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LBBREVILTIONS

AN

AS

Apmopiun nitrate
Ammonium sulphate
Nitrogen
Phosphorus

Potassium

Oxygen

Metric tons per day (24 hours)

Short tonms per day (24 hours)
Metric tons per year

Short tons per ycar

NPK (17-17-17) Means a NPK compound fertilizer

containing 17% or 170 kge. of N per
metric ton, 17% or 170 Kgs. of P2O5

per metric ton and 17% or 170 Kgs. of
K20 per metric ton.

Di-ammonium-phosphate
Mono-ammoniunm-phosphate.

Potassium ohloride, equal to Muriate
of potash
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1.1.1

1.1.2

1.1.3

1'?

+8 o devecloping country Liberin finds hcrrclf at the
threshold of comnencing the application of chemienl
fertilizers in the trec erop plantations and in the fields,
where uplond ricc, svanp rice and other tropic~l crons are

grovm,

Until now, chenical fertilizers have boon spread ot an
optinel seal: only in sone of the rubber plant-~tions
operated by concessions, wvhile the initiation ¢ .. uscfulness
of fertilization is still being contenplated i:. thc other
iuportant plantntions of paln o0il trecs, cocorut trces,
coffcee trees, nnd cucon trees, vherc big incr. «s of the

cultiveted arecs are projected for the next yo~re.

Fertilizers have been utilized so far in ti« rice fields
nercly in n very few and scattered areas. L scries of
fertilizer ficld trials have been carried out during the
last years under the nrogreane of the Ministry of . gricul-
ture with cssistance of experts from UNDP /Fi.0 and USLID,

Since 1962 'xchen-lest .frican DNxplosiver ~nd Chenicels
Ltd. have established an explosives manufacturing plant at
Charlesville, thich supplies the explosives to the mining
industry in Liberia ~nd other Weet .Lfriean couniries.

411 raw moteri~ls like anmonium nitrote, socdiun nitrate,
TNT, ote. for the manufocture and preparation of the explo-
sives in this plont are being imported.

In the cutomn of 1974 the Government of IilL ria received
fron H-Ren Corporztion a proposal on a chenicnl conplex,
consisting on an ammonia plant, a nitric acid ~nd ~mmonium
nitrete plant, ~nd ~ P conpound blending ~nd sr-~nulrtion
plant, to be built in Liberia.



1.1.4

1.1.5

1.3

The propesec frctory should deliver N™¥ ecapound fepti~
lizeres to thc -roving domestic unarket, amnoniw nitr-~te to
the Lxchem cxplosives pl nt, nnd th linited qu-ntity of

ammonir used in the rubber plantations for latcx ntrhilization.

The design capacitiee of the complex has been sugeested
at 100.000 short tons of NPK compounde peor yer » 28,000
short tons of anmonium nitrrtc low denmity gr- ' for ex-
nlosives rer year, and 3 000 short tons of exc ss ~mmonin

ver year for the rubber plantations.

The raw naterials of the couplex would b nanhth~ and
fuel oil No. 2 delivere fron Liberiz Refinin, Coronany
based on inported rctroleun, and besides, in orted

di-aiwoniun-phosphate ~nd inported nuricte of rot-sh.

In March 1976 the Governnent of Liberin rcccived n
reviseC nnd up-datec proposrl fro.. i -Rcn Corporntion wvith
two ~lternctives: .ltcrmative corrcspondin; to the nre-
vious nlternative with sone nodificationa, ~nd .ltermctive B
based on imnorted armonia ~nd no anronin plant bhut otherwise

identicnl to altern~tive ...

The end--products and desiyn capacities of the revised
proposnl ~re sinilar to the qunlities ~nd fi,urce given
~bove, excc t th t the quantity of ~nnoniun nitrete h-a
been slisghtlv cucrensed to 25.000 short tons ner yenr,
becausc the phosphatic rav naterinl has been changed fron
di-aunoniun phosphote to r.ono-~unoniun nhoephrte, which
containe less ~rionia nnd which nlso would have to be

inporte’.

The Govermnent of Liberin has ~sked ite ~irenoy Liberian
Developnent Corporation (LDC) to study and assess the
fensibility of thc N-Ren proposal and its reliv.nce to
Liverian oconditions,



1.1.6

1.4

In the berinning of 1975 LDC requested tiroush the
Ministry of "lannin; and :‘conouic ..ffairs and the Minietry
of Foreign ffairs the United Notions Develo,uent Progranne
to furni:h through the United Nations Industricl Developnent
Organizntion technieol asecistance to carry out the
nbove-ncntioncd feasibility and assessuent stuly. UNDP/UNIDO
hove conplied with this request and delegnted tic weiter to
Liberia on said nission

Ori_inally, this nssistnnce hnd been defired in a job
description of 30 July 1975 which, however, to sone degree
cnticipated thot the aseessnent study would conclude the

project to be feascible ~nd rerormendnble for rcnlization.

Upon ny arriv-l to Liberin, oy tentative roeview of the
N..Ren proposal book led ne to conclude that the proposal
cfter n detriled study and assessnent would prove to be
unfeasibdble,

Consequently, at the start and during the progress of ny
tosk it hns being ooreed with LDC to revise the job desorip-
tion, as follows:

(1) Study of the use of fertilizers, annoniun nitrate for
cxplosives, nnd amonia in Liberia.
(Rejort Part 2.)

(2) Roview of fertilizers nnd their rew ncterials, nanufacture,
procurenent, shipnent, distribution, and ~pplication, ond
sreparatory study of a fertilizer bulk bl nding nnd
bagring plent,

(Report Part 3).

(3) Pecsidility study ond nsscssnent of n oherical couplex,
conaistin; of an amnonia plant, o nitric rcic ~nd
anroniun nitr~te plant, and a NPK oonpound blending and
granulation plant as proposed by N-Ren Corporation.
(Report Prrt 7).



1.5

1.1.7 My nission in the field atarted 20th Necerber 1976 and
+ill en” 18th July 1976.



1.2 Sunnery

1.6



Report .art 2

1.2.1 Thig report ;~rt Cenle with the present consunption of
NPK fertilizers, ormioniun nitrate for cxplosives, ~n’ annonia
for the rubber plantotions ond the forecast naxinunm consunp-

tion of MPK fertilizers over the ensuing yeors in Liberic.

1.2,.2. The inport stotistics of the Ministry of 'lanning and
Econonies /ff~irs on fertilizers, cononiwi nitr~te ~nnd sodiun
nitrate for cxplosives, ~nd arinonia are reproduced and
disounsel in the report.

In addition, the various fertilizer srad.os ond the respeo-
tive quantitics which have been inported throuch one of the
lrgest inport zgents during 1969~1974 into Liberia core .
listed.

The few grontc of fertilizers receivel by Liberins fron

abrood in recent vears cre given in the report.

1.2.5% The faruing and trec crop plantations in Liberic nre
Cescribed and the cultivated arcas at present an’ as pro-
Jected over the next five years until 1981/82 are reviewed
and broken dovm into the respcctive figures for wild oil
paln arens, oil peln plontetions, cooonut plantations,
coffee farms and plantations, cocoz farms and nlontetions,
ond the various field crops, etc. The traditional -nd

gtill 6verwhclming ficld crop is uplcond rice, vhil.

roinfod ond irrigotod swamp rice is growing in inportonce.

The oultivated acrcage is now 1,2 nillion, but nay in-
oronse  with apnroxinately 250,000 aores €0 1.:5 million
aores in 1981/82 if the projectcd increases for the next
five years nre reclizel, However, the totel 1lon’ orea
of Liberia is 26 nillion acres, whioh it is generclly
believed could nearly rll be productively utilizeld. There-

fore, Liberia hae 2o huge lond reserve.



1.2,

1.2.5

1.8

The infornation and datn on the subjeet inve benevolently

been 1nde ovailable by the Ministry of . griculture.

Typiecnl f-rtilizer ~pplication ccheires for polu oil
trees, coconut brees, coffec trees, cocon trzes ond rubber
trees have kindly been surgested hy Lilerion troduce
Marketin~ Corporation and Firestone Plontctiens Conpany ~nd
oere ¢ivern in the report. In these schenes tro .rades and
yearly quantities of fertilizers to be anplied are stated

in function of the ozes of the trees.

Calculations have been nade on how dbig the consunption of
NPK fertilizers cnd other fertilizers ney rrow os roxinun at
optincl ond full fertilization in 2ll the trec erop planto-
tions for paln oil, cocorut, coffee, cocoa, ~n! rubber
production ot the nresent cultivated areas of 412.000 ncres
in total and, bonices, if the total plantatiorn reren-e is
increased to 586.800 acres os projected for the next five
years until 1981/82.

Separate caleculations have been nade on the possible naxinun
fertilizer conswiption at the present sizes ~nd ot the projeccted

sizes, of the rcspcctive tree plantotions.

In the crleulations certoin assunptions on felling ages
and age Jdistribuiion of the trees have been nade which nny
not preveil in practice. Besides, fertilization at the
typical rotes ~s mentioned under the above iteir 1.2.4 has

been assuized.

However, through these calculstions it has Dbeen endecvoured
to find the naximun possible quontities of fertilizer consunp-
tion, and any actunl deviantions from the bngsic nssunmptions of
the calculations will definitely result in lower figures.
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1.2.7

1.9

The rcsults of the fertilizer field trinlg vhich have
been carriec? out during the 1last 3-.. vears in Liberin cre
nentioned ond swunarized in the report. 511 these trinls
have been arronsed under the programes of the Winistry of
Loriculture. The firet fev tricls on both upland rice
fielcds and swanp rice ficlds were mnde under the supervision
of Mr. .lan Corpenter, USLID cgrononist, while the ncojor
gories of trianls in the swonp rice fields hnve becn nmanaged
and supervised by Dr. Yen--Sun Puh, UNDP/FAO technical officer.

The results have been copied from Mr. /1l~n Carpenter's
terninal report (see references) and have :osct kindly and
helpfully been nade n~vcilaebdle by Dr. fyh luring interviews.

Bosed on information ruceived fron Dr. uh, the usual
rotes of fertilizotion nade by the swany rice farmers in
Taiwen nnd Thailand are stated in the report for couparison.
lLccordinr to Dr. Puh the rotes ~pplied by the farners in
these countries arc lower thoan the optinnl rntes found

during experinentel tests,

Dr. Puh hoo pointed out thnt potassiun .- containing
fertilizers or: not applied to the swrup rice fieldo in
T~iwan and Thailand, as the soil in these countries gives

only o suall resonsc or no resnonsc to potassiun,

The question of soil ceicdity in rice fields as nentioned
by Dr. Puh during the interviews is shortly ccsocribed in
the report.
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l1.2.8 The unsuitability of nitrate fertilizers .or swanp
rice fields is explrined in thc report.

1.2.9 The foertilization propraune in rice fiel's by Ministry
of Agriculture is sumnarized in the report.

1.2.10 A forecast of the fertilizer consunption of rice and
other field crops is given.
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1.2.12

1.2.13

Report Part 3

This revort starts vith o short review ol the nutritional
clenents necded for the growth of trees ~nd pl~nts and of the
principles ~nd need of fertilizotion in dependence of crops

end virrsinity or nutritional lnck or depletion of the soil.

The report pointe out that the densely populcted
countries with continuous ond intensive acriculture need
hirh fertilization of the fields while other countries
like Liberin with o scottered population, ficl wrotation
through the fallow principle, and large recervis of crable

land will reucin relcotively small consuners of fertilizers.

L list on the major fertilizer grodes boin nanufactured

~nd 80ld on thc world nerket nowadays is given.

The inportant differcnce between chenical conpound

fertilizers ~nd physical blende of fertilizers is exploined.

The n~nufrcture o' fertilizcrs is cxpounded in broad lines,

The nain conditions for establishing ~ fcrtilizer
irdustry, 1lile the reli~ble and feasible supply of row
naterials ~nd utilitics on a long tern basis, larpe cnpital
requirenents, nodern tecchnology, sctisfoctory ianagenent,
operation and naintenance personnel, securc ontd sufficiently

bigs narketings outlct, ete. are given.

The rev naterials and process routes for the production

of the different fertilizers are revieved.

In particular, the coupetitiveness of larce »anreity
cnnonia plants over suall capacity ocnnonia plonts ise
explaine? and stressed., .imonic is the besic internediate

of any =nd «ll nitrocencous fertilizers.
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1.2.16

1.2.17

1.2.18

1.2.19

1.12

The econonic factors ruling the operatior. of anronia
plants, such n8 raw naterials, investnents, »Hl~nt size,
plant desi¢gn, specific ener;y consunption, conatruction

and stort--up yeoar, cte. ore dealt with in broad terns.,

Fron the explanntions civen in the report it can be
deduced thot o loarce, say 1,000 MITD annonis pl-ont based
on cheap natural gos and constructed around 1870-1972
can produce ammonia at o total manufacturin:: cost, which
is around 1/10 - 1/6 of thc total nanufacturin, cost of
a snall, say 100 STPD ~mnonic plant based on high cost
n~phtha and if constructed for stnrt-up around 1978-1980.

4 mgenercl introduction on the fertilizer frctories which
have been built Aduring rhe last decade is ¢iven. 411 new
frctories hnve been very large in copacity and placed either
vhere rew naterinls are cheap and readily avrilable or in

the niddle of bi~— morket areae of fertilizers.

The formnulae calculation method and the iinited freedon
in naking different ~rades of NPK fertilizer coupounds from

a linited nuaber of s*raicht fertilizers are cxplained.

The procurenent of fertilizers is described as an
integrated nrocess which rust be planned, or wnized, and

perforned in ~ll steps.

The detailed aspects of purchasing, shirrient fron abroad,
storage, transportation, ¢ .stribution, and application of
fertilizers are explaincd.

LA non-exclusive list of international fertilizer brokers
and exporterr is ¢iven.

The business purpose, the technology, the investnents
ond the operating costs of o fertilizer bulk blending and
ba;ring nlant are outlined and described in dctrils.
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The selection of the strnipht fertilizere for the bulk
blended procducts on basis of le~nt-cost analysie and the

lenst-cost onalysis couputating nethods nare ucntioned.

The personnel ~nd workers, exclusive adninistrative
personnel of such plant ~re listed.

4 1list is given on reputated contractors and equipnent
suppliers of 2 bulk blending and bageing plant, and c net
of typical basic infornation for the desifm of 2 particular
plant is stated.




1.2.20

1.2.21

1,2,22

1.2.23

RI.PORT PuRT 4

5, feasibility study ond assessnent hcs bren carried out
in details of both the oririnal proposal of Sevtenber 1974
and the revised proposal of February 1976 ns subnitted by
N-Ren Corporation to the Governnent of Liberin.

In the study the financizl and contractunl terns, the
technology and the quoted plant units and deliveries, and .
the nanfceturing costs of both proposals hove teen merused |

and evaluated.

The availability and prices of naphthn nd fuel o0il no.?2

fron Liberia Refining Conpany heve beer: oxarincd and cheoked.

Spot checks have been nnde on the present inport nrices,
c.i.f. Monrovin of the nain r~w noterials ~nd the present
nerket prices, c¢.i.f. Monrovia of the finished products of

the N-Ren pronosals.

The spot checks have been nede throush the kind collaboration
and ossistonee of the inpsrt agent conpany U.L.R.C., Monrovia
and the internationally reputated ''est CGeruan Fadische
finilin-und Soda-Fabriken (UAST), which is reprnsented by
ULRC in Libveria. There is all reason to helieve thnt the
prices quoted by BLSF/ULRC on a c.i.f., Monrovic basis ond
used for the spot chocks ~re a true reflection of the con-

petitive world pricc conditions zs prevailing ot the snne basis.
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1.3 Conclusione and recomuendations




1.16
Repoert Part 2

1.3.1 hAs for as it can be judged from the import statistics
of the Ministry of Planning and Economic Affairs, the annual
import cf fertilizers until 1975 do not surpass the order
of 10,000 metric tens, which is a very insignificant
quantity as compared to the fertilizer quantities consumed
in Nerth imericen and West Buropean ccuntries. Hardly, mcre
than 6.000 metric tons or, as absolute naxirrum, 8,000 metrio
tons out of the 10.000 metric tons per yser are oonpiised Ly
NPk ocnmpound fertilizers.

The balance is reprcesented by straight typc fertilizers
like eumoniun sulphate, urca, triple super-phosphate, rook
phosphate, ruricte of potash, Kieserite, ctec.

Until now, ncst of these fertilizers have been used by
the Firestone Rubber Plantstions and a few other rubber
plantaticne owned by conccssions.

The other treec crop plantations for peln oil, coconut,
coffce and cocon have not applied any fertilizers so for.

During 17 (5 around 600 - 700 netric tons of NPK
(15-15-15) ocripound fertilizer and probably less than 200 - 300
netrio tons of arnoniun sulphcte were distributed and sold
tc the rice farners by the Minictry of igriculture. Sinilar
quantities of fertilizers are scheduled for distribution
tc the rice farners during 1976.

1.3.2 The abeve total quantity of fertilizers are exolusivc
of the amnoniur nitrate and scdiun nitrate, which are being
inported by Fxohen-l/est African Explosives and Chenicals Ltd,
at Charlesville for the nanufacture of explcsives fer the
nining industry, etc. in Liberia and other Weat African
countries,
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1.3.4
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However, in thc inport statistice thecee nnterials are
entered as fertilizers, but have for the elaboration of the
present report been subtracted frou the inport statistics on
fertilizers. It is reconnended that thesc naterials nre listed
a8 raw naterials for explosives in thc future inport statistics.

icecordins: to Txchern, approxinatel; 12,000 netrio tons of
annoniurs nitrate were inported to its factory in Liberin during
1975. Exchen pointe out thnt the annual inport qurniity
fluctuates with the consuription of cxplosives of the tining
industry in liberir and other Vest Lfrican countries.

hecordins to the i:port Btatistics around 1.500-2.000
retric tons of ~nrronin per year is inported by the rubber
plantations for latex 8tatid{liwntion.The arnonio is brou;ht in
pressure vessels owned by the rubber plantations froi. U,S..
end, naybe, other countries probably by the latex container
ships during the return voyaie.

There can be doubt th~t the yiclde of the tree orop
rlantations can be increased econonically if optinal ferti~
lization is initinted ~nd ~pplied also in the other plantations
than those rubber plantations owned by concessions, where
fertilizers are¢ now being used,

Forcenst crlculntions on the ucxinurn fertilizer consunption
in the tree crop plantations have been wade under the following
oasunptions
- All rudbdber plantntions ~re fertilized at the sane rates

per ~cre as actually in Firestone Rubbepr Plantations,

- /11 plantations and faris for psl:: oil, ooeonut, ooffee,
and cocoa production are fertilized nt the typical rates
per acre as advised by LPMC,

- 411 trees are felled nt certnin ages, n8 they becoue
unproductive, and nre replaced by seedlinss.
- Iven age distribution of the trees.



1.18

The calculation results are, ns follows:

Foregnst maxiuunm congupption of tree erop
Riantgtions _ ——
Metric tons per yenr, MTIY
Rubber Pinntotions Total
plantations for pnln oil,

coconut, cof-
fee, nnd cocon

— —— - —_

At present 412,000 cr.o of

llantatione, ___

Y A b Sa— a—— o————— —

NPK fertilizers 29.400 18,900 18.300

Straight fertilizers 8,400 1,700 _10.100
Total 31,800 _20,600 58,400

4% 200,800 acres of plantotions as projected until 1981/82,

NIX fertilizers 35. 100 28.600 64,000

Straight fertilizers 10.000 1500 17,500
Total 194,00 .36.100 -81.500

Under the quantities of VI’K fertilizers (iven in the above
tabulation are included several different conpound grades, The
crades to be used depend upon the species of trees, tine of season,

etc. and nust be chosen strictly out of arrononiec rensons.

The straight fertilizers of the tabulation are annoniun
sulphate, urea, triple superphosphate, and, nost irportant, rock
phosphate, muriate of potash and Kieserite.

NIX conmpound fertilizers nre used when the applioation of all
the three main nutrients shall take place nt the snue tine. Straight
fertilizers ire used when only one or two nutytents are needed,
Consequently, any further use of NIK conpounds as ~pparent from the
tabulation nay not be possible and ought to be considered only out
of strictly agronomio points of view.
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It is added that the reconnended :rades and rates of
fertilizers to be applicd to trees arc dependent nainly on the
epecles, ages, crowth, etc. of the trees and not or only to
a linited extent on the soil conditions. (See iter 1.3.5).

It is euphasized that the annunl fertilizer consunption
cannot cxceed on an average scale the figures of the tabula-
tion through the years, unless the plantation arcas are
enlarged above the acrenses ns stoted. fny deviation fron
the assui.ed even nge distribution of the trees would not nicke
the avern;e fi,nures over the yecrs bigrer, but would xesult
in correspondins; fluctuations in the yearly quantities and

aualities to be used fron one year to the next.

Littention is drawn that the desired renefit fron
fertilization of tree crops requires a propcr and sufficient
care and weed clearance of the plantations. /iny excessive
or incorrcct fertilization and/or less core of the trees and/or
less clenrance of the pround ray lead to snaller crop yields
or even destruction of the trces. Therefore, fertilization
will necessitate training, rcliability and expericnce of the
labour 2nd supcrvision cxperts., This wcans thnt fertilizn-
tion shoulc not he initinted ~nd nceeclerated, until skilled

and relinble labour and experts ~nrc avnilable.

Since the present fertilizer consuuption of the plantations,
apart frorn the Firestonc plantations and o few other rubber
plantations, is nc¢glipgible, it is nost probable thet the
actual consunption of the plantotions will start growing
Alovly durin. the next years, but 1ay not rcceh the order
of the forcecast fipurcee of the tabulation before after say

10 years or 1wore.
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The fertilizer trials as carried out during the last
yYears under supervision by Mr. ilan Carpenter and Dr.
Yen-Sun Puh in upland rice fields and swamp rice fields
have proven that Liberian soil is deficient in phosphorus,
while it shows no yield response or, ot least, no econonical
response to potassiun,

This inplies that IFVPK compound fertilizers are not
feasible for Liberian fields. Besides, fertilizers con-
taining nitrate like aunoniun nitrate based cnlnitro and
sone NPK coupounds should not be used in swaup rice fields
beccusc nost of the nitrate content would not reach the

plant roots ot the woter submersed and reduced soil conditions.

It nny seen contrndictory th~t NDK conpounds are
advantngeous to trce crops while potassium is needless for
Liberian fields. Lccording to the fertilizer field tri-ls
Liberian soil is relatively rich in potassiu: o8 characteris-
tic of nery soils which have ncver been intensively and
continuously cultivated. However, .08t troce crons and in
particular peln oil ~nd coconut do require for optiinl rrowth
and production nore potcssiun than enn be liberated frou any
soil. Vhile, Liberian soil, as far as the fertllizer trials
are representative, is ablc to supply enough potmssiun fron
the slow, but steady deconposition of the go0il ninerals for
the optinal rowth and production of ricc and other field
crops during the next nuuber of years. Anywey, unlike tree
plantations the recomnended grades and rates of fertilizers
to be applied to field crops are deternined nainly by the
80il conditions.

Nitrocen is always necessgary for swanp rice fields.
Upland rice fields show a snall response to nitrogen
according to the few fertilizer field tricls nade by Mr.
Lilan Carpenter,
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Lt the writing of this report the optimal fertilization
rates to be concluded from Dr. Puh's swamp rice field trials

vere not yct available.

The fertilizers ~e suitable for Liberian fields are
urea or ammonium sulphate a8 straight nitrogeneous
fertilizers and triple superphosphate as straight phosphorous
fertilizers and/or straight NP fertilizers 1like MAP and D.P.
Other trade marked NP type fertilizers arc sold on the weorld
merket but for swamp rice fields they ought not contain
nitrate. It goes without sayins that any ' fertilizer
under consideration rmst contain N and }’205 in the desired
rotios nnd must be selected strictly in accordnnce with the .
arrononic renquirecnents. Tor field crons other than swamp
rice calnitro nay be used lile uren and LS ns straight

nitrogenecous fertilirzer.

18 nentioncd under obove iten 1.3.1 the annurl fertilizer
consunption for the ricc fields is not more than 1.000 metric

tons nt present.

If the fertilization rates found by Mr. ilan Carpenter
from the very few trialse would be representative, full
fertilization of all rice fields in Liberin nt present ond
nt the increased ncrense n8 projected until 1981/82 would

emount as follows:
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Foreoest maximum consunption of pice fields

Metric tons per yeor, MNITY

Swamp Total

rice fields

Upland
rice fields
Eresent cultivated arec, ocres 379.000
Urea (46%N)
ipplication rate:
Kgs fertilizer/acre 16
Kgs N /acre 7
Number of crops per year 1
{innual quantity, MTDY 6.100
Triple superphosphate (45%1’205):
Application rate:
Kgs. fertilizer/acre 18
Kgs 1’205 /acre 7
Number of crops per year 1
lnnusl quantity, MTDY 6,800
Total quantity, MTLY 12.900

Projected cultivated nrer, acres 206,000

Urea (J6%N):;

application rate:

Kgs., fertilizer/ncre 16
Kgs, N /acre
Number of crops per year 1
Lnnual quantity, MTPY 6,500

Triple superphosphate (45%1’205):
/pplication rate:

Kgs. fertilizer/acre 18
Kes. P205 /acre 7
Number of crops per year 1
Lnnual_quantity, MTPY _7.300
Total quantity, MTPY 13,800

37..000 — 416,000

91
4
3
10,100 16,200 h
32
14
3
3.600 10.400
13.700 -26.600
...11.900 483,900
19
Mn
3
21,300 27,800
32
14
3
- 200 14.800

2,600

N
®
L3

o]
o
(@]
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1.3.7
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Certainly, it nay last o nunber of years hefore the
consunption of fertilizers in the fields may reach the
forecast firures of the tabulation, because fertilization
requires canital, experience, etec. and formecrs are
conservative and do not want tc riek to invest so much in
fertilizers that their title of the land nay become ot etake
at low harvests Cue to bad wcacther or disenscs or nests or

at failing market of the crops.

In the future, when cultivotion will he continuous
and intensive the nutrients of the soil will gredually
dininish. Consequently, nore fertilizers will have to be
applied, and the consunption of fertilizers will increase

over and above the tobulated figures.

L pernanent fortilizer center oucht to be cstaklished in
Liberin to olercate currently to investisnte the uze of
fertilizers on crops ~nd soils, to instruect formers onad
plantations in the usc¢ of fertilizers,; to ncke fielld visits,

soil tests, apronony trinls, demonstrations, cte.

The sane center nay also advisc on disense sad pest
control, crop selection, crop varieties, arriculturcl

nethods, ete,

FLO/UNIDO cnn nssist Liberic in ostoblishins such o
center.

hs pointed out in chopter 2.2.13 of Renort 2, a lorge
scale cpplication of fertilizers anong plentations nnd
forners is an integrated and couplexe process, vhich will
require to be Jlealt with, orpanized, and co-ordinsted by the
Liberian authorities in order to be o success.
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1.3.9

1.3.10

1.3.11

1.3.12

The cstrblishment of n fertilizer factory requires that 2
feasibly priced and rclinble supply of raw meterials has been
sccured, that the design and capoacity os selected will mcke
thc plant competitive in terms of investment and operating
costs, ond that amplc morketing outlets ot feasible sricceso
of the finished products are at disposal. Besides, the
factory must have o qualified personnelidfor the operation and

naintenance.

Lt any rete, o fertilizer factory always cosiing o
tremendous amount of money ought to be bought on basis of
competitive tendering by reputated controctors. 5L fertilizer
factory should never be purchased based on o single quotntion
from any company, irrespective how temptin:: the quotation
night look at first hand.

The procurement nnd import of fertilizers into Liberin ought
to be oriented ny;ninst the best interests of the faruers anc
plantations and rennin a liberal trnde free of cugtons or any
other cutics in order to scforsuard the least cost fertilizers
in the appropriate qualitics and quantitics at the increasin;-

or varying denands of the market.

Vhen thc consumption of fertilizers in Liberin reaches a
substantial quantity, the procurcment, shipment, storace,
transportation, and distribution ou ht to be nerfornmed and
organized througsh n co-operative enterprise to bring ntout

the overnll lowest cost of the transactions.

The procurenent, storare, transportztion, and distridbution
of fertilizers may suitably by coordinated nnd carried out
through the Liberinn Produce Marketing Corporation in order
to save in investnent and operating cost throurh the joint

usce of stores, transportation vehicles, personnecl and workers.




1.3.13

1.3.14

1.3.15

1.25

Such saving will be possible as the hondling of the
cgriculturrl produces is time lagged to the handling of
fertilizers.

Care must be token that the zpriculturcl produces in
jute or similoar bogs are not contaninated by nny remains or
epills of fertilizer particles or dust fronm breckrie of

fertilizer hags.

The snne enterprise may deal with other acricultural

needs, like tools and machinery, secds, chenieals, etc.

The enterprise ought not be given any monopoly or
concession, but must bc able to compete with the private
business to s~fermu~rd the interests of the farmers and

plantations,

An analysis of logistics by spceinlized experts on the
whole fertilizer and produce operction moy he adviscble in
order to rlan adegquately and econonize on the investments
and operntin,: costs of the ~Administration, stores, anéd

transportation vehicles.

Liberian may coordinate its purchasing and shipment of
fertilizers and, for that natter, other crucial roods and

gervices with ncirhbhouring countrice.

Fertilizer bulk bLlending and bagsing: plants are installed
in the pgreat fertilizer consunming countries in North .nerieca
and Furope for thc neecds of loenl areas on NPK fertilizers in
order to obtain n savins through the purchase of strnight
fertilizers fron conmpeting suppliers and a savin; in the long

Aistance shipnent.

It my be suitahle for Liberic to instzall 2 bulk
blending and tbagging plant on the same 1'reniscs within a
nunber of yenrs when the domestic consumption of NPK
fertilizers hng recched the orcder of say 30,000 netric tons

per yecr,
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1.3.17
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The estinated total investnent of such plant with an
annual capacity of 30.000 netric tons will bhc approxinately
US 40,5 nillion for fixed ossets and approxinately
US %0,5 nillion for working copital.

The vorinble plus fixed operating costs, exclusive
cost of the foertilizer noterials will acnount to US
$15-30 per netric ton.

The yeorly sclary budget, oxlcusive wnres of the
adninistrative personnel will be in the order of US 95,000
at 1975/1976 price level and under Libterion conditions.

i fertilizer bulk blendins and baggin- pl-ut ¢-.. be
bough. fron » series of alternctive reputated contractors
and equ’pnent suppliers. DNelivery and construction tinc is
estincted 2t 6 - 12 nonths.

NTX bulk blcnded fertilizers are o less satisfrctory
product with ~ certain tendency to becone heteroreneous in
the bLrgs or in bulk as conpared to NPK coupounds (chenienl
blends) inported fronm nbrond. Conerauently, NPK blending
nust toke ploce within the loeal narketing: nrea, and
transportntion of the blends in bags or in btulk to the
custoners :lust be lcnient, without vibrations and linited
to s~y 50 - 100 kus. NPK bleads arc not suitablc for ezport

and lons distance rhipucnt nnd undue handlin,-.

Most logically, a bulk hlending »lant is installed on
a co=-operative initirtive from the various conswiers and
operated ~s o co-opcrntive enterprice. unyhow, the Llended
products vill nced to neet the cpproval and requircnents of
the clients and will be nccopted only if they will te sub-
8t~rntinlly cheaper than the inported NiK conpounds.
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If the narket of bulk blends will expand in the future
over and above the capacity of o first plant, another
sinilor plant will suitably be constructed at another narket
center location in order to shorten the troansportation dis-
tanoe of the blended products.

Indeed, it would he entirely arcinst the idec of
estnblishing a fertilizer bulk tlending plant if any conpany
wvould be assirmed the concession rights for such 2 plant by
the Governnent of Liberin. By nll neans, the fertilizer
inport and blendin¢ business ought to reunain o liberal trade

free of any custons or ony other duties.
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1.3.20

1.3.21

1.3.22

Report Part

A fertilizer plant in Liberia as proposed by N-Ren
Corporation will have to depend upon either imported
petroleun or imported annonia, and, besides, inported
phosphatic and potassic raw materials. Liberia does not
dispose of any indigenous raw naterials for the manufacture
of fertilizers and anmoniun nitrate (33,5% N).

Although the proposed plant has relatively a very small
capacity as compared to the modern size fertilizer plants,
which have been built during the last 10 years around the
world, the domestic market of Liberia, as it is to-day and
it may still be during the next years, will be able to
consume nerely approximately 60-70% of the annual production
of ammonium nitrate (33,5% N) and in the order of 15-35% of
the annual production of NPK fertilizers.

The annual production of the proposed plant at a strean
factor of 80% as typical for developing countries will total
approximately 18.000 metric tons of ammonium nitrate (33,5% N)
and approxinately 73.000 metric tons of NPK fertilizers.

The domestic consumer in Liberia of the anmoniun nitrate
(33.5% N) would be entirely Exchem-West LAfrican EXplosives
and Chenicals Ltd. at Charlesville, which possesses the
exclusive rights on explosives nanufacturing, blending and
preparation in Liberia, and which covers practically all the
narket on explosives in the West African countries. The
consunption of explosives is a function of the production of
the nining industry, the construction of roads etec. in the
marketing areas.
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1.3.23 In Liberia the present ond future consuners of NWIK
fertilizers are and will be the tree plentations, in
particular the rubber plontations nnd other plantations
operated by the concessions. The plantations nay prefer
NPK fertilizers adnixed with nicronutrients and Kieserite.

The N-Ren proposal does not inoclude, but could probably be
suplenented with the extra equipnent for such ndnixture.

At any rate, it would be necessary to check carefully with the
concessions whether the NPK grades to bLe nanufactured in a
Liverian factory would be acceptoble and suitable for their

purposes.

1.3.24 In crse of field crops, such o8 rice it is not feasible
at present and probably for a nunber of years to apply to the
Liberian soil potassiun (K), which is one of the three

constituents of NIK fertilizers.

In swanp rice fields the nitrate content or 50% of the
N constituent of the NPK fertilizers of the proposed plant
will be lost to the ntnosphere, before the plants con nake
usc of it,

Therefore, NPK fertilizers are not econonic and suitable
for the ficlds in Liberia. The saone nay be valid in  sone

other African countries.

1.3.25 At any rate, ~ny production of a Liberian factory in
excess of the donestic narket would need to “e cxported to
other African countries, where n serious conpetition fronm
the intcrnational exporters having rmueh lower nanufacturing
costs due to nodern and large sized technolosy and indi~enous

raw naterinls would have to be faced.

Since nost . frican countries consunc snall anounts of
fertilizers, the excess fertilizer production would have to

be 80ld to several countries.
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Vith respect to AN (33,5%) the surplus production
could only lLe so0ld outside the West ifrican region to the
other African countries, which do dispose of their own
explosive manufacturing, blending, and preparation facili-
ties.

Besides, the export of ammoniun nitrate (33,5% N),
which is classified as an explosive, would require the
construction of a new ocean harbour with stores couplying
with "the US Cocst Guard Repulations" which may not pernit
this harbour to be used for other commodities ~2nd ships.,
Please note that Exchem at Charlesville is not allowed to land
their import of AN (33,5% N) in the Monrovin and Puchanan

harbours.

The prices quoted in the revised N Ren nroposal are
appreciebly higher than those in the previous vpromnosal,
even thoush the extent of supplies of hoth alternatives i
and B of the revised proposal are legs as conpared to the
previous proposal. The increased prices caﬁ be explained

by the drastic inflation on capital poods fron 1974 to 1976.

The npparent profite of a Liberian factory as demon-
strated in the previous nnd revised N-Ren proposal cre
entirely unrealistic.

The reasons of this are that N-llen have based their
fictive estimates on hypotetical and extremely low raw
naterial prices which eannot be obtained to-day in Jiveria,
and because they consider the factory to be atle to operate
continuously at design capacity all threugsh the year
corresponiing to a stream factory of 100, Undoubtedly, the
rovw naterial prices will increase during the next years, and
even a strean frctory of 80% is optimistic in o developing
country.
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In the revised proposnl strairht line depreciation over
14 years of only 85% of the investments hns been anticipated
by N-Ren instead of » period of 10 years and 100% of the

investnents ns it ourht to.

It is noted that the rawv mnaterinl costs make out the
najor part of the nanufacturing costs of the end-products.
A less, but still inportont part is formed by the deprecia-

tion and intercst on the investnents.

Purthermore, N-Ren does not account acdequately for the
cost of maintenance and repair of the factory during opera-

tion, shutdowns, and annunl overhauls.

Besides, N-Ren has not nnde any allowances for harbour
fees and local transportation of raw materiale and end-
products or any depreciation and interest on the additional
capital to be financed and paid by the Govermment of Liberia
fer site preparation, indisenous supplies =2nd constructien
works, nruxiliary equipment, ex battery linit installations

and provisions, harbour fncilities etc.

1.3.28 The revised N-Ren proposal includes the btattery linit
process plants and frcilities and expatriate services, but
exsludes the indienous building naterials, civil
engineering works, and sal~ries of local personnel and workers.
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The investnents and financing of thi N-Ren suppli<s and services
arc, as follows:

Altegnotive 4 Altermotive B
Million US § Million US §

A4 ts, work apit
and pre-operating interest 999 49,3 )
Fipancing
Kquity
N-Ren Corporation's sharcs 4,3 ( 8%) 3,8 ( 8%)
Govurnment of Libcrin's shar.s 10,0 (18%) 8,8 (18%)
Long term debt Supplicr's loan 41,6 (74%) 36,7 (74%)

Total _55,9(100%)  _49,3(100%)

The long tcrm dcht or loan is requirced by N-Ren Corporation to be
100% surety quarantced by the Government of Liberia. Repaynments on the
long tern loan and paynents of accrued intcrest will start 6 months
after ocomnissioning of the plant, irrespective of the plant will be
operating or not.
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Therefore, the commitnent of the Government of Liberia
a8 related to the N-Ren supplics and c¢xpatriatc services, but

exclusive of additional commitnents would be:

Alternative A Altcrnative B
Million US @ Million US

Paid up Governnent of Liberin's

shares 10,0 8,8
Repaynents on long tern debt 41,6 36,7
Paynents of accrued intercst 14,4 12,4

Total 66,0 51,9

There can be no daubt at all, that the plant ond services
a8 offcred by N-Ren Corporation are much uore expensive and
includes o fat profit to N-Ren Corporation as compared to
bidding on competitive terms.

Thus, the nmodest capital rctained in the factory as N-Ren
shares corrcsponding to 8% of the above investucnts would
surely be o part only of the extra profit sccured by N-Ren
Corporation under the contract terms as of fered ~nd to be
paid and guaranteed by the Government of Libteria,

In this context, it shall be rientioncd that N-Ren Cor-
poration is a branch-off or the rcmains or the lcft-over of
the previous U,5.4, contractor C & I/Girdler Inc., which got
into financinl troubles around 1970-1972 wnd was bought and
teken over dy amother contractor. The capital at disposal
for N-Ren Corporation eithcr through own funds or through
bankcrs nay be relatively linited,

The guarantecs, warrantees, and liability as offered by
N-Ren Corporation are very unsatisfactory, narrow and of
1ittle legal value. Besides, N-Ren is grouped into a series
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of Belgian, U,S.A. and Bernuda corporations which neans that
any legal action later on against N-Ren probably night be
bound to fail.

Neverthcless, the modist share capital retained by N~Ren
Corporation would entitlc this company to a 30 owncrship of
the Liberian factory.

The ennual deficit of o Liberian fertilizer factory heas
been calculated on the following bas.s:

- Prevailing cx-Liberian refinery prices on naphtha and
fucl oil Ho.2 without any allowance for additional
fractionating cost to fulfil thc naptha specification
rcquired by V-Ren Corporation.

- Previaling c.i.f. Monrovia prices on importcd

phosphatic and potassic raw matcrials.

- Ilectricity cost ae prevailing in Monrovia for
larpge industrinl consui.rs, while othcr utility
coste as forescen by N-Ren Corporntion.

- Straight-run depreciation over 10 ycars and 3,7%
p.a. zvsrne int.ront on battery limit investments and
cxpatriate scrvices of above itom 1.3.28 cxclusive

cleectric power station.
- 10% p.n. intercet on working capital.

- Msintcnancc coet at 2,5% p.a. on the bdattery limit
inveetments and cxpatriate scrviccs of above item

1.3.28, cxcluding cleetric nower station.

A strcan factor of 80%.
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Ex factory priccs on end-products equal to prcvailing
cif. Monrovia pricus on importcd fertilizers and AN,

Labour and staff costs as foreseen by N-Ren Corporation

US : 200 per metric ton of imported ammonia for
Alternative B.
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The annual deficits as caleulated arc, as follows:

Annual deficit

Alternative 4 US i 6,3 million
Alternotive B US i 3,3 nillion

At on imported price of US @ 220 per nmctric ton on
ammonia as figured by N-Rcn Corporation, the annual deficit
of alternative B would inecreccse by US 0,5 million to US &
3,8 nillion.

Dvidently, th2 ex factory prices which can be obtained
fron the exportcd end-products will be substantially lower
than the o,i.f. Monrovia priccs on thesc products imported
fron abrond at to-day's level. A discount of say US & 50
per netric ton to cover lozding, freight, insurence, and
unloading costs and inport arents' fees on . yeorly
quantity of for instance 70.000 netric tons would nnke the
above annual deficits to increase by US 3.5 nillion.

Moreover, the acbove annual dcficits do not include any
allowances for harbour fees and local transportation of
inported rev naterinls and exrzorted products or any
depreciation and interest or other charres related to the
larre extrn investments of the Governnent as expleined under
the subsequent itens 1.3,30 and 1.3%.31

Further to the investnents on iW-Ren Corporation's
battery limit supplies and expatrinte services of above iten
1.3.28, the Government of Liberia would be oblipred to furnish,
pay, and finance, as follows:
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Price escalation on N-Ren Corporation's battery linit
supplies and expatriate services during the delivery
and construction period. Thesc anounts would probably
have to be paid cash and could very well reach the
order of US ¢ 5-10 nillion or more

Additional fractionating equipnment at Liberin Refining
Compeny,

Site of plant and site preparation,

fuxiliary equipment, indigenous building naterials,
and civil engineering works at battery 1imit plant.

Ex battery linmit installations, harhour facilities in
existing harbour, new harbour for AN export, etec.

Housing: of personnel and workers,

Stores, transportation, distrihution, and farmers'
credits for the domestic fertilizer market.

Consultents and staff during contract period to control
the interest of Government of Libveria,

Training ana enploynent of plant staff and workers
during final construction period.

Supply of raw naterizls of factory.

Repair of factory and loss of production due to
possible maloperation during the first start-up and
operation years.

|
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Seeningly, the N-Ren Corporation does not permit the
Governnent of Liberia to convert any of the above invest-
nents into sharc ecpital. At any rate, these investnents
could only be recovered through sky-high fertilizer prices
in the domestic market whioh would imply any inport of
fertilizers tc be prohibited for many yeors.

Referring to chapter 4.9.5 of Report iart 4 the
Government of Liberio would be asked and would have to pay
to ICI/Kellogg n large license fec on their naphtha reforning
process 08 soon 28 the Liberinn foctory would stort to pro-
duce. This clainm presupposes that the ICI/Kellogg patents on
said process ore in force in Liberin.

The technical refercnces on the Ammopnc units of N-Ren
Corporation would have to be checked carefully tr ugh
visits by neutrnl exnerts to existing units in opaeration
before signing of any controct. In porticular, it would te
imperotive to control the technical references of N-Ren
Corporation on naphtha reforming, It is emphnsized thet
naphtha reforming is a much more stringent and difficult

operation than natural gas reforming.

A11 supplies on raw materials would have to be secured
on o long term delivery, freight and price basis before any
signing of contract.

A Liberian fertilizer factory would give enployment
possibilities for around 100 Lilerian nationals and no nore.

The plant units offered Ly N-Ren Corporation would
hardly meet the environnmentsl protection standards now being
in force in most industrial countries.
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Liberia Refining Company has no access to any crude
petroleurt to be able to produce o naphtha with the high
naphthenic contents rs specified by N-Ren.

It is stressed that any deviction of the naphtha
actually to be supplied to the fertilizer factory froo the
naphtha specified by N~Ren nay forn a lesal escape by N-Ren
from any liability on the naphtha reforning process of the
Annopac anmonia plant.

In conclusion ond referring to the alove, it is
disreconnended that the N-Ren proposed plant would e accepted
and constructed in Lileria.
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1,4 icknowledgenents,

In the performance of this work the writer has had valua’'le
discusseions with the officials of the Li'erian Developnent Corporation,
in particular Mr. Hilary B. Wilson, Sr., General Mancger,

Mrs. Marie I'. Parker, Deputy General Manoger, and Mr. Jako) Fogstad,
NNIDO Project Manaser General. I exprces herewith ny thanks for any
advice received.

Mr. Yesley Herron, Resecrch fAssistont of Lilerian Developnent
Corporation has 'een very helpful and 2ctive in the arrangenent and
participation of various neetings ~nd intervicws in conmnection with

the norket research work. My thanks nre civen for this collaboration.

During all ny visits to the ninistries ~nd various conmpanies
and associationg,I have rlways Leen rcceived with kindness and
oltained very uscful informction and datn for which ny thanks are
given.

Valualle and necessary infornmation has een transnitted to ne
on severnl nccasions fron the su' stantive officec of UNIDO, Vienns,
and T heve enjoyed fruitful discussions and coursel fron the
representatives of UNDP nnd UNIDO in Monrovin.

