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1 • EXPLANATORY NOTES 

1 N (Naira) 

POB 

CD' 

SQ. M. 

CU. M. 

SCll 

SCP 

v.T 

TPD 

TPA 

JIWH 

LPP 

PSA 

N.1'.P.C. 

?IPK 

CB 

CAB 

AN 

• 100 kobo • 1.084 US t (26. Nov. 1985) 

• Free on board 

• Cost - Freight-insurance 

- square meter 

• Cubic meter 

= Standard cubic meter 

• Standard cubic toot 

• Metric tonne 

• Tonne per day 

• Tonne per Annum 

• Megawatt hour 

• Low pal1' point 

• Pressure-swing- adsorption 

• Nigerian Nation&l Petroleum Company 

• Nitrogen-phosphorus-potassium 
complex tertilizer 

• Calcium nitrate 

• Calcium ammonium nitrate 

• Ammonium nitrate 
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2. ABSTRACT 

On basis of a contract between UNIDO Vienn3 and Poly
tecbna, Poreign Trade Company, Technical Cooperation Agency 
Prague, Czechoslovakia, three consultants, Mr.-P. Duchek, 
ceramic technologist, Mr. J. Mueller, industrial economist 
and Mr. J. Novotny, chemical engineer were appointed to evalu
ate and pre-select tenders to set up a ceramic plant producing 
glazed ceramic tiles and sanitarywares. The other project ten
dered was a small scale ammonia/urea plant. The well prepared 

• pre-investment phase in case of ceramic project substantiates 
consideration to establish a financing corporation. Criteria 
were set up which would enable to select unamb~usly the most 
suitable offer meeting the technical and economic considerat
ions. In case of fertilizer project the conditions on local 
markets have changed since 1982 when a feasibility study was 
elaborated. Consequently, a comprehensive feasibility study 

• 

on different production programme should be elaborated. The 
new prospective yroducts required in Nigeria are complex fer
tilizers. Based on the evaluation of local conditions and pre
sented tenders re~evant activities were recODD11ended to be 
carried out • 

-· 
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4. INTRODUCTION 

There are favourable conditions 1n Bendel State for 
establishing cerSl!lic indl48tr1es; cheap energy and manpower, 
non-metallic raw materials and large market of Nigeria which 
is supplied from abroad. On this basis, considerations to 
establish and subsequently diversify ceramic industries are 
substantiated. The Ministry of Commerce and Industry had fea
sibility studies elaborated which proved economic viability 
of a small-scale production capacity to produce glazed ceramic 
tiles and sanitary wares. The pre-investment phase was accom-

~ plished and tenderers were invited to offer. The invitation 
for tender was well prepared by the Ministry and 7 bids did 
not differ essentially 1n the quoted prices, some minor diffe
rences can be ascribed to monetary affects rather than to the 
differences in quantity and quality of equipment. All the bids 
were ev&luated quantitatively whether they correspond to the 
projected capacity and production programme. 

• 

During preselection the stress was given to the sensiti
vity of offered technology and equipment to different Chc;.!'.'~es 

which could set in and which could affect the production costs. 
For example, a part of unprocessed raw materials is more pro
bable to be imported to feed the demanding single-firing tech-
nology with adverse impact on profitability. This risk is 
smaller in case of double-firing technology. other criteria 
were suitability of equipment to the reco~ended low pall' point 

oil and appropriate proportion between mechanized and manual 
operations. On this base 4 offers could be eliminated, The 
three left ones can be easily and unambiguously compared accord
ing to economic critP-ria; direct production costs, price of 
supply and/or financial terms and scope of offered share
holding. 

The other tenders to be evaluated conc~rned ammonia and 
urea project on basis of cheap locally available associated 
natural gas. The pre-investment phase has been very long, 
teasibili~y study was elaborated in 1982. The conditions, 

- 1 -



• 

• 

- 6 -

especially domestic aupplyot urea, has changed considerably 
since. The market is going to be supplied by new Port Har-
court plant which has excess capacity to supply domestic and 
foreign markets. The considerations ot large scale ammonia 
production tor export are not supported by reliable marketing 
data. Latest information ~eveals that a production plant supply
ing complex fertilizers tor domestic Nigerian markets could 
have good prospects. 

The bids on urea production were evaluated technically, 
however it is recommended not to take the venture before a 
comprehensive teasiblity study has been elaborated • 

During the evaluation work technical discussions were 
held with the staff ot the Ministry ot CoDDDerce and Industry 
which led to conclusion that technical assistance in establish
ing and contigent diversification ot ceramic and fertilizer 
industries rooted up by UNIDO would be ot considerable use. 
The assistance would involve training, elaboration ot raw 
material inventories and the feasibility study on fertilizers. 

The consultants had counterparts from the :Ministry who 
very actively col1aborated during the work and provided much 
information. on local conditions. On the other hand, the tech
nical and economic information given them could help in their 
future work. The objectives ot the mission were fulfilled • 

The consultants are much obliged to: 

llr. L. Oghene-<>moru, Honourable CoDDDissioner tor CoDDDerce and 
Industry of Bendel State. 
Mr. T. Owolabi, Permanent Secretary, :Ministry ot Commerce and 
Industry of Bendel State 

Mr. o. u. Onuwaje, Cheit Industrial· Officer, Miilistry of CoDDDer
ce and Industry ot Bendel State 
tor all the attention and assistance extended during their work. 
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5. RECOMMENDATIONS 

(1) Owing to the well prepared pre-investmen! phases by the 
Ministry ot Commerce and Industry of Bendel State, it 
is possible to proceed to establishing a ceramic corpo
ration, which will produce 600 000 sq. m. ot ceramic gla
zed tiles and J 000 tpa of sanitary ware. 

{2) To carry out a final selection of a technical partner and 
s~pplier of equipment and technology ?t the tUJnJc.ey project. 

(~) To select a most suitable location tor the ceramic enter
prise considering technical and economic viewpoints and 
infrastructure. In view ot employing the external economi
es, the most suitable location is probably Benin City as 
having grid system, road and telecommunication, University, 
schools, homes, governmental establishments and available 
manpower, among others. 

(4) To procure all access to the unprocessed raw materials 
necessaJ.'7 for optimal body compositions throughout Jlgeria. 
To procure all access to the utilities 1l:. the selected lo
~ation and verity the ava~lable reserves ot selected raw 
materials. 

(5) To open clay deposits in Ozzara - Igbanke area tor excavat
ing and homogenizing several tons ot sampl9s tor semi
industrial verification of both the ceramic technologies · 
- glazed tileR and sanitary ware. To procure several tons 
of samples ot kaolin and non-pl&Rtic components, such as 
feldspar, dolomite and/or limestone and 4uartz for pilot 
tests by the supplier ot technology and equipment.· 

( 6) To evaluate economy ot setting-up a refractory work-., '1op 
to produce refractol'7 auxiliary materials on the spot; 
it economical, to extend the projected ceramic plant. 

(7) There is not a sound information basis on which a decis
ion could be accepted to establish the fertilizer indust
r:f in Bendel State 

-
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{8) To elaborate a market study on domestic demand tor complex 
industrial fertilizers, especially llPK type, in Eendel 
State ot Nigeria as a basis of subsequent decisions. 

{9) Pursuant to the conclusions ot market survey to elaborate 
a comprehensive feasibility study on establishing the fer
tilizer indl!Btry oriented on domestic and/or foreign mar
kets, it need be. 

(10) To apply to UNIDO through t~e UNDP Office, Lagos, for tech
nical assistance in. establishing ceramic and fertilizer 
industries and their contigent subsequent diversification • 
It is desirable to organize study tours, individual train
ing, inventories of non-metallic minerals and rocks, pre
investment studies. Other technical assistance provided 
by UNIDO to the infant industries could also be needed • 
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6. EVALUATION OF TENDERS 

A. Activities and Outputs 

Federal Ministry of Hational Planning 1n Nigeria, advis
ed UHDP Lagoa to request UNIDO assistance in the evaluation of 
bids on establishment of the ceramic and fertilizer industries 

the Bendel State Government does not have necessary in
house expertise to make clear technical and economical evalu
ation of tenders. POLYTECHNA, loreign Trade Corporation, Tech
nical Co-operation Agency, Prague, Czechoslovakia having con-
tracted the job appointed the team of three consultants (cera
mic technologist, fertilizer technologist, industrial ec~no
mist} to provide the government with the economic end techno
logical expertise relating to the selection of contractors. 

The experts during their assignment studie.d carefully 
all the tenders, feasibility studies and other relevant docu
mantation as well as made themselves acquainted with local 
conditions and related problems. Durig the stay, ·the team also 
visited deposits of clays in Bendel State and location Ozarra 
- Igbanke which are supposed to be used in ceramic production, 
the natural gas and crude oil deposits and the port in Warri. 

The nominated personnel of the Ministry of Commerce and 
~ Industry took part all the time throughout tender evaluation. 

The progress and results of the work were discussed. 

The report itself is divided into the ceramic and ferti
lizer parts according to different problems evaluated. Each 
part has been elaborated as the complex unit covering both 
technological and economic aspects of bids. However, problems 
linked with establishments ot ceramic and fertllizer plants 
differ. In case of ceramic factory, the local raw materials 
quality, homogenety and supply is of great importance. On the 
other hand, there exists an insufficient feasibility study on 
the fertilizer project and tenders were left to be evaluated 
only according to the status given and up-to-date information 
accessible. Especially the market for different fertilizer 
products was not evaluated. Therefore, further pre-investment 
steps are to be taken prior to any selection of bids. 

-
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1. EVALUATION OF CERAMIC TENDERS 

1.1. Analysis ot :Background Information 

1.1.1. Feasibility ltudies Elaborated 

Two feasiblity reports were elaborated in the course 
of 1983 by :::two consultiJ:lg agencies. 
- Oghene Omavuezi and Company, Consulting division, 

Benin City, February 1983. 
- SIT!I, Marano Ticino, Italy, :May 1983. 

• While the Oghene Omavuezi elaborated a feasibility study on 
the production of ceramic glazed tiles and sanitary wares, 
the ItaliEllconsultant regarded only the production ot glazed 
wall and floor tiles. 

• 
Year 

1973 
1974 
1975 
1976 
1977 
1978 
1979 

(a~ Market, demand, prices, production programme 

lm!2£!_2~-~1n!!!rl_!~!-!2_!!s!r!! 

Total quantity including Value 
fittings (MT) (OOON) 

8,766 3,593 
9,189 5,027 

12 ,201 10,656 
10,142 9,613 
12,966 13,392 
15,8.34 23,046 

6,412 11,358 

(Source: Oghene Omavuezi) 
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Import of Ceramic Tiles and other Ceramic Wares 

Year Quantity (MT) Value 
(OOON) 

-

1975 21, 735 6,007 
1976 20,047 6,369 
1977 29,047 10,351 
1978 28,257 13,966 
1979 4,293 2,286 

(Source: Oghene Omavuezi) 

ESTilUTE OF FUTURE DEMAND 

From the above import figures, the effective deman.d was 
f o:rcast as groving by 24% e.JL'"lually in the case of Aani tary 
wares and by 40% in the case of other ceramic products. It 
means that annual consumption in 1989 should be·168,745 MT 
in case of sanitary wares and 1 144 282 MT in case of other 
ceramic products. According to these figures, the share of 
proposed capacity would be almost negligible • 

Pricing: 

According to Oghene Omavuezi 
1 kg of sanitary ~are - N4.J 
1 sq. m. of floor tiles - N21.00 

1 sq. m. of wall tiles - N1J.50 

Accordingto SITT!: 

1 sq. m. of glazed undecorated wall tiles - N10 
1 sq. m. of glazed decorated wall tiles - N12 
1 sq. m. of glazed decorated floor tiles - N14 

-·------·-------------------------------

... 25 -
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Pro~osed production CEpacity 

Oghene Qnavuezi - 400 000 sq. m. of wall tiles 
200 000 sq. m. of floor tiles 
J 000 14! of sanitary ware 

SITT I - 200 000 sq. m. of undecorated wall tiles 
140 000 sq. m. of decorated wall tiles 
260 000 sq. m. of decorated floor tiles 

, 
Taking into consideration the market figures from 1970 s, 

the proposed capacities are reasonablll. In the case of sanitary 
ware, th& sllf'.~e of demand is about 25% - 50%. In the case of 
ceramic tiles, the a-hare ranges between JO% - 100%. As for 
prices, it shou1d be born in mind that those represent about 
JOO% of average world ex-factory prices which are J - 5 US # 
for 1 sq. m. of ceramic tiles end 1 - 1,5 US # for 1 kg~ of 
sanitary ware. !!here is a possibility for the importers to com
pete by cutting prices and therefore, it is advisable to pro
tect the starting industries against low priced imports. 

(b) Supplies of Inputsz 

Both the feasibility studies failed to give sUffioient 
data o.n raw materials and other inputs. No preliminary 
laboratory research. in the body compositions based on 
local raw materials was carried out. As bocq composition 
on raw materials cl87s from the deposit Ozarra-Igbanke 
were recommended. other non-~lastic components were not 
considered. As for processed raw material• such as frits, 
stains, plaster of Paris and a\1%illiary materials, the 
studies suppose :Importing. Por !iring, low pour point oil 
is considered which is recomnendable because of its avai
lability throughout Bendel State. 

(o) Locations 

The feasibility study elabt>rated by Oghene Qnavuezi re
commends to set up the plant in the vicinity of the clay 
deposit. However, the feasibility study failed to de•ori
be ava11ability of utility supplies and manpower. and 
other infrastructures. 

' 

- 2 -
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(d) Technological Processing: 

Both the feasibility studies consider double firing of 
tiles pressed from spray-dried powder. In case of sanitary 
ware, manual casting is considered. With rega:-d to the pro
duction ·capacities, unknown quality of raw materials and 
unskilness of manpower, these technologies should be opti-
mal. 

(e) Commercial Evaluation: 

Providing the initial conditions of using local raw mate
rials and of contemporary prices on Nigeria markets are 
valid, the economic Y.iability of the project is ensured. 
Therefore, the industrial vent-are of establishing ceramic 
industries was recommended. Based on the recommendations 
and conclusions of the Oghene Omavuezi study, bidders were 
invited to tender. 

(f) Cost - Benefit Analysis: 

Both the feasibility studies evaluate the venture form the 
commercial point of view only. No national economic object
ives are considered. 

1.1.2. Other Background Information: 

To select a bid that would be most suitable to the local 
conditions, some more data not provided by feasibility 
studies are vital. For example, the application of single 
firing technology is more sensitive to the quality of raw 
materials and, consequently, there is a higher risk of 
deterioration of profitability if large quantities of 
unprocessed raw materials were to be imported. The rese
arch of body compositions cannot start before the raw 
materials are available, so that tentative body compo
sitions based on available data were suggested that the 
Bendel Authorities could start ~&levant negotiations. 
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(a) Tentative Input Balance !'or Ceramic Tiles Uprocessed 
'Materials: 

(b) 

- ball clays approx 
- kaolin (white :firing) approx 
- quartz approx 
- dolomite (limestone) approx 

Semi-processed and processed materials: 

- Glazes and stains 
- Liquefying agents 

Auxiliary materials: 

7 JOO Tpa 
1 500 Tpa 
4 800 Tpa 

2 400 ~a 

1 000 Tpa 
10 Tpa 

Kiln car :furniture, lubricants and others. 

