increase quarry operating
expenses).

Without taking a step of this order, it will be difficult to regularly
produce high-quality raw material, and the plant will be virtually
obliged to feed into the kiln raw material with an insufficiently low
Ca0 content.

Thus, we assume that quarry operation will be organized to produce
correction limestone (1). The manufacturing process can be carried
out according to the following outline :

In the storage bay are made :

1 - a heap of ungraded, underproportioned raw material, as
homogeneous as possible, by feeding the crusher simultaneously with
two shovels working different layers.

Z - a heap with the highest possible concentration on the order of
80 percent CaC(q, or more if possible, to be used as correction
material.

The raw material grinder is simultaneously fed with :

1 - ungraded quarry material while the crusher is operating
normally and ungraded material coming from the bay during the night.

2 - high-concentration limestone using the existing correction
hopper. The CaCOj3 percentages determined every hour must make it
possible to vary the addition of correction limestone.

Following a certain number of hours of grinding in a silo, using the
measured concentrations and grinder volume the laboratory is to
calculate the tonnage contained in the silo and its concentration. The
laboratory judges that the ungraded material will not change and

(1) or that the plant has been organized to receive such limestone from
outside (the exploitation of another quarry, the purchase of limestone
and so forth).

V-3
The general manager, who receives his instructions from the
board of directors, is to have under his orders :

- a production manager responsible for the entire manufacturing
process including the quarry and laboratory,
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Thic leaveo ulectiric power for which it would appear that
negotiations bri sing out the factore of long duration, daily regularity
aud nighttime consumption without a peak period eftect should provide
the advantarec of a preferential rate in comparison with all other
industries ot offcring the came nower factor.

It is even poci.ible that, during peak operating periods, the cement
mill would be discoanected thus allowing the ECIT to get through the
peak load periodc which are always 80 difficult for a public power plant
without any problcms and at the cost of adequate organization of work
ot the CCNN and better Liourly productivity at the mill. Dy adiusting
both the fixod rat. and proportional rates, it would not be impossible
to annually save more than ¥ 30, 00C.

Hov/ever, naturslly without excluding the factors just quickly
meationed, it ic certain the best snlution is to be found in the convention-
al methiod studied for any company whose direct fixed expenses comprise
o large ciare of the costs. As it is, in the case of Sokoto it can be seen
these expenccs (apart from capital expenses) (Chapter III, Costs)
totalled 3. percent for 80,000 t. anaually and 37,5 percent for 90. 000 t.

An iacreace of X percent in output which would oaly bring into play
the direct proportional expenses would theoretically permit a reduction
in costs oi about 32/X% ; in other ‘vords, in the case of a twofold
expansion. at 150,000 t. & considerable sum on the order of 110.000 Y
annually would be available.

Thas, it iz 12ccesary to mworc closely examine the various aspects
of thic poiut. .z auch, the CCIMI! has already been thinking about them.

C - THE INC™IA E IN TE CAPACITY OF PRECENT EZUIPL:ENT

‘e have already indicated tiat we feel that all plant equipment i8
well balanced. Any major iucrease in output would require the
installation of 1 dryer, 1 raw material grinder, 1 kiln and 1 cement
grinder with all their accessories. The other installations will either
be sufficient (crushing and shipping operations working with 2 pocts)
or will have only to have their capacitics increased (for example
homogenisation).

A variation can be studied taking into mccount our previous remarks
sbout kiln dimensions and the plant's high heat consumption. In point of
fact, we believe the Jokoto kiln equipped with a tower with a Ilumboldt
type exchanger (1) with 4 cyclone collector stages (there ic only one

TR s -~ W e s - —— . a——— -
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at the present time) could produce at least 500 t. daily of clinker with
heat consumption of less than 900 therms per ton.

Given this possibility it io certain that :

1/ - the dryer would not be fed with hot enough gas, but the
existing auxilliary furnace should permit, by supplying
additional hot air, adjusting the temperature of kiln fumes
to that needed to dry the raw materials,

2/ - the raw material grinder, equipped with the existing separator
should approach the nececssary production (perhaps by grinding
a bit more coarsely).

8/ - homogenization with 5 tanks should be sufficient if progress
is made with the process.

4/ - the capacity of the cement grinder will have to be doubled.
Thisc solution is highly attractive from 2 points of view :

- investments, since the unit cost of the additional capacity
(measured in tons per year) is less than that corresponding to the
installation of a second kiln,

- fuel savings, in view of their share in the cost.
<n the omer hand, this has the drawback :

- of being nore difficult to implement than the conventional
arrangement, wiicli nas nevertheless proven its worth in Gokoto,

- of limiting output to approximately 150, 000 t. annually, although
tomorrow's mari:ets appear to be even larger.

D - A TVWOFOLD INCREACZE IN CAPACITY USING A SECOND KILN

e S ——— a® . s WA oS M TER 8 A e e

In view of what has juet been said, it would be interesting to
conceive of the r.2nrond output with advanced heat exchanger devices
in order to save as much. as possible on fuel oil, V/e will limit
ourselves to examining the case of a second production line closely
modeled on the first.

Several aspects of the problem require examination

The market

To avoid being subject to the initial restrictions, we would only
plan an increase in capacity for profitable markets, in other words



Vil - 5

in accordance with the conclusions of Chapter VII, these constituting
the 3 states nearest the cement plant and adopting 1975 as the first
year of possible production. In the previous chapter, we saw that,
under these conditions, a market of 150, 000 t. was foreseeable. Since
the plant is to have a production margin at the time it is set up, the
construction of a second kiln with an effective capacity of 100, 000 t.
is to be planned, However, this market must first be examined more
concretely than we were able to do, in other words by on-the-spot.
surveys.

The quarry

As was outlined in Chapter IIL, the problem of the availability of
high-quality raw materials has not been solved, even for the present
plant. Thus, it is important that the indicated prospecting be started
immediately, keeping in mind a twofold increase in output for the
exploitation. As has been said, there is every reason to believe
suitable solutions can be found but with such a margin of imprecision
that the cost cannot be evaluated. We assume it will continue to be of
the same order,

Electricity

As is stated in the corresponding appendix, the present supply
remains precarious and there is absolutely no question of building a
second kiln given the same conditions.

Power available from the Kainji Dam and the planned high-voltage
network will provide a suitable solution, but the construction timetable
must be carefully studied and adhered to, At least partial help can be
provided by the present diesel power plant, should the line fail,

As has been said, we can hope for a 5 percent rate reduction
which we assume will be obtained.

Fuel Oil

A larger contract should make it possible to obtain better prices.
Due to their instability, we will not take this possibility into account.

stments

In Chapter | we indicated that the cost of a twofold increase in
output would require an additional investment of | 3, 000, 000 in the
form of equipment. This applies to an equivalent plant having an
average capacity of 80, 000 t. When considering a 100, 000 t. facility,
we will use the I 3,300, 000 figure for the invest ment.

A prestudy will have to be carried out to define the characteristics
and list of specifications of the new plant. It will probably differ from
the present facility in the homogenization. Advantage will be taken of
this to better study the controls and simplify adjustment procedures.
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Operating account

Proportional expenses, leaving out electric power, naturally
remain unchanged in respect to our improved balance sheet for the
s present plant.

As concerns personnel, no additional foreigners will be required,
and the staff will remain unchanged. !

Another 50 Nigsrian workers should be hired and trained, with the
following approximate distribution :

Production (drivers, quarry and manufacture) 18
Maintenance (workshops and electrical) 18
Clerks and secretaries ]
Packing ¢

50

Corresponding annual expenses can be estimated at LN 15,300,

Operation of the 2 kilns it to be organised in such a manner that
no additional supervisory personnel will be required.