Credit should also 'e (iven to all thosc at the UNIDO offices
and thc UNDP offices who have nade the arrangenents in connection
with ny nission and ny stay in Monrovina.

The typing and printing of my reports has lVeen o “ig joi, and
I very nuch apprceiate and convey 1y thanks to the personnel of
Literian Devel opnent Corporation, who have ’ecen very lusy and
diligent in the process of this work.




1.4
1.5 Teople let
For the performoance of ny work and collection of necessary
infornation and data I have had valuable discussions ond neetings

with a large number of people bLein;: =8socirted with soveral
ministriog, wceociations, cnd coupani s o follows

United Nations Industrial Developnent Organization, Vienna
- Mr. C., Keleti, Senior Industrial Development Officer.

4y
United Nations Development Propranue, Monrovia.

- Mr. Arvind B-nm, Resident Representative.
- Mr., Carl-l'rik “iberg, Deputy Resident Representative,

- Mr. L.H, Rondoll, UNIDO Scnior Industrial
Developnent Field Advisor.

- Mr. Steve Glovinseky, Progrrnme Officer.

The Liberian Developuent Corporntion, HMonrovia,

- Mr., Hilary B. Wilson, Sr., Generzl Man~ger.
- Mrs. Marie D[. Porker, Deputy General Man-~ger.

- Mr. Jakob TFogstad, UNIDO Project Manogrer General
ot LDC(LIR/75/001).

- Mr. G-.rge V.Y, Dennis, Conptroller.

- Hr. Villian T. Diggs, Sr., Manager of lroject Research
and Evaluetion Nivision.

- Mr. J.C.N. Howard, Jr., ilanager of Consultancy and Training
Divigion.

- Mrs. Clara I'yonbuyon, issistant Manarer of l'ublic Relations.

- Mrs. Bindu D, Hickson, Cffice Manager.

- lfr. John Kronch, lMaintenance Enginecer.

M Mr. Wesley MNerron, Reaearch issistant.

- Miss Monah l'zyne, lIxecutive Secretory.

- Mrs. Beatrice Barclny, Deputy Executive Secretory
- Miss Doris Grines, Secretary.
- Miss Cecilin Nimene, Secretary.
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- Mr. Nothaniel G. Boykai, Clerk Typist.
- Mr. Harris Zumoh, Clerical Assistant.
- Mr. Anos Gallch, Printing .ssistant.

Ministry of igriculture.

- Hon. louis /. Russ, llinister of I gricul sure.

- Dr. Potrick Proploh,Deputy Minister of J griculture.
- Mr. Joshua Cooner, Director of Planning Division.
- Mr. Datrick !. Vorzi, Director of Rice Division.

- Dr. Yen-Sun Iuh, UNDI/FAO Technical Officer, University
of Liberinr Farm, College of Agriculturc ond Forestry.

- Mr. Edounrd T. Voel, UNDP/FAO Project Manager.
- Mr. Toumy Hsu, UNDI/FAO Gardening ‘dvisor.
- Miss Condi Ruvbin, USLID fdministrcotive Ligsistant.

- Mr. John S. Rowe, USLID fdvisor, Research and
Stotistics Scction.

Ministry of Finocnge,

- Mr. David Walsh, TFinancial inclyst of Concession
Secretariate.

Ministry of Justice.

- Mr. J. Newton Garnett, Assistant Minister for
Codification.

Ministry of Land and Mines.

- Hon. Godn Baker, Deputy Minister of Lands and Mines.
- Dr. Eric Neufville, icting Director of Mines.
- Mr. William Steward, Director of Hydrological Survey.

Ministry of Plannins and Economic Affoirs.
- Mr. Philip Gadegbeka, Assistant Minister for Statistics.
- Mr. Lewie Kaidjuway, Chief of Foreign Trede Stotistics.
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Lxchem-West fifric n ixplosives and Chemicals Ltd,, Harbel

- Mr. J. Y, Roy, General Mansger
- Mr. ohn Martin, ’lant Manager.
- Mr. G. Fisher, Accounting Manager.

Firestone Plontntions Conpony, Horbel .

- Dr. Murdock Ross, Monager of Botanical Research
(Dr. Ross had to leave his office on urgent
natter shortly beforc the neeting and left

message to meet Dr. Muir instead.)

- Dr. John K. Muir, Agrononmist.

- Mr. Xono Beysolow, turchasing Managrer.

Liberian Rubber 'lanters Associntion, Monrovia

- - =

- Mr. E.K. Porte, General Sceretary.

Liberion I'roduce Marketing Cor or~tion, Monrovia

- Mr. Frik Boholt, Manager of igrioultural Developnent
Division

Liberia Refining Company, Gardnersville, Monxovia

- Mr. 1. Dugran, Manager of Technical Services.

Mezbau Inec., Monrovia

- Mr. L, Bauchau, Mann~ging Director.

National lort Luthority of Liberia, Monrovia,

- Mr. James F. McGinn,
Ex-lort Captain and I'x Captain,
Volunteer lxecutive of Internationnl Executive Service
Corps, New York, U.S.A.
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Sognship (Liveris) Ino., Monpovin,

- Mr. Morten L. Ipsen, General Manager.
ULRC -

United Liberin Rubber Corporation, Monpovin.

- Mr. Ulrich Stoewer, Manacer of
General Goods Department.

YARDA~-West Lfrica itice Development isgoeiation, Monrovia.
- Dr. H. Vill, Research Coordinator.
- Dr. D.K. Das Gupte, Variety Inprovement Coordinator.
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ABBREVIATIONS

AN ammonium nitrate

AS ammonium sulphate

N nitrogen

P phosphorus

K potassium

0 oxygen
MTPD metric tons per day (24 hours)

STPD short tons per day (24 hours)

MTPY metric tons per year

STPY short tons per year
NPK (17-17-17) means a NPK compound fertilizer containing
17% or 170 kgs. of W per metric ton, 177 or 170 krs. of
5525 per metric ton, ani 177 or 170 kgs. of K2O per metric
DAP di-ammonium - phosphnte.

MAP moro-ammonium~phosphate.
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LIST_OF TEXT CORRECTIONS.

Page 2.18, line 15 from top:
Read: 11 Kgs Pp0g5/acre

Page 2.18, line 12[20 from top:

Read: Urea (468N): 16 Kgs/acre (corresponding to 7 Kgs. N/acre)

Page 2.18; line 25/26 from top:

Read: Urea (46#N): 91 Kgs/acre (corresponding to 41 Kgs N/acre)

Page 2.20, line 18 from top:
Read: Southeast Asia.

Page 2.32, line 2 from top:
Read:

Cage (see text) A B c

Page 2.48, line 10 from top:

Read: extremely complexed process
Page 2. line from bottom:

Read: which carry the bags




2.1

2.1 Import statistics on fertilizers, ammonium

nitrate for explosives, and ammonia.
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The import statistics arc collected and issued by the Ministry of
Planmning and Tconomics Affairs. The source of this information is
the import entry forms which importers are required to file with

customs officials.

The import statistics list the figures on imported quantities and the
values, c.i.f. Monrovia on, among other commodities, crude fertilizers,
manufactured fertilizers, ammonium nitratc and sodium nitrate, and
ammonia. The import statistic figures or said items arc rer-oduced

in the subsequent tabulation for 1972 - 1974 and the first three
quarters of 1975. The import figures for the 4th quarter of 1975

were not yet ready from the Ministry of Plamming and Tconomic Affairs
at the writing cf this report.

Ammonium nitratc and sodium nitrate are imported into Liberia for the
manufacture of explosives. These materials are not used as fertilizers

in Liberia. Liquid ammonia is imported by the rubber plantations.

The imported sodium nitrate is registered in the import statistics

under commodity No. 271200 as natural sodium nitratc and crudc ferti-
lizer, but ought to be filed as donc in the tabulation under a new
comnodity No. 571101 as sodium nitrate and as a basic material for
explosives. Natural sodium ~:tr-te w ~ previously fona' in @hile but the

deposits have becn exhausted many ycars ago.

On basis of information received from the importing agents and com-
panies it seems that calcium nitrate and calnitro, which is the ferti-
lizer grade of ammonium nitratc mixed with limestonc, have never been
imported into Liberia in the past.

Consequently, th: quantities of commolity as registered in the import
statistics under the fertilizer code No. 961101 - Calcium and Ammonium
nitrate comprise entircly ammonium nitrate for explosives. It is re-—
commerded that in the future statistics this commodity is filed as a
separate commodity under the main code No. 571 - "aplosives and pyrotechnic
products.




2u3

The quantitiec of the imort statistics nave heen rccalculcted into
metric tons as given in the tabulation; and the specific import prices,
c.i.f. Monrovin in US3 per metric ton are stated for the respective
commodities in the tabul-tion They are average figures of the period
concerned and calculated by dividing the values of the import statistics

with the quantitics in metric tons.

Moreover, in the *abulntion the figures of the codes 71100 and 561101

have been deductel from the total codes 271 and 561 respectively.

From the figures of the tabulation it ie obvious that they are not all
correct. Figures which most probably or even digtinctly must be wrong are
put within brackets in the tsbulation. One reason to the incorrect figures
may be that some commodities other than fertilizers hove bien declared as
fertilizers by the importers to the customs. Tt is noted that fertilizers
contrary to many other poriucts are duty free. A spot check in the
Ministry of Planning and Tconomic Affairs of n few import entry formse
proved an instance where a highly costly plastic mnterirl actually subject
to import duty hal been declared and imported as a luty-free fertilizer.
This ofcourse it o~ mistake or even a fraud. On the other hand, this does
not preclude the cheaper materials other than fertilizers have been filed

as fertilizers in thc statistics.

At any rate, the nbovc mentione! tabulation and import statistics
classify the fertilizers into a few main commodity codes which however
do not describe tlie dctailed categories of the fertilizers. Thus, in
another subsequent tabulation are given thc quantitics of the various
grades of fertilizers, which have been imported during 19(9 -~ 1974 by one
of the major import companies. This tabulation has coopcratively been

made available by the import company (ULRC).

During 1975 liberia has raceived a srant on 500 metric tons of NPK compound
fertilizer (15-15-15) from United Kingdom and another grant on 20 metric
tons of triple superphosphate from West Germany.

Attached:
- Tabulation on import statistic on fertilizers, ammonium nitrate,

and ammonia.

- Tabulation of fertilizers imported by U.L.R.C.




Tabulation of Import Statibtics on Fertilizers, Amnoniun Nitrate and

Ammonia.
g -

Fertilizers, crudc and nanufactured .
Commodity Code 27Ls (excl. 271200)

Fertilizers, crude (Total).

Quantity: Metric tons

1972 (2.863) -
1973 509
1974 308

1975 lst quarter -
1975 2nd quarter -
1975, 3rd quartcr -

Commodity Code 7~71100:

Natural Fortilizers, Animal, Vegetable.

Quantivy Metric tons fpccific import price
(average)
US per Metric ton

1972 (2.132) 40
1973 470 37
1974 138 149
1975, lst quarter - -
1975, 2nd quarter - -
1975, 3rd quarter - -

Commodity Code 271200 (proposed cancelled).

Natural Sodium Nitratc. This r verial is Chilean salpeter is no more

available on the world market. These figurcs registered under this
number are supposed to comprise manufactured sodium nitratc which pro-

bably is uscd as basic naterial for the mamfacturc of explosives, and

thus, they are indicated below undcr a proposed new commodity code
¥o. 571101,




Commodity Code 271300:

Natural phosphate, nothing c 1se specifieds

Quantity ifetric tons Spucific import price
Us? p vezeesd 1on

1972 (82 28
1973 38 34
1974 3 38
1975, 1lst quarter 33
1975, 2nd quarter -
1975, 3rd quarter -

Commercial Code 271400:

Natural potassic salt, fertilizer.

@Quantity Metrdc tons Spceific import price
(average)
US3 per metric ton

1972 ( 96
1973 -

1974 95
1975, 1lst quarter -
1975, 2nd quarter
1975, 3rd quarter

Comodity Code 5013 (excl. propoued new 571102)

Fertilizers, manufactured (total).

Quantity
Hetric tons

1972 5.697
1973 4.802
1974 11.885
1975, lst quarter 144
1975, 2md quarter 729
1975, 3rd quarter 110




Commercial Codc_561101%

s A aa mriesm e

Quantity lMetric tons

.- -

1972 -
1973 -
1974 -
1975, lst quarter -
1975, 2nd quarter -
1975; 3Irl quarter -

2.6

Specific import price
. ?avemge
Us"; per metric ton

(The figures of the import statistics on ammoniur nitrate for explosives

are moved to bclow code No. 571102).

Commodity Code 501102:

Sulphate of annonia.

Quantity lletric ton

AR NS S B A S .

1972 3
1973 126
1973 164
1975, 1lst quarter 49

1975, 2nd quarter -
1975, 3rd quarter -

Commercial Code 561109:

Other nitrogeneous fertilizers (except natural).

Quantivy Metric tons

—a -t

1972 2.575
1973 2.556
1974 1.988

Specific import price
(average)

US* per metric ton

44
72
156
160

Specific import price
(average)

US’ per metric ton
93
98
221




1979, lst quarter
1975 2rd quarter
1975 3rd quartcr

Councreis] Code 561200:

22
301

Phosphatic fertilizers; ctc.

1972
1973
1974
1975, lst quarter
1975, 2nd quarter
1975, 3rd quarter

Commercial Code 561300:

Potagsic fertilizers, ctc.

Quantity letric tons

.

PUPRFRFE WP SE T S

1.699
1.214

3.627

1972
1973
1974
1979, lst gquarter
1975, 2nd quarter
1975, 3rd quarter

Commercial Codc 5619003

Manufactured fertilizers, nothing, clse spceified.

309
24

Quantity lietric tons

542
715

2,905

25
2
16

1972
1973
1974
1975, lst quarter
1975, 2nd quarter
1975, 3rd quarter

Quantity lMetric tons

e e a—

878
191

3.208

137
341
87

2-7

11l
(281)
(455)

Specific import price
(average)

‘U_S_";p_c_x;‘mctric ton

95
95
117
214
158
(1056)

Specific import price
(average)
US" per metric ton

85

84

13
(812)
{803)

(2687)

Specifiec import price
(average)
US$ per metric ton

97
142
177

(327)
(1020)
(436)
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Dxplosive, .
Proposed corpodity cole STLI0L (previows 271200) Sodium nitrate.
Quantity: Metric tons Speeific import price
(average )
meman US% per metric tons
1972 136 Q4
1973 1.561 19
1974 3:9¢1 o1
1975, 1at quarter 1.430 »0
1975, 2nd quarter 1.434 1
1975, 3rd quarter 3. 420 A1

Proposed commodity code (71102: (Sce H61101).

T N

O . AR A S A S BaAum e e

Amnoniun nitratc for explogives.

ma s

Quantity Metric tons Specific import price
(average)

e e e nm n i US$ per metric ton
1972 3.54¢ 73
1973 €.703 28
1974 (32.238) (49)
1975, 1lut quarter 783 210
1975, 2nd quarter (€.190) (98)
1975, 3rl quarter (.037 177
Anmonia.
Comnodity_Codo, 513610:
Amonia.

Quantity Metric tons Specific import price

(average)
o~ US$ per metric ton

1972 1.778 239
1973 1.3.9 208
1974 1.940 220
1975, 1st quarter 222 365
1975, 2nd quarter 574 260

1975, 3rd quarter 542 358




PABUL" TION ON QUANT

A . e S A s S A

UAITITI S I MPTRLC TONS.

i hplap-ir e P

NPK (12:12:17:2)

NPK (13:13:21)

NPK (12:24:12)

NPK (15:15:19)

NPK (15815:6+4)

NPK (13:13:13:45)
Ammonium Sulphate (21% N)
Triple Superphosplate (45% P205)
Hyperphosphate (wock phosphate)
Muriate of potash (60% K20)
Sulphate of potach (50 K20)
Urea (46% N)

Kieserite (' g:04,120, 25, Va0

[

TOTAL

-

277

-

788!~
1970 l91i 1912 1903 1974 1974
230 150 - 375 - 105
- - 283 - 480 763
- - - - - 255
- 2565 4255 10 3203 10,063
729 - 10 8 142 1.781
- - - 2715 - 2.715
X0 - 120 30 588 768
- e 185 - - 310
154 410 8138 105 502 2.515
T4 120 1482 30 895 2.921
- 100 - 10 10 120
80 103 145 - 80 523
- 157 130 3181 870 3.128
1,097 4,915 8:.9%3 4224 6,770 26:66]
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ITI"S AND CRADES OF FERTILIZERS IMPORTED DY
U.L.R-Co DURING 1960 = 19T4 oo e
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2,2. The use of Fertilizers.
LRI AP AAAe i




2.2.1 Cultivated lan: and

aan e o sssa

T9pS..
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The Ministry of Agriculture has readily submitted the following

information on cultivated land and crops in Liberia:

Wild il palm areas:

0il palm plantations:
Lib3arian owned farms
Concessions

Total

Cocomut plantationss

Coffee

Sme.ll farms
Plantations

Total

Cocoa

Small farms
Plantations

Total

Nurseries for treec secodlings:

Rubber Plantations:

Liberian owncd farms
Concessions

Total

Txisting: 1974=1975

Projected increase:

1.000 acres (19761981 or 1977-1983)
e e eaaanaam s 1.000 acres
332 -
8 ?
A0 G
18 M,
0. 21,5
51 -
Lol LI
51 24,2
45 -
=2 ..28,0 .
45 28,0
5 2
154 ?
1 ?
298 60



Upland rice fislds:

Traditionzl farms

...........

Traditional farms

Irrigated swamp rice ficlds:

Total rice ficlds

Suger cane pl antations:

............

Citrus and other fruits trces:

Traditional farms

Cagsava
Sugar cane
Corn

Tiddoe

..................

319

14

" M6

444444444

Minor crops (eweet potatoc, ground nuts tomato sesame sead, peppers,

eggplants, cucumber, onions).

Total cultivated ares

15

1,194

2.12
27
14,8
261
67,9
6
3,0
1,6
(4,6)
3,6
254
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2.2.2. . Ferming ani Plantations.

o a a 2 - e as

uv.beria has a huge land reserve. The cultivated acreage of 1.2 million
ie only a small part of the total land areca of 26 million acres. mostly
covered by rain forests and swamps. Although there is little systematic
evaluation of thc arable potential of the land reserve, it is generally
believed that n substantial part of the area being in the state of nature
could be productively utilized.

Liberia is parsely populated. The rural population lives in small
villages scattered arounl in the country. The farm land of cach village
is placed around the fillage with the natural land surrounding the village

and its small farming aereage in most places.

In the traditional farming rice is the major crop. Minor crops like
cassava, sugar cane, corn, ctc. are usually being intercropped with the
rice. The average size is 3,5 acres of the mary small houschold farms,
with an average of 5,4 people per farm household. Tvery house-hold
grows soveral vegetables like sweet potato, tomato, peppers, eggplants,
cucumber, onions etc. on a tiny garden plot and may have a fow citrus
fruit and banana treces. Some farms have coffee and cocoa trees. Re-
latively few farms have livestock, while chickens on the other hand are

raised by the mo jority of farm housecholds.

The farming method applied at the villages follows the traditional

West African bush fallow principle. An arca near the village is cleared
by felling of trces and burhing, and the rice sceds are sown. After

a very few ucars of cultivation when the corop yield decreases, the area
is left fallow, and the farming ic moved to another plot ncar the village.
The areas left fallow arc gracdually covered by secondary wild forest or
bush. After a scries of yrars under fallow coniitions, the areas are
cleared a new and farming is resumed In this manner, the farming areas

move slowly arourd the village.

The traiitional farmer houschold have always lived on a self-subsistence
basis, but during the last years the production of rice is being increased
and the farmers have started to sell rice as the road system and traffic
facilities have been improved. The Government pays much attention and
efforts to stimulate the domestic production of ricc, as rice still neods
to be improted from abroad to cover most of the consumption of the urban

population.
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The first rubber plantations, werc establishcd in the 1920'c and rubber

is an important cxport commodity from Liberia.
Most of the oil palm plantations have been fourded since 1963.
Intercropping in the trec plantations is not recommended,; except that

cover crops (legumes covers) arc cstchlished to control weods and keep

the moisturce in the ground.

The Government has impressive projects for expansion of the forrm.ng and

plantations as listed in details in the next chapter. -



2.2.3 DBreak-down of projected incrcase of cultivated

during 1976 = 1981.

0il paln plantations.

Ivorien/Liberian Tcchnical Assistance
Agreement
Central Montscrrado Projcct

Cocorut plantations,

Ivoricn/Liberian Technical Assistance
Agreenent
Central Montscrrado Project

Ivoricn/Liberian Technical Assistance
Agrecnent

Uppcr Lofa Projcct

Upper Bong Project

Cocoa plantations.

Ivorien/Liberian Tcchnical Assistance
Agrcement

Upper Lofa Project

Uppcr Bong Project

Rubber plantations. (1977 - 1983)
New planting

Rchabilitation of previous plantations

o,
™
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Upland rice fields ( 1 crop/per year).

Upper Lofa Project 14
Upper Bong Brojcct A3
27

Rainfed swamp rice fields ( 1 crop per year).

.... - .

Upper Lofa Project 4,8

Upper Bong Project 7,0

Ministry of Agriculture Projects .50
14,8

e aa

Cestors Project 20
Dubc Project 2,1
Ministry of Agriculture Projects AO
26.1
Minor. Crops.
Upper Bong Project: 3,0
Cassava 1,6
Corn 376
Legumes and pulses B .8‘»“ )




2.17

2.2.4 _Maturity, felling, and replanting of trees in plantations.
Planted trees Age when Optimal age
per acre production is re- in average for
ached. in years felling ard
(Recommended replanting of
Mumber) ...  .lrees, in years
0il palm trees 57 3 220
Cooonut trees 57 4 25
Coffee trees 535 3 wxpected 15
Cocoa trecs A3 3 Expected 20
Rubber trecs 150 4 17

The above age figures are approximate and may deviate depending upon local
corditions, etc. The felling of 0ld trees and replanting of new trees should
be based upon statistics on the productivity of the trees in variation to age

in the respective plantations.

2.2.5 Fertilizer irials in rice fields.

Fertilizer trials in rice fields in LIberia have bean carried out at the

results as given below:

Trials during 1972 by Mr. Alan Carpenter, Agronomis}, Mr. John Wilson, etc.

Trials on the response and application procedures were carriad out duiring
1972 by Mr. Alan Carpenter, Mr, John Wilson etc. under the co-operation

programme of the Minigtry of Agriculture.

According to Mr. Alan Carpenter's report the results of the over-all
trials under said programme have suggested thzt the upland rice farmers can
increase the yields by growing a new variety of rice and even more by adding

small doses of fertilizers, containing phosphorus.

In the studies by Mr. John Wilson on upland rice fields there was no or a
slight :osponse to nitrogen and no response to potassium, and there was

found no advantage from delayed or split fertilizer application.
In other arcas, there may be some response to nitrogen.

According to Mr. Alan Carpenter's report, there is evidence to believe
that the results from the fow trials on upland rice made in 1972 will be

*ypical throughout whole Liberia, when the variecty rice=fertilizer package
is adopted.
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With respect to swamp rice Mr. Alan Carpenter reports that phosph

is universally required in swamp rice fields in Liberia. No dAifferences
in yield have been found whether rock phosphate, triple superphosphate

or compound fertilizer phosphorus has been used. No response to potassium
has ever been shown in irrigated fields in Liberia, oxcept in an old
report from Firestone Plantations. 7x''a nitrogen as ammonium sulphate
(As) or Urea should be applied during the crop growth according to

Mr. Alan Carpenter.

Mr. Alan Carpenter suggests in his report the following fertilizer
applications:

- Upland rice, soil conditions like trial farm
in Bong County:

- For each crop:
Triple superphosphate (45% P205) 25 kgs/acre, (corresponding
to 11 kgs., N205/acrc)

- Upland rice, soil conditions like trial farm
near Foya in upper Lofa Coun- :
For each crop:
Urea (467 N)
(corresponding to 4 kgs. N/acrc) 16 kgs/acre
Triple superphosphate (45% P0s) 18 kgs/acre
(correspondir - to 7 kgs. P0 %a.cre
Swamp rice (both rainfed a.ng irrigated)

For each crop:

Urca (467 N)

(correspording to 14 kgs. N/acre) 91 kgs/acre
Triple superphosphate (45% P,0.) 32 kgs/acre
(corresponding to 14 kgs. P2857acre)

Trials carricd out during 1973-1975 under the supervision of
Dr.. Yen-sun Puh, Technical Officer (Soil Fertility), FAO.

as s A

During three years Dr. Yen-Sun Puh has conducted mor~ than 100 fertilizer
trials on swamp rice fields around in Liberia. The trials have bean
carried out at several locations of cach of the following areas: Foya,
Cape Mount, Salala, Gbanga, Belefener, Ghedin, and Techein. Conclusions
can be made from 86 of 'he trials while the remaining trials are ruled

out due to incidences of diseases and pests dnring the trials.
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In each trial a series of different fertilizer applications were

tested, as follows:
N-P205 - kes/ha (1. ha = 2,471 acres):
0-0-0 (blind test),
0-0-0 80-~0-~0,
0-30-0, 40~30-,80~-30-0,
0~60=0, 40~60-0,80-60-0,
80-60~30, 80~60-60, 40-6-30.

The fertilizars used during the trials were:

Ammonium sulphate (207 N), triple superphosphate (45% P?O‘j), and muriate
of potash (60! K50).

The fertilizer field test results have now been collected and gent
by Dr. I th to FAO, Rome for economic evaluation, before Dr. Puh's

report and rccommendations will be submitted.

Meanwhile, on facc of the facts already available from the trials
Dr. Puh is able to substantiate the above recommendations of

Mr. Alan Carpenter and to concludc, as follows:

1. Severe lack of phosphorus is characteristic of Liberian soil.

2. According t® general experience on cultivation of rice,
nitrogen is essential in swamp rice fields, but nitrogen
alone cannot incrcase the rice yicld to any appreciable
extent. In some arcas, yield even decreases at addition
of nitrogen alone. But nitrogen added with phosphrous
will always increase the yizld of rice.

3. Some few areas show good response to potassium, but in
most places potassium gives only little response in yield
of rice. “ven though the yield of rice may increase a
little in thc latter cases, an addition of potassium will
not be profitable, 1is the extra yield will not be able to
cover the extra cost of fertilizers.
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2:2.6 Soil acidity in rice fields.

According to Dr. Puh, the Liberian soil is a strong acid. The use of
ammoniun sulphate fertilizer will gradually increcasc the acidity of

the soil. On the other hand, in general paddy rice does not carc

much about soil acidity. The whole range from acid to alkaline
cordlitions in the soil is usually suitable for the paddy rice. Mcan-
while, so far Dr. Puh has not investigated whether any oddition of
limestone to the Liberian soil cventually being fertilized with ammoniun

sulphate nay increase the rice yield as a separate effect.

In Taiwan the s0il in the swamp rice fields has n PH - value around
535

In Sierra Leone and Thailand where mangroves arc present they absorb
sulphur compounds from the atmosphere. This leads to an accumlation
of sulphur compounds in the soil where they arc oxydized into sulphuric
acid, which rcsults in a PH -value os cxtremely low as 3 in the ground.
"he soil of this category is called cat clay or sulphate soil and

nakes problems to rice cultivation.

222,17 Fertilization of swamp rice ficlds in Southcast Africa.

Dr. Puh, has stated his cxperience from Taiwan (Formosa)
and Thailand as follows:

Fertilizers ficld tests carried out in Taiwan by the authorities have
proved a snall response in swanp rice yield to addition of potassium,
but not to an extent that fertilization by potassiunm is profitable.
In Thailand similar tests have shown no response to potassiun, not
even in rice yield. Consequently, potassium=containing fertilizers

arc not applied in Taiwan and Thailand.

The usual rates of fertilization nade by the farmers in Taiwan and
Thailand are, as follows:

per crop:
80 kgs. N/ha = 33 kgs. N/acre
80 ks, Py05/ha = 33 kgs. Py0g/arca
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In Taiwan the farmers apply ammonium sulphate (AS) or urea ami single

superphosphatc. Other branches of fertilizers are available and heing
used .

AS ard single superphosphatc are produced in Taiwan, and a few ycars

ago a urea plant has been constructed in Taiwan

However, through many ycars the farmmers have beun used to AS and still
have a preference &0 AS rather than urea, becausc AS is less hygrescopic
then urca and does not tend to cake at opening of the bags in the fields

during humid weather as urca does.

Besides, when referred to the same quantity of nitrogen content AS gives
5% some rice yield than urea. In practice, this dnly means that corres-
pondly more ureca will have to be used. At the final end, the choice

between AS and urca will depent upon poices and availability of the
fertilizers.

Thailand.
Per crop:
30 kgs. N/ha = 13 kgs/acre
30 kgs. P205/he, =13 kgs/acre

In Thailand the fertilizers bcing used are "'Ammophos” (a trade named
fertilizer imported from West Gemmany and an ammonium phosphate compourd )
and urea.

Dr. Puh has pointed out that the cxperimental tests in Taiwan and Thailand
ghow that it is cconomical to apply cven higher fertilizer ratces than

given above and as applied in practice by the farmers. Howevcr, the fammcrs
limit the application becausc they are consecrvative, have little cash money
available and do not want to be involved in any umlue risk on their pro-
perty on occasion of the purchase of fertilizers as would occur if the
harvest becomes abnormally small because of bad weather or incidences of

diseases or pests.

2.2,8 Nitrate fertilizers are not suitable for swamp rice.

Under the f137721 conditions in a swomp rice field the soil is devoid
of oxygen and iw either directly or through the metabolism of mic—

rprgamos,s reducing to oxygen-containing components.
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Consequently, thc use of nitrate fertilizers in swamp rice ficlds

implies the risk that the nitrate form is roduced into gaseous nitrogen
and as such diffuscs through thc soil and cscapes into the atmospherc.
Thus a part of thc nitrate will bc lost without any fertilizing benefit
to the plants.

Nitratc fertilizers arc ammoniun nitrate as calnitro or as component
in certain compound fertilizc.., calecium nitrate, or sodium notratc,
and for the cbove rcasons they ought not be used either alone or as

a component in any N-P-K, N-P, and N=K compound fertilizcrs for swamp

rice ficlds.

Armoniun sulphate, urca, or any compound fertilizer containing the
nitrogen as urea, AS, or any othcr armonium salts like di-or mono-
annmonium phosphate, all containing thc nitrogen in a reduced state,
are satisfoctory for swamp rice ficlds, as they 're not decomposed and

lost due to thc rcducing conditions of tho soil.

2.2.9  Fertilization progranme in rice ficlds by Ministry of Agrioculture.
The Ministry of Agriculture pays great importance to introduce the
practicc of fertilization of the rice ficlds by the farmers with the

ain to increasc thc natiornl rice production.

Thus, during the last few years the Ministry of Agriculturc has
purchased and imported N-P=X corpound fcrtilizer (15-15-15) from

abroad and distributed and sold the fertilizer through the co-—opcratives
to the famers at a sales pricc, which by January 1976 was US®% 13,00
per 100 1bs. bag (correspomling to US? 288 per metric ton).

The Ministry of Agriculture has ' emphasis to distribute a compound
fertilizer in order to facilitatc the application of the fertilizer to
the farmcrs. Thc choice of the NPK (15-15=-15) has been madc becausc
of policy on purchasing and supply rather than any specific need for
this particular quality. No information was available whother the

N portion of thc N-P-K (15-15—15) contains nitrogen in the form of

nitrate or not.
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During 1975 the Ministry of Agriculture distributed NPK (15-15-15)
and ammonium sulphate to the rice farmers for the fertilization, as

followss

Uplard rice: 5.300 acres
Swamp rice ¢ 1.700 acres
Total 7.000 acres

Application:
N-P=K (195-15-15) 200 1bs/ac®e = 91 kgs/acre, correspording to
636 metric tons in total and AS 100 lbs/acres = 45 kgs/acrc, as

topdressing where severe lack of nitrogen was observed.

During 1976 the Ministry of Agriculturc intends to distribute ferti-
lizers for 10% more acreage. Some of the upland rice fields of last
year havc been planted with tree crops (oil palm, coffe:, and cocoa),
and the farmers have reclaimed new swamp rice fields. Therefore, the

distribution of fertilizers during 1976 is envisaged, as follows:

Upland rice: 1.900 acres
Swamp rice : 5.800 acres
7.7C00 acres

Applications
N-P=K (15-15-15) 200 lbs/acre = 91 kgs/acre, corresponding to
700 metric tons in total and AS 100 lbg/acre = 45 kgs/acre, as

topdressing where severe lack of nitrogen is observed.

The Ministry of Agriculture foresces that the fertilizer consumption
by the rice farmers will increase by approximately 10% per year during
the next years.

2.2.10 Fertilizer application schemcs for tres crops.

The Liberian Produce Marketing Corporation, Agricultural Development
Division has been most helpful in submitting the attached typical

fertilizer application schemes for oil palm trees, coconut trees,

coffee trees, and cocoa trees. However, according to LPMC fertilizers
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have becen applied very little for these trees in Liberia so far.

LPMC points out that in new plantings fertilizers should be used only
if the grourd is kept cleared around the trees, as otherwise the
growth of the weeds will prevail and suppress the young trecs. It is
regretfully cxpericnced that the farmers do not clear the grounds

arourd the trees in a satisfactory nmanner,

The Firestonc Plantations Company has very willingly made its attached
typical fertilizer application schemec for rubber trees available. No
contact has been made to othcr rubber plantation companies. lleanwhile,
there is no doubt that fertilizers are extensively being applicd in the
rubber plantations in Liberia, in particular in the plantations owned by
the concessions. It can be concluded it thc rubber plantations are the

only important consumers of fertilizers in Liberia at the time being.

It can bc assumecd that the rubber plantations of Firestone arc being
fertilized to the optimal extent. The consumption of fertilizers in
the rubber plantations may increasc, »ntil the remaining plantations
owned by other concessions or Liberian nationals reach the same degree
of fertilization as the Firestone Plantations. Any further increase of
the fertilizer consumption of the rubber plantations will not occur,

unless the rubber plantation areas are being expanded.

Attached:

Fertilizer application schemes

- 0il palm trees
- Cocomut trecs
- Coffee trees
- Cocaa trees
- Rubber tress



Fertilizer application scheme

Crop: 0il palm trees, 57 trees per acre.

Soil corditionss -

Typical scheme:s

For both small holders and imusttial plantations:

lst year after planting:
Urea (464 N)
For small holders:

2nd year after planting:
N-P=X (17-14-14 or 15=15=15)

For industrial plantations:
2 nd ycar after planting:
U-P<X ( 8-10-15)

For small holdecrs:
ird year after planting:
N-PX (12-15-17)

For industrial plantations:

3rd year after planting:

Triple superphosphate (45% P,05)
Muriate of potash (60% Kp0)

For small holders and industrial
plantations:

4th year after planting:
Triple superphosphate (45% Py0s)
Muriate of potash (60% K,0)

5th year after planting axd
cach year onwards:

Triple superphosphate (45% P,05)
Muriate of potash (60% K»0)

Remarks:

250 gr/ tree

500 gr/tree

500 gr/trec

750 gr/tree

400 gr/tree
750 gr/tres

300 gr/tree

1.000 gr/trec

500 gr/trce
500 gr/trec

2.25

14 kgs/ acre

28 kgs/acre

28 kgs/acre

43 kgs/ acre

23 kgs/acre
43 kgs/acre

28 kgs/acre
57 kgs/ acre

28 kgs/acre
28 kgs/acre

The final application will depend upon the soil conditions,

the growth and statc of the trees, and leaf analysis and

productivity.

As the nuts are rich on potassiun absorbed

by the tree Toots, the oil palm trees need to be added

muriate of potash after the trecs have reached production

age.

Source of information:

The Liberian Produce Marketing Corporation

Agricultural Development Division,

Monrovia.




Fertilizer application scheme.

Crop: Coconut trees, 57 troes-per acre
Soil conditions:-

Typical scheme:
1st ycar after planting:

Urea (46% N) 500 gr/tree = 29 kgs/acre
2nd year aftcer planting:

Urea (467 N) 250 gr/tree = 14 kgs/acre
Muriate of potash (60% K2O) 500 gr/trcc = 29 kgs/acre
Kieserite (26% 1.0) 500 gr/trec = 29 kgs/acre

3rd ycar after planting:

Triple superphosphate (45% P20s) 500 gr/trec
Muriate of potash (60% K»0) 1.000 gr/trce
Kieserite (26% MgO) 500 gr/trec

29 kgs/acre
57 kgs/acre
29 kgs/acre

th year after planting:
riple superphosphaten% 15% P505) 500 gr/trec
Muriate of potash (60% K20) 2.000 gr/trcc
Kieserite (267% MgO) 500 gr/treo

29 kgs/acre
104 kgs/acre
29 kgs/acre

H B KW

5th year after planting:
and each pear onwards
Muriate of potash (60% K»0) 2.000 gr/trec

104 kgs/acre
Kiescrite (26} MgO) 1.000 gr/trec

57 kgs/ acru

Remarksg The final application will deperd upon the soil conditions

and the griowth and state of the trces. As the nuts are

rich in potassium absorbed by thc trec roots, thc coconut
trees need to be added muriate of potash after the trecs
have reached the production age.

Source of information: The Liberian Produce Marketing Corporation

Agricultural Development Division,
Monrovia.
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Fertilizer application scheme.

LN N

Crop: Coffce treos, 535 - -3 per acre

Soil corditions:-
Typical schemec:

1lst ycar after planting:

AS (217 N) 50 gr/tree = 27 kgs/acre
2nd ycar after planting:
AS (217 W) 150 gr/tre: = 80 kgs/acre

3rd year after planting:

N-P-K (12-15-18) 450 gr/tree 241 kgs/acre

4th year after planting
and cach year onwards:
N-PX (12-15-18) 600 gr/aree

321 kgs/acre

Remarks: The final application will depend upon the soil conditions
and the growth and state of the trees. The above scheme
originates from AFCC, the French Institutc of Coffes and

Cocoa and is based upon a typical West African soil.

Source of information: The Liberian Produce Marketing Corporation,
Agricuitural Development Division,
Monrovia.



Fertilizer application schcme.

Crop: Cocoa trees, 430 trees per

Soil conditions:-
Tuoigal schere:

At El;_.ﬂing'. o

Rock phos) Bawe (30-36% P205)
2nd yea fter planting:
AS df N "

ird year after planting:
AS (LA W)

4th year after planting:
N-P-K (12-15-18)

5th year after planting
and each ycar omwards:
N-P=X (12-15-18)

acre

12

11

oz/tree
oz/trec

oz/tree

oz/tree

oz/tree

2.28

146 kgs/acre
24,5 kgs/acre

24,5 kgs/a.crc

98 kgs/acre

134 kgs/ acre

Remarks: The final application will depend upon the soil corditions

[P e vory

and thc growth and statc of the trees.

The above schene

originates from AFCC, thc French Institutc of Coffce and

Cocoa, and is based upon a typical West African soil.

1l o0z, = 28,4 gr.

Source of information: The Liberian Produce Marketing Corporation,
Agricultural Devclopment Livision,

Monrovia.



Fertilizer application scheme.

Crop: Rubber trees, 150 trecs per acre.

Soil Condition:-

ngical_schemc.

For new planting and replanting after felling old treess

At planting.
Rock phosphate (30-36% P205)

For new planting:

lst year at 3rd month after planting:

N-P=X (15=15-15)
Rock phosphate (30-36% P20s5)
Kicseritc (26% 1MgO)

For preplonting:

lst ycar at 3rd month after
planting:

N-P=X (15-15-15)

Rock phosphate (30=36% Py0s5)
Kieserite (26% MgO)

For new planting and replanting:

lst year at 6th month after
planting:

N=P-X (15=15-15)

Rock phosphatc (30-36%4 P205)
Kieserite (26% Mgb)

2nd ycar at 15th month after
planting:

N-P=K (15-15=15)

Rock phosphate (30-35% P205)
Kieserite (267 MgO)

/

2rnd yecar at 18th month after
planting:

N-P=X (15-15-15)

Rock phosphate (30-36% P0s)
Kieserite (26 MgO)

1 oz/tres

1 oz/tree

1 oz/treec

9 oz/tree

nonon

2 oz/tree

2.29

21,3 kgs/acre

14,9 kgs/acre
8,5 kgs/acrc
4,2 kgs/acre

14,9 kgs/acre
8,5 kgs/acrc
4,2 kgs/acre

29,7 kgs/acre
10,7 kgs/acre
8,5 kgs/acre

38,3 kgs/acre
10,7 kgs/acre
8.5 kgs/acre
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3rd year at 27th month aftcr
plantings

N-P-X (15~15-15)

Rock phosphate (30-36% 9205)
Kieserite (26% 11p0)

4th year ot 40th month after
planting:

N-PX (15~15-15)

Rock phosphate (30-36% P505
Kieserite (26 11g0)

5>th year at 52nd month aftcr
planting:

N-PK (15-15-15)

No 1ock phosphatc

Kieserite (26 Mg8)

6th year at 6Ath month after
planting:

N-PX (15-15-15)

Kieserite (267 MgO)

Tth year and cach year onwards:

N-PX (15-15-15)
Kieserite (265 MgO)

14 oz/tree
2% oz/tre:
3% oz/trec

oz/trec
oz/tree
oz/tree

18
2
&

21 oz/tree

oz/tree

[¥7]

24 oz/trec
oz/tree

27 oz/trec

6,2 oz/trec

g won

2.30

59,; 4 kgs/acrc
10,7 kgs/acre

14,9 kgs/acre

76,4 kgs/acre
8,5 kgs/acre
19,2 kgs/acre

89,1 kgs/acrc
21,4 kgs/acre

101,9 kgs/acre
23,4 kgs/acre

114,6 kgs/acre
26,3 kgs/acrc

Remarks: The final application will depend upon the soil donditions,
the growth and state of trces, and productivity. 1 oz.
=28 4 = Tngtend of N-P=X (15-15-15) given in the above
Schene; Firestone prefers to use 13-13-13 + 5 MgO0.

Source of information: Firestonc Plantations Company,

Harbel, Liberia.
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2.2.11 _ Forecast fertilizer consumption of trec crops:.
In the attached fertilizer consumption schemes the annual consumption
figures on thc various fertilizer grades have been calculated for the
various tree crops on the acreage presently being cultivated and on

the increased acreages as projected to 1981, respectively

The calculations have been made under certain assumptions, which may
differ from the :xisting conditions, as follows:

1. The trees have been assumed to be
felled at a certain age depending
upon the species and replaced by
Young trecs to grow up.

2. The trees have becen assumed to have an
even age distribution, i.e the same
percentage of trees on each year of age.

3. The typical fertilizer application schemes
given previously have been supposed in all
respective plantations.
It should be noted that the need of fertilizers of tree crops is
mostly governed by the spocies of trees and to a less cxtent by the

g0il condition, which however must be acceptablc to the trees.

The following essentials reclated to fertilizer consumption of tree
crops ought to be brought forward:
1. The present acrcage of tree crops is around
412,000 acras.

2. Probably, myst rubber plantations other than
the Firestons Plantations are not fertilized
at optimal rates as may bc supposed in the
casc of Firestone.

3. No appreciable fertilization of the oil palm,
coconut, coffee, and cocoa plantations and
farms takec place at present.

A. The acrcage of tree crops are projected to
increased by 427 to approximately 58¢.800
acres during the next fivec years.
Therefore, on basis of the above mentioned fertilizer consumption
schemes the attached fertilizer consumption tabulations have been
worked out for three cases. Thc results of thc thre- cases are
summarized below:




Forecast fertilizer consumption of trec crops.

Total acreage
of, all tree crops

.

Fertilization of
rubber plantations

TFertilization of
all other tree
plantations and
fams

[uEur v

e s saa s .

Fertilizer gredes:

-—

Amnonium sulphate
Urca

NPK (17-14-12)
NPK (15-15-15)
NPK (12-15-17)
NPK (12-15-18)
NPK (8-10-15)

Triple superphosphate

Rock phosphate
Muriate of potash

Kicserite

Contents in total
N

P205

K>0

As existing
N12.000 acres

All at typical
application rates

None
as at present

Asg existing
112,00 acres

All at typical
application rates

All at typicel
application

rates

As projected for
1981 586.800 acres

All at typical
application rates

All at typical
application
rates

Anmaal fertilizer consumption, Metric tons

29.449

1.111

6.981

2.017
2.887
4.7

492
13

11
29.449
17
18.838
14

440
1.735
A76
6.981

6.792
8.024
8.090

743
18

1
35.378
17
28.523
12
1.515
2.228
3.653
9.280

8,931
11.021
12.6/8
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In reality the fertilizers consumed as to qualities and quantities
may differ from the figurcs suggested in the above tabulation for a
series of rcasons, for instance such as:

1. PFelling and replanting of trees will not
be optimal.

2. Thc age distribution of trces will be
differcnt.

3. Application of fertilizers will depend to
some degree upon the soil properties and
other agricultural factors.

4. Availability and cost of fertilizers on the
market.

5. Financial standing of plantation owners and
farmers.

6. Training and skill of plantation personncl
and farmers.

7. Market and pricc situation of final products
of trecs.
This means that the actual consumption of fertilizers on treces crops

may lay behind substantially in comparison to the figures of the
summary given above,

On the contrary, the actual comsumption of fertilizers on tree crops
cannot cxpand beyord the figurcs of the summary, unless the acreage
of cultivated land will be extended more than projected.

Attached:

Fertilizer consumption schenme:

= 0il palm trecs, small holders, 8.000 acres

= 0il palnm trees, industrial plantations, 10.000 acres
= 0il palm trecs, industrial plantations, 51.100 acres
= Coconut trees, 21.500 acrecs.

