
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




111111.1 

111!1~-i 

ll11i LS 

111111. 
25 

11111: l.
4 

- 11111~~6--

~' 11 t fl, I ( r • • • ; ) f ' ( ) ' I i ' ( ) r j r f r ( . f t /,I l r 

. ' :.·,· : . . 
'' ·, ' .... ·, . 



1~201 . ._. - - . 
UNITED NATIONS c I f 2-) 
INDUSTRIAL DE\tt:LOPMENT ORGANIZATIOh o 

i--
! MINl-FERTILlZER PLANT PROJECT~ 

Sectoral Studies Series 
No.7, Volume I 

SECTORAL STUDIES BRANCH 
DIVISION FOR INDUSTRIAL STUDIES 

VR1&4717 

01str. 
LIMITEO 

UNIDO 1$416 
1 December t 9e3 
ENGLISH 



Hain results of the study work on industrial I 
sectors are pres£nted in the Sectoral 
Studies Series. In addition a series of 
Sectoral Working Papers is issued. 

Tilis document presents major results of work 
under the element Stutlies on Ferti' ·.er 
Induetries in UNIDO's programme of 
Induetrial Studies 1982/83. 

~e2n r2produced wit}out fo~~~l edi:~~g. 

-·.l ~--~;. ·=-·~ :-.-: ~:t;~loy~d a:ia ..:he t=':-es€-:-,tat:~·~ ~: i-::.:·c.:~i.cl _ ':~~-;: 
;.-:-... :-·: r:_ -:'.)' ~.-:--;~·:::::~expression of a:-:'l opir.~c>- ·:'-.~3~s .. :-~ er.::.~;~--··: cf 

._ - ~-=----=·.:- .. ~:~.~ ..... :::~~ U:-:it:ed Natior:s ::on~erning ::~~- it::~·~j. ~':~(·:~ ~: ~!:/ 
-:~~: ::r ar~a of its a•.1thori~">--. :.-· -:):--~~;:-.-. .-~ ::-:·, 

~: _:~ ::ontl!rs or boundaries. 



- i -

Preface 

This study has been prepared in response to the recoI:llllendation 
of the Third Consultation Meeting on the Fertilizer Industry held in 
Sao Paulo, Brazil, 29 September '" 2 October 1980. It will be pnsented 
to the Fourth Consultation, to be held in New Delhi in Je.nuary, 1984. 

Its preparation has been possible through a special contribution 
to UNIDO from the People's R~public of Hungary in the form of assistance 
extended by the Hungarian Chemical Industries Engineering Centre (VEGY'l'ER:{j. 
VEDYTERV has implemented this study in co-operation with the Divi~ion for 
Industrial Studies, Sectoral Studies Brauch. 

Extensive ~3e was made of the documenta~ion and material presented 
at the mini-fertilizer semina·r organized in November, 1982 in Lahore, 
Pakistan by the UNF10 secretariat and the P11kistan Nation9.l Fertilizer 
Company. Special questionr.aires, direct contacts ar1d personal visits 
were made to contractors, plant o-..ners and equipment manufacturers of 
fertilizer plants in both the industrialized and the developing countries 
in order to collect mat~rial for the study. The Food and Agriculture 
Organization (FAO) and the World Bank also supplied valuable information 
and ~aterial for this study. The main contribution comes, ho~ever, from 
the Hungarian Chemical Industries Engineering Centre (VEGYTEPV) who ha5 
prepared the study for printing, based on its own knowledge and experience, 
contributions from UNIDO as well as the atove-mentionec material. 

UNIDO expresses its gratitude for the work done by Vi:GYTERV. 

The details of the work executed and the contributions received from 
different information sources are reviewed in App~ndix 1/1 which together 
with other statistical material i~ being issued separately as an addendum 
to this document. 
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1. Sl.Jt11'1ARY, COICLUSIONS AND RECOl"l'ENDATIONS. 

1.1 Sumt11ary of the methodolooy .adopted 

Based on conceptual deliberations - given in detail in 
the Appendix 3/1 the total investment casts far a 

fertilizer plant located in a developed country was es­
tablished, as well as for an identical plant in a develapir.g 
country, at two selected locations, one in sea-side location 
and one in a remote location. The total investment cost as 

well as the operating cost ~f small-size plants far various 
fertilizers were calculated for plants located in these 
selected sites. Different feedstacks were considered in the 
case of nitrogen fertilizers, n~mely, naturai yus, coaJ and 

fuel oil. 
The economics, with regard to investment, operating, and 

farm gate c~sts were compared for the various fertilizer 

plants located at the selected locations in order to cam~are 
the competitiveness of each plant within the same location dS 

well as the competitiveness between the ~arious locations. 
It should be nated that, in calculating the operating 

costs rather conservative on-stream factors were considered 
for the developing country locations (i.e. 75 per cent for 
large plants and 90 per cent for s~all plants>. If these 
factors are elevated the competitive position of plants in 
the developin~ region will register an obvious improvement. 

1.2 Summarv of the findings and conclusions 

The :nformation •aterial collected, their processing 
the technical and economic evaluation executed led to find­

in~s and conclusions discussed in detail in the relev~nt 
chapters. These conclusions can be sulftftlarized in the 

following: 

General 

1. In spite of the actual world economic situation and 
the depres5ed fertilizer market situation the forecast maOP. 

by the di~ferent international organizations <FAO, Worla 
Ban~, IFDC, Fertilizer Institute, UNIDO, etc.> a~~ the 
individual a::perts although they ma·( differ in ~ctual 
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fi~ures, sho~ the ~ame trend. The food prable~, the agri­
cultural. development needs, the continuous technological in­
novations, together with the avai~ability of_ the necessary 
raw mat~rials will lead to substantial consumption and pro­
duction increases. From the evalua~ion of the different fore­
casts, this study came to the conclusi~n, that the fallowing 
demand/supp!y balance of nitrogen fertili:er§ can be expected 
in million tons nitrogeni 

Dema~d/Supply balance of nitrogen 

fertili=:ers 

<million tons N!year> 

81/82 82/83 83/84 84/85 85/86 86/87 87133 

Available: 62,52 t-2,37 67,5::? 70,74 7'3,17 74,77 
supply 
N ferti 1 i :er 60.44 61, 30 63,74 66,99 69,35 71, 78 
demand 

Surplus 2,12 0,99 3,78 3,75 3,82 '.2, 99 

Sourc~; The UNIDO/FAO/World Bank Working Group or 
F ~r t i 1 i z e: rs 
July , 1983 

75,69 

74' 
., 

1,49 
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2. More new aamonia plants is expected to be built in 

the countries and locations where natural g~s, at low cost, 
is available <Mexico, 1rinidad, Alg~ria, Ni~eria, Libya, the 
Near East countries, Bangladesh, Thailand, Malaysia, In­
donesia, USSR>. The Near East countrie~ will become an 

important supplier of ammonia and nitrogen products. 
3. The world de~and which was 30,91 million tons ~Os 

in 1981/92 is expected to increase to 38,2 million tons in 

1987/88. 
Phosphoric acid capacities will reach 37,7 million tons 

~05 in 1987/68 compared ta 29,L6 million tons in 1981/82. 
4. The share of t~e developing countries in ~~osphoric 

acid capacity which is about 19 per cent in 1981/82 is 

estimated to be in 1987/88 about 29 per cent. 
5. The export availability of phosphate fertilizers is 

expected to grow as these new capacities are located near 

phosphate rock supplies. World trade in phosphoric fer­

ti l i~ers will increase from 4 million tens in 1979 to 10 

million tons in 1990. North America will continue to be the 
leading exporter but Africa will increase its share of the 

total. 
6. The world potash fertilizer demand will increase 

fro~ 23,9 million tons K2 0 in 1981/82 to 29,67 million tons 
K

1
0 in 1987/88 and the annual growth r-ate is expected to be 

about 3,6 per cent up to 1987/88. 
7. It is evident that there will be a need to 

esta~lish new fertilizer capacity in order to .meet the 
expected increase in demand. It should be noted, however, 
that the size of demand in many countries will be too small 
to justify the erection of currently known large plants. 

Therefore, a considerable market pressure will be exerted to 

the development df up to date versions of more convenie.nt 

capacity sizes to meet such limited demand. The general 

conclu~ions selected to each type of fertilizer are sum­

marized as follows: 

Ammonia plants 

a~ ~ oU '.price-. adJustments _. the. econaaic al mp •. the· •general· ·_ 

ahortage of for•iQn exchange, high tran~port costs together 
with the proble~s encountered with the wjumbo" plants created 

• compl•tely n•w world market situation both in fe~tilizer 



products and fertilizer plant5. 
In thi~ new situation, new tendencies have emerged in 

the nitrogen fertilizer industry and fir~t ot all in the 
manufacturing of a111monia lea~ing ta 

d~velopment of neM, energy saving solL1tions 
by simpler, less sophisticated processes and 
equipment, .nore 
countries 

suitahle for developing 

return to the old methods of synthesis gas 

production usin~ other feedstocks, like 
~cal or electrolytic hydrogen 
a~tention focused on the mini-plant concept. 

9. As a result, s~veral new process schemes ~3ve been 

worked out. All of them.are well suited for implementation in 

the developing countries and particularly for m1ni-fertili=er 
plants. 

10. On a "orldwide scale the nearl~ monopolistic 

position of the natural gas as the mast economic raw materi~l 
for ammonia production seems to be assured at least far t;1is 
decade but probably even for the next one. But in gi '.ten 

local conditions,- e~pecially in developing countries~ and for 
mini-plants, alternative feedstocks can present a real alter­
native or even the only feasible route for ammor.ia pro­

duction. 

All coal processing methods are in reality yet in the 
development s~age, even if several of them can be referred to 
as realized and operative commercial plants. All processes 

are heavily dependent on the quality of coal. Therefore, a 
general assessment of the individual merits and disadvantages 
of the different orocesses would b& futile. 

Water electrolysis as a basi5 for ammonia production 

can be competitive only where abundant electric power is 
available at 3-14 Dolla~/MWh. 