Direct operating costs can then be estimated as follows for outputs
of between an effective 70,000 and 100, 000 t.

; ' 70,000¢. 80,000t 90,000t. ' 106,000 t. |

T Z B!
! Proportional spending ' l
" (see above) 5,332 5,233 | 5,233 . 5,898
i Eleetricity (-5%) 1,378 1,289 ' 1,188 1,149
; Personnel 0,217 0,190 ‘0,169 . 0,188
. Spare Parts 1,543 1,000 0,888 . 0,800
General Expenses and 1 ; :
bank agios 0,435 . 0,318 . 0,333 0
; Total 5T LW TR iy
' Contingencies (10% rounded off) | 0,865 0,000 ' 0,71 |
DI RO M
} . | :
Lepreciation and profitability

By keeping the sale price at kN 13, 8/t the margin produced by the
output from the supplementary kiln added 1o the firet one thus takes on
the following values :

70,000 80,000 90,000 ; 100, 000

{

Difference at | 13.5 3.0¢ | 4.08 4.0 8.0
or, in abeolute value, i | ‘
§ Totl 275, 900374, 400 442, 00| 310, 000 |
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Ag it happens, technical depreciation can total ;

Total Depreciation
- for buildings, quarry installation,
depreciation over 20 years 400, 000 20, 000
« for equipment to be depreciated over
10 yoars 1, 760, 000 276, 000 '
= for rapidly depreciated equipment
4 yours 140, 000 35, 000

Thus, it can be seen that, starting with approximately 80, 000 t.
annually, operation of the new kiln can begin to pay back the invested
capital, and a calculation made as above, using the constant annuity
method, makes it possible to throw light on the question,

Presuming the entire investment comes from a CCNN loan at
8 percent amortized over 15 years (with payment deferred by 2 or 3
years which will be necessary but which we will not take into account
here), the annuity totals : 3,300,000 x 11,68 = LN 385, 000,

By adding to this the {LN 35, 000 annually needed for the ordinary
purchase of replacement equipment for the plant (in specific quarry
transportation equipment for instance) it should produce an annual
figure of N 420, 000, It can be seen this amount is reached between
85, 000 and 989G, 000 t.

It is possible to see the fundamental importance of the long period
of loan amortization within limits compatible with the technical
lifetime of the equipment, since, if we wanted to amortize over 10
years at the rame rate (annuity 14.90 percent), it would be necessary
to annually make available more than LN 500, 000, in other words as
soon as the plant was placed in operation begin working at full output
or otherwise only borrow money at 3 percent interest,

A comparison of this balance sheet with the one established for
eorrected operation of the kiln presently in service would permit
cembining the two sets of recults and possibly correcting the data for
the financial restructuring.

In connection with what will be said at the end of this chapter, we
did not feel it useful to perform this integration, which, moreover,
involves no problems, the principle of the calculation having been

sufficiently outlined in preceding pages.
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The twofold increase in the sise of the plant thus would seesn to
provide a logical, effective and perhaps the only solution to the
{ company's financial problems.

However, experts can only formally advise the CCNN against
undertaking this at the present time. In point of fact, they believe
they have shown that, as it is operated at the present time, irregu- R
larities in raw materials, ineffective controls, the stagnation of
insufficient productivity and the dispersion of profitable and unprofit.
able markets make its future uncertain in the face of the competition
it will be most likely facing from plants ir the South in the near
future.

The reorganization of production and marketing operations and the
improvement in the financial situation should thus come before any other
consideration. The efforts of the present management, which appear
to be fully aware of these problems without perhape having all the
technical solutions in hand, cannot be allowed to become spread over
other tasks which, moreover, put into practise would only complicate
and interfere with present production. There is no need to increase it
if this means running the risk of an increase in the total deficit (even
if this resulted from a reduced per ton deficit).

Moreover, the fact must not be hidden that the financial results
advanced for the twofold increase remain very fragile. The investments
have not been truly studied, and the problem of the future quarry and
its exploitation, which are moreover related to correction problems,
has been defined but not concretely solved.

The question of increasing sales has been examined as concerns
more the method than an on-the-spot survey. As it is, all these
questions are fundamental. As such, the experts, extremely reserved
about any decision pertaining to an immediate expansion, can on the
contrary only encourage the CCNN and NNDC in immediately undertiaking
the study, since this would be a true, logical solution to the company's
difficulties.

The experts, however, cannot overemphasize the fact that this
study, carried out as thoroughly and completely as possible, constitutes
the preliminary step to any decision if the investing organizations do
not want to run the risk of becoming involved in a new financial
adventure,




APPENDIXES

L




APPENEEX TO CRAPTER !

Flow sheet
Hestric power supply
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determines the amount of high-concentration limestone to be added to
obtain the desired concentration. Such calculations are to be performed
every hour starting when the silo contains 5 to 6 m of raw material

(or 60 percent of the height determined to be valid in obtaining proper
homogenization).

Thus, in Sokoto tanks having within two points of the desired
concentration, can be obtained, and in most instances this will give
a concentration lower than the desired concentration due to the rather
low limestone content of the various layers being worked (1),

Following horrogenization, the necessary correction must be
performed using the homogenization elevator and taking the necessary
quantity of overproportioned raw material stored for this purpose in a
silo. New homogenization (and, as required, a new check) will make it
possible to send the properly proportioned raw material to the kiln or
intermediate storage silo kept in a state of homogenization,

A better solution would consist of setting up at the raw material
grinder output a sampler (acceptable equipment is available) permitting
the determination of the average quality of the ground raw product
during each one-hour period and thus the more reliable determination
of the correction to be made to bring the silo to the desired concentrat-
ion,

Lastly, ideally, a scale should be available at the grinder feed, a
scale which would permit the determination of which tonnage corresponds
to the average hourly sample.

However, the feed scales, although easy to use, are difficult to
maintain if they are to produce accurate, faithful readings (2).

(1) If there is 3 percent MigCOy in the raw material and if 78 percent
CaCOg is to be obtained, this will give tanks having between 73 and 76
percent CaCOg.

(2) In Europe and the USA, modern plants are now equipped with :

- & prehomogenization installation permitting minimum corrections
at the grinder input ;

- or else continuous sampling combined with continuous analysis by
fluoroscopy and a computer. This computer continually adjusts the

correction quantity required to fill the tanks at the desired
concentration,

V-4

B . Recommendations

The goal to be attained is plant operation and the manufacture
of good quality cement with the smallest possible number of personnel
and especially foreign personnel. ilowever, and this is a national duty,
it ia also necessary to raise the general level of the personnel's
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Electric Fower Supply

A/ « E.C.N, Power Station

The cen.ent factory is connected to the Sokoto network which
is supplied by a power station located 12 nmiles away, along the
Gusau road (cf diagram) (1). The site of the power station was
selucted as far away due to the fact that the resistance of the soil
was sufficient only on this location ; elsevhere, piers would have
been required. ilowever, the absence of water on the selected site
has necessitated cooling in a closed circuit. This station was built
in 19635 at the same tinme as the cement factory and it cost L 630. 000,

The power station is presently comprised of 3 MAN sgets with
a capacity of 1.500 W and supercharged with § cylinders with a
300 r.p.m. speed and coupled to SIEMENS alternators with a
capacity of 1900 ! VA A place has been prepared for a fourth
generator set which at the final moment was sent to Kano,

The three Jenerator sets are overworked, respectively
totalling 321.200 hours and 1600 hours for N* 1 and N* 3 in 'arch 1971,
Only N° 3 has recently been overhauled and since this timre totals
3800 hours. The average consumption of these sets is U, 60U 1b/fuel
per K" producad, " ..e fuel is delivered on the Lasis of the same
conditions and by the saire n.eans as for the cenient factory. The
total operati.i; labor {orce is comprised of 36 men.