= Coffce treecs, 51.000 acres.

-~ Coffee trecs, 75.200 acres.

= Cocoa trees, 25.000 acres

-~ Cocaa trces, 73,000 acres.

= Rubber trees, 298,000 acres.

= Rubber trees, 358.000 acres.

Pertilizer Consumption tabulationss
- Case A

- Case B
- Cage C
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2.2.12 Forecast fertilizcr consumption of rice and other field crops.

Ag gontioned previously, the Ministry of Agriculture envisages to dis-
tribute to the rice farmers during 197¢ around 700-800 metric tons of
fertilizers in total, which indeed is a very unsignificant quantity as

compared to the consumption figures prevailing in devecloped countries.,

The futuse consumption of fertilizers by the farmers will be greatly
influenced by the suitability, cost, succcss, ctc. of the fertilizers
actually being sold. It is ndded that the suitability of the NPX

compound fertilizer being actually sol: to the rice farmers ought to

be carefully checkcd and proved soonest possible.

Meanwhile, it seems reasonable to conclude tha- the consumption of fer-
tilizers by the farmers will not reach eny subsiantinl quantity during

the next ycars.

An important irrigated swamp rice development prmgramme for next year? .
is the Cestors project cncompassing new 20.000 acrcs. All or part of
these fieclds may be established on virgin land, which may not need much
fertilization during the first few yecars. When fariilization may be

started, this total area will need in the order of ;65 metric tons
of urea and 580 metric tons of triplc superphospha-c per each crop sea-

gon, if fertilizers will be applied at the some rat.s of 13 kgs. of N
and 13 kgs. of P205 per acre as typical for Thailnrn’ os previously
described. Even if the application of urea would tc tripled in accord-
ance with the suggestions of Mr. Alan Chrpenter as menticned earlier,
these quantities are very small as compared to the ~onsumption figures of

the vast, intensively cultivated farm lands of the ccveloped countries.

Unlike Liberia, the countrics, where fertilizers nowadays are in great

demand and use, such as North America, Turope includiing Furopean USSR.,

Middle Tast, Imdia and Pakistan, Southeast Asia, China, and Japan,
are densecly populated and have cultivated the land continuously and

incessantly during many dce~~ia hundred, hundreds, thousand, or even
thousands or years.

Thercfore, in the sense that fertilizers arc not in great nced and
large areas of arcble land not yet under cultivntion is at hand

Liberia is a rich country. Liberia should use fertilizers only to
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the extent like in other countries-that it is profitnble, i.e. the
economic benefit in yield surpasses the cost of the fertilizers nnd

their application.

The necd of fertilizers ought to be judged from curront fertilizer

trials in the ficlds.

Any further accelaration of the consumption of fertilizers would be

purposeless and o waste of money nnd efforts.

2.2.13 Prerequisites for success of fertilization.

A large scale application of fertilizers ~mong the smoll plantation
owners ~nd farmers is on integrated and extrcmely completed process,
which will require to be dealt with, organized, and co-ordinated in

order to be a success, as follows:

~ The fertilizers must be avnilable in qurnlities
to suit crops, soils ond climate.

« A fertilizer center nust be estnblished to
investigate the use of fertilizers on crops
and soils, to instruct farmers in the usc of
fertilizers, to mcke field visits, soil tests,
agronomy trinls, demonstrations, etc, FAO/UNIDO
can assist Liberia in establishing such o center.
The same centar moy also advise on disease and
pest control, crop selection, crop varieties,
agri >ultural methods, etc.

- A marketing organization for instance LPMC must be
established to purchase, distribute;, amd sell the
fertilizers to the farmers ot credit arrangements.
Farmers will certcinly not be willing to put their
proporty of land on stake ~t purchase of fertilizer
and failure of harvest due to bad wenther and in-
cidenses of diseases ond pests. Centrnl and local
warehouses must be built and trangportation focili-
ties provided. Farmers must be nble to shield the
fertilizer bags, against rain, until the fertilizers
are spread.

- TPhe largeryields of the agricultural crops due vo the
introduction of fertilizers must be ~dopted to the
national market, the nntional policy aond the cxport
merkets. The proportion between various crops may
hove to be changed, and new and better crops may have
to be npplied. TFarmers may need to be instrucied by
agronomists ~nd field trials may have to be made as
to the necessity of circulation of crops in the fields.
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To ~ certain extent the higher yields of crops my
be convertel iuto lnrge prosuction of dunestic ~ainal
stock. milk, cggs, otc  Frrmers will need advire ~nd
assist nec fro . vetarorri~ns, ete | in breeding of
cattle, pigs, hen cto Medicnl protection etc. will
have to be ory nizcl m? finaaced, Imjort of qunlity
brecding animnts mor Yoo necesstTy .

Machinery for be.ter traction, plowing, uarrowing,
gowing, ferti'izing horvestin, threshi i, mili.r7,
etc. will hrve to he previded =nd finnuced.

St-bles for domcstic ~nimals, if neccessary storehouses
for orops, foider silus, etc. will need to be Puilt md
finanec 4.

Roods, trucks. rnilwny ~wd ~irplanes must be at disposal
to btring the ~griculturnl products to tie markcis, contral
storcs, slrughtering fool porcessing, cold stores, etc.

Slaughte 'ies, 1i~riec ocuming f--torics, coli stores,
cotton mills, grnin silos flour nills, cte ., mu-. he
gstablished, financed ~nl many e .

wholesale, retnail, ~nd ¢xport muss b wrganized  nd
improved .

Collaboration hetwcern formors, ferilizer centor  grono=
mists, veterinarions, fertitizor con nuy trensporters,
financing institutces, food processing frctories, ete.,
must be co—onlinnted umer the ruthcrit; of the Ministry
of A ricuitvrc.

Fammers ‘st organize  ad Join in co—opcratives te handle
purchascs, 3ies processing of fool otc.

Agricultural schoois must be mwie .l bl for the sons
amd Amghters of fammers, and the wcet ~lever ¢ f the
young people must have access to university education os
agronomiste, vecterinarinns, cte., porsibly through scholar=-
ships. Tt is most bencficial and m~y cven be neoessary that
agronomists have n practical training ! knowlclge in all
details besidc th ir university degre..

Pirst and forcmost the structure of prices of f.rtilizers,
crops, domestic ~nimals, processed foorl otc. must be secured
to bring about a flow of gools through economicnl incentives
and gains to a2ll chnin links in the process, such as farmers,
transporters, factories, morketers, cxporters, «te  The
authoritics must sco te it that custons cloarance, customs
duties, texes, etc,, on michinery, scods, must.r r~ttle for
breeding, etc., 1o not nct agninst the whole proacssa.
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In order that the latter comiition can be fulfulled, the
income of the population ocutsidz the agrdculture must be
incrcasing, or/and thce .xport of agricultural products
must be cnlarging at bencficinl priccs, or/a.nd the prices
on agricultural products will bhav. to be subsidized by
the Government.

A healthy amd rich food supply is a must for thc hcalthy
growth and dcvclopment of the young gencration and creates
more .nergy, happincss, self-rcliancc, and dieplay of skill
to the gencration of ~dults. Fre. milk or even fruc healthy
meals to schoolchildrun cach day is comman practicc in some
countries.

-
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2.3 The use of ammonium nitratc (33,5% N). '
1
\
|
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2.3,1 Dxchem's cxclusivc concession on manufacturc of cxplosives.

Txchem - West African Dxplosives and Chcmicals Ltd. at Charlesville
has an exclusive conccssion for the manufactuge of cxplosives in
Liberia in accorddncc with  concession agreement with'x the Ministry

of Finance, Condession 3uarctariat.

Txchem is an affilist. of Cznadinn Inlustrics Ltd. (CIL) which again
is an affiliatc of Impcrial Chemical Inlustrics ttd. (ICI), Tngland.
Exchem = Canada and CIL hav: head offices in Montreal, Canada.

Consequently, Oxchem is the only inporter of ammonium nitrate (33,5% N)
into Liberia, tecause Ali necds nixing with other materials and pre=-

paration prior to and for the usc as explosives.

Exchen has purchased ard imported the AN from several foreign manufact-
urers in Norwzy, Sweden, West Germany, France, USA; Canada, etc. on the
the basis of competitive bidding. Exchen ig not restricted to buy the
AN from CIL or ICI. In nost cascs other suppliers arc cheaper and are
chosen. Purchasing is malc through Purchasing Department at Txchen-
Canada, Montreal. The . rha1l meat the specifications on AN as demanded
by Fxchem, Samples of N fron bidders anl suppliers arc subjected to

prior tests by Laboratory Department of Exchem -~ Cenada, ijontreal.

Previously, the AN was bought on long tern contracts with suppliers,
but at the fluctuating conlitions of the markaet the last ycars the AN

is now being delivered under short tcrm contracts.

CIL is presently constructing a 250,000 T/Y AN plant in Canada, mostly
to supply the North imerican market on AN ®r explosives.

From the beginning of 1973 to the em of 1975 the AN price, ¢.i.f.

konrovia has nearly triplel according to Exchemn.
The last deliveries of AN orig:mate from Norsk Hydro, Norway.

The basic chemical for production of AN is ammonia. As o matter of
fact a substantial part of the manmufacturing cost of AN ig due to the

cost of the ammonia fculstock.

ot e~
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At the beginning of 1973 the world market price oa anmonia delivered in
bulk was 50-100 US" per metric ton, but a sulden rise yeeurred in the
worll market price, which tecame anl kept at \00-350 U3™ per netric ton
all during 1974 anl the spring of 1975, Howcver, then 2 drastic drop of
the price took plac:. From the swmer ar' through the autonn of 1975 the
world markct price on amsonin devliwered in hulk has be.n down at 100-150

US} per metric toric ex-f-~tory or f » »

The freight and insurance cost of .11 classifizd s on cyplosive is an
essential clement of the c.i.f. Monrovia price on AN i hr.s increased
during the autonn of 1975, This has counter-sted to some exient the fall
in the cx=factory pricus on AN duc to the lowcr prices on anmonia accord=-
ing to5 Txchen. But during thc last rmonths of 1975 thore has been a soften-

ing of the import prices of Lilf accordin;; to "xchemn.

A good averagc c.i.f. lonrovi~ pricc for the autonn of 1975 on the AN de-
livered by Norsk Hylro is Iforwegian Crowns 1,300 per notric ton; corres—
ponding to US% 234 per netric ton at 0.18 U8 per Norwerinn Crowt ~ceord=—

to Txchen.

In the Txchem plant, the AT is nixed anl prepare! in ceveral explosives,
as follows:

- AN and TNT

= AN an? sodium nitrate

- AV and aluniniun

- AN and fucl oil intu slurrics (30-607% FO content), and

- AN and fuel il into JTFO iry mix (C/ FO content)

The products are madc accorling to the specific needs »f the customers.
Fxplosives arc sold as a part of an entirc package, consisting of know-
how and consultation on rocks and exloitation nethods, rccommendations
on explosives and pertaining commolities as neelvd in the specific cases,
supply of the miterials, explosive mixing an' application in the quarries,

etc.

Txchen also imports large quantities of dynanite, cte. "xchen is com-
petitive and covers the wholc market on explosives in the Uest African

countries.
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According to Txchem, they imported in the order of 12.000 metric tons of
AN in total durings 1975, and they estimate that aroumd 9,000 -~ 9.500 metric
tons of the total quantity was soldi as final products in Liberia, while
around 2,500 = 3,000 metric tons were reexported in the form of mixed

products to the West African countries; in particular Maurctaniae

Txchem points out that the market on explosives in West Africa is very ﬁ
fluctuating, as the consumption of explosives varies witb the production

in the mines, closing of ol mines,opening of new mines, etc.

2.3.2 _ Specification of ammonium nitrate (33,57 N), low lensity grade -

for explosives.

The ammonium nitrate purchased from forein manufacturers by Tixchem
through Uxchem-Canala's Purchasing Nepartment, Montreal is subjected to
sample testing by Txchem=Canala's laboratory Department, Montreal and is

required to comply with the following gpeceifications

Chloriles maximum 0,03% (as WH, C1)
Nitrite maximum 0 0057 (as NHq NOp )
Acidity or Alkalinity: not more than 0,01%
as HNOj or 0,02% as NH3.
Sulphate ¥o positive reaction for
sulphatc.
Density 0,80-0,738 gr/cm3

Fineness (Tyler Standarl Screen Scale).

0% on mesh 6,

minimum 777> on mesh 14,

minimum 23% through mesh 14, of which
minimum 37 through mesh 28.

Organic coated
Non-volatile matters: 0,75-1,15%

0il absorption minimum 7,07
Nitrogen % -
Friability 10-65% through mesh 14

Moisture maximum 0,157
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2.3.3 Sofcty repulations for hanlling of anmoniun nitrate (33,572 N)

Tixchen follows the US Coast Guarl Regulations' luring shipping, transhippe-
ing, unloading, transportation, handling, an? storage of the ammoniun
nitrate being inported from ~broad. Thusc sct of rules have been chosen

in agrc:nent with the IMinistry of Pinance, Concessions Scorctariat.

According to this agrecnent, “xchem is not allowed to lock ~mmoniun
nitrate in Monrovia and Buchanan. The /AN is imported in 1.000 tons 1sts
in 50 kgs. bags. Toch lot is transhippe? frorm the froightor 21" nile
from the sea coast near lonrovia into the feoler crafts ownel by Farrcll
Lines Inc., which car he bags 2long the const and through Farmington
River to the Sanfu Nock. There the bags arc unloadel into the special
trucks which take the bags to storage at Txchem?s sitoc at Cnhrlesville.

Maximun 2.000 - 2,500 tons of AN isdcore! in the storage nt - tine.
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Liquid ammonia is imported in prcssure vessels from abroad, probably mostly
from US. by the rubber plantations. The ammonia is disselved in water into

aqueous amnonia solution 2t the plantations.

hqueous armonia solution is adledl to the cups on the rubber treces by the
tappers in order to prevent or limit coarwating from the juice. 1In the
centrifuge and processing plant, the latex is added more agueous ammonia
solution and a phosphate compound for stabilization of thc latex before

its shipment.

The quantities of imported -mionin total 1.500 - 2.000 netric tons per
year according to the import statistics,
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ABBRFVIATIONS

AN Ammonium Nitrate

AS Ammonium sulphate

N Nitrogen

P Phosphorus

K Potagsium

0 Oxygen

MTPD Metric tons per day (24 hours)
STPD Short tons per day (24 hours)
MTPY Metric tons per year

STPY Short tons per year

NPK (17-17-17) Means a NPK compound fertilizer

DAP

MAP

KCL

containing 177 or 170 kgs. of N per
metric ton, 177 or 170 kgs. of P05

per metric ton and 177 or 170 kgs. of
Xo0 per metric ton.

Di-ammonium-phosphate

Mono-ammonium-phosphate.

Potassium chloride, equal to Muriate
of potash
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3,1,1 Nutritional elemcnts of plants.

Some fiftecn clements ~rc known to be essential for plant growth.

Fxcept for oxyren, carbon, and hydirogen, which arc supplied mainly from
air anml water ~nd converted by the plants through photosynthesis of carbon
dioxide and water intc carbohyirates -m’ T+t-, etc., these elements are
obtained through the plant roots from the organic anl material substances

in the soils.

The three elements having the greatest cffect on plant growth are nitrogen
(N), phosphorus (P), ami potassium (K). All three elements arc essential

to plants, but nitrogen is the more important one,

Depenling upon the characteristics of the s0il these clements are slowly
liberated as soluahle chc mical compounis from the orghnics and minernls
of the soil. P~rt of the solublc components will rem~in chemisorbed by the
s0il and become ~v~il-ble to the plant roots, ~nl part of the liberated
components will be deplcted from the soil through the flow ~ml 2ction of

the rainwater ~nd bec removed with the surface woter and the ground water.

Virgin 1lani where cultiv-tion is initi-ted my be rich in the nutritional
components ~n' may yield sitisfactory hrrvests during ~ series of yenars.
During f~llow conditions of lend previously cultivatel the grodual and
slow liberntion of the nutrition~l components will go on ~nd the components
will start to ~ccumul~te in the soil. After some years in fallow, culti-
vation of the 1nnd mhy be resumed for 2 limited number of years until a

new fallow period will be necessary.

During incessont cultivation of land it is necessary to add1 the mitrition-
al elements in the form of manure ~nd chemical fertilizers to the soil in

order to secure an adequate supply of the elements to meet the crop require-

ments in the ngricultur~l proluction.
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As the nanurc fron livestck contains only - very reluced portion >f the
clenents present in the fadder ~s grined fron the cultivation of the 1~nd,
the ~ddition of nurc will not be cufficient. Artifici~l fortilizers

rmust be spre~d ~s well,

Prinarily; ndtrogen-contnining fertilizers will be required. Few years
after virgin or f~11>w corditions phosphorus-cont~ining fertilizers will
als> be necessnry. At the elapse »f sny 25 ye~rs of continous cultivation
the ~rdition of prtacsiwi-containing fertilizers Ny have an inpact on the
h~rvesting yields. Mrny soils contnin rcl~tively high ~nounts of pntassiun
anmd nay still not neced the ~Adition of potnssiw: before the depletion hos

trken place ~fter ~ prolonged crop praduction peri s,

Beside: the three najor clements, pl-nte need the nicronutrient olerents
such ns nngnesiun, copper, nangtnese, boron, sinc, iron, ctc. which nay
have to be ~ddel through fertiliz~tion s to cultivnted soil. Cert~in tree

crops neerll ~ppreci~ble qu-ontities of r~rnesiun,

Regul~tion of the ~cidity >f the soil niny becoine feasibles ~md necc gsary,
ol is carried ot through epreede ~f narl, lincstonc, ote.

3,1.,2 Fertilizntion

Fertilizntion shoull be carried out ~t rates which ~re ceononicnlly fensibles
1ve incrensed yiclds nust nore than conpensate the cost »f the fertilizers.
Fertilization ought nyt be dome beyond the rates where the costs Hf the
fertilizer ratc differentinls surpnss the yiell incrunse differentinlas,
Excessive fertilization nny even decrense the yiclls »f the cropse. Sone

of the nicronutrients which ~re essentinl in an~1l concentrations nay as a

frot becone toxic t the plonts introduced in oxccss,
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The optdMMl application of fertilizers will leperd upon the soil
characteristics; soil virginity, climatic comditions, crops, etc. Thus
the optimed application rates may vary very much from onc country or

region to another.

Fertilizers are greatly needed in the Aeveloped countrics, which are
densely populatcd ani where continuous cultivation has taken place during
decemnia or hurnireds of years. Somec of the developing countries like the
Middle Mast countries, India, Indonesia, Rel Chinn, ctec., where huge
populations ~nd intensive asriculturc exist, arc in great need of fer-
tilizers. In developing countrics with a scattered population amd an
abundancy of arrble lani thc consumption of fertilizers may srow slowly

as the population is incrcased anl is urbanizedi.

On a world-wide sc~le, the fertilizer consumption in 1972/1973 was, as

followss
N 36,1 million metric tons
P205 22,6 million metric tons
k20 18,7 million metric_tons
Total 77,4 million metric tons

3.1.3 Fertilizers Grodes,

The most important fertilizer grades which are sold nowadays on the world

market are, as follows:

y

- Liquid ammonia (827N). Large quantities of liquid ammonia are used
by the farmers in tcmperate climate zones in U.S.A. and Turope where
the soil is cold ard humid in the spring time, while thc application
of liquid ammonia is not feasible in subtropical amd tropical climates

due to excessive cvaporation loss,
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Ureo (467, N). Urcn in the highest concentroted, mitrogeneous solid
fortilizer which involves low transportntion costs. It hng n relinble
fertilizer offcct, ~nd per ton of nitrogen it haz the lowest manu-
f~eturines cootr ~n compmred to other nitrogenoous fortilizers, when
reference i made to the same construction ~nd nteort-up time of plants,
All the fertilizer plants built during the 1-st 10 ye~rs ~roumd the
world for conversion of liquid ~mmoni~ into 1 solid, strright nitrogen-—

cous fertilizer have heen buoed upon the uren routc.

(Ammoniwn nitrte (34% N), which is AN will 1 % conting npent is used
entirely ~o ~ roww mnterisl for explosives, but i prohibited for the
use o fertilizer becnune of cxplosion risk Juring storage, handling,
and shipment. But AN is the m~in ingredient in the subscquont, diluted

grode ~nd in some NP or NPK compound fortilizers).

Calnitro (2G/ N), which is AN with limentonc powdler in combined prills

or gr~nulcc,

Ammoniun sulph~te (21%4 N). This ic one of the olicet fertilizers
which hove been manuf-cturcd in lorge scnle. It hog excellent, low
hygroscopic properties ~nd is ~till in gre-~t voe ~mong farmers in many
countrics in spite of it low concentration of M. AS is ~dvontageoualy
used where tho soil in defieient in sulphur.e 1S was ~ by-product in

exrlicr town-—gos plant~ bosed on co-l,

Other stroight nitrogencous fortilizers with cven lower percentage of N
are availoble on the world mnarket, such as enlcium nitrate, sodium

nitrnte (sAme ~s previous, nnturcl Chilesnlpeter, but is produced by

manufrcture to-dvy), ctec.
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Rock phosphatc (30-36 4 Pp0g). Since its phosphate content is in-
solublc ~nit, thue, bocomes only very slowly aviilable to the plants,

it is used mercly for particular crops.

Singlc supcrphosphate (20 7 p205)' Like the next grades it is rock
phosphatc which has been treated with sulphuric acid, so its phosphate
contcnt has beecome soluble and dircctly accossible to plants.

Triple supcrphosphate (45 7 P205).

(Phosphoric acit (73 % P,0s5) is not directly cpplied ns fertilizer,
but is shipped ~s ~ highly concentratcd phosphorus source for manu-
facturc of any of the next phosphatc compoursis).

Di-ammonium-phosphate (18~21 % N, 4¢-50 7 P~0g), named DAP.

Mono-smmonium—phosphate (11-12 7 N, 48-50 % P,0s5), named MAP.

Nitrophosphatc,

Muriate of potnsh =
Potassium chloride (48-62% K509,

Sulphate of Potash =
Potassium sulphatc (48-52% K,0). This fertilizer is produced from

potassium chloride ard is used for chlorine gsensitive crops, 1like

potato, tobacco, tomato, citrus fruit trees; ctc.
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Binaﬂ and_tertiary compourd g= N-P. N-PX, P-X,

~ TPurther t5 the binary N-P compounds giwven abovc, a serieg of other
binary and tertiary compoundis or blends are available on the world
markets. In particular the N--P-K compounds arc getting a bigger
sharc of the fertilizer market, as they imply casicr, labour-saving,
ard chcaper application in the ficlds.

It is most important to distinquish betwcen chemical

blcgs am ggxsica.l blends:

= In the manufacture of chemical blenmds thc straight components are re-

acted or mixed as solutions or sludges or melts with subsequent drying
and prilling or granulation. Consequently, chemical blerds are uniform

as all fertilizer particles arc identical in composition,

- Physical blends are mixtures of different fertilizer grades and they
. are madec through blonding of the granules of the fertilizer grades

ooncerned. Although fertilizer grades of ncarly uniform partiole sizes
arc used for the blemds, in practioc the particles of the difforent
compositions will vary. Consequently, physical blerds must be treated
with great carc during handling, shipment, ard application in order
to avoid a seggregation into the basic components, as otherwise uneven
ard unsatisfactory fertilization of the fieclds may be implied,

- Kieserite, MgS0, x Hy0 (26 % Mgo).
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3,2  Fortilizer Manufacture
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}.2. 1 Introduction

Thc oetablishment of ~ fortilizer manufncturing plant, which falls imto
the category of large scale and bulk chemicnl imdustry, presumes the

fulfilment of certain main comditions, as followss

- Row materials must be averilable in adequate quantitics at fcasiblo
and compctitive priccs. The raw materials moy be cither inligenous

or imported.

« Utilitics likc clectricity, water, ctc. must be available at
amdequate and realiable ratcs at feasible anmd competitive prices.
In devcloping countries, 2 fortilizer plant ought to have its own

clcetric power station.

- Capital requircments are cextremely high, which mecans that the
operation of the plant must be reliablc and constant and as near
the design capacity as possiblc as otherwisc cven a feasible amd

modern plant may result in severe sconomical losscs.

- The best and modcrn technology of the plant must be provided in

order to sccurc iis operation ond compctitivencss.

- The manogement, operation ~nd maintenance personnel must be highly
qualificd, skilled, and cxpericnced in order to sefeguand a reliable
opcration, production, and maintenance of the plont.

-  The fertilizer market must be adequate and ablc to accept and
absorb the cntire production of the plant ~t foasible and competi=

tive sales prices.




- The costs of frcight of r~w materials and fertilizers must be
rensonnble and within acceptoble limits with respect to the

compctition from other plnnts ~and importcrs ~ni, of coursc, the

world market in genernl.
- A fertilizer pl-ant should not have ~ monopoly of the national
market ~s this could lend to ~ scrious cconomic burden on the

farmers or the consumers of ngricultur~l products.

3.2.2 Raw materinals and process routcs,

The raw mrterials anl process routes nceded for production of the fertilizer
components containing nitrogen (N), phosphorus (P), and potassium (x), re-

spectively are, ns follows:

N
All nitrogencous fertilizers ~re produccd from ammonin o8 an intermediate
product. The manufocturing cost of ~mmonin forms thc greater part of the

manufacturing cost of any other nitrogeneous fertilizer.

Ammonia is made from cither one of the following ~liternative raw materialss

=  Naturnl gas.

=  N-~phth~.

- Puel oil (Bunker C).

- Refinery off-gns (if available in sufficicnt quantity).

- Lignitc (conl)

- Tlectrieity through electrolysis of water. This method is no
longer used by the industry.
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The mo ern proc ¢ routc ..r . oduction of ammon: 1 bzs. i upon hydrocarbors
ig desulphuriz~ticn, stc~.. rciorming, second~ry reforming, stcam pro-
duction from process waste hoat, carbon monoxide conversion into carbon
divxide, carbor dioxidc ~-oval, methonization Jf c-rboa . ~oxide traces,

high pressurc compressicn, -nd mmonin synthesis.

In lignite bascd wmmoni: pl-nys the lignite is greifici through reaction

with oxygen or ozygen-enriched air amd steam. Thr ncx. process steps

are steam production froi: process waste heat, desulphurization, carbon -
monoxide conversion into carbon dioxide, carbon dioxide removnl, nitrogen

wash for remov~l of carb n oxide traces nnd for nitroger enrichment, high

pressure compression, Anr  ~maonia gynthesiss The oxyre ™ md ritrogen is

produced in an r~ir sepasation plant. Lignite based pl:o.ts hrre not been

built during the last 10-15 yecars.

For production »f vrea, . HOrin is racted with . ¢ . rioxide at high
pressure. arhen dioxic¢ is » by-product of ny ~~mor - plant. Therefore,

s urea plant must by pl~ d near aml beside wn cmmonin plant.

Ammonium nitrai: is made ta. cgh reaction of ammori~n viih nitic acid.
The nitric n~cid is forme. :r -~ separatec unit by c-~*aly’ic burning of
ammonia with ~ir, fTnus, cmmonin is the major raw matcininl. Cheap linestone

must be at dispisal for ~Amixture with the AN into calnitro.

Ammonium su’phic is prod-es’ from ammonin amdl su'nhnric acia.  Tne
sulphuric acid is made in n separate unit on the basic o7 sulyhur or
pyrite as raw mterial. Proviously, gypsum was s-meviv.cs usci 18 a sulphate

gource, but th:; is now considered as an obsolete rout-.

14

Rock phosphate is the rav material of all phosphatic © -~tilicers. Rock

phosphate is fcund in rich deposits in U.S.A., U.S.5." , Morccco, etc.
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In a few instances of tree crops, rock phosphatc is applied directly as

a fertilizer.,

However, for ~11 other crops, in prrticular ricc, grhins, corn, etc. the
insoluble rock phosphatc must bc converted into wnter soluble phosphate,

which can be casily ~md dircetly absorbed and madc usc of by the plants.

For this purpose, the rock phosphatc is rcactel in specinal process plants
with sulphuric ncid. The sulphuri¢c ~cid is proiuced in » separate unit

on the basis of sulphur or pyrite ns o row mnteri~l.

The acidul~stcd products will be cither single or triple supcrphosphate

or phosphoric ~cid.

Phosphoric acid will be ncutralized with ammonin into mono = or di-

ammonium-phosphntc fertilizer.

Instead of sulphuric acid some rock phosphntce trcating plants use nitric
acid for thc mamufrcture of nitrophosphate s » combined fertilizer or

nitrates anmd woter solublc phosphates ~s irdividu~l fertilizers.

In certain instances the rock phosphate is reacted with both sulphuric
acid amd nitric acid in combination for production of particular fer-

tilizers.

X

Muriate of pot~sh and sulphate of potnsh arc produced from potash -
bearing miner~ls, such a2s sylvite, carnallite, ctc. which are fourd in
large undcrground deposits at many placcs of the world, for instance

Western and Tnstorn Furope, U.S.A., Candn, some African countries.
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The deposits vary much in concentration. The orc in Canada is highgrade
ard contains 26-287 ¥20. Whereas somc of the low~-pradc Carlsberg, New
Mexico orcs contain only 12 - 147 K50.

The exploitation of - potash deposit i o large scale and high invest-
ment requiring opcration, which comprises mining with sinking of shafts,
wderground rccovery, and hoisting of orc, scparation ami disposal of
waste, and further refining nd concentration of the product. This
menner, the freight cost of the proluct is lowered, nd the purity and
quality of the product becomes suitable fot its use ~s fertilizer.

A source of natural oas or fuel ol for the clectric power plant and
production of stunm must be availnble for the potash mining operation,

amd watcr supply must be ~mple.

3,2.3 Modern d:sign of ommonia plants

The modern design of ~mmonia plants makcs use of the centrifugal com-
pressor type for the high pressurc compression nnd recycle of the synthe~-
sis gas instend of the reeiprocating compressor type which is much more
expcnsive, rcquires much more space and is much more costly and trouble-

gome in maintcnance.

The contrifugnl comprcssor iypc for ammonia plants was not available
until about 12-14 years ago and has been improved during thc past years.
Only a very restricted number of companics are specinlized amd capable
in the design and manufacture of the gaid contrifugal compressor type.
Previously, the rcciprocating compressor type was npplied nearly exclu-

sively in ammonia plants.
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The nodern centrifuenl conmrecinr type 1 wuit-bly driven by stean turbine
which nak ~ it pongibls tHy ~dvance the cxpl»ittin f the wrnte hent

in the ~ruwnin plant:: through reicing stean »f ~dcqu-tely high pressure

t> the lrrge ote- turbine. This te-ng » very sulgt-ntinl econony in the
cansunption »f electricity ir the ~ruini~ plonts <o involved in conparison
to the wmoni-~ plants using the reciprocting conpreasor type which connot

be driven by -~ stenri turbine but requires ~n electriec wtr,

However, for fumianental technicnl re~coms the centrifugnl conpressor type
cn be used only in ~mnonin plants hawine ~ e¢apacity not less than about
600 short tons »f ~wonin per strewn dny while sn~ller ~nrnoni- plants

will still h~ve t> use the reciproc~ting compressor type.

One large ~wmoni~ pl-nt unit will not use nore personnel ~d workers than

~ snnller or snnll Aamnoni~ plant unit.

Therefore, besides the cffect fron the deoreasing specific investment cost
per ton of wwmonin, = nodern ~rmoni~ plwnt ~bove thie 00 TPD »f armonia
cpacity will hove ~ substantinlly lower nnnoni~ production cost for the

asbove re~sons ~s coinpnred to amaller capneity anronin plants.

Today, snll ~uroni~ plonts with -~ capaecity less thi~n 600 MTPD of ~nnonin
~nd neccssnrily ~pplying the reciproc~ting conpressor type would be ine
stnlled only in ~ rore and highly specific c~ses, for instance where the
amnonin plwnt in ~n 211 fertilizer o>r other petrochenical complex is the
only unit being obsolete ~nd have to be repl-ced, H>r where ~ very protected
annonin narket is present, or where the wmoni~ is going to be used as

process feedstock in -~ snnll petrochemical plant, cte,




3,2.4 Becononics of Ammonia Plants

The invcestments and operating cost of wr ~mmoni- pl nt will deperd
strongly upon the uilected process foedstock ~rd fucl, plant size, plant
design, amd construction nd start-up yoor. This depcndency is demon—

strated in the subscequent subch-pters,

It can be d¢'uccd from the rel-tionships given below thot a large, say
1.000 MTPD ammoni- plant brsed on cheap nntural grs nrd constructed
arourd 1970 - 1972 can produce ~mmoni~ % - tot~1 mrnufnacturing cost,
which is ~2roun: 1/-10-1/6 of the tot~l manufacturing cost of ~ small say
100 STPD ammoni~ plont brsed on high cost naphtha and if constructed for
start-up ~round 1978-1980,

3,2.4.1 Relative investments of ammonin plants versus row matorialse

Below are given on 1 rough bnsis the typic~l ratios hetween the overall
investment figurcs of ~mmonin plants in jepcndence of the raw materials.

The figurcs rcfer to the same plant cnpacity ~nd some construction period,

Raw materinl Investment
Nntural gns 100
aphthn 100 - 115
Fuel oil (Bunkcr C) 130 - 140
Lignite 170 - 180

3,2,4.2 Relrtive operating cost of ammonia plants based on natural gas

versus plant size.

Based upon the invcstmen* ' _ures ns valid in 1974 anl using a total rate
of 15 % for dcpreci t¢  ud interest, the following approxigate dependence
is valid between t- serating cost and plant size of ammonin plants

which are using n . ) gns as process feedstock anl fuelp




Ammoni~ copacity Tot~1 opcrating cost

(R~w mrterinls and
utilities; 1labour,
n~intenance, wd depre-

ciation ~nd interest)

Metric tons per 24 hours per cent
1.000 Approx. 100
600 110 - 120
400 135 - 150
200 155 - 170
100 180 - 200

The ~bove figures n~ssume that the plants being comp~rel have been assigned
after competitive bidding.

3.2.4.3 Tnergy consumption and cost per metric ton of ~mmonia

The specific cnergy consumption of an ammonin plont s relating to the
lower hcat valuc of the hydrocarbons used as proccss feedstock and fuel

will vary within certain limits and will deperd uron the individual
process design 0f the plant., The proccss feedstock consumption per ton

of ammonia will be nearly identical in all cases, while the specific con-
sumption of fuel for the primary reformer is grcatly influenced by the
selected proccss Acsign of the plant, In this way, thc specific total
LHV consumption of one plant mry surpass another plant by as much as

approximately 35 .




Beaides, the specific consumption of lower hesi v-luc of thc hydrocarbon
fecrlstock and fucl veric: with the type of hyioesrbon raw materinal,
Thus  ~mmonis plants losigned for low hent eorunption vill uw increa-
sine ~mount: of he-* vhether the hyirac-rbon ing 7turnl e naphtha,
fuel oil., or limit.. In p~rticular the il »il nl liymite bsed
plants have - relatively hich consunption of low 1 hont valuc, Thue, a
limite bosod ~monin plint noy neet 20 - 304 nore. low.r hoot value input

per ton »f ~mmonis than & naturnl gns base’ aonis nl-nt.

As previously montior.?, the spicific consumptio» HOf Jlcetricity is
cre~tly Acper'ont upon whether claectric iriven r v-iproc'xtin,:; compresiors
or ~ gtemm turhine 'rivom ecntrifues~l comprivor r o inst~lle? which
~grin is - quostion of th: pleont copneity. For inctoneo, A 100 3STPD
~mpmonir plant with reaiprocating conpressors will eoasume -5 ruch clectri-
city ~s ~ 1.000 MTPD ~mmoni - plant.,

The wait cost of -nerpy will iopénl very auch uper the type of hydro-
carbon, geopr-phic location, freisht, ~vailnbility of hylroclectric

power, ctc,

In the bclow t-hul “tion o comparison on the anecific onergy consumption
amd cost is nnle botween = emnll cmmonin plont with reeiprocating com=
prcssors ~nd ~ relrtively high consumption of n-nhil~ d fucl oil ami
located in ~ country with high cnergy cost, and ~ molern large ~mmonin
plant basc’ upm natuesl o= ~t o price of UST 1,99 per 103 SCF i 2
LHV of 1.045 BTU/SCF.




Tnergy Consumption pcr netric ton NH3

Py —_t -

s

100 STPD ummoni . plent

Process feerdstock: | 1:0
Haphth~: 0,550t = 9,8 x 106Kc:11
Process fucls LHV

. 0
Fucl oil No, 2:9,50nt = 5,1 x 1OUKcal
L, otal 10,9 x 10%na
Flcctricity 194 Kwh

Tnergy cost per metric ton NH

. s Smamer.. S

_1‘00 STDP ammonia 214@11:‘._
U

5L
Naphtha

0,55mt ~ 216% = 113,80
Fucl o0il No., 2

0,50mt ~ _1_8_3"2 = 91.50

Flectricity

794 KWh 2 0,055%= 43,70

Total energy cost,254,00

1,13

Fxlern 1,000 MTPD ammonin

Process feelastocke

N-~turnl s

Prccss fucls

Taturnl e 2

L, totol 8,0 x ]

2
0 x

x 1
1

lont

v

5.8 x 10%Kcal

Ly

Plogtricity 15,1-2(,00m

Modern 1,000 MTPD ammoniz plant.

Natural gos, total
- Id

3,0 x 10°-8,8 x 10”Ke~1=32,0 x 100~
35,0 x 106

nt LHV= 1045 BTU/SCF=

3

5L

Btu

0"'-3,0 x 00Keal
3 ©
08,8 x¥_Kcal

10,6 x 10°=33,1 x 107SCF ~ 41,00/
1035CF

Tlectricity

15,4-26,0KWh ~ 0,028= 0,31 = 0,50

30,6033, 40

Total encrgy cost,

30,20 =

LOFN

3

0




3e2¢4.  Ammonic production cost versus stort-up ,c~r of ammonin

lants basal on n~turnl £

For the roason »f the ste~dy escolation of cquipmont prdces ml con-
struction cxpemditurcs the monufacturing cost of ~irionin is 2 funetion
of the construction A stort-up time of the respective plant. During

the 1last years, this influence hng been important.

Along thesc lines it is ostimnted ~pproximately th-t the production cost
of ammonin plants having o ¢ pacity in the rongre of 600 - 1000 metric
tong P8P 21 hours an! using chcap naturnl ;mas ns feclatock varices with

the start-up ycor of the plants, s follows:

Stort-up year Tot~l pry’uction cost of ammonin
approxinnt.ly
(Rw m~teorinls ~md utilities,

1~bour, m~intcenance, and depre-

ciation ~n' interest)

T US" per metric ton
1972 nl before Less tion 50

1972 - 1975 75 = 100

1975 - 1977 100- 150

1977-- 1980 150- 200

In the ~bove nstimntes it hns been ~ssumed that the ~mmoni- plants have

becn purchnse urder competitive bidding comiitions.
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342.5 Constructed fertilizer plants during the 1ot 10 years and

their row materials,
The fertilizer factories which have been constructad around the world
during the last 10 yeare have all heen very bir. The unnual capacities
of these factories have heen within the ranre of 100.000 - 2,000,000

metric tons per year zach.

In particular, the expansion of the ammonic in'wstry has been enormous.
Plants with capacitics of 1.000 - 1.750 metric tons of ammonia per 24

hours of each plant unit have been built in a great number in U.3.A., Canada,
Western Furope, Tastorn Furope, U.S5.5.R.. lidile Mast, Iran Inlia,

Japan, Irmonesia, Rel China, Taiwan, Algeria, Contrnl Americn; and South

America.

Meny of the fertiliser plants built in the course of the last 10 years
for conversion of liqui' ammonir into soli’ fertilizers have been based
upon the urea process, which progresse’ in ‘evelopment anl reachel a

reliable anl compctitive ‘csien around the mi 'le of the 19(0tc,

The ammonin an! urea plants cestablishel in this peridd have been placed
either where naturnl ras ins abunlant ~n! cheap or in great fertilizer
consuming countries, In the loter cnses, fuel oil Bunke® C has been

applied as process feedrtock if natural ~as has not been ~wvrileble.

The ammonia plante have nll been designe! on hasis of the a'vantageous
large size ammonia technology developed ~n?' improvel Auring 1000 = 1965
arrl utilize the chenpect available feedstock -t the respective plant

locations.

Countries where chenp and large depositn of notural gns is ~t hand have

turned into importont exporiers of nitrogenecous fertilizer:s.
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Naphtha was and is still used as feedstock in large ammonia plants

built from the begimming to the middle/eni of the 1950's in Western
Turope, Indlin, Japan, and Brazil. In the meantime; naphtha has iporeased
disproportionntcly in price and become less abunlant or cven got senrce
Aue to the inerecasing numher of automohiles and becnuse naphthe has no
alternative in sufficient quantitics no feedintocl of some other petro-
chemic~l plonts, like ethylenc ernckers, etc. Therefore, ammonia plants
built after the en' of the 1960ts |, where no natural gno is 2t disposal,
have been based upon Fucl o0il Bunker ¢ anl not n~phtha ~s previously.
One excoption is Red Chinn, wherc automobiles are not found in ~ large

number,

A1l phosphatic fertilizer factories built during the last scrics of years
produce from rock phosphntc ~s raw moterinl intcrmedi-~te prolucts or
fertilizers like phosphoric acid, mono—~mmonium—phosphate (MapP), 1i-
ommonium-phosphate (DAP), or NPX or NP or PK compoun's. Thc previously

used supcrphosphate routc has become obsoletc.

2.2.6 Formulation of WPK compound fertilizors

The monufacture of chemical or physicrl blends of NPK compound fertilizers
is done through mixin~ of straight componcents cnch containing one or two
of tho conatitucents ¥.P, amd K.

The mixing of ~ certnin number of thesc fertilizer compononts will always
involve a limitation of thc NPK fpmaldes which can be obtrined. More
frecelom in the formulation is possible, if an inert metericl is added

during the mixing.

The inscrt fillcrs ape uscl in the mixtures by the manufacturers in order
to arrive at formulnations which are known by the farmers and moy have

boen used for years ns common practice. However, as a general rule
noutral filler matcrinls should not be used, ~s they only ad1 to the costs,
lower the concentrntion, ~n? often, in cnse of physical blemis, introduce

additional segregntion problems.
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However, limestone powlcr used as inert filler may in somc cases be

valuable os a soil neility regulator,

Withal, the agriculture  should strive to usc NPX grodes with thoe NiPsK
ratios as ncedel, but they nught to be purchased on basis of the cheapest
price pcr metric ton of N+P+K content., This would prob-bly in most cases
be a relatively high concentrated NPK grode, which docs not contain nny
unnecessry filler, TFor instance, NPK (19-19-19) might be chenper than
NPK (15-15-15) whzn the price comparison is mnle on the basis of the nmount

per metric ton N+P+K contonts rather thin metric ton of fertilizer.

The computation of DEMIBOS is Acmonstrited throush the following three

examples of calculation,

Basis raw materials: (ns cx~mplc)

Urcn (ACTN)

DAP (18,2 - 4% 8-0)

Muriate of potnsh (460 7 K50)
Incrt filler

Coating agent, 17 cont.
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L. Txomple

.}?‘r;obler_xl‘:_ hat woull be the N content of ~ NPK jrrode with 15° P,O‘3 and
157 K,0, but without incrt filler.

.So].utiorls_
Contents in N content
1 nétriciton .
metric v.n Metric ton
W

Coating ogente 0,010

vely 0,150

7 - 0.250

DAP: 0,150 = 0,321 x 0,182 = 0,058
» 468
Subtotal 0,531
Urcar (balance) 0,419 x 0,6 0,193
Totnl 1,000 0,751

Answcrs 25,0 %
- R i S

-




2 Example.

Prob

- o=

~1lowed. How much incrt filler will be nceled.

Solutions
e - R

Conting agent:

Kel: 6,150 =

DAP: 0,150 =

Suhtotl

Urea: 0,092
.O.]..%'4 .

Subtotal

Inert filler (balance):

Totnl

Angwers
- SRS

lem: g MPK (15-15-15) ir wanted, ~nd thc odd ition »f inert filler is

Contonts in
1 metric ton
metric top .

o o~

0,010

0,250

0,321

P A

0, 561

0,781

0,219

1,000

21,97 Incrt filler

N content

ng:_ric ton



L Exnmple.

Problem; What would be the NPK gradc (x=x—x) wit

th. omtior of

NePsK of 13 1: 1, when no inert filler is permitied,

Solutions

Contcnts in
1 metric ton

metric tor.. .
Coating agent: 0,010
Kels X = k.
B,00 x 100 G0
DAP: X - X x 0,18
T, A8 x 100 8
Urens 1 X Xx6.39) 2 X,
3, a6 166 Y56
)
= X
503
Totnl 1,000
0,99 =,)3£, +X + X
60" W8 T5.3
0,99 = X (0,0160 + 0,0213 + 0,0132)
0,99 =¥ 0,051
X = 1934

Answer: NPK (19,4 = 19,

=194

N ¢v vent
Metric ton
= Xx,389
100
!
1%




3.3 Fertilizer procurcment, shipment, stornge, distribution

-

And ~pplic~tion,
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3¢3,1 Summory

The procurcment »f fertilizers from abroal ~nd their Aisgtribution to
the farmers “nd pl-nt-tions in ~n integr~tcd process which must be

performed, organize? ~nmd plemned dequeotely in 11 nteps ~s follows:

- The faortilizers must be purchased in proper qual® tics nccording to

the demn’'s ~nd ~t best tcrms from compatitive supplicers.