11. The general situation of world economy, the cur­
rency problems, transport costs, experience in developing 
=ountries with either jumbo or mini-plants, t~e rc~e~t 

develop~en~s etc., justify serious consideration of the 
mini-plants as a viable alternative for the d~velJµinq 

countries enterinQ in the fertili~er production field. 
It is pl'.lssible noi-' to devise new flowsheet.'3 fer rni.ni­

plants having specific paramet~rs competitive with b~g 

plants. The"le f .. 1wsheets ""ill be i.1orkEd out in dl!tail and 
proven commerc:i ally only if the interested contr•ctcrs will 
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be persuaded that an adequate market justifies the expenses 
i~vcived. Nevertheles3 even now with the information gathered 
it was possible to present two alternatives. The first is for· 
a 1~0 tpd ~mmcnia plant, the other for a 250 tpd p~ant. 
This flowsheet promises better performance than the majority 
of 1000 tpd plants operating at the moment with total energy 
requirement of around 8,3 Gcal/t NH5 , in spite of simplified 

desinn. 
Altho~h~ neither'the Be'ij:!ngl Conference (1); nor the.~~ '·t· 

Lahore Me.etir.g ~2) recommend tht! consideration and evaluation 
of ammonia plant around 50 tpd capacity, this study devoted 
d~e attention to tnis alternative. The preliminary findings 
of the Lahore meeting have been confirmed: it would be 

po~sible to design such ammonia plants with not much ~crse 
characteristics as the 150 tpd one presented here, but the 
processing of ammonia to ready-~ade fertilizer would be too 
expensive. So for this size, the solution adopted by the 
People s Republic of China, producing ammonium bicarbonate 
directly in the ammonia plant remained as the technically 
and economically appropriate alternativa. As the applica­
bility of this kin~ of fertilizer product outside cf China 
has to be confirmed by actual e~periment according to 
the recommendations of the Lahore Conference this 5ize and 
process flowsheet had to be left out of· consideration ir. 

this study. 
12. With regard to specific investment the advantage 

in favour o~ the ~ig plants is still observable at the 
developed sites, although not really significant. In all 
other cases the differences can be safely considered to fall 
within the accuracy limits. For developing countries mini­
-plants will not involve bigger capital costs as the same 

c•pacity realised in tig units. 
At remote locations, the most probable sites for m"ini­

-plants, these can be realised with less specific investment 
as for big units at the ~•me site, but will still cost nearly 

l.1 T1chnic1l Conf1r1nc1 Gii Aaaonl1 F1rtiliz1r T1chnal~;y 
far PrOQOtion of Ecoaaalc Ca-ap1r1tian •1011t D1v1lc~1r.; 

CountrlH 
lt!Jin;, P1opl1 ' Republic of Chln1, 13·28 "•rch 1 t•B2 

2.1 St1ln1r on llinl ·ftrti Ii ur Phnt1, Llhort, P1khh11, 
15-20 lonMtr 1"2 
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t~o times th2 specific investmert of a big plant in a 
developed site. 

l3. Fe2dstnr.k has a strong influence on the investment 
cost, with rou~hly the same effect on all sites and 
capacities. 

14. The production ccsts of the mini-plants at remote 
s!te are competitive with the big plants at the same site 
and the advar.tage in favour of the big plunt in developed 
ccu"tries is lesi than the transport costs, so the mini 
ammonia plarts are competitive even at the factory gate. 

Feedstock price has a strong effect on the production 
costs. But capital costs ar~ decisive: coal based r.rocesses 
can te competiti~~ only with one tenth of feedsto~k price 
<on heating value ba~is>. 

Nitrogen fertilizer products 

15. The costs of all t~e products frGm mini-plants 
(far~-gate basis> are competitive with thP imported nutrient, 
when ~ased on natural gas. 

16. Ammonia from other feedstacks gives fertili=er 
products with higher farm-gate costs as the imported ones 
(which are based evidently ~n natural gas> but ant ~till 

less expen~ive from local mini-plants as from big central 
plants. 

17. Ammonium nitrate production needs higher investment 
and therefore, ha~ highe~ production and farm-g~te prices 

than urea in every c~se investigated, but the differences 
tend to become smaller wit~ decreasing capacity. 

18. T~• above results demonstrate unequlvocally that 
mini-fertiliz•r plants are competitive bot~ with imported 
products and with big plants erected in the country when 
farm-gate prices are compared. 

Pho5obate fertilizers 

19. For the purpose of mini-plant study, only sulphuric 
acid route can be considered. 

20. Only two selected capacities for HLSO~ and one size 
for all r~her products were examined. Since scale-up has no 
effect on the proce~s, specific consumption fiquras remain 
essentially the same for all cap~cities in the mini-plant 
range and battery limit investment figures can be e~trd-
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polat~d by the usual formula with a 0,8 as exponent. There­
fore the figures computed f~r t~e sizes selected will only be 

impr~ve1, when bigger mini-plants will be considered. 
21. The iarn.-gate price of the mini-plant prot.h . .;r:t will 

be in every case by far the mo5t advantageous. 
22. The very big d~fferences b~tween SSP and TSP pro­

duct• en underline the conclusion that far mini-plants the 

rioht product is SSP. 
23. The more sophisticated MAP and DAP involves even 

hi~her invastment co~ts and s~em not very appro~riate for 

mini-plants in developing countries. 
24. NPK plants can for~ a viable alternative only if 

ammonia, nitric ~cid and phosphate processing facilities 

are on the sa~e site - ~ case seldum encountered. 

Potential markets for mini-plants 

25. In order to evaluat~ the market possibilities for 

mini-plants, this study considered the fertilizer demand 

both in quantity and type of product, the availability of raw 

materials, and other necessary factors \energy, infra­

structure, skill, etc.> for- the implementation of mnnu­

f•cturing units with the aim to assess huw many countries are 

pctential builders of mini-plant, how many of them can be 

con~idered for the erection of both mini- and big plants for 

the diff2rent fertilizers. 

Product consumpttgn 

26. Mor• than one third of the 91 countries examined 

consumed less than 10000 tpy N and 60 per cent of them 

could not reach th~ level of 40000 tpy N that refers to as a 

mini-scale unit capacity <1~0 tpd> fer ammonia. On the oth~r 
side a large number of them con~umed more· than 100000 tpy N 

even 14 countries consumed over 200000 tpy N including 

China, India, Mex~co of which consumption rose above milliun 

tpy N. 
27. As for the phosphate fertilizer, half of thC! 

countrie~ were belo~ a consumption level of 10000 t ~06 3nd 

at thr. ~.ame tim~ 13 of t.hem con5umed more! tha'1 100t)01) LVi· 

P1. 0
6 

• It is cle""r th.at thara is a strong degrc"~ er 
polarizati.:in in thf:! con~umption cf nitrr;g·~n and pho~phale 
fertilizer~. This manif~$tation :~, how~ver, not evident in 
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the consumption of potas5~c fertilizer. 
28. Comp~ring the recent share in Table 4.1-2 ~ith the 

forecasts in Tables 4.2-4 a~d 4.2-5 in case of nitrogen, it 
can be seen that even \n the year 2000 the number of 
countries, 25 or 27,S per cent, will not reach the level of 
10000 tpy N. On the other hand, the number of countries 
~.1nsuming more than 200000 tpy will rise from 14 in 1931!82 
to 26 in 2000, presenting a further polarization in 
consumption pattern of the developing countries. 

in ~000 

per cent 
29. The main ra~ges in nitrogen cor.sumptian 

will be the consumption above 200080 tpy N with ~9,6 
and the ccr.sumption level 1000 - 10000 tpy N with 
cent. 

~4' :' per 

30. Similar changes can be forecast far the 
consumption. There will be a 
con5umption because the main 
sumptian levels from 1000 to 10000 

difference in case of 
ran~es will be the 

and from 10000 t~ 

~ 05 
l<LO 

con-
40000 

amounting about :2 per cent and 27,5 per cent, respectively. 
This is corresponding to the forecast philosophy tha~ in 
this period the developing countries will not reach the 
N:P:K ratio than th~t observed with the developed economies. 

Raw material 

31. The raw material potential of developing countries 
was studied by regions. Almost half of the countries studied 
have natural gas reserves and 48 of them c.'\n or vii 11 be able 
to proc~ce crude 011. 40 developing countries have 
coal/lignite dep~aits. SincP in the developing coun~ries very 
large areas have not been surveyed ~t all it is reasonable 
to suppose, that most developing countries will discover 
adequate coal deposits. 

32. The r~serves of phosphate rock are wide-sprea~. 
Some 34 r.ountries of th• world are ~reducers, and 23 of the 
developing countries belong to 91 countries ~tudied. Among 
them Morocco i~ the most impor~ant having about 70 'l. of total 
identified resources. Including Morocco, 41 develcpin~ 

countries surveyed have phosphate rock deposits. 
33. !n 1981/92 ther~ were 12 potash producing coun­

tries two of them, China and Chil~, w~re developing 
countries and their production reach~d ~1.000 tan~ ~LO 

•mounting almost to 0,2 per ce~t of world production. Another 
14 countries have potash deposit~, including Congo w~ich 
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plans to develop its closed mine. Other developing countries 
wi~l begin the pot~sh production. The most important would be 
Jordania with a total capacity of 1,2 million tpy by 1985. 

Mini-pl ants 

34. 85 mini NH 3 plants are forecast for 1990 with a 
total capacity of 18850 tpd NH 1 • T~e majority of them, almost 
thre~ quarters are based an natural g~s at the same time 1nly 
3 of these are expected to be based on hydropower potential. 

3~. In the last decade of this century 130 mini NH~ 

plants are f~recasted amounting to ~ total capacity of 29400 
tpd. The majority af which <abo•1t 67 per ct:!nt > wi 11 be based 
on natural gas but coal as raw material will assume in­
creasing importance with its share incre~sing ta 19 per cent 
in 1990 and 28 per cent in the la~t de~ade of the century. 

Majority of the plants co~sidered both in Points 34 and 
35 will be ~rected in countries where no big plants exist 
or will be built in the same period, but about :5 I. can 
be for~c:ast in countries "'here big plants also e::ist or will 

be erected. 
36. For phosphate fertili=ers 42 units are to be 

e~tablished up to 1990. In the last decade of the century 68 
unit~ are forecasted, amounting total new capacities of 

3780 tpd PJ..05 and 6120 tpd PLOS , respectively. 

General Conclusions 

37. Mini-fertilizer plants present an advantage~us op­
tion for most developing countries for solving their fer­
tilizer suppiy problems <wholly or partially>. The actual 
technical level and the de~elopment work under way gi\es tha 
possibility to erect mini-plants situ~ted near ta the 
markets, which can be implemented with conpetitive capital 
and operation costs when compared beth to th imported 
product9 and tho~P. coming from big units realised in the 
country - when the whole supply line ta the farm gate is 

considered. 
38. Process technology for all fertili~er production 

steps is available for mini-plants an1 no further action is 
needed with the exce?tion of the ammonia process. Engt­
neerin~ firms are actively pursuin~ development work in this 
field but need further encouragement. 
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39. The realisation of ~ini-plant opens incomparably 
wider possibilities for the local participation in the 
equipment manufacture, erection and building works, but 
presents •n excellent opportunity for the development of 
local works and skills for the maintenance, spare part pro­
duction and other services an important contribution to the 
general industrialization of the country as well as, co­
operation among developing countries in all above activities. 

40. In order to establish a true agricultural g~vernment 
·pol~cy and work out the measures to be undertak~n the most 
important task for a developing country is to ~urk out or let 
work out a study on th~ national fertilizer su~~ly ~ystem, 

t•king into account: 

and 
total 

agricultural production with its development 
perspectives, needs and economic possibilities 

raw material ~ituation 
the geographic situation and the transport 

system 
the infrastructural situation 
capital and financing resources 
man power <skilled> situation 
other relevant factors 

work out all reasonable supply alternatives from the 
import of all fertilizer p~oducts to a total self 

reliance or even export, including the different product mix 
alternatives for •n adequately chcsen period <10-25 years> 
and by optimisation select the most suitable combination and 
define the tasks uf the authorities for supporting the goals 
identified. This will identify the right place for the mini­

-plants in thts supply scheme. 