It should be noted that there is a large shortage of spare parts
and a lack of woirkshop equipment (no machine tools), thus the major
repairs mwust be perforn:ed by outside services, and in particular
at the cement factory,

The generator sets supply a common trunk and two antennae
by means of two 5000 KVA transformers ; one antenna leads to Sokoto
and the other 33 iV antenna leads to the cement factory.

(1) This distance required the installation of a permanent short
wave line between the factory and the power station
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The latter has a 5000 KXVA 33/11 KV terminal transformer at the

exit of which the compacting takes place. The 11 KV line feeds a

3800 KVA 11 kV / 6.6 AV transformer. The factory is in fact

supplied with 6800 V wiich is the voltage of the motors of the raw ,
mill erusher (50U k') and the cement crusher (650 KW). Two

1350 KVA 6600/230-400 V transformers supply the other ancillary

equipment.

B/ - Safe Power .upply Conditions

The fact that there are only 3 generator sets at the power
station means that the guaranteed power is 1500 kW (the overhauling
of a set requires 3 or « weeks and in this interval, one of the sets
wideh ren.ains in service could have a failure and the norn:al
maximum power is 3000 k\\', The peak power capacity recorded in
Nareh 1971 is 2850 and was provided by two motors of which one
was considerably wora down,

The power absorbed by the ceinent factory is 18C0 kV\' with a
normal power factor of 0.8 and a relative constancy. There is, of
coursc, the possibility of turning off the cement mill (730 KW with
accessories) whenever necessary.

The city of Jokoto currently absorbs 600 }...', but the power
consumption does not correspond to that of a city of 100, 000
inhabitants and denand is clearly quenched. It is increasing, however,
by 300 1.1V a year and new extensions are progressively provided
(Secretariat General of the Government, new hospital, college,
continuation of general electrification, public lighting, tannery
project requiring 50 KVA),

The present situation may thus be considered critical and
measures have buen taken by the E.CN. to solve this problem, Due.
to the arrival of curreat from the dam of Lainji to the hano station
several months ago, the NAN set of this station has become available
and is currently being transfered to Sokoto where a place has already
been provided Jor it.

This operation should be completed in the summer of 1871 but
the state of fatigue of the generator sets 1 and 2 requires overhaul
without any further delay and the operations should l.e planned with
this factor in mind. After this overhaul, the guaranteed power will
be 3000 KW and the normal power 4500 KW, thereby allowing for the
extension progran:s planned for this network,




Within two years these extensions should be completed and
with the normal development of the consumption of the town, the
situation will become tight. For example, it will not be possible
to plan the doubling of the cement factory,

However, a project has been included in the Plan for drawing
a 132 KV line from Zaria to Gusau which is part of a high voltage
network (33C and 132 KV) (Grid) supplied by Kainji.

This latter iiydroelectric station designed for 13 Kaplan
turbine generator sets with 80 MW, has already received four in
1969 which at present do not operate at full capacity. Thus, it would
be advisable to encourage, as of now, the project for a line from
Gusau to Sokoto.

The power stations of Gusau and Kano could then be closed
down, those of Kaduna and Sokoto being maintained for standby
power which is necessary for reliable electric power for towns. It
may be inndequate for the industry in a region where tornadoes
are formidable (12 towers knocked down in 1870 resulting in 4 days
without power) and where the stopping of operations in a factory are
very costly (for the Sokoto cement factory L 1580/day for fixed costs
alone).

The 133 KV Kainji-Sokoto line forming a loop should also be
encouraged ; this line goes directly from Kainji to the north via
Yelva and Birnin-Kebbi with a high voltage station at Argungu (from
where the Sokoto branch would leave) in the direction of Dosso and
Niamey. The provision of the line from Kainji to Sokoto is included
in the Plan and should be installed for 1974.

- - -

The following extract is taken from the &, CN. Tariff Rate

Johedule C which bears on the industrial tariff rates and which applies
to the cement factory,

As complementary information we are providing the meathly
rates for the other low voliage applications :




.

Sohedule A (B30V Bshedule B (400 V
siagle phase) three phase)

per KWh per KWh
Lages, oct llareourt Other
Regions
s, arge) ¥ ! ¥1 51
ment 1 30 KWh fron: 4.5 0 3 4/KWh 8.0 - ¢ s.04d
more than 300 3 ¢/KWh ] e
asxt 3000 KWh - - 4d
all over 3500 - - ¢

For B a power demand chargs is added por KVA :

30 Indllings between § and 10 KVA
38 Shillings over 10 KVA

It should be noted that there is little difference in the rates beyond
20 XWh for the various schedules, while A and B are on low voliage and thus
require more costly installations.

This system, which corresponds (0 the preseace of small scattered
power stations, it exceeded by the installation of high voliage networks
and lines over lonz distances,

This does not come within the standpoint of the policy on power
diotribution (100 expensive for first 30 KWh, 00 cheap over this) and the
induetrial agplication (too high demand charge).




SCHEDULE C

Three-Phase Service Tariff
With Maximum Demand Metering

AVAILALILITY OF SERVICE

Agplicable to mcdium and large commareial:industris con.
sumers whe wll normally be counnucted to the Corporation's
thriasphase medium or high voltage supply.

HOURS Cr SERLVICE: 24 Mours,
CURRENT, PHASE AND VOLTAGE
Alternating Cur-ant, 50 cycles second, three-phise. Tha vekage

may be 400 V; 3,330 V; 6,600 V; 11,000 V; 33,000 V; 66,000 V or
132,000 v.

TARIFF PER MONTH: Applicable in 3li Undertakings throughout
the country.

PAPLT (a): POWER DEMAND CHARGE ¢ s d
First 78 EVA i Damand or less 5 0 O(min. charge)

Al additonal kYA of Demand at | 0 O perkVA
or pant there’
PART (b): EMNERCY CHARGE
First 5000 kwh st M per kwh
Naxt 5000 kwh at ).54 por kwh
Next 10,030 kwh 3¢ M per kwh
Next 107,500 kwh at 2.54 per kwh
Neat 850020 kwh &t i per kwh
Allover  1,G00.000 hwh at |. 74 por kwh
DISCOUNT

Thero is dicount on electricity hills of consumars supphied &
Bigi veitaze: 5. shown in the foilowng table:

Supply VYoli_ ze Discount
ERAR A T R E LT R 3 )
LR R I ONYRY
e a v

CLIERMINATION OF MAXIMUM DEMAND

The Corisraticn il install mawemsm derand e cer n the
QensumLry pren s T consumer shall pay a My mum Demane
Meterics Contiizioon for cazh retering set deparding or the
sae of thi mever requirad.

Maxiziurm Conond Mever will bo reag menthly ot the scheduled
meter rexding dite. The sormal bilieg demand 15 tha highest

singls riading of tne dumarnd meter estal lished during the biling
petiod.