Utilities per annum: 

- Water 
- Electricity 
- Natural gas 
- or fuel oil 

JO 000 cum 
2 500 :MWh 

J 200 000 s.c.m. 
2 500 MT 

Tentative input balance for sani·tary wares 

Unprocessed materials: 

- ball clay approx 

- kaolin approx 
- feldspar approx 
- quartz approx 

Semi-processed materials: 

- glazes and stains approx 
- plaster of Paris approx 
- def'loaoulants approx 

Auxiliary Materials: 

Kiln car furnitures, lubricants etc. 

Utilities per annum: 

- water 15 ooo cum 
2 500 MWh - electric power 

- natural gas 
- or fuel oil 

2 200 000 scm 
1 JOO Mt 

1 

1 

1 

1 

100 Tpa 
100 Tpa 
100 Tpa 
100 Tpa 

500 Tpa 
500 Tpa 

JO Tpa 
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(c) Availability of Inputs: 

According to the PRODA'a (Project Development Institute) 
report on the survey of clay deposits 1n Bendel State, 
there exist a large variety of raw materials sliitable for 
ceramics. However, neither data on deposits as for their 
magnitude nor analyses of these raw materials are given. 
Concerning sanitary ware and tile production, the follow
ing raw materials could be obtained from local sources in 
Nigeria. 

Unprocessed Raw Materials: 

Ball clays: Deposits OZARRA/IGBANKE (Bendel State) that 
were recommended by the feasibility studies, reserves are 
estimated for 50 to several hundreds of years. They have 
higher silica and alumina contents, more clay substance 
and comparatively lower contents of feldspar and quartz. 
With respect to kaolinite and hallyosite components, the 
clay exhibits high plasticity. The clay can be used in 

body composition with other components like low-plasticity 
kaolin (white firing), feldspar, quartz, dolomite. 

Quartz: - deposits in the Kano State 
Kaolin: - deposits in the Plateau and Kaduna States 

:Peldspar: - deposit'; :iear Okene (Kwara State) 

Limestone: - deposits in the North of Bendel State 

Dolomite: - deposits in Bendel and Kwara States 

The acces to above deposits to get the necessary raw materi
als are to be negotiated with the Nigerian Mining Corporation 
prior to other decisions. 

Semi-processed !law Materials: 

Glazes, chemicals and plaster of Paris are recommendable 
to be imported, at least in the initial years. 
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Utilities: 

Availability of water and electric power is a questjon 
of location selection. The consultants visited the region 
Ozarra - Igbanlt~ and are of opinion that only two places come 
into consideration as a location:, either the town Agbor whidh 
1s a comparatively large one with a solid infrastructire or 
the capital of the State, Benin City. When in Benin City, the 
corporation will employ external economics most because there 
are schools, university, grid systems, bankLlg, telecomunicat
ions, manpower, governmental establishments. 

tt As for the fuel, the consultants recommend to use fuel 
oil because the access to the natural gas is too late to be 
negotiated unless the start of the industry is postponed con
siderably. The time necessary to negotiate this access with 
the Nigerian National Petroleum Corporation is 18 months at 
least. 

Auxiliary Materials: 

Lubricants etc. are supposed to be available locally. 
Kiln furniture (slabs, saggars) is not available within Niger
ia according to given information. Both feasibility studies 
and offers suppose import of refractory auxiliary mateials. 
Annual output justifies considerations to set up a specializ
ed refractory workshop provided with crushers, millP, presses, 
casting devices and shuttle kiln to produce them loaally. It 
is recommended to negotiate the economic viability of this 
consideration with the selected supplier. 

1.2. Analysis of Tenders: 

1.2.1. Firms invited to bid: 

On the basis of recommendations of Oghene Omavuezi 
report a letter of invitation to tender was prepared 
by the Ministry of Commerce and Industry of Bendel 
State (Annex 1). The followine companies responded to 
the invitation: 
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I. Technipetrol Spa, Roma, Viale Castello della Magliani 68 

II. Franz Kirchfeld GMBH and Co., Koenigshalle 17, 4000 
Du.esseldor.t 

III. Gillambourne Limited, J, Doncaster Drive, Merseyside, 
England 

IV. China Liaoning International Corporation of Economic and 
Technical Co-operation, China 

v. Cerio, 18, Rue Royale - 75008 Paris, Prance 

VI. Atlas Enterprise Limited, Baarerstrasse 43, Zug Ch. 6JOO, 
. . 

Srltzerland (together with Agrob Anlagebau GMBH) 

VII. Welko - Industriale SPA, 20122 Milano, Piazza Velasca 5, 
~ Italy 

• 

As .tar as the conditions of tender are concerned four of 
the above bidders offer complete turnkey projects of required 
capacities. They are Technipetrol, Franz Kirohf eld, Ceric and 
Atlas-Agrob. Welko offers sanitaryware plant of 1000 Tpa capa
city only, while Gillambourne offers only production equipnent. 

, 
China L:laoning s off er .tailed to describe the equipnent 

and technology in su:t.ticient detail. According to same data 
a conclusion can be drawn that no world standard ceramic pro
ducts are scheduled (e.g. input 25 000 MT to produce 600 000 
sq. m. of tiles corresponds to industrial paving tiles rather 
than ~terior ceramic tiles. Other information regarding the 
exoesiY• 560 workers enables to deem that a high production 
cost ceramic plant would be set up. 

Experience within Nigerias 

3 o.t the bidders have experiences in the Federal Republic 
of Nigeria. They have participated in the following brick/ 
ceramic ventures. 

WELKO (Italt} 

Quality Ceramic Products, L:fJDited, in Itu-Chyo, Cross 
River Statg and Nigerian Italian Ceramlo hoducts, Limited 
in I.ton, Ondo State. 
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These establishments - acco~ding to iuf ormation letter 
of Messrs Welko have been producing til~s, sanitaryware a:id 
dinnerware. 

CERIC {France) 

Brick Factory at Funta {Kaduna State), and Brick Factory 
at MWl'lbi {Gongola State). The factory at Mumbi is operating 
well, while that at Funta has not started production yet. 

KmCHFELD (West Germany) 

Nigergrob in Abeokuta { Ogw::. State) and Ceramic Manufacturers 
~ (Nig) Ltd., in Kano (Kano State). 

• 

The first establishment was started up in 1976, product
ion being discontinued nowadays. The second plant was commis
ioned in 1984, now producing .3 300 tonne/year of' sanitaryware 
and works properly with 90% of' raw materials provided form 
Nigeria deposits. 

1 • 2. 2 • TECHNOLOGICAL PROCESS APPLIED: 

ene of the most important standpoints concerns technologi
cal process, quality and quantity of production. 

The bidders assume following technologies for tiles/sanitary
ware production: 

tiles 

S/NO. Bidder floor wall sanitaryware 
{castin~) 

1. Gillambourne single-fired double-fired manual, bat-
tery 

2. Atlas-.Agrob single-fired single-fired manual, bat-
tery 

.3. Kircb:reld double-fired double-fired manual 
4. eerie double-fired double-fired manual 
5. Technipetrol double.fired double-fired manual 
6. China L.I.C .1) double-fired double-fired manual 

7. Welko single-fired single-fired manual 

' ' 
.·. 

' 
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Note 1: concerning "inner and outer wall bricks" incomparab
le with world standard tiles demanded. 

Selection of the proper firing technology for tiles pro
duction has been evaluated fDom different technical and econo
mic points of T~ew taking into consideration mainly local con
ditions. 

Exploitation of single-firing technology &~pposes plenty 
of good quality raw materials with fixed and ho~ogeneous com
position. Roller kilns used for single-firing process are high
ly sophisticated devices demanding skilled staff. To suggest 
this technology without precise chemical and mineralogical 

tt analyses of ceramic behaviour of local raw materials and with
out detailed geological prospection of deposits could be risky. 
According to the only accessible clay characteristics (Annex
ure II) some of the ball clays from Ozarra/Igbanke location 
contain a greater amount of organic matter. During the firing 
process, these contamination.sere fired out of the raw material 
and in case of single-firing process, they can react with gla
zes resulting into colour changes, pin-boles etc. Thie could 
be precluded by using bisque firing. From the economic point 
of view, the risk of single-firing technology is fitrther dis
cussed in the paragraph 1.3. "PRODUCTION COSTS". Save for the 
above mentioned single-firing risks, there are no other impor-

• tant differences as far as the production process is concerned • 
The production of tiles is based on the preparation of slurry 
which then passes through spray drier to prepare for pressing 
powder, the green body is dried up afte1 preuing to evapora-
te the remaining moisture (below 1%). In case of single-firing 
process dried tiles are glazed and decorated, if need be, and 
then rapidly fired. This technology conserves costs in firing 
and in direct manpower. Its advantages are best displayed in 

the production of floor tiles - very low specific heat consumpt
ion per selling tmit (sq.m.) and in countries with high wages 
and low cost ot electric energy. 

In case of double-firing system, the shaped products are 
loaded on kiln cars to pass the drier and bisque firing kiln. 
Then they must be unloaded to feed the glazing lines. After 
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glazing they are again sagged on cars for glost firing. This 
process consumes more manpower (mainly semi-skilled or women), 
more energy due to the double-firing. However, in countries 
with cheap manpower and energy and 1n case of the production 
of thin wall tiles which weight about 60% of floor tiles per 
sq.m., the p~oduction costs do not differ considerably from 
single-firing. The consumption of unprocessed raw materials 
is also lower i:f standard 5 - 6 mm thick tiles are produced 
by double-firing. There is to be mentioned that there can be 
differences in organization of handling operations duriD.g 
double-firing. Devices were developed to mechanize the loading, 
unloading and kiln feeding operations. The result is a consi• 
derable conservation of manpower, especiallt that of unskilled. 
The mechanized or semi-automated handling is case of the offers 
of Technipetrol and Ceric. In case of Kirchfeld the higher 
consumption of assistants shows that manual loading is suggest
ed. In case of sanitary ware there are no technological diffe
rences among the separate bids. The procese is based on sepa
rate milling of plastic and no~-plastic components. These two 
batches are then blunged together, sieved and magnetically 
separated, slip feeds then the cast slip distribution system. 
The casting is manual which is optimal with regard to the 
small output and other local conditions. Finishing of cast 
products, handling moulds, glazing are also manual operations 
as well as loading kiln cars for firing. The sanitary ware 
plants are provided with glaze preparation and mould forming 
shops. 

If. L.P.P. fuel oil is used to fire sanitary ware muffled 
tunnel kilns should be applied to avoid quality problems which 
could set in with open flame kilns owing to impurities 1n the 
fuel. 

1.3. PRODUCTION COSTS 
a) Production Direct Costs: 

There are 4 cost items which correspond directly with 
the type of equjpment, used production method and which dif'-
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fer according to separate offera. Those costs are: 

- cost of unprocessed raw materials 
- cost of fuel 
- cost of electric energy 
- cost of direct manpower 

These costs are compared according to separate bids below 
(Table 1). Other costs are not considered here because they 
depend on other factors, such as administration and selling 
cost, or they could not be fixed from the data given by bidders, 
such as auxiliary materials. There can be zero consumption of 
kiln furniture in case of single-firing technologies but on the 
other hand there will be cost in replacement of worn rollers 
etc. Usually it is not possible to calculate the exact price of 
auxilliary materials in the pre-investment phase and about 15% 
of total production cost is a good estimate in the case of ce
ramic tile production regardless the type of equipmen·t and 
production technology. Therefore, the cost of auxilliBry mate
rials are not going to influence the option of bidd~rs. 

Cost of Unprocessed Raw Materials 

However, a greater difference can be expected in case of 
unprocessed raw materials, namely plastic ones for the body 
compositions. A.11 the bids are based on the presupposition 
that local mateials will be used save for some smaller correct
ion parts not exeeding 10%. This is probably valid in case of 
double-firing technology (offered by Ceric, Technipetrol and 
Kirchfeld). In such a case the total mass of local inputs will 
be approximately 7 500 tonnes x 1,4 - 16 500 tonnes of inputs 
valid N20 per 1 tonne (according to presented feasibility stu
dies). Annual cost will be then about N 210 000 or 35 kobo per 
sqm. 

In case of single-firing technology, the risk of unsuita
bility of local raw materials is higher because the single
firing require wen.defined and stable plastic raw materials 
not containing (or only small quantities) organic matters. If 
about 40% of raw material inputs were to be imported, all the 
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advantages of single-firing could be thwarted up by high costs 
of raw materials. The total weight of ~ingle-fired output is 
about 11 000 - 12 000 to'lD.es (because thicker tilee must be 
produced of mass between 18 - 20 kg per sq.m.). Therefore 
costs of inputs will be 11 500 x 14 x 20 N=J22 000 annually. 
If 40% of raw materials is imported for N 250 (low estimate) 
a tonne, then the annual cost will be N 1 803 ooo. On the other 
hand, if 40% of raw materials were imported i~ case of double 
-firing technology the cost of unprocessed raw materials would 
be N 1 176 000 1 i.e. lower by N 627 000. From this point of 
view it will be more prudent to select double-firing techno
logy which has other advantageg not negligible in case of 
starting ind1.1stry e.g. simpler equipment requiring less expe
rienced management and manpower. 

Cost of fuel 

These costs were calculated from the specific heat con
sumptions given by the separate bidders and the price of low 
pour point oil of calorific value of 9 600 kcal/kg. which is 
available in Bendel for 9 kobo per 1 kg. Natural gas as offer
ed by several bidders cannot be recommended because it is not 
certain to be accessible cheeply (vide infra). Some sources 
as the N-ReN feasibility study on the urea project give the 
price as follows: 

- 12 kobo per 1 000 SCF 
- daily 300 000 SCM 
- N2 200 000 fixed per annum 
- tLe total price per 1 000 SCF is 60 kobo. 

It is about 4 times less per a unit of calorific value 
then in case of oil, how~ver, the consumption is enormous so 
that the fixed part nf .prioe does not affect considerably. In 
case of ceramic :tiring when the consumption of natural ge.s is 
26 times lower the price of firing by natural gas would be at 
least 7 times higher provided the fixed cost of access to the 
natural gas ts the same in case of the urea project. In addit
ion, it was found, that tclme necessary to negotiate acces to 
the natural gas with the Nigerian National Petrol Corporation 
(NNPC) is 18 months. Therefore, it is recommendable to use 
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f~el oil which is assessible instantly. 

Cost of Electric Energy 

Thie item was derived from the installed electric capa
city given by separate bidders. Eleven hours operation time 
of electric devices and JCO days annually were considered for 
each offer. There are differences among suppliers, they cal
culated electric power consumption on basis of 10 - 13 hours 
average operation. 

Direct Manpower 

This cost item was calculated on basis of break-downs 
ft given by separate bidders. Only direct manpower used in the 

process was taken into consideration because some bidders did 
not fix any data about service shops etc. Therefore, their 
costs are icluded into other overheads as given by feasibility 
studi~s for the offers to be comparable. 

Based on feasibility studies, annual wages according to 
categories a.re as follows: 
- skilled workers N 3 000 
- semi- skilled workers N 2 500 
- mechanics N 3 500 
- laboratory N 2 500 

b) Other Production Costs (Used only for the ceramic tile 
production) 

There are included costs which are affected by other 
factors and are identical for all the bids. They are: 
- auxilliary materials 
- salaries 

It is to be mentioned that financial costs a~e not consi
dered here because they cannot be assessed at the moment as 
depending on the debt service etc. 