— Suit-ble ~rrangements of shipment to brin~ the fertilizers from

abrord to Liberi-. must be made cither by purchaser or suppliers.

— Centrnl stores, intcrmelinte stores, locnl stores ~nd transportotion
vehicles must bc provided in order to be ~ble to nilc up the fer-
tilizers ~rrived from ~broad and distributce them o the f~rmers and

plant~tions in propor time thexl of the fertilicing senson.

~ The dclivery ~nd shipment of fortilirers from ~brooad will be scheduled
to fit into ~n Hptirn~l structure of stores i tronsport~tion means
in Liberin. Thc dclivery, shipment, stornge, ~md transportation
shouli be selectcl to hring ~bout the lowest overnll cost. The
structure of ~dministr~tion, stores ~nd trconsportntion vehicles
should be designed on the brsis of ~n ~n~lysis of logistics by
specinlized coxpertes, before the fertilizer consumption becomes appre-

ciable, in ordcr to plan rightly ~nd save in investments,

— The same storecs ~n? tr-nsport~tion wvchicles for distribution of the
fertilizers in the domestic ~rea mny be used aftc~ the fertilizing
gseason and until ~ ccrtain period before the next season for the
agricultural produces having 2 time 1lag in storag. amd tronsportation
roquirements, ard vice versa., Precautions again:t cont-mination of

the ~griculturnal produces by dust of fertilizers ust be taken,
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The procurcment ~n' distribution of fartilizcers ought to be carried
out by 1 joint ori~nizotion and ~s ~ co=opirtive offort ~nd urder the
~pprov-1l ~nl centrol hy the consumer~ 7 foertilizers, Prokably, it
will bo aost rationel t) combine wnl integr-tc the fertilizer onter-
prisc with th. Iiberinon Produce Morhcting Corporation (LPMC), ~s

t.r as this will bo greenble to the verious Tertilizer consumers,

Nevertheless, the fertilizer import into Liboerin ourht t) be maintained
ns o liberal troic vl be free of customs or any other dutics. This
will securc the cheapest ard hest fertilizers and be in the best

interest to th¢ {1 rs amd plantations and; dhus, to the country.

The swe cnterprise mry import, distributc, nd sell to the farmers

anl plantations >thor commoditics, for inst-nec:

Tonls ..nd! machincry.

Sceds wnd seedlings,

Herbici'vs, pesticides, amd insccticides.,
Application of fertilizors.

Application of herbicid.s, pesticides, and insecticides,

The activitics of the enterprise will have to be coordinnted ond
should not competc with possible other Government corphr~tion, but
the enterprise ought not be favoured with ooncessions, Auty freedom,

etc. more or othcr thn the private busincass.

The enterprise should work close together with the fertilizer center

proposcl in chapter 2.2.13 of Report Papt 2.

If prneticnble, Liberis may coordinate its purchascs and imports of
fertilizers with other West African countrics, like Sierrn Leone
umler the Mono River ngreement, in ordcr to cconomise through purchase

and shipment of larger lots,




— This asrt 5f cyrdin~tion between neighburing countries fHr noney
saving, sccuring .f supnlies, inpr wverent f t.chniques, etc. ny

pply to bo.th other inported comdities ~nl sorvices, no fallowss

= Steel ~nd iron products, buil’ing nnterinls, and

equipnent nichinery ~nl cquipnent, etc,

- Engincering scrvices, kmw=how, ctc,

3.3.2 Purch-sing,

Fertilizers t. be inp rte? int~» Liberin fr the linestic eonsumption of
plantations ~nd farmers nny be bought on the basis of either ex factory
prices »r c.i.f. Mmrovi~ prices, the 1ntter prie.s including shipping
amd insurance during shipnent. In the forner crses the shiprent amd
insurtnce must be pni”? seprrately by purchnser ~nl be ~rr-ongel in collab-
oration betueen purchaser ~nd the supplier. The ~wpects »f shipment are

denlt with in the next ch-pter.

Fertilizer prices fluctunte on the worldl market ~ccomiing to the nctunl
demands on the respective products, Those fluctuntions can be very drastic,
As nn example; the ex frctory prices on ~nmonin ~nl upen were less than

US $100 ner metric ton in 1973 ~nd kept ~t US $300-350 per netric ton
during 1974 t~ the spring »f 1975, while Aropped to US $100-150 per metric

ton during the suwwer wnl wtomn of 1975.

The ex fact.ry fertilizer prices normnlly nllow ~ discount at the purchose
of larger quontitiess For instonce, the price per metric ton of a lot of
1.000 metric tns will be ~ few per cent less than for 2 lot of 50-100
metric tons. Besides, regular purchascs from the swme manufacturer may

~1llow an «7ition~l discount.




Bagged product:s are nore expensive than the products in bulk, the
Aifferent being the oot of hrgring wnd bageing n~tericls. Thoe difference

in in the orier of U7 % 10-20 ner netric tom.,

Purchnses »f both minll ~n? l-rge lots of fertilizers ought to take place

on basis of competitive nilding fron scveral ~lternntive suppliers,

Large sc~le buyers of fertilizers ought to kcep in frequent touch with
the cxporting menuficturcers and intcernotional Ad~leps apd heok crs, cortu-
nicate with them, obt~in their price lisis on ~ current higis, v

receive bids from ther befre n mrjor purchnse is being mosfo.

Although plont~tions an? firmers may prefer to usc their traxlitinnal
types of fertilizers hecnuae. they ~re fomili~r with their applic~tion
andl benefitr, it shoul’ b considered th-t the pricec on thec re ~pective
fertilizer qu~lities on the worl? market anl from tho vorious suppliers
do mot fluctu~te simuilt-ncously and to the snne oxtent. This menns that
it may be ~lvontegeous t~ ~7just the purchased types to the che~pest or

o che~per p~ckr-c ~f fertilisers.

Short tern buying of fertilizoer gives the purchaser the awwving when the
prices ~re low in the fruc world market, but involves the risk of large

experditurcs when the froe world narket prices nrc high.

Long tcrm supply contrmcts may be prcfoer~ble ~nd beneficial to both a
large scnle purchnser ~n' the supplior . fertilizers, becouse they safe-
fguard the purchaser o rzlinble supply at rcagonnhle ~nd ~werseo prices,
~nd they sccurc the supplicr  snfc snles mtlet ~t -~ fixed profit. Most
prob-bly, 2 lons tern supply contract will howz = clouse on » certain
price aljustment of the ~ctunl delivery prices to the prevailing frec
market prices for inst~rce in function of an inturnational eommodity

price inlex.




3.3.) Fertiliscr exporters ~n' brokers,
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Fertilizers ~rc hein - ~xported fram U.S,4, ~nd several Weat Turopean

countricsg.

Countries like Polri, Rommni-~, Spain from Muelv~ =t Atlantic %en in
Southern p~rt >f Spnin, .lgcrin, Morocco, Venezucl~, Trinii~d, ctec. are
also import-nt cxpoarters of Tertilizers, Nigeri- mny beeome - future

exporter of fertilizers.

Fertilizers mny be hought throush the import agents of foreim fertilizer
houses or Airecctly fron the foreigm mnnuf~cturcrs or through intcernational
fertilizer brokers, which moy be owners of mines, monufrcturers, ~nd

iransporters ~g well,

A non—exclusive list of international fertilizer hrokers ~nd cexporters

in given below:

- Agricultur~l ~nl Intustrical Corporation,
866 Unite! N~tion Plaozn,
New York, M.Y. 10017,

UOS.A’\L.

- Beker Intern~tionnl Corporntion
124 West Putnmm lvenue,
Greenwich, O nnccticut 06830,
UeSehs

- Intern~tion-l Mincr-ls&ChemkpaX Gugporation (IMCY),
UeSeiis

- Knaiser Chenicrlg,
U- S . lAL .

- Occitental Petrolews Corporation,
(INT™R ORM),
10889 wWiltshire Boumlovamn,
Los iingeles; Coliformin 90024,

UdSeiia

- Nitrex 1.G.,
Bleicherweg 33,
CH - 8027 Zurich,
Switzerland
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- Societc Complexport,
12 lvenuc de 12 G. dc Armee,
Poris,
France,

BesMdces, rcfercnce i nin'c to the in'ivifual lirge fertilizer monufacturers
~nloexporters in TMurcpe  for instance in Tel.rium, "nel-nd, Fr-nce, Hollnnd,

Itoly, Norwny, Polan?; Rommni~, 3prin, Yeet Gormany, ote.

The mrnufoctufers of fertilizers in Mestern Turope “re members of the Turope
Tertilizer Crt>K whore the ‘lecicions om cvail-ble exports, prices, etc.
~re taken. Some of the hroker nssoci-tions ~wiren -bove ~re ramboro .
nf the c-rtel,

The names of fertilizer cxporters in Afric~ ~nil South .meric~ nre, as

follows:

— Cherifien Acs Phosphates

Rebat,

Moroce»., (Phosphntic fertilizer-)
- Federation Chemicals LA, ,

Trinid~. (Nitrosenesus fertilizers)
- Nitrogen -

Venczol~nn icl Nitrogeno, C.Ai..

Maracaibo,

Venezucl~. (Vitrogencous fertilizers)
- Pemex, (»)

Mexico,
- Son®trach,

Alger,

Algerin. (Nitrogeneous fertilizers)

3¢3.4 Shipment

Most reputated ship freighting comp-nics wre members of onc or more cone-

ferences, aml they corry freight at the tariffs an? terms jointly ocgreed

upon by the confercnce members,




Non—conference nembers usutlly ~re fow ~nl have sa-11 ships which Arop in
amd out of harbours ~t irrceular frequencies ~s their freight business

‘ictates.

For Liberia two conferences are important:

Continent~l-tcot fricon Conference-

Cownc,
dealirns with the frcight tr-~ffic hetwe:n
Turopean Continent anl West fricn.

American West ifric-on Freight “onfeorence,
1e~ling with the freicht traffic botween
North imcrica an' 'est .fric-,

The basic pricing sn froight is colculat:';, ~s followsl
~ Unit pricc or t~riff multiplic' by wcight in metric tons or by

volumc in m3, whtover is hirhests weigsht or volume figure.

Unit price »r t-riff nultiplic?! by weight in long ton or
volume in 40 cu. ft.,

whatever is higheat: weight or volume figurc.

The unit tariff will lcpen® upon the connolity code »f the party, its

packing, freight listancce, harbours conoerncd, cte.

In principle ship owners scll and charge on basis of the spnce occupied by
the stowed party if its Aensity Aoes not oxceed 1,0 metric tdn/m3, which is
cquzl to the specific bouyancy of sen wnter on the ship. This mewns that

a party which can be stowel at a density »f for instance 0,7 metric ton/m3

cost as ruch in freiiht 23 ~ party of same volumetric wccupancy but of 1,0

metric ton/maxlensity, provided th-t other corgo terms 4o not Aiffer,.




On the osther hon’, 2= shi ¢ ~re not ~11me’ t, be 1o~'nl 1o sink lower

) than the 1.~ line (Plics 11 merk) f the ship, - porty with » lensity
chove 1,0 netric txn/wﬁ 1111 require th-t - free upnee correcponling tn
the lensity in cxcesty T 1 netric tJn/ﬁﬂ qaulti liet by vo.lume Hf the
prrty io reserve’ ~m’ oronvt be stowe” ot of the hol? of the -hip, unless
other parties f sulficicnt rulumes wn' “ensitic: melw 1,0 aetric tfm/m3

are beine freirhtel -t the e tine.

However, the t:t~1 frei ht ecozt will ‘epen’? unon coernl eontitions,; such

=5 foll wee

-  Dosie freigiit rote n hhsis of the enfertnce t-piff

(mce b wve)

Ags ~n exmple:
Phosph~tic fortilizers ~t omzll ¢ noi mments »f 200 - 300
metric tuns in b~ -z t5 be s~ile’ to Unrovin, Liberin »re subject

t, the follwin-: t riffs (v-1li? Februnry 1970): (~ppreximnte figures)

- From Us3... Culf or Tnst Coost
TeSe B 120 = 129 per 1ongs ton »r *0 cu. ft.

- PFron ¥ rth Turopear Continent |
U,3. ° 90 = 100 per metric ton urm

~ Fron Lon mlans, Conery Telon?
Us % 25 ner metric ton Hr o,
(Therc: ~re 1o conference t~riffs Hn Worth iAfrict <t the
tine boin:)

A

-  A7itional bunker surce charee, ~n extry to oover fuel cist increasea’
aroun! 13 / ot Febru~ry 1976.

- Congestimn cice=s rites,
to cover tlle tine when naiting ~t ports to met to quuy,

for instanee at L. s, Nigeris mhy be up to 70 7,

- Demurrage cxtrn charpge,

to edver lemurrne lays lurin: holi'nys, cte.




-~
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- Treicht mny be ong
Free in ~n' oub on” 1oadin: o' unlo~lin: 4 expense of

parcel Hwner, or

- Liner terms mny ~rnly, wherc ship »wner poys ~11 expensecs
(port ch~ryez, »ilsts, tug bonts, doelnw, etc.) from hook
om t~ hook off the eargo, Harbour lues ~n' hanlling chnrges

. . 3
@ey ~mount t. 2hout one or ~ few US T per netric ton or n

-  Bir emsignaents, sty $.000 = 10,000 metric tons of fertilizers
will result in - Yiseount, which mry be vy to 25-30% ~f the basic
toriff.

-  Chartering -f ship eithers
— I~tch or o apartment chorter, where parcel will fill one
hatch or compartment of tha shin, »r
~ Resuleriiy -n' stipul:te’ poareel thnt iz 2 certnhin amount
cach for instsnee 500-000 metric tona of fertilizers in bags
o tine,
will involve lower freirht rotes an' will Acpen’ upon the

~ctu~l frcisht morket.

Some s~wving in freight 1~y be obiained if Tertilizers nre shippe” in bulk
instex! of in bnyse This is becausc the overnll Tensity »f piledl bags
iz lower luc to the voi's at the siles ~nl enls °f the bags than the bulk

Aensity. which, still, n~y not excee’ 1 metric ton/mﬁ.

However, general cargo ships are not cquippet for 1o~din: an’ unloading
of materiale in bulk, Therefore, if bulk shipient is congi‘ered, the
parcel owner muzt arrange the lon'ing ~n0 unloa’in - of the <hip. Loading
of bulk shipments nrc frequently ~wv~ilable ~t harbdsur teminals ~f fer—~
tilizer mrnufrcturces ~n’ cxporters, while the parcel owner must provide
the unlonling facilitics anl storege at the finnl deternination »f the

ships,
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for insztonce the typienl horbor unloading frcilitien, for bulk concign-
ments would comprice, -5 follows:

- Copacity: 60-65 metric tons/hour,

- 1 ~2crnes ~t quyy,

-~ 1 ~ 2 hoppers nt qury, W0’

Truck: balow the hoppors.

It gocs without s~ying .h:t the unlo~ding ~nm! loc~l 1 -.nsport-tion of fer—
tilizers in bulk from the ships to the stor~ge buil'ingasmust tnke place in
dry wezther in order to ovoid humidificntion -nd e-king of the fartilizers
or even logss of fertilizers through dAissolution 'nd woshing swoy by rain
w~ter, Therefore, freighting of fertilizers in bulk ic Liberin will not

be odvisnble during the rhiny senocon, unless the proper orecoutions ~re
tnken.

The parcel owner would hwwve to p~y penalty to the ship ¢vmer if the stipu-

lated unlonding capncity could not be ~chicved.

Freight reduction mny be pogsible through morricge »f scnvenience with
ships freighting export goods from Liberin to foreira countrics on the
return trip which otierwice uses to bn 2 b-1ll-ot voy e, The freight will
be most favournble =t le~uct Jiversion of the chip from its normnl return
trnvel, The chips in minmd will be the v~rious freigniszrs enrrying iron

ore, latex, logs, timber, plywool, ctc. from Liberi-,

As o motter of frct, it mny he worth to congider jnintly chartered vessel
for freighting of the ~xport of goods from Liberi: xnd the import of large
quantities of products to Liberi-~ such s fertilizors, rice, steel, ete.
The combincotion of freighting iron ore to seandinnvis wnl cement clinker

back to Liberi. is one such exnmple,

In genercl, conference member chips give the best long trm business,

Non-confercnce member~ ships con usually be odvontageou: only for a single

or short tcrm denl, *

]
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In the cvent th-t ~ non-conference member would offer frvoursble terms on
freighting over - longer porind, the conferonce meribere nny upon request

suc the confercnce to be ~llowed to lower its freicht rotec. This would
normnlly be ~dnitted by the conforence; which nvy oven be prepered to offer
a low "fighting’ r~tc, which woul? be dishgreeabls to nost non-cnonference
members to keep them out of the tratitionnl freight wrket of the conference
members.  Only in cnsa that ~ large, reputate? ship owmer noy lrunch his
ships in ~ new ninrket otill not being convere? by - confarence nembership,

it night be worthwhile to consider ~ long tern businesc with n non-conference

nenber.

3.3.0 Stornre; tronoport-tion, ~nd d4igstribution, e

At the begimiag of cnch crop or growth scmson the frrtilizers must be

readily ~wvnil-ble ~nd distributed in proper qunliti:s ~nd quontitics ~ccord-
ing to the der mis to the farmers wrdl plont~tions ~t short notice ~s the :

werther conditiong, cowing=tino, growth of plonts ~nd trecs, otc. dictate.
’ & y 5 P 9

The fertilizers runt be distributed to the farmers -~ plantations in wnter-
proof bags being not henvier thon 50 kgre, 0 the bogs cnn be taken to the

ficlds in hunid wenther, if required ~nd be handlel by one person.

The fertilizers inported fron ~bro~? luring the nonths nhe~d of ench fer—
tilizing scason must be piled up in the centrel stores >f the harbour(s),

intermedioate stores amd 1. 71 otores.

The tot~l cnp-city of All the storen rust he sufficient to hold the denand s

of ot least one fertilizing secson.

The interncdi~te stores vy loeal stores must be pl-oced ~t noin ronds in
the nnrket ~r2~ ~nd the holding c~p-cities of the respective storehouses
rmict be provided and the storchouses filled up with bgged fertilizers in
such a nonner to permit the distribution wnd tronsportation to the farmers

and plantntions ~t the rates of demonds with the use of n reasonablc number

and size of trangportation vehicleo.




In orler to cconouize on the stor~ze capicitics n' investments of the
intermelinte ~n' loc:.l stores ~nl transportation weliicles the T~rmers

~m' plantatioan mny he offere” ~ price ‘iscount if they will ~ccept and
receive the fertilizer b~ s in ~ivance »f the -2-son ~n' keep the bawes in

their own brne or storchousen.

The tronsport-tiosn vehicles mast be ~t "igpoa-l in vequate numbers anl
sizes to convey the fertilizer bags from the centr~1l st.re(s) vi~ the
intermedicte storer vi o the locnl stores o the fin~1l “estin~tions ~t the

farmers wn' the Hlant~t ma,

The ecost of tronsport~tion from the lcerl stores to the formaers ~n! the
plantations owsht to be chare’ gepar-tely frerm the »rices o the ferti-
lizers, PossiMhly, nume frrmers -n” pl-antations ny want to pick up the
fertilizers ~t the locml stores (or cven the irtrrie’i~te stores) in their

ovm cnrrincs or vehicles,

The fertilizers will ~rrivc from ~bro~! -t the centr~l store(s) in the

horbour(s) nccorling: tH the purchising: ~n’ shippin - opportunities.

he purchasing; ~n'! shipnent from ~brz~" ny be ;choaled  in or’er to faci-
lit~te ihe tronsport tion ' listribution ~n Hptinize the investments
an’ aperatines ~unte of the storehoumes ' tr-nshortation e 'ns in the

“omestic amn,

The storchouses ' transport~tion vehicl :» nny be usel after the fertili-
zing season an' until - certrin perio? in ~vonce Hf the next senson for

other comno’iti~ng with time lage? stornie ~n” transportetion nee's, for

instance the harveste’ proluces in h-y's, such as rice, cuoffec, \n' cocoa.




However, j int storehoauscs for fertilizers »n’ tho < ricultur-l protuces
mst only be est-blishe® i7 it con n! will . tnkon precutions < minst
the risk of contoanin-tint »" the riewltur.l nroduces usually bas zed in
penetrable jute bag by .y ust of fertilizers. “ver thoush fertilizers
are kept in water-proof broes, such Tust mhy occur ue to lelect hags or

lemzre or brenkage of the Loyre 'uring the han'ling.

Before or ~s soon ~o the Tortilizer consumption of Liverin recche~ 2 sub-
stonti-l nmount, ~n ~milysin of losistics should be mede, preferably by
specializel cxperts, or the schedule?l impert, storin~ in centrol, inter—
meciate, nd locnl storer, ~nd tronsportition -n! Yigiribution of the
fertilizers. Simult~neously, this an~lysiz should be integr-tel with a

similar antlysis of lovistics, of the ~-riculturnl pro’uces.

Such ~nzlyses uoul’ mal'e it posrible %o plan =’ optimize the investments,
construction ant prevision, organization of persormel 2 workers, amd
oper~tin; costs of the storec and transportotion rahicles.

3e3.€ Application.

The ri ht times for ~pplication of fertilizers ave determine? by the
wenther comlitions, sowin-=time, crops or trees concerne’, ;rowth of plants

d trees, ete.

The type of fertilicers will depent! upon the crops or trees, soil come=
ditions, spreading costo, etc.
Fertilizers in solidl pnarticles (crystalr:, aranules or prills) nre spread

either by han' or mechanically by sprea’ing mochinery.

Mamual sprending by farmaers with adequate proactice and care is fully
satisfactory anl is of course the cherpest way in o developin: country.

Besides, this method mnkes it ensily possible to spread at certain intervals

nfter the sowing time if this will be benefici-] ~n' praocticable to the

growingz plants.,




In devclopel countrics where labour in the farms is scarce and expensive,
fertilizer spreading is lone mechahicnlly. To a crent cxtent NPK compound
fertilizors, in so far ~s thoy are neeled, ~re apnliel amd spread in

one operation in orer to save and simplify the time of spreading.
Beeause of the high labour cost this moy happen even if » lelaye” or split

fertilization might renlcr somewhat larger crop yiclls.

Harrow injection of liqui' ammonia from pressurc tanks is extonsively
appliel in the develope’ countries with temperate? climate as ~mmonia

is the checapest nitrogeneous fortilizer in terms of US“ per ton of nitro-
gen content, as it shows a rcliable effect, and 1s the spreading method

is cconomical and useful.

Furthcrmore, mechanicnl spraying or hnrrow injcction of fertilizers in
the v’ ';cf aqueous solutions is wilely usel in some developed countries,
like U,S.A,.
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3.4 _NPK compourd fertilizer bulk blending ~nd bagiring plent,

~
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3.4.1 Summary

NPK compound fertilizers ~s prodiuced in fertilizer chemical plwmts

normally are more expencive than most combin~tions of strright fertilizers,

for instance uren, IU.P, 'l muriate of potash, when the cost comparison

is referring; to the some contents in kgs or tons of W, P2O%, wd K2O.

Therefore, the cstablishment of 1 fertili-er bulk blemding wd bagging

plant in the m~rketing ~ren makes it possible to purchase and import

straight fertilizers in bulk and blend them in the lesired ratios so the

fertilizer customers of the plant ~mong the farmers and plantations will -

benefit from the maving in the import prices.

Suitably, the plant m~y be operated as ~ co-operntive enterprise to be
consumer oriented or owned or under the ~pprovil ard control by the
farmers and plantations in order to maintnin and protect their interest

in the plant.

As apparent from Report Part 2, the plwntations arc and will be the major
consumers of NPK cumpounds or blends in Liberin., Wherenrs, the farmers
will hardly neel this type of fertilizers to any ~pprecinble oxtent over
the next many ycars for the field crops. The farmers will nced straight
type Mrtilizers for the fields, while NPK compounds or blends for their
tree crops. The farmers will be able to bencfit through the large lot
purchases and shipment of the straisht fertilizers in bulk by the bulk
blending and bagging plant which will bag 'nd sell straight fertilizers as

well in keeping with the requirements of the farmers.

By means of a2 bulk blemiing plant individual mixtures or recipes of the

N, P205, and K20 constituents possibly with any ~dmixtures of micronut-
rients am/or Kieserite and/or rock phosphate wd/or pesticides-herbicides
oan be formulated, fit and produced according to the ‘lesires amd demands

of the farmers and plwntations in terms of crope, trees, soil conlitions,

etc.
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The straight fertilizcrs to be procure? ~= fecedstock to the physical
bulk blenling plant must be chemicnlly compatible, o stherwise unsatis—

factory mixtures with hih hy, roscopic ~nd c~king propertics mi,'ht result.

The import, unlox'ing:, transportation, an' storase of bulk fertilizers
must take place under lIry conditions and consequuntly must be fit into

the dry senson of the yenr, '

Besides, the straight fertilizers must m~tch in size so that the risk
of segregation and degstruction of the homo,;eneity »f the blemds during
the subsequent handling, transportation, ond opplication At the fields

and plantations will be minimized.

Nevertheless, the risk of segregntion an? hetcrogeneity -f the bulk blended
products will still cxist., This means th~t particular prec~utions must

be taken during haniling, transportation ~nd application of the blended
produegs in bags or in bulk, so they will not become uneven wd thus un-

acceptable to the farmers ~nd plontations.

Consequently, 2 bulk hlen'ing plant must be situnted within the marketing
arca possibly awny from harbour(s) ~nd with limited Jdistances to the
farmers and plantations. Handling nand tronsportation must be lenient

and without vibrations, ~nd the applicati-n must occur at carc,

The bulk blended plant must be opernted un'er qualified supervision amd
technical management. Formm@age of blends will have to be made by experts.

The economy in the procurement anl shipment of the straight fertilizers
in bulk must cxceed over the achievable import prices on the rcady chemical
compourds in bags with at lecst the varicble an? fixed operating cost of
the bulk blemding and bagging plant (in the order of US ¢ 15-30 per metric
ton) plus the uncvitably hiher cost of unloding, storage, transportation,

and distribution in the Jomestic area of the blenis over the imported

compoums. Y
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Fertilizer bulk bleming armd ba;ings plants can be dclivered by several,
alternative and reputnted contractors and cquipment suppliers. The fixed
assets will be in the oricr of US? 0,5 = 0,6 million for ~ 30,000-50,000
metric tons annual cnpacity pl-nt. Delivery ~nd construction period mny
l1ast 6=12 montha depen'ing upon lical comlitions nnd contractunl terms
with contractor. In the lesign of a bulk blending an? bagging plant the
local and market requirements must be token into nccount in details amd
in full.

The operating personncl anl operators of - bulk blending and bagging plant
will amount to aroun® 25 full time people 2! 'uring the fertilizing
senson another around 40 part time lobourcrs. These numbers 40 not in=

clude the administrative and marketing personnel.

As the consumption of bulk blenled mixtures may increase after the instal-
lation anl over the capncity of a first blending plant, another plant of
similar Aesign ~nd copacity should be installed 2t another center location
of the market in order to lecreasc thc transportation Aistances of the

blends and thus the risk of segregation.

Irrespective of the provision of o bulk fertilizer blerding plant in
Liberia, the fertilizer import ought to be maintained as n liberal trade
and be frece of customs or ny other Autice s pointed out in chapter
3.3.1, At any rate, fertilizer blending or for that motter any ~ther
fertilizor manmufacturing process shoull not be granted ns an cxclusive or
protected concession to nny co-operative or company or corporation in

Liberia as this would be 2gnrinst the intcrest of the farmers anl plantations

in general.
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Jed4s2  Technology ~nd investments of fertilizer bulk blending ~nd
bagging plant ~nd nccessary precautions.

The technology 2nd investments of a fertilizer bulk blending ~nd bagging
plant rcdeeerdbed in .tnils in the UNINO Monograph No. 8 (see references)

The fixed assets are given in the monogr~ph for two variants, ns follows:

(excl. lam! and housing of persomnel aml workers)

- Voriant 1.
Capacity: 30,000 metric tons per year

Esgtimatcd totnl fixed assets:

Approximately US % 0,5 million,

- Variant B,
Capacity: 50.000 metric tons per year.

Estimatel total fixed assets:

Approximately U3 % 0,6 million.

Working capital required to cover inventories, nccounts receivable amd

other liquid asscts is estimated, as follows:

- Variant 1,

Approximately US * 0,5 million

Variant B.

Approximntely U.S. 3 0,8 million,

Thus, the total investments will be:
- Variant 4.

Approximately US % 1,0 million

- Variant B,
Approximately US % 1,4 million

Particular attentien shall be paid to the following aspects and problems

related to the row materinls, operation, anl end~prolucte of o fertilizer

bulk blenling plants ~ns Aescribed in the monosraphs
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Sclection of fertilizer moterinls for bulk blendings must be careful,
becruse Bt 111 moterinls on the worl! mnrket ~re chomically come

patible., The monograph points out, ns follows:

~ If ~mmonium nitrote, triple supcrphosphnte i single super-
phosphnte arce kept o»ut of the plant, therc should bhe no problems
with incomp~tibility. Referrins: to chapter 2.2.8 of Report
part 2 it is stressed that nitrnte ferti’izers are not suitable

for swamp rice.

~ The conclusion is that the row anterinls blenle? in the plant
shoull be limite? to urca, DLP, MiP, A KCl, except that
agronomic consideration mizht necessitate the use of AS or KS,
or both, in ccrtian blends, In Liberin rock phosphate wnd
Kiescrite mny be convenient to add to thc blenls, if the size
match can be fulfilled (see below)., Rcference is made to chapter
2.2.11 of Report Part 2.

The shipment of the bulk fertilizer r~w materinls to Liberiz, their
unloaiing in the h~rbour(s) amd transportation amd storage in the bulk
blendin;: plant must trke place under Ary weather conditions so that
any hunidification and caking of the fertilizers or cven loss of fer-
tilizers through lissolution anl washing way by rain water is avoided,
Consequently, the whole import, unlonding, transportation and storage
operation must be timed anl aljustel to the iry weather season in

Liberia.
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Segregation or unmixing of bulk blende’ protucts must be counterncted
Aduring hardiling, tronsportation, ~nl ~ppiiecation. If prechutions are
not taken ngoninst this risk, the homoencity »f ihe bulk blended fertis.
lizer will be lestructe?, ~nl the frrmers ~nl plantations mny risk

to spread fortilizers of ireegular an' varic' composition to the fields
and trces, which of course woull be unncceptnble, Due 46 the roR7of

this problem, the f>llowing precautions must obscrveds

~ The raw materinls must match in particle size accorling to

strict requircments on the supplies.

- The bulk blenlin,; plant must bc >f a satisfactory lesign amd

must be operatel correctly an?! umier supervision of qualified

personnel, )

- The plant shoull preferably be sct up in arens of fertilizer
consumption rather than at the ports of importation of the
raw naterinls, and the transport-tion »f the bullr blenled pro-
Auets cither in bulk or bags to the farmers ant plantations
ought to be lanient and free »f vibrations ond be limited to
ghort d4istonces. Thus, bulk blenletl products arc not suitable

for export ' transportation over lon: listances.

- Sprealin;: of bulk blendel products ought not be donc by centri-

fuzal broaleasters.

As a passing remark it is noted that urc~ with 0,8 - 1, 0 % biuret
as by-product shcll not be applie? for pineopple, citrus fruits, and
urea solution sprayin,; of certain crops, where biuret above 0,3 %
is not acceptoble. This question shoul' he checkel in details with

specialized agronomists as far as urco as straight type or in blended

type fertilizers will have to be cpplie! for any of the nbove purposes.
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The list of contents of the UNIDO Monogrnph No. 8 is given belows
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34,3  Selecting straight fertilizer materials in lenst-cost annlysis,

The selecction of the strright fertilizer mnterinls and possible fillers
must be made on the baiis of an overall survey ~n?! loast-cost annlysis
of cx factory costs an’ ~vailability, shipment nnd handling costs, amd

rcquirements of farmers ~nl pi-ntations.

The least-cost nnlysis shodl: be carried out by cxperts at the possible
use of modern cnalculating an;l/or computer techniques.

These techniques moy be zvailable froms

- TV,
Termessee Valley Authority,
Muscle 3honls, /Alabama 35660,
U,S.A

IFDC

Inte::'natioml Fertilizer Development Center,
402 First Feloral Building,

Florence, Alabame 35630,

U.3.A.

The calculating or computing techniques are Aescribel in the following

articles-

- Normal L. Hargett, Sclecting Matericls in Least-Cost
Analysis, TV Notional Fertilizer Development Center,
Distribution Feonomics Section, Tennessee V~lley
Authority, Musclc Shoals, Alabama 35060, U,3,A,




3.4.4 Utility costs.

Apart from the strai;ht fertilizers, bagging materials, and a negligible
consumption of gasoline for the shovel trucks, the only utility consumed

is electricity, which at US % 0,055 per KWh correspoms tos

= JVariant A,
Total power required:s 69 KXW
Production capacity: 7 metric tons/hour
FlectrbAbdy. cost: US 3 0,54/metric ton -

-~ Variant B,

Total power required: 71 KW ’
Production capacity : 12 metric tons/hour
] Flectricity cost: US %0, 33/metric ton.




3.4.5 Salaries of porsonnel and workers.

The subsequent persormel and workers and total salaries per year will

be valid in Liberias

Personnel and workers

Number and categories

1
1
1
1
6
1
8

40
4

Agronomist and marketing manager
Plant manager

Production supervisor

Materials handling superviser
Operators

Maintenance man

Labourers

Part time labourers

Security people

3,52

Annual salaries, US *

Total of each category

30,000

2

2,900

4,000
8. 400
6,000
7.100
2,500
6,400
8.000

Total, excl. administrative personncl 25.300
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3.4.6.  Variable and fixed costs of fertilizer bulk viending and

bagging, exclusive materials costs.

The variable and fixed costs of a fertilizer bulk blen'ing and bagging

plant, exclusive the materinls cost will be, as follows:

- Variant A
Capacity: 30.000 metric tons per year
Annual production
30,000 MTFY
22,500 MTPU
15.000 MTPY

- Variant B
Capacity: 50.000 metric tons per year
Annual production
50.000 MTPY
37.500 MTPY
25.000 MTPY

Cost._
Us 4
Us 4
Us 4

Cost_
us M
Us *
Uus 4

18, 32/metric ton
20,98/metric ton
26, 04/metric ton

16,00/metric ton
17,88/metric ton
22,30/metric ton

The specific cost figures are calculated in the attached tabulations

Nos. 1 anl 2.

The figures corresponl to the equipment price basis and Liberian salary

corditions of 1975/1976.
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Tabulation Jlo. 1

VARANT 4

VARLLBLT AND FIXTD CcOosT

FXCLUSIVT MATORIALS COST
CALCULATION

Capacity H 30,000 MTPY
Fixed assets estimatel US % 0,5 million

Working capit-l: estimate? US % 0,5 million

Stream factor, 7% 100 15 50
Annual production, MTPY 22.500 15 ,000

@8ogt per metric ton: Ust Us?

Tlectricity 0, 54 0,54
Gasoline - -
Bagging materials ‘ 10500 10,00
Salaries:

Us % 95.2300 per year 4,33 6,35
Mrintenance:

2,5 % on fixed assets 0, 56 0,83
Straight line lepreciation over

10 years:

10 % on fixel asscts
Average interest,

4,0 % on fixed assets
Interest,

10,0 % working capital

Insurance cost,

1,0 / on fixed assets

Total
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Tabulation No, 2

VARIANT B
! VARIABLE AND FIXED COST hd
EXCLUSIVE. MATERIALS COST
CALCULATION
Capacity H 20,000 MPT
Fixed assets estimated US % 0,6 million
Working capital: estimated US 3 0,8 million
Stream factor, % 100 15 50
Amnual production, MTPY 58,000 37.500 25.000
Cost per Betric ton s 8 s 3 Us 2
Flectricity 0,33 0,33 0,33
Gasoline — -— -—
Bagging Materials 10, 00 10,00 10,00
: Salaries:
US @ 95.300 per year 1,7 2,54 3,81
‘ Maintenance s
2,5 % on fixed assets 0, 36 0,48 0,72
Straight line depreciation over
10 years:
10 % on fixed assets 1,20 1,69 2,40
Average interest,
4 % on fixed assets 0,48 0,64 1,60
Interest,
10,0 % on working capital 1,60 2,13 3,20
. Insurance cost,
1,0 # on fixed assets 0,12 0,16 0,24
Total 17,88 22,30




356

3:A4. 7 _Contractors and equipment supplicrs

The following list gives 1 number of reputated contractors amd equipment

suppliers of fertilizer bulk blending and bageing plantss

Fertilizer "njineering and
Equipment Co. (F"RCO),
Grecn Bay, Wiscousin,

Uo S| Al

- The A.J. Sackett and Sons Co.,

Baltimore, Maryland,
U. S. A,

-~ Steadman PFouniry amnd
Machine Co., Inc.,
Aurora, Irndiana,

U. S. A.

= Chartin Construction Co.,
Como, Texas,
U' S' A"L.

= Nisho - Iwai,
Tokye,

Japan.

- Voest,
Linz,
Austria,

- Basse Sambre - Tri,
Belgium,
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3:4.8 Helpful hints to potential investor.

4 potentinl investor who inquires of vendors for information on 2 bulk
blending amd bagging focility should moke the rcqucst as complete as

possible, Typical information needed is as follows:

(1) How will matcrinls be received aml what rete?
(2) wWhat kind ~n? how much bulk materinl is to be stored?
(3) How much bag stoprze is needed?
(4) The bagging r# 'esired, type of bngs and method of closure.
(5) ‘'Mmat typc of scoson is expecte? and what rate of output is expected? -
(6) Is bulk proiuct to be shipped?
(7) Is it planned to stere bulk protuct?
(8) The desire? type of Building construction and any available details .
about specific location.
(9) Any information concerning the proluction of specinlty materials
such as thosc containing micronutrients or pesticides-herbicides,
(10) How will bagse! product be hamdlel amd shipped?
(11) Any information that may be pertinent such ~s road access,
availability of labor aml ratcs, ctec. should be helpful.
(12) Weather comditions through the year, i.c. -maximum, minimm, amd
average rainfall of each month wd maximum, minimum, anl overage
of tempcraturc and humidity of atmospheric air of each month through

a few consecutive years at envisaged plant location.

This will allow the wvenlor to make a more ~ccurate quote and tn make
specific recommendationsg for achieving a well-designed and operated facili-

ty.
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4,1 Introduction

In the present report a feasibility gstudy and assessment
is described and detailed of a proposed chemical complex, con--
sisting of an ammonia plant, a nitric acid and ammonium nitrate
plant, a NPK compound blending and granulation plant, and re--
lated off--sites inside and outside the battery limit of the
complex.

This chemical complex has been proposed and offered for
construction in Liberia to the Govermment of Liberia by N-Ren
Corporution. The proposal has been submitted and quoted in a
proposal hook with the following title:

"Project Study and Technical Proposal for
Agrochemical Complex

for

The Republic of Liberia.

September 1974

Sales No, 9 1374,7

The complex is proposed to produce the following
end--products:

. Ammonia,
For sale to the Liberian rubber plantations
for stabilizing of latex solution.
Nominal rate: 3,000 short tons per year

. Ammonium nitrate (33,5% N)
For sale to the explosive manufacturing
industry in Liberia, which covers the
market on explosives in 211 West Africa.
Nominal rate: 28,000 short tons per year.




- NPK compound fertilizers,
For sale to the agriculture in Liberia and
neighbouring countries.
Nominal rate: 100.000 short tons per year.

FPurthermore, in this report is evaluated a revised pro-

posal of February 1976 from N-Ren Corporation. This proposal
has been submitted to President William R. Tolbert by N.-Ren
International Ltd., Bermuda by letter of 12th March 1976.

In the revised proposal, the same end-products as above

are foreseen,

The phosphatic raw material to be imported has been changed

from di-ammonium .- phosphate (DAP) in the previous proposal to
the cheaper mono--ammonium .- phosphate (MAP) which contains re-
latively less ammonia.

The revised proposal comprises two alternatives:

Alternative A: As in the previous proposal, a process
plant for production of smmonia on basis of naphtha and
fuel o0il No.2 is foreseen. Besides, this altermative
includes a nitric acid plunt, and a complex plant for
production of ammonium nitrate (33, 5% N) and NPK ferti--
lizer,

Alternative B: This alternative is based upon import of
ammonia and has a large ammonia storage tank, but includes
no ammonia plant. The other production units are the same
as in alternative A,

The nominal production rates of the revised proposal are,
as follows:
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Ammonia for sale.
Nominal rate: 3.000 short tons per year.

Ammonium nitrate (33, 5% N).
Nominal rate: 25.000 short tons per year.

NPK fertilizers.
Nominal rate: 100.400 short tons per year.
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4.2 Summary

The feasibility sfudy and assessment of the fertilizer
factory as proposed by N—Ren Corporation can be summarized, as

follows:

1,

2,

3.

4,

A fertilizer plant in Liberia will have to depend upon
either imported petroleum or imported ammonia, and, be-
sides, imported phosphatic and potassic raw materials.
Liberia does not dispose of any indigenous raw materials
for the manufacture of fertilizers ang ammonium nitrate
(33.5% N).

Although the proposed plant has relatively a very small
capacity as compared to the modern size fertilizer plants,
which have been built during the last 10 years around the
world, the domestic market of Liberia, as it is to-day
and it may still be during the next few years, will be
able to consume merely approximately 60-70% of the

annual production of ammonium nitrate (33,56 N) and in

the order of 15--35% of the annual production of NPK
fertilizers.

The annual production at a stream factor of 80% as typical
for developing countries will total approxinately 18,000
metric tons ot ammonium nitrate (33,5% N) and approximate-
ly 73.000 metric tons of NPK fertilizers.

The domestic consumer in Liberia of the ammo iium =itrate
(33,5 N) would be entirely Exchem-West African Explosive
and Chemicals Ltd, at Charlesville, which possesses the
exclusive rights on explosives mamufecturing, blending

and preparation in Liberia, and which covers practically
all the market on explosives in the West African countrics.
The consumption of explosives is a function of the pro-
duction of the mining industry, the construction of roads,
etc. in the marketing areas.
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7.

4.5

In Liberia the present and future consumers of NPK
fertilizers are and will be the tree plantations, in
particular the rubber plantations and other planta--
tions operated by the concessions. The plantations
may prefer NPK fertilizers admixed with micronutrients
and Kieserite. The N-~Ren proposal does not include,
but could probably be supplemented with the extra
equipment for such admixture. At any rate, it would
be necessary to check carefully with the concessions
whether the NPK grades to be mamufactured in a Liberian
factory would be acceptable and suitable for their
purposes.

In case of field crops, such as rice it is not feasible
at present and probably for a number of years to apply
to the Liberian soil potassium (K), which is one of the
three constituents of NPK fertilizers.

In swamp rice fields the nitrate content or 50% of the
N constituent of the NPK fertilizers of the proposed
plant will be lost to the atmosphere, before the plants
can make use of it.

Therefore, NPK fertilizers arc not economic and suitable
for the fields in Liberia. The same may be valid in
some other African countries.

At any rate, any production of Liberian factory in
excess of the domestic market would need to be cxported
to other African countries, where a serious competition
from the international exporters having much lower
manufacturing 2osts due to modern and large sized
technology aund indigenous raw materials would have to
be faced.

Since most African countries consume small amounts of
fertilizers, the cxcess fertilizer production would have
t0 be sold to several countries.
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With respcct to AN (33,5%) the surplus production
could only be sold outside the West African region
to the other Africen countries, which do dispose of
their own explosive manufacturing, blending, and
preparation facilities,

Reference is made to chapter 4.13.

Besides, the cxport of ammonium nitrate (33,5% N),
which ie classified as an explosive, would require
the construction of a new ocean harbour with stores
complying with “the US Coast Guard Regulations’ which
may not permit this harbour to be uscd for other
commodities and ships. Pleasc note that Exchem at
Charlesville is not allowed to land their import of
AN (33,5% N) in the Monrovia and Buchanan harbours.

The prices quoted in the revised N Ren proposal are
appreciably higher than those in the previous proposal,
even though the extent of supplies of both alternatives
A and B of the revised proposal arc less as comparcd

to the previous proposal. The increased prices can be
explained by the drastic inflation on capital goods
from 1974 to 1976.

The appurent profits of a Liberian factory as demone

strated in the previous and revised N--Ren proposal are
entirely [l crhrea . I/ C

The reasons of this are that N-Ren have based their
fictive estimates on hypotetical and extremely low

raw material prices which cannot be obtained to-day

in Liberia, and hecausc they comsider the factory to
be able to operate continuously at design capacity all
through the year corresponding to a strcam fa:tory of
100%, Undoubtedly, the r.w material priccs will in.-
crease during the next ycars, and cven 2 stream factor
of 80% is optimistic in a developing country.
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4.7

On the subject of raw material prices reference is made
to tabulation No. 11 of chapter 4.7.

In the revised proposal straight-line depreciation over
14 years of only 85 % of the investments has been anti-
cipated by N~Ren instead of a period of 10 years and
100% of the investments as it ought to.

It is noted that the raw material costs make out the
major part of the manufacturing costs of the end-
products. A less, but still important part is formed by
the depreciation and interest on the investments.

Purthermore, N-Ren does not account adequately for the
cost of maintenance and repair of the factory during
operation, shutdowns, and annual overhauls.

Besides, N-Ren has not made any allowances for harbour
fees and local transportation of raw materials and cnd-
products or any depreciation and interest on the
additional capital to be financed and paid by the
Government of Liberia for site preparation, indigenous
supplies and construction works, auxiliary equipment,
ex battery limit installations and provisions, harbour
facilities etc. Rcference is made to chapter 4.12.