MINIMUM CHARGE
The winimum clarge shall be €73 par moneh.
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ANNEX JJ_
OETAILED RUN OF THE FACTQRY

A = A humbher of days with continuons run
1"

B = " 23 and 24 hours run (less theu 1 hour Stoppage)

c= " " 16 and 23 hours run (betw:cn 1 and 8 hours stoppage)

D= " " 8 and 16 hours run (more then 8 hours stoppage)

E- " " of complet stop.,

F = nllmber of woriing -hours of tue lula for the monta

G = tonnage of clinker produced inthe month (calculated for the estimated raw rraterial

utilizcd
T A B C D E F G
——
Ycar 1867
i )

June 0 0 s+ | s 17 263 3 828
July 6 . 1 2 22 190 1 367
Avgust 1 : 1 1 12 431 3 100
S. t.r Ler 1 0 1 2 26 68,5 679
Y SRR IOy 9 0 0 5 17 274,5T 3 643
Iiovember 7 0 3 0 20 197 % 088
Deeember 2 ¢ 0 2 P 63.8 8c2
Yea 1868

January 6 P 4 1 18 281 3 8417
Fcbriary 11 ‘ Z 5 8 420 4 8N
March 17 1 3 1 9 493 T 146
£ pril 16 0 1 1 12 406,85 5 093
Tuay 0 < 0 0 31 0 0
Juae 15 g 3 1 11 428 4 849
July - 5 0 1 0 25 135 1 604
August 0 0 0 0 31 0 0
Septenber Y 0 0 30 0 0

OctoL.r J 0 c 0 31 0 0

Novomrber 0 ’ S 11 3 117 393 5 366
‘December . 17 1 | 1 ! 12 438 8 198
Year 1069 !

January . 13 " 2 1 16 353,2] 6 008
February . e o 0 0 as 0 0
vaprch 7 X 1 4 19 331 3 755
Lipril as 1 0 é 1 660 L 443
oy 4 0 2 0 25 136,3| 2 400
June 12 0 10 1 17 3817 4 664
July 1] 0 13 1 6 581,3) 8 570
Au gust a4 ¢ < 1 2 663, 6 9 641
Septomber 16 1 3 0 10 468 6 631
October 18 ' 13 1 11 453,17 6 749
Novembew ¢ 1 1 0 4 618 & 327
Decen:ber 13 0 1 & 13 374,3 4 ugl




ol v - '
f | ] '
A B . C o) E F G
i )
1 ; 2l
Yoar 1970 H ; 1 - 3|
| t- |
l
#&mry 30 ] ] 3 i .9 €17,7] s 688 |
ebruary 9 3 ¢ 1 16 270,3| 4 118
March 10 0 1 3 | 18 576,86 4 456
April 13 0 3 ¢ | 9 397,8] ¢ 308
May 16 | 1 | 3 5 481,7{ ¢ 380
June ) 0 1 Ve | g0 170 | 32 148
July 18 1 s | 12 1 443,55 6 198
August ] 0 1 ) | 30 200,7' o 813
September 11 3 ¢ ) f ¢ 508,7| 6 764
Octotor ] ] 3 ] Y | 274,85 3 331
Novenber ] 1 ] i i 30 204.,3 2 308
December 10 1 ) 3 ': s 575 7 733
i
|
Year 1971 |
Jamamry ) 3 s § ? ® 438,4| < 939
February 14 0 | S | P8 416,3¢ 5 o878
March ¢ 1 s 9 v 10 0.4 < M0
Apri' (g3) ¢ 1 " I | 11
3 |
|




PROSPECTION

NIGERIA
$i0 | APOY | 1o/ | CaO Fig O T?:az cor 7:13 K°0 | NaO
DANGE clay L 1 §815| A%40| 3.50 | 4,25 | Loo | L0 439
Dissolving limestone 2 445| 0, 75| 060 |%Loo! 0,50 | g0l EE Y1
3 £6,60| 46,5%) 630|290 | 4,00 o 14 oM
o1y 4 63 yo| 4540 3,00 d 60| 4 80| 076 | afs| .
Shale 5 MPo| 3 70| 4404465 4, 40| 0,46 a4t
f o700 82| 030 54070 0,20| 00 o 0
Cnally linestone 7T 498|450 440 | %0 i0| 20, 35| 0,06 @ ao
Limestone Boulders 8 a45| 005 0%| 55,15 q4o ¢ o485 | 0,00
Clay shale g F&95 |/Bdc| 045|465 | 495 1,08 'y
14 45 00| 4,00| 330 3880| 4 S0| 0 4¢ o, 49
15 6,45 4.50| & o | 39.90| A 60| o, 1/¢ o4
16 A65S)| 4,55 300 3981+ 60| 0,20 o.Ap
Pile of rew materials 17 4645, A48 275 "v‘/-‘,’-“’; 4 ot 045
hall of the plant 18 46,30 4,35 Jos RN 04|
1¢ J6,20 | 46 "mldv ém/.a..' o, 49 o,/
20 46,50 | 4 S0 3..5"%59,55.' LS| o, 40 047
21 Af,50| 4.80 | LIS 40,% . ‘0| 048 Moo o047
22 46ov| 445 | Ll | 40 do| {,60) 0 41 aft|.
23 4506 4,40 | b oo #0835 A.55| 048 (X44
24 46,% | 4.95 | 190! 89.00| 4. 60| 0,18 oA?
25 48,65 | 4.80 | 2.40| 44.00| 425 041 |aqs].
Pile of raw materials 5 g 3r| 400 | £,15|#t,05] 425|000 PN
tieh por cont of OO 1 5w | 805 | L0 |48.10| 445 008 ads
28 }J‘,“ 4.4o| L49 | 48,10 A 40] 0.4 o048
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In all instancas, further attempts can be made to improve the
raw material entering the kiln by simultaneously drawing from 2 (or
even three if a fifth has heen built) silos containing meal ready to
enter the kiln.

In conclusion, it can never be overemphasized that good cement
is slready prepared otarting at the quarry. In Sokoto, preparation of
the raw meal means :

- complete knowledge of the deposit,
- and, no matter what solution is adopted (1 ), the possibility of

exploitation at several spots of well-known average composition
in order to begin the mixing at the crusher's output.

(1) Unless a prehomogenisation unit is installed.

3/ - TRAINING OF MANUFACTURING PERSONNEL

For this training, it is desirable :

- to create a fourth team (below called D if the three teams which
work normally ure called A, B and C),




30
31
32
33

Clinker

35

Qypsum

»n

Pile of raw
mterials high
per cent of CO,Ca

39
40
4]
42
43

45

47

Big camples

49

51

Dange clay

52

PROSPECTION

MiGEPIA

8O | AP | FeOr | Ca | 1240 Ts:aam cw :»3 K?0 | N«'O
M9 440|200 |#4é0| 43| 047 o,1¢
44,05 4.40 | &1 (4285 | 1,20 | 0 48 o442 |
M8, 65| 3,55 4.90 (48,00 | 445 | 0,45 o4
Moo S00 | 460|430 430 | 0. 4% ladd
A58 Llo | (65 |40 20 {05 0 48 0.4
4440 4. 45| Lo [ 42,35 445 0, 47 043
.90 6.I7] 4656000 245|039 035 | o, 8¢
KG,20 14,00 | 3,50 04,951 (8 HGeS0 1 ¢,35 127,85
19,70 | 3,80 | 5,15[ 25| 70 0,60 ¢y36 | 27,75
4,15 440 4% |de 0] 130] 018 o/t
A645| 4,30 4,40, 44,25 4.45| 0. 49 | et
14%| 4% 4.1r4£,4o%4,3ﬂ 0/? 0,8
e 25| 305 | oo (4700 A0, laAS]
825 4.40 4.,49154@" 1 A 043 0. 42
4l.6o! 5. Mo\ 480 |51 25 oA aAL

4L LS| 5,00 495 43,075 « .| 0 AS oAt
Ahle | 420 | 2445|1415 4 n) 049 ods
43,05 | 400 | L.05 | 4240, 4,35 0,47 v .
45,45 | 3,90 | L,05 | 42.45) 4, 40| 0. 46 o A4S