Glazes and stains 

It is estimated according to the feasibility studies that 
an average cost will be 1l 870 per tonne of applied glaze. It 
is estimated that 1 eq.m. of wall tiles requires 1 kg of gla
zes while this quantity is 1,3 kg in case of floor tiles. 
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Auxilliary Materials 

The feasibility studies estimate them at about 28% of 
direct production costs. 

Salaries 

According to feasibility studies, this item will be 
N 585 000 in case of ceramic tiles. 

Maintenance and Other Overhead Ilosts: 

Cost of maintenance: 3% of CIF price of equipment were 
taken into account for each bid. 

Other Overhead Costs: Based on feasibility_studies 
N 200 000 is calculated for the tile factory. Table 2 presents 
total production costs in case of ceramic tiles. When comp~r
ing the produ~tion costs calculated on basis of dbta derived 
from separate bids there Cd.Il be seen no considerable diffe:.·en
ces (Tables 1,2). In case of sanitary-v1are the difference 
between the lowest cost and the highest cost bids is only 8%. 
In case of tile production there is a high cost offer, Franz 
Kirchfeld. This can be ascribed both to the high capacity re
serves and to the high manpower conswnption because of sche
duled totally manual handling operations. Other offers differ 
negligibly since the lower cost in fuel and manpower in single 
-firing are counter-balanced by higher cost in electric power 
and unprocessed raw materials. It is to be underlined that 
Technipetrol offers the lowest cost for bot~1 ceramic product
ions. 

Note: Tbe offers will also influence cost of production by 
depreciation which will differ accorL:ing to the price of 
equipment etc. However, this is not compared here. 

In some caees these costs cannot be separated for the 
tile and sanitary-ware productions as some bidde~s failed to 
separate the prices of equipment. From the point of view of 
return on investment the different depreciations cannot affect 
the selection of bids since they do not influence the cash 
flow during the yearsof tax holiday as supposed by feasilility 

' --------------------·-------------------------------------------·--~ 
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studies. 

1 .4 • SELECTION CRITERIA 

It was necessary to compare the offers as complete units 
including both the production prngrammes, ce1·mnic ti.lea 
and sanitaryware. If either production programmes were 
considered separately, a possibility of combining ~f two 
offers as most suitable option could set in. 

For the comparison the below sequence of criteria was 
set up that would enable to eliminate the offers step by 
step until an optim.al bid is selected. The offers that do 
not comply with all the criteria set up should be omitted 
from further considerations. There can be an objection 
against this procedure since some adjustments can be nego
tiated with selected bidders. However, there are bids 
enough to select a good one which will suit without furt
her major adjustments. Additional negotiations with more 
than two bidders would prolong the decision making process. 

- Completion of offer which is necessary !:t unproductive 
delays and extra investment costs are to be reduced 

- Suitability of offered processing way to the accessible 
inputs and other local conditions which will influence 
the quality of final products and costs of production. 

- Suitability of offered equipment to the required product
ion programme and accessible inputs 

- Direct production costs 1n manpower, raw materials, elec
tric energy and firing which depend on the technology and 
equipment. 

a) Completion of tenders (Table 7) 

- TECFmIPETROL 

The bid is complete within the tender conditions except 
for the quarring equipment. 
As for the equipment offered there are -0nly two preeses 
projected. In case of operational breaks, troubles could 
set in. 
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- KIBCHFELD 

The bid is complete within the tender conditions 

- WELKO 

The firm bids the sanitaryware plant of capacity of 
1 000 Tpa only. It is insui'ficient in the terms of tender 
conditions. 

- GILLAMBOURNE 

Only production equipment is 1nc1uded without service 
shops a:_d civil engineering works. The bid is not complete. 

- CERIC 

The bid is complete in the terms of tender conditions. 
Similarly to the Technipetrol tenders, only two presses e.re 
projected. 

- ATLAS - AGROB 

The bid is complete, however, the technical assistance 
and training are not included in the offer price. 

- CHmA L,I,O,C, 

The bid is not complete in the terms of tender condit
ions, In addition the offered production progrannne does not 
comply with world standard glazed wall and floor tiles. 

b) Suitability of Technology 

With regard to the unknown quality and quantity of un
processed raw materials, it is strongly recommended to apply 
double-f h: : . .ng technology of ceram5 c t ilea as it is less 
sensitive to the quality of raw material inputs, In addit
ion to it, less quantity of raw materials will be consumed 
which inf'luences positively the cost of production, The risk 
of using the expensive imported raw materials thus will be 
reduced, The following bidders offer single-firing techno
logy; VlELKO, GILLAMBOURNE, ATLAS-AGROB, 
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c) Suitability of equipment 

With regard to the accessibility of fuels in Bendel State 
it is recommended to use equipment heated with fuel oil. 

In comparison with natural gas this fuel oil (L.P.P) 
is accessible instantly at low price while the use of na
tural gas is to be negotiated with N.N.P.C. 18 months be
fore at least. In addition, the fixed costs of this fuel 
are probably to be very high in case of small consumption 
units so that the total price could exceed the price of the 
fuel oil. 

Concerning sanitaryware production, the use of L.P.P • 
fuel oil could be detrimental to the quality of final pro
ducts in case of firing in open flame tunnel kilns. There
fore it is recommended to install muffled kilns in the 
plant producing sanitaryware. 

The following bidders offer open flEl,Dl.e kilns: GILLAM
BOURNE, ATLAS-AGROB, CERIC. The adjustment of the firing 
for fuel oil is not costly. 

From the points of view of tenders completeness, s_1llit
sbility of proposed technology and equipment to local con
ditions, two bids comply best. They are Technipetrol and 
Kirchf'eld. Technipetrol offer is based on SITTI technology 
and equipment which is the world known reliable supplier 
of ceramic technologies. 

FRANZ KIRCHFELD off er is based on NETZSCH technology and 
equipment being also acknowledged throughout the world. 
Note: It is worth mentioning that both above bidders were 
involved in elaborations of relevant feasibility studies. 
The first one recommended Frenz Kirchfeld while the other 
one was elaborated by SITTI itself. 

d) Production costs 

There are presented data in Table 6 on physical con
sumption by separate bids which will influence the manufac
turing costs. Built up area will ensue into the costs of 
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civil works, prices of equipment and technology will influ
ence depreciation. Further there are data, on physical spe
cific consumptions etc. In tables 1,2 there are presented 
direct production costs enst!ing from the above data and con
temporary prices of inputs in Bendel State. (The China L.I. 
o.c. offer is not presented because of the lack of information 
on physical inputs). As for the production direct costs, the 
lowest cost offer is that of Technipetrol. 

The production costs ens!in[; from the data given by the 
bidders require some considerations paid to the contingent 
changes of prices of factors. As for tho unprocessed raw 
materials their price N20/MT (datum from feasibility studies) 
is based on a presupposition of using locally available raw 
materials. There can be expected that in case of necessary 
imports or long distance domestic transports the loco fac
tory price will go up considerably (as it was analysed above 
no location can be found in the vicinity of all necessary 
raw material, clays, kaolin, quartz, feldspar, limestome 
and dolomite). In this case the lower consumption of raw 
ma~erials when the double-firing system is applied will in

fluence the production costs and prLfit very distinctly. 
Therefore i·~ is recommended strongly to apply double-firing 
technology for the tile production. On the other hand the 
prices of fuel can be looked upon as comparatively stable 
ill view of the world oversupply of fuels experienced in re
cent yc:u·s. 

In case of manpower a growth of wages can be expected. 
In addition it is possible that the want of workers will be 
proportionally higher with regard to their unskillness. From 
this point of view a reasonable mechanization and semiauto
mation of operations is preferable to conserve the cost 1n 

unskilled me.npower. It is also an experience within the cera
mic industries that manual handling of glazed unfired products 
by unskilled manpower is usually detrimental to the f 1.!'lal 

qualityo 
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2. PRE-SELECTION OF OFFERS 

It is recommended: 

a) To exclude the China Liaoning offer from further considerat
ions. It can be derived from the insufficient data presented 
that an industry without standard output (quoted from_the 

offer: "inner and outer bricks" of mass about 40 kg/sq.m.) 
and with very high production costs would be set-up. 

b) To exclud~ from further considerations the bids offering 
single firing ceramic tile teclmology. It consumes more un
processed raw m&terials, and is very sensitive to the quali
ty of inputs. Therefore, there is a danger of high product
ion costs spent in a contingent unprocessed raw material 
import. The following firms offer single firing ceramic tile 
technology: Gillambourne, Welke, Atlae-Agrob. In addition, 
Welko offers only 1 000 Tpa capacity for sanitaryware. 

c) To use equipment burning fuel oil because of questionable 
accesgibility to the natural gas. natural gas of quality as 
in Nigeria is perfectly suitable for firing sanitarywares in 

open flame kilns, however, it is not a case of L.P.P. fuel 
oil recommended to be used which could spoil the colour, 
especially that white, of sanitarywares. Therefore muffled 
kilns are recommendable even th ough the specific heat con
sumption is higher. Only Technipetrol and Kirehfeld offer 
muffled kilns for sanitaryware heated with fuel oil. How
ever, this requirement does not ex.elude the offer of Cerio 
from further co11ciderations because the company also delivers 
muffled kilns. The change can be easily negotiated includ
ing the adjustment of burners in case of tile production 
equipment. 

d) To consider with the selected technical partner setting up 
a factory workshop to produce buxilliary refractc~y mate
rials provided it is economical. 
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e) To use the economic performance to select further 

- Table 1 presents direct production costs in the production 
of both ceramic tiles and sanitaryware which were derived 
from the data given by bidders and calculated on basis of 
contemporary prices. 
Table 2 presents total production costs in the ceramic tile 
production collected from the data given by bidders a.~d SITT! 
feasibility study. 

- Table 3 presents prices of components of supplies quoted by 
separate bidders. The quotations given for FOB supplies of 

~ equipment correspond to the completeness of supply and diffe
rent technologies applied (~or instance, the low price 
of the Gillambourne offer is a result of offering only pro
duction hardware without ancillary and service shops, there
fore, the price of the complete supply can be expected to be 
higher). The quotations of civil works differ more distinctly. 
Therefore, the Ministry of Commerce and Industry had an esti
mate calculated of price of factory buildings per sq. m. 
~he price for light factory hall with concrete floor, roofs 
without air controll and any machinery foundations is appro
ximately N50 per sq. m. For rough estimate the built-up areas 
are presented in Table 6 togethe~ with other indicators. 

~ - Tables 4, 5, 6 and 7 present different technological data 
which can be used for some specinl considerations during the 
final selection process. 

3.0 EVALUATION OF FERTILIZER TENDERS 

3.1 Analysis of Background Information 

Feasibility study elaborated 

A feasibility study p~esented as a preliminary draft was 
elaborated by N-Ren International, Vijhoeckstraat, 40-1801 
Chsteau du Pettite, Belgium in September, 1982. This study 
evaluated the possibility of production of urea for domestic 
Nigerian markets. 
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Nitrogen Potential Demand - Nigeria 

(MT) 

1979/80 

Nitrogen-

Urea 
Equivalent 

8) 000 

180 000 

(N-Ren International) 

Reidonal Demand for Nitrogen 

(N-ReN International) 

Regions 

Bendel State 

Anambra State 

Oeun, Ondo, Oyo States 

Kwara State 

Benue, Plateau States 

(%) 

Total % of Nigerian consumption 

1982/83 1985/86 

156 000 400 000 

339 000 870 000 

Campaign 

1976/77 1977/7'0 

5,8 5,4 

8,6 7,9 

14,0 13,0 

14,2 13,0 

18,6 15,8 

61,2 55,1 

A conclusion is drawn from above figures that the regi
onal need fo:r urea will be 252 000 MT in agricultural campar
inc 1985/86. The demand estimate is supported by the discuss
ion with Federal Ministry of Agriculture that assumes the con
sumption as follows: 
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- "All the 50 000 MT consumed during 1979/80 campaign was im
ported. It was predicted that in another J - 5 years about 
1,5 - 2,0 million :MT would be consumed in Nigeria annually". 

- ''Notwithstanding the projected capecity to be established in 

Rivers State there would be still an ample room for a plant 
producing 90 000 r.:T of urea annually. In fe.ct the new Port 
Harcourt plant will deliver only 35% of the need in 1985". 

Proposed Canecity 

From the above forecasts the study proposed to set up a 
plant producing 90 000 T1iT rumnonia/urea annually. This ca.paci ty 
Vlould meet most of demand for urea in South-West Nigeria. 
There would be avail~ble markets for more urea and/or other 
types of fertilizers which may be produced by an extension to 
the plant by other facilities. 

Raw Material Inputs 

The plant was supposed to use as feedstock natural gas 
available in the Southern part of Bendel State (quantities and 
quality of natural gas are presented in Annex III). Already gas 
being produced in the course of oil production amounts to 
57.106 cum/day and all but one-tenth is flared off. 

Location 

~ The feasibility study selected the Oleh-Ozoro area within 
the Isoko Local Goverment as the best suited site for the estab
lishment of the urea project based on geological, technical and 
economic considerations. 

Proposed Technology 

In the feasibility study, conventional technology for ammo
nia production has been proposed. Natural gas feeds the desul
phurization unit and after mixing with the steam passes through 
the primary reformer. After air input, the mixture is led to 
the secondary reformer with following two stage shift convers
ion of the gas originated and washing-out of carbon dioxide by 
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amine solutions. Being methanized and compressed, syngas ori
ginated enters the synthesis loop. In this process, the syn
thesis reaction at the pressure of 33,5 MPa proceeds. Liquid 
annnonia is separated from the loop after cooling. Suggestions 
for cooling of some nain flows throughout the process by means 
of steam_ or condensete quenching are not co!TII'.lon. These methodE 
seem to be energetically less advantageous i~ comparison with 
processes exploiting indirect heat exchange. 

The urea production process he.s been proposed with the 
total masses recirculation and with double decomposition of 
am.~onia carbonate. F~rther on, evaporation of urea solution 

~ and pan granulation of the product has been formulated. Equip
ment for eJ1unonia recovery from the waste condensate (originat
ing by urea evaporation) cor..taining more than 2 percent of 
am.~onia has been proposed. 

• 

This process is less economical compared with stripping 
processes which are very spread all over the world. The process 
of eranulation is not very common as well, dominating methods 
ere prilling and cold spherodizing. Ho~ever, pan granulation 
can be also used. 

The draft feasibility study available to the consultants 
feiled in giving any other important information concerning 
economic performance and impacts of the chemical production 
on environment. Other inputs and necessary infrastructures as 
far as their availability were not considered, either. 

Other Information Available 

During the introductory discussion with officers of Mini
stry of Commerce end Industry, there was revealed an objective 
to set up a medium size am.~onia plant producing 1 000 tpd of 
ammonia of which 700 tpd should be exported and the remaining 
300 tpd used for production of urea for export. Latin America 
was considered for ammonia and India, China, Far East for urea 
export~. Sin~e the preliminary draft feasibility study was ela
borated some presuppositions have changed. The Ministry of 
Agriculture (Annex IV) assesses the need for urea to be cover
ed by Port Harcourt plant with excess to be exported; the 
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production of complex fertilizers of NPK type were recommended 
as desirable as for the need of the agriculture. It is as1rum
ed that Nige~ilUl nitrogen fertilizers market will be supplied 
fully by domestic production, after 1990. no cth8r reli9.ble 
and up-to-date information about both domestic a_~d foreien 
m9.rkets were available on the need for a.r:L-:1onia, urea, nitra
tes and complex fertilizers. Based on th~ above insufficient 

informe.tion no industrial venture can be recom.::i.ended. Prior to 
further decisions a comprehensive feasibility study considering 
both domestic and foreign markets s~ould be elaborated. 
The supplement to the feasibility study (App. III) deals only 

~ with availability of natural gas as the main input raw me..terial. 