1.3 ~mmendations 

Based Jn the findings and conclusions, this study puts 

forward tn~ follo~ing recommendation~: 
1.> It is strongly recommended that UNIDO place special 

emphasis on continuing its activities in promoting the 
development and use of mini-fertilizer plants in the 
developing countries through the convening of seminars on 

region3l levels 
this subject to 

and a wider dissimir.ation of ~tudi~s on 
the develo~ing countries in order to 

increase the awarene~s of the developing countries on tl1e 

advantages of the mini-fertilizer plant alternative. 
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2. > »UNIDO, together with other international organizations, should 
encourage by <ill means available to the1n the development 
and commercialization of processes related to the mini­

-ferti 1 izer plants. 
This s~~uld be done, a long others, thr~ugh: 
- the elaboration of organization arrangements whereby 

developed and dev£loping countries co·Jld initiate 
steos to support research activities related to the 
development of mini-fert~lizer plants compatible with 
the needs of developing countries, to be underta~en by 
various institutions and firm~; 

- establishing a joint programme for the develop~ent 
of process designs, pilot plants and co~mercial sc~le 

of mini-fertilizer plants; 
- organizing a s~minar to which major engineering 

companies, res&arch and development institutions and 
financial and planning organs from the developed a~d 

developi~g countries would be invited to participate 
and promote the idea and application possibilities of 

mini-fertilizer plants. 
3.) To undertake special activities promoting co-operation 

among developing countries for the development of mini­
-fertilizer. plant5, with particular emphasis on joint R 
and D for the development and adaptation of mini­

-fertilizer plant technologies. 
4.) To undertake an in-depth study on "ferti l i ze1· supply 

planning system" in which all technical, economic, legal 
•~d other developmental aspects are considered. The 
~tudy should aim at helping decision-makers in t~e 

developing countries at national and regional levels to 
take decisions on tha choica of type of fertilizer, 
c~pacity, process technology and procedure in building a 

fertilizer plant. 
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2. AN OVERVIEJJI OF THE FERTILIZER INDUSTRY IN THE 

2.1 Development during the period t975-t9St 

2.1.1 Demand/supply situation 

The food deficit in the world is increasing at an 
alarming rate. At the same time, a~ a result of growing world 
population, the amount of arable land per person continues to 
decline in general, especially in the develop:ng countries. 
The growth in fertilizer use is therefore one of the 
essential factors, warranting the growth cf world food 

production. 
Prior to 

latively '3table 
the first time 

197~ fertilizer demand developed at a re­
rate. In 1975 world consumption declined for 

in recent history. In 1979/80 and 1980/81 

declines occured again in some major areas, including Norch 

America, Western and East~rn Europe. As can be seen from 
Table 2-1, the fertilizer market became characterized by 
pP.ricds cf oversupply, icllowed by brief periods of 

shortages. 
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World demand/supply balance 

<million tons of nutrients> 

7~/76 76/77 77/78 78/'79 79/80 80/81 81/82 

Demand 90.4 96.2 100.5 108.0 111. 7 116.0 115.3 
Available 
supply 88.6 94.4 1oi. 9 tee. 4 112.5 117.7 120.6 

Balance - 1.8 -- 1. 8 0.4 0.4 o.e 1. 7 5.3 

Source: Based on FAQ paper FERT/83/2, September 1982 
and on the paper of the UNIDO/FAO/World Bank 
Working Group on Fertilizers, Juiy 1983 

Demand.for fertilizer continues to increase annually at 
a rate of 4-8 million tons of which 3-4 million tons is 
in nitrogenous and the balance in phosphate and putash 
fertilizers. The largest portion of this increased demand 
can be attributed to the developing countries such as the 
subcontinent of Asia and Central and South America.In Africa, 
where the food deficit is equ<lly great, the demand for 
fertilizer remains at ~he lowest level. 

This inequ~lity between the various regions in fer­
tilizer use indicates the e~:istence of large potential demand 
and the possibility for further d~velopment of the fertilizer 
industry. 

The development of world production of fertilizers is 
presented in Tdble 2-2. The production of nitrogen~ Phos­
phorous and Potash compounds was in 1980/81 in order of 1=s 
milli~n tons in pure nutrients and has increased by 32 per 
cent towards 1975/76 <Table 2-2 and 2-3). However, the 
effective fertilizer supply wa$ about 6 per cent less each 
year, since several million tans have been usert for technical 
purposes, further processinq and were lost by trdnsport, 
storage ~nd handling. 



Tsble 2-2 World production of fertilizer nutrient• . 

• P205 x2o 
mill. grovth 1975/76 mill. growth ~975/76 mill. grovth 1975/~6 
ton• rate -100 ton• rate -100 ~one rate -100 

. 
1975/76 4,,9 - 100 26,1 - 100 23,4 - 100 

1976/77 47,6 8,4 108,4 27,7 ·' 6,1 106,l 25,0 6,8 106,8 

1977/78 51,4 8p0 
. 

117,1 30,4 9,7 116,5 25,5 2,0 109,0 

1978/79 55,9 8,e 12';' ,3 32,2 5,9 123,4 26,2 2,7 112,0 
...... 
~ 

1979/80 59,8 7,0 136,2 33,5 4,0 128,4 25,9 -1,2 110,7 

1980/Bl 62,7 4,8 142,8 34,4 2,7 131,8 27,4 5,e 117,1 

Sources. PAO Pertiliser Yearbook 1979,1980, 1981. 
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The production of the three nutrients grew much faster 
in the developing than i~ the developed countries. During the 
l•st five years the tot•l production increased in developing 
countries by 90.8 per cent, and in the developed countries 

only by 21.6 per cent <Table 2-3>. 
Table 2-3 

Production of fertilizer nutrients 

in developed and developing countries 

<mil 11 on tons> 

1975176 1976177 1q1111a iq1e119 1919100 i900101 

All. 

d•veloped 
count!""ies, 

mil 1 ion 
tons 80.2 84.6 88.l 92.7 94.9 en.~ 

Qr;-owth, 
7. 100 105.~ 109.8 115.6 118.3 121. 6 

- All 
d•veloping 
countrie5, 

llil lion • 
tons 14.2 16.2 19.1 21.6 24.1 27.1 

Qrowth, 
1. 100 114.1 134.5 152.1. 169.7 190.8 

Total world 
mil Hon 

tens 94.3 100.e 107.3 114.3 119.0 124.6 

growth, 

7. .100 106.9 113.8 126.2 126.2 13~.1 

Source: FAD Fertilizer Yearbook, 1981 
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2.1.2 Development of capacity and capacity utilization 

Ta supply the growing demand between 1975-1981,ad­
ditional capacities were built all ov~r the world, however, 
much more extensively in the developing countries, where 
several new fertilizer production centres have emerged. 
Parallelly, a nJmber of old and less ~fficient plants in the 

developed ~arid have been closed or idled. E::cept tor potash 

this transformation has changed the pattern of capacity share 
between the developed and developing countries <Table ~-4 and 
2-5) ( l). 

Table ~-4 

Share of rtevelopeJ and developing countries 

in fertili=er capacity development 

<per cent> 

Ammonia Phosphoric Acid Potash 
N Pi Os K.i 0 

Capacity mid Capacity mid Capacity 
1975 1981 1975 1981 1975 

Developed 
countries 76.9 70.8 83.2 81.3 99.7 

Developing 
countries 23. t 2~.2 16.8 18.7 0.3 

Total 
world 100.0 100.0 100.0 100.0 100.0 

Source: Based on paper of FAO/U~IOO/World Ban~ 
Working Group on Fertili:ers, June 1982 

l.1 All th1 c•p•city d•t• •rt b111d c;n p1p1r of FAQ/L'lllDOI 
/lorld IAnk MorkinQ &roup on f1rtilir1r1, Jvn1, 1982. 

mid 

1981 

99.9 

o. 1 

100.0 



Region 

Developed Market 
Economies 

North America 
Western Europe 
Others 

Developing Mark~t 
Econumies 

Africa 
Latin America 
Near East 
far East 

Centrilllv Planned 
Economies 

Asia 
[.:.stern Europe 

All Developed Countries 

All Developing 
Cuuntries 

World Total 

Ammonia 
/1975 - 1986/ 

. ' ,. 

Table 2-5. CAPACITY CHANGE, BY REGIONS 

Thous3nd tons of N, P205, K20 

Phosphoric acid 
/1975 - 1986/ 

Potash 
/1975 - 1986/ 

Additional /+/ Closed /-/ or 
idled a/ 

Additional /+/ Closed /-/ or 
idled 

Additional /+/ Closed /-/ or 
idled 

12,578 

7,532 
4,52) 

52) 

19,667 

590 
5, 542 
5,188 
8,347 

23 I 972 

6,641 
17,J31 

+29,909 

+26,J08 

+56,207 

/22,494/ 

/J5,0~/ 

/42,69,0/ 

8 613 
~ /92,794/ 

4,241 
),198 
1,174 

522 

0 
0 

109 
413 

153 

153 
0 

/5,6!9/ 

/1, 7!9/ 

/53 1 2e,o/ -8,613 /92,7.,./ 

),289 /25,494/ 

2,445 
448 
396 

6,767 /52,Je,o/ 

J,345 
1,361 
1,236 

825 

]. ,BBQ 
/22 ,39,0/ 

90J 
- /70,5.,./ 

496 
'17 

90 

377 

130 
89 

158 
0 

0 

/29,5%/ 

6,J61 /)7,8/ 

3,551 
1,8JO 

980 

1,098 /6,5',9/ 

0 
378 
no 

0 

~370 /55, 7~/ 
0 0 0 

2,880 0 ~)70 

+6,169 /47,79,0/ -90J /70,5.,./ +15,731 /93,5.,./ 

1,952 

1,032 
920 

0 

JOO 

300 
0 
0 
0 

0 

0 
0 

-1,952 

-675 +6,767 -J77 +l,098 -JOO 

/96,7.,./ 

/13, )~•! 

/86,79,0/ 

/46,B!e/ /2 1 3~/ /52,3',9/ /29,5~/ /6,5',9/ /13,3~/ 

-9,288 +12,936 -1,280 +16,829 -2,252 
,11ooe,o1 11ooe,o/ ---- 1100~•/ -~~---- 1100~0/ 11om•! /100"•1 

Source: Based on paper of rAO/UNIDO/World Bank Working Group on fertilizers, June 1982. 

a/ Idled plants are those which ere mothballed until e~onomic conditions are such as to bring them into production. Closed 
plants are those permanently closed ond will not be bro~ght into operation regardless of economic conditions. 

,_, 
-l 



Around 47 per c:ent of new ammonia and 52 per cRnt of new 
phosphate c:apac:ities were established in developing coun­
tries. At the same time most of the closed or idled 
capacities were located in the developed countries; i.e. 93 1. 

of ammonia and 70 Y. of the phosphate. 
2.1.2.1 World ammonia capacity 

Almost all nitrogenous fertili~ers are derived from 
ammonia. Its c:apac:i ty in mid 1 r•75 was 67. 6 11i 11 ion tons N and 

increased to 91.4 million tons r~ in the mid 1981. During this 
period neH ammonia plants have brought 31.8 million tons 
additional c:apac:it_y, however, around 8 million tons of 
existing capacity were closed or idled, mainly in No~th 

America, Europe anrl Japan. 
New important ammonia capacity has been establisherl in 

Mexico, Trinidad, Brazil, Egypt, Qatar, Turkey, Ir:Ha, 
Indonesia, South Korea, Pakistan as well as in the USSR, 
Romania, China, N~rth Korea, U.S.A. and Canada. 