A8, 00| 8,05 400 | 42,25 4,20 0,47 043
dd.S0| 3,05 405 40,05 425\ 0,46 . |815|e48].
4420 | 3,25 | 460 |ee47| 400 0. 43 lats
445 | 4.05 | L 00 (41,60| 195 | 0 45 043
§7.75|4095| 6,40 [ 4,40 | 2.47| 445 A3S




PROSPECTION

IGURIA

B . o ]
—_—— ————— e e e
80 | ArO "o
2 O in0 a0 LI AT B 150 oQ° -f K°O | Na'Q
Y10y M.V. ’
T: Pt BEFPRTS P -
Brown clay of Dange 5 100,00 | 4065 210 45 4.95 o fo 0%
Lower part 54 |48, 90| 9.90 | S a5 2240, Lé7 | o 1Y . '%:2
Lower calcareous
formation 55 |89, 80| 9,07 4,55 20.15| L. 20| 0,40 600 b}
(simple from a fit) |
top 50 LM,45 | 4, 88| 4% 3955 &Ll1o| 049 . o te
50|40, 28 300 | 4,55 (4095 470 0,43 . o4L
54 |4,00 BoS| {490 | 4870 A So| 0 4é e/l
59| R85 | &, 40| 4,00 |4340| A 40| 006 . le08
The whole rock face
60 |45,08 4,35 L.00 (40,655 4 .45] 0, 17 . ' X7
614485 4,05 | {165 |88 ¢0| 435 0.40 'YX
63]48.%| 6,65 3. 40| 3810 L 40| 0,27 Se.00l 0,2 L
64 | 16,400 11,45(55,3¢] 1, |00 11,79
laterite
651 153,40 9,150 1,i0] . LR 9,40
Clay shale 6|50, 40 S6,68 A fct LT - : - a1 663
| o
| Brown sand V|90 40! 440 LY 0 . RROETY o 0f
681 5%,4¢ é 5,44
latérite g ;
69 530 ll" ik 95[) -pl,' Poaih }'SC .
Gypeua TOE AT 3,00 2y (5,0 L 1,05 | . b'3.6 85
Sand for mortar 9,60 060 |0 58! 0,00 a4, 0,00 . |efe|.
“‘. -
Sokoto cement "0" “' ‘o.. “'.‘ ‘l" "‘l ‘o“ .o“




PROSPECTION

S5/ 070 CEMENT

T

) | im B ! H/O
80 | APOY | FeO' | 00 | 'O 'n(v) z: VO KO | NeO
130 74 [40.L5] 830 LoF | 40| 430 | c 14 $5,45| 0,11
1Th40 75 |40,55| 4,ee | &40 | 48,90 4.30 | 0. 4F | ee
150 76 |48.6e] 300 LoS| 4V1F] A3¥| 04T o\
17055 77 |44 e0| 4do| L. 15| 4,20 4. 50| 0,11 0%
A i 18h 78 |44,48| 4,45 LS 4L25] L.45)| 0,46 08!
“rom 5h30 18105 79 44,95 595 | L.L5| 4(95| 4.45) 0.{6 e.t0
to 6h50 18110 80 |44.8F| 4.4 L.¢F 44.91 ASL 0,46 e to
PH 18115 81 |44,35| 4.40| £.85| 4240 4.50| o.4s oLl
i: :}:April 18h20 82 | 44,55 4,45 | L. L0 48| 4,50 0,17 0,84
18125 8% |4/6,%)| 405 Lo 4L 45 4. 40| 0.46 oM
18030 84 |43.8S| 4.05| 4.4 43,08 A do| 0. 4F] 0,87
18035 65 |40.05| 4 40| £.40|42,55) . 20 oAS | ewsl
18h4C 86 4895 | 405 | Lo 00, el % 35 (0] 0. 4f
: l : e

18045 BT |gdef 4dc | LAoqz 80 e o, 4y
18n50 o8 |48,75| 3,90 4./(5’;-:«'.5’; e 044
101 |4, 85 3. .40 J.?S“%-H}ao 4',' a43 048
102 [t.se| 8 40| 4.05 4070 1.0 7 016 o 45

103 |#d. 40| 8, 60| 485\ 44, 0| A 40| 0. 48 asél |
P wix 104 | 4480 340 | 4.00 | 4435] 400|043 04§
105 |44, 90| 8.35| 4, fo| 4435 4. 45| o 44 355t 042

106 |44.96| 3,60 | 400 (4460 {200 /4| _ | . _|e42] | ..
107 |44.%0| 3.%0 | 4,85 | 45,00| 4. 40| 0.4s a4t
108 (44,78, 8,85| 4.90| 48,40 4 40| 0.4 .45
109 (4400 8,40 | 4. 0o (443 | 445|045 0,48




PROSPECTION

> LB d I
T we |
810 | APOY | F20" | CaO My (e ‘ro;«‘az- 02 Mk.‘v. Ko
110 |44.96| 8.45 4. 25| 4570, 145| 0 1S 0,43
1117 44,25 8.65| 4.00 [48.30] 45| 0. 14 | 0. 42
11 (48,90 8. F0 | 4954428 41.15] 0.4F 86,40) 0. 44
113 |4&f90| 8.85 | Q.00 |45.55| 4. 20| 0 4] _ 043
159 |4&50| 8.85 £.25| 4d.10| 4.25| aAé o.44
160 |45 So| @, 40| .45 4Lt .25 0,46 aldt
161 |85 8.50| 4. fo| 4885 445 044 ] ad{l
162 |44.90| 8.85| 4. 75 4445 4 0| 0 1) . o 4L
163 44.4% A0 .50 | #ov| 420 | 0. 47 XL
164 (4P| R2s| 475 4455 445 042 048
165 |44 90| 8,85 | 4,75 44,35 (20| 048 048
166 |41, 60| B45| Aiv 4-9,«75‘I 4 /n 04+ adt
s Ubso| 4t0] 2,50 447, L3047 ode|
18n B ML, 4% 5,65‘%.:'.;: %44.60‘ e 8640042
19n ¢ Wi, To 5,7o'é.os'u=¢uai.-f. i: o, A4 048
Raw mix from 2h D Wbdo| 3,654 4o 4440} {70 044 35 60| 042
Sh P.M. to 4k 1h E Wbto| 405|204t a5l ! ods o 46
i::;l 19m ah P |40 3,75 |dev 44,45 L4145 044 oL ! .
22h G | (4.L5] B.60| £4.95|46.%] L.40| 04} 04
21h 4 |48.40| §.85 | L. 90 (43,65 420 | 0. /¢ odd
20n 1 |As.e5 8.05| &.20 #b.50, 4.30|0.45| |. _|eAf
1Tk J |Mben| 8,95 | 4. 80|44 55| 4.40| 0,43 0,4
2% K |4e.5o| 3.35| 4. %0 |#4,80| 4. 40| 044 ait
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MICROSCOPIC STUDY of CLINKERS '

FROM SOKOTO

. T™he examination under the microscope has been
made of polished sections of rejects from the cement mill and of
olinkers picked in SOKOTO hall.

1 - LIST of SAMPLES

8. 73 - Dark clinker, manufactured April 1971

8C, 10 = Clinker considered as poor, manufactured before
July 1970, Each sample shows a particular aspect 3
grey, beige or black ccloured with variable apparent
porosity.

.