• 

Other inf .L·astructural requirements are not mentioned in the 
study. 

The largest gas fields which may be considered are located 
to the north of the Varri Port and near the Sapele area. There 
is a suitable gas pipeline connected with Sapelle Ughelli and 
Aladja places. The quality of the nat~·al gas is very hieh -
the percentage of methane content reach more than 95 volume 
percent. However, closer datu on pipeline capacities are not 
obvious from the feasibility study. 

During their mission the consultants visited the area pro
posed for errection of fertilizer factory (Ozorro/Oleh) having 
recommended to find out the optimal pl!'!O.e for this purpose • 
The area proposed should fulfil following provisions: 

- proximity of a sea port 
- sufficient road network 
- possibility of joining the electricity network/Ughelli - line 

132 kV, \'larri - 33 kV I 
- Sufficient capacity of the near water source and its type 
- proximity of other industrial enterprises mainly those with 

close production programme (e.a. petrochemistry) and machi

neries. 
- possibility of providing sufficient quantity of manpower 

with all infrastructural connections (schools, telecomnruni
cations, housing, banking facilities etc.) 
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Taking nito consideration these presuppositions, in the 
feasibility study proposed location (Ozorro/Oleh - district 
Isoko) seemed to be less advantageous compared with the area 
of Wari-Aladje. near Wari-river whicb was visited by experts. 
This place should neet the requirene~ts fer area selection 
~entioned above. Nevertheless, the detailed eval11ation should 
be done by a new feasibility study. 

3.2 Analvsis of Te~ders 

Following three companies answered the invitation to 
tender : 
1) China National Chemical Construction Corporation, 

P.O. Box 1407, neijing, China 

2) Foster ~:"heeler, 31, Rue de~ Burdonais, Paris, France 

J) Technipetrol, S.P.A, 00148 Roma, Viale Castello della 
VIagliana 68, Italy. 

Bid of China National Che~ical ConEtruction Cornoretion 

(For the cape.city of 220 J".T of a.I:lr.lonia and 340 :.rr of 
urea per dey). Tender does not proclaim na~e of the procers 
of e.m.~onia and urea production. Recarding the technology sug
gested, the usual process of ammonia production using natural 
gas anJ the total recirculation urea production are described. 

• From the economic point of view the total recirculation urea 
production is less profitable than stripping processes. 
Stamicarbon and Snam Progetti stripping processes are prefer
ed in the world (Table 8). Investment prices and production 
costs of stripping processes are lower than those of total re
circulation processes without stripping (e.g. 15% lower pro
duction costs). 

As for the tender itself, it was offered in a very brief 
and incomplete version. There are missing generally: 
- declaration of prooesses for e..'1Unonia/urea production 
- waste steam characteristics 
- characterjstics of catalysts; chemical and other materials 
- detailed specification of main process equipment 
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specific&tion of piping, electrical, measuring and regulat
ion devices 

- civil works execution 

- list of references 

?er~r1~r de.es !-,ot ccnsioer ur~fl r:::-cduction. J..11 t~e tec:mo
lo.::;:' is t1ivided into fo1_:r ~: 1 m·ts: 

( i) Eeforr~ing of .n2_turel co.s - Foster ·,~:heeler ;)rc·c~2s 

(ii) P .s .. !,, • p:.lrific2 ticn ~ind nitro,::e:r. blending - UEion csrbide 

prc_;ce::os 
, 

(iii) Air separB.tion unit - 3ociety L Ai::L' Liquid r·rocess 

{iv) _"-.J:':;: onia synthesis - Case.le rrocess 

Data en earlier r'Lm of this teclu1clo.:;y c.re r:iEsir1g. 'I'he 
offer Euprioses cor:sider~_ble reduction of netur9.l ee.s s.nd uti

lity ccns~c·ptio~s. Ho~ever, vel11es of overall fuel a~d pc~er 
co:-:Evr:-~ptic·n offered by Tee., !""!ipE:trol and those of t}-ris tec~~:~10-

lozy are eprro::-:imately the se.me taking different capacity intc 

eccount. It is to note that com.~on tec'.':..~olosies as Haldcr-To~s~e 
£nd Kellee processes with c&rbon dioxide retloval ~~a oeth~nst

ion operations which v:ere put into force many years ago, he.ve 
been verified and accomplished. 

• r.:ost of the projects use these technologies of amIJlonie. product
ion form natural e,e.s (Table 8). 

The bid proper does not involve specifications of piping, 
devices, civil works as well as terms of delivery. co2 for urea 
product:i.1.m is not available from Foster Wheeler technology. 

Bid of Technipetrol (Assuming capacity of 260 MT of rumnonie. 
and 460 MT of urea per day). 

Technipetrol offered the most complete tender of the thre~ 
bidders missing only ammonia and urea storage, handling, baeg
ing, personnel requirements and terms of delivery. 
As the natural gas inlet pressure given (4.3 MPa) differs from 
the actual one (2.5 - 2.8 llPa), the natural gas compressor 
should be used. The firm bids Snam Progetti stripping techno
logy of urea production. Using titanium protection of exposed 
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parts or apparatusses and titanium tubes in the stripper is 
less &d'.•e...rite["eous in ccmparison with the Stamicarbon process 
usir..g carbon dioxide stripping. A~.:::onia stripping runs appro
ximately within 10°c higher temperature range than carbon 
diox-~de strippj_ng vitic::i could have impact on service life. 

Sne_m ~cc;'3tti i:rocesf; is reco::--c.encfod for its hie;h energy 

effici~ncy end other advaLteces in conparison with other pro-
cesses. 

The co::ip~~ison of natural [I.f.S a..-rid utilities ccnsur:,ptions 

is obvious fro~ Table 15. As the Foste~ Wheeler tender did 
not offer urea tech..~ology, consumptioL velues of S~am Proeetti 

• process ('.i:ec:!:" ...... '1ipetrol bid) ''1ere used in connection Ylith Foster 
~::1-:ee:er a:r:.:.~onie cc·nsumpticn values and the table e;iv8s t:ie 

t.est fuel E.nd po·::er consumption value level fer Tecfi_'l1ipetrol 
rlith higher ve.lue level for the Chinese ar.d Poster \':heeler 
offer. Economic evalua-tion could not be done oVTing to leek 

• 

of econo~ic data in tenders e.~d feesibility stuGy and estir.a
te of c cnsv::1Jti orJs for co2 prc•cucted by firing the ne.tu2•al 
ce.s ut iliz i:r:t:; -t:".le heat or:i-E;i_r ... e.ted fo!' elect!·ic enersy product-

ion. 
Frei!'. the tr.:!"<:>e 'bids st:.'b::J.itted that of Tecl;nir,etrol wae 

of the hie;hest cor:1plstencss r-~a.YL"'lg of:fered errm;onia/uree. tecl::
nology w~ich has been very wiae spread throughout the world 
and checked by meny years prazis. In case of unchanged requi
re;:;ents fey E.rr.:u.onia/urea plant, this offer ccuJd be su't,r.iitted 

to following negotiations. Ov;ir:g to the fact that the letter 
of r.:inistry of .Agriculture (Annex IV) informs about the im

pending saturatio~ of Nigerian market with urea and expresses 
demand on compleh fertilizer production on the other side, 
the ammonia/urea p~oduction field of interest becomes to be 
irrelevant. 

3.3. Production flow sheets of selected fertilizers 

In order toprovide some orientation for market investig
ation several flow sheets of selected possible technolo
gies for C>ther types of fertili~~ers including those com-
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plex were elaborated. All the technologies are exploiting na
tural gas as the main input raw material. 

The production flow sheets of different types of fertili
zers are given in fi~~res 1 to 7 accordinb to sep~rste varie
ti~s of pro~ucts. 7~e first step to nitrc~e~ fertilizers pro-

-

(--;1·r:- 1) as the r-:ncl 5-'-f':p r-r" r.i.t-..,..-:c ac-iu" '11c.-...... c-;;i~<? ., - '"'1'). ,_ u• -- _..._ __ ._ . c- J _ ____ .,, _ _.__ - _ i~-~--11 --.____,• c_ 

:..:~-,onia r;.itrE:.te r2:::ultinc fi~cn :::-2:=.ct~r>n o: E.."~ .. c,ri5_e. ·,·i-th nitric 

ncid ple.ys ari illr·o:.:--:ant role E;.rr;on;; nitrocnn .fe1·tiJ.i:-:e1·s (i:--:.c~ 

2) 'beine; e.lso rdxed with lir.-,est c,nc s.nci I e:r doloni te ( :?ic. 3). 
- .t..t- • • 1 - • •..I- t b 1 • I - • c::y \:_.e sir:-,J ar pro:-:ess C[:..!..cnu:i 1111.:r~ -e cu.n e p!'cz ucea 1..c<1e~ 

4). Fit..;u.re 5 ::'resents the flo\'! sheet cf "hoth VH:-co;1plex fer

tilize:r m1d calcLu!l !!itrate r:·:rcduction. The l:i~~t cs!"lplex flow 
. t ( -- . 7) .. --'- . _,.. • h"'" •. ' . • , • E11ee ,.!:·ic., e.sst.l:.ies ;'l"C·Cl'..l.C,J:::.c·n o--'- c:::__3 __ . __ cc.;~;,_--0 1.-ilT:::...es J.r,c.ci.l·::-

:ne; a:,..:~.oT"iinm rib'.'E.te-ln .. ea lii:iuid ferti.liz.<-;r y;:;-~jc}--. :is of \·_1ide 

use :rs.1:,ely in developed coi_<ntries. 

Fic;vre 6 prcse~ts flov; sheet for both rD: e.r..t1 e.nr'ioni;un 

n5_-t~rs..te :':!.'C1 (1uctjo~1. A.n~.1yf·~G of trr1i_+~: ;:-n:1 0u~r11tc. ~,r--.::;PtL~r 

vd_~,h th.<::ir c_:uqlity :):_:r,g_r:,Ptt:cs is .::;:l\:(·n 1n 'I'c"bJe ~6. 

It ca11 be es-!: irn!"l.ted th1=1 t for 200 OCC• Tpl'.l of };:?!: fer~ i li

ze:r some 12i 20C: '::'p9. of ph0sp1:r-:te0 H'.ld &bout 66 GC10 7pa of 

pc b.:i.s i uu sfl:l.t shP1.J.lo be :ir:-,pol't ed :r 1 os~ihly fr1:.:;i To.:;o ( phcs p}ie.

tes) end Republic of Con50 ( pot:::.s iu.,.. E"Rl t). 

About 17 50C SC!L of nat". . .lrEl.l 5as/hour a:J.d 2 50C cun/ 
• ho-...;.r o-!: tecllnolocicf,l ·;:ater will be required fer the product

:i on of ccr-.plex fe:::--t ilizer, c&lciur'.1 £.!:'.;. cr-1 iL:s11 ni tr£<te, r.i tric 

acid and a!il~onie. 

Utilization of outputs 

Prod~cts resulting fron processes c~ven by flow sheets 

vrill also find other exploitation in different industrial 

branches, e.g. in chemical industry~ food industry (C02 ), 
textile fibre industry (NH.3), prc~uction of explosives (anuno

nium nitrate), building industry. 
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Renown '.'lorld Su1rnliers: 

The following list presents inform9.tion on possible 

s·: ppliers of tec!i....nology a"'ld/or know-how. 

~·:~ .. ? F·,:,:1~1r.T?-~r\ r~~11_1~~>~RY 
---· -·------·---· ----- ---- --·------

--------- ----------~---- ------------ --- ---·------------- --- -----
-~o 

---------------------------- --- ·-----------------
1 • F:d :?drich ~.Jhde G'.J3n 

?. ?he I:. V. ~r-:>lloe; Co:npe.ny 

3. Halder 

6 • C. F. Erm·m C OT:1ps.ny 

7. !:-.~;-0riel Chenic2l Industries 
J1imi t ed 

8. Sta~icar~on BV 
9. Sna~ Progetti SpA 

10. Humphreys and Glaseour 
Li::;i t ed 

11. Societe Chi~ique de La 
Grsnd Pa!'oise 

12. Norsk - Hydro A.s • 
13. Krebs et cie, S.A. 
14. B&~ag Verfehrenstechnik 

Gm3H 
15. Davy Power Gas Ltd. 
16. Kaltenbach et Cie, S.A. 
17. Foster \':heeler Corporation 

18. Technipetrol, SpA 

Federe.l :R<?public of Ger.1'.?iny, 
Dcrtrn.cmd 

U.S.A. Houston, ~exas 
Den."'.:is.rk, Soborg 

F2dere.l "?:e:,,i.bJ ic of Ger;1·,8:--S, 
T1ud\-.'it:she.:1?n 
Cz.Achoslove.!-:ia, :F:cacue 
U.S.A. Alha~bra, Califo:rnia 
Urii ted Fingdom 
Billingham 
Yetherlands, Geleen 

Italy, Iiiileno 

United Kingcom, London 

Fra::ce, Paris 

Uorr;ay, Oslo 
France, Paris 
Federal Republic of Gerr.iany, 
Butzbaum 
United Kingdom, London 

' Fra.'lce, Sevres 

U.S.A., New Yersey, 
Livingstone 
Italy, Rome 
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B. U~ilization of Results: 

The analyses of tenders a~d local conditions carried out 
during the mission led to the elaboration of criteria to select 

with the view to locnl con-

f i~~fci·.::nt 1C::}'::?s of tect-.r .. o1ogy r.!:d. e.~ui-r:-. i::nt c,~d n~~1"!c0olcgy of 

e·.-alue.tirin of t0~1:'!.erS'. T!:is i11fL'r;.-.ation co•_ild c~·:e ::ou~ CJi·:":.e-

·::2-:.'e c'.llc·,;ls.ted 1-::c·?d on -ter~~stive.1~· C'X,flCf':'!.:d cer·:--:-:,ic 'bc•di.c-s 

·:;i·1ich y:iJ.1 be utili.z'=:d i:·~,.,!~diE:tely for p1·0,--" -;ion of n-::c:E:sr1·:: 

c~j ~he feaEib~li./ study en f~rtilizer ~n~ustry in Bendel 

for t~e itvestigatic~ several tyres cf possitle 

pro:luction technolc.1cies -r1ere described incL~ding i:ifvr:naticn 
er: i:i:;:-·-.:t e11c1 corn .. -o;.ercial vse of main outputs (cor.i;lex fertili
....... .,.."') P>"'r1, ·r.,,_.,...r,,;;lJCtc i' rf!V"J.·~··· (;T ··1 1;1•ln YPYO''"Y· e,·~1r1 i"ey!'::i cf £..,1:..--~, -.:.J-... '.J J.' '·'-"'. .... • - . .... .• 1 - • "·- ._,J - --· ••..lJ. ........ ,.... ........... ~ -

:'~rt:iljz~:r tec!1 r-olocies ~.ncl eq~Jipr.:~!"!t , .. ~·.s else ::et-i;p fo:!' ~cr;

tingent informative contacts or invitatior. to tender by the 
Vini~try of Corr.!'!e:rce anc1 Industry • Some actions to be taken 

fi.f~ er es-7 a'blish:i ne; tbe ceramic com:pa.n~· or cur ins that procesB 

were recommended v1hich, if omittec co:.1ld lead to lower 
production economy or idle delaJB in setting-up of the plant. 
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There is a seriesof activities recommendable to be con
ducted in order to facilitate the establishment, untroubled 
operation and possible diversification of ceramic and ferti
lizer industries. It was recommended to apply to UNIDO for 
assistance in the following: 

(a) to train one engineer of Ministry of Commerce and Industry 
specialized in ceramics (short-term training) in research, 
testine and utiJization of raw-materials, projecting of 
ceramic and non-metallic industries and their management. 