Assuming that the Hhole nitrogenous produc:tio~ derives 
from ammonia, its c:apac:ity utilization was 62 per c:ent in 
1975/76 and 68.6 per. cent in 1980/81. 

2.1.2.2 World phosphoric: acid capacity 

Similar to ammonia, phosphoric: acid is the essential in­
termediate in phosphate fertilizer production. Its capacity 
increased frcm 25.5 million tons PiDs in 1978/79 to 29.66 

million tons in 1981/82. Phosphoric acid plants were closed 

in the U.S.A., France, United Kingdom and Japan and new 
·capacities were im)lemented in the U.S.A., Yugoslavia, 

Australia, Israel, Morocco, Tunis, Br~zil, Syria, Turkey and 

the USSR. 
Although the development of new capacities in "the 

developing countries, mainly in Africa, was impressiva, the 
share of the developed world in phosphoric: acid capacit~ 

remains relatively high <Table 2-4>. 

2.1.2.3 World potash capacity 

Pot~sh is obtained from underg~ound"deposits situated 
mainly in North America, Western and Eastern Europe. These 
regions are th~ main producer centres in the world. The 
total capacity of potash <KLO> increased from 29.~ million 
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tons· in 1975/76 to 33.~ million tons in 1981/82. Altcgether 
two of the d•veloping countries, China and Chile, produce 
potash and their share in the world production is l~ss than 

0.2 Y.. 
Capacity were closed in the U.S.~., France and the 

German Federal Republic as well as in Congo, where the mine 
was flooded. Howe:ver, new mines have been opened in the USSR, 
German Democratic Republic, United Kingdom, Spain, France, 

German Federal Republic and Ca"ada. 

2.1.3 Develgoment of fertilizer consumption 

2.1.3.l Worl~ consumption 

According to FAO statistics world consumption of three 
main nutrients: nitrogen <N>, phosphate <Pio,> and potash 
<K

1
0> grew in 1980/81 to 116 million tons or 20.4 per cent 

over the year 1975/76. The average annual growth rate for the 

last five 
to the 
1975/76 
1980/81. 

years was 5.7 per cent, but the rate5 of increase 
previous year slowed down from 9.3 per cent in 
to 3.3 per cent in 1979/80 and 3.3 per cent in 

The primary cause for this performance was the situation 
in the developed countries where consumption of fertilizers, 
especially in the last three years was practically stagnant 

<Table 2-6>. 
The developing countries' consumption increased in 

1980/81 almost Bb per cent over the year 1975/76 and the 
average rate of growth was 17.2 per cent. Nevertheless two 
thirds of f•rtilizers wer• as hitherto consumed in the 

d•veloped countries <Table 2-6>. 



Table 2-6 World Consumption of fertilizers 

Developed Countries Developing Countries World Tatel 

million growth 1975/76 million growth 1975/76 million growth 1975/76 
tons rate :100 tons rate =100 tons rate :100 

1975/76 69.8 - 100.0 20.6 - 100.0 90.4 - 100.0 

1976/77 73.0 4.6 104.6 23.6 14.6 ll4.6 96.7 7.0 106.9 

1977/?a 72.9 -0.1 104.5 28.3 19.9 137.4 101.2 4.7 lll.3 r-.:. 
0 

1978/79 77 .5 6.J 11.1..0 31.3 10.6 151.9 108.8 7.5 121. 3 

1979/80 78.0 0.6 111. 7 34.4 9.9 167.0 112.4 J.J 124.J 

1980/81 77.8 -0.2 111.5 38.3 11.3 186.0 116.l 3.8 128.4 

1981/82 77 .2 -0.8 110.5 38.l -0.5 185.0 115.3 -0.7 127.5 

Source: fAO fertilizer YP3rbook, 1981 

Paper of the UNIOO/FAO/World Bank Workinq Group on fertilizers, July 1983 

· 1 

I 
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Among the various factors rEsponsible for the lower 
growth of consumption of chemical fertili=ers in the world 

the more significant were the following: 
(a) high real cost of fertilizer to the farmer, 

due to the increased cast of production <raw 
materials, energy, labour, etc.) and distribution; 

(b) less favourable crop/fertilizer relationship 

because of unfavourable crop prices and high 
interest rates on borrowed funds in developed 
countries as well as due to the ~ad weather ir. 
some years and in some regions of the world, e.g. 
in the United States and in the USSR in 1977/78 

and 79/80; 
(c) lack or ins~fficiency of local fertili=er pro­

duction in the major~ty of the developing 
countries, where real consumption is law, though 
the potential fer their use is great. The 

existence of local fertilizer production usu~lly 
1 eads to a1. accelerated grclo'lth in the i ncii genaus 

demand; 
<d> foreign ex~hange restrictions limiting·iffiportation 

cf fertilizers, as well as lack of ~cvernmental 
support such as rural credits, agronomic service, 

training, subsidies, price policy, etc.; 
<e> lack of marketinQ and agronomic infrastructure 

and a technical incapacity to deliver and dis­
tribute fertilizers to farmers. 

2.1.3.2 Regional development of consumption 

According to FAO Statistics North America, Western and 

Ea5tern Europe had slow growth rate that nearly approach2d a 

stagnant condition. 
In Africa the consumption grew in five years by 5o per 

cent, but the absolute figure of consumed fertili=er 
nutrients in 1980/81 amounted to only 1.5 million ton5, which 
constituted 1.3 per cent of total world consumption. 

Latin 
influenced 
MP.xi co. 

America 
mainly 

had 

by a 
a low 

market 
p~rformance rate in 1978/79 

slow-duwn in Bra:::.l ar.d 

The Near Eas~ s growth r~te w~s 50 per cgnt over the 
fi .. ·e year- period. The Fclr East (including China and lorean 
Demncratic Reopublicl e::perienced more than three times the 



world's average 
contributed to 
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growth rate. The main countries that 
this region's performance were China, India, 

Pakistan and Indor.esia. 

2.1.3.3 Development of fertili=er consumption 

The d~velopment c{ fertilizer consumption by main 
nutrients is given in the Appendix 211, in Table l and 2. It 
is shown that in 1980/81 world nitrogenous fertilizer 
consumption increased by 39.9 per cent to 60.3 million tons 
of N. The g~owth rate in developing countries was 105 per 
cent while in the developed world it was only 15.6 per cent. 

The consumption of phosphate fertilizer in the same 
period of time increased by 25 per cent to 31.5 million tons. 
Also here the gain of developing countries appears impressive 

<79 per cent for five years). 
Potash fertilizer consumption increased by 13 per ce~t 

<81.8 per cent in developing and 5.2 per cent in developed. 

countries>. 
The share of developing countries in nitrogen consump-

tion increased from 28.2 per cent to 41.1 per =~nt, in 
phosphate consumption from 21.4 tp 30.0 per cent and in 
potash consumption from 10.3 to 16.~ per cent. 

· Although the developed countries dropped their share in 
world fertilizer consumption from 77.9 per c~nt in 1975/76 
to 67 per cent in 1980/81, the developing countries consump­
tion still lags for behind that of the developed world both 

in total and per hectare. 
In developed countries total fertilizer consumption was 

115.8 kgs per hectare arable land and permanent crops in 
1980, ho 1ever, in the German Federal Republic the total 
consumption of the three nutrients was 471.5 kgs, while.in 
the German Democratic: Republic it was 325.~ kgs and in 

France 306.8 k~~-
At the same time it was 46 kgs and 37.6 ~qs and 9.7 lgs 

in Latin America, Far East and in Africa, respP.ctively. Many 
of them, such as Nigeria, Cameroon. :~n=an1a, Ethiapi3, 
Argentina, Afghanistan, etc:., used only a fe•.1 kilograms 
of nutrients per hectare. 

The fertilizer application in some countries was mure or 
iess constant and a growing factor of th~ economy. Howev~r, 

in many others it remained accidental and irregul3r. 
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2.1.3.4 oevelopment gf international trade 

International trade in fertilizers increased consider­
ably bet~een 1976/77 and 1980/81 <Table 2-7>. As world 
con£u~ption increased 21 per cent in this period, so did 
international trade by nearly 40 per cent, of which the 
growth rates were; nearly 80 per cent of phosphate, 53 per 
cent of nitrogenous and nearly 20 per cent of potas~ 
fertilizers. Potash fertili~ers remain, however, the biggest 
n~trient item of international trade. In 1980/81 a bulk of 
16.7 mi!lion tons K~O was traded, while 13.1 million tons N 

ar.d 7. 5 mi 11 ion tons P1 05. 
Imports have accounted in 1976/77 for about 27 per cent 

of world consumption and 31.4 per cent in 1980/81. This 
increase was mainly in the developing countries, where in 
1980/81 almost 42 per cent of totally consumed nutrients 
arrived from abroad, compared with 37 per cent in 1976/77. 
This fact took place in spite of a considerable increase in 
local production in some developing countries though mainly 
in intermediates such as ammonia and phosphoric acid and not 

in finished fertilizers. 



~- ~~~--~~~~~~~~~~~~~~~~~ ... ~~~~~~~~~~~~~~~~~~~~ ..... ~-

I 
f\) 

Table 2-7. WORLD TRllDE Ill FE!<TILIZBRS 1 BY RBGIONS 
::.-

I /million tons of nutrients/ 

----------- ------- ·------
Imiorts -- EpP.Qrta ----it;tr--I R:20 N Region 2°s 2 5 - ---

76/77 80/8 LI 76/77 80/81 76/77 80/81 76/77 80/81 76/77 80/81 76/77 80/81 
------·--- ·--·---...-----

Develo2ed countries 
Market economies 3.8 5.2 1.9 2.4 8.5 9.3 5.8 8.6 3.8 6.o 9.0 11.0 
Centrally planned 

economies 0.2 O.J O.J 0.5 2.9 2.7 2.0 2.8 0.2 0.5 4.7 5.7 
Tots~- developed 4.0 i:.2 2.2 2.9 .ll.d 12.0 7.8 11.4 4.0 §.:2 13.7 !.6..U - - - - - - - -

Develo~inS countries 
Africa 0.4 0.5 0.2 o.J 0.2 o.J a/ a/ o.J 0.4 o.o o.o 
Latin America 1.1 1.4 0.7 o.9 1.2 1.9 ~.2 ~.2 a/ a/ a/ ~/ 
Near East l.O 1.1 0.2 0.9 0.1 0.1 044 l.O a/ 0.1 o.o o.o 
Far East 1.2 2.7 0.4 l.J o.6 1.5 !,/ 0.5 !I O.J o.o l 10.0 
Tote.l market 

economies 3.7 5.7 1.5 3.4 2.2 .3 .a 1.7 0.4 o.a !!I ~I 
Asien centrally 

planned economies 1.0 2.0 !,/ 0.4 0.2 o.6 !,/ o.o !!I o.o o.o 
Total developing 4.7 7.8 1.:2 ~ Ll 4.4 0.7 1.7 i.:.2 l.& !,/ !I 

Total world 8.7 ll:l. hl 6.7 13.7 16.4 M 13.1 4.4 7.5 .!l:1 16.7 
---

Source: FAO Fertilizer Yearbook, 1980. 
FAO Monthly Bulletin of Stetistics, March 1982. 