8. 3 - Projects from cement mill, ground April 1971
Rounded partic’s 3 - 5 mm diometer.

voolias




2 - COMPARATIVE MICROSCOPIC STUDY

ST

S¢C 10-11-12-13 - 14

Alite

Belite

Celite

¥Free

Lime

Magnesia

Porosity

Prevailing phase
Polygonal crysials
Clinker having slayed
for too long in the
burning zone (overburnt)

Normal phase
Crystals slashed
into lomellas
with sometimes

1 series of strias
Belites show thoemocelves
as well enough dis-
tributed arcas § 600 ym

50 %

was ¥

Entangled aspect ~n15 %
C4AF > C3A

Some arcas § 200 wn 0-1 %
Irrcqulnrly

distributed

Plentiful isolated 2-3 %

and joined crystials
5-20 wn diameter

Medium to great

Scanty phuse (very W30 %
small for SC 13 § 1(55)
more or leos well

formed crystals

Abundant phacse 40-50 %
Slashed aspect

Belites show '
themselves around

the edges end as

arcas up to 1000 wa

CzA crystals v 15 9
C4AF > C3A

Areas 250 jun 1-2 %
in SC 12 - 1% - 14

no detected in i
other samples .
Plentiful isolated 2-3 %

crystals b = 20 um
diameter

Great Lesoer for
sample SC 14

Y
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NOTE ON REGIONAL GEOLOGICAL SURVEY

The attached table and map, drawn from the report by A. D, Little,
briefly indicates the results of the geological surveys carried out in
the Sokoto region by the GSN,

It would appear that, for the 30 borings, including 21 located
outgide the Kalambaina area, we only know the thickness of the forma-
tion crossed; that seems not enough to us. It would have been desira-
ble to also know the percentage of core recovery and the chemical
analysis of each formation. These informations would be very precious
for a prospection of limestone outaide of the actual claims of the plant,

-k e e
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APPENDIX TO CHAPTER IV

Fuel sample analyse
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APPENDIX TO CHAPTER VI1

Cement railway tarification



Annexto the Chapter VII

CEMENT RAILWAY TARIFICATION
(from tarification n* 7 - November 1970)

For nigerian cement : special rate n®* 2 - tarification B

For imported cement : tarification D

Miles B . D n Miles B ] D
(sh/t) (sh/t) | (sh/t) | (sh/t)
e e e . ,_...T.-»..__...—..—-—q—
10 12 18 TT 500 94 | 120
20-30 13 19 525 100 | 126
30-40 | 14 21 550 102 | 128
50 16 24 575 108 131
60 17 L2 600 108 ! 134
80 22 32 625 113 139
{100 28 38 850 1s 14
125 38 45 700 120 | 148
150 42 82 728 126 152
178 48 58 780 128 154
200 52 62 800 132 158
228 56 70 825 138 161
250 59 78 850 137 163
278 62 80 | 875 140 166
300 66 84 | 800 142 168
325 70 93 950 147 | 173
350 14 | 98 1000 182 178
375 78 103 1080 157 183
400 80 106 1100 162 188
425 85 111 1150 172 198
450 980 116
478 92 118




APPENDIX TO CHAPTER Vil

Use of groundnuts shells



APPENDIX

Use o iroundnuts shells

The chapter ¢n provitability showed how important was the
share ol fuel in the ma ing o! the cement price since thai share
reaches at present aln-ost 24 % and will not decrease beneath
27 =20 %

135

The only resource o. Sckoto State in iuel except wocd
seems to be the shells ¢ son e seeds ( ;roundnuts. cotton) the
calorific value of which reaches 4 €0 kilo calories per X;. cn
the con pletely dry product

The importance of the local gamdute <7+ (1) which is {ully
exported under the shelled form and the example of the M «lbaza
cement factory in Niger naturally lead to raise the question of
substituting, partially and even com pletely the groundnut shells
to the cement plant fuel

In the countries producing groundnuts ¢r cotion ycu will
oiten find that the shell around the seed is used as [uel ior burning :
hereaiter are a few examples.

1) - Intc the five groundnut cil plaints in Senesal which buy
groundnuts in their shells, the shells are burnt under relatively
low pressure boilers of the classical type. The steam is used
inside turbo- zroups which moy reach thousands of K1V and supply
the integrality of the driving power, the relining included. A
variant solution {the case of Kcele cotton ¢il wor 8 in Ncth
Can.eroon) uses this steam inside less poweriul piston ste~m
engines.

2) - The initial project ¢i a cen ent {actory in Barany near
Da:ar, prepared in 1939, provided for the gasification of sround
nut shells into gas generators. The gas produced was delivered at
poor gas motcrs. The equipnent was bought then, but not erected
because of the war. The cement factory was built in 1948 on a double
scale and this type ol power was given up for diesels of the classical

type.

(1) The crops would have reached, under shells fcrm, the following
tonnages in the Sol:ctc State :

62 - 63 - 108 00C ¢t 86 - 87 142000t
33 - 34 - 100 000 t G7 - 68 - 90 000t
34-65- 94 COC t 38 - 69 - 8100t
85 - 66 -119 ""C t 68 - 7¢ - 5000t

The iigure of 7C-71, yet not well known, seems to stand around
45 C00 t, commercialized in Nigeria (bad weather conditions ; a
few sales to Niger).



$ - CONCLUSIONS from the MICROSCOPIE EXAMINATION

8. 73

t

Formal clinker. Overburnt, Alitic phase 1
medium,

8 10 - 11 - 12 - 13 - 14

Very heterogeneous clinker, undersaturated
very atundant belitic phase, especially in sample SC 13,

Samples SC 12 = 13 ~ 14 correspond to weathered
clinkers, The quantity of CO, in those 3 samples could cause false set
duwe to carbonates.

" 'The periclasc, distributed as isolated crjstals,
indicates the dolomitic nature of the limestone.

L]

Porosity is greater than for clinker S 73.

'

8. % - Casts from cement mill

Alite 1 very scanty phase more or less well <10%
formed crystals

Belite :  very abundant phasc ; the C)S areas 50-60 %
correspond to a grain size 5 um

Celite & C3A crystals, (4AF 5 CoA - 15-20 %

Free lime not observed

Magnenias  isolated crystals -3 %

Porosity: low enough
For all those clinkers, the €25 with 1 series
of ptrias, corresponds to a rather low buming temperature, under 14%0°C,

: The reaction is easy because of the abundance
of the liquid phase,

Y




3

3) The Malbaza cement [actory which produces 110 t/d1y uses
pulverized ;roundnuts shells. They are directly blown in the fuel
noz :le of the iln. The proportion ¢i shells corresponds to € to
80 % ci the calories to be supplied. The norn al running seems to
be 30 to 40 %. This last process is by far the least expensive as
re;ards the investinent requiren cnts. It seems to be the most
appropricte in the Sclicto case. Nevertheless, before examining
its proiitability, it is necessary to state precisely the scale ol !
tonnage and price oi available shells, ior this is one o: the n ost
critical points and probably the stun bling bloc.. vi the problen.

1 - Available tonnase and price of the shells

In the present study, we shall systen atically choose
optinr.istic assun ptions in order to reach a maxin.un: possible
profitability. As previously stated, the aver:-ge crop. in shel'ed
groundnuts, n.ay be evalurted to 9C 070 tons. if we suppose thet
the dicrecse o! the last rew years is occidental or that it results
fromr. a len''age towards Niger duec to a tempwrary shi.ting o! the
quotaticns and ol the exchange rotes. This tonnage corresponds
more or less to 45 000 tons oi shells ; the output o the shellin
process, i. e. 66 %, is noi excellent in the system used which is
the shellins on the worizin s by liitle hand machines (1) opcrated
by won en. But. these shells are scattered in all countryn.en's
farm.s and few are sathered on mar..ets. Thus the total shells
the m.ain part of which is rejected and lost unused, are not in
fact aviilable and due to their low density they are hurdly
transportable.

It is thus in possible to iknow beforehand which could be
practically n ade available. It is = question of paymr.ent oi the
additional transport which should be as'.ed then to the producer.
includinyg the cost ol the necessary correspondinj paclking.