(b) to train one manager in projecting and other aspects of 
fertilizer industries from the Ministry of Com.~erce and 

Industry• 

(c) to conduct an inventory of non-metallics in Bendel State as 
a basi~ of their utilization for diversification of cera
mics into refractories, stoneware, whiteware and otr.er 
as this market is not supplied by Nigerian industries. 

(d) to Glaborate a comprehensive feasibility study on the 
production of complex fertilizers in Bendel State based 
on local natural gas and some imported f eedstocks such as 
phosphate and potassium salts. 

(e) to organize a study-tour on ceramic and fertilizer in
dustries for high-level governmental experts delegation • 

c. Conclusions 

1. The Ceramic Project 

a) With regard to very well prepared tender by the Minist
ry of Commerce and Industry, which 7 firms took part 
in the offers do not differ essentially. 

b) The feasibility studies were elaborated in the course 
of 1983 which proved economic viability of a ceramic 
project on the production of 600 000 sqm of glazed 
wall and floor tiles and 3 000 MT of sanitary ware annu
ally. There is a high effective demand for the above 
products in Nigeria. 
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c) !oth the feasibility studies elaborated failed in solving 
the questions of raw materials accessibility and their tech
nological verification for the suggested production prog
ramme. The suggested location Ozara-Igbank is questionable 
because of lack of infrastructure. In view of the abov~ 
failures the establishment of the ceramic plant ie accom
panied with some risks, e. g. import of unprocessed raw 
materials, especially those of plastic type which could be 
indespensable to reach a standard quality of ceramic pro
ducts. This fact strongly affects the selection of suitable· 
technology of the production of glazed ceramic tiles. Apply
ing the single-firing technology which requires larger in

put of homogeneous, good unprocessed raw materials, the 
production costs could growth considerably if a correction 
part were to be imported. 

d) As fuel, natural gas and fuel oil is available in Bendel. 
State. It is on the fact that the location of the ceramic 
plant was not solved that it is not possible to fix the costs 
in access to natural gas. The relevant negotiations would 
take 18 months, at least. Therefore, it is not possible to 
compare direct cost in firing by the two different fuels. 
It can be derived from the other availablf~information that 

/ natural gas wquiae>e more 
a small-scale purchase of expensiv~, owJ.ng to high fixed 
coets than purchasillg fuel oil. Consequently, fuei oil 
used for firing is a less risky option. 

e) Impurities in oil (chemical composition was not available) 
can cause quality damages if sanitary ware is fired in open 
flame kilns. In order to avoid this risk, it is recommen
dable to apply muffled kilns. 

f) These above mentioned factors of quality of raw materials 
and used fuel were principal criteria of evaluation of bids 
from the technical point of view. 

g) The presented tenders were almost identical as far as the 
production of sanitary ware is concerned (manual casting 
and handling which is approp riate to the projected small 
·~ ~ty). The differences regarded only muffled kilns or 
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open-flame type of kilns. Welko offered lower oapacity 
1000 Tpa. 

h) Among the 7 presented offers on ceramic tile production three 
considered single-firing technology (Welko, Atlas-Agrob, 
Gillambourne). 

i) The best suited off era as fa.r as technological criteria are 
concerned are those of Kirchfeld and Technipetrol (double 
firing of ceramic tiles, muffled kilns for sanitary ware, all 
heating devices conswning fuel oil). As far as Messrs Cerio 
are concerned they off er double-firing technology and open 
flame kilns for sanitary ware conswning natural gas. It is 
to be mentioned that a contingent adjustment of Cerio offer 
to use a muffled kiln and burners for fuel oil is easy to be 
done without an essential price growth or prolongation of 
set-up period. 

j) As another selection view points production costs and price 
of supply of hardware FOB can be used. The evaluation from 
the point of view of investment cost should not consider the 
quoted civil works because they will be affected mainly by 
selection of locality and local prices.As far as the product
ion costs a.re concerned the data for their calculation were 
collected from physical consumptions of raw materials, elec
tric power, manpower and specific heat consumption presented 
by separate bidders. 

k) Direct production costs calculated are lowest in case of 
Technipetrol off er which corresponds to the technology which 
is appropriate to local conditions. 

1) There are no essential differences in quotations of offered 
know-how, engineering, training and technical assistance. 
Essentially lower prices in case of Gillambourne and Atlas
Agrob aorrespond to excluding some components which would be 
paid extra. Ae for the hardware (FOB) all the tenders inclu
de sutf icient equipment to guarantee the full operation of 
the ceramic plant. An exclusion is Messrs Gillambourne ~ho 
off er only production equipment without ancilla.ry shops. 

, 
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All the tenders can guarantee full required capacity with re
serve for the enhancement of production provided there are 
appropriate technologioal conditions and skilled manpower. 

2. The fertilizer projects 

a) There are not sufficient data based on ~ feasibility study 
necessary to decision on the production of fertilizers. 
Especially, discrepancies occur in assesment of demand. 
The latest information reveals saturation of Nigerian mar
ket as fo~ nitrogen fertilizers and need for complex N.P.K. 
fertilizers. 

~ b) Three offers were presented which differ considerably as 
for the capacity and production programme. ~e offers pre
sented do not provide sufficient information necessary to 
compare them from the technical and economic point of view 
and their suitability to local conditions. From the tech-
nical point of view the equiJ!Ilent offered by Tech-
nipetrol is of high quality. However, it is not possible 
to recommend to take the venture before elaborating nece
ssary market and feasibility studies. 

c) In order to provide some orientation for market investigat
ion several flow sheets of selected possible technologies 
for complex fertilizers were elaborated accompanied with 

~ concise descriptions of inputs and their availability, of 
products and by-products including their commercial use. 
World suppliers were listed. 

d) It was also considered to produce ammonia for export. 
However, the outlook for the venture is not tempting. The 
world market is going to be supplied more and more as shown 
in Table 8 of new projects on mmnonia and urea in th~ world. 
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TABLE 1 

COMPARISON OF BIDS FOR THE CERAMIC PROJECT IN 
BENDEL STATE 

SELECTED PRODUCTION COSTS (M) 

TECHNIPETROL KIRCHFELD WELKO GILLAMBOURNl ~ 

A TILE PRODUCTION 
-1Unprocessed materials 210 000 210 000 J20 000 210 000 
- 2 Fuel , 49 000 248 000 102 000 , 44 000 
- J Electric power 155 000 256 000 240 000 1J9 000 
- 4 Direct manpower 181 000 469 000 117 000 144 000 

- 5 Sub-total 695 000 1 183 000 779 000 637 000 

B SANITARY WARES 
- 1 Unprocessed materials 90 000 90 000 2) 90 000 
- 2 Fuel 75 000 120 000 2) 165 000 
- J Electric power 88 000 226 000 2) 159 000 

- 4 Direct manpower 318 000 284 000 2) 290 000 

- 5 Sub-total 571 000 720 000 2) 704 000 

TOT!.L 1 266 000 1 903 000 2) 1 441 000 ---
Note 1) Single-firing technology: therefore a higher in.put of raw materials 
Note 2) WELKO offer regards only 1000 K.T. of Sanitary wares 

• • 

CERIO ATLAS-AG ROE 

210 000 J20 000 
155 000 85 000 
147 000 118 000 
213 000 180 000 

725 000 763 000 

90 000 90 000 
56 000 94 000 

143 000 72 000 
329 000 421 000 

618 000 671 000 

1 343 000 1.. 440 000 
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TABLE 2 

1 - Unprocessed raw 
materials 

2 - Glaze and stains 
3 - Fuel 
4 - Electric power 
5 - Direct manpower 

Direct costs 
(Subtotal 1-5) 
6 - Au:xilliu;y 

materials 
7 - Salaries 
e - Other overheads 
9 - Maintenance 

Production costs 

Production costs 
per sq. m. (Ir) 

COMPARISON OF BIDS FOR THE CERAMIC 
PROJECT IN BENDEL STATE 

Total froduotion eoets - Ceramic Tile Production 
(000 M) 

TF.CHNIPETROL KIRCHFELD WELKO GILLAMBOURNE 

210 210 320 210 

• 
650 650 700 700 
149 248 102 144 
155 256 240 139 
181 469 117 144 

1,345 1,833 1 ,479 1,337 

376 513 414 405 
585 585 585 585 
200 200 200 200 
184 .3.35 216 1.3.3 

2,690 3,466 2,894 2,660 

4,48 5,78 4,82 4,4.J 

Percent of coats suppos- 99,.3 128,0 106,9 98,2 ed b;y the feasibility 
study (2 708 000 ~) 

e • 

CE RIC ATLAS-AG ROB 

210 320 
650 700 
147 85 
213 178 
213 180 

1,375 1 ,463 

385 410 
585 585 
200 200 
182 1.38 

2,727 2,796 

4,55 4,66 

100,7 10.3,2 
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TABLE J 
COMPARISON OF BIDS FOR THE CERAMIC PROJECT IN 

BENDEL STATE 
Quotation ot Components (without equipment for guarrYing) 

(OOOM) 

TECHNIPETROL KIRCHFELD WELKO G ILLAMBOURN:l 

1. Kno .... now (Including 
training assiatanoe 2,410 2,368 2,043 1,254 

2. Suppliea (FOB) 11, 355 18,536 12,751 7,361 
3. Insurance, transport 895 .3,779 1,644 N.I. 
4. Erection, start-up 5,370 4,.348 1,8.32 N.I. 

Sub - total 20,030 29,0.31 18,290 s,615 

5. Civil works 5,840 23,619 1.3,755 N.I. 

TOTAL 25,870 52,650 .32,045 0,615 
·============== ========== ========== :1============ 

• 

CERIO ATLAS-A GROB 

2,091 828 
10,644 16, 964 

1, 109 2,407 
947 518 

14, 791 20,717 

7,626 9,160 

22,417 29,877 
•===·===== ====····==·= 



TABLE 4 

COMPARISON OF BIDS FOR THE CERAMIC PROJECT 

IN BENDEL STATE 

Selected Techology Data for Tile Production 
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TABLE 4 CONTINUED 

Storage cap~oity for raw materials 
(month•) 

Production programme for floor 
tiles (in mm) , 

Production programme tor wall 
tiles (in mm) 

Spray drying (capaci·ty of 
evaporated water per 1 hour) 

Presses (c7clea per minute) 

D.rying ( tJPe, length, drying 
07ole 

GlaziDg (No. ot lines) 

I GILLAMBOURNE I CERIO 

6 6 

thickness 1 O DDn 100x200, 200x200 
nonspecitied 250x250 

I thickness 6 mm 
nonspecitied 

j 150x150, 125x200 
200xJOO 

1660 1 I 1760 kg 

3 hydraulic 50ot I 2 triction soot, 20 

fast roller drier I tunnel drier 68 m 
48 hours 

2 I 2 

ATLAS-AGROB 

3 

100%200 
200%200 

150%150 

1750 kg 

J hydraulic 600t 
25 
2 basket drier 
175 minutes 

2 

Note: 1) According to the bid, the clay material must have a moisture content not superior 
15• 18%. 

2) At additional cost. 

• • 
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TABLE 4 CONTINUED I 

Bisque :tiring (length of the kiln, 
firing cycle, maxim1..:m temperature 

Gloat :tiring 

• 

GILLAMBOURNE 

Once-:tired :tloor tiles 
twice-fired wall tiles 

2 roller kilns 

CERIC ATLAS-AG ROB 

Open-f leme single-:tiring 
kiln, 64 m 

0 
roller kiln 

48 hrs. 11 00 c 

6&!., 17 lH:&· 
10 1050 c 70 + ~ m 

1150 c 

• 
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TABLE 5 

cm.IPARISON OF BIDS FOR THE CEPAMIC PROJECT IN 

BENDEL S'rATE 

SelP.cted technology data for sanitary ware production 

TECHNIPETROL KIRCHFELD \'/ELKO GILLAMBOURNE 

Storage cayacity for raw 
materials months) 3 H.A. 6 6 

I 

Production programme Basins 40% Basins 40'/~ Basins 259' Basjns 40% 
w.c. 4()}~ w.c. 40'}: Pedestals w.c. 40'};; 
Other 2()}.~ Other 20'}[ 15% Other 20% 

w.c. 30% 
Tanks 15% 

Capacity (t/year) 2,940 3,000 1, 000 J,000 

1\iln pal'amet el'a tunnel tunnel tunnel tunnel 
(type, max. mUf fled kiln muffled muffled open flame 
temperature, kiln kiln kiln 

1280°C 1280°C 1280°C 1250°C 

leneth, firing cycle) 7Ctn, 20hrs 75m, 65 m 72 m 
22,7 hrs 22,J hrs 24,J hrs 

• • ·' 

CE RIC ATLAS-AG ROI 

J J 

very Basins 40% 
diverse w.c. 40% 

Other 20'};· 

3,360 3,000 

tunnel tunnel 
open fl. open flame 
kiln kiln 
1250°C 1250°0 
68 m 72 m 

18 hrs 24, 3 hrs 
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r.or:rJ, rnsoN OF BJ110 FOJ~ 'J'HJ-.' C:EH.Ar.TJC PROJECT IN BENDEL s .i.·1~·.rE 

SelP-~t ed indj ce.t ors ( acco1•ding to bidder's date) 

~-

Indic£itor lfnit '.l1ECHNIPE~1ROL KIRCHFELD WELKO G rr.r~r.mouRNE --
rnov.-how 000 ii 2t410 2,JGB 2,043 1,254 

Supplies (FOB) oco • 11,355 18,536 12,751 7,361 

Factoi•y a1•ea sq.m. ?1,000 J0,800 N.A. N.P • 

Specific heat consumption 
kJ/kg 16~740 9,610 - tile production 9,950 4,720 -- ·-

Specific heat consumption 
kJ/kg 20,060 14,630 27,670 - se..ni tar:;,: ware 12,540 --

Installed el. power 
446 tile production kW 1,140 N.A. 805 

--· 
Total amount of worker~ man 232 339 139 169 

Type of fuel gas oil heavy natural natural 
oil gas gas 

-
Equity participation per cent 25 10 minority Ne.A• 

share 
-

• • 

CERIC ATLAS-A GROB 

2,091 828 

10,644 16,964 

15,000 9,000 

10,370 4,810 

9. 400 15,590 
... 

' 

720 I 700 

226 275 
-

ne.turaJ natural 
gas gas 

51 20 
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TA BI.E 7. 
CGr.1PARI~c~: _nli' BIDS FOH 'rlH: CERAMIC PROJECT 

IN BE1\TDEL S 'I1 A TE 

Completl:.Q.u_..Ql_Tenders 

I TECHNIPETROL KIRCHFgLD 

. 
Know - how 1 1 

Eneineering 1 1 

Tre.inir1g 2 1 

Technical assistance 1 1 
- -

Production equipment l'o:r J,000 3,000 
sanitary ware of capacity 
(r.~T) -
Production eq. for tiles 

600,000 600,000 of capacity sq. m. 
--· 

Set up period (months) 26 26 
--

Quarrying equipment J 1 

Civil ene. works 1 1 

Note: (11 Included in the price 
(2 Included in the offer but paid extra 
( J Not included 

• 

-
WELKO 

1 

1 

1 

1 

1, 000 

'100,000 

36 

3 

1 

G ILIJ.riTBOURNE 

1 

1 

1 

1 

3,000 

600,000 

N.A. 