!I Less than 50,000 tons. 
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Traditional exporters of fertilizers have been the de­
veloped ~~rkets economies. However, the share in world export 
of the USSR and some other centrally planned economics have 
grown. For the first time some developing countries, ~ar­
ticularly in the Near and Far East regions, have demo~strateG 
visible export activity. The mo~t notable are tile Republic cf 

Korea, Indonesia, Kuwait and Saudi Arabia. 
That new trend is still more apparent when considering 

the international trade of some essential fertilizer ma­
terials as ammonia and phosphoric acid. New important 
international exporters have emerged in the last years: USSR, 
Lybia, Mexico, Trinidad and Tobago, Kuwait a~d Qatar of 
ammonia trade and Morocco and Tunisia of phosphoric acid. 
These countries have the poten~ial to become important 

exporters of finished fertilizer in the future, tao. 

2.1.3.5 Price movement 

The peak off in nitrogen and phosphate prices in 1973/74 
in connection with the quadrupling at petroleum and phosphate 
rock prices, as well as potash fertilizers in 1975 has lead 
to a reduction in the purc~ase of buying fertilizers by 
farmers. This, in turn, resulted in a rapid decline in prices 
of all fertilizers on international mar~ets d~ring 1975 and 

1976. 
Since 1976 prices have fluctuated•and about levelled off 

until mid 1978. However, starting the second half of 1978 
international export spot prices i~ current dollars have in­
creased steadily, peaking off again in 1979 and evening out 
at the new, but h~gher level. In 1981 and 1982 a slight price 
decline of almost all types of fertilizers again took place. 

Table 2-8 shows "the development of fertili=er expert 

spot prices in current dollars during the years 1~75-1981; 
The price of bagged urea for example, being in 1974 

around US Dollar 385 per ton f.o.h., had fallen in 1975 to 
US Dollar 160 and in 1976 to US Dollar 115. In December 1977 
and 1978 the average export price was US Dollar 126 and US 
Dollar 145, respectively. During 1979, hcwever, the price of 
baQged urea increased sharply ta US Ooll~r ~00 and in 1980 
to US Dollar 235. At the end of 198~ tha price ha3 ag~ir1 

bottomed as far as US Dollar 145. 
A similar trend was followed by ammonium sulphate, it$ 

price, however was US DOilar ~5 at the end of 198~. 
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. The increase price in triple superphosphate 
developme~t. The bottom was in 

had a 
1976 slightly different 

<US Dollar 110), then the increase was to US Dollar 127 and 
1977 and 1978, respectively, and a new peak 
Dol!ar 2~0. After the decline to US Dollar 

price of TFS felt down to US Dollar 140 at 

140 at the end of 
off in 1978 at US 
19~ in 1980, the 
the end of 1982. 



.~ .. . . . ~ ~ . 
' .. 

Table 2- 8 • AVERAm: F.X"POH.T PRICES OF SELECTED FERTILIZER 

t!ATEHIALS 

/US S/i on/ 

-- - - --Pric!.._in December ----
1975 1976 1977 1978 1979 1980 1981 MHI.. Aut;. 1982 ---. 

Ammonia 
Fob w. Europa 150.0 110.0 90.0 90.0 155.0 160.0 180.0 1.30 

Urea 
Fob W. Europa 160.0 115.0 136.o 145.0 200.0 235.0 175.0 145 I\) 

-.J 

I 

Ammonium 
Sulphate Fob W.Eu!"ope ao.o 45.0 57.0 65 .o 78.0 100.0 45.C 55 

Phosp11oric 
Acid Fob US Gulf 400.0 180.0 190.0 210.0 J40.0 365.0 320.0 280 

Triple Super .. 
phosphate Fob US Gulf 190.0 110.0 127 .o 140.0 250.0 195.0 150.0 140 

Pot3ssium 
Chloride Fob N .America 85.0 55.0 5.3.0 6.3 • \) 98.0 115.0 90.0 70 

----- ---
Sou!_£!: Based on "Fertilizer International": International Price Trends. 
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Potassium chloride export spot prices have been steady 
for 1976-78, have increased in 1979 and 1980 and fallen 
~gain at t~e end of 1982. 

Although as indicated before, there is an adequate 
supply capability to meet the demand for the three nutrients, 
these price movements reflect general inflationary increases 
in cost as well as periodical stronger demand <e.g. in 1973/ 
/79>. Such cost of reasonable market iorce based increases 
a~~ apparently tolerated by importers. It is, however, to be 
hoped that an artificial shortage and the acrompanying high 
prices of 1973-75 caused by panic buying does not occur 
aga~n. If it does, then prices could escalate quickly ta a 
very high level giving a disfavourable cast/benefit ratio for 
the farmers and again having an adverse effect on crop 
production in developing countries and sustaining the boam­
bust cyclical nature of the world fertilizer industry. 

2.1.4 Structural changes in the fertilizer indus~ry 

2.1.4.l Impact of cost on closure of fertili=er plants 
in developed countries 

Increasing raw material and energy co3ts, inflation and 
a poor market are the most important factors causing the 
structure changes within the fertilizer industry in the 
world, particularly in the developed countries. 

In the U.S.A., for example, a total of 4.7 million tons 
of annual ammonia capacity has been shut down from 1977 to 
1981. There are many pl~nts that are operating at reduced 
production rates. The United StatRs, or.ce d major nitrogen 
producer in the world and a net exporter are losing their 
position by the rising price of domestic natural gas. 

In Japan the nitrogen industry closed a total of 
1.2 million tons annual a~monia capacity. Over 40 per cent of 
the Japanese urea capacity will be closed as part of a 
restructuring plan. 

Phosphoric acid producers in Japan are also closing 
about 20 per cent of the capacity in the older and smaller 
plants. They find an •dvantage in importing phosp~aric acid 
•nd ammonia from the countries having raw materials. Also in 
Europe the markets and source~ of supply are changing. 
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2.1.4.2 Shift of new capacities towards sources of 

raw materials 

Our i r.g the 1970' ; a nt:?w trend in the deve 1 op men t of the 

world fertilizer industry has been initiated, which is 
expected to continue for the foreseeable future. With the 
increase of energy and raw material costs the locations of 
the new plants are moving toward_ the places adjacent to the 

cheap and abundant feedstock. 
In latest times the following new projects have been 

announced in the countries having natural resources: 

For ammonia/nitrogen production: 

in Africa 

in Latin 
America 

in Near East 

in Far East 

Algeria, Egypt, Libya, Madagascar, 
Marocco, Nigeria, Somalia, Sudan, 

Tanzania, Tunesia 

Columbia, Equador, Me}:ico, 

Trinidad, Brazil 

Abu Dhabi, Bahrain, Kuwait, Saudi 

Arabia 

Bangladesh, Burma, India, 
Indonesia, Malaysia, Pakistan, 

Philippines, Thailand 

For phosphoric acid and phosphate fertilizers, new 

capacities would be: 

tn Africa 

in Latin 
A•erica 

in Asia 

Egypt, Morocco, Tunesia, Senegal, 

Togo 

Belize, Mexico, Peru, Vene=uela 

Philippines, Indonesia, Iraq, Syria 
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New or substantia~ly extended potash capaci~ies will be 
established in: 

Israel, Jordan, 
China. 

l"texi.::o, Brazil, 

2.2 Mater technglogical dev~lopments and tendencies 

The production of three nutrients in fertilizers was in 
1980/81 in the order of 125 million tons and is expected ta 

increase to 173 miilion tons in 1990/91. A considerable part 
of the new capacity will be installed in the developing coun­
tries, particularly where local raw materials are available. 

On analysing the evolution of the f~rtilizer indu~try, 
it is noted that there have been no major breakthroughs in 

the chemical technology during the ~ast decades. 
Basically, the fertilizer industry conti.-iues to be a 

dL-ivate of ammonia, sulphllric acid,_ phosphate rock and 
potash salts. The change, which has taken place in the 
meantime has mainly been of a physical nature. For example, 

the unit capacity of all manufacturing plants has grown 
considerably. Thu~, whereas an ammonia plant of 200 t/d or 
a sulpt.ur acid unit of 100 t/d was not considered small three 
or four decades ago, a 1000 t/d unit would not be considered 
exceptionally large in the seventies. 

There have been also considerable changes in downstream 
conversion of basic chemical raw materials intc more con­
centrated final products. The conversion into high analysis 

fertilizers liKe urea, triple superphosphate, ammonium 
phosphates have reduced the share of low analysis products 
such as ammonium sulphate, single superphosphate, ammonium 
nitrate etc., in the total producticn and con5umption of 
fertilizers. For example the fertiliz~r production in ttie 

developing countries is almost entirely based on urea, 
becau'se it can be delivered to farmers at less cost per unit 
N than in any other form. Other dev~lopment is the 
granulation of fertilizers, which has subs~ituted pulveraus 
products from the past. 

The development of the fertili=er industry can be 
~ttributed to the accelerated expansion of the fertiliz~r 

mark~t in developed countries. In general, when the market 
expanded it has been foJnd more econ~micdl to build large 
tonn~ge plants instead of multiplying the number of small 
units. This way, the industry benefited from the economy of 
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•cal• and a general incrase in efficiency. 
On the other hand, thi5 situation does not necess•ry 

&pply to the developing countries, where the fertilizer 
m&rket size i5 comparatively limited. This fact and high 
investment which is ·necessary for large units and for the 
infrastructure have in many cases hampered the developme~t 
of the fertilizer industry in these countries. 

The present fertilizer industry has been developed 
under ~onditions of low-cost energy, which encourage 
equipment-intensive and energy-intensive manufacture and 
long distance transport. The rise of energy prices directly 
caused a rise in fertilizer prices. Consequently it gives a 
strong incentive to develop processes t~at have higher 

energy efficiency. 
The general trend in technological 

fertilizer industry could be summarized as 

development in 
those directed 

towards: 
a.> 
b. ) 

c.> 

d.) 

e.) 

energy saving technolog1.:c; 

improvement in the input/ 

/output coefficients, i.e. 

h.igher yield from some raw 

materials, 
improved application of fer-

ti li zer i.e. decrease the 

amount of work 
diversification of raw ma-

terial'3 i.e. new sources of 

raw materials and improved 
method of the utilization of 
minerals of low concentra­
tion 
long-term re5earch in direct 
pl ant fixing and r.ew bio-

logical varieties \genetic 
engineering). 

2.2.1 Ammonia 

In •' ,r,oni a pl ants the cost of energy is by far the 
biggest jntribution to the cost of the product, accounting 
for about 70 per cent of the total cost. The technology, when 

based on natural 
r· .. quires about a.~ 

gas C7~ per cent of ~orld prorluction> 
9.0 Gcal/ton liquid ammonia produced. 
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Over•ll •nerQy efficiency of current production systems is 
still below ~O per cent. 