(1) The price of each smallhand shelling mnchine, is 12 £N

The two thirds of this price are subsidized by the N.arketing Board.
The wor!.ing of these machines is rudiu entary and it causes a

lost of seeds. The output in Senegnl is 7C % in central stations.
Such an experin ent was ~ttempted in Katsina with Beby n-achines
but was not carried on.




Alter several tal .8 :bout this question in Sokito and in
Kaduna. we & :reed on the price of 2 £ per ton paid to the producer.
This price corresponds :

- for two thirds. to the purchase of the product tc the
M arketing Bcard which is rejul' rly the only one enabled to deal
for this product., This amount. i e. V' 7 £ aln ost corresponds
to the hall o’ what was required, but nct yet obtained, by SCNARA,
a shellins con pany of I albozo, ot the exit oi the station ~djacent
to the cement factory. But it n.ust be noted that the fuel oil n° 1
used in M albaza is worth nearly twice the price oi the (uel oil in

Solkoto.

- for one third to the trcnsport, to the aivortization of the
packinz, to the weishing expenses and to the loadinj of lorries
in the collecting centers.

For such a price. tal'in7 into account the reascns hercinbefore

expluined, it v-ill be in possible to collect most of the shells.
Lackin: of 1w ore precise iniorn.ation we supposed it would be
possible to recover almost half of these 1. e. 27 00 tons.

Let us notice that these additional 2 £ c¢n o weight correspondin ;
to half the shelled peanuts weisht (paid 31 to 32 £ /ton) only adds
3 % to the payn ent o! the country n:..n.

2 - Transport to the factory

We ncted on a map anne:ed hereto the principal collecting
points [or the siielled ;roundnuts oi the 197¢ 1971 crop, ~s we Jot
them cfficiously at the So.:to Natural Resources Ministry.

We admitted :

- that the shells siiould be available there within the same
quantities ratios

- that, during the norn.al years of production (twice
that of 7C-'71 campaign), the tonnages will increase proportionally
in each mar!-et.

Cne may notice that in actual fact there are no 1:ar.:ets
within a rodius less than 3C miles {ron Sokoto and that the
averaze transport distance, calculated through big centers
spaced out fronr Juiscu to Shinkafe, particularly Guisau Kala,
Namanda and Magagi exceeds 100 m.iles. Let us remind that
Guisau is 134 miles from the cement iactory by road. Ta.ing
into account Talata Mafara and Tarbawel (located S. W.) it is
diificult to bring down the average transport distance below
1CC miles



o¢ 0 0f S3UW
: T T T goowor v 31VIS

" YNNaYe

- w .
- nund

‘l‘) gt ot

IR

L 00€8 R WJYVIVW VIVIVL

YGCAYN Do TgmeE
VENTM L e 7
oot L wynwve 7
. s 19vOVIW -
nenZ : - Sl
k © 0004 &

INISVN

\
i
i
'
* —y 1 T

r

B T CIRETPTR

" o R OWN~ L
YNISivE - .
‘ N LIAVINIHS ®




[N

It remzins to evaluate the price per ton-mrile Jor such a
product. Considering :

- the low density which, similar to that of the cotton-seed,
reduces the normal loading of the lorry by hali,

that in their grenter part transports will be without any
return ireight,

- the condition of the trac!:s to be used,

- the equipn ent ol the lorries for bulk transport, i. e,
sideboards and tarpaulin cover, without any pressing. The weighing
will be made by n ariiets weizhing machines

We agreed on a price of 7 df/ton nile i. e 29 £ jor
100 miles. In addition are the unloading expenses on the arrival
and a few losses due to blowinz cii, sothat the total is :
3 £ /ton of gross shell i. e. GC 00C£ N ior 20 CCO tons.

Cne must note that the zross shell contains on the one hand
moisture (a content oi 7 to 9 % seen.s normal), cn the other hand
earthy particles which may involve a cleaninz on the arrival. A
12 % decrense seems to be justified in crder to obtain ihe theoretic
tonnage of com,pletely dry shells. In practice con.plete dryness
shall not be obtained and the calorific value will be proportionally
decreased. It will be equal to 4 000 x ¢, 88 = 3 500 calories for
12 % impurities. The 20 0CC tons ol iross shells will thus be
taltzen ~8 equivalent to 17 300 tons ¢f 160 % dry shells.

3 - Technical process and wor..in; ccst

The sur: i ary fow gheet annexed hereto shcws the seneral
runninz of the device used in Malbaza. studied in 1964 by
FIVES-LILLE Company and erected in 1867-38.

The shells kept in bags are put on a belt conveyor and lifted
up by a 12 1 buc.et elevator into an hopper. Reclaimin;; is n. ade,
with the help of hopper vibrators, by a multi extractor. The
grinder is fed by an apron distributor. This 12C HP “ondard ;rinder,
weizhin7 alnm ost 3 tons and runninj at a speed of 3/C0r.p.m.
is equipped of 36 hammers. Drying was formerly 1 ade by circulation
of exhaust l:iln gases, but, due to fire risic8 such process is no
longer used.
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PRINCIPLE SCHEME
FOR SHELLS UTILISATION

Malbaza.Sokoto
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Pulverized shells ;o throuzh a decantation cyclone ond are
collected in a storage hopper with a volume of several ten cubic
meters. Fron. there they are extracted by a multi-screw distributor
the output of which is adjustable iror. 300 to 1 870 K3/hour. Then
they ‘all in a special venturi placed for such purpose into the
kiln {uel nozzle. Air cir:ulation is created by a fan (25 KW/

8 700 c. m. /hcur under a pressure of 40" nu: W. ) exhausting the air
from the decantation cyclone and blowin it throush » dedusting
cyclone toward the prin ary air fon o’ the kiln. Therefore the

primary air blowin3s n ust sustain a certain modilicotion. The dust
are carried to the storage hopper.

‘The running seem.s sntis{yins cn the technical point of
view. The normal operation is obtained with a mixture o
30 % pulverized shells and 7C % cf fuel oil {calculated in thernies).
This perceintage of shells can be easily exceeded, but in fact
the limit comes irom the lack of shells fron. the SCNARA next
shelling center.

Cne may note two imperfections which moreover do not
affect the operating principle :

- Reclaiming from the SCNARA stoc'< is n ade by manual
bag:inz and hand conveying when, due to the short distance,
a blowing device could be used.

- Shell bags are storec near the drying and ¢rinding
equipment, which involved assured fire ris. s.

Cne may notice that tj:e hih silica content of peanut shells
leads to a very im portant wearin: of the hamn ers which are
made of ordinary steel (12 han:n: ers per day). When rec .oning
the raw mizes to be burnt, cuch silica must be ta.;en into account.
Cn the other hond, the al.alies content (12 to 14 % K 2C) of the
shells does not entail running perturbations in the iciln, ai least
as rejards the adopted percentae of shells.

The iotal electric power consun ption is hizh, about
70 to 80 “"Wh/ton cof pulverized shells. In the case of Sc icto
(17 62" tcns) the consumption would an.ount to 1 320 000 KWh,
which, at the marginal cost of the YWh, corresponds about to

14 80C ¢ N.



The important wearing of the grinder hammers involves
a high cost which, in addition to other consumptions of materials
and spare parts, brings into the evaluation some dubiousness.
In consideration of N.albaza experience (change of the hammers
every 3 days) and of the very abrasive nature of the groundnut
shell, we were lead to estimate it between 0,5 and 1 £ N per ton
of pulverized shell, For the 17 G600 tons needed in Sokoto, this
would give ¢n annual expense of 14 000£ N.