3 

3 

• 

CERI0 ATL/1.S- CHINA 
A GROB L.r.o.c. 
-

1 1 3 

1 1 3 

1 2 3 

1 2 3 

3,360 J,000 3,000 

600,000 600,000 600,000 

18 24 N.A. 

1 3 3 

1 1 3 
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TABLE 8 

LOCATIOlT 

NSM, Sluiskil 
Quimigal Lavradio 

As Mersin 

Police 

Kemerovo 

Grodno 

Dneprodzerzinsk 

Gozlovka 

COWJ.PARISON OF BIDS FOR THE FERTILIZER INDUSTRY 
List of Anunonia ~nd Urea Pl'ojects 

COUNTRY CAPACITY ( tpa) TECHNOLOGY 
A-Airmonia 
U-u.rea 

-· 
Nethel'lands A: 500 800 C .F. Braun 
Portugal A: 330 000 Halder Tops0e/Lurgi 

Tu.rkey A: 660 000 -
U: 330 000 -

Poland A: 2x2 47 500 He.ldor Topslfe 
U: 396 000 Starnicarbon 

the u.s.s.R A: 2x450 000 Kellog 
U: JJO 000 Stamica.rbon 

the u.s.s.R U: 330 000 Stsmicarbon 

the u.s.s.n U: 330 000 Strunica.rbon 

the u.s.s.n U: JJO 000 Sta.mi carbon 

• e 

I PRICE REMARK 
mil. US 

~) --
160 

-
- Oil feedstock 

-
100 Price includes 

" NPK and MAP Pro4 
unit prices 

- Engineering 

- :royo, Chemopro-
j ekt Czecho-
slovakia 

- Eng. Chemopro-
jekt 

- Eng. Chemopro-
jekt 

- E:ig. Chemop.ro-
jekt 
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TABLE 8 CON1'INlffiD 

LOCATION 

Pant schevo 

INA, Kutina 

Sonatrach Anaba 

Sirte 

Naf con, Port 
Ea:-court 

KAC Kilwa Masako 

CO'JITTRY 

Yugoslavia 

Yugoslavia 

Algeria 

Libya 

Nigeria 

Some.lie. 
' 

Tanzania 

CAPACITY ( tpa) 
A- .Ammonia 
U- Urea 
·-

A: 462 000 

U: J65 000 

A: 460 000 

u: 500 000 

A: JOO 000 

A: 2x450 000 

U: 574 000 

A: .3.30 000 

U: 500 000 

A: JO 000 

U: 50 000 

A: 400 000 

U: 550 000 

---

• 

TECHNOLOGY PRICE REID.RX 
(mil. US $) 

Kello6 - Eng. Tecnicas 
Raunidas 

Sta.micarbon - Chemoprojekt 

Kellog - Project: Creusot 
-U>ue 

Stam.icarbon - Kellog Continen-
tal 

Kellog - Project: Creusot 
-Loue 

- 1 000 
I - - I 

Kellog 500 

Stemicarbon 

He.ldor Tops~e 67 
Snem Progetti 

Ilaldor Topsrif e 640 
Snam Progett i 

• 
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'I.'f, 1LE 8 CGH'PilTTJED -

LOCJ,TION 

f\u W'f.l. is 

Shiraz 

,\1;10, Bahia Blanca 

I 
flio de Janeiro 

CEPE, Pasorja 

Salina Cruz 

Camereo 

NEC, Port Lisas 

-
COlfN'THY CAPACITY ( tpa.) 

A - runmonia 
U - urea 

Abu Dhabi A: 330 000 
U: 500 000 

I Nm .A: 326 000 

u: :12s coo 

Areentina A: 335 000 
U: 575 000 

Brazil A: JOO 000 

Ecuado:r A: 330 000 

U: 330 000 

r~Iexico A: 495 000 

Mexico A: 495 000 

U: 500 OOG 

Tr inid.::..d and 
Tobago A: 450 000 

u: 530 000 

• 

TECHNOLOGY PRICE REMARK 
(mil. US ~) 

Haldor Tops.Se 
Sta.micarbon 

ICI 460 P:rioe ll:.cludes 
Stemicarbon nitric acid 

and AN prod. 
unit prices 

JOO 

-
Kellog -

- JOO Price includes 
NPK 
PJ:Joduction 
unit price 

· Kellog -
I\ellog -
SnFUn Proget ti -
C.F. Braun 250 
Sna.m P:roget ti 120 
/NSM 

• 



TA "8Lr.; n r.n 1 r~11mmn 

-
JJJ C,\ 'rl O ~,~ COU!r'l'TIY CAPACITY (tpe) TECHNOLOGY PRICE REMARK 

A- anunonia (mil. US $) 
U- urea 

-
IFFCO, Uttarpredesh India A: 450 000 Haldo1• Tops-'e 500 

U: 726 000 Snal'.l Progetti 500 

IGRCC, Yaedishpur India } .. : 450 000 He.ldo1• Topa¢'e 500 
U: 726 000 SnEtlll Progetti 500 

I·:m;;, Harizai In die. A: 2x 415 000 Kellog 
U: 4x J65 000 Sna.m Proeetti 600 

HF r:une. India A: 445 000 Haldor Tops~e 500 
U: 740 000 Snam Progetti 500 

w 
L:·· I v~ r1jaipu.r India A: 335 000 Haldor Tops'e 500 

U: 660 000 Snam Pr oget t 1 500 

Hupei China A: 330 000 I{ellog -
U: 570 000 Stamicarbon -

C!1i;nke.i China J...: 2x JJO 000 Haldor Tops0e -
Uruuchi Chirm A: JJO 000 Huldor Tops~e -
~~~-ne 81w. China A: JJO 000 Haldor TopsiOe -

I Sara:!. China A: 330 000 Haldor Tops~e -
l HaryL'l'lg ChinH A: 340 000 Ilaldo:r Tops~e -

(SO~~C~: EU~OCOEP 1985) 

• • 
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'rti '.JT 1'E q 
Cm.1PARIDON OF "lIDS POR THE FEl~TII,IZER PROJECT 

IN BrmnEL s 'I'll TE 

111nmoniH: Selected teclinnlogicc.l data on Syngas e;enera.tion 

:J/~rn. rnr:::--;:. TOR UTUT TECHNIPETJOL FOSTER WHEELER 

1 • Procens O..vner - Haldo1· Tops~e Foster Wheeler 
-

"" Pl'ima.ry Ref armer - Radiant Duplex Single Row Terrace Wall c. 

J. Pr:ilnary Reformer r.1Pa J.1 - 3.6 2.24 
Outlet pressure 

it. Dtto, outlet OC 1030 842 t omnere.ture 
5. H20/C ratio - 3.3 2.s 
6. CH4 Content 

(outlet 1. ref ormel ) ~~ N.A. 4.6 

7. Secondary reformer - Ni-Catalyst reactor -
a. CH4 Content 

(reformine outlet) ,,, 
;v o.J 4.6 

9. CO-convert or 
:i·YO. of stages - 2 1 

1 o. CO content (Shift 
conversion outlet) "' ;;) 0.24 4.7 

• • 

CHINA n.c.c.c. 

N.A. 

N.A. 

1.9 

760 

N.A. 

(10 

N.A. 

o.J 

2 

o.J 



rp;, 81'E 1 () CO?.TPAJU~WN Of~ BIJX:; PO'. TIIE :JiiEHTILIZEH 

p !WJECT DJ Trr-·; mmm~T. C.~1;, TE 

Am.~on~ E. - '."";r:-~-'-' r:- 1; • ·d t cchno'..Q:;j_cul clei ta on final pu.rif icat lon (mixing) of syngas and compression 

I EO. ., ... , .. ·1 ••• r•ir,n ·-- -~ \ ' ,,/ ; ' .· "· .... \. 

f'i"jr')C' ot .r::ynge-::1 
~' ~.' (~:j -~.:.' : .. t :L1J n 

u~aT 'l1ECTWIPE'l'HOL FOSTER-WHEELER 

co2~emoval and metha-
nn v ion 

11. 
I 

Purification unit, 
air separation unit 

: I I (prod. N2 ) 

----; ~'.,.oc.r ;::." ovmcr Benfield, Urlion Carbide Union Carbide/L r-, ... 
I 
I 
I 

') 
_,I. ':'·):-·'; '-" ·~; of inert 

,-:·"~':' ,:-: (nynthcsis 

1 

:_ ori:, :.:n.let) 

CJ I ..1 • ~ '.) r 

5. 

~~~ ~o~rrcssor pow~~ 
i~; ~·~,_r~ 

Syn:~~ comprcasor 
pawl~ input 

I I 
1 C. 1 r.".r1 J.'i:·cyclinc com-

" t' e c• ': .:oy 11ov1e1· input 

7 I ',,,.,,,,,.:·., ~0"1n""c•...,"·or 
• ./\. ·~ - ·-'~'·" ~ •• ..L •• :..>.:1 

:.10~,'/ 1 ···~~.1 -~ .. n}Jtlt -

o• 
t•' 

r:w 

E\'/ 

Irnr 
"' 

10.V 

• 

Haldor Tops.,e Air Liquid 

O.JA!_0.73 CH4<10ppm 
CO~C02 

2 x 1155 

2 Y. 2242 

2 x 335 

2 x 420 

N.A. 

J.120 (air for 
separation),2xJ60 
(nitrogen) 

2 x 2210 

180 

2 x 520 

• 

CHINA N.c.c.c. 

C02 removal and 
me'thanation 

N.A. 

(20 ppm CO+C02 only 

N.A. 

N.A. 

N.A. 

N.A • 
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I~·~ 11:~~1:D1•;JJ :-:-; r11 :'\ '!1~,~ 

~r_:_i_!:':..-~-~,_~-.''.·".-'!:!.. tr·~'•Do1or;ical d..£..t~1 am 1•ioni11 _synthet ~! c pl'onel' 

::i. 
.,. • .., ~-1 '.,. ,.., . .. ( . ~ ' I 

r:-!~IT TECJGJII'ETP.OL F0~5TETI-\'lHEELER CHINA B.c.c.c . -- ... • - • - . I I 
l ·-· ---

Jl .:' 0 ~ r, ,,.. ' ('l','.""'1.(11' - Ifolc101·-Tops¢'e Casale N'.A• 

~-- --- --

1 

[~ yr~"L:~ :.' ; . .".,1 l'l' r ! r: :·:ur1} r.:J)e 34.0 16.2 .30.0 
I 

~
1

y~)1.:1"tr!n :~ :i -t· 1:•:1~). oc I 
42.0 460 500 

c ':"•. ~. ~~-~-~· ::; t V l)~. UJ,1 E.~ 
,_,J 
... 1 7. ·1 19.6 N.P • 

;, : ... r·· ·' ... '. , .. :-· ~- ~.! J_ f.'.\<."l!" 

i \ 1 1 ,~ t ' r' 1 - .. ' I • (, ,., () "t "I 

- - - ~ 
T."~"fa 1 • E\ o.r'J U • .A • 

-~· -· ,..,-_,,,-'. cnt (': 
,J J.G ,, • 6 n.P • 

( ·'. 'l, ( ''"l•V••:rtc1·) 
.--
\..'.) .,. ..,. T""' 

( .. ('1"• ·, ·'· '-~n.t 

( () .-. ·'; :·_ :.· '. ':'. or~v er t. c r) (' 17.n 1n.5 !J.A • 1-' 

,,, •O'""• '>'<"•'UT~ • ~ • ... .. ). I I 

... ~ l l .., ' ' ' ~: () ... ': ' ' (• ~ ~.Thi_ ?.5 1 • ,1 N.P • .. ·- ' - . ...._, " 
! 
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• 
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-
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-----. ------ -------
1 • 

r, ... 
,., -··. 
1 • 
') - • 

, ;"1 f"i 

•" ,.,.. 1)1•-L i v1t.~'· 

r.: C) )"> I: (:! !! ~.'. \'It • ~ ·. 

,... fl'~ If":\ •Y 'Y.1 ·! :. (1 l~ 8 
··-· . -· --· - -· .. - ........ 

'j, ("I 

"'·' 

:'",r ",... :u·~· ~; vulu (.' 
() _;· -i ~ ·. ,) '"r't:-· ~- cc r~ 

··:'"'. r:· rJ "~'. c ::-:· 0'.'/(' r 

':"r:r:~_:'. 0··:~ vr>.ter. 

,.T_r ··,·-1-, !'t_-·fJi:'iJr(~ 

::. :: ·)~:. ~ , ··=~~rio:f·t 

~ .. 2·. · · , 1 :;r;ui·c nter:nn 

._, .... ,··· C'l' (102°C) 
,, ...... ,,"" ..,, 

··.~ :., ~.-. _r~·0d wutcr 

...- . .,., ,,.! "' ,., r•rt e.ir 

~---~~~~~~~~~ 

• 

ln~1 ...... \._ 

CJ 

I·~ 1 
•• /h 

"' m-1 

t 

1; 

" 

t 

lTil13 . ..... 

I 'PECIIIJIJlJ·:nwr. I -FOS?ER-WHEEIJm I CHINA N.c.c.c • 
I 

~-----

I 
9 C, lj 

~ . - I 99.5 I 99.8 
I 

0.5 0,5 I 0.2 

901 840 930 

32. ·1 J0.2 33.4 

71n.1 468.2 875.0 

1PG.5 132.~ 324.0 

-2.35 -1.2 -1.8 

0.3 

I 
-1.85 I -

4.) 1 • :? 4.5 
J6.9 36.o M.A • 

---

• 
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. ~ ~-- _1 )_ 

. - l , 
L 

r-;T:J· --- -T~~i~l-1,-:-~~~~--- - -- - -·-1--·-l:-.:-T~..,-
• - - .... ,...._ - _ .. - - .... ... - ........ ..I. 

------·- ------- ----- - - ---·- ..--

1 • 

l"HJ: co;: ::retio 

1-----------~-

5. :~c·,,1-~0·:5. of r-0lt 
r ~-:::' 1;f 0 cture 

6. ~-r~thoC.. of ercnl~le 
LET1U::'cctu.1·€ 

oc 

r---·+--- ------- -·-------- ---· 

7. Product ha~dljng 

., < _,,._ 

I'r:illing 

I~ • .A• 

iiote: !Jo data from Poster-'1'.1leeler e..vs.ilF'hle. 

(·:n .. . -- f' ,.., r J -· .... - - .. - . '- . '- . •, 

-- ~ .:.'. ·- -. 
;- t 
- . ·- -. 

1E5-i2e 

Pr·'_J J.ine 

- -- --------1 
50 kg ba.cs 
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• 

Co:": ~1::>;'·t ~ c~:s 
---~- --- - --

1 • 

t 

·' 

0.571 

., -
I 

··.1 

0.1: 5 
------- ---- - - ------------ - --- ---

3. I'lectric ro·;·er 121.8 
I:. - C'.;:>_o_l_i~.~-; ~-_.J_c_i=:_r~----..... ----;? 01 q - _.. .... 
5. 

6. 