The revised N-—Ren proposal includes the battery limit

process plants and facilities and expatriate services,
but excludes the indigenous building materials, civil

engineering works, and salaries of local personnel and
workers,
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The investments and financing of the N-Ren supplies and
services are, as follows:

Alternative A Alternative B

Million US $ Million US $
Investments, workiyg cggital

and pre=operatingz interegt 55.9 49,3
Financing
Equity
N-Ren Corporation's shares 4,3 ( &%) 3,8 ( 8%)
Government of Liberia's shares 10,0 (18%) 8,8 (18%)
Long term dcbt Stppller's:loan 41,6 (74%) 6 14%
Total 55,9(100%) 49, 3(100%)

The long term debt or loan is required by N-Ren Corporation
to be 100% surety quaranteed by the Government of Liberia.
Repayments on the long term loan and payments of accrued
interest will start 6 months after commissioning of the plant,
irrespective of the plant will be operating or not.

Therefore, the commitment of the Govermment of Liberia as
related to the N-Ren supplies and expatriate services, but
exclusive of additional commitments would be:

Alternative A Alternative B
Million US $§ Million US $

Paid up Government of Liberiat's

shares 10,0 8,8
Repayments on long term debt 41,6 36,7
Payments of accrued interest 14,4 12,4

Total 66,0 57,9
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There can be no doubt at all, that the plant and services
as offered by N-Ren Corporation are much more expensive

and includes a fat profit to N—-Ren Corporation as compared
to bidding on competitive terms.

Thus, the modest capital retained in the factory as N-Ren
shares corresponding to 8% of the above investments would
surely be a part only of the extra profit secured by N-Ren
Corporation under the contract terms as offered and to be
paid and guaranteed by the Government of Liberia.

The guarantees, warrantecs, and liability as offered by
N-Ren Corporation are very unsatisfactory narrow and of
little legal value. Besides, N-Ren is grouped into a
series of Belgian, U.S.A., and Bermuda corporations which
neans that any legal action later on against N~Ren
probably would be bound to faii.

Neverthelecss, the modest share capital retained by N~Ren
Corporation would cntitle this conpany to a 30 % owner-
ship of the Liberian factory.

The annual deficit of a Liberian fertilizer factory has
been calculated on the following basis:

~ Prevailing ex-Liberian refinery prices on narhtha
and fuel oil No.2. without any allowance fo: additional
fractionating cost to fulfil the naptha specification
required by N--Ren Corporation.
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- Prevailing c.i.f. Monrovia prices on imported
phosphatic and potassic raw materials.

- Electricity cost as prevailing in Monrovia for
large industrial consumers, while other utility

costs as foreseen by N-Rén Corpdration.

.- Straight-run depreciation over 10 years and 3,7 %
pP.a. average interest on battery limit investments
and expatriate services of above item 10 exclusive -
electric power station.

~ 10 % p.a. interest on working capital.

~ Maintenance cost at 2,5% p.a. on the battery limit
investments and expatriate services of above item
10, excluding electric power station.,

-~ A stream factor of 80%.

- Ex factory prices on end-products equal to prevail-~
ling cif, Monrovie prices on imported fertilizers
and AN,

~ Labour and staff coets as foreseen by N—~Ren
Corporation.

~ US § 200 per metric ton of imported ammonia for
Alternative B,

The annual deficits as calculated are, as follows:

Anmual deficit

Alternative A Us 6,3 million

Alternctive B Us § 3.3 million
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At an imported price of US $ 220 per metric ton on
ammonia as figured by N~Ren Corporation, the annual
deficit of alternative B would increase by US $ 0,5
million to US $ 3,8 million.

Evidently, the ex factory prices which can be obtained
from the cxported end—products will be substantially
lower than the c.i.f. Monrovia prices on these products -
imported from abroad at to-day's level. A discount of
say Us § Z{per metric ton to cover loading, freight,
insurance, and unloading coste and import agents' fees
on a yearly quantity of for instance 70.000 metric tons
would make the above ammual deficits to increase by US
3.5 million,

lMoreover, the above annual deficits do not include any
allowances for harbour fees and local transportation of
imported i1aw materials and exported products or any
depreciation and interest or other charges related to
the large extra irvestments of the Govermment as
explained under the subsequent items 12 and 13.

Further to the investments on N-Ren Corporation's battery
limit supplics and expatriate services of above item 10,
the Governnent of Liberia would be obliged to furnish,
pay, and finance, as follows:

~ Price escalation on N=Ren Corporation's battery limit
supplies and expatriate services during the delivery
and construction period. These amounts would probably
have to be paid cash and could very well reach the
order of US § 9~10 million or nore.

~ Additional fractionating equipment at Liberia Refining
Company.

—~ Site of plant and site »reparation.
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4.12

~ Auxiliary equipment; indigenous building materials,
and civil engineering works at battery limit plant.

-~ Ex battery limit installations, harbour facilities
in existing harbour, new harbour for AN export, etc,

~ Housing of personncl and workers,

-~ Stores, transportation, distribution, and farmers!
credits for the domestic fertilizer market.

- Consultants and staff during contract period to
control the interest of Government of Liberia.

- Training and emplcyment of plant staff and workers
during final construction period, ‘

«-  Supply of raw materials of factory.

-  Repair of factory and loss of production due to
possible maloperation during the first start-up
and operation years.

Seemingly, the N~Ren Corporation does not permit the
Government of Liberia to convert any of the above investe
ments into share capital. At any rate, these investments
could only be recovered through sky-high fertilizer prices
in the domestic market which would inply any import of
fertilizers to be prohibited fer many years.

Reference is made to above item 7 and chapter 4.12,

Referring to chapter 4.9.5 the Govermnment of Literia would
be asked and would have to pay to ICI/Kellogg a large
license fee on their naphtha reforming process as soon as
the Liberian factory would start to produce., This claim
presupposes that the ICI/Kellogg patents on said process
are in force in Liberia
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15,

16,

17,

18,

4.13

The technical references on the Ammopac units of N-~Ren
Corporation must be checked carefully through visits by
neutral experts to existing units in operation before
signing of any contract. In particular, it would be
imperative to control the technical references of N-~Ren
Corporation on naphtha reforming.

All supplics on raw materials would have to be secured
on a long term delivery, freight and price basis before
any signing of contract. -

A Liberian fertilizer tactory would give employment
possibilities for around 100 Liberian nationals and
no more.

The plant units offered by N=Ren Corporation would
hardly meet the environmental protcction standards
now being in force in most industrial countries.

Liberia Refining Company has no access to any crude
petroleum to be able to producec a naphtha with the
high naplithenic contents as specified by N—~Ren.

It is stressed that any dcviation of the naphtha
actually to be supplied to the fertilizer factory from
the naphtha specified by N-~Ren may form a legal escape
by N-Ren from any liability on th¢ naphtha reforming
process of the Ammopac ammonia plant.
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4.4.1 Price (As valid by September -October 1974) 1,000
-~ Cost of plant and facilities 36.200
- Working capital and preoperating expenses 1,810
-~ Pre—operating interest 2,805
Total &0.815 Us %
4,4.2 Financing 1,000 US &

-- Share Capital
Liberian Government and investors (70%),
to be fully paid shortly after signing of

contract with N~Ren Corporation 7.602
N-Ren Corporation (30%) 3.258 10,860

-~ Loan to be provided by N~Ren Corporation
from either suppliers! credit or buyers*
credit through international bankers
against Liberian Goverrnment guarantees,
and repaid in 5 equal installments during

5 years at 10% p.,a. interest 29.955
Potal 40,815

Mull price 40,815
Minus N-Ren Corporation's equity ghare
(30% of share capital and 9% of full price) 3.258 371527
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4:4.4  Liberian Govermment's guarantees, payments, legislation,
and liability as envisaged by N-Ren Corporation

1,000 US §
~ Payment of 70 of share capital, shortly aftér
cisdn of ematract with N=Ren Corporation 7.602
-~ Surety guarantee on payment of loan 29,995

- Surety guarantee on accrued interest on loan

=~ Antidumping legislation and customs duty to secure
high fertilizer prices in Liberia and protect
fertilizer plant against external competition and
import.

= According to the proposal, N-Ren will assist Lib-Ren

in the establishment of its marketing organization,
moving products to retail outlets, seleceting, training,
and organizing fertilizer distribution systems and
developing long range market forecasts to allow proper
financial planning. 1In practice, this means the
fixation and regulation of the market prices on ferti--
lizers in Liberia to be high enough to cover the

manufacturing costs and financial obligations of the
plant,

~ Moreover, during the years of early operation and the
establishing of increased usage of fertilizers in
Liberia N-Ren if required will guarantee the off-take
of surplus produced in the plant. Most probable, this
clause only promises that N~Ren will sell any suiplus
of products on the free woirld market at free world
market prices, including a sales provenue to N—Ren.
Because the plant will operate at an extremely high
operation cost, thie promise is empty as it dces not
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secure any financial backing from sales to the free world
market. 1In fact, this clause could very well prove to be
very disadvantageous as it may oblige the plant to sell
its surplus production to the free world market upon any
commitments by N-Ren at a loss and at the expense of the
Liberian customers,

N~Ren requires in the proposal that the Liberian Government
allocates extra capital for the establishment of some form
of farmers' credit facility which will enable farmers to
pay for the fertilizer out of the proceeds of their sale
of the agricultural products. The capital required for
this purpose may correspond +to the market price in Liberia
of fertilizers consumed during 6 - 12 months.

Any necessary improvement of plant beyond N-Ren's narrow
liability (see later) will have to be borne by Govermment
of Liberia,

4,4.5 Management of Plant

The

)
-

The

N-Ren proposal claims:

General Manager of company shall be an expatriate with
appropriate industry experience.

A technical management contract will be given to construct
and operate the company for a period of at least seven years.

The initial plant manager and superintendents of maintenance
and operations will be selected from American or European

experienced personnel.

above claims would mean that the Liberian Government and
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investors would have no saying at all as to the technical
nanagement of the company during the first seven years of
construction and operation.

4,4,6 N-Ren Corporation and subcontractorst®narrow warranties

-

and liability

Te following paragraphs in the N~Ren proposal are
important to perceive, and they are extremely unusual and
outrageous according to the normal practice in the inter-
national contracting business:

No allowance will be granted for any repairs or alterations
made by the Liberian Government and investors (purchaser)
without NeRen's written consent.

Equipment and accessories designed and manufactured by

third parties (i.e. all N~Ren's subcontractors and suppliers)
are guaranteed only by N-~Ren to the extont of the original
nanufacturer?s guarantee to N-Ren.

The 1liability of N-Ren (except as to the warranty of title
and the 1liability respecting any performance guarantcc)
arising out of the male and installation of said apparatus
or its use, whether on warranties or otherwise, shall not

in any case exceed the cost of repairing or replacing
defective parts as aforesaid, and upon th. expiration of the
said one year, all such liability shall terminate.

The utilities consunption figures stated herein are
cstinated figures. PFinal figurcs will bte developed after
final equipment selection is made and manufacturer's
guaranteed utilities consunption figures received.

In the above clmuses, N-Ren seeningly does not retreat from
a normal performance guarantce which means a puarantee on
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the design capacity or production of end-products in tons
per 24 hours., The performance guarantee is usually tested
during a few days' operation period.

N-Ren does not givec any guarantee on consunption figures
in advance of signing the agreemsmt. The lack of this
inmportant guarantee on well-defined terms must be regarded
to be unacceptable to any purchaser.

It is emphasized that NeRen is not an equipment and machinery
manufacturer., N-Ren most probably is the owner of the complete
engineering packages of the process design, instrumentation,
detailed machmthical design of equipment, etc. for the process
plants as offered., All equipment offered by N—~Ren will have

to be purchased from specialized manufacturcrs, who will have
to comply with N-Ren's engineering specifications and drawings.
Engineering etc, of piping, lay-out, buildings, etc. may be
subcontracted by N~Ren to other subcontracting firms.

This means that the manufacturers and the subcontractors
can only guarantee and be liable for their specific

equipment or tasks and cannot assume any general guarantees
and 1liability for the N-Ren overall design,

Therefore, a limitation of N-Ren's guarantees and liability
to the extent of the guarantees and liability of third
parties would be entirely unacceptable to any purchaser.

Just as unsoceptable would it be to accept that N-Ren's
liability should not in any case exceed the cost of repaire-

ing or replacing defective parts of the apparatus as suggested
by N"Reno
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0»  the contractual terms proposed by N-Ren the performanee
guarantees given in the N-Ren proposal have no or very
little legal and financial haekground. Besides, the per-
formance guarantees nust eomprise both eapaeity and
consumption figures, the latter of which are given only

on an estimated basis.

Thus, in the event that the plani proposed by N~Ren would
show a poor performance, the liability and guarantees
proposed by N-Ren eould very easily and quickly be exhausted,
before the plant might be properly improved. Subsequently,
because of their great surety guarantee and 70% equity share
the Liberian Goverrment and investors would have to pay at
their own expense the delivery and installation of any
additional or new equipment and machinery as required to
bring the plant into reliable and constant operation at
desired capacity.

Consequently, before any eontract could be eoncluded with
N-Ren, N-Ren must agrce upon a full set of normal guarantees
on performanee capaeilies, consumption figures, eompleteness
of plant, mechanical reliability of all equipment and
machinery within the first 12 months of operation, etc.
within a total liability which would comprise of a reasonable
portion of the contract price.

With reference to the particular history of the N~Ren
Corporation, it is evident that N~Ren would not be disposed
and financially strong enongh to comply with such an exten-
tion of the guarantece and liabilities, alt} wugh they are
normal in the intermational contracting bu. iness.
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4.4,7 N~Ren's Ownership of Plant

~ It is recalled that the contractual and financing terms
proposed by N~Ren imply that N~Ren would remain the owner
of 30% of the plant at any time and at any event and that
the Liberian majority group would have to respeot the
rights under Liberian laws of the N--Ren minority share-
rolding.
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4.9 Technical evaluation of N-Ren proposal of September 1974
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4.5.1 Process units, capacities, and production rates

The N~Ren proposal comprises the following process units:

One Ammopac ammonia plant.
Capacity: 100 short tons of ammonia/24 hours.

Yearly production at 100 # stream factor:

34.044 ghov’ tms of Emaonds . (catoulated .as” 100% NH3).

Stream days per year: 340 (100% stream factor).

Process feedstock: Naphtha
Fuel Fuel oil No., 2.

One nitric acid plant.

Capacity:
180 short tons of nitric acid (100%) /24 hours,
acid strength min. 56%.

Yearly production at 1004 stream factor:
55.874 short tons of nitric acid (100 % basis).

Stream days per year: 310 (100 % stream factor).

Process feedstock:
16,315 short tons of ammonia (as 100 %) /year.

One ammonium nitrate plant.
Capacity of ammonium nitrate prills:
100 short tons of ammonium nitrate prills/24 hours.

Yearly production of prills at 100% stream factor:

28,000 short tons of prills.

Stream days per year: 280 (100% stream factor).
Process feedstocks for prills.
€.244 short tons of ammonia (as 100%) /year
22,764 short tons of nitric acid (as 100%) /year
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Additional capacity and production of ammonium mitrate
golution fqor N~P=K plant at 100% stre fachor:

8.485 short tons of ammonia (as 100%)/year
33,110 short tons of nitric acid (as 100%) /year.

= One N-P~K blending and granulation plant.

Capacity: 300 short tons of 17-17-17 compound fertilizer/
24 hours, with capapility to produce other grades

Stream days per year: 280 (assumed).

Yearly production of N-P-K prills at 100% stream factors

17-17=-17 grade.
40,000 short tons
Process feedstocks:
2,680 short tons of ammonia (as 100%) /year.
10.880 short tons of nitric acid (as 100%4) /year.
15.160 short tons of DAP (18,2-.46,8-0) /year.
11.840 short tons of mutriate’of pdtash (60% K,0)/year.

16-8-24 grade,
30,000 short tons.

Process feedstocks:

2.550 short tons of ammonia (as 100%)/year

9.750 short tons of nitric acid (as 100%#)/ycar.
5.370 short tons of DAP (18,2-4698%0Y/yvar.

12.540 short tons of muriate of potash (G0O% K,0)/year.

¢ ——



23-11,5-11,5 grade

15.000 short tons.

Process feedstocks:
1.755 short tons
6.720 short tons
3.690 short tons
2.880 short tons

4.28

of ammonia (as 100%) /year.

of nitric acid (as 100%) /year.

of DAP (18,2~46,8~0) /year.

of ruriate of notash (60% K20)/&ear.

19,1 =946~ 19,2 rade

15.000 short tons.
Prccess feedstocks:

1.500 short tons of ammonia (as 100%) /ycar.

5,760 short tons

of nitrie acid (as 100%) /year.

3.180 short tons of DAP (18,2~-46,8.0) /year.
4.935 short tons of rwmriate of potash (60% K,0) /year.

4:9.2 End-product quantitics for sale (yearly basis):

The N-Ren proposal envisages the following quantities
of end-products per sale on a yearly basis:

Liquid ammonia

3.000 short tons

Ammonium nitrate prills 28.000 short tons
N-P=K compound fertilizers:

17=-17-17 grade
16~-8--24 grade
23=~11,5-11,5 grade

40,000 short tons
30.000 short tons
15.000 short tons

19,1-9,6~19,2 grade 15.000 short tons

Part of the process feedstock for production of the N-P~K
fertilizers is amnonia and nitric acid. Nitric acid is again

produced in the plant on basis

of armonia.

The N-Ren proposal foresees that the ammonia plant will be
able to operat: at design capacity through 340 days per annun
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corresponding to a strcam factor of 100%. The above quantities
of end--products have been bascd upon this assumption, which
however is not correct. In a levcloping country a stream of
more than 80% can hardly be obtaincd, which implics that no
norc than 80% of all thc quantitics listed above would be

available for salc on a yearly scale.

4.5.3 End-product and intcrmediate product specifications.

Tho N~Rcn proposal is based upon the following product

specifications:

Amnonia, liquid

NH3 niniiun 99,5% Dby
0il maxirun 5 pprn by
Water maxirman 0,5 by

Temperature at loading station: not given
Pressurec at lnading station: not given

Nitric acid

HNO 5 ninimun 56 by

HNO,, naxinun 0,1% by

Armmonium nitratc prills:

weight
weight
wcight

weight
weight

Altcrnative qualities: High or low Adensity product.

Nitrogen: 33,5

Watcr: not given
Frec acid: not given
Nitrite: not given
Coating agente not given
Particle size: not given

N~-P=K granules.

Noriinal grades: 17=17-17
16--8--=24
23-11,5-11,5
20-.10--20




4.30
Partitle size:

90% less 6 and plus 14 mesh Tyler
90% plus 20 mesh Tyler.

4.5.4 Raw material quantitics and specifications.
The N-Ren proposal requires the following raw materials as

available to the plant.

Amnmonia plant.

Naphtha: as process feedstock.

Ycarly quantity:

Expected 18.724 short tons for
34.044 short tons of armonia
(as 100%) at a specific consumption
of 0,55 ton/ton

L

Specification:
Straight-run naphth-.
APT Gravity minisum 62,10°
Gross heating value minirun 20.500 BTU/1b
Distillation range:
IBP ninirun 131°F
0% -V naxirun 212°F
FBP: naximun 239°F

PONA analysis:

Paraffins: 48,2 %.V 48,2.%.V
Olefins naxirum 0,3 %.v
Naphthenes A47,0% .V
Ar-natics naxirnn 4,% Vv

100,04 V

Sulphur: naxirmun 0,03.% by weight



Rugl oil: as fuel

Yearly quantity:

Expected 17.022 short tons for
34.044 short tons of armenia (as 1004)
at a specific consunption of 0,50 ton/ton.

Specification:

Type: Equivalent to No.2 fuel oil.

Agponiun nitrate plant

Coat ent

Yearly quantity:

Expected 280 short tons for
28,000 short tons of AN prills at 1% coating.

Spccification: not given, but probably the same ae for
N-P-Kefertiliser (sce below)

i--Armoni 08 te

AP)t as fecdstock

Yearly quantity: 27.400 short tons for production of 100.000
short tons of N-P-K grades in portions given above,

Specification:

Armonia contents
P205 content:

Particle aize:

18,2% by weight (dry)
A¢, 0% by weight (dry)

not given

e - -
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Potassiun chloride

(Muriate of Potash): as fcedstock.
Yearly quantity: 32.195 short tons for production of 100,000
short tons of N-P-K grades in portions given above

Specifications
Type: Standard
K,0 content: ninirun 60% by weight

Particle size:

100% ninus 16 nesh Tyler (1 nl.)
nin. 50% ninus 32 nesh Tyler (0,5 ml.)

Coating agent,

Yearly quantity: 1.000 short tons for
100.000 short tons of

N~P-K fertilizers at 1% coating

Specification:
Typc: Diatomaceous earth or fiune linestone
with addition of a 2% surfactant.
Sizes Substantially ininus 325 nesh
Moisture: Maxirun 3%

Surfactant. (if required for coating agent).
Yearly quantity: 20 short tons for 1.000 tons
coating agent at 2% surfactant.

Types Petrc Ag.

Purity: Minirurm 95¢ !Mcthyl Naphthalene Sodiunm
Sulfonate.

Moistures Maximun 2,5%
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Fuel oil: Fuel for sphercdizer furnace

Typc: Bunker C.
Gross heating value: ninirun 18.000 BTU/1b.

Bags

Electrical power plant. (Included as own utility of plant in N-Ren
proposal)

Dicsel oil: as fuel of Diescl generators (2x6.000 HP units).

Yearly quantity: not given or apparant in N-Ren proposal.

Package boiler. (Included in N~Ren proposal)

Fuel o0il: Bunker C oil
Yearly quintity: not given or apparent from N-Ren proposal.

4.5.5 Process plant description and specification

4,5,5.1 General

1. Thc N-Ren proposal does not subnit any process flow
diagrans, operating conditions, etc. which means that
the process design is not defined in accurate data-and
cannot be checked adequatcly. '

2. The N~-Ren proposal does not subnit any cngineering flow
diagrams and utility diagrans which ncans that the ade-
quacy of piping instrumentation, process control, mechanical
safety contrecl, autonatric analyses, utilities, ete. arc
not defined in bcforchand and cannot be checked.

3. The N~Ren proposal docs not include any detailed plot
plan and proposed cquiprient and piping lay-out drawings,
which riecans that the arrangement of equipment, piping,
buildings, storagcs, ete. is not defined and cannot be
checked in beforchand.
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4. The N-Ren proposal doecs not subnit any clectrical diagran
which riecans that the clcetrical systen is not defined in
dectails and cannot be checkced in beforchand.

5. The N-Ren proposal does not indicnte any codes and

standards as assuicd for the design, engineering nanufactur-
ing, construction, etc of thc plant which leaves quite

sone uncertainty on the adecquacy of thesc items.

6. In accordancc with the N--Ren proposal the list of cquiprient
for the process plants secns to be generally inclusive. -

T. The cquipnent spccifications of the list of equipnent of
the N~Ren proposal does not statc any dinmensions, any
dctailed design featurcs and data, any individual cxpected
and guarantced perfornance data, any nakes or nares of
rmanufacturers, etc. This involves that the cquipnent
camot be evaluated in sufficient details.

8. Although thc N-Ren list of cquipnent is stated to be
generally inclusive, the N~Ren proposal ought to indicate
clearly that it shall be the responsibility of N-Ren to
deliver all cquipment as nceded for the adequite design,
construction, and opcration of the plant according to
general engincering standards, even though the cquiprient
list night not be complete in the first place. If therc
would be any cxceptions in the delivery liability, they
ought to be pointed out by N-~Ren in advance of signing any
agrecnent.

4,5.5.2 Ammonia Plant

A nodern armonia plant of first class design and bascc upon
cither natural gas or naphtha as process fcedstock corprises
the following sequcncc of processcs (other wmonia plants arc
bascd on fucl 5il and huve a different process scherc).
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- Feedstock hydrocarbon desulphurization.
- Primary stecam~hydrocarbon reforming at approximately 35 Kg/cm2g.

- Secondary reforming and addition of process air from centri-
fugnl air conpressor driven by stean trubine.

~ High degrce of waste heat utilization for raising of high pre-
surc steam (approximately 100 Kg/cm2g.)

- High tenpecraturc gg shift conversion.

- Low temperature Co shift conversion.

~ Hot potassium carbonate wash for Co, renoval, At plants with
very low price natural gas as feedstock, a IMEA wash nay be
used instead, resulting in lower investrnent, but higher stecan
consunption, and, thus, higher consunption of fuel.

- IMethanation of residual Co and Co2.
- Water or air cooling of synthesis gas.

- High pressure steam turbine driven centrifugal compressor for
synthesis gas compression and recirculation.

- Armonia synthesis at approxinately 250-350 E@VQMQS. pressitre.
Primary condensation by water or air cooling and‘secondary
condensation by refrigerant amnonia cooling with centrifugal
refrigerant armonia compressors driven by steam turbines.

A study of the N.-Ren proposal shows the following departures
from the modern wonia process route:

1) Prinary reforning of stean-naphtha takes place at an inlet
pressure of 15-16 Kg/cmgg, and simultancous additioen of a
portion of the process air to the primary reformer.




2)

3)

4)

5)
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Secondary reforming and addition of the remaining portion
of proccss air.

Quenching by injcetion of prccess condensate is applied at
exit of sccondary reformer, between the high and low
tenperature Co shift conversion beds, and at inlet to the
ITEA reboiler.

IEBA «+ Girbotol wash is uscd instcad of a hot petassiun
carbonatec wash for 002 rcrioval.,

Reciprocating multiscrvice coripressor driven by elcctrical
notor is forescen for synthesis gas pressure, synthesis
gas recirculation, process air, and rcfrigerant armonia.

These departure fromn noderm process route inply as follows:

-

Substontially cheaper cquipment. This advantage is however
by far outruled by the higher sneceific investrients and the
use of reciprocating conpressor in the small size plant
conpared to a large plant.

Substantially higher consunption of fuel and celectricity
becausc of the low rceforming pressurc, the low utilization
of waste hcat, thc application of IEA wash rather than a hot
potassiwa carbonate wash, and the installation of a reciproe
cat ng multiservice cormpressor driven by cleetric motor.

(see report Part III, Page 3.18)

The design and operation of the primary reforrer of the N--Ren
proposal niay not be sotisfactorily recliable. At any rate,
N~Rcn should be asked to prove safisfactory operation in
sinmilar existing plants with the samec raw materials., It is
criphasized that the primary reformer is a very important
process unit in an armonia plant and a high investrient iten.
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=~ The addition of a portion of the process air to the primary
reformer is partly becausc N-Ren cannot use a pronoted or
special naphtha rcforning catalyst against the ICI/Xellogg
naphtha reforning patents. For the sanc rcason; N-Ren has
gpecificd a very lighi naphthz quality, as the plant nay not
be able to handlce 2 normal naphtha gquality.

A:2.5.3 Nitric acid plant

The nitric acid plant of the N-Ron proposal has a norrnzl nitric
acid process concept and contains the usual kind of equipnent
for such a plant.

Howcver, the overall nitrogen cfficicncy based upon the nitrogen
content of the armonia and of the nitric acid produced is given

to be at design production rate 92.5% as applicable to high pressure

(8 atm.) as in N-Ren proposal. This figure is unacceptably low; in a modern

residual pressure (3 atm., 8 atm.) and well operated plant the nitrogen
efficincy is as high as 95 - 97%.

The N--Ren proposal docs not specify the guaranteed maxirun
linit and concentration of nitrogen exides in the effluent
stack gas. This linit and the height of the stack would be
subject to the Liberian authorities decaling with environnental
protection.

hede2.4 Aumoniun nitrate plant

The ammoniun nitrate plant proposed by N.-Ren follows a normal
design concept of this category of process plants.

The AN plant consist of a section for vaporization of armonia
and ammoniun nitrate ncutralization and secctions for evapora-
tion of armoniwn nitrate solution and prilling, drying, cooling,
coating, conveying, storape, and bagging.

In the former section tie amoniun nitrate solution for the
N-P-~K conpound granulation plant is prepared as well.
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The eo;ting' storage, bagging, handling, shipment, etc. of the
ammoniun nitrate explosive material will be subjeet to the
Liberian safety regulations on explosives. A cheek of the
complianee of the N-Ren proposal plant to the Liberian safety
regulations on explosives has not been carried out so far.

The N-Ren proposal foresces the AN explosive (33,5% N) shipped
in 50 kgs. bags.

4.5.5.5 N-P-K blending and granulation plant

The N--P=K plant of the N-Rcn proposal carries out the following
steps:

~ Mixing of ammonium nitrate solution (arriving from the AN
plant) with the DAP and KCL raw raterials into a slurry.

~ Drying and granulation of the slurry into prills.

~ Cooling of prills

~ Coating of prills.
~ Conveying, storage, and bagging.

The N~P~K fertilizer is fcreseen shipped in 50 kgs. bags.

Aceording to the N-Ren proposal maximum 2% of the respective
N,P205 and K20 ingredients fed to the plant will be lost as
dust into the atmospherie air. On a Yyearly basis this makes

a lot of dust, which is an undesirable loss of valuable
naterials and whieh nay cause an unaeceptable pollution of the
environments, Correspondingly, the overall yields on N,P205,
and K,0 of 93%, 97%, and 97%, respcctively as stated in the
N-Ren proposal are too low.
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4.5.5.6 Catalysts, spare parts, etc,

The N-Ren proposal does not state the following important iterss
~ Initial charge catalysts.

~ Spare charge catalysts.

- Tower packings (initial charges plus spare charges).

— Chemicals, like MEA, ectc.

=~ Lube 0il and greasec.

- Spare parts (critical items plus normal eonsuniption during one
year of operation).

Out of the above items only the initicl charges of catalysts
and chenicals are included in the N-Ren proposal price.

Ae2.2.7 Utility units

The N-Ren proposal includes the following utility units:

-~ Circulating cooling water systen.
- Fire water systen.

-~ Baller feed water treatment syster and punps.

- One package boiler

~ Elcctric power station, comprising two 6,000 HP Diesel
generators.

~ Yard lighting and building lighting.

~ Electric power switchgear, transformers, distribution systenm
and notor eontrol centers.

~ Instrument air systen.

— Plant air systen.

- Truck scale, payloaders, fork 1lift trucks, and pallets,
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Not included or not stated in the proposal, although nceded

-~ Water supply of fresh watcr for cooling water riake=up, fire
water systen, and boiler feed water rnake~up is supposed in
the proposal to bc aade by PUA dircetly to the plant site,
Nornal operation make-up water rate is given at approximately
700 US gallons per nminute.

- Onc extra packuge boiler may be recormendable depending upon
steam balance of plant not submitted by N-Ren.

- Telephone systen,

~ Micros~wave call and cormunication system

Laboratory equipment
-~ Mechanical, eleectrical, and instrument workshops,

= Erection cquipment and tools (are not stated, but rust be
assumed to be included).

4.5.5.8 storage facilitics and capacitics

The N-Ren proposal envisages the following storamge facilities and
capacities for raw materials, intermediate products, and end-
products:

j | ~ Onc naphtha storage tank (naphtha for process feedstock of
armonia plant).

Capacity: 2 days' surge.

= One fucl o0il storage tank (fuel o0il No. 2 for primary reformer
urnace) .

Capacity: 2 days' surge.

= Onc Diescl oil storage tank (Diesel oil for Diesel motor-
driven clectricity gencrators).

Capacity: not given.
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Four ammonia horizontal storage cylinder tanks.

Capacity: 50 tons is given, it is not given whether this
is for all tanks or for ecach one.

One nitric acid storage tank.

Capacity: Approxinatcly 48,750 zallons.,

One raw material storuge building for DAP and KCL.

Capacity: 5.000 short tons of DAP, and 5,000 short tons of KCIL.

One NPK finished products hulk storage building.

Capacity: 1.500 short tons of each of four grades.
One AN product bulk storage huilding. Cap. 4.000 short tons.
One bagging and bagsed storage building.

Capacity: 1000 metric tons of products in bags, nlus 60 days!?
empty bag storage.

Not included or not stated in N-Ren proposal

One raw water storage tank.
One treated water storagze tank.

One fuel oil storage tank (fuel o0il, Bunker C for spherodizer
furnace and package boiler.

4.5.5.9 Buildings

The N—~Ren proposal includes the following buildings and itens
(storage buildings are given above):

One comprcssor building.

One hoiler and utilities building.

One adniinistration building.

One change housc and loccker roon.

One maintenance and warchousc building, including laboratory
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- Fenéing
~ Inside roadways

.- Inside parking areas.

The N-Ren proposal ought to 2dd to whot ertent building nmaterials
are part of thc dclivery of N-Ren, and which arc excluded.

e ———
.
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' 5,6 Ava;lab!,litx g}d grices of na.phtha and fuel oils from Liberia
Refining Company.
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The following informatinn has been received during discussions
with Mr, P.N. Duggan, lManarscr of Technical Services, Liberia RE-
fining Company on the 31st December 1975 and 19th January 1976 at
dhe offices of the oil refinery at Gardnersvillc.

Naphtha.

The present oil refinery is able to produce and sell a straicght-run

naphtha cither as raw naphtha or as predesulphurized naphtha, as
follows:

Situation by January 1976 Raw nophtha Predesulphurized
_ o naontha
Type Straizhd~run
Total sulphur content, % 0.037 ¢,007
Price, cx refinery .
US$/metric ton 216,10 227,40
Total capacity,
metric tons/24 hours 350 or: 300

Quantity already comnitted

to other purposes or other

clients, metric tons/24 hours 200
Available for sale,

netric tons/24 hours 150 or 50-100
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3pecification Raw naphtha Predesulphurized
e et cmm naphtha
API Gravity 71,0° 6540°
Gross heating value,
minimum BTU/1b. - —
Distillation ranges
18P, ' °F 98 140
% Vv, °F 268 282
FBP, Op 318 346
PONA analysis:
Paraffins, & V 78,1 -—
Olefins, %V 0,2 —
Naphthenes,% V 14,8 —
Aromatics, % V 6,9 —

The raw naphtha has a sulphur content slichtly wbove the maxirmum
limit spccified by N-Ren.

However, the naphtha specified by N~Ren is a cousiderably lighter
naphtha and does neither contain the lighter or the heavier come
pounds as the naphtha qualitics actually being ovailable fron
Liberia Refining Company.

The light naphtha spccified by N-Ren could only be delivered by
Liberia Refining Company ~fter installation of ncw fractionating
equipment at a large investrient, which would result in a conaidera-
ble imcrcase of the price of thc naphtha as compared to the prices
given above,

With reapect to PONA analysis therc is o substantial difference
between the figures specified by N-Ren and the firures of the
naphtha aveilable from Liberia Refining Conpany.

There is no dcubt that the raw naphtha quulity now being at
disposcl from Liceria Refining Company wculd cause operational

troublee in the ammonia plant preposcd by N--Ren,
LRO has no acceas to any crude p« troleum ¢o be ablc to pwoduce a

naphtha with the high naphthcnic contents as specified by N-Ren.
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Iuel oils.

The present oil rcfinery is capable to produce =2nd sell fuel oil

in two qualities, nancly Diescl gas c¢il and fucl oil Bunker C,
as follows:

Dicscl  Pucl oil
gas _oil  Bunker C
Sulphur content, % 1,05 4,0
Price, ex refinery, US$/metric ton 183,30 127,80
Potal capacity, mctric tons/24 hours o 1,000.C..
Sale already cormitted to other
clients, metric tons/24 hours - 800 ~ "
Available for salc, )
metric tons/24 hours v 200"
Specification
API Gravity 36,1° 18, 3°
Lower heating valuc, BTU/1b . —-
Distillation range:
IBP, °F 118 -
0
% %V,°F 700 —
FBP, C°F 760 ——

N-Ren specifies the fuel 0il tor the prinmary rcforner of the
ammonia plant to be equivalent to Number 2 fucl oil, which is
a fuel 0il slightly heavier than the Diescl gas oil as available

fronm Liberia Refining Corpany, but much lighter than Bunker C
fuel oil.

Liberia Refining Company cannct deliver Number 2 fuel oil from
ite present operation and would have to supply Diesecl gas oil
in its place.
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4,7 Economic ivaluation of N-Ren Proposal of September 1974
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4.7.1 _Introduction

Tn the present chapter an economic eviluation of the
N-Ren proposal it carriel out on basis of tie summary
investment fijures of Cciober 1974 ac given in the proposal
and on actually prevallirg prices on raw uaterials.

The detailed procedure of the cvaluation and ite findings
are described below.

4,7.2 Investments

A summary breakdowm of the investment and working capital
figurec as quoted in the N-Tlen proposal is given in the attached
tabulation Mo, 1.

In the attached tabulation ilo. 2 a detailed breakdown of )
the investments and working capital into the respective amounts
of the various process plants, including for cach process the
related part of the amounts pertaining to the common facilities
such as cooling watcr system, boiler feed water preparation unit,
fire water system, electrical distribution and lighting system
instrument air and plant air system, buildings, tanks, and
storages. The detailed breakcowr: has not been submited by N-Ren
but is estimated based ontypical figures of similar plants.

It is peinted out that the investment figures given by
N-Ren refer tc October 1974, and that the costs of delivery and

construction oi fertilizer plants have cscalated drastically
in thce meantime.

4,7,3 Raw material and utility prices

The actually prevailing prices in Liberia or CIF Monrovia
on raw materials, such as rav naphtha, fucl oil Mo, 2, sunker
C fuel oil, DAP, and KC1l as thcy have been used in the present
ecopomic cvaluation of thc N-fen proposal are given in the
attached tabulation No, 5.

It is emphasized that the prices on these raw materials
have a great impact on the cost prices of the respective
products of the plant.

-

e ——
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The corresponding prices on raw matericls as figured by
N-Ren are much lower,

In the N-3en proposal no consunptior [igures are given for
the electricity plant, which means that the cost of the elec-
tricity as it may be produced in the quoted electric power
station cannot be calculated at the present stage. . substan-
tial burden in this cost will be thc cost of the Diesel gas oil
consumed by the Diesel motors driving the electric generators,

Consequently, in the subsequent cost price calculations on
the fertilizer products an clcctricity price as charged to large
industrial consumers by Liberia Electricity Corporation has been
assumed. This price is more than double as big as the electri=-.
city price used in the cost estimates of the N-Ren proposal
book.,

A comparison betwcen the two sets of raw material and elec=
tricity prices is statcd in the attached tabulation No. 11,

All other raw materials, utilities etc. such as cooling
water, boiler feed water, steam. coating agents, catalysts, -
chemicals, lube oil and bagzing materials have in the present
economic evaluation been assumed at the prices as specified in
the N-Ren proposal. Tt is mentioned that none of thcse mates
rials, utilities, etc. involves .n appreciable cost in the
manufacturing processes of the plant,

It is pointed out that all the unit costs, which are
mentioned have been revised in the present chapter from the
N-Ren proposal, have becen calculated from 3.3.% per metric ton,

4,7.4 Labour and statf.

The salaries and wages of labour and steff are normaliy
not an essential part of the manufacturing costs of plants .
producing chemicals in large quantities,

Thereiore, in the present economic cvaluation the same
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labour crevws and stafi and thcir salaries and wages as in the
N-Ren proposal have been applied directly.

In the attached cost price calculations the salaries and
wages have heen divided with the actual production per Year of -
the respective plants in order to arrive at the cost per metric
ton of product.

The projected general administrative staff salaries and
their estimated distribution on the respective plants are givan
in the attachcd tabulations Nos. 3 and &,

4,7.5 Strcam days, s*rvam factor, and annual production.
The daily design capecities of the process plants have

becen based on the following stream days per year:

- Ammonia plant 340 days
- Nitric acid plant 310 days
- Ammonium Nitratc plant 280 days

- NPX blunding and
granulation plant not given, but assumed 230 days.

The design stream days of the NeK blending and granulation
plant is not stated in the N-Ren proposal, but can hardly be
larger than 28o days as in the casc of thc ammonium nitrate
plant, as the feedstock of ammonium nitratc solution of the
NPK plant is preparcd in the *7, plont, and no dorge solution .
tcenk ie foreseen,

The daily dcsign capacity of the NPK plant is 300 short
tons of compcund fertilizer when the grade (17-17-17) is
being produced accordine to the N-Rcn proposal. However, the
annual total productior of all products is given by N-Rcn *o
be 100,000 short tons, which means that the average daily proe
duction through thie 280 days would be 357 short tons equal to
324 metric tons of the I'TK blendaing and granulation plant,
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On the other hand, the above discr.pancy in the daily
capacity figurcs could mean that N-Ren has made a mistake and
designcd the NPK blending and granulation plant too small,

Meanwhilc, N-Ren hasg in its determination of~the yearly
production figurcs and in its menufacturing cost estimatces
eonsidcred.that the process plants will b. able to purform at
the daily design capacitics continuously through all the dcsign
strcam days cach ycar as givin zbov.:, corr.sponding to a stream
factor of 100y, This will not bu possiblu. In a deviloping
country, whore the opurating and maintcnanc. personncl and
workers do not havi many ycars of cxpuricnc. and where upsets
in the supply of raw matcrials and utilitics and in the trans-
portation and consumption of fcrtilizcers may occur, it will
hardly bc possible to achieve at a stream factor of more than
80% or 1l.ss corruspouding bc not mor. than £0% or lcss of the
annual dcsign production.

In the plant proposcd by N-KRen the actusl strcam factor
might vvin be substantially lowcr than 807 during the first ycars
of opcration, bccausc the primary rcformers of thc ammonia plant
may bc of a dolicatu design and may causc freguent shut downs
duc to operational and mechenical troublcs.

Nevertheless, in the present ccoromic cvalyation a stream
factor of 30% has buiin arbitrarily forsccen corrcsponding to
annual productior figurcs at 30% of the N-Run figurces, and the
fixed costs pur metric tons of cach nroduct are incrcased accor-
dingly.

Th: annual production figures assumcd in the present .
‘ceonomic cvaluation are summarizcd in the attachcd tabulation
no. 17.

4,7.6, Maintcnence

Fhe annual maintenance costs have becn cnvisaged at 2,5%
of the investment figurcs for delivery and construction of the
rcspective plants. This is 2 conscrvative estimation. In
rcality, the maintenance costs may very wcll be highcr.




In the N-Ron DPoposal maintenance sosts, including the

cost of annual cverheul and vepair trorke have not been duly -
considercd.

Lven though the maintonance costs arc important, they are
merely a small portion of the total manufacturing costs.

4,7.7 Insurance

The insurance costs per year havce been taken directely
from the N-Rcn proposal at 0,95%¢ of the jinvestment figures for
delivery and constiruction of the respoctive plants.

Depending upon the insurance coverage as dusired, the
percunt rate may be higher, say 264 in the reality.

4,7.8 Capital costs.

An avcrage intercest of 4.8% p.a. accrucd once @ ycar on
the total investments have been cnvisaged for thc ammonia plant
and thc nitric acid plant, while an average intercst of 4.2%
p.a. accrued once a ycar on the total inv.stments have becn
forsven for the ammonium nitrate vlent and the MK blending
and granulation plant,

Straight-1ine dcpreciation over 10years of the total
jnvestments have been supposed.

Intercst on working capital has beun figurcd at a rate of
10% p.a. accrucd oncc a year.

4,7,9 Cost price calcuation.

Th. cost pricc calculations na carri.d out are apparent
from the attached tabulations nos. 6,7,5, end 92, b, and c.
A summary of th¢ calculated cost prices is given in the attached
tabulation No. 10.




4.7.10 Market priccs on end-products.

In thce attachud tabulation No. 2 it is given a comparison
on the market prices on the endeproducts as figured in the N-Ren
proposal and as assumwd to prevail presently on a CIF Monrovia
basis.

As apparcnt from the tabulation the market prices at actual
conditions and purchasing through competitive bidding on ammonia
and . ammonium nitrate have been taken at the same prices as
in the N-Ren proposal. Possibly, even lower priccs may be ¢
obtained at the time being. The figurc on ammonia should be
understood as delivery and shipmen® in purchaseris own pressure
vessels.

The prescntly assumcd prices on MNIK fertilizer have been
found by prorating the markct prices on NPX (17-17-17) as given
in the N-Ren proposal to 17/15 of the quoted CIF Monrovia price
on NPK (15-15-15) given in the attachcd tabulation No. 5 and
revising the other NYY markct prices of the N-Rcn proposal in
the samc proppriion as the 11PK {(17-17-17) price. It gocs with-
out saying that thc markot prices calculat.d in this way should
be considered only as apnroximate and typical figures. Possibly,

even lower pricces may bo obtaincd through conpetitive bidding on
large lots.

The actually prevailing market prices found ian the above
manncr have been used in the subsequent calculation of the
annual sales revenucs,

4,7.11 Ainnual manufacturing costs, onnual sales Revenues, and
annual dcficit.

In the attached tabulation nc. 14 there arc calculated the
annual manufacturing costs, the annual scles roevenues and the
annual deficit at a strcam factor of 804,
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As apperont the wnnual deficit would amount to U. S. #9.3

million.

In foct, the deficit would bu ~ppreciably higher for

the following revasons:

Raw ncphthao price will be highoer than forscen in the
prusunt calculntions.

A .large price ¢scalation of the investment on delivery
and construction of the plant from the price basis of
October 1974 of the N-Ren proposal cond until today, and
furthcer escclation until thc plant construction could
be terminated will take place. No pricc ¢scalation is
considered in the prusunt calculations, as the ¢scala-
tion rate cannot be known SO far,

The strcam factor may octually prove to be lower than
the 80% appliud in the present c¢nlculations.