The production stafi is fairly reduced. One may account
for a running in two shifts with two workers, one of them only
being well skilled, for a period of 11 months per year, 1. e. a
total of 44 months-worker. The corresponding expense (with
overtime) may be evaluatedto 1 200 £ N,

Low agios on stock must only be taken into account because
they are balanced with the fuel ones, though the storage period
be longer (as a matter of {act the groundnut crop only lasts 3 or
4 months and the storage must last almost 8 months).

4 - Choracteristics and cost of the plant

We planned a storage outside the plant in order to decrease
fire risiks, but this storage will be under a very simple form
(cemented areas surrounded by walls in order to receive piles
covered with tarpaulin).

The plant is expected to treat 20 000 tons during 11 months,
i, e. 1 8CC tons per month, and to pulverize 17 600 tons of dry
shells, i, e. 59 tons per day when working 300 days as woris
the kiln. However pulverization work will be made only in 2 shifts,
which corresponds to a grinding ccopacity of 59 = 3,7 tons per hour

or more if the dryness is not coniplete, 16

With such a rhythm, the shells bring per day
%9 00C x 4 = 236 000 thermies when the production of clinker
requires 330t x 1 1C0 th = 363 0CO thermies, i. e. a proportion
of 85 % brought by the shells and 35 % by tihe fuel-oil. This
percentage is much higher than the one of Mialbaza (30 % of shells)
but does not seem impossibie to reach. However an adjustment
shall be mcde which, in the optimistic assumption we adopted,
we shall suppose already irnplemented.

Nialbaza plant includes only one grinder capable to
produce 1 to 1, 2 tons per hour of pulverized shells, but
it is possible to plan a grinder more powerful with an output

—



of 1,5 to 2 tons per hour. Two machines of this type would
theoretically suffice, but it would be judicious to plun three of
them. However we shall limit the plant to two grinders taus
running 2C hours per day, but o con.plete third grinder will exist
in the spare parts. Ve thus shnll have 2 grinders of 1680 to 170 HP
with 48 hammers, reaching on the whole 250 KV/.

The cost of the equipment F.C. B. of the Malbaz: plent was
about 20 CCC £ N in 1967. It is necessary to add 40 0CG N for civil
engineering works and local supplies (sheet-steel work, framework),
Considering the very expensive transports, the erection and
ajustments which took quite 1 long time, the total cost reaches
about 7C 0C0 £ N for the picnt in operating conditions.

In the case of Sokoto where two grinders, each having a
50 % higher output, would be set in parallel and where the
equipment particularly for the shells storage would be more
complete, the expenses to be contemplated, taking into account
the increese of costs, would be twice as big at least. However
due to the ncquired experience and to the fact that the transport
expenses and the costs of local prestations ure much lower, we
ghall admit an increase of only 85 %, i. e. 130 00 £, This
involves too that, within our intentionally optimistic views, no
custom duty be exceptionully prid on the entrance in Nigeria.
A cross-checking of this amount of 130 000 £ can be .pproximately
made by the estimation of FIVES-LILLE Company worked
out in 1968 for a slightly raore powerful plant.

To this amount of 130 (¢ £ corresponds a constant annual
charze [or a capital borrowed at 7 % and amortized in 8 years
(the product being particularly abrasive), i, e,

130 000 x 16,75 % = 21 775 £ N.




If we recapituiate the whole expenees Recesa ry to use
the shells, we come to the (ollowing balance -sheet

Bhelle Fuel-oil
Purchnrse 40 000 N| The moving of fuel-oil corres-
Transport and storage 80 (00 ponds to the tonnage to which
Productiun expenses have been substituted the
- Power 14 800 17 600 tons of 100 % dry shelis
- Spare parts 14 80 at 4 000 Keal (or 26 000 tons
- M npower 1 3.0 at 3 300 he | )

If the culoridic value of the fuel-
oil 18 taken ¢t 9 5.0 Keal., the
soving of tonnage i1n

Agios on stock
{as . reninder)

Anauity of amortisation 17 800 x 4 = 7 450 tons
and interest 1M L
The price per deliveied ton
151 778 being 33. 4 N, the saving of
Continencies (except fue! will be
on shells) 11 438
Total 183 00U N 173000 N

Due to the inaccuracy of aom.e elon enta which were quite
arbitrorily evalunted though always with » view favour: ble to the
wee of shells. 1t is difficult to take into consideration such a
saving u. 1 000 N nd the cperation seen.a to be profitiess
oa firct cppromn.ation The mein profit-earners would be the
country -men and the carrices.

This result 18 con.par ble to that of Malbaza where the
operstion is cunsidered s just interesiing. in wpite of the
much more high cost of {uel (curried on lorries from the shore)
and oi the practically null cost uf siiells transport, bwt the
quant ity of available shellu 18 very low and i far fron satursting
the piamt.




In Sokoto the profitability of the operation is essentially
cancelled by the distance and the cost of transport, Even a
decrense of 50 % on the anticipated cost-price, which is hard to
imagine, would not permit a sufficieatly attractive profitability.
Most certainly the operation could show itself more interesting
in the future with the sensible rise expected on the price of fuel-oil,
but it should be advisable then to reexamine entirely the problem
with the Marlketing Board, in order particularly to sound the
farmers reactions and to state precisely the purchase and approach
expenses.

In the present state of the running cf the factory we think that
it must devote itmelf wholly to its re-ordering as described in
this report, without dissipating its efforts on this aspect of its
present economy which may be interesting at t he State level, but
is for it very secondary.




Chemical analyscia

KQO Nao0

- _
Designation Total

100 5 : 0,3310,04

SC 13 5 , 0,22/0,04

8 35 210,09

SC 73 5 4 2455 ) 210,05

K20 Nao0

Dépignation solublelsoluble

SC 10 , 0,10 0,02
SC 13 0,07 0,02
SC 35 ‘ 0,10 0,03
3¢ 73 0,05 0,03










Potential composition

Free |Undeter-|Liquid at

€33 | €S | Coh | ChF | oo lnmined | 14500¢

8 10 26 48,3 10,8 11 0,15 | 3,75 30,1 %
8 13| 3 62,51 10,3 ] 10 2,10 | 12,10 26,9 %
B 3] 12,2] 5,5| 11,2| 11,5] 0,50 | 5,10 31,2 4
8 7314 | 27,8] 10,3 9,8 0,75 3,35 27,7 %




A 5191

0/S 99 616 - SOKOTO - Clivker 8 73 "Good clinker"

g

A 5792

x 200 1 cm = 50 um

Etching : Sodium citrate
+ gaz H.F,

Grey : C3S crystials

Dark : C,S crystals

x75 1 cm=13,3% w

Etching ¢ alccholic
HNO4

Slashed crystals of

C,S sometimes with

1l reries of stiriac




x 200 1 cnm = 50 um

Etching : sodium citrate
+ gaz HF

Grey ¢ C3S crysials

Dark : CpS5 crystals

Clinker rich in CuS

A 5794

X750 1 cm = 13,3 .

Etching : alcoholic HNO3

Slashed crystals of (g8

with 1 series of strius




0/S 99 616 - SOKOTO - CLINKER SC 10

Silicates distiribution

A 5796

x}fj,lcm=285pm

Etching : sodium citrates + gaz HF

Dark : belite areas - {hose arcas are numerous and
' up 1o 1000 ym




0/S 99 616 - SOKOTO - CLINKER S 73 "Cood C)inker"

Silicates distiribution

A 5793

x3 1cm= 285 um
Btching : sodiwn citrate + gaz HP
Dark : belite arcas




APPINDIX TO CHAPTER I

L

Note on regional geological survey