In m•ny of the plants th•t are ~urrently being designed, 
ch~nges •re being ~ade tu improve over~ll efficiency. Of 
these more important are: 

combustion air preheat and process air preheat 
are being installed. The feed is also being 
pr~heated to higher temperatures; 

~ catalysts of shift conversion are improving to 
keep down CO and reducing inerts; 
heat requirement for CO r~gener·ation is 
eliminated; 
inerts <H~O, CO, N ) are removed by criogenic 
purification, lowerin~ the energy reguirements 
for recirculation and in the purga gas loss; 

- newer reactors and some changes in catalytic 
temperature in synthesis converter. 

All these i~provements are e~pect~d to reduce energy re­
quirements to around 7.2 - 7.3 Gcal/ton ammonia. 

2.2.2 Sulphuric ~cid 

.?.Cid is the major Sulphuric 
wet phosphoric: 
getting more 
beginning to 
electricity>. 

acid. Thus, the new 
energy efficient 

be net exporters 

c:ost element in producing 
sulphuric: acid plants ar2 
and some producers are 

of energy <steam or 

The changes in the sulphuric: acid technology are aimed 
at m~r.i~~zing internal energy consumption and maximizing 
ener~y recovery. The savings are tied to the highly 
exothe~mic production process. The heating value of a ton of 
sulphur is equivalent to that of 2 bbl of oil, and each ton 
of sulphur can ;enerate three tons of ~team, the production 
of "'1hich otheri•ise would cost Dollar 40. "The sulphuric acid 
plant is really a power plant, that just happens to make 
sulphuric acid, too" <I>. Rising prices of electricity 
justify the installation of a turbogenerator to put the steam 
to work generating electricity. 

1.1 C.11lc1l 1111•, F,.rv.,y 10, 1912 
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The new plants can make the steam pay off because they 
produce the steam at 900 psi (about 60 bar> instead of 
300 psi (about 20 bar) in the old units. They also make more 
steam. A typical 1970's plant could generate 1.14 tons of 
steam per ton of acid while the 1~80ls plant gets more about 
1.3 tons of steam for the same amount of acid produced. 

Another energy saver is lowering the pressure drop in 

the catalytic converter, using new catalysts. The lowering of 
pressure saves electric power or high-pressure steam. 

2.2.3 Phospho~ic acid 

In the 
source of 
fertilizer 

past few years phosphoric acid has been the 
more than ~O per cent of the new phosph~te 
production and this trend is expected to continue 

in ~he foreseeable future. 
The overall energy requirement ta produce phosphoric 

acid is not vert high, since energy component is associated 
with phosphate rock and sulphur mining and storage. 
Nevertheless the methods of minimizing the energy input are 
of importance for the fertilizer industry. 

For saving energy the following manufacture steps are 
improving: 

wet-grinding of phosphate rock has found wide 
acceptance. By wet-grinding the mill si~e is 
reduced and grinding efficiency is higher. 
The electric power consumption is reduced 
by 30 per cent; 
the hemihydrate process of phosphoric acid is 
extended, since it does not need heat energy 
in comparison with the ~onventional dihydrate 
process which requires steam at about 1.9 

Gcal per ton of Pi. a, <as 54 per cent acid>. 
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2.3 Prospect of fertilizer c.1velOD!lle!lt tn the 1qao•s 

2.3.l Development of demand and supply <capacities> 

Forecasts of e>:pected demand and supply capability for 
the three nutrients up to 1987/88 were prepared by the 
FAO/UNIDO/World Bank Worldn9 Group on Fertilizers in papers 
dated June/July 1983. Similar e~ercises were undertaken by 
the International Fertilizer Development Centre and TVA 
National Fertilizer Development Centre taking into account 
trends and events which took place during in last two years. 
Based on the figures and assumptions of these exercises the 

following expected development of demand/supply has been 

designed. 

2.3.l.1 Nitrogen fertilizer 

The demand for nitrogenous fertilizers is expect2d to 
grow on average at 3.5 p~r cent annually, during the years 
from 1981/82 up to 1987/88. Consequently the total world 
demand in 1987/88 will be around 74.2 million tons N, 2~.8 

per cent more than 1981/82 <Table 2-9>. 
The share of developing countries will remain in this 

period almost constant, arcund 43-44 per ~ent. 
The increase of ~upply capabilities of nitrogenous 

fert~lizers can be illustrated by the expected anhydrous 
ammonia capacity development, which is the basic for nearly 

100 per cent of nitrogenous fertilizers. It is expected to 

reach 120 million tons nitrogen in 1987/88. 
Estimates of capacity are based on existing capacities 

plus information on new projects under construction or 

firmly committed. Closures have been taken out of capacity 

only when known to be permanently closed; idle plants have 
been retained since they could resume production Hhen 
conditi~ns are judged suitable for them to do so, by their 
owners. 



clg~n'~~ 
Developed market eco~!!. 22,26 
North America 11,02 
West Europe 9,76 
Oceania 0,27 
Others 1,21 

Develo~ing market economies 
Africa 
Latin Americl\ 
Near Eaat 
Far East 

1£i.1.§_ 
Q.bb 
2,'36 
2,11 
7,13 

Centrally planned 
Asia 
Europe 

economies 25,42 
12,32 
13,10 

All developed economies ~ 
All ~eveloping economies 25,0B 

\Jorld total iQ..d.4 

--

Table 2-9 Demand forecast for N fertilizer 

/million tone of N/ 

1982/8, 

20,00 
9,5e 
9,80 
o, 30 
1,20 

lla.!)O 
0,'70 
3.: 0 
2. 30 
7,S> 

26,90 
13,00 
13,90 

&1!! 
26.~o 

61...tl!! 

198,/84 

2l ,.5A_ 
10,24 
9,00 
o, 30 
1,20 

14,50 
o,oo 
3;20 
2,50 
0,00 

27,70 
13,20 
14,50 

~ 
21.10 

§.li.ll 

1984/85 

lli11 
11,29 
9,90 
0,30 
l,30 

15, 50 
0,90 
3,40 
2,70 
e,50 

28,70 
13,50 
15,20 

ll.a.22 
29,00 

66,99 

1985/86 

ti:!g 
10,20 
o, 30 
l, 30 

16,40 
0,90 
3,60 
2,80 
9,10 

.?..2.i..SQ 
13, 70 
15,80 

~ 

~ 

69, l.2 

four£e~ Baaed on paper of the UNIDO, FAO, World Eank WorkinB Group 

on F•rtilizere July 1983 

1986/87 

2 3 ,,2_8 
11,00 
lCD,50 
o, 30 
l, 30 

17,40 
1,00 
3,80 
3,00 
9,60 

~ 
14,10 
16,30 

~ 

lL.2Q 

71,78 

1987/88 

ll.a.5..2 
12,10 
10,80 
o, 30 
1, 30 

1§..dQ 
1,00 
4,00 
3,10' 

10, 30 

liaJ.Q 
14,50 
16,80 

il.a.lQ 

lL1.Q 

1L1.Q 

w 
vi 

I 
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The extension of the 
Africa, Latin America, Near 
USSR and in E~stern Europe. 
large investments for the 
pacity, which in 1985/86 

a~monia capacity is under way in 
and Far East, as well as in the 
For example, Algeria is making 

expansion of their ammonia ca­
wlll be 815 thousand tans N. New 

plants, each with a capacity of 1000 tons/day ammonia are 
constructed or planned in Morocco, Nigeria, Tan=ania and 
Tunesia. They are supposed to come into operation after 1986. 

A large expansion of ammonia capacity is carried 
out in Mexico, Brazil and in Bahrain, Kuwait, Libya, Saudi 
Arabia, Turkey, India, Indonesi3, Pakistan and Malaysia. 
Large scale ammonia units of 1000 tons/day capacity are 
being built in all these countries, basing on captive low 
cost feedstock <natural gas>. 

In the USSR new ammonia plants will add over 5 million 
and in China over 2 million tons of nitrogen in the years 
1981-86. 

On a world scale, about 56 million tons of ammonia 
capacity has been added in the period 1975-86. 

At the same time some ammonia capacities in the United 
States, in Western Europe and in Japan are closed down or 

idled. Nevertheless, the nitrogen productior.. in the£e 
countries is not declining, because ~f the substitution in 
ammonia imports. 

As already mentioned, there is a grcwing trade in 
ammonia for fertilizers, with ammonia being shipped from 
where it is produced to other locations where it is 
processed. The closure of some ammonia capacities linked ta 
the rationalizing the nitrogen industry. Ammonia and urea 
plants are closed because of increasing prices for feedstock 
<naphta>, erosion of the competitive pos\tion and the las~ 
of 2xpart markets. 

With all these changes, ammonia capacity, which at the 
beginning of the 1980 1 s was around 90-91 million tons 
nitrogen, will increase up to the year 1987/88 to 120 million 
tens. Althcugh, there is no information available about 
ammonia capacity development .for the beginning of the ne::t 
decade, it is evident that to -;atisfy the demand in .lmmor1ia 
evaluated at 90-92 million tons of nitrogen at the beginni~g 
of the_1990 1 s about 20-25 million tons N c~pacity cf ammonia 
0 1.1ght to be built between 19A6-1991. 

The Table 2-10 shows the demand/supply balance of 
nitrogen ferti l i 2ers can be e::pected during the 1980' s. 
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Table 2-10 World B fertilizer capacity, supply capability, demand 
and balance 1981/82-1987/88 

/million tonaot'B/ 

1981/82 1982/83 1983/84 l'.)84/85 

Capacity 100,8 103,S loe.e 113,8 

SUpply 62,5 62,4 67,5 70,7 

Demand 60,4 61,4 63,7 67,0 

Surplus 2,1 10 3,e 3,7 

Deficit (-) 

Sources Baaed on paper ot the UNIDO /FAO/ World Banlc Working 

Group on Pertilizera July 1983 

1985/86 

117,l 

73,2 

69,4 

3,e 

1986/87 1987 /e.e 

118,9 120,2 

74,e 75,7 

71,a 74,2 -
3,0 1,5 

I 

w 
-.:i 

1 

-I 

! 
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It can be seen from Table 2-5 how little additional 
ammonia capacity is introduced by developed market economies. 
This trend is supposed to continue and to become even more 
expressed in the future. It can be expected that the increase 
in demand i.n North America, Western Europe and Japan will 
exceed the increase in supply capability. 

More new ammonia plants will be built in countries and 
locations where natural gas, at low cost, is available. This 
is the case in such countries as Mexico, Trinidad, Algeria, 
Nigeria, Libya, the Near East countries, Bangladesh, Thai­
land, Malaysia and Indonesi~. The USSR will alsq become 
increasingly important as a source of ammonia and nitrogen 

supply. Part of the USSR production has been already 

contracted to the United States and to Western Europe on 
buy-back basis deals in exchange arrangements for plants 
provided by contractors. The Near East countries where a 

great amount of natural gas is being flared, and where the 
investment in infrastructure has been considerably adva11ced, 

will also become an important supplier of ammonia and 
nitrogen products. 

Ammonia trade_, howP.ver, remains restricted by the fact 
that ammonia import is not useful to those countries which 
have downstream capacity for urea, since urea C3nnot be made 
from. purchased ammonia without carbon dim: i de a '.:>y-product of 
ammonia production. 