The important difference in th. cconomic valuation
between the present calculations and the N-R¢n proposal are
mainly due to th. following points:

N-Ren has calculated on th. basis on raw material
pricus which are much too low &S compared to today's
pricc leved in Liberin or CI¥ Monrovia.

N-Ren has forescen a otream factor of 100% which
cannot be achicved in 2 dcveloping country.

J=-Ron has not consiacred duly the maintenance cost
of the plant.
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N-Ren hes figured the market and sales prices on the
NPK fertilizer te be slightly higher than the actual
lovel. A3 the world market situstion on fertilizer
is now there is no reason to c¢xpcet a big risc in the
prices on ~mmonia, ammonium nitrate and NPK fertie
1lizers during the next fow yearcs.

It is notcd that the ammoniz plant of the -Ren proposal
is in particular uncconomic.

Compared to modern large ammonia plants the H-Ren ammonia
plant has a chockingly high manufacturing cost of ammonia for
the following main rcosons:

The investment cost per metric ton of ammonia capacity
is very high, about &4 timcs highcr than in a modern
large ammonin plant, when referring to the same price
basis datc.

morc lower

o~

The N-Ren olant consumes sbout 25 - 359
cedstock and

[0

ncat volue of the hydrocarbon process
fucl than a modera large ammonia plant.

The N-Ren ammonia plant must du. to its small size

usC recinrocating compressers driven by electric
motors rothor than a steam turbinc driven ccantrifugal
compryssor as installcd in modern large cmmonia plants.
Thus, thc N-hen ammonia plant with 100 STPD ammonia
capacity consumes about the same amount of electricity
as a modern large emmonia plant of 1,000 ITPD ammonia
cepacity.

The high costs of hydrocarbon and e¢lectricity in
Liberia, in particular in comparison with countries
where natural gas is abundant and cheap, like Algeria,
Nigeria, ctc.




It is cmphasized that ‘he actual annual deficit of a
Liberian fertilizer plant would be substantinlly bigger than
the calculatcd amount of U,S. $9.3 million, firstly because
of the loss of intcrcst and carnings of the additional
obligations and investments of the governm.nt of Liberia
as listed ir the subscquent chapter 4,12, and secondly
because the large nggption of the annual production, which
will be in excess of the domestic consumption wnd will have
to be exportod will need to be sold at lover ¢x factory prices
than the CIF Monrovia prices of imported fortilizer into
Liberia from competitors. On the loctter subdue. . reference
is mnde to the subscquent chapters 4.13.
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Tabulation No, 1

DVESTUENT ANpIgRANG CASTIAL
Prico Basisr . 0ctobar, 1374,

Summary 3rcakdown of Investments and ‘‘orking

S * Capital _
Working
Investments Capita
Million Mllion
U5, 5 S
Coest of nlant and facilities N-Ren
Proposal 36,2 -
Working capital and ore-opcrating
expenses . -
N-Ren proposal US §l1,8 million:
Estimated breakdown:
Catalysts, lube oil, spure parts, and
other pre-operating expenses * 0,8 -
Working capital , - 1,0
Pre-operating intercst _2,8 -
Total 59,8 1,0
AESTLEEERR EEEEBNEBE

* It may not be truc that these items are included in the
N-Ren figurc.

L7y




INVESTMENT AND WORKING CAPITAL
N-REN PROPOSAL

__Price_Basis: October 1974

4,58
Tabulation No, 2

Detailed breakdown of investments and working capital

Ammonia plant and faci-
1itiecs including tanks
for naphtha, fucl oil
No. 2 and ammonia, and
catalysts lube oil,
spare parts

Nitric acid plant and
facilitics including
nitric acid storagc
tank, catalyst, lubc
oil, sparec parts

Ammonium nitratc plant
and facilities, inclu-
ding AN storagc and
bagging, lubc oil,
spare parts

NPK blending and granu-
lation plant and
facilitics, including
NPK storage end bagging,
DAP and KCI storages,

lube oil, sparv arts
Sub-total

Electricity plant and
facilities including
Diesel oil tank, lube
oil, sparec parts

Vpg 0 tden %n

veit’ e

\’18’ ;1“9-.

opireting
eXpLnases

21%1-Investronts Working O
Yro-opera-  Capital

ting inturest

% ._US ymillion US $million US $million

Fstimated

L3

31

13

1

14,3

19,3

b3

bed

1,075 0,387

0,775 0,279

0,325 0,117

cstimated
1CO

estimated

33,2

3,8

2,5 0,9

O|3 O.l

Total

37,0

2,8 1,0
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Tabulation No, 3

PROJECTED GENERAL ADNINISTRATIVE LXPENSES

N~REN 2ROPOSAL
____sclary Basjs: October 1974

Predectcd Salaries of Staff 1,000Us §
- Expatriatcs:
- plant manager 40
- production manager 35
- maintonance nonager 35
- chicf chcmist 28
138
socicl charges, 25/, including housing 35
. - = Local Staff
- 20 acdministrative cmployecs 125
- social charges, 25% N
Administrative Ovcrhead
- L0% on staff salaries

Total

173

156
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Tabulation No. 4

PROJECTED GENERAL ADMINISTRATIVE EXPENSES
N-REN PROPOSAL

_Salary Basis: October 1974 =

Estimated distribution of projected salarics of staff on

regpgctive plants

Proportion
estimated
[
- Ammonia Plant 32
- Nitric acid Plant 20
- Ammonium Nitrate Plant 2L
- NPK blending and granulation
plant 2k __
Total 100

The number and salaries of staff in charge of the

plant have bcen disrcgardcd, as the salary amount

Salary
distribution
US i
148,8
93

111,6

111,6

a——

465

elecctricity
involved will

be very minor in comnarison to all other salarics and as some

of the duties in conncction with the elcectricity plant may be

solved as part-time job by personnel dealing algo with other

plants.
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abulation No

MARKET PRICES ON RA' MATERIALS
AND ELECTRICITY AND FERTILIZERS

Price Basis: January-l'ebruary 1976

Raw straight-run naphtha, maximum 0, 0%
sulphur

Raw straight-run naphtha, predesulphurized
maximum O,01% sulphur

The raw naphtha quality as specified and
required by N-Ren will be more expensive
and is presently not available from the
oil refinery.

Diescl gas oil, to be used for fuel oil
No. 2 as specified and required by N-Ren

Bunker C fuel oil

Prices quoted by
Liberia Refining
Company, ex-re-
finery and on, -
US $/metric ton

216,10

227,40

183,30

127,80

Price of Liberia

Electricity Cor-

poration, Monrovia
Us § per kWh

Electricity to large industrial consumer
with own transformer

0,055
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Tabulation No., 5 cont'd

Prices, CIF Monrovia,
quoted by ULRC,
Monrovia for 50-100
metric ton lots
shipped from BASF
"lest Germany, US %
_per metric ton

- Mono-ammonium-phosphate (13-52-0) -
in 50 kgs bags 231,00

(208 )

~ Di-ammonium-phosphate (21-53-0),

in 160 kgs net steel drums 509,87

459 )

- Muriate of potash (60% K,0 ) 153,77
in 50 kgs bags e T

- Sulphate of potash (50% KZO)
in 50 kgs bags 195, 37

S

- NPK (15-15-15),
in 50 kgs bags 179,00

The above prices within the brackets for DiF and KCB and MAP
have been used in the cost price calculations of tabulation
No. 9 of chapter 4,7 and tabulation No. 20 of chapter 4,11 to
cccount for shipment of large lots in bulk from abroad. They
are taken at ten percent lower than the nuoted prices.




COST PRICE CALCULATIOM
AMMONIA PLANT
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Tabulation No. 6

Investments:

1. Delivery and constructicn: estim.
October 1974)

2. Price escalation: to be added later
3, Pre-operating interest: estim,

US 14,300.000 (price basis:

Us . 1.075.000 _

4, Tctal excluding price escalation:

Us . 15.375.000

Working capital: estim, Us . 387.000
Daily Capacity: 100 STID ammonia. Stream factur: assumed 80f%
Production: 90.7 MTED x_340 days x 0,80 = 24,670 MIPY
Item nit/m. ton Cost/Unit Ccst/m. Sub-
ton total
e eemeerm e . U.S. U.s, . U.S: L
Raw Materials
Naphtha 0,55 m, ton 216,10/m.ton* 118,86
Fuel oil No, 2 0,50 m., ton 183,30/m. ton 91,65 210,51
Other Materials g
Catalysts 0,70
Lube 0ils, chemicals 0,60 1,30
Utilities
Electricity 794 Kk''h 0,055/k\'h 43,67
Cooling water (circulating)350 m3 O,OOA/m3 1,20
Boiler feed water 1 m 0,33/m> 0,33 45,20
Labour and Staff
Supervisor lman/3shifts  3,00/manhour 1,07
Operators 3men/3shifts  2,00/manhour 2,13
Maintenance labour lman/3shifts  2,00/manhour 1,42
3men/day C.st per Year
Overhead (40% On labour) 1,85
Staff and 40% overhead - 148,300 6,04 12,51
Maintenance 2.5% on inv.1l 357,500 14,49 14,49
Capital Costs
Average inter. on inv. 4,8% on inv.b4 738,000 29,91
Depreciation on inv. 10% on inv. & 1.537.500 62,32
Inter. on wourk. cap. 10% un w. cap. 38, 700 1,57 93,80
Insurance cust 0,95% on inv. 1 135.850 5,51 5.51
Total cost price per metric ten NH,, oxcluding cost of price
socalation* cost of the 1ight naphthe 383,32

will be higher

as specificd by N-Ren
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Tabulation No, 7
CO. T PRICL C.LCULLTION
NITRIC .CID PLONT _
W
1, Deliver% and conetruction: estimated US o JO.300,000(price
basis: Octuber 1874)

2. Price escalation: tu be added later
3. Pre-operating interest: estimated U. O 775,000
4, Total excluding price escalaticn: estimated U, . -=11,075.000
Working Capital: estimated UJ . 279.000

Daily Capacity: 180 LTPD Hi'O4 (100%).;tream factor: assumed 80%
Production: 163,3 I"TPD x 310 davs x 0,80 = 40,498 MTI'Y

Cost/m., OSub-

Item Unit/m.ton Cost/Unit ton total -
— Uee Uslo & U,S, o U5,
Raw Material
/mmonia 2,292 n,tun 383%,22/m., ton 111,93 1]11.93
Other Material
Catalyst 0,0054 Troy cz 310/Tr¢y OZ 1,68 1,68
Utilities '
Llectricity 110 k'h o, OSS/k\ 6,05
Cooling water (circulating) 111 o 0, Ooh/m 0,44
Boiler feed water 0,89 m’ 0 Oh/m 0,03 6,52
Labour and .taff
Supervisor 1lman/3shifts 3,00/manhour 0,65
Operator lnan/3shifts  2,00/manhour 0,43
Maintenance labour lman/3shif{ts 2,00/manhour 0,58
lman/day
Overhead (40% on labour) 0,66
Gost per Year
Gtaff and Overhead : 93,000 2,30 4,62
Maintenance 2.5% .n inv,1  257.500 6,36 6.36
Capital Costs
liverage inter, on inv, 4,84 or. inv,4 531,600 13,13
Depreciation on inv. 10% on inv, 4 1.107.500 27,35
Interest on work, cap. 10% or. V. cap. 27.900 0,69 41,17
Insurance Costs 0.95% on inv, 1 97,850 2,42 2,42
Total cost price per metric tun iNO (100%) excluding cost cof 17a'70
price escalation !

S




COST PRICE CALCULATION
AMMONIUM NITRATE PLANT v 65
Tabulation No. 8

Investments:

1. Delivery and constructi n: estim. US 4,300,000 (price basis
October 1974)

2, Price escalation: t. be added later

3. Pre-uperating interest: estim. US & 225.000
4, Total excluding price escalatiin: U3 44,625,000
Working capital: estime US . 117.000
Daily Capacity: 100 STPD AN (33,5% N). Stream factor: assumed 80%
Production: 90,7 MTPD x 280 days x 2,80 = 20.317 MTPY

Item Unit/o. ton Cost/unit  CESE™ &S 81

) .. Us Us . Us
Raw Materials
Ammonia 0,223 m. tom  383,32/m.ton 85,48
Nitric acid, 56% (100%) 0,813 m., tun 174,70/m,ton 142,03
Coating agent 0,010 m, .ton 44,10/m.ton o,4t 227,95
Other Materials
Lube 5il, chemicals 0,11 ,
Bagging Materials 7,72 7,83
Utilities
Electricity 41 kih 0,055/k'h 2,26
Steam 0,6 m, ton 1,44/m, ton 0,86 3,12
Labour and staff
Supervisor lmen/3shifts  3,00/manhour 1,30
Operators 3man/3shifts  2,00/manhour 2,59
Maintenance labour 1man/3shifts 2,00/manhour 1,44
2men/day
Bagging & shipping crew 2me 1/day 2,00/manhour 0,58
Helpers 8men/day 1,50/manhour 1,73
Overhead (40% on labour) 3.06
Cost per year

Staff and Overhead 111.600 5,49 16,19
Maintenance 2.5% on inv.4 107.500 5,29 5,29
Capital Costs
Average inter. on inv, 4,2% n inv.4 194,250 9,56 -
Depreciati.n sn inv, 10% an inv.4 462.500 22,76
Interest on 'ork. Cap. 10% on '/, Cap. 10,700 0,58 32,90
Insurance Cost 0,92% cn inv,1 40,850 2,01 2,01
Total cost price per metric tuon AV (33,5% N), excluding cost 295,29

of price escalation
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L . COPFT. BEICECLALOULAYIOE . Tabulation No. 9a

NPK COMPOUND BLENDING AND GRANULATION PLANT
PRODUCTION COST EXCLUDING R/V M/TERI/LS

Investments:

1. Delivery and construction: estimated U3 . 4,300,000(price
basis: October 1974)

2., Price escalation: to be added later

3, Pre-operating interest: estimated US ., 325,000

4L, Total excluding price escalation estimated US . 4,625,000

Working Capital: estimated U3 . 117.000

Daily capacity: 300 STPD NPK (17-17-17). Stream factor: assumed 80%
357 STPD NPX (average ). Stream factor: assumed 80%

Production: 224,0 MTPD x 280 days x 0,80 = 72,576 MTPY (average)
(100,GC00 x 080 = 80,000 STPY = 72.576 MTPY)

"Cost/m. Sub=-
Item Unit/m. ton Cost/Unit ton total
U Sl by U.Su ",‘ UQS.Q

Raw materials
See next pages
Other Materials

Lube o0il, chemicals 0,11

Bagging Materials 7,72 7,83
Utilities

Electricity 44 kih 0,055/k"h 2,42

BunkerC fuel oil 0,037 m, ton 127,80/m.ton 4,73

Steam 0,018 m. ton 88,00/m.ton 1,58 8,73
Labour and Staff

Supervisaer lman/3shifts  3,09/manhour 0,36

Operators 4men/%shifts  2,00/manhour 0,97
Maintenance labour 1lman/3shifts  2,00/manhour 0,48

3men/day

Bagging cnd sbhipping crow 3men/deay 2,00/manhour 0,24
- Helpers 8men/day 1,50/manhour 0,48

Overhead (40% on labour) 1,01

Cost per Year

Staff and overhead 111.600 1,54 5,08
Maintenance 2.5% on inv.4 107.500 1,48 1,48
Capital Costs

Average inter. omn inv, 4,2% on inv. b 194,250 2,68
Depreciation cn fav. 10% on inv, 4 462,500 6,37

Interest on work. oap. 10% on W. Cap, 11,700 0.16 9,21
Insurance cost __ 0,95% on inv,1 40,850 0,56 0,26

Production cost excluding raw materials and cost of price 32,89
escalation )



COST PRICE CALCULATION

NPK_COMPOUND BLCNDING AND GRANULATION PLANT

4, 67
Tabulation No, Qg

Compounds Pronoscd By H-Ren

£ - B A WY R WD LS TR R TN W WA 8

pricc cscolotion

Cost/m., “oub-
Item Unit/m, ton  Cost/Unit ton  total
_ _ U, S. % U.,S. $ U.S.§
NPK (17-17-17)
aw Mat.rials
Ammonia 0,067 m.ton  333,32/m. 25,68
ton
Nitric acid, 56% (100%) 0,272 m,ton 174,70/, 47,52
ton
Di-amm,-phosphat. 0,379 m.ton  459/m.ton 173,96
(18,2-46,8~0) .
Muriat. of potash(6GiK,0) 0,296 m.ton  139/m.ton 41,14
Coating agent 0,010 n.ton L4/, ton 0,44 288,74
Other nroduction costs 32,89 32,89
Tétal cost price per m. ton MPK (17-17-17) .xcl. cost of 321,63
pricc cscalation, ' :
NPK (16-8-24)
Raw Materials
Ammonia 0,085 m.ton  33,32/m. 32,58
ton
Nitric acid, 56%(100%) 0,325 m,ton 172.70/111. 56,78
) on
4 .. . - .
Di+ang.~-phosvhate 0,179 m.ton  459/m.ton 82,16
(18,2-46,8-0)
Muriatc of potash(60%K20) 0,416 m,ton  139/m.ton 58,10
Coating agent 0,010 m.ton L4i/m, ton 0,44 230,06
Other production costs 32,89 22,89
Total cost price oer ton NPK (16-8-24) cxcl., cost of 262,95
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Tabulation Jo. 9c¢

COST PRICE CALCULATION
NPK COMPOUND BLENDING AND GRANTLATION PLANT
Compounds proposed by N-Ren

Toeu Unit/m. ton Cost/Unit Cosl/ s ion tizgi
7. S. § U. S« & US
NPK (23-11,5-11,5) '
Raw iinter.cles
Ammoni. 0,117m. ton 382,32/m.ton AS
Nitric aci® ,56% (100%) 0,448m. ton 174, 70/m.ton T
Di-amm.-~hosphate (13, 2-
46,3-0) 0,246m, ton 459,/m. ton 112, ™.
Muriate of potash (60%#K,0) 0,192m. ton 139,/m. ton 26, 6¢ -
Coating arcnt ¢,010m. won  44,/m. ton Q, A 263,16
Other production costs 32,00 32,89
Total cosi price per metric ton of NPK (23-11,5-11,5)
exclu(in’, coSt Oof price escalation 296,05
NPK (19,1-9,6-19,2)
Raw lMnterials
Ammonic 0,100m. ton 2383,22/m.tm 38,33
Nitri~ occid ,56% (100%) 0,384m. ton 174,7C/m.ton 67,00
Di-amm.-pnosphate (18, 2-
46, 0=0 0,212m. ton 459/m.tcn 97,31
Muariate of potash (GO%KQO) 0,329m. ton 11313/m. ton _ 45,73 )
Coating ngent 0,010m. ton 44/m. ton {,44 248,89
Other nroduction costs ‘ 32,50 32,89

Potal cour ! price per ms‘vric ton NPK (19,1-9,6-19,2)
exclugin, 0ty 01 price escilation 281,73




COST PRICE CALCULATION

SUFMARY

4,69
Tabulation No, 10

Total cost prices per metric ton excluding cost of price
egcalatjon on delivery and construction of plant,

- Ammonia

(tabulation No, 6)

- Nitric acid, 56% strength (100%basis)
(tabulation No. 7)

- Ammonium nitrate 333,5% N)
(tabulation No., 8

- NPK Compounds

(tabulaticq No. 9a, b, c)

grade
grade
grade
grade

(17-17-17)
(16-8-24)
(23-11,5-11,5)
(19,1-9,6-19,2)

Us ¢
383,32
174,70

295,29

321,63
262,95
296,05
281,78
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Tabulation No, 11

COMPARISON ON MARKET PRICES, RA'' MATERIALS
AND ELECTRICITY

Priccs assumed  Actually

in N-Rlen prevail-
proposal ing prices
tabulation
Nos 5 & 9
UsS $/metric Us $/metric
ton ton
More than
Raw straight-run naphtha 110,23 216.10
(if available)
Fuel oil No. 2 (Diescl oil) 88,18 183, 30
Bunker C fuel oil 38,18 127,80
; UsS_3/kih US_§/kih
Electricity 0,027 ’
US @$/metric ton US $/metric
ton
Mono-ammonium-phosphate (11-48-0) 133,00 ( ggg,gg)
Di-ammonium-phosphate (18,2-46,8-9) 275,52 ( hgg:g'(?))
5
Muriate of potash (60% k,0) 110,23 139,00
2 ( 153,77)
Ammonia (Alternative B revised proposal 220,45 ;ssuggd
00,

The figures within the brackets in right column have been quoted
according to tabulation No. 5, but in the cost price calculations
of tabulation No. 9 $en percent lower prices were used to account
for shipment of large lots in bulk from abroad.
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Tabulation No. 12

COIPARISON ON MARKET PRICES
ON_END-RODUCTS

Prices assumed estimated

in N-Ren propo- actually

sal in Liberia prewvailing
import prices
in Liberia _
(CIF Monrovia)

Us §/mctric ton US. $/metric

ton
Ammonia 220, 46 same
Ammonium Nitrate (33,5% N) 209, b4 same
NPK Compound Fertilizcrc
Grade (17-17-17) 240, 30 202,79
Grade (16-8-24) 225,97 190,70
Grade (23-11,5-11,5) 214,95 181,40

Grade (19,1-9.6-19,2) 233,69 197,21
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ANNUAL PRODUCTION FIGURES
(80% stream factor )

Ammonia for sale
3,000 x 0,80 = 2.400 short tons = 2,177 metric tons

Ammonium Nitratc (33,5% N)

28.000 x 0,80 = 22.400 short tons = 20,317 metric tons

NPK Compound Fertilizers
Grade (17-17-17)

40.000 x 0,80 = 32,000 short tons = 29,030 metric _tons
Grade (16-8-24)
30,000 x 0,80 = 24,000: short tons = 21,773 metric tons

Grade (23-11,5-11,5)
15.000 x 0,80 = 12,000 short tons = 10.886 metric tons

rade (19,1-9,6-19,2
15.000 x 0,80 = 12.000 short tons = 10,8686 metric tons




(excluding cost of pri
constructio

ANNUAL MANUFLCTURING COSTS

Ammonia

AN (33,5% N)

NPK (17-17-17)
NPK (16-8-24)

NPK (23-11,5-11,5)
NPK (19,1-9,6-19,2
Total

LAmmonia

AN (33,5% N)

NPK (17-17-17)

NPK (16-8-24)

NPK (23-11,5-11,5)
K (19,1-9,6-1

Total

&
ANNULL S/.LLS REVENUES

T T S
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Tabulation No, 14

cc escalation of delivery and
n of plant

&
LNNUAL DiCFICIT

(80% strcam factor)

innuel Manefacturing Costs

2.177
20,317
29.0%3
21,773
10,8066
10, 486

metric
nctric
metric
metric
metric
netric

tons
tons
tous
tons
tons
tons

R

R
.!:'

N
W

4

3 e

dpo

b
W

Jnnual Sales Revenues

2,177
20.317
29.030
21.773
10.886
10.886

metric
nmetric
metric
metric
metric
metric

tons
tons
tons
tons
tons
tons

C
(@
(©
¢

&
({;}

Annual Deficit

Us

Us
Us
Us
Us
Us

383, 32

» 295,79
321,63

262,95
296,05
281,78

220,46
209, bk
202,79
190,70
181,40
197,21

~us, 3

834 ,500%
= 59999o400
= 9.336.900
= 5,725.200
= 3,222.800
= _3. S&'Z + 500
28,186,300

479,900
= 4,255,200
= 5,887.000
= 4,152,100
= 1,974,700

= 2,146,800
= 18,895,700

=_.2.220,900.

% Cost of the light naphtha as spccified by N-Ren will increase cost

of end-products
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4,8, 4,9, 4,10, and 4.11 N-Ren proposel of February 1976




h.8 WMinstoes of Iieutire ia Ministry of pPgrici+urc on 18th
darch 1976,

Participants:
Hon. T.ouis £, Ruse, Moaister of Agriculturc

Mr. J=ashua Cooper, Director, Planning Division, Ministry
of Apriculturc

Mr. Hilary B. Yilson 3r., General lanager, LDC
Mr. - .C.N, Howard II, Jroject Manager, LDC

Mr. /illiem T. Diggs, llanager, Project Rescarcn and
Evaiuation Department, LDC

Mr. Browmc, Administrative Officer, N-Ren Corporation

Mr. 4. ‘oods, Lawyer, A.B. Tolbert Law Firm

Mr. .J. Fogstad, UNIDO Senior Lxpert, Consuitart to LDC

Mr. Farl Kjeldgaard, UNIDO Senior Expert, Consultant to LDC .

N-Ren International Ltd., Bermuda had by letter of 12th
March 3576 signed by Mr. Martin a. Train, Vicc Pr=sident and
address2d to President illiam R, Tolbert pr.sentzd a revised
propcsal of February 1976 on a fertilizer complex from N-Ren
Corporotion, Cincinnati, Ohio, U.S./. to thc Government of
Liberia.

Minister Louis . Russ had invited two ielegates of N-Ren
Cornoration, Bruxelles, Belgium Mr. Browne, Administrative
offices ~nd Mr. Srovins. Technical Officer who hau arrived Monrovia 1
& 1..2ting in the Ministry of fgriculture for a preliminary
discussion.

lMr. Brownc startcd the mceting by ¢xcucing Lo Minister Russ
that resretfully Mr, trovinc had had to leave Lineria the
evening before in an urgent matter and ther...orc could not be
precent at the meeting. Mr. Browne pointed sut ‘o Minister Russ
that he was not = Technical expert and was rot 2 le to answer
any technical questions.

i~ ster Russ handcd over the revised nrop.=al as reccived
to LDC as Mr. Brownc hat no other copy avai.1blc thar his own.
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Mr, Browne said that the reviscd proposal contained two
alternativcs:

Alternative A: Corresponds to previous proposal with some
changes.,
1 - 100 STPD /mmopac ammonia plaat.
1 - 180 STPD nitri: acid plant.
1 - 400 STPD ammonium nitrate and NPK fertilizer complex
plant for camprign operation,

Altcrnative B:
1 - 10.000 ST ammonia storagc for import of ammonia,
No Ammopac unit

Other plants as above

Mr. Brownec was asked about the industrial references of
N-Ren Corporation on thc iLmmopac ammonia plant design. Mr,
Brownc explained that d-gen Corporation owns in joint venture
with the U.S. company Cargill six Ammopac units each identical
and with a capacity of 100 short tons of ammonia per 24 hours
and with naturcl gas proccess fecodstock and fuecl, as follows:

L rmmopac plants in operation at
Company: Cherokce Nitrogen
Location: Pricr, Oklahoma, USA

2 Ammopac plants in opecration at

Company: Surprisingly, Mr. Browne did not
know the name

Location: Plain View, Texas, USA.
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Mr. Browne said that he had visited the plants both in Prior,
Oklahoma and in Plain Vicw, Texas during 1972.

Mr. Brovne said thet Mr., Hamilton, the President and owner
of N-Ren Corporation possesses 40% of thu share capital of the
joint venture, while the rcmaining 60% is in the hands of Cargill,
Mr. Browne did not tcll how Cargill had obtained their shares and
how much or little they had paid for the shares. fs Mr, Browne
repeatedly stressed that he was not a technical expert and knew
no details, lr. Browne was not askcd how the operation performance
and how big the annual ammonia -produetion of the six Lmmopac
plants of the joint venture actually is.

It shall be mentioned that contrary to the above fmmopac
plants in U3A all bas:d on natural gas, thc Armopac unit proposed
by N-Ren Corporation to Liberia is based upon naphtha. Besides,
that the naphtha reforming process is technically a more difficult
opcration than natural gas operation, and that the naphtha re-
forming process has during a serics of years been covered by the
world-wide ICI/Kellogg patents. Provided that these patents are
still in force, ammonia plants with naphtha reforning cannot be
opcrated without payment of a large license feec to ICI/Kellogg.

r. Browne was, therefore, asked whether N-Ren Corporation
could refer to any other fmmopac units in operation, in particu-
lar on basis on naphtha. Mr, Browne said that no other Ammopac
units existed in operation than the six units in USA.

Mr. Brownc sald that N-Ren Corporation lately has sold small
fertilizer plants all comprising lfmmopac units based on naphtha
to Sudan, Kenya, and Scnegal.

Mr. Browne stated that the plant for Senegal comprises two
100 short ton/day ’‘mmopac units and a urea unit., Mr, Browne was
asked why N-Ren for Senegal would not deliver one 200 short ton/
day ammonia unit, as cven this capacity would be very small
compared to modern ammonia plants., Mr. Browne answered that
N-Ren Corporation base thcir oifers on standard. design and

=
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engineering packages as available in their filecs, and that they
have not and arc not preparcd to work out any other ammonia plant
design then the 100 STPD [nmonac package.

Mr. Browne was uasked how many neople wvere employed with N-Ren
Corporation, whecther the order is 1(,. 200, ox scveral hundreds.
Mr. Browne stated that he had no ardca on this subject, On the
other hond, Mr. Browunc stated carlier during the meeting that he
had becn associated with the I'-Ren Corooration since 1972,

Mr. Drowmc was gucstioned vhether We-lion Corporation would
sub-contract the general engincuring, purchusing, inspcction of
workshops, forwarding, crection, construction, ctc, to other sub-
contractors undcr a hossible agre ment with Liberia. He answered
no, H-Ren Corporation would not, If so, iI-ien Corporation would
need o staff of seversl hundred oi nhighly qualified and
cxperienced cngineers,

ir. LBrowmc was askod sbout the ncmes of the benks which would
finance the construction of a possiblc plant by ii-lien Corporation.
M. Browne replied that the financing scheire proposcd by N-Ren
Corporation was entircly bused upon surpliers' credit and that no
bank credits would bé'necessary. This is indecd entirely. strange.

Mr. Browne was told that the prices on raw materials are
entered in the mmnuiccturing cost cstimotes in the N-Ren proposal
were surprisingly low as compared to the prevailing prices of
today. Mr., Brovne stzted that N-Ren Corporation on basis of
international price statistics had assessed the average raw
material priccs and fertilizer prices over the next twenty years
and used thesc wverage prices in their manuiacturing cost estimates.

Mr. Browne was questioned whether hc would be able to submit
to-day's prices on thc rav materials, since ll-Ren Corporation
diligently had becn capable to assess tho average prices over the
next twenty yecars, Ilr. Browne replied that how could anyone tell
what the prices would be in the two years, Mr, Browne was
corrected that hc was asked to give today's prices and not the
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prices in two years. Mr. Browne said, he had no idcas. Further-
more, Mr, Browne vas asked whether he would expect the raw material
prices of today to be higher or lower than the average prices over
the next twenty years, Mr, 3rowne replicd: I have no idea.

Mr. Browne explained that he had recently checked with the
Plant Maneger of Liberia Refinery Company that the Refinery after
installation of extra equipment would be able to deliver the
naphtha and fuel oil lo. 2 as specified in the N-Ren proposal.
Mr. Browne was asked vhether he had checked with Liberia Refinery
Company what their ex refinery prices on the two raw materials
would be. Mr., Browne stated that he had not checked this.

Mr. Browne was told that the capacities on ammonium nitrate
and NPK fertilizers of the N-Ren proposal were far beyond what
Liberia would be able to consume during the next number of- years,
Mr. Browne confirmed as statcd in the N-Ren proposal that the
N-Ren Corporation would be preparcd to assist in selling thc
e¢xcuss production on the cxport market. Mr, Drown. was asked
whether he was in a position to tcll the doetailed lines and con-
ditions of N-Ren Corporation for agsistance in the export salcs.
Mr. Brownc said that he could tell nothing on thus subject.,

By a slip of thc tonguc ru'. Browne had carlier during the
meeting told that the Ust. fertilizer broker INTER ORE (same as
Occidental Potroloum Corporation) would handle the cxport sales
of the forthcoming N-Ren fertilizer plant in Sudan, Is this is
their busincss INTER ORE will need a substantial brokuragc fee
and be covered for any road transportation, loading, unloading,
harbour, fredght, and insurancc costs., IMr. Drowng was askcd
whether 1l-Ren Corporation hed INTER Okt in mind to deal with the
possible export sales from Libveria, Mr. Browne answcred that
he could tell nothing.




—*= The financial and contractual torms of th: revised proposal
must b assumed to be the samc 75 in the vprevious proposal,
except as follows:

4,9.1 Pricc basis and pricc escolation
In N-Ren International Ltd.'s loetter of 12th tlarch 1976 1is
quoted:

# Firm pricc basis as spceificvd in the proposal and we are
prepared to maintain such priccs for a period of sixty (60) days
to allow you and your staff to assuss this proposal®.

In common trade usage the term "firm srice" means that the
offered price will rcmain firm during the whole delivery and
construction period,

Obviously, this is not what H-hen Corporetion have in mind,
They only mean a firm price unitl signaturc of agreement provided
this would happen prior to 12th May 1976, and that such an
agreement would contain & clause for cscalation of priccs during
the delivery and construction period in addition to the offered
price. Most probably, N=Ren Corporation may demand the price
escalation to be paid cash by the Government of Liberia,

4,9,2 Investments, working capital; financing and interest

Investments, working capital and financing schemes of the
two alternatives of the rcvised i-Ren proposal are given in the
attached tabulation Xc. 15. |

It is apparcnt that the investments and working capital of
alternative 7 amount to US $ 55.388.000 in tetal (cxclusive of
price escalation during thc delivery ~and construction period)
against US $40,.815,000 of the previous proposal, It is noted,
as explained later, that the scope of deliveries of alternative A
is less than in the previous proposal.



The corresponding total investment.. and working capital of
Alternative B amount US $49,315.000 (esclusive price escalation
during the delivery and construction period).

The financing of the investments and working capital will be
through debt financing and share capital., Part of the share
capital will be owned by N-Ren Corporation through a corresponding
discount in thc payment of the capital cost, vhile the remaining
share capital will have to be pnid up by the Covernment of Liberia.

The debt financinz will be through credits obtained under
various [Curopean export credit programs, normal commercial credits
and contractor's notes.

The debt or loan has to be repaid through 14 uniform, semi-

annual payments, beginning 6 ‘months cfter the commissioning of
the plant. Simulta.cous with the semi-annunl repayments of the
principel, the accrued interes® must be paid in addition.

Tt shall be pointed out that commissioning in contracting
agreements often means when the construction of thc plant and
trial-runs of compressors have terminated. It does not necessarily
imply that the plant will start-up and full production will be
initiated. /8 a matter of fact, this may be delayed, in particu-
lar in developingz countries, by many months.

The composite interest rate and fees of the loan will be 9%
p.a. accrued semi-annually,

Each of the 14 semi-annual loen repayments will be Us ¥
$2.972.000 for alternative & and US 42,623,000 for alternative B,
In addition, for alternative A the semi-annual interest charges
10 be vaid will be US §2,24€.000 at first instalment and gradu-
ally decrease to US $133.000 at last instalment, while for
alternative B they will be US #1,652,000 at first instalment and
decrease to US 118,000 at last installment,



In the attached tabulation No. 15 is summarized the
commitment of the Government of Liberia on repayments of loan
and accrucd interest in case of o contract. In addition, the
Government of Liberia will have to p1y the escalation of prices
cash upon presentation of bills. Besides, the Gavernmpent of
Liveria will need tc pay and render the tosks and obligations of
chapter #,12.

t1ternctively, according to the N-Ren International Ltd.
letter of 12th March 1976 the financing of the long term debt
could be supplied directly to the Liberian Copopamy by luropean
Government utilizing the export credit insuraonce programs which

are available,



INVESTMENTS, WORKING CAPITAL,

PREC-OPERATING

INTEREST 4iND FINANCING

Altornn:tzivé A

4,83
Tabulation NO, 12

Alternative B

us_ & Us _$
Capital cost of plants and facilitivs 47.¢00.000 42,000.000
Prc-opuerating costs _.1.500.000 _. 1,500.000
Subtotal 49,100,000 43,500,000
Prc-operating interest 3,528,000 3,115,000
Subtotal 52.528,000 46,615,000
Working capital 2,200,000 2,700,000
Total 55,888,000 49,315.000
Financing
Equity capital : (25,6%)
Sharcs of N-Ren Corporation (30%) 4,284,000 3,780.000
Sharcs of Govcrnment of Liberia (70) _.9.996.000 8,820,000
Total sharcs  (100%) 14,280,000 12.600.000
Total supplicrs* loans (76,4%) 41,608,000 36,715,000
Totel  (100%) 55888000, . AUWROR.
Commitment of Government of Liberia
Government sharus 9,996,000 8,820.000
Total supplicrs' loans 41 ,608.000 36,715,000
Acerucd intcrest on loans 14,409,000 12, 390,000
Total, .xcluding pricc cscalation 66,013,000 __57.925,000




4,9,3 Surety gunrantee by Government of Liberia

In the N-Ren International Ltd's lettcr of 12th March 1976
is quotud:
" In order to nhtain thc fineuncing for this project it will

be necessary for Government of Liberio to guarantcee the financial
portion of the contr-ct price'.

4,9,4 N-Ren Corporntion's unsatis: factory guaroatee and norrov
warrantics tmd Ilabilitics.

Like the previous proposal the revised proposal does not
give any guarantced consumption figures os it ought to. The

revised proposcl lists the expected requircments on naphtha and
fuel oil No. 2 for alternative /, which figures are 2,7% and

4,8% lower than the consumption figures used by N=Ren Corporation
in their manufacturing cost estimctes. But none of these two sets
of consumption figures are guarantced by N-Ren Corporation.

In the revised proposal N-Ren Corporation has not improved
the narrow and unacceptable warranties and liability on their
bel:alf,

4,9,5 Naphtha reforming patent infringement

It is emphasized that the nephtha reforming process of
alternative i of the revised proposal is a direct violation of
the world-wide ICI/Kellogg patents on said patents.

Prior to signing of any contract with N-Ren Corporation it
must be checked very carcfully whether these nctents are still
in force and apply to Liberia. If so, the Government of Liberia
would be sued unavoidably to pey a large fee to ICI/Kellogg for
patent infringement.
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At any rate, N-Ren Corporation should be licble to reimburse
any such puatent infringemc @ pcyment.

The suppliers of the naphthc reforming coatclyst must be
named by N-Ren Corporation.,

If the ICI/Kellogg patents are still in rule ICI/Kellogg,
however, connot for legnl rezsons and will not present their
claim on payment of license fee on their pat nt rights, before
the Liberian factory will be &n acturl operat.on after the
construction and start-up.
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4,10 Techiderl ov lution cf NM-Reun prepooscl of February 1976

4,10,1 Process units, copucities md production rates .

The revised N-Ren pr.p.sal concists as followss

Alternntive A,

One Ammcpnc ammonic plant,
similor as pirevicus proposnl,

Onc nitric acid plant,

similcr o3 previous proposal.

One comple: nmmonium nitroce and NPK production plont,
This plont has been chanred from previous proposal and
contains less and modified equipment, The prilling
secticn for &N of the previ.us proposal hns been
entirely vithdrhwn, Inste::d, AN will be produced as
sronules in equipment which will be common for AN and
NFK. The common equipment will comprise AN solution
preparatiin ond sturage tank, sronulator, dryers,
bazsing, etc,

Capoeity: 400 shurt tons of either production per
24 hours., At a tine the plant will produce either AN
or NPK, The pr ducts will be produced on a campaign
basis., The uperction compaizn will be on the basis
that the priduct srade chanres would be made no more
than at two weelis intervals,

Yearly production at 100% stream factor:

AN  25.000 short tons

(arainst 28,000 shurt tons in previous proposal, as
the phosphatic raw material has been changed to MAP in
revised prcposal from DAP in previous and thus contains
less ammcnin in proportion to P205) )

NPK: As previous propusal



Alternative B,

This alternative contains no Ammopac ammonia plant. Instead
ammonia will be imporied. A 10.000 short ton atmospheric
pressure liquid ammonic terminal and storage, including refri-
geration compressors has been foresecn.

The pier or harbour for the tank ship is not included. The
rest of the process units of this clternative are identical
to the other process units of alternative A

4,10.2 End-product specificati ns,

Ammonium nitrate:

Grade: Low density

Particles: Graaules

Further specification is not apparent from the revised proposal.

NPK Grode: /.ssumed 28 previous proposcl.

4,10.3 Raw meterials specifications.

The following modifications have been introduced in the revised
proposal:

Naphtha:
The sulphur content has been reduced to maximum 100 ppm

equal to 0,01% by weight :rom 0,03% in the previous
propesal. This means that the naphtha must be delivered
predesulphurized from the oil refinery to the plant,
implying a higher naphtha price. Otherwisc, the nephtha
quelity has been maintcined from the provioug proposal,

i e———————



Phosphate raw material:

The phosphote raw material to be imported for production
of the NPK grades h2s been changed to:

Mono-zmmonium-phosphate (11-48-0)
in the previous proposal (di-nmmonium phosphate (18,2-46,8-0)
was foreseen instecnd,

4,10, Row material supplies,

It goes without saying that the suppliers and supplies of all

the main raw materiocls such as ngphtha, fuel oil Mo, 2,

Bunker C fucl oil, ammonic, mono-ammonium-phosphate (11-48-0),
muriate of potash (60% K20), coating ogent, and bagging materials
must be secured at long term delivery, freight, znd price

agreements hefore signing of any contract with the contractor.

LR = 2]

In the revised proposal certain climatic conditions are
given as basis for design of the quoted equipment,

These conditions must be checked and detailed before any
signing of a contract.

The maximum relative humidity as enviscged by N-Ren
Corporation at 69% seems very low to Liberian conditions,
Probably, the cooling woter tower installotions will have to be
enlarged considerably and be more expensive ns compared to the
previous and revised proposals.

Besides, the make-up water analysis as assumed by N-Ren
Corporation for the design of the boiler feed water preparation
system and for the operation of the cooling water system must
be checked very carefully prior to signing of any contract,

e —



4,10.6 Design codes,

The design codes as assumed by N-Ren Corporation are given
in broad terms in the revised nroposal, but they must be given
in details nnd be checked by the Liberian authorities prior to
any signing of a contract.

4,10.7_ Off-site facili*ies
Iternotive £

Essentially, the scope of deliveries under alternatives A -
of the rcvised proposal scems to be, apart from minor
modifications, to be the same as in the previous proposal.

As previously mentioned, the adeguacy of the cooling water
towers and the boiler feed water preparation unit must be
checked carefully on basis on the prevailing conditioas in
Liberia befare signing of any controct,

Iin electric power station is sitill included in the bid as
it ought to be.

The electric gencrator sets in the revised proposal have
gas turbine engines, but it must be assumed that the raw
materials will be diesel gas oil or fuel oil No. 2, This must
be checked carefully before signing of any contract.

Alternative B,

In spite of the fact that this alternative does not include
any ammonia plant, it comprises the cooling tower installation,
water recovery boiler, boiler feed water preparation system,
electric power station ond instrument and plant air system at
the same specifications and capacities as alternative A,

This is indeed very strange as the need of the 1liquid
ammonia terminal, storage, and refrigerating compressors on
these facilities evidently are lower than for a complete
ammonia plant, This question must be checked cautiously and
in details before signing of any contract.



On the other hand, the specificotions of elternative B
do not 1list any raw materials and bulk storage buildings or
any begging and bagged storage building as thiese buildings
are required for this alternative like alternative / vhere
they are specified. It must be assumed that the omission of
these buildings from alternative B must be lue to a typing
error., This point should, ~f course, be checked carefully
before signing of cny contract, -

Iith respect to the atmospherdc pressure liquid ammonia
terminal, storsge oand refrigercting compressors the adequacy
must be checked carefully and be strictly in accordance with
the possibilities for imrort of cmmonin before signing of any
contract, Alsc, the adequacy of these instcllations under the
climatic conditions of Liberic must be checked before signing
of any contract. It is noted that the capncity figures given
in the present specification dov not 2ll cgree.




4,11 ELconomic evaluation of N-len proposal or February 1976

4,1T.T Tnvestinents.

The investment figures of alternatives A and B are sub-
tracted the estimated cost of the electric power station for
the calculation of the cost nrice of the products, as no con-
sumption figures for the electric power station are given in
the reovised proposzl. They were neither stated in the previous
proposal.

for the cost price calculations, the figures on investment,
pre-operating interest, and working capital as listed in the
attached tabulation No. 16 will be used. '

4.,11.2 Raw material and utility prices.

Raw material and utility »rices have been used in the
economic evaluation of the reviscd proposal along the same
linec as explained in chapter 4.7.3.

Uith respect to alternative B an import price of US
$ 200,00 per mectric ton on ammonia has been anticipated rather
than US { 200,00 per short ton equal to U3 % 220,45 per metric
ton as applicd in the M-Ren proposal. The operating cost of
the ammonia terminal and atmospheric storage tank has not been
taken into account. The discount of US 420,45 per metric ton
as used in the present evaluation neans an annual amount of
US $ 0.5 million in favour of altermative D of the revised
proposal,

4,11,3 Tebour and staff,

Same calculating principles as outlined in chapter 4,7.4 and
in the revised proposal will be applied for the cost price
calculations.

4,11.4 Stream days, strean factor, and annual production,

Same stream factor of 80% as in the chapter 4,7.5 will be
used in the cost price calculations.



The annual producti»n figures at a strean factor of 80% &pe
given in the attached tabulation No. 25.

4,11.5 Maintenance.
Same calculation principles as given in chapter 4.,7.6 will
be used.

4,11.6 Insurancg.

As in chapter 4.,7.7

4,11,7 Capital cost.

An averagc interecst of 3,7% p.a. acerued once a year has
been used in the cost price calculitions. This average interest
over 10 years aorresponds to the 9% p.a. interest rate acorued
semi-annually over 7 years which will be charged on the long term
debt according to the revised proposal,

Straight-line depreciation over 10 years of the total
investments is applied in the cost price calculations for the
revised proposal as in the cost price calculations for the previous
proposal.