7. 

e. 

l1'iz::~1-:pre ::~:;re 
stem 

T.~idf_lC?-~2.1 t:· ~:~11r e 
:::i cer:: -

t 0.035 
-----~-----~ 

t 

Pe.~~i_v_a._t_i_O_!i_1_a._i_:r ___ _._ __ Nm 3 

Steeffi conde~sste 
export 

------------
t c.6:::.: 
~.L_ 

16C.O 

1.7 

12.0 
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• 

.. 

,-. - ·--.. 

-- - ~ ',_ ',_; ~ 1. 
------- -- - -------

i' r ; ...... ·'. - . 

kg 743 743 7 1 5 

::~eturel ~-r:~--- - ~;.-f--- ----5-14.-9-- ------512.1 ___ ---51,2-.-7--

_" ____ --·~--- ----- ------- -- ----------~------------

Lat r~1:t Le:::lt of 
input c~e ~J 

:;:~g::-r;::. r:.i::: L:.1"e 
c•+ -:-··- r,.. 
.. _, t..· 1_ C:...i.U 

(by prcduct) 

Electricity 
.,.. J 
1.c. i.; er 

Incustrie.l 
process water m3 

Overall fuel 
~nd power GJ 

18. 4 

382.6 

170 

19.7 

r- a 
-..) _, 

343.E 
--------.....;---.------------+------

2.5 0.7 
---~--~-----~~---~-

23.0 22.3 26.J 
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HT 
! 

j Fine limestonf! !.LT 
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QUAHTITY QUANTITY 
per 1 r.IT per 
of NPE 100 000 

r.11• of NPK 

682 68,200.000 

24.5 2,450POO 
---- -o.Go6 6Q600 

o.JJ 33000 

0.46 46poo 

0.74 74,000 

1.00 1oopoo 

o.83 83,000 

0.214 21AOO 

o.J46 34600 
I 

0.22 24000 

QUANTITY 
per 
200 000 
r.!T o:t NPE 

136,4.00,00C 

4,900,00C 

121,20C 

66,00C 

9GOOC 

14opoc 

2oopoc 

166poo 

4~80( 

69,200 

44,000 
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< l':r:t: ;-:·:n i:·; ni vr ·;H•::) 
r.:i.L 1~3'J 
Jii .r• l ~! Cl7Y 

HU!Jli:L ';'L\TL O!' llI\.Ef1I.\ 

Your !'kf: 

Our lkf: ·- ............ 

...... -:·1. 

Ikar Sir, 

r:~.t:1hli=>l11·•· 1:t of ,\ Ccr'\nic F'lctory 

As you ,,,y 11..:ll :r-1w11, thu Bendel '>tat.: Gov..:rnccnt of 
lli·~1..ri:i i11t1.wls t;o ..::.;t:ibli:;h a ccr.:inics f:1ctory in Scnd(:l 
. ;t~1t..:. . You ·Tc: h1. rt: by in vi tc.:d to. quote ·ror thi.: c;,tablishm.::nt 
of thi:> f·'.ctoI"y, on a turnk<0y b!lsis. 

2. The f:ictor:r is <:Y.f>t!Ct.cd to produce ccononic:1lly, floor 
:&Ics, w:ill tiles, anrl s-:mit,1r:r W<lrus. The factory- will be 
~cd.in nny ono of tj1c followin~ loc:itions:- · . 

(a) ·rr;uorinkhi 

(b) Uzalla 

(c)· IGb:inkc/Ozarrn 

(d) Afuzc. 

3. Your quot:1tion should how."·•.:l· 01.: bas1.:d on tl)c loc:i.tion 
you t~~nk is cost suit~blu. 

· 4. The pl:lnt shoulrl h.wc a c:ipaci ty to produce annu::illy the: 
followinr, i tL·11s, in th.: quantity stnt~d: - · 

W::ish h:inci b:isins (lnr;;e .:ind sn:ill) 

.lfatcr close:ts 

Oth..;r s:ini t r.ry war<!s 
1 • 

Vall cc1~aic tiles 

-· ao,ooo units 

ao,oco. units 

40,000 units 

-- 40.0,000 sq. cc:trt..:s 

Floor ~cr:11r1ic t'ilcs 200
1
000 _sq. tl<.:tr.;~. se '!'hi: 5C0pt.).Of Gor.trnctor's work is ns.follo\/S:-

(i) ;clcct'on of· 'l riuit'.lbl..: sit.~ out .:if the»four si.t· s 
C<!ntioncrt •hciv-.: un nn ccononic b~1sis. 

(ii) ~u.,r.tific·ition of the cl.'\y dcpo'si ts in th'-" cho~..:n · 
ioc:ition. 

•.• /2 

I . 

-. 

I 
I 
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J>t-.bli::ihn"nt ,-.f J..::.;i(~n: b:i.sis of th" PL1nt. 

Supply of }:now-how, b<s.ic, :ind d" t:iilcd 
1,;nc;in.::cr.in:; rclfltin:; to th1: Plant ~-iml qu'lrry. 

. . 

(v~ · · · !'rocurcr.i,,nt of '.Ill cquipn..:nt :i.nd !1:1tcrials· -for 
th1: pl rint, w.:>rkshop, nninte:n:;nce shops,· lnboratory 
f'lcili tics, sto::-it;cs, :md oth..:i· f:i.cili ti1Js at si tc · 
inclu~in~ :idninistr~tivc office, and procurcncnt 

(vi) 

(vii) 

o! spare-parts. 

Procurement of all c.:quipncnt- :ind n·1tcr:i::ils 
.nCC,,;SS:lrj' _for the: cffc.ctivc quarryin(; of clny 1 • 

:md tro.nsport:ition of clny to 3it~. 

Tr'.\r.sportation of the l!quipncnt !roi:i po.int of 
cksp:1tch FOB· to c;itc ... 

(viii) 
. T'.lkinf> out :11.l nl!ccssary insuranc.:; c.Jvcrar;cs. 

(~x)C'\ 

(x) 

(xi) 

(xii) 

(x!.ii) 

(xiv) 

(xv) 

(xvi) 

(xvii) 

(xviii) 

(xix) 

(xx) 

(xxi) 

(xxii) 

Cle•1rins 1.cvcllin~ md tm;-tt0vclop1m'nt of the 
site for thL factory, :i.nd quqr~Y!-" 

T.::s_tinE; •whc sa·il Ch:irnct.;:ristics of the si tc~ 

Tcstinr; the clay 
for th" qu'.lrry~ 

Const!"lctior. o~ 
an•l qu:i.rry, :ind 

propcrtics of the.chosen sit<.: 

Tl.oads/ Hnil within· the fnctory, 
between f'l.ctory 'lnd quarry. 

Inst:-.11,...tion of all t..:lcphonc and oth-.:r sir.i ... lnr 
fiiciliti"s for ·co1:munic::iti'in within the.: :~it.: :~n.l 
fro1~_ ,;itc. to quaTr-y. 

con!;tuction of 0.11· civil .works within th..: f.:i..ctory, 

and qu:irry. 

il.::cLipt in,;p~ction and stora!3c of L:quipn(;nt 
:i.t site. 

. I revision of all erc-::tion e:qui.pnent, tools ::ind · 

tackle. 

Er~ctine; <l.l cquipncnt. 

Pr()viclini:; tr:i.inin.r; ·fer pl<<nt 'mcl qu:HTY riani\ 0-:;C;rs, 
OJli:l''.1tors, TJ."lintcn:mcc :ldnin i.str::iti v,~ p(;r:>onncl. 

-'!',':•tinr; <11 er,,ct0d cquipn..:1;t indivUu::lly, by 
~;.:cti.m:;, :i.n.l :i.:.; n conpl0tc !ll."lnt, ."ln<l c:1rryinG 

1 

nut :111 n.:..:c:;,;:i.ry coru-.i:;~ior.in1; pro•> ,\ur,•s. 

coiir.issioninr; rmd st:irt up of th• pl.:i.nt, until 
rro,~ucts_ :1r.~ obt:iill<!cl. 

Opc:r::.tion of th•) pl:int, fron ~t·1rt-up until 
r.or1pl.(!tion of the pcrfnrn'l.ncc t~•rnnt<.:•..! ?-osts 
for th1! plant •. 

Cnnrtnctin·~ .<r.rl conpletinr, tht.: pcrfvl'f'.''lilC<! 

~U:'!.r.'lnt()C ttJSt. 

• .. /3 
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t:·rn-.;:•.'" Lt: of t;,,. op.,r·,tJ,JI:s of thi.: pl:mt 
·1fti.:r r;..:chlll;i..:-.L c.i:111.L...:t.ion, ;1r,d until s:itisfuctory 
c..irq•l-.ti,)r. ,.r th. p,,rf.>rn:,n;:..: 1;u:ir·llltec tests. 

r-:.1n·11:<:r..:nt of ~lw uJkr.1tit•n0> of th • .- plant for 
'21+ nnr:tJ:,; .1ft,·1· ;•rovi::;iPrnl acccnt'1nce:. 

'!'h•· l.:ic·1ti,>1; ·111.! n0ni1ntiun of <• !;uit:1bli.: ccr:inic 
1::Jr,'::; :. 1;".u.r·:ct:1r·"r t". invv::t in th,, },roj<!Ct. · 

li. 'l'h, f.>llo1-1ir.1; inL•r• •tion !:h.-iulrt :lcconrnny your quot:-itior.s:-

b.1 Pric.: 

• 

6.2 

•• 

Th·· 11rici.: fur •. xc:cutin~ th•• 11orl:•_; as statert 
abov.· zh;-.111<1 b,· statccl .. in lur1p sur. '1ntl .br·oken 
dowr. anckr th.· follo\rin~ hcarlinr:s: 

6.1.1. 

6.1.2 

6~1.3 

6.1.4 

6.1.5 . 
6.2.1 

6.2.2 

,.Enr;ir.t:erinr~ 
ni.:rvices includin~ 
Liccnc~s (if any) 
llcsi-;11, \Jork!l 
supervision und · 
:;tart-up. 

Supply of good~; 
F.0.lJ. . 

Triln~portµtion :mcl 
Insu~~ncc to site. 

Civil \Jorks. 

Eri.:ction • 

I 

• 

'l'h.., ti:ri"I:; - of payrwnt 
for each of the quoted 
price in 6.1.1 to 6.1.5 
abovt? should ~c stntl;d 
undcf each hcntlinc;. 

The lunp sun i)ricc !'!hould. 
· furthi:r broken down into: · 

Floor ;ind \/rill Tiles 

Gani tnry ~/arcs 

·1uarry T·:quipncnt-·. · 

Local Forci1:n 
Coctpon.~nt COl'1p0nvnt 

;; 

Th~ c"iny- clnr1cteri:;tic~ for c-:ich of .th~ . 
'.:U1·;·~r.~;t<:cl loc1tions :ir•.' nttnch...,;l as J\pp<'nc,ici.:::> 
1 to '~. Othe1· dcsif':n .b.'.lf,is r.1:1y be su11plicd 
on rcque!';t, 1f the: 11ir,i:;try i!: r;ivcn ••tl.;:quatc: 
notic.:. · 

.. ~/4 

I . 
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6.3 l'lot_Plnn: 
. - . . 

Your quotation should be nccompaniod·by a proposed -
:>lot plar. of the Quarry and plant._ 

6.4 I'r~cess ~~scrintion, SUtply OT ~auin~ent ~nd 
~erv1cn :~c1l1t1cs _ 

• 

6.4.2 

6.4.3 

Process Description~ 

The procc~s used should be described in _ 
dct&ils, ~nd accompanied with flow di3~raBs, 
sho~in~ clearly oajor~ite~s of cquipoent. -
The method of quarryini:; should also be ~ated. 

The prclin:inary Lay-Out of plant 
1 

utility 
- builrlinr,~, ct•. in relation to the site, 

shculc be shown in a drawinr,. - The Plants- -
buildir.~s should be clearly identified. 

~iment J.ist: 

I. list of cajor equipments to be supplied 
should be n:id1.:. Each equipx:icnt should be 
a~companicd by the followinr, information:-

Namc of Equip~ent; 

List of Probable suppliers 

.3izc- c.nd any other technical dnta. 

A tine table for the execution of thr contr:ict of the 
b::ir-ch!U't type should acconpany the <1uotation. 

o.o ~nccificntion of Pro<lu~ts: .. 

b.IJ 

A dct::iilcd technical specification of thk products, 
should be stated. 

<;:'he cxpc,.tcd consumption of utilities on nn .'lnnual 
\n;.;is for ~:is, 1:1cctricity, wnter, :i.r.rl J;;iw 1htcri'lls, 
shou\.<l be :,t;itc,1. A <lctniled spccif.ic0tion of the 
n\)cesr.:1ry utilities, anrl Raw Material::; sho11lcl be:: r,ivcn. 

·, !lChcctulc of Contr:1ctors JH?rsonr.cl tl,;::t 11ill OJh:rate 
the! pbnt fur the initinl 2Lf l!lonths trciiniri1~ )ll.!riod -
should hL: r;ivcn. 'l'h•: nchcctulc shuul,i i;i vc cor1d i tions 
or th;?ir 5t'1y in Hi;~cria. . 

Jict.1ils of locnl P<?rsonncl rr!quircd to op._,r:1tc the 
pLmt, :ind to :1ssist- in th•' r.<msi;ruction :::hould he 
!.itnt.~d. 

6. JO '..'he r.·1r.1..: of the m•r;uf:ictur0r of c;;r:1nic prc..<luct:; :i;; 

~ic:ll a:; th.; cxt,::-1t of it:: pror,osc!<l inv0.;t11·~nt in the 
projc:ct :::lwuld b" :;t.-1lc:<l. "i'h" ru:-.uf.1ct\Jrc:r :;hr.u.i..11 

.... ,15 

,, 
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Give dvt;1il:; of .;.L:..; cxpvricnc" und the plants 
he 01m:;. 

6.11 Cont~•~tor should Give dct~ils of similar projects 
h<inrtll'(l in the lnst 5 yc!'rs, llild th<'ir loc'.ltion. 

7. Thi r.ctory :..;hould bc cnpnblc of producins tiles 
of the followinr; :;izes:-

Floor tiles 8"x8"; 4"x8"; 10"x10" 

\/all tiks · 6"x6" 5"x8" 8"x12". 

6. Yoi:r nuot:-1tion should i·ench thi;; tlinistry on .or before 
12 noor. o"i)'rid.'.ly the 31st rl:1y of May ',985. This Ministry is 
not bour.d to accept the low,~~t or :iny quotation. 

~
~~-of -~.,-M;:li.:-:~ Yours f4ithfully, 

'( IJI· l'•\";'Cl!~l) ~~1;\~ ~-·. ~ · .• 
_ ! (.. / /, i I . _ 

. :: j . . ,.:? ~ ) .1 I ,, ~ I 
v~ ~ . .__~, .-;.,,. . ~-._,.·,.·,,-~.- ... :~-/ 

'- · /. (0. U. Onuwajc} /~. 
~ .. for Permanent Secretary --~n~··1N crT". 

• ~~ ~· Ministry of Co.~ercc and Industry • 

1. 

2. 

3. 

4. 

• 

:rr• ::l' ::-:r.1 ty:lf.ub 
3( O:':'in 101.1 1 
L~1._,;\ls!_ . 

~~r~ a.:. c·9"i'usu 
..1 J:·l~O 3~t;1t~ ;vc, 
15~~ Ei~ ion 1und, 
?.C. 3ox E48, 
E.:nln City. 