A lot of new ammonia/nitrogen pl~nts will oe built in 
large scale capacity units (1000 tpd or morel. However, at 
least 20 per cent of needed additional capacity, between 

1986-1991, i.e. around 5 million tons of nitrogen in ammonia, 
might be established as mini-fQrtilizer plants, taking 
technical, economic or other advantaqes reviewed in Chapter 
3.2. 

2.3.1.2 Phosphate fertilizer 

The average 
is e::pected to 
1987/88. 

growth rate of phosphate fertilizer demand 
be 3. 6 per cent ann•Jal l y up to the year 

The 
1981/82 
1?87/88 

world demand 
is expected to 

CT ab 1 e 2-11 l • 

~hich was 30.9 million tans ~0 5 in 

increase to 38.2 million ton~ 1n 
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Table 2-11 Demand forecast for P2o5 fertilizer 

/million tons of , 205/ 

1981/82 1982/8; 1983/84 1984/85 1985/86 1986/87 1987/88 
LactualL 

Devel2Eed market economies 12 1 1~ 12 1 0~ 12168 .!...3149 ~ 14 137 
15:§a 

North America 5,01 4,50 ~\. 80 5,30 5, 4 5,ao 

'West Europe 5,31 5,26 ~.55 5,70 5,09 6,01 6,13 

Oceania 1,15 1,04 1,08 1,13 1,17 1,22 1,28 

Others 1,27 1,23 1.,25 1,28 1,30 1,34 1, 31. 

DeveloEing market economiea 6111 6128 ~ .Lil m ~:t~ ~ 
Africa 0,55 0,50 0,55 0,58 0,71 

Latin America 2,18 2,14 . 2,29 2,44 2,58 2,84 3,10 
Nea.r East 1,05 1,14 1,23 1,33 1,43 1,55 1,68 

Far Ea,st 2,33 2,50 2,70 2,90 3,10 ~.30 3,50 

Centrally planned economiea 12,06 12160 13,04 13 140 ~ 14111 14.47 
l.J,J 
\0 

.\sia 3,10 3,2e 3,47 3,50 3, 9 3,eo 3,92 
Europe 8,96 9. 32 9,57 9,e2 10,07 10,31 10,55 

All aeveloEed economiea 21110 211~~ 22125 D..a.li 24101 24168 25129 

All develoEing economies L1l .2... 56 10 124 10,83 11,42 12,13 12.91 

world total ~0.21 ~0121 ~21~2 34LlA 35.A2 36,81 38,20 

Source: Based on paper of the UNIDO, FAO, 'World Bank ~orking Group 

on Fertili~er• .r~ 1983 
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According t~ the FAO/UNiDO/World Bank Working Group on 
Fertili=ers, phosphoric acid capacities will de~elop sub­
stantially in the 1990's. The capacity of this product in 
1987/88 will r~ach 37.7 million tons Fz0 5 compJred to :9.66 

million tons in 1981/82. 
Phosphoric acid is t~e ~ntermediate {or all tvpes of 

high analysis phosphate fertilizers, such as triple super­
phosphate <TSP> and ammonium phosphat2s <DAP and MAPJ. 
Production of 
product (e.g. 

accou,,ting fo~ 

single 

ground 

about 

superphosphate <SSPI and some marginal 
phosphate roe~, basic slag, etc.I 
10-12 per cent of the total phosphat? 

fertilizer is complementary to phosphoric acid based 
fertilizers. The production of phosphat~ fertilizers. the 

use of phosphoric ~cid and other high analysis fertili=crs 
increase because of their cost ad,.antage. In 1977 appr-a::i­

mately 60 per cent of all ~ 05 was applied in high analysis 
fertilizers, by 1990 this will increase to 70 per cent, 
particularly if pbosphoric acid and its derivatives are 
taking momentum in several developing countries. New larg~ 
scale capacities are being erected or plar.ned ir. Moroc:co, 
Tunisia, Senegal, Togo, Jordan, Peru, Iraq, Indonesia, etc. 

Assuming favourable economic conditions they will be suf­
ficient to cover the world demand up to the year 1988/89. 

The shilre of the developing countries in phosphoric acid 
capacity which is about 19 per cent in 1981/82 will be in 
1987/88 about 29 per cent. 

The export availablity ~f phosphate fertilizers is 
expected to grow as these new capacities are located near 
phosphate rock supplies. World trade in phosphoric fer­

tilizers will be expected to increase from 4 million tons in 
1979 to 10 million tons in 1990. North nmerica will c~ntinue 
to be the 1 eadi ng e::~orter bt.t Afr i c3 wi 11 increase its share? 
of the total. 
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2.3.1.3 Potash fertili;er 

The world potash fertilize~ demand will increase from 

23.9 million ton~ ~ctual consumption in 1981/82 to 29.7 
~illic~ tons KLO in 1987/88 <Table 2-12> an~ the annual 
g1·owth rate is expected to be 3.7 per cent up to 1,87/88. 

The development of production will be continued in 
countries with rich natural deposits such Canada, U.S.A., 
USSR, Spain, Israel, and the German Democratic Republic. 
Also Jordan and Brazil, with investments being underway, will 

join the producer li~t. 
ln some countries, e.g. France, Germany FR, U.S.A. some 

old potash mines will be closed and the total capacity of the 

country diminished. 



Table 2-12 Demand forecast for K20 fertilizer 

/million tons of P2o5/ 

1981/82 
Lactuall 

1982/83 1983/84 1984/85 1985/86 1986/87 i9e17 /ea 

DeveloEed market economies 11 1 6~ 11 100 11171 12128 ~ 1t.i! .!f..21 North America 5,43 4,82 5,24 5.69 ' 4 '34 ,58 
West Europe 5,24 5,25 5,39 5,47 5,55 5,65 5,75 
Oceania 0,25 0,25 0,26 C,26 0,27 0,28 0,29 
Others 0,72 0,76 0,82 o,e6 0,67 o,ee 0,09 
DeveloEing market economie• .l.&.Q.l ~.12 .l& .la1Q .l..2Q. ~ i_ajl 
Africa 0,27 0,28 0,30 o, 32 o, 34 0,3 o, 38 
Latin America 1, 32 1,45 1,56 1,72 l,81 1,99 2,10 
Near East 0,06 0,06 0,06 0,07 0,07 o,oe o,ce 
Fu." East 1,38 1,40 1,49 1,59 1,68 1,78 1,86 ::-

I\) 

Centrall~ elanned economie• ~ i..jQ ~ ~ io 102 1L28 11,..li 
Ada o,eo 0,10 0,81 o, 0,92 0,98 1,04 
Europe e,46 0,00 9,15 9,50 9,90 10, 30 10,70 

All develoEed economies 20110 i2 1e0 20 106 21 110 22173 23.45 £.ii& 
All developing eco;ig~iea l&fil. .1&i 4122 ~ ~ .5.. !.2. .2.JA§. 

Wo.rld total .. - 2~12~ 2~111 2~ 1 oe 26134 ll.i-5.2. 2816.4 £2.J&l 

~..£!.l Baaed on paper of the UNIDO, PAO, World Bank Working Group on 

Fertilizers, July 1983 



- 43 -

2.3.2 Maior tec~nologic~l develgpment in th~ future 

There is 
chemicals and 

a steady process of improvements in fertilizer 
final fertilizer technologies and this is 

likely to continue as energy costs rise • • 
The details of the improvement trends are described in 

Chapter: 3. 

2.3.3 Structural development 

Energy cost, inflation and 
the major press~res faced-by 
primarily in the U.S.A., West 

raH material prices will be 
world fertilizer producers, 

Europe and Japan. In this 

connection the advantage has been moving to fertilizer plants 
lor.ated adjacent to cheap feedstock, although some of this 
advantage is beinJ lost due to higher capital/operating costs 
and escalating freight costs. The natural resource avail­
ability is becoming the prime determi~ant in project de-

termination. 
Many of the traditional fertilizer producers in the 

developed countri~s, most of all those processing imported 
raw materials, are losing their leading position in the 
fertilizer trade. Increased ammonia output in Mexico and 
Trinidad will penetrate the U.S. market, where local produc­
tion will no longer be competitive with imported products. 

Important ammonia/nitrogen production centres, many of 
them export oriented, are appearing in Africa, the Near East 
and Asia. The production, based on domestic natural gas of 
Algeria, Libya, Nigeria, Tanzania, Kuwa~t, Bahrain, Qatar, 
Saudi Arabia, Bangladesh, Thailand, Malaysia, Indonesia, 
etc., will sunoly not only the nearby markets but al5o de­

veloped countries in Europe and/or Asia. 
A similar role will be played by the development of the 

phosphoric acid and pho~phate fertilizer industry in Morocco, 
Tunesia, Senegal and Togo, although the U.S.A. will continue 
to maintain a competitive cost position in the world 
phosphate trade due to its abundant ~natural phosphate 

resources. 
A5 for potash, the U.S.A. ha~ long lost its self-

-suffiLiency and is dependent on Canada and other countries 
for about three-fourths of its agricultural requirement3. 

Substantial structural changes will take pldce within 
the production structure of the fertilizer industr~ in 
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developed countries. Present plants, particularly ammonia 
units, will be further modified ar.d old- plants that cannot 

be modified will close. 
A new generation of thermally efficiP.nt plants will 

start to appear in the 1980' s, due to the need of con-· 
serving energy, hence, to produce ammonia at a more economi­
cally attractive level. With the increasing imports of 
phosphoric acid or phosphate fertilizers many sulphuric 
acid plants are expected to shut down, although the by­
-product capacity is expected to continue to grow, because 

of restrictions on 502 emissions. 
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3. DEFINITION AND t1AIN OiARACTERISTlC OF lriE 
MINI-FERTILIZER PLANTS 

3.1 Jntr9ductjgn 

The 
the last 

size of capacity has 
few decades. The main 

been steatiily going-up over 
reason for this has been 

the economy of scale, but in case of ammonia a breakthrough 
in technology has played an important role, too. 

Many of the modern fertilizer plants have very large 
size. These sizes have been reached gradually, thanks to 
continuous improvements in technology allowing increasing 
scale economies due to the fact that investments increase 
less than proportionally to capacities. A large si=e unit 
is chosen particularly for export oriented plants. However, 
problems during the distribution phase arise particularly in 
the developing countries due to the lack of infrastructure in 
agricultural areas where fertili=ers are con5umed. These 
problems are bound to increase in the future, considering the 
increasing amcunt of fertilizer. 

Recently a new_philosophy has been introduced concerning 
the possibility to locate several small plants up <e.g. 
100-200 tpd ammonia) near the various centres of consumption 
regions rather than a large unit installed centrally. This 
can be important for the countries that have sources of raw 
~aterials such as small fields of natural gas, oil or coal 
spread throughout the countrv. 

In this connection it is sui~able to think to set of 
siall size fertilizer plant located near to the source and, 
po~sibly, in the middle of an agriculture region instead of 
ver; large plants located in an industrial area. 

As for the ammonia capacity, in the last 15 years the 
processes have been develop~d and gradually improved by stedm 
reforming _of natural gas and naphta in plants using centri­
fugal compressor~. Standard designs have evolved for three 
c•pacities: 5~0-600, 1000 and 1350 tpd.Th~ great majority of 
new plants built in the last ten years have ~een designed for 
one of these three units. The large size unit is sometime~ 

used in locations where ~ite development costs are high. 
For constructing of smaller ammonia plants, China has a 

wide-range experience. For more than two decades ov~r 1~00 

small scale nitrogenous fertilizer pl~nts have been built, 
each producing 5000-~0000 tpy of ammonia, and in most case5 
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using anthracite as raw materiai. There were more than i300 

such plants in operation 1n 1qao and they have supplied about 

~~ 'l. of the total ammonia producticn in China in that year. 

Besides, China has imported thirteen 1000 tpd units from 
abroad since the beginning of the seventies. 

An engineering firm's data can be also cited by ray of 

illustration. Ammonia Casale SA CSwit=erlandl has built mare 

than 200 ammonia units during the course of its sixty years 1 

activity in this field, varying in caµacity between 10-1000 
tpd, for a total of more than 20000 tpd. During the last 

fifteen years the firm has been established 18 ammonia units 

in developed and _developing areas. Ten of them can be 

classified into the small-scale category Cnot more th3n 250 
tpd cf ammonia> and three of them are large tonnage units, 
each has a capacity of 1000 tpd ammonia. 

In pursuance with the next list, according ta data of 
Snamprogetti <Italy> having wide e;:periences in urea 

technology, the firm has built some small-scale urea plants 

with capacities ranging from 100 tpd to 300 tpd. 

Location 

Italy 

Italy 

Spain 

USA CTexa9) 

Somalia 

Capacity 

t~d urea 

70 

300 

300 

227 
150 

100 

260 

Start up 

1966 

1971 

1971 

1980 
under con5truction 

feasibility tttage 

feasibility stage· 

A5 !Shown from this list the locations are not con­
centrated in a typical area, but !Spread ovef several regions 

of the world. This means that trend is generali=ed and not 
only the result of particular and local c~nditions. 

In the Tabla 3.1-1 the ammcnia capacitie5 of the world 
by main regions is sho~n dividing them into three range~: 
small, medium and l~rge-scai~ unit5. 
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Table 3.1-1 

R e g i o n 

North America 
Latin America 
West Europe 
East Europe 
Japan 
China ( 1980> 
Rest of Pacific 
Indian 

Sub-Continent 
Middle East 
Africa 

TOTAL 

Number of ammonia plants 

( 1977) 

Capacity <1000 tpy N> 
10-100 100-2~0 250-500 Total 

number of plants 

45 31 25 101 

16 .4 5 25 
36 23 24 83 

47 67 24 138 
q 7 6 "'? ·-

1400 8 13 1421 

20 8 0 28 

13 16 2 31 

6 2 14 

s 4 1 10 

1~97 174 102 1873 

Total 
capacity 

1000 tpy 
N 

15 950 

2 733 
14 516 
21 578 

3 671 

12 000 

1 84() 

4 138 
.., 012 ... 

778 

79 216 

Source: "Market Study of Mini-fertilizer Plants for 
Developing Countries". 

• Prepared for UNIDO by Shu Lin P~ng, 
Sept. 1982 
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From the data in Table 3.l-l it can be •een tnat •n 
overwhelming number fall5 under the small-scale category. 
Thi~ is a resu~t cf the special development tendency in 
China. Excluding the plants loca~ed in China, it can be seen 
that a lot of small-scale units are in operation but 
they were built in the 1950's. Since the beginning of the 
1960•s the ~apacity sizes have been increasing. As for the 
highest capacities, many of them have been established in 
developed areas, many times explicitly for export purposes. 

In the phasph~te fertili=er industry prior to the decade 
of 1950's the single superphosphate was the principal 
phosphate fertilizer all over the world. Later the more con­
centrated phosphate fertilizers became attractive. .They 
requires phosphoric acid and therefore, the phosphoric acid 
becomes the principal intermediate raw material of phosphate 
fertili~er production, playing almcst such a role in this 
field <industry) as the ammonia in the nitrogen fertili=er 
production. 

It makes a good case for that in the past few years 
phosphoric acid has been the source of perhaps 90 % of the 
phosphate fertili=~r p~oduction from new capacities and this 
trend is expected to continue in the foreseeable futur~. 

The history of th~ phosphoric acid production by wet­
-process shows a rapid increase in plant size. Plants built 
in the United States in the period 1915-19~0 had capacities 
ranging from 7 to 35 tpd. In the 1930's with the introduction 
of slurry-recirculation system and continuous filtration, t~e 

unit-capacity increased to over 90 tpd ~Os. In 1960 s the 
capacity size has reached 600 tpd ~ 0 5 and later, by· the 
beginning of 1980 1 s, 1000 tpd ~ 05 in a single stream. 

In Japan where many small phosphoric acid plants a~e 
still in operation there are 23 phosphoric acid plants. 17 cf 
them have c3pacities le~s than 100 tpd and eight of them are 
under 60 tpd ~ 05 . 

Accnr-r.ling to a reference list of Nissan Chemical 
Industries Ltd., the firm license~ about 33 of its ow~ pro­
cess all o~er the world. Half of them can ~e clas~ified into 
the smal 1-scal e category <not more than :?01) tpd ~ 0 5 > and 
ten of them are ~ndcr or equal to 100 tp~ P 0 • 

2. .5 
Table 3.1-2 shor.-15 the e::i.,;ting phosphoric acid capacity 

in major regions of the wcrld. 
The larga scale units 

phcsphate rock mines, but in 
tend to be located near the 

some cases near to source of 
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sulphuric &cid. ~~ m&jority of phosph~ric acid plants are 
integrated into dowr.stream fertilizer complexes and ther~ are 
instances where phosphoric acid plants are bui-t exclusively 

fnr intern~tional trade. 

Table 3.1-2 

Nu~ber of existing phosphoric acid plants 
(1982) 

Capacity (1000 tpy Pa,05 > 
R e g i o n 

North America 

Latin America 
West Europe 
East Europe 

Oceania 
North-West Africa 
Rest of Africa 

Near East 

South Asia 
South E&sl Asia 

TOTAL 

less than 

100 

18 
10 
49 

17 
7 

6 
10 

9 

14 
24 

164 

more than 

100 

43 
6 

14 
"'l!'"T 
.. ..J 

0 

12 

4 

6 .., .... 
3 

123 

total 

capacity 

11 200 

1 500 
4 360 
6 600 

290 .., 640 • 
1 070 

1 600 
790 

1 300 

31 350 

Source: "Market Study of Mini-ferti~izer Plants for 
Developing Countries" 

Prepared for UNIDO by Shu 
Sept. 1982. 

f 
Lir1 Peng, 

Buth large-scale and mir.i units will be established in 
the foreseeable future, d~pending on the local circumstance~, 
not only in Qlcbal dim2nsions but in a number of countrie3 
whsre the production both on mini-scale and large tonnage 
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will be effective. 
Some constraints that is to bu considered in decisions 

prior ~o setting up mini-plants are: 
A -local narket that would be difficult to 
supply from a larger but at longer distant 
plant, 
a limited supply of raw material Cs> at a 
f•vourable co~t and, possibly, not far from 
Qn agricultural area, 
severe local conditions e.g. for trans­
porting large, heavy equipment, 
a small unit can be conceived with simpli­
fied and standard process flowsheet, there­
fore, it is better suited to a region not 
duly industrialized. 

3.2 Nitrogen fertilizers 

Ammonia - being by itself an applicable nitrogen fertil­
izer ~ is the basic material for all commercial nitrogen 
fertilizers. Howev~r, in the agriculture of developing 
countries only solid products can be considered. The main 
types are: 

Type Grade CY.> 
N Pi Os ~a 

Ammonium Nitrate CAN> 34-0-0 
Urea CU> 46-0-0 
Ammonium bicarbonate 17-0-0 
Ammonium Sulphate <AS> 21-0-0 

The principal solid nitrog~n fertili~er9 are ammonium 
sul phat:e, ammonium nitrate, urea. Am111ani um sulphate is the 
ea~iest of the above three t~ store and handle, and it has 
the advantage cf containing sulphur which is also a plant 
nutrinnt. But it has disadvantage5: its low nitrogen content 
and high acidifying effects. However, because of its acid 
reaction in the soil, togethP.r with its sulphur content, it 



- 51~ -

is still preferred in some alkaline soils and for ·same crops 

e.g. tea. 
Ammonium nitrate requires strict attention to safety 

precautions in its manufacture, handling and storage, because 
it supports combustion and there is, therefore, a fire risk, 
and under extreme conditions it can act as an explosive. 
Partly far this ~easons it ~ often sold with limestone as a 
mixture~ so called "calcium ammonium nitrate" containing 
26-28 per cent N. It is well suited e.g. for wheat and it is 
preferred in colder climates of Europe and Nor·th America. 
~ is free from these hazards. It has some tendency 

to cake in storage but this can be overcome by suitable 
treatment and by control of storage conditions. Although 
agronomically it is a little bit less suitable than AN 
because of its volatilisation characteristics that highly 
varies depending on soil conditions, urea has nev~rthleness 
become the predominant nitrogen fertilizer. The reason is 

very simple. The main factor determining the share of the 
market obtained by each product would be the cost per ton of 

nitrogen applied to the soil. 
Ammonium bicarbonate is very volatile hygroscopic and 

caking, can be stored only in double-walled bags. Nitrogen 
loss in application can be high. It is used as fertilizer in 
the, People's Republic of China only and no experience is 

available on its applicability in other countries. 

3.2.l Ammonia 

Manufacturing of ammonia needs large investments and 
the energy consumption is also very high. The productions 
cost of ammonia is a decisive factor in the production of all 

nitrogen fertilizers. 
The economy of the ammonia synthesis of the early 

19601 s ~as possible due to the reasonable selection of th~ 
r•w m•terial used for ammonia synthesis gas production and 
the technology applied as well as the increasing th~ unit-

capacity of the production lina. 
By the beginning of the 

' I 

1970's ammonia production 

with ~mall unit-capacity based on coal <~eke> as raw matE ia! 
and atmospherical gasification, gav~ way to plants of ~i~h 

capdcity, based an stea1n reforming cf natural gas er highe~ 
hydrocarbons under pressure all over the world. Th~ low€r 
capacity limit was set by the minimu~ cdpacity of the 
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centrifugal compressors for synthe5is gas CbOO tpd ammonia 
unit at that timei. 

The new process based on hydrocarbon steam reforming is 
characterized by catalytic gas purification (except for co~ 
removal> and high energy recovery, generating high pressure 
st~am for the process and the turbines of centrifugbl 
machines. Ammonia plants of 1000--1500 tpd capacity were built 
in developed countries using inexpensive natural gas or 
straight-run naphta. The ammonia or ready made fertilizer 
were in great part shipped to markets ~ituated usually far 
away. Low cost feed-stack, booming fertilizer market, rapidly 
expdnding industrial and economic growth, low cost credits 
and investment all contributed to the world-wide con­
centration of the ammonia production in big units anj a 
highly developed wo~ld market. Process technology was adopted 
to the techn\cal level of the industrialized countries and 
gr~dually became more sophisticated. Highest possibla tem­
peratures, pressures and sev~rity