It is pointed out that Ni-Ren Corporation in the revised
proposal has envisaged straight line decpreciation over 14 years
of 85% only of the investments, whereas they used straight-line
depreciation over 10 years of 100% of the investments in the
previous proposal.

Interest rate on working capital has been maintained at
10% p.a. accrued once a year as in chapter 4,7.8

4,11,8 Cost price calculations.

Confer the attached sabulation Nos, 17, 18, 19, 20a, b,
and c, 21, 22, 23, 24.

4,11.9 Market prices on end-products,
As in chapter 4.7.10,
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The attached tabulations Nos. 26 and 27 give: the annual
manufacturing costs, the annual sales revenues, and annual
deficit at a stream of 80%.

As it ¢an be seen from these tabulations, the annual defioit
would be US ¢ 6,3 nillion for alternative 2 zod UB . 3,9 s{llden
Spr Lltarnative B of the revised propos-:l,

-

The smeller dcficit o:” ZI¥urfictivi’ ™ T fhe r. i »F p.sal
as compared t the nrevi_us pr.p.sal, even th.uszh this had a

1l . wer capital c .st due t. its earlier price basis, is mainly
because 'f the use .f the cheaper m n -~amm.nium-phosphate in
replacement f di-umm niun-ph_sphate envisaged in the previous
proposal as ph sphatic raw material,

As regards the annual deficit. the same remarks as stated
in chapter 4.7.11 are applicadble. In particular, it shall de
repeated that the abcve am unts d. not include all the losses,
which would be much more sericus and larger f.r a Liberian
fertilizer factory.
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Sabulation iio. A3

INVESTMENTS AND WORKING CAPITAL
N-REN PROPOSAL OF FTBRUARY 1976
Prics Besisi March 1976

Alternative A
¥nvutnents and pre-oderating costs 45,100,000
Prv-operating intcrcst 3.528.000

Jorking capital 3.26Q, Q00
Total 55 . 088 , 000

Fleoctric powst atation (estimated)
Investnents and pre-operating costs
Pre-operating intercst
WYorking capital

Total

Altoraniivo B

43,500,000
3.115.000

et 120,090
49,315,000

5 .000.000
400,000

-0
5.%00,000

Investments and pre-operating costs bk ,100,000
Pro-operating interest 3.128,.000

Working capital 3,160,000
Total 50. 36€ . 000




VARTABLE COST PRICE CALCTILATTON
AMMONIA RLANL

ALY _capecityi 130 STPT ammonia. Stream factor:t  assare. 0%
Productiony 90,7 MTPT x 340 dy= x 0,50 = 24,670 Y

Tmit/m. ton  Cost/Unit 0oBt /i, ton

U2 1 e

227,40/m. ton®
1813, 30/m. ton

gedlicic,
Reciricily 794 kWh 0,0%%/kwh
®oolin = tlor (eireulating) 150 n3 f),OOl/m3
Ppoilcr icct water 1,5 3 O,}}/ml

ur ;v_n;“;:taff
Supervisc. man/3 shifts Y, 00/manhour
Oper- Lo . men/3 ehifte 2,00/manhour

Baintcnonc labour men/) ehifte 2,00/manhour
men/day

Overhc-. (0% em ladour)
got per Yeay

$taff ~n. j0f gverhead 148,800
yariv.le st prige

® Coci »F Light maphtha as speeified by NeRem will be Bigher
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_Tatulation No, 18

VLRIABLL COST PRICE C/LCULATION
e NATRATE ACID EIANT

Baily Capacity: 180 STrD HNOy (100%), stream factor: assumed B80%
Exsdustion: 163,3 MTPL x 310 days x 0,80 = 40,498 MTPY
T T R Cost/m. Sub-

Item Unit/m. ton  Cost/Unit ton total

— eSS US, 8 Yalad.
ALTERNATIVE £i
Raw material
Ammonia 0,292 m, ton 275,89/m, ton 80, 56 80, %6
Qther moterial
Catalyst 0,0054 Troy oz 310,00/Troy oz 1,68 1,68
Ytdlities
Electricity 5 k'/h 0,05%/k h 0,28
Naphtha as fuel 0,015 m, ton 227,40/m, ton 3,64 -
Cooling wetor (circulating) 111m5 0,004+/m3 0,bh
Boiler feed water 0,70 m, ton 0,33/m5 0,23 b,59
lakouwr and steff
Supervisor 1 man/3 shifts 3,00/menhour 0,65% :
Operator 1 man/3 shifts 2,00/manhour 0,43 -
Maintenance labour 1 man/3 shifts 2,00/manhour 0,5%8

-1 man/day
Overhead (4O% on labour) - 0,66
cont per Xgar.

fsas{ and Overhead 93.000 2,30 _4.82
Yariauls cost Rrics - 91.45
AMTRRMATIVE B
Bav Material

Awmonia imported
Qther Variable Cogta(as obove)
Yariable cost Rrice

0,292 n., ton 200,00/ m, ton 58,40

3
5

A
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Tabulation No, 19

VARIABLE COST PRICE CALCULATION
‘é5]uMﬂtﬂﬂfTﬂEﬂTK%E‘FRQQDCTTUN'"

Daily Capacity: 40O STPD (33,%% N). Stream Factor: /Assumed 80%
Production: 362,3 MITD x (280 days x 0,22) x 0,80 = 18.144 MTPY

- -

Unit/m. ton Cost/Unit

Cost/m. Sub-
ton total

V. S, $ _U,S,$

Item

PP

Alternative A,
Rew materials
Ammonia

Nitric acid, 56% (100%)

Coating agent

Qther Materials
Lube 0il, chemicals
Bagging materials

Utilities
Electricity

Stean

jakour apg staff

Supervisor
Operators
Maintenance Labour

Bagging & ship. crew

Helpers

Overhead (4L0% on labour)

Staff and overhead
Yarjable cost pr
ALt tive B

terjals
Ammonia

Nitriec acid

Coating agent
r varjs cogt

Varjable cost price

0,223 m,ton
0,813 m,.ton
0,010 m,ton

41 X
0,6 m, ton

1man/3shifte
Lmen/3shifts

iman/®*3hifts
3man/day

3men/day
8men/day

0,223 m.ton
0,813 m,.ton

0,010 m.ton

ve)

275,89/m.
9f?ﬁ5/n.
4%°%0/m.,

ton

61,52
74,35
0, b

0,11
7,72

0,055/k' h
1,44/m,.ton

2,26
0,86

3,00/manhour
2,00/manhour
2,00/manhour

0,32
0,43

2,00/manhour
1, 50/manhour

0,22
1,29
1,25
Cost per year

223,200 2,45




VARIABLE COST PRICE CALCULATIO!N 4, 98
= MM“"‘““ Tabulgtion No, 208

A ST S B AN B A S SG.LE WEErEEmTE 4 WA 4 G e

Daily capecity: 400 5TPu (as 17-17-17). Stresm factor: assumed 80%
461,3 STPD (average). Stream foctor: assumed 80%
Production: 418,5 MTPD x (280 days x 0,73) x 0,80 = 72,867 MTPD
(average)
(100,400 x 1,80 = 80,320 HTtY = 72,867 MTPD)
o Unit/m., ton Cost/Urnit Cost/m, J3ub-
Item ton total
- ULS. 4@ U‘_osc ;ii"_ Unso ;E U,S&
Alternative A,
Grade (17-17-17) _
Ammonia 0,081 m.ton 275,89/, 22,35
ton
Nitric acid, 56% (100%) 0,313 m,.ton 91,45/m. 28,62
ton
Mono-amm. -phosphate 0,31 m.ton 208,00/m. 75,09
(11-48-0) ton
Muriate of potash(GO%KZO) 0,289 m.ton 139,00/m, 40,17
ton
Coating agent 0,010 m.ton 44,00/n. o, 166,67
ton
Other materials
Lube 0il, chemicals 10,11
Bagging materials 7,72 7,83
Qddities
Electricity Li kWh 0,055/kvh 2,42
Bunker C fuel oil 0,037 m,ton 127,80/m. 4,73
ton
Steanm 0,018 m.ton 88,00/m, 1,98 8,73
ton
and staff
Supervisor lman/3shifts 3,00/manhour 0,28
Operators bmen/3shifts 2,00/manhour 0,75
Maintenance labour lman/33hifts 2,00/manhour 0,38
3men/day
Bagging and ship, crew 3men/day 2,00/manhour 0,19
Helpers 8men/day 1, 50/manhour 1,12
Overhead (40% on labour) 1,09
Cost per year
Steff and overhead 223,200 . 2,45 6,26

Yariable cost price

189,49




VAR L olE COST 1nlICe Calaul Y“LION

———— o~ ——— NS LOQRUCTICN . .
Unit/m., ton Cost/'nit
Leem
UL LIS SN
ALy, ~itive A,
Gace (16-8-24)

Rew i cxials

Amnc o - 0,088 m.ton 275, /n,
ton

Nitri: acx¢, 56 . (100)%) 0,339 mn.ton 91,45/m,
ton

Mono=rmm, -phosphete 0,370 m.ton 208, ))/a.

(11-L2-D) tor

Miciite of potash(60%K20) 0,408 m.ton  139,07/n,
to

Coat’™ ¢, arent 0,010 m,ton Ly o /m,
TLn

Other varioble costs (as cbove)

Varianle cost price

Gundg (23-11,%-11,5)

Rey . -vzriols

Ampor Ce127 m.ton  275,: .,m,
ton

Nitric ~cid, 56y (100%) 0,489 a,ton 91,45/m.
ten

¥ . . 3,-phosphate 0,234 m.ton  208,00/m.

(1i~4--0" ton

Muria. o potash(6O%K20) 0,187 m.ton  139,C(/m.
ton

Coat!™~ agent 0,010 m.ton by O /n,
ton

Other variable costs (as above)
Varlc'le cost price

Grecs (18-9-18)
Raw ;mocorials
Anmrmio 0,100 m,ton
Nitri: arid 56%(100%) 0,391 m.ton

?9307wma,-phosphate 0,197 m.ton
o tmdy P‘[

Mud - of ‘)otash(GO%KZO) 0,314 m.ton
Coating agent 0,010 m.ton

Other i..riable costs (as above)
Variab_e cost price

Ty
91,

’r,
to.
208,C: 'r.
ton
139,'\4 "II;.
ton
M,”‘ ."\.
ton

L. 99
lebula, No, 20D

- A e ———

Cost/m., Sub-
ton total

Uc S_g_‘ _$ - U!id—

24,23
31,00
35,26
56,71

0,44 147,79

22,82 22,82
170,61

35,04
b, 72
48,07
25,99

0,44 154,86

22,82 _22,82

177,68

275955
35,76

40,98
43,65

0,"4 148, 42

22,82 22,82
171,24
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Tabulation No. 20¢

VARIARLE COST PRICE CALCYLATION
NPK PRODUCT ILN

Ttem

-

ALTE TV B

Gro. . (17-17-17)
Raw ..> .. 1g
Ammon - 0,081 <00, U0/ 1. ton
Nitric ¢! ,56% (100%) 0,113 69,23/m. ton
Other 1 ' 1iterials (see above)
Qther v.ri ble eost (see above )
!gziaqyglfpt Erice

Grade (16-8-24)
Raw Matcri-ls
Ammoni - 0,088 200,00/m. ton
Nitric ncii ,56% (100%) 0,339 £9,29/m. ton
Other row naterials (see 2bove)
Qther vriinble cost (sce above)
!3:;nblq_post price

Gra.c (23=11,5-13,2)
ABmonio 0,127 200,00/m. ton
Nitric ~c Jd ,56% (100%) 0,489 - €9,29/m. ton
Other r. iiterials (see above)
Qther variable cosis (seg ;ggxg]

variablce cosct price

Grodc (13-9-18)
Rew motcrinls
Ammoni 0,100 m. 200,00/m. ton
Nitric ncid ,56% (100%) 0,391 m. 69,29/m. ton 27,09
Other rav materials (see above) 85,07 132716

Other voriible costs (see above) 22402 __ 22,82
Variable cost price 154,98




Inysataents (Price basis

1. Delivery and construction: us 44,100,000 March 1976)
2. Pricc escalation: To ¢ added later
3. Pre-operating intcrest: Us « 3.228.000
bk, Total, cxcluding price uscalation: US & 47,228,000
Yorking Gapital: us ¢ 3.160,000
Ireduction: /N (33,5% N) 18,144 MTPY
NEX 722867 MIFY_

letad —20.004 MITY

L - AW W NS W .

L I R e ed]

Item Charg. Cost/ycar Cost/m. ton Subtgtal
!E 3] &N !E

Maintenence 2,54 on inv. 1 1.102.500 12,11 12,11
Sapital Costa
/iverage int. on inv, 3,7% on inv, 4 1,747.500 19,20 -
Depreciation on inv, 10% on inv, & 4,722,800 51,89
Interest on 'Jork, Cap. 1% on /. cap. 316,000 3,47 74,56
Inavranc: cost 0,95% on inv,1 419,000 4,60 L, 00

Jixed coat price, sxclyding cscelation 9,27




Investacnts;

(price dbasis

1. Delivery and comstruction: us 3 38,500,000 March 1976)
2. Price cscalation @ To be added later
3., Pre-op:rating int.rest: Us ¢ 2:.713,000
b, Total, excluding pricc cscalation US ¢ 41,215.000
¥orking Capiteli us . 2,600,000
Exsdustion @ .N (33,5% N) 18,144 MYPY
NEK _ 72,867 WPV
Total 91.011 MTPY
Item Charge Cost/ycar Cost/m.%on ~ Bubtotal
. Us_¢. U3 _$
Maintenanc. 2,% on inv, 11 962,500 10,58 10,58
capitel costg
fverage int, on inv. 3,7% on inv., 4 1,525.000 16,76
Depreciation on inv, 10% on inv, & 4,121,%00 45,29
Interest on work. cap. 10% on iy ‘cap. 271.500 2,98 65,03
Inaursnce Copt 0,9%:. on inv, 1 365,800 4,02 4,02
LAxed cost Rrice. vxcludink cost of price ¢scalation. 79,63
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Talulation No 23

TOTAL COST PRICE CALCULATION
ALTERNATIVE A

st nric. csgalaton)

Cost pur metric ton

Us__ 3
114 8 Y

Variabl. cost price 275,89
Eixcd cost pricy Dot gllocated
Igtal 275,89
Amponjum Nitratc (33,%5% N)
Variable cost price 154,08
Fixcd cost price —_.2 B
Zotal 243,35

”- -
Variablc cost pricc 189,49
Fixcd cost pricy .27
Tetal 280,76
NEX (16-8-24)
Variablc cost pricc 170,61
Eixed cost price 92,27
Total 261.88
Variablce cost price 177,68

copt (3 —_—3127
Total 268,95
MPX_(18-9-18)
Variable rost price 171,24
Fixed cost pricg —dhatd
Total 262,51




TOTAL COST I'iICE CALCULATION
L.LTERNATIVF B

(Exgluding cost of Price cacadation ). .

Ammonia _for sajc
Import pricc

Variable costs of stor ge
Fix.d costs of stornf.

Igtal
Ammonium Nitrate (33,30 N)

Veriable cost price

Fixed cost RFigy

Iotal
NEX (17-27-17)

Variasdblce cost price
Iota)

NPK 116-8-2'5_1__
variadle cost price

[;3cg cost gzggg
Total

NPX_(23-21,5-23,2)
Variadble cost pricc
Iixud cost price ..
Igtal

WX _(38-2-10)

Yariable cost price

IAxsd cost Rriss
lotal

Cost p.r ton

S

200,00
not allocated

pat allocated
200,00

119.14

19,63
198.77

176. 41

—T12,63
256.040

156 . b2

= 2%.0%

157.20

2%.83

154.98

23,61




ANNULL PRODUCTION I"IGURES
— Q0% stroapm factor

ARmenia_ for sals
3.000 x 0,80 = 2,400 short tons

ARmondvem Nitrat.

grad. (A7-17-172

40,000 x 0,30 = 32,000 shors tons

6-0-24
30,000 x 0,80 = 24,000 short tons

Grade (23-20.2-10.2)

15,200 x 0,80 = 12.160 short tons

gdrede (158-9-18)
15,200 x 0,80 = 12.160 short tons

2,310 A-3ris tona

£2,030 metric tons

L7723 avtric tons

11,032 metric tons

-2A.032 Beiric tons




LLTURN.LTIVE J.

f‘w. b, 1
(excluding co¥T 8Y Pric. cITAL
sonstruction of plant)

Lmmonia:

AN (33,5% N)

NPX (17-17-17)
NPKX (16-8-24)

NPK (23-11,5-11,%)
NPX_(28-9-18)
Iotel

lsmonia

LN (33,5% N)

NPK (17-17-17)
NPK (16 1-24)

NX (23-1. 5-11,5)
NPK (18-9-18)
otal

* Cost of 1light naphtha as specified by N-Ren
of end-product.

&

0STS

ATIoN OY 1

¢livery and

LUNULL SALLS RuVLIULS &

TR0 DCFICIT

(80% stream factor)

Lopya) Manufacturing Costs

2.177 metric
18,144 metric
29.030 metric
21.773 mctric
11,032 mctric
11.032 metric

/nnual Sales Revenues

2.177 metric
18,144 metric
29.030 metric
21.773 metric
11.032 metric
11.032 mctric

L.

tons
tons
tons
tons
tons
tons

tons
tons
tons
tns
tons
tons

Deci

¢ US &
¢ Us 3
o Us 3
¢CuUs
@ US &
¢us 3

© Us $
@ Us ¢
CuUs §
@ US §
@ UuUs $
cuUs @

275,89
245,35
280,76
261,88
268,95
262,51

220,46
209,44
202,79
190,70
181.40
197.21

V,3, $
= 600, 600*
s 4,451,600
= 8,150,500
= 5,701,900
= 2,967.100
-_2,896,000
= 24,767,700

479.900
= 3,800,100
& 5,007,000
= 4,152,100
= 2,001,200
*2.173,600
= 18,495,900

=..24871.80¢

will increase cost



Ammonia

AN (33,5% N)

NPX (17-17-17)

NPK (16-8-24)

NPK (23-11,5-11,5)
NPX_(18-9-18)
Iatal

Ammonia

AN (33,% N)

NPX (17-17-17)

NPX (16-8-24)

NPX (23-11,5-11,5)

NPX_(18-9-18)
Total

ippual Mapufact

2.177 metric
18,144 mctric
29.030 metric
21.773 metric
11,032 mectric
11.032 metric

tons
tons
tons
tons
tons
tons

¢ Us § 200,00
¢ US « 198,77
¢ US & 256,04
¢ US § 23,05
@ Us § 236,83
@ UsS ¢ 234,61

~Lnpual _Sales Rovenues

2,177 metric
18.144 metric
29.030 Metric
21.773 metric
11,032 metric
11.032 metric

tons
tons
tons
tons
tons
tons

Lonual Decifiy

0 US & 220,46
¢ Us § 209,44
G Us $ 202,79
¢ Us 3 190,70
¢ Us ¢ 181,40
¢ Us J 197,21

#5885
33888

NU N
- [ ]

o+ &

-

~N

[ ]

2a200,200
21,815,100

479.900
3.800.100
5.887.000
4.152.100
2,001,200

2.1072.600
18.495.900

3.319.200



4,100
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The nropoaqls and gggt ations submitted by N-Ren Coarporntion
eompri: o Lhe pqckuerp 1te and facilities wnd certain construction

olemen : [our buildings within the battery limit of the plani o1 le,

Mrtlics materiils, cervices, construction works, etc, wi.hin
dattery Liuite and which 're not the explicit responsidility of
N-Ren C. - icration according to their proposil will have to

% oror i and paid by the Govermment of Liberia. All tie-ino,
faeili.' , m.terials, c'c., as required cutside the battery li.il
as necc 't :ted 1in order to make the plant ‘Ble eamad ready to operate

mast he ~oovided and pail by the Government of Liberin.

ALL  ceme extra mitirials, servicees, works, supplies, ..c. uill
have .0 o paxd 1n addition to the monetary obligation of i .o
Govern..nt of Libetia under 2 possible contract with N-Ren Cormorae
tion, T icre i® no doubt that all these extrn charges will hove Go
e pnid ¢ rh by the Govermment of Liberin, and in view of the ohae
raeter uid terme of 2 possible contract with N-Ren Corporation -~s
suggectod 1n their propos»l these extra charges and commitments oan
hAardly bc finamced by any banks or international funds,

A non-exclusive list of the extra tasks and commitments to be
previded nd paid by the Government of Liberia ig given belows

« Procure all necessary priorities, alloeations, and
~llo.ments for materinls and operating equipment, amd
©ll licenses and permits, including building permits,
recuired by Governmental or regulatory authorities in

coruiection with the supply, erection \nd operation of the
plant,




Site area, which shall bde clear and solid with a
permissible bearing load of 3,000 lbs per sq.ft,

Any piling shall be paid by Government of Liberia. Any
ebstructions to overground or underground pipes, cables,
foundations, etc., such as rocks, etc, must be removed at
Covernment's expense and responsibility,

Site levelling (if necessary), topographical maps, soil
examination, proper dench marks, elevations and lines for
location of ilant, and stake out and instrll monuments
losating the battery limit lines,

Flooding protection of site from rivers ind neighbouring
areas.

AMequate, adjncent site of solid ground for unloading,
moving and storage of materials and operating equipment
and temporary buildings during construction perios.

Railroed siding at grade of plamt, within 100 yards of
battery limit and from nearest ocean harbour and allow
N-Ren to unload all materials and operating equipment
therefrom,

Parking area adjacent to battery limits for use of N-Rem
subcontractors' employces during construction period.

Furnish and maintain all times o clear, solid roadway or
roadways connecting bdattery limits, storage area and
parking area with a main public higiway,




Kco, 1reo adjacent to battery limits and between buildings
an. construction site and between storage Aarea and construc-
+ion .ite clear so as not to hamper or delay N-Ren's worl,

Purni.. o site for disposal of spoil within 0,5 miles from
b tiery limits,

Purnish 1t battery limits all necessary fill in cxcess of
tlint cxcavated by N-Ren 28 requested by N-Ren.

Supnly drinking water at battery limits.

Pumirch for construction purpoges water and clectricity
all in sufficient qQuantities and of proper character, at
the battery limits,

Purnic; and install whatever permanent fire-fighting
ecuipiont Purchaser deems necessary for the plant.

Purnioh water in adequate quantity and under sufficient

prc- ure for fire-fighting during construction, provide
N-Ren .ith fire-fighting assistance within the construction
arco o. plant, and provide watchmen if reqQuired by Purchaser.

Puimich all materials and operating equipment and do all
wor.s outside the battery limits of plant and connect at
battery limits all piping built by N-Ren. This shall
include service lines for water, naphtha, steam, fuel oil,
fuel sas, flaring, and sewers. Furnish and install all
machinery devices and shut-off valves required or desired
in such lines.




4,112

Furnish 2ll utilities in sufficient quantities and of
proper character as and when rcquired for the testing
of operating equipment and for operation of plant.

8upply and install raw water tank and softened water
tank within battery limits,

Supply and install raw water pumps and water line to
battery limits of plant. It is estimated that to
service the water utilities of plant approximately

700 US gallons of water per minute as make-up will

be required. It is oxpected that Government safeguards
to supply this water in a continuous and reliable
manner, as the plant cannot be run without a safe water
supply.

Supply and install necessary sub-station, including
bresakers, starters, necessary transformers and necessary
conduit lines outside battery limits.

Supply to battery limit of plant all indigenous materials
like cement, gravel, sheets, bricks, windows, doors,
asphalt, wood, reinforcement iron (?), etc. for construc-
tion of foundations, buildings, etc. within battery
limits of plant.

Supply and pay the salaries and wages of all indigenous
personnel and labour as required for construction of
the battery limit plant, or to hire¢ and pay local con-
tractors to do such work.

Furnish all necessary charging stock, catalysts, (inclu-
ding platinum), chemicals, lubricants and supplies
required for the starting and operating of the plant

in quantities and of the kind and quality necessary, and

7 =



4,113

which do not contain impurities in such quantities as to
interfere with the proper operation of the plant, and the
equipment required to introduce such charging stock,
catalysts, chcmicals, lubricants, and supplies into the
plant. According to the previous proposal, the initial
catalysts and chemicals will be delivered by N-Ren. This
is not reaffirmed in thc¢ revised proposal.

Furnish all spare parts as recommended by N-Ren.
Furnish furnitures and equipment of offices,
Furnish all laboratory equipment as recommended by N-Ren,

Furnish inert nitrogen system,

Furnish all maintenance and safety cquipment as recom-
mended by N-Ren. All machinery, equipment, tools, etc.

for mechanical, electrical, and instrument workshops will
be at Government's expense,

Tie-in all rainwatcer canals from battery limit of plant .

Tie-in all liquid effluent sewsrs, including sanitary
scwer at battery limit of plant,

Furnish and install any scwage water treatment plant to
handlc the chemical and sanitary water effluents of plant,
if requircd.

Furnish and install any hot water installation as may be
convenient in any buildings in addition to the administra-
tion building and the change house,

Build housing, facilities, school, etc. for personnel

and workers of plant.

Employ and pay indigenous personnel and workers for
operation, maintenance, etc. of plant prior to start-up.
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« Training of pcrsonncl and workecrs,

- Employ and pay consultants and scrvice staff to represent
and handl. Government's tasks and obligations during
construction and initial operation pcriod.

- Furanish external telephone and *elex communications lines
of plant,

« Furnish and install intcrnai tclephone system of plant,

« Furnish micro-wave communication system of plant,

- Furnish and install pipes and pumps or furnish vehicles
for transportation of naphtha and fuc<l oils from Liberia
Refinery Company to the plant,

- Furnish and install c¢xtra fractionating unit in Liberian
011 Refincry.

« Furnish or rescrve ocean harbcur and unloading and
storing facilitics and transportation vehicles for the

import of the phosphatic and potassic raw materials
thercugh the harbour to the plant site.

- In case of Altcrnative B, providc or reserve a ocean
harbour pier or quay for 1liquid ammonia tanker ship.
The distance from the ship to the ammonia storagc tank
of the plant 1is envisaged by N-Ren to be 4,000 ft. in
pipe length. If distance will be different, this will
call for modification in the supplics of N-Ren on the
ammonia terminal equipment.

- Furnish or reserve occan harbour site, including stores
and loading facilities and road transportation vehicles
for the export of NPK compound fertilizer,

« Install a separate and ncw occan harbour, inoluding
stores and loading facilitics and transportation vehicles,
all complying with the "US Coast Guard Regulations" for

the export of ammonium nitrate (33,5% N) which 1is
- Furnish rolling stock of plant
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classified as an explosive and cannot de passed through
& hardour serving other ships and commodities.

Provide and build central and local stores, transporta-
tion vehicles and employ personnel and workers for
sarioting and distridution ~f the end-products in Libdberia,

Liderian farmurs' credit schemes for purchasc of
fertilizers.
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It is very important to kncw that the export sales of a
fertilizer plant of Liberia is bound to take place at lower
ex factory prices than can be obtained on the fertilizers sold
to the domestic market.

In case that a duty-free import of fertilizers will be
maintained in Liberia, the factory will have to compst®e on
equal terms on the domestic market with the CII lonrovia prices
of the import agents of foreign fertilizer houses.

Likewise, a Liberian factory will have to sell on any
export market at prices which are not higher than the prices of
the competitdrs in the respective areas, As in Liberia, agents
importing from the large foreign fertilizer suppliers will be
active in these areas.

Most fertilizers on the cxport merkets are sold through
agents from [uropean and U.S. companies, which beside fertilizers
are manufacturing many other products for the agriculture, etc.
Consequently, the import agents of said companies are not depen-
dent only on the sales of fertilizers, but benefit as well .o
from the marketing of many other commodities. Usually, any such
agont represents one or & few international companies and are
not free to join business with other exporting companies, in
particular not if th.y are competitors to the principals of the
agents,

Consequently, a Liberian factory will have to establish its
own sales channels on the expcrt market and must be prepared to
offer higher commission fecs to the import agents than the inter-
national chemical houses, because a Liberian factory will merely
be able to deliver ammonium nitrate and NPK compound fertilizers,
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Besidus, a Liberian factory may need to get disposed of
ths products all over the year, while the imtermational dealers
may have available large storages and be capable to withhoid
their products and ship at intervals as may be most suitable
and economic to the cxport markets,

Because the fertilizer consumption of most African countries
.9 modest, a Liberian fertilizer plant would need to export to
m.1y countries, and the freight costs will depend upon the
distances from Liberia to the cxport markots.

It is noted that Lxchem-VWest African Explosives and Chesicals
Ltd. at Charlesville covers nearly all the market on ocxplosives
in the est African countries, This means that the export market
on ammonium nitrate from Liberia must be found in more distantly
placed countries in Africa, which will add to the freight and
marketing costs and reduce the ex factory price correspondingly.
Such export could only be madc to countrics which do dispose of
their own explosive manufacturing, dlending, and preparation
facilities

At pruosent Exchem, Charlesville is importing in the order
of 12.000 metric tons of ammonium saAtrate (33,9 N) per year
and thc domestic markct on NPK compound fertilizers is less than
10.000 metrie tons per year,

This means that at a strecam factor of 80% a.Liberian factory
as proposed by Neren Corporation would need to export in the
order of 6.000 metric tons of ammonium nitrate (33,5% N) per year
and in the order of 63,000 metric tons of NPK grodes per year
in addition €0 its sales to th: domestic merket at its preseamt
consumption,
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In retroapsct of the nbove, tne ex factory prices for the
export markets will need to cover allowances for harbdour, loading,
freight, insurance, nnd unloading costs and relatively largecoms-
mission fecs to th. import ag.ats abdroad,

These allowancus m.y very well amount to say US $ 50-70
per metric ton or more at the actual conditions of the world
sarket, me¢aning US $ *,5<4,8 million per year or more at the
annual export sales rate given above,

It 1s added that the. export of most fertilizers nowadays
from the industrial countrics is ruled by the marketing and price
conditions of a few marketing cartels, which oounts nearly all
the dbig fertilizer manufacturers of thc countries such as USA,
Western Europe, and Japan.,

It goes without saying that o small liberian fertilizer fac-
tory which again dcpends upon phosphatic and potassic raw
materials possidly being controlled by thesc cartels might bde
exposed to a serious competition on the¢ oxport markets fron the
cartels, in particular as thuir factories run at such lower
manufecturing costs and have less marketing costs.
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5.1 Supmary, conclusion, and recommendations
5.1.1 Cash flow calculations have been made in the present

report, which show that the Government of Liberia at
realization of the f(ertilizer plant proposed by N-Ren
Corporation would have to render and reimburse the
capital investment requirements in the order of:

US_$§ 70 million in Alternative A,

and in the order of:

US_$ 60 million in Alternative B,

e W ewl ..o = w

during the two years of delivery and construction
period and the subsequent seven years of operation.

These reimbursements would comprise the pay-up of the
Government shares and the deficits of the plant during
repayment of the suppliers' loan and accrued interest
because of the insufficiency of the revenue at sale of
the end-products at competitive prices as compared to
the sum of variabtle operation costs (excl. fixed costs),
mainterance cost and insurance cost.

Since the Government is conditioned to sign a surety
guarar’ ¢e on the financial portion of the price of a
possible contract with M-iien Corporation, the Govern-
ment would not be able to release itself of the
obligation of paying the deficits of the plant opera-
tion at any time for instance through declaring the
fertilizer company bankrupt.

Only after the seven years of loan repayments the fer-
tilizer plant would be able to operate at a profit,
however all too small to regain the above payments by
the Government before the obselescence and wear-out of
the plant. Besides, the N-Ren Corporation would have a
3075 right of such beleted profits in view of 30% of the
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share capital being the possession of the N-Ren
Corporation through their modest retainment of 8%
from the contract price.

In simple words, this means that the Government would

have to invest US ., 60 - 70 million in order to get a

fertilizer p%s?t to sell its products at competitive
compared to

prices, as/the alternative of continuing to import the

products at the same pri:es and invest nothing. This

latter alternative must be regarded cs the recasonable

one to pursua.

Alternative .. constitutes a fertilizer plant including
an ammonia plant, whilc Alternative B has no ammonia
plant, but imports ammonia from abroad.

The above deficits are based upon reduced prices on
naphtha and Diesel gasoil from Liberia Refining Company
as expected to be granted by the President's Price
Commission to the fertilizer plant as a major consumer.

The above deficits have been based upon a stream factor
of 35% during the first ycar, a strcam factor of 70%
during thc second year, and a stream factor of 800%
during the third and subsequent years of operation in
accordance with the recommendations of UNIDO/FAO/IBRD
(‘World Bank) for o fertilizer plant in a developing
country.

The above deficits and obligatory payments by Government
do not include site purchase and site preparation,
off-sites, auxiliary deliveries, etc., selling, general
and administrative expenses, waste of raw materials
during operation upsets, any abnormal equipment re-
placements or repair costs, etc.
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5.1.3

5.1.4

T . -

5.3

Due to the present small consumption of fertilizers and
an expected slow growth during the next years in Liberia,
most of the production would have to be exported to
neighbouring countries at competitive prices. Even at
such prices, it may be doubtful and difficult to find
adequate market outlets in neighbouring countries. At
any rate, such an export of the production would have

to be studied, planned, and organized carefully and in
details in advance.

It is normal practice of industry and highly recommended
that the establishment and operation of a fertilizer
plant is secured in advance by long term agreements on
the supplies, specifications, prices, and shipment of
all the raw materials and combustibles.

It is warned against relying upon short term or spot
deliveries even if the prices may be low sometimes, lLut
not necessarily always, since such deliveries may not
constantly be available, and any failure in any of these
deliveries will mean a complete stand-still of the
fertilizer plant.

The total annual manufacturing cost and annual deficit
calculations of Report Part 4 were based upon a stream
factor of 80%, upon the higher prices on naphtha and
Diesel Eﬁﬁfil originally quoted by Liberia Refining
Company,/simul taneously, upon a too optimistic apprais-
al of the electricity cost. These calculations have
been repeated on the same basis in the calculations of
Case 1 of the present report.

In the calculations of Case 2 of the present report the
total annual manufacturing cost and annual deficit for

a stream factor of 80% have been found at the reduced
prices of naphtha and Diesel gasoil from LRC expected

to be granted by the Fresident's Price Commission and at
a correct entering of the electricity cost of the neces-
sary electric power station of the plant.
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In Case 2 and Case 1, but not in Report Part 4 an
allowance of US 4 1,6 million have been deducted from
the sales pricec of present level of c.i.f., Monrovia
to cover handlin;, freight, and insurance costs and
import dealers' iees at the export of IIFK fertilizers.

The annual deficits of Case 2 (80 stream factor) as
corrected in the above manners are still very substan-
tial.

The Cases 3,4, and 5 calculations of the present report
are based upon the same assumptions as Casc 2, except
that the stream factor is veried at 70%, 35%, and 100%,
respectively.

In all the Cases 1,2,3,4 and 5 the fixed and variable
manufacturing costs have been included. Straight-line
depreciation over 10 years, 3,7% p.a. average interest
on investments, and 10/, p.a. interest on working capital
have been assumed. However, the fixed costs of site,
off-aites, etc, 3elling costs, etc. as given under above
item 5.1.1. are not included.

The calculated annual deficits are as follows:

Case Stream factor Annual deficit
e e m e e ,aigg s

Aternative A  Alternative B

4 35% 9,2 8,0
3 70% 7,7 6,6
2 80% 7,3 6,2
(1) (80%) (7,9) (5,1)
5 100% 4,5 3,4




5.1.5
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The total manufacturing costs, sales revenues, and

annual deficit of Case 2 (30% stream

detailed below:

Alternative A Middien VS 3
Fixed manufacturing copts.
Depreciation and interest 7,5
Maintenance 1,23
Insurance _0.46
Subtotal Q.23
Yariatble menufscturing cogtse
Naphtha :

14.373 metric tons at Usy 165,00 = 2,37
Fuel oil No.2 (Diesel gasoil):

20.139 metric tons at US$ 135,00 = 2,72
Bunker C fuel oil:

2.69% metric tons at US{ 127,80 = 0,34
Mono-amm-phosphate:

18.934 metric tons at US$ 208,00 = 3,94
Muriate of potash:

22.798 metric tons at US$ 139,00 = 3,17
Labour and staff: 1,33
Other variable costa: 3496

Subtotal 14,98

Total manufactyring costs 24,20
Sales revenues

93.1688 metric tons at US$ 181,04 = 16,67

(average minus export allow.

- price)

Anpual deficit

factor) are

Lk
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sdternative B Billion US §
Eixed manufacturing costs.
Depreciation and interest 6,66
Maintenance 1,09
Insurance 0,41
Subtotal .8.16

Veristle magufacturing coats.

Ammonia

2L . 944 metric tons at Usy 200,00 = 4,98
Naphtha :

654 metric tons at USp 165,00 « 0,11

Diesel gasoil :

1.329 metric tons at U3 135,00 = 0,18
Bunker C fuel oil :

2.695% metric tons at U3$y 127,80 = 0,34

Mono-amm-phosphate:
18.934 metric tons at US§ 208,00 = 3,94

Muriate of potash:
22.798 metric tons at US3 139,00 = 3,17

Labour and stalf: 1,22
Other variable costs: 0,99

Subtotal AL, 23
Total mapufacturing costs L3.99
Sales revenues

93.188 metric tons at US$ 181,04

16,97

s aamalewin. >

Average minus export allow.
-price

Anouad deficit LIV 7
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5.1.7

5.7

As apparent from the above figures, the fertilizer

project of either Alternative A or Alternative B could
enly de feasidle, if a comdination of adequate savings

in fixed costs and the raw materials costs on naphtha,
Diesel gasoil, Bunker C fuel o0il, mono--ammonium-
phosphate, and muriate of potash and higher end-product
sales prices could be achieved Lower prices, even
much lower prices of two or three of the raw materials
would not by far be enough.

It is recommended and it is normal practice of the
industry to establish fertilizer plants on careful
planning and competitive bidding.

In the chapters 5.4,5.5 and 5.5 the normal actions for
the establishment of 2 fertilizer plant, thy¢ tender
papers for the bidding, and the names of some possidle
suppliers of small fertilizer plants are stated.

It is pointed out that competitive bidding may not be
obtained on small fertilizer plants nowadays, unless

it is verified in advance that the project concerned will
be feasidble and realized.

Minutes of the last meetings on 12th and lkth July 1976
in the Ministry of Agriculture with representatives of
N-Ren Corporation are givem in chapter 5.2
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5.2 Meetinks on A3th and J4th July 3976 An the Ministry of
Agrigulturs with N-ien Corperatien and N-Ren Astier of
A3th Judy 33976.

Pacsicipants Ap meetdn on A2th Juwiy 1976
From Ministry of Asriculture:
Mon. Louis A. Russ, Minister of Agriculture.

Dr. Patrick Dropleh, Deputy Minister of rgriculture.
Mr. Joshua Cooper, Director, rlanning Division,

From N-Ren Corperation:
Mr. Martin A. Train, Executive Vice tresident.

Mr. Jean Lariviere, Process Coordinator.
Mr. Sheikh Almoody, Advisor.

From_Ihe Liberian Development Corperation.

Mr. Hilary B. Wilson, 3r., General Manager.

Mr. William T. Diggs, 8r., Manager of Froject Research
and Evaluation Division.

Mr. Karl Kjeldgsard, UNIDO Expert.

From A-B. TolRert levw_Firmi
Mr. A.D. Tolbert, Lavyer and rgent of N-Ren Corporation.
dMr. Jusu ‘ood, Lawyer.

DEarSASiRARtE AN MeSTARZ On 1Ath Juhy 2376

Same persons as above, excent that Hon. louis A. Russ,
Minister of Agriculture had been prevented from coming,
and Mr. /.B. Tolbert was not present, but replaced by
Mr. Abraham L. James, Lawyer.
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Rinister Russ declared at the start of the meeting on 12th July
1976 as follows:

- That the Covernment of Liberia was concerned that
the domestic market would not become big enough
during the next many years to consume the production
of the proposed fertilizer plant, su that a substan-
tial portion of the production would have to be
exported

- That the Government of Liberia was concerned that the
proposed plant would not bec competitive and able to
operate at manufacturing costs below the competitive
market prices on the products.

Mr. Train ansvered that the fertilizer prices on the world
market went up and down. The prices had been very high 1 - 2
years ago and were at present relatively low. !Mr. Train stated
that N-Ren Corporation would be prepared to establish and finance
at a certain interest chargc an equalizing fund for the valleys
and tops of the market prices. The fund would reimburse the
production losses of the proposed fertilizer plant during valleys
of the market and would be repaid by the plant during tops of the
sarket.

Minister Russ said that the operation and conditions of such
a fund would have to be studied in all its implications and
details, and he asked Mr. Train that N-Ren Corporation should
present its offer and conditions on the equalizing fund in
writing to the Ministry of Agriculture.

Regarding the manufacturing costs, Mr. Train suggested that
the Lidberia Refining Company might produce naphtha in excess of
the domestic market on gasoline, thus implying that L3C might be
prepared to sell naphtha at a low price to the proposed fertili- <
zer plant both for process feedastock and fuel, rather then have
to export the excess naphtha at high shipment costs and conse-
quently low ex-refinery price to clients abroad. In fact, if the
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fertilizer plant could be supplied with cheap nephtha, the
manufacturing costs would decrease appreciably for Alternative A.

Minister huss haided over a cody of the Report iart 4 worked
out by Mr. Karl Kjecldguard to Mr. Train of N-Ren Corporation and
asked him to submit the written, objective comments of N-Ren
Corporatinn without any subjective remarks for a next meeting 1in
the Ministry of sgriculture within the next couple of days.

For the next meeting on l4th July 1976 N-Ren Corporation
had prepared their letter ol 13th July 1976 addressed to Hon.
Louis N. iluss !. Huss, Minister of /griculture, Minister of
Agriculture, where N-Ren Corporation are stating their comments
on the Report lart 4 by Mr. Karl Kjcldgaard.

This letter contains the following two clarifications on
the extent of the revised N-iien quotation and proposal:

- The price quoted includes all work within the battery
limits, such as indigencous building materials, civil
engineering works and salaries of locsal personnel, but is
exclusive of site prevaration.

« The price quoted is fixed.

Mr. Train supplemented during the meeting, that this
meant that the price would be fixed during the whole
delivery and construction period. No price escalation
would be demanded by N-.len Corporation during the two
years of delivery and construction period.

Mr. Train stated that i-.cen Corporation would airmail at
the latest 23rd July 1976 from Bruxelles their additional com-
ments on the Report iart 4 and on the project as a whole, to
the Ministry of Agriculture.
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Mr. /1lson reninded and arkxed !Mvr. Train that thia forth-
eemaing lettar ougcht to incluce, as follows:

« Terms and int:zrest on ecuzlizing fund feor vellays and
tops of nmarket,

-

« Cuarantee on export ncrketing through an offer in writirg.

Desides, !r. Xjeldgasrd a2s+ed (Ir. Train that !'-Nen Corpora=-
tien would sutnit to the iiinistry of /fgriculture, ts follows:

- 8Synopsis of contract _tercs as suzgested by N-Ren Corporaticn.

« Consunption of Diesel gesoil of the Diesel —otors driving
the electric generators, which are incluced in tre  l-fen
proposal and oust be rezarced 2s a necessar and intezrated
utility unit of a fartilizer plant in a developing country.

« Statenents and specificctions of prinary reformer,
naphtha reforzing procecs ard instru-entation, nahtha re-
forning catalyst, cdesizrn nz-h*hz (design nz-hthe specifi-
eation ~must corresrond exactly to the specification of
the nayhtha to be supplied by LRC or altermative source),
eard patent inpingenent clause on the naphtha reforning

process.

Definitely, the nrevious Cirdler reformer design with two
Fows only of wall btur ers, &s indicated on the process
flow digzram no. S-3 in the revised "-Ren proposal book
of Fedbruary 1375 wnd tha !-ian arii.le -‘Realizirg the
potentizl of the snall ammoniz 3lantiin !'itrozen,
March/April 197€, vhich vas distributed to the neeting
participants on 12th July 1975 by !ir. Martin A. Train, is
unsatisfactory anc sheuld net be assepted for naphtha referming.
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Poscibly, quote an alternative ammonia plant, based on
30 - 35 Kg/clzg. re orming pres-ure, no injection of
quench water to gas prep@zation train, and a hot pot
wash inctead of a Cirbotol - M.A wash for CO2 removal,
involving a 20-30  decrease in consumption of naphtha
plus fuel oil no 2 to the »rimary reormer

Fe .sibly, replace the Girdler Ammonia synthesis converter
internals and peancake electric start-up heater with
Topsoe-TVA ammonia synthesis converter internals and
duilt-in electric start-up heater.

Specificationc and limits on - 11 gaseous, aqueous, and
dust efflucnts o plant and specification of pollutiea
abatement in nitric acid plant, and complex plant.

Besides, Wr. Train was invited to provide, following his

allegations as brought forward during the meetings and
in the N-Ren letter of 13th July 1976, any written
quotations from suppliers on long term deliveries of
naphtha, Diesel gasoil, MAY, and muriate of potash at
substantially lower prices than presently available to
LDC and used 1s basis in the Report Part & and the pre-
sent report.
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1.3 _Asvaluatien of Revised N=Ren provesal of Fedvruary A976.

.11 Cash flow and capital investment requiremenis Dy UQVeIR-
ment of Liberia.

A revaluation of the revised I-iiem proposal of February
1976 has been carried out in order to establish the cash
flow and capital investment requirements by the Governmsent
of Liberia, if the proposed fertilizer plant would bde
built.

The capital investwent requirements by the Government will
comprise the pay-up of the Government shares and the

cost of site, site preparation, off-sites, auxiliary de-
liveries, etc. during the pre-operation period and the
reiabursements of the deficits of the plant during the
first seven years of operation, when the suppliers' loan
shall be renaid.

It is recalled that the Government of Liberia is condi-
tioned to 3ign a surety guarantee on the financial

portion of the price of a possible contract with N-Ren
Corporatoon according to the N-ien letter of 12th March
1976 to President Jilliam R. Tolbert, and therefore the
Government would have to reimburse any outstanding and due
payments.

These deficits have been calculated as the fifference
between t..e sum of the loan repayment and accrued interest,
variable operation costs (excl. fixed costs), maintenance
cost, and insurance cost and the sum of the revenues or
prices from the sales of products.

The cash flow and canital investment requirements by the
Covernment are shown in the enclosed tabulations nos. 20
and 29 for Altermative . and Alternative B, respectively
of the revised N-Ren proposal.
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According to these tabulations the Government would have
to pay in tota) in the order of:

Us & .70 midiien in Alternative A,
and in the order of:

US_» 6Q alddAcn A Alternative 3,

during the two years of delivery and construction period
and the subsequent [irst seven years of operation.

Only after the full .epayment of the suppliers' loan, the
plant will be abdle to operate at a profit, however all
too little to recover the above payments defore the plant
will get obsolete or worn out.

The repayment and interest schedule of the tabulations
nos. 23 and 29 have been copied from the N-ilan proposal
ook, while the figures on variable costs, maintenance
costs, insurmance costs and sales revenues have been taken
from and arc calculated in the enclosed tadulations nos.
3%5.-42 for Alternative A and tabulations nos. 48-55 for
Alternative 3.

4.1.2 Streap factors
In compliance with the recommendations by UNIDO/FAO/IBRLC

for developing countries, the cash flow calculations have
been hased upon the following stream factors:

Percentage production of daily
design capacity through 340
dAYR A YOOI

and. year T0%
3rd. and subsequent 4 years 80%
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5.2.3 Recalculation of manu.acturing cost factors from specific
values into annual amounts.

In the enclosed tabulations nos. 30-34 for Alternative A
and tabulations nos. 43-47 for Alternative B the total
annual manufacturing costs and the annual deficits have
been calculated for Case 1 on basis of the same raw
material prices, fertilizer sales prices, and other
assumptions as in Report rart 4, chapter 4.11 regarding
Economic evaluation of the revised N-Ren proposal of
February 1976.

In Report Part 4 the specific manufacturing costs of the
products are given in US { per metric ton, and the various
variable cost factors such as raw materials, utilities,
and labour and staff are entered on a unit cost basis in
the calculations. Thus, the annual amounts of the various
variable cost factors are not apparent from Report Part 4,

On the contrary, the purpose of the new calculations in
tabulations nos. 30-34 and 43-47 has been to calculate the
annual amounts of both the fixed costs and the variable
costs in order to see the proportion in which each cost
factor enters in annual amount in the total annual manu-
facturing cost.

Logically, the annual manufacturing costs as found in the
latter calculations of Case 1 as apparent from tabulation
no. 33 for Alternative A and tabulation no. 46 for
Alternative B are equal to the figures of tabulation

no. 26 and tabulation no. 27, respectively of Report Part 4.

In the sales revenues of Case 1 an allowance of Us § 25
per metric ton for harbour, loading, freight, insurance,
and unloading costs and fees to import agents on an

estimated quantity of 65.000 metric tons of end-products
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for export, corresponding to US § 1,6 million is foreseen, and
therefore, the annual deficits of Case 1 as apparent from

the enclosed tabulations nos. 34 and 47 are US$ 1,6 million
higher than in the tabulations nos. 26 and 27 of Report

Part 4.

2,:.4 Prices on naphtha, Diesel gasoil, and Bunker C fuel oil.

It is recalled that the manufacturing cost estimates of

the revised N-Ren proposal are based upon unrealistically

low prices on combustibles, &t least as compared to the

ex-refinery prices of Liberia Refining Company (LRC). The -
N-Ren prices are, as follows:

- Naphtha Us$ 100,00/short ton,
equal to US$ 110,23/metric ton.
- Fuel oil No.2 (Diesel gasoil) : US$ 80,00/short ton,

equal to US{§ 88,18/metric ton.

- Bunker C fuel oil Us$ 80,00/short ton,

equal to US% 88,18/metric ton.

However, in the enclosed tabulations nos. 30-34 and 43-47
mentioned above, like in Report Part 4, the following
prices on the combustibles have been applied:

- Naphtha (predesulphurized) s USH 227,40/metric ton
- Fuel 0il No.2 (Diescl gas oil): US$ 183,30/metric ton
- Bunker C fuel oil : US$ 127,80/metric ton

These prices (excl. duty) were quoted by Liberia Refining
Company in January 1976 during visits and discussions at
the refinery. By LDC letter of 23rd February 1976 LRC
was asked to reconfirm these prices at earliest con-
venience. First by letter of 16th April 1976 LRC wrote
to LDC that the proposed fertilizer company might be
allowed reduced price from the refinery depending upon
negotiations with the President's Pricing Commission,
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At the time of receipt of the latter letter it was
conceived that the anticipated reduction of the prices on
naphtha and Diesel gasoil from LRC, although appreciable
in annual amount, would still be all too small to turn the
fertilizar project into a viable and feasible plant.

Meanwhile, in order to check upon the possible saving in
the coat of naphtha, Diesel gasoil and Bunker C fuel oil
from LRC the writer had a meeting on 15th July 1976 with
Mr. Gerald Padmore, Deputy Minister of Finance and, upon
Mr. Padmore's suggestion, subsequent meetings on 15th,
16th, and 28th July 1976 with lMr. James E. Hay, Resident
Manager, “hinney Iturray & €o.Monrovia, who is in charge,
on behalf of the Ministry of Finance, of the development
of prices of the direct supplies from LRC to the enter-
prises classified as major consumers, taking into consi-
deration the volumes, the market prices and the contri-
bution made to the economy by such major consumers.

Mr. Hay has developed the following prices on the above
assumptions:

- Naphtha : US$ 165/metric ton
- Fuel o1l No.2 (Diesel gasoil) US$ 135/metric ton
- Bunker C fuel oil ¢ US$ 127/metric ton

These prices have been confirmed to LRC by the Ministry
of Finance by a letter of August 2, 1976.

As apparent, the Bunker C fuel oil price has not been
decreased, as the volume to be consumed by the fertilizer
plant will be too small to permit a price benefit.
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During the meeting on July 12, 1976 in the Ministry of
Agriculture Mr. Martin A. Train anticipated that Liberia
Refining Company might »rocduce naphtha in excess of the
needs o. thc domestic market and, thus had to export the
surplus naphtha at low pric~s to distant clients abroad.
This question has been checked on 13th July 1976 with
LRC. At present "RC does not produce or have to produce
a surplus of naphtha. Reference is made to a memorandum
of 14th July 1976, which the writer of the present report
has submitted to Mr. Hilary B. '/ilson, Sr., General Manager
of LDC on this matter.

With respect to the suggestion by N-Ren Corporation to
consider whether cheap naphtha may be available through
import from abroad, it is warned against basing the
fertilizer projec* on short term deliveries at low spot
prices from the world market. Only supplies based on
long term contracts ought to be considered.

Besides, it is emphasized that the naphtha quality is
restricted to be “straight-run’ for the fertilizer project
and must be approved in advance by the supplier of the
naphtha reforming catalyst of the plant, because any

other naphtha qualities as cracked naphtha, etc. are not
suitable to the naphtha reforming process and might lead
to serious operating troubles.

&.2.2 ITices on imported mono-ammonjum-phosphete, muriste of

The manufacturing cost estimates as given in the revised

N-Ren proposal are based upon low rawv material fertilizer
prices, as follows:
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- Mono-amm-phosphate US$ 133,00/short ton,
- equal to : US$ 146,60/metric ton.

- Muriate of potash USé 86,00/3hort ton,
equal to : ULJ 94,80/metric ton.

The prices on all materials as applied in the manufactu-
ring cost calculations of Report Part 4 and the present
report are defined and listed in chapters 4.7.10 and
4.11.2 and tabulations Nos. 11 and 12 of Report ‘art &.

As described, the prices on imported mono-ammonium-
phosphate and muriate of potash and the prorated sales
prices on NPX fertilizers as applied in Report Part &4
have been based upon a Quotation of 7th April 1976
received by LDC from ULRC., Monrovia on supplies at
c.i.f. Monrovia prices from BASF, West Germany. For the
calculations, the MRP and KC1l »rices are reduced by
10% in order to consider shipment in larger

lots than che lots of 50 - 100 metric tons as envisaged
in the ULRC/BASE quotation. No such reduction has been
applied for the NPK fertilizers.

The MAP and KC1 raw material prices used in Report Part 4
are repeatedly used in the manufacturing cost calculations
of the present report, as follows:

- Mono-amr.-phosphate: Us$ 208,00/metric ton
- Muriate of potash USe 139,00/metric ton

Referring to Report Part 3, alternative sources for MAP
and KC1l to BASF may be considered and examined, but in
view of the Europe Fertilizer Cartel it may be doudtful
that substantially lower prices can be obtained on these
rav materials from other sources in West Europe than
BADF at present.




The price of US, 200/metric ton on imported raw material
ammonia for Alternative B as applied in Report rart 4 and
the present report is 10w lover than the price of USH

200/short ton = USe 220,46/metric ton as epplied in the
N=Ren proposal.

In Report rart 4 and the preseut report the sales prices
on ammonia for the rubber plantations and on ammonium
nitrate for the explosives industry have been assumed the
same as in the N-Ren proposal, namely US§ 220,46/metric
ton and US§ 209,44/metric ton, respectively.

The prorated sales prices c.i.f., Monrovia on NPX
fertilizers based on the ULIC/BASF guotation as entered

in the sales revenues calculations of Report Part 4 and the
present report arc in average US,} 1973,48/metric tons and
are 10% lower than the average sales price on NPK ferti-
lizers of US$ 200/short ton = US$ 22.,46/metric ton as
supposed in the revised N-Ren proposal of February 1976.

It 1s true that the tertilizer prices were much higher
(around US$ 350/metric ton) on the world market during
1973 -~ 1975 as compared to the present level of about
USy 180 - 200/metric ton, c.i.f., Monrovia. Undoubtedly,
the drastic price peak during 1973 - 1975 was caused by
enormous purchases of iertilizers on the world market

by USSR and China. In the meantime, the construction
has been completed and the operation started of around
25 - 30 large fertilizer plants, ecach with a yearly

capacity in the order of 400.000 - 1.000.000 metric ton
in USSR, China, and clscwhcre, or in the order of 150-2%0
times the capacity of the present N-Ren project.

Therefore, the fertilizer prices on the world market may
show stability during the forthcoming years or a slow
escalation in possible reflection of any increases in the
rav saterial prices on crude oil, rock phosphate, muriate
of potagh, etc.
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4.6 Totel snowal Benufactuwring costs snd snouel delicits.

In the enclosed annual manufacturing cost and ennual
deficit calculations Nos. 3 - 36 and Nos. 48 - 49 for
hAlternative A and Alternative I, respectively on Case 2
the reduced prices on combustibles from LRC (see above
chapter 5 3.4) have been entered in replacement of the
original IRC prices of Case 1 and Report Part 4. The
stream factors is 80, in Case 2 as in Case 1 and Report
Part 4.

At the same time, the Case 2 calculations have been based
upon the full investment prices of the N-Ren proposal and
corresponding higher [ixed manufacturing costs, and the
Diesel gasoil consumption of the Diesel motcr driven
electric generators have been estimated at 0,32 metric
ton/1.000 KVH consumed corresponding to a Diesel gasoil
cost of U3y 0,043 per KWH consumed at a Diesel gasoil
price of US. 135.00/metf1c ton, rather than subtracting
an estimated investment cost of USs% 5,5 million, lower
the fixed manufacturing costs accordingly, and enter

the total electricity cost at the price of US$ 0,055/KWH
of Liberia ilectricity Corporation to industrial con-
sumers as done in Case 1 and Report Part &,

Although this was speci ficelly requested during the
meeting on July 14, 1976 in the Ministry of Agriculture,
N-Ren Corporation have not so far advised the Diesel gasoil
consumption of the electric power station, which 1is
included in the in the N-Ren proposal, and wvhich must be
an integrated unit of a fertilizer plant in a developing
country in order to avoid frequent shut-downs due to
power failures. The above Diesel gasoil consumption
figure of 0,32 metric ton/1.000 K 1 has kindly been
estimated by the technical mansgement of the electric
gonerating station of Liberie ilectricity Corporation in
Monrovia.
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In spite of the reduced prices of combustibles the annual
leficits of Case 2 in Alternative A have been decreased dy
merely US$ 0,6 million and have even been increased dy

US¢ 1,0 million in Alternative B as compared to Case 1

and Report Part 4 because the correct adjustment on
sanufacturing cost of the electric power station adds to
the total manu..cturing cost. It is noted that the
electric power station of Alternstive B as proposed by
N-ilen Corporetion iz too big, corresponding to an estimated
excess of US§ 0,6 million in fixed manufacturing costs.

The annual sales revenues of Case 2 are identical to
Case 1 (see above chapter 5.3 3),

In the enclosed calculations Nos. 37 - 42 for Alternative
A and nos. 50 - 55 for Alternative B the total annual
manufacturing costs, annual sales revenues, and annual
deficits have been recalculated by prorating the figures
of Case 2 (80 stream factor) for the stream factors 70X,
35%, and 100 for Cases 3,4 and §, respectively.

A summary of the annual deficits as calculated in
dependence of the stream factor is given below:

Case Stream factor Annuel deficit,
Alt‘&‘— ﬂgm-
—_— ‘ cem - HwmA_ uxed
b . %% 9,2 8,0
3 T0% 7,7 6,6
2 00% 7,3 6,2
(1) (o0%) (7.9) (5,1)
5 100% 4,5 3,b
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Except for the differences explained above, the fixed
namufacturing cest calculations ef Case 1 and Report

Part 4, Case 2, Cusc 3, Case &, and Case 5 have beoen made on
the same bdesic canditions, as followe;

Maintenance:

2,5 p.a. on investments.

This rate is modest and is likely to de digger,
in particular during the f{irst years ol opere-
tior and in o developing coeuntry.

Average interest:

3,7% p.a. on investment, corresponding te the
interest charge on the suppliers' loan of the
N-Ren proposal, prorated over 10 years.

« Depreciation:

106 p.a. on investaents.

This rate ought to de fixod from the peint eof
view of duasiness risk, rather than expected
equipment life or taxation rules.

e Interest on working capital:

10% p.a.

Insureance of plant;

0,99% p.a. on investment as in the N-Ren prepesy)
A higher premium of say 2% p.a. or mere aight de
sere in 1ine with the reality depending upon the
iasurance coverage vanted and the higher risk of
shut-downs and repairs ia a develeping country.
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It is noted that the annual deficits of neigher Report
Part 4 nor the present report take into account the
selling, general and administrative expenses of U3S§ 1,1
million per year as assumed in the revised N-Ren proposal.

Moreover, in order to avoid to have to dwild a special
harbour for export of AN (33,54 N) a smaller quantity will
] have to be produced of this product in accordance with
the consumption of the Liberian explosives factory, and
correspondingly more NiX fertilizers will have to bde
produced and exported at the stream factors of 70% -

1007.. As the production and sale of NPK fertilizers is
resulting in an even higher losz than AN (33,5% N),

this will mean somewhat higher anmual deficits than

' given above.

In addition, the above annual deficits as calculated
40 not include the sudbstantial capital cost of site
purchase, site preparstica, off-sites, suniliary
deliveries, etc.

Desides, the above annual deficits 4o not take inte scceumt
any wastes of raw materials and utilities during operatiea
upsets and shut-downs, which may ocour frequently during
the first years of operstion in a developing country.
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AMERZIYE A
IRAI=DONE. OF 7O7AL ANNIAL PRORRCTION
(808 Sireem Fastex)
, Natzia jene

ARaala
Pow oale 2.177
Por nitzie seid s 0,292 = 40.92% = 11.9%0
Por AN (33,9 B) s 0,229 x 10.144 = 4.046
Por FPX (17-17-17) s+ 0,001 x 29.0% = 2,351
Pre BPK (16-8-24) :+ 0,000 x 21,77 = 1.916
Por BPX (23-11,9-11,%) ¢+ 0,127 x 11,092 = 1,401
Pow BIX (10-9-10) s 0,100 x 11,032 = 2.40%.

Totad .24
Biizia aald
Por AN (33,% W) s 0,013 = 10,144 = 14.751
Pouw BIX (17-17-17) s 0,913 = 29.00 = 9.006
Pow FIX (1(-0-24) s 0,39 x 21.713) - 7.381
Pow FIX (23-11,9%=11,9) 1+ 0,409 x 11,032 « . 396
Pow BX (10-9-18) s 0,991 x 11,092 = A3

Tetal 0,923
M%) pY TPV V)
BX_(A1-11=21) 2,220
| WVEHTY 2113
BE_(231.3-2.1) 11032
BX_(A8=3=10) 1022
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W
ALTEENATIVE A
ANUAL RAY MATERIAL AND UTILITY CONSUMPTION
{90% Stxean Factox)
Meixie tona

Naphtbs

Tor ammonia 1 0,55 x 24.944 = 13.719
Por nitric aoid : 0,16 x 40,925 = 654

Total Maazs

sl oil No, 2 (= Dieeel gasoil)
Tor anmonia $ 0,50 x 24.944 = 12,412

For Diesel motors of eleotric genexrators : oorresponding to
electrioity consumption

Manker C uel il
Yor ¥PX (17-17-17) : 0,037 x 29.0%0 = 1,074
Por NPX (16-8-24) : 0,037 x 21,773 = 005
Por NFX (23-11,5-11,5) : 0,037 x 11,032 = 408
Yor ¥FK (18-9-18) $ 0,037 x 11.032 = —4o8
2895
Nopc-amm, - phosphate (11-48-0)
Yor NFK (17-17-17) $ 0,361 x 29,030 o 10.479
Por WPX (16-8-24) $ 0,170 x 21,773 = 3,701
Por ¥PK (23-11,5-11,5) : 0,234 x 11,032 = 2,581
For WPK (18-9-18) 1 0,179 x 11.032 = 2313
2034
Mazk %e_of potash (60% Ka0)
Por NFX (17-17-17) $ 0,209 x 29.030 = 0.389
For NPX (16-8-24) $ 0,408 x 21.773 = 8,803
Yor MNP (23-11,5=11,5) s 0,187 x 11.032 = 2,062

Por NIK (18-9-18) 10,314 x11.0%%' = 3,464
Total 22,7198
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laizic _tena

faating ageni
Por AN (33,9% N) 1 0,010 x 16.144 = 102
Yor ¥PX (17-17-17) 1 0,010 x 29.0% = 290
Por FPK (16-8-24~) : 0,010 x 21.773 = 218
Yor ¥PX (23-11,5-11,5) ¢+ 0,010 x 11.032 = 110
Yor ¥PX (18-9-18) t+ 0,010 x11,032 = Ao

Tetal .90
Jesxing maiexials i
Por AN (33,9% N) 1 7,712 210,144 = 140,100
Yor WPX (17-17-17) Tt 7,72 2 29.0%0 = 224.100
Tor WK (16-8-24) : 71,72 x 21.773 = 166,100
Yor NPX (23-11,5-11,5%) ¢+ 7,72 x 11,032 = 85,200
Por ¥PX (18-9-18) t 7,72 211,092 = 25,200

Tetal _I0R.700
fatalyaia
Yor ammonia 1t 0,70 3 24.944 = 17.500
Yor nitrio seid 1 1,60 x 40,925 = ~$0.000

Total _ 06,300
labe oil, chemioala
Tor ammonia 1t 0,60 x 24.944 = 15,000
Yor AN (33,9 N) 1 0,11 x18.144 = 2,000
Yor ¥PX (17-17-17) t 0,11 x29.00 = 3,200
Por NPX (16-8-24) ¢ 0,11 x 21.773 = 2.400
Yor NPX (23-11,5-11,5) ¢+ 0,11 x 11,032 = 1.200

|

Yor ¥PX (18-9-10) 0,11 11,052 = __1.200

Total  __25,000

- oontimned




EHaataladty

Por Ammonia

Por nitrioc aeid

Por AN (33,%% ¥)

Pozr NFK (17-17-17)

Pox NPX (16-8-24)

Pozr WPX (23-11,5-11,5%)
Poz WPX (18-9-18)

xiaznal atmen

Yor AN (33,%% ¥)

Tor WPX (17-17-17)

Tor NPX (16-8-24)

Tor NPX (23-11,5-11,5)
Yoz NPX (18-9-20)

£aaling vatex

Tor ammonia
Tor nitrie aeid

Jallex Lasd Watsx
Yoz ammeonia

Por nitrie acid

794 = 24.944

% x 40.925
41 x 18.144
44 x 29.0%
4 2 21.773
44 = 11,092
44 x 11,032

Total

0,06 x 10.144
1,50 = 29.0%
1,% x 21.71Y
1,50 =z 11.03%2
1,5 x 11,032

Tetal

1,0 = 24.9%44
0,44 = 40.923

Total

0,49 3 24.944
0,23 = 40.92%
Tetel

19,806,000
20%.000
744.000

1.277.000
958,000
485,000

15,600
45.900
34.400
17.400
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2admlarien 2e. X
ACERATIYE A
ARBAL JANSR AR DIANT CORZ

. -
AEania 2laad 12,91 2 24.944 = 512.000
Bidzia aaid alaad 4,62 x 40.923 - 109.100
Samalaz alaatl
Ml saemiies 6,02 2 10,144 = 123,000 )
X saamiis 6,26 3 72.067 « _A%JAOR
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Cane I) (oo 3 Repewt Purs 4, chapler 4.11)
40k otyvean faster
<Baphthe price: US $ 227,40/metrie Voo

«Pusl o1l ne, 2 price: US § 183, 30/netris ten
Diesel gaseil for Dicecl-clectirie genemtewe
20t allecated (see delew),

=Depreciation and interest en eotimated U8 § 9,900.000
fox eleeirie station oneluded, wiile clootwielily
priced at US § 0,0%5/XWN,

A
RAned 20a)s (0o Repowt Paxt 4, tebulatiens mse. 15,16 asd 11)
Naintenanee 1 2,% en US $ 44.100.000 = 1.108,.9500
Avemage intevest 1 3, TS en US § 47.220.000 = 1.747.900
Deopueciation 1 1086 en US § 47.200.000 = 4.722.800
Inteseot em vosk ¢ap. ! 108 en VB § 3.160.000 = 316.000
Insusence oot 1 0,9% en U8 § 44.200,000 = ___Al0.000

Totad _.307.800

o Ssatisned




Iaxiahia_sesie,
Baghtha

Puel oil me. 2
Danher C fuel ofl
Rone-amn . ~phonpha te
Ruziate of petash
Ceating agent
Reetrieity
Daggiag materiale
Catalyste

lade oil, chenicals
External stesn
Cesling water
Dedler food water
labous and otaff

Sotal samufastusing ceste

2

*

14.979 sotwte tems st P8¢ 217,40 = 3.268.400
12.472 setzie teme at V86 159,30 < 2.204.100
2.693 netrie %ems ot V8§ 127,00 =  344.400
10.934 metrie %ems ot VSS 200,00 = ),.9%. %0
22.790 setrie tene st V8§ 139,00 =« 3.169.000
910 setzie teme ot V88 4,00 o 40.000
29,96 nillten EWH ot 988 0,099 » 1.%517.000
702,700

od. 300

29.000

130,700

48,000

121,600

—daBRl00R
el AR
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Dainiatien 2e. M
AMERAIIYE A
ANRAL MRICIX
Sagn ]’ BSee %adulatien ne. )) o
. .
Aaamal _esnarinzing seads 24.766.
Anmmal _lalas Mrennes
Ammenia ' 2,177 metrie tens @ U8 § 220,46 = 479,900
AR (33,9 ¥) ' 10,144 netzic %ene O US § 209,44 = 3,000,100
™ (17-17-17) ' 29,05 metriec t%ems @ US § 202,79 = 35,087,000
” (16-0-24) ! 21,77 metrie tens € U8 § 190,70 = 4.152.100
nx (23-11,%-11,9) !t 11,052 metrzie tens @ V8 § 101,40 = 2,001,200 l
X (10-9-18) ' M0 asizia fens © VS § 197,21 = 2115608
935.100 netzie teme Pudiotal 10,49.7%

Je00 allowvance for hambeour, leeding, freight, incusence, and
wleadiag coote and fees t¢ inpest agente en expewt of cotimated

65,000 netzie teme ot %8 § 23,00 « AA5.000
Total TR R B
dammal _Iafiald <000




fiasa 24
«808 otseen faster.

«Saphtha price: U8 § 169,00/netrie ten.
<Puel oil ne. 298 } 199,00/netrie ten.

«Dopreciation and intewest en P8 ¢ 5,500.000 (etheswise
oudivacted ia Cane 1) ineluded for olectirie station,
and oleetzieity caloulated at price of [iesel gmeeil ot

" imated consumption of 0,32 metrie ten/]1.000 IV concuped

Porvospending %¢ 8 § 0,32 1 195 3 0,001 « 0,04 por KWR),

. ¥ .
Linad sesta;i (See Repert Pust 4, tadulations mee. 19 and 16),
Raintenance 1 2,9 en 98 { 49.100.000 = 1,227,900
Avevege iatemest 1 3,75 en U8 § 52,620,000 « 1.947.200
Depreciation 1 308 em US § 52,620,000 = 5,262,000
Intorest ca wvork 0ap, 1 108 ma V8 § 13.260.000 = 326 . 000
lasusence coet ' 0,995 en ¥ § 49.100.000 = TR I
Total _.20C.00R
1axiadla_segte
Bagh the ' 14,979 met - temat V84 163,00 » 2.971.600
Peel o1l mo. 2 1 12.472 metric Semat V8§ 199,00 « 1.68%,700
Dlese]l gaselil for oleetziec goneret - vs;
7.667 metrie tems ot ¥88193,00 o 1.0%%.000
ladour and staff 1.%1.000
Other variadle ceote (a8 ia Cese I) Sajof.000

otal  ANTNR

i
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dnmmal_fales Mezemnes (ee ia Cese 2)
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e 708 otzeen faster

e Other sonditions as Case 2

Iinad saais (s0 in Cese 2)

Iasiadls sesis
ladous and S%aff (a0 in Cese 2)

Other variadle cests:
Case 2 2 0,70 1 0,00 »
V8 § 13.996.%00 x 0,07%0 =
Total
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Sinlatien 2o 20
AERMIIYE A
AREAL MRIEIR
u See tedulstion me. ”o
A
Jomne) _lesnfasixiag Cente S0 200,000
damma) _fSales lMevesmesi
Case 2 2 0,70 10,00 » -
98 § 16.070.900 2 0,0790 « <de288.000
damma)_Iafiald —lalAAiR.




Liasd sasia (oo ia Cese 2)

Dastehla senis
leobous and 84ff (oo in Case 2)¢

Other variadle eoote!
M’.‘.”.‘.“.
90 § 135.996.%00 3 0,479 »

1.501,.000



m See %bulaetien 8o, 9.
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Case 2 5 0,55:,00 =
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ALIRERATIYE A
ARNAL BANTTACTEAIE. Q0822

fasa dl
= 1008 otzean faster

« Al] produciien seld on demostiic market.
- Other oonditions as Case 2,

. .
Pised ceote (a8 in Cese 2) 2a220.000
Iasiahla _seaiai
Ladour and Staff (as ia Cese 2) 1.301,000
Other vaziadle oceste:?
Case 2 x 1,00 2 0,00 =
| N ] l,o,“om : 10” e m—
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Anmma) Namulaatuzing Ceata

Ammmal Salss Reveruas
Case I (drutto)x1,00 s 0,00

US § 16,495.900 x 1,25 o
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EAsxic aoid (s 223, 1)

AL (33,98 ) (e A28, A)

DX _(11=17-17) (es 418, A)

X _(16-8-24) (ss 21t, A)

DK (23:0.5-0A.3) (ss A2t. A)
E_(08-9-28) (ss A1t, A)
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Zalmlation e, A4
ACEIIYR )
ARBAL MY _RTERIAL AKR WIILITY CONFIRITION
(agk_Siresm. Tastax)
Baizis tess
Amania 24944
Janhida
Tor nitrie seid £54.

Dial_ail na, 2 (=Diesed gueesl)
Por Diesel netere of elecizie gemematerm M‘l %0 oloo\uo“,

Dmkax C fuad add P W ')
lena-esn.-shesshate (A1) _48-Q) MM
Mariate of petash (60f K20 ) 22,198
Seating amenid 0o
S
acias sateziala 202,100
Satalirata .00
lnde_sil. shesisals 20000
‘ *
Bastzisisx (::‘n:ﬂo"v for ammais r-—l l:!ﬂ*_
P et —
Sealing watex bl

Mallax Lond miex. —ta R




150.000

109.100

123,000




5.40
2almlation sa. A6

AKIERAZIYE 2
ANNIAL NANUTACTEALNG CORTH

Caga I' (is in Repexrts Part 4, chapter 4.11)
~80% stresa faeter.

-Naphtha price 1 US § 227,40/metric ten

~Puel o1l ne. price: Diesel gaseil for Diesel eleetrie
gonerators net allocated (see delov).

=Deprociation and interest ea estimated USS 5.500.000 fer

eloetrie pover station oxeluded, vhile eloetrieily priced at
s § 0,098/xwWH,

Zi2ed sasia: (See Repowt Part 4, tadulatien nee. 15,16 and 22)

L ]

A

Naiatenanee 1 2,% en US § 58.500.000 = 962,500

Average interest ' 5,75 en US § 41,215,000 = 1.929,000

Depreciation 1 106 en US § 41.215.000 = 4,121,500

Interest ea vork cap, ! 10§ en US § 2,.600.000 = 260,000
Inourance co0t 1 0,99 en US § 30.3500.000 = .. __
Toral LaM0




Iasiabla_sadis

Aamenia

Saph tha

Puel ol me, 2
Dunboew C fuel oil
Nomo—amn . ~phoophe e
Masiate of petash
Ceating agent
Reetrieisy
Dagging matderials
Coatalyste

lade oil, ohemiecals
Riternal steen
Cesling water
Dedler feed water
ladour and otaff

|

i B S
24.944 netzie tems @ ¥8§ 200,00 = 4,908,000
654 metric tems © P88 227,60 « 148.700
(as A28, A) 344 . 400
(as A1%, 4) 3.9%8, %00
(s Als. A) 9.169,.000
(a8 Al4, A) 40.000
4,154 sillien KVH @ 88 0,093 » 226,900
(as AlS, A) 702.700
68,000
20,000
(es AdS, A) 1%0,700
29.000
9.400

>\ N - - .

Tetal MaJA1 00

2,240,000
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inlatien x24T

AMENRIYE 2

ARRAL MRIET2
200 ] See tatmletien ne. ¥,

.

domma) Jesnfasiucing Coste. 20.04.008
Ammnal_lelos Aevannes
Ammenia 0 2.177 netnie %eme © VB4 220,46 = 479.900
AB (33,9 ¥) t 10.144 notric %eme @ U84 209,44 = 9.000.100
m (17-17-117) ' 29.090 netzie t%eme © U8§ 202,79 « 5.007.000
m (’*‘l.*“’,) ] “QO” -"‘. ‘.. [ " l‘l.‘ﬂ - 20“‘.”
B (10-9-20) 11032 Retzia teme © USS 197,11 < 2AIN.60

93.100 netrie %ene Sudietal 10.493.90

Less allovanee foe hasdbour, leading, freight, iasurenee,
and wnleading e00t%e and foee %0 iapert agente en oxport

of cotimated

65.000 netwie tems © VB§
Total

23,00 = ) A23.000
AhA20.000.
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Same 21
« 00% otzvean faeter
- Faphtha price:
e Pusl o1l Ne. 2 price: US § 169,00/netrie tem.

« Depresiation and interest em 08 § 5.300,00 (othervisne
sediracted in Case 1) ineluded for esloetirie station,
and eleetirioity caloulated at priee of Dicee gnseil at
cstinated comsumption of 0,32 metrie ten/1.000 KVh cencumed
[corvespending te US § 0,32 3 1)) = 0,001 = 0,04) per kW),

A _
Zined 20818 (See Repert Part 4, tedulatiens nes. 15 aad 16).

Naintenanee v 2,9 en US § 43.500.000 = 1.087.%00
Average iaterpest 1 3, 7% on U8 § 46.615.000 = 1.724.800
Depreciation ' 108 on US § 46.615.,000 = 4.661.9500
Interest on vork oap. ! 10/ on U8 § 2,700,000 = 270.000
Insurence coets '+ 0,9% em US § 43,500.000 = __ALL R
Totel ERLAT-R
) ¥ TOTE
Bagh the t 654 metzie Yenap¥84 163,00 100,000

Bdesel gne oil fow clectvie genevaters:
lom netzie ‘ene L ] .. ‘”'h l”.w

Labouse and 0teff) ' 1.219.000

1L




5.32

fasa 21 See tduletion ne. M.

mmal_Ineniactuciag Gonia

Aomual Saies Devemnee (as 4a Osse I)
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=708 otvean foetes

«Othen cendittiens as Cese 8.

Diaad sssig (oo ia Case 2)

Iasiadla _sesie
lebour end otaff: (o0 ia Case 2)

Other varisble esste:
Case 2 3 0,70 1 0,00 »
| N ) ‘,omo”"'m'
Sotal

|
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Saimlatien. 0.2
ASERIIYAD -
ANRAL ISR
fge 11 See taduletisn me. %,
AL
damal_Inanfaainsing_Sesis W R

dammal_lales Aezsmes
Case 230,77 3 0,00 -

8 § 16,070,900 3 0,073 o

S0 000.
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.. KIN
«98 stecan fastes
«“Hthes ssnditions a0 Case 2,

—t

Rinad satig (s ta Case 2) L
Daniehla seste

labour and otaff: (a0 ia Case 2) —Aa212.000

Other variadle eeete!
Cate 2 3 °'” ] °'~.
0 13.724.%00 3 0,497 = JafBB.208
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Tamlatien Ba. 24
AMEREATIVE 2
AREAL BARTACTEARIG COBTR
- T
=100 stzean foetes.
«Al]l preduction seld on dencotie mashet.
Other eenditions ss Case 2.
—d
Zisad sesia (ae ia Cuse 2) WAl
Isiahla sexial
Labour and staff: (se S Case 2) 1,219,000
Other vaziable eeste!
Cese 231,001 0,00
98 5 13.714.500 = 1,85 m.
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2:4 Normal actions for the cstablishmcnt of a fertilizer plant.

/ non-comprechcensive 1list on normal and neccessary actions
for the cstablishment of a fc—=tilizer plant is given below. More
actions may bc needed and th¢ order of actions may be changed
according to circumstances.

- Pre-foasibility study.

- Wuotations irom altcrnative suppliers of raw muterials
for both ex factory, minc or terminal delivery and c.i.f.
delivery.

Quotations on shipmcnt of raw matcerials.
wuotations on utilitics.

Study of market outlcts and market pricecs in all market
arces (domestic and vxport markets) concerned of the
finished products and shipment methods.

@uotations on shipment of finishced products.,

li.ppointment of experts and consulting cngincers, if
own experienced and highly qualified staff is not at
hand.

Study of shipment, herbour and unloading facilities
and storage of raw materials

Study of storage, harbour and loading facilities, and
distribution of finished products.

Study of alternative plant sites and selection, site
survey and soil investigation of final site.

Study of road, railway (if any), necessary off-sites,
supply of electricity, supply and data of water for
process and cooling purposes, etc.

Study of climatic conditions. Wee—~cological data
over more years ought to be available.

Study of regulations, codes and standards, etc. of
authorities for construction and operation of plang,
environmental protection standards, health standards,
safety standards, equipuent inspection regulations, ete.
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Study of availadility of staff and labour for construction,
operation, and maintenance of plant, of labour laws, etec.

Study of availadbility of housing for expatriates and
P riates during construction and operation of plant.

Study of availadility of detailed engineering firme,
civil engineering and crection subcontractors, etc.

Study of availadility of domestic workshops, etc, for
saintenance and repairs of plant.

klaboration of tender papers for engineering, delivery,
oconstruction, and initial operation of plant,

Study of alternative ways for financing of plant.
Study and selection of possible bdidders.

Tendering on the enginecring, delivery, comnstructiem,
and initial operation of the plant,

Bvaluation of bdids.
Final feasidility and assessment study.

Guotations on financing.

Sighing of letters of intent for rew materials suwpplies
and shipment on long ters basis.

Jigning of letters of intent feor Barketing and shipaent
of finished preducts to Bajor clients and dealers oem
loeng term dasis.

Signing of letters of intent for utility supplies mm
long term dasis.

Nrchase of plant site.

Selection of successful Vidder and final ceatract
negotiations.
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Jigning of contract with successful bidder and contractor
for the cngineering, delivery, comstruction, and initial
operation of plant.

Signing of contract on financing.

Signing of contract with an inspection agency for
inspection ar. approval of equipment in Contractor's
and manufacturers' workshons in advance of shipment.

Estadblishment and employment of Purchaser's staff for
survey, control, and auditing of contracts and works
and for fulfillment of all Purchaser's obligations, ete.

Mdding and signing of contracts with:

- Forwarding agents.

- Detailed engineering design firms.

< Civil engineering subcontractors.

-« Lirection subcontractors.

« Erection meterial and utility supply companies.

« Security and guard companies.

- Erection insurance and personnel damage and sichness
inaurance company etc.

- KEtc.

- Engineering, ®idding, and signing of contracts om
Marvour facilities, roads, railway (1f any), utility
supplies, site preparation, sewers, housing, etec.

imployment and training of local staff and labour fer
conatruction and erection of plant.

Bployment and training of staff and ladour fer
sanagement, operation, and maintenance of plamt.
Pessibly, signing of camtract on gemeral samagement,
eperation and maintenance of plant.
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Employment and training of marketing and saler staff,
purchasing and storokeeping staff, bookkeeping, auditing,
financial, cashier and statistic staff, personnel
employment staff, secretaries, other administrative
personnel, personnel safety staff, first-aid clinic and
infirsary staff, socizl benefits staff, gate, guard and
security people, etc.

Signing of contract with plant insurance company.

Signing of contracts for raw materials supplies and
shipment on long term basis.

Signing of contract for merketing and shipment of
finished products to major clients and dealers on long
tera bdasis.

3igning of contracts for utility supplies on long term
basis.

Signing of contracts with possible local workshops and
contractors for maintenance of plant during overhasuls,
etc.
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d.d Isnder Iapera for sngineeridg. delivery, construction, and
Andtiad operation of a fertiilser plant.

A nan-exclusive summary list of the items of contents of
& typical set of comprehensive tender papers for the enmgineer-
ing, construction, and initial operstion of a fertilizer plant
is given delow. Such tender papers will have to be worked out
by experts and consulting engineers.

et of coptents of tender papers

Plant capacities and end-product specifications.
Beckground of project.
Process units, utility units, and off-sites.

Basic design data:

Raw mate:rial specification.
Utility specifications.
Climatic conditions.
Climatic design basis.

Process design, design principles, regulations and
codes and standards for equipmsent, buildings, installe-
tions, construction, etc.

Unit costs of raw materials, utilities, and labour, and
design and calculating busis for evaluation, balancing,
and determination of optimal design and minimum of the

sum of variable costs and fixed costs

Plant site, location, map and dimensions, elevations,
seil investigation data, ground water levels, anti-
fleoding measures, road commections, etc.

Engineering peckage, definition, details, requireseats,
ete.










5

07538




5.64

Presentation and approval procedures of process design
drawings, engineering and utility diagrams, instrumenta-
tion design and specifications, equipment drawings and
specifications, basic civil engineering design and
specifications, etc..

Detailed list, grouping, data, etc. of all equipment and
materials, and of excluded equipment and materials to be
clearly stated by bidders.

Detailed 1list, grouping, data, etc. on catalysts,
packings, chemicals, lubricating oil and grease, etc.

~

Detailed 1list, grouring, data, etc. on emergency
replacement and first year's normal replace ment of
spare parts. |

Inspection rules and procedures of equipment and |
materials in manufacturers' workshops in advance of
shipment.

Guoted prices on equipment and materials, catalysts and
similar materials, and spare parts:

Delivery terms, ex works, f.o.r., f.o.b., or c.i.f.,

Price basis on cash payment terms.

Currencies.

Break-down, grouping, details, currencies, etc. of
quoted prices.

Quoted lump sum remunerations and travelling expenses,

or daily remunerations and expected man-days and number

of men of each category and cost of airtickets of Con-
tractor's foreign personnel for supervision of detailed civil
engineering design, civil engineering design, civil
engineering works, and erection works.

/

oo



wuoted lump sum living allowances, or daily living
allowances and expected man-days and number of men of
each category of Contgisf?r's foreign perconnel for
supervision of detailed/engineering design, civil
engineering works, and erection works.

«wuoted lump sum remuncrations and travelling expenses,

or daily recmunerations and expccted man-days and number

of men oi ecach category and cost of airticket of

Contractor's foreign personnel for operation and main-

tenance of plant during first year's operation. ~

Wuoted lu p sum living allowances, or daily living
allowances and expected man-days and number of men of
each category of Contractor's ioreign personnel ior
operation and maintenancc oi plant during iirst year's
operation.

Payment terms, financing terms, interest charges and
credit insurance coste on payment of quoted prices,
renumerations, etc.

Financing av.ilable to iuwr-chaser by Purchaser's own
saurces.

Purchaser's approval in advance and right of rejection
of contractor's foreisn personnel.

Rulcs for payment and approval of living allowances to
Contractor's foreign personnel.

Contractor's reQuiremcnt: or estimated needs of each
category of local staff and personnel for construction
and erection works of plant.

Contractor's requirements or estimated needs of each
category of local stafi and labour for operation and
and maintenance of plant.
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Employment rules and approval and salary payment of local
staff and labour.

Role of selected consulting eugineers and approval
procedures by financing parties of Purchaser.

vorwarding, transportation,insurance, and ownership
transfer of equipment and materials.

Basic civil enginecring design.

Detailed civil engineering de:sign.

Civil eungineering works.

Lrecticn works.

Training of staff snd lobour for erection.

Training ol staff and labour ior operation and maintenance
of plant.

Commissioning, start-up, and first year's initial operation.
Purchaser's obligations, like site preparation and
protection, off-sites, roads, utility supplies for
construction and erection, employment of staff and labour .
for construction, crection, oneration, and maintenonce,
housing, applications to authorities and approvals,

auxiliary equipment procurement, raw material and utility
supplies for commissioning start-up and operation, etc.

Guarantees by contractor:

- Reliability of equipment and operation during first
year's operation.

- Performance guaranteces.

- Guaranteed consumption figures.

- Guaranteed end-product specifications.

- Guaranteed limits of effluents for environmental
protection.

- Test-run procedurczs.
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Replacement of unsatisfactory equipment and materials and
correcting measures and procedures at non-fulfillment of
Contractor's guarantees and repeated test-runs.

Time schedules and guaranteed limits.

Penalties at non-filfillment of guaranteed time limits.

Financial securities:

- Letters of credit or bonds by Lurchaser.

- Letters of advance payment guarantee by Contractor
and certified by reputated banks. Contractor ought
to render such letters of advance payment guarantee
on all advance payments made by rurchaser which are
liberated eventually as equipment and materials are
approved, shipped, and taken over by iurchaser.

- Letters of performance guarantee by Contractor and
certified by rcputated banks.

"badbility of Contractor.
Royalty and patent clauses, patent impingement.

Language of contract.

Arbitration rules.
Laws.

Secracy.
Adjudication rules.

Submittance of bids, opening of bids, dates and address
of Purchasecr.
Bid security.

Evaluation of bids, forfcit of bids, sc<¢lection of
successful bidder, invitation to contract negotiations, ctc.

Negotiations and signing of contract.
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5.6 Suppliers of small fertilizer plants.

Below is given a non-exClusive list of enginccring and
contracting firms which may bc¢ interested in bidding on small
fertilizer plants.

- Chiyoda Chumical Engineciing and Construction Company,
Japan

- Chemiec, U.S5.4A.

- Coppee=-Rust, Belgium.

- Davy - Powergas, England.

- N=R¢n Corporation, U.S.A. and Belgium.

- Simon - Carves Ltd., England.

- SNAM Progetti, Italy.

- Fricdrich Uhde G.m. b.II., Y¢st Germany.

- Vocst - Alpine, Austria.

Before tenders should be called for, it ought to be
ascertained that thce projcct will be rcalistic and be feasible.
Mo reputatcd enginecring and contracting firm is willing to bid
on unfeasible projects noting that it costs at least in the
order of US § 50.C00 - 100.000 to prenarc a complete bid, which
will stand any chance under compctitive bidding conditions.

Bcsides, before tenderiny is arranged, the bidders contem-

.Plated by Government ought to bc contacted and information be

given on the project in advance in order to convincc the bidders
that the project may be realized. It is notcd that small for-
tilizer plants are not considered feasible in general in the
industry nowadays.

Possibly, the bidders and thc number of bidders will have to
be limited to certain companies and a certain number.

Possibly, Government will have to offer certain bidding
rewards to the best bidder, the second best bidder and maybe,
the third best bidder as found in accordance with stipulated
adjudication and evaluation rules by a neutral committce in order
to encourage reputatcd companies to participate in the bidding.