Car: co Int., 
Cactl~lock HouP~, 
?.2 :to .~t.::J :1oaj, 
:0:'1! tl~i-·h J!;111w;hi1•c, 
:::ncl ··nJ-: · 
Ccric ~utr\I 
~lo H,~i!~ Ltd., 
53 - (0 B~oaJ :tr ct, 
P.r. Jo:< 9?·10, 
Lr1_:,1:-;. 

~. rv.li-:--~ ~cto1,, 
~:J-S~:l ·,.·~1·.:;zu·~·:-.1, 
C;~·,:~1, _;o 7/3, 
l'ol· r:l, 

. ' 

... 

'. 
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• CLAY CHARACT~TICS ~ ... 
oC .... CHEMICAL A~ALVSIS Sf lice ~!!. ~ · Tftanfa lfrne Ma9nes1i Sode Potash Sulphur _J gnft ion Tatel 

. ii , , I . , 
Oxide . Oiox1de Loss I ') I. s -,--- . s s s s ·s -,- --y-- s ; 

~ Igbanke - Jyi-Uk~ r .. 
65.258 I8.28!i \ I0.004 0:036 0;013 6.45 I00.046 - - - -- . II 76.484 17.14!) ; 4.343 - - - 0.020 0.008 - 2 .851 . 100.85! i lgbontor - Jy1oma 80.86I 5.759 4. 774 - - 4.142 0.002. 0.009 - 4.603 100.1~ Ozarra - I gwu i gwugwu . 60.728 13 .89fi . 2. 106 2.439 J.218 2.106 1.044 0.622 - 13.41~ 991571 - 1 · - Ewebi 60.429 8.89! 4.146 - 10.874 - (). 069 0.037 - 15.123 99.569 l - lduleha J 58.485· ··23.002 0.016 - - - 0.!12 0.071 - 18.302 99.9:38 . -· . JI 65.301 . 20.592 O.OIO - - - 0.168 0.029 - 14. 133 100.233 lguorf akhf. - Oibere Bush 59.080 16.567 7.375 1.667 1.402 : I .008 0.270 I .812 - 10.938 !OO. !lo - 09bomoba Bush 65.870 14.631 0.956 2.220 2.879 0.621 . 0.606 0.543 - II. 993 IC0.319 ! Uzalla. - Ezeko 67.010 12.447 3:183 2.890 2;770 Trace 0.166 0.447 - I I. 802 100. 715 J MINERALOGICAL COMPOSITION · Ideal f.!!Y Free Iron Titania Calcium Ma9nesfum Organic l . fe~spar_ Substance Quartz Ox. f de - Carbonate Carbonate Matter 

J 

,. -:-r- ~ -,--- I l -y-- IM lgbanke -. lyf-Ukwu ·1. 0.29 46. I3 43.62" I0.00 - - - .21 io 
.. M II 0.165 43.301 56.242 4.343 - - - - I ' I9bontor .. lyfoma D.07. 14 .54 " ·74.06 4.27 - - 8.69 - I I Ozarra · - I gwu.1 gwugwu 9,8~ 30.61 40.14 . 2. II 2;44 5.73 4.42 3.82 

t ~ - Ewebi .63 22.21 49.69 4.15 - 19.36 - I.18 ·-: lduleha J J .08 57 .71. 30.96. 0.02 - - - I0.25 ~ • - M IJ. 1.16 51 .57 40.57 O.OIO ..; ,.. - - - 6.94 

t 
Jguorfakhf - 'Ovbere · · 12.28 36.23 .. 34.29-'- . 7 .38 I.67 2.49 2 .I2 3.48 . l ··- Ogbomoba 6.78 33.88 45.73 . 0;96 2.22 5, IJ I.JO 3.77 ! .. 

I Uzal 111 "- lyioma . 3 :62 29.82 60.81 , 3. I8 . 2.89 4.93 - 4.88 ; .. 
I 

J 
FIRING SHRINKAGE 9500C JOOQOC. 10500C I JOQOC I ISdoc 12oooc ~ -r . -:-r- ..,.-- -r- -y- -y- I Jgbanke 6.84 ·. 7 .40 7.36 8.20 IO.OS 12.50 t 1 lgbontor - lyioma . I0.09 . 14.00. ll .50 - - - 1 

I l Ozarra · - lgwui SW\!9WU ·10.04 J0.32 J0.84 19 .20' ·20.s2 - ! · - Ewebi II .84 II.BO 13.76 II .96 . 14.48 23.50 t I - lduleha 11.36 I I. 30 I i.36 IZ.04 13.28 18.64 . lguori_akhf - Ovbere · II .36 12 .. 32 12.44 14.80 16.36 16.60 I • -. Ogbomoba . 8.64 9.12 9 .92 JO .!6. 9.64 10.52 r ' .uza 1 la - Ezeko 14.28 11.40 ' I2.70 12.56 12.64 16.40 l 
- --·-----· -- - - ------- . ---- -.-. -- -----·:i--. It --:-.._....,._....- ---~-

L ..!. •• : . ...:..__ -----· .. -.............. ___ . 
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.infm-matiDD .:haE :j;,"'~ ..co.ilec:x:erl .1n .ile:ruie.l ~"ta:x:e .ircm 

N.N.P.C. and 01:hers, 'Where .associa'ted :and :non .assotia"ted 

,gas is .available .in 1:he U,ghelli and Sapele az-eas. The 

direc't and official discussions vi'th N.N.P.C. on ~he 

subjecr lilill .Dnly .l>e possible .when .an .of.ficial invi1:.a1:ion 

is received from "the .Bendel S'ta1:e Goverr.men"t. 

The 't'Wo aajor gaG fields in Bendel S't!te, i.e. Ug1!,e11i/ 

~ and_Sapele are shown on 'the attached 111ap (A1:tachmen1: 
l). 

Sapele Gas Tie1d 

T"r.e Sapcle area is an important crude oil field with 

asso~iated and non associated gas and is operat2d by 

Shell/N.N.P.C. A gas collecting system has been installed 

1:0 i;upply gas to 'the new NEPA power plant a't Sapele 
(!,020 ~). 

• .£. te:r.porary gei.s station is installed a't Sapele-West a't a 

place ca~led Abegborode. This station will soon be 

' . I 

" .. , 
1, 
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::-a:.s;" c!"'re.: t0 the l'orth-~o::~-.: cf S<:;:>e:.e a: Gter.. The 
I 

Si:.;:t:li: l~I:?;. f..:..wer ;:a;.~ w.:.:.: ~t.e:. !:>E S;J;;::c: i.rJ ras fror. 

: -. , ..... 
::.: . .:::!'~.:--:.!.o:-. c:- c nci.: :.~'... 1'r.. f.0£ l:.nt f!'"on. Gbe:-. tc. 

.... ; < -":r:.;:e: s:ee:. ;:~.: ir. -.::'"le Kwarc State near the Ni~er 

:.-"'.'t ··- ,;:-ecisio~. abc~t tr.e rcu:e that this new gas lir.eo 

:::1:~ ~~: !: !! !o~i~c! t~ tr.1~K that it will follow 
_.: ___ _ ; 
.. -~-· ~ ~. oil line from ~arri to the 

;:.:;.i '!'cf i:.ery of Kadur.c. Ttoe new gas sta'tion of Ob~m is 

assuoed to be located in 'the exact spot of the passage of 

thf crude oil line (see Attachment 2). 

'The ~ ~ll ..l:53le -passes -rhrough fiwa, ton the llenin 1:ity/ 

• Dni-r-'b.a road), located at a t1istam:e of ..lfO km 1'l"'Dlll Benin 

Ci-ry. Jl.ll.P.C. further indica1:ed "1:ha't a't a 1.ater stage 

"the gas will be sup.Plied 1:0 Lagos from Oben. This gas 

line will Tiecessarily follo~ the exi~~illi ~e~1ned f'.roduC"t 

lin.e.comingJrOlD ."'the .Warri refinery, _passing through 

fi.}j.J'.C. Jleniti Chy Depo1: '.,Oregbeni. - 15 km .fZ>Om .~ 

Ci'ty of 'the Benin/Onitsha). Therefore one cou~d logically 

think that the project cou~d be loca"t:ed in ~he Sapele 
area. 
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!~:. ":!"'.:~c:. -----. .: ... 
c. ::c; 

~~-::.a:-.-= ~- • < 

!::.a.-.E ~=.ti: 

'fro;ane E. 58 
Iso-Eu't:ane 1. 04 

Gas Temperature io 0 c 

1:-::..:a:-.e l. 2~ 
.lscrZ:entane D • .29 
..._Perrnm,; (). 21 
lie one ll • .ll 
tie;nanes ~ 

.lllD ' 
ti.as is pr>esently -cellected at the ·s.ape1~-~£"t ~,a-5 --st.:1tit:1ri-~rt 
J:r.ree different pressures: li7-,:isig - 150 psig - -485 ps'1g:· The· 

low end high "Pressure gases are boosted to lf7U -ps'g "for suppJ:y 

"to the Sapele Nepa power pl..an-r vi.a a l6"' .line .at ambient 

1:ttperature. The scheme h ~reunder .shows the gas .supp)y 
to 1'ei:;a. 

.Sllf'EL£ --s:sr 
T~,., '•flA'°f ST. 

MliJC 4 ~o PI!'-

3 2 .'f B1t111 

I{ 'f'j >< IDie,.. 

Rni l!,u,,r ~ 

411\/, c. ,,,-1 111£Plf • l'?rrFn. 
<o•c i 

rDwE/f J'T. STtlfT,c,,, 

PllEJJHitC 

n E 1>11 ft.JJ J" .SS 1J ll11J 

ISo.10 '5yt-/'"'Y} ~ 
()</lo l"IW 14,11TJ 

' 
ii 

. 
l . 

_y 

I·• ,, 
'' 

j 

i 
I 
I 
; 

J 
i 

' 
! 
;. 

f 
i 

• 
i .. 
• I 
• 
i . 
• .t. 



• 

• 

- 85 -

ex:~~=:~~£ ~~~:s) 

:;:~ ~re!su:-c : ~7 psi£ 

Ei~~ Frcssur~ : lS~ psig 

Ex~ra HiEh Pressure : ~~: psi£ 

"" 

1

:2~~C £C~ '\le!ls. r!"'t:~SU~E: 
25CC ;s:o; gas supply to 
balance availatility of 
c;ssociated gas 

- · -~ ;: ~::..: ;;c.::. sc;,a:-;: ~.:ir. 't:aices place a't: 'this s't:a'tion and 

c:-.::::E: is n-ansferrE:d by pipe to the Esc:ravos···cruoe oil 

ter=-i:-.al. This station will be transfer:red to Oben within 

't:~e nex~ 't:W~ years. The estimated gas consumption of the 

Ajaoi;;\;~a neel ,:pla.n't will be 200.10 6 Sett/day. tlNPC 

indi~netl ""ttia1. -t!lere -will :be enough -gas zi't 1ean for ~he 
llert TWeJlry years and our requiremen't -does ~ot tireseJrt iUlJ' 

~arricular problem compared Yi1.h the ~xisting :rese:rves. 

A't: "tite gas 'S"ta'tion itself NNP<: estimated "'that "the :siuanti:t_:y 

of ga&-pres'en~l~ riared .is l6··"to 20 •. 106 :Scft/D.ay, .i • ..e. 

~ee ~-~re 'than Dur regtiirement:.S. 
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:: ~e :::a:e= a: ~:~~s~ nea~ Varri. It is repcrte~ tha: 

~~:~ ass::=..:..~=e= .:..•= n::r.-associated gases are a~ailable. 

":"he ;;as pipe networi: in the Ughelli/Warri is si:own on the 

'5 t:e't :::i': hereuncer. 

/""'\ ,_ - . 
~QJU 

IJT't>tlU~4: 
V ~/fS JT,,,rio• 

Ughelli/~arri Gas field 

The Ughelli gas !ield supplies gas to the Ughelli glass 

factory and to a Nepa power station. As far as gas 

availability-is concerned, location of the plant in this 

area would not present any other problem than that this area 

is reported.to be very crowded and swampy. The Bendel 

~tate !tinistry of lndustrie~ al!:;O ind~·::ated that very 

little land was available in this area. 
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ANNEXE_ e9-

..- .1.1'11 ~ . : :) .. ~) .... u .. _1._.:1c .\1~l1 i 1J .. Jl~t.'_?.,"r·:Lt"~ 1:t •• ) ..• .1.:: •• ;·r 
I' 1 ,J;'"/.JJU J• .. :Lf~) :-;-,y' vr.:·1\Ji!I.'. l:.;L.I!;.'. 

// 

• • ~ • .. J 1: l.l __ -------

/. 

, I I 

:;,_ . ¥nur I ·1 t..c Mo. f1.113;Vcil.VI/158 of .'Jth Cr.tril ·r, I~u·;; 
r•:L,rs. Plc:<P·c l·iriu the attdcheu d....-t2il~ of Ur..,.-, f•::-ti li~:•:r 
11, .:-ct:; t,y llii:; 1·:in.i•;try fro1.1 1900 to l'S'C5 .«nd tlv. lol<>l 
• ·tiu .. :cc Ur,·;c ccm<:,mi trorn 1986 to 1990 C:::tt<1cl1:.-.. :nt 1). 
,'.i_l;:ch~ ·nt II, c0nt;;Jn,; the Urea f£·rtili:...cr r<.:quir• r.1 ... nt'... fnr 
•::r,d.'l, 09u11, C.yo, L,;.10:: &nd l<1;ara Stntc:, fro:r1 ]4~1 tc i•;;i.::; 
'm! th .. : c•.tira.:.lc:·d r.::::uir.::·r::cnt for thc~:;e .StutC?:; ir0:.1 19CS to· 
l'•X>. :\tt;-,ci;ro,<.nt Ill i!; the Q;.iullty .Spc.:cifjcution c>f the Urea 

• r;·::~ cntly 1Jci.1<j i:~port<.:rl by thl~ office. · . . ... . 

;'. .'.:; ~hmm in thr- uttuchmcnt:::, ti1c totul <!sti1i;:t.i?d Ut"'' . 
rc<)uiremcnt for the fiVi.! States from 19£i:i to· 1990 of 109, <>1c· 
tor.11E'~ i~ only about 7';', of the total projected l:Jcr·~ n,q\11rc;:,:c·nt 
Cl,4B8,523 tonn.;!:;) for .th(? c.ountry for the s;;rnc period. 

3. It r.1.~y b.:> ncc:es::<•ry ho~ievcr, to n·otc ·that the tli.:·ce:1-1 
fcrti!i~cr ~t Onn~ in Por~ H2rcourt h~s·cepjcity·of prcducing 
<:ll lh(: Ure;- rcct,i.rc'rn(mts of {:!·is country up !;ill after 199J · 
<:nd even '=!XC(;s~ Urea fer t"X;xirt.>. j . 

4. l h~pc ycu •ill find ~~e infornation provided useful. 
It r.:.:i;: h.: c-.c'vi:;.:,! 1:: for you to c.x;;.lore the ;-0.:::ibil:':·f of 
::i:~u:~::turir.:; p.J~ula·:-.:Jlcnc!, lilce ::Vi: E-l'-15, _ii:K 12-l:!'-17 
• ;:::.,;o ~.r.:is.:: C:-;,,~.~n::i chi:· ~lr.i'Cor-. Cnnc .Plcnt ce:nnot s<'tisfy, 

-w.-(~ 
l ~ o. Olocice · 

for: DirLct6r, FPS~. 
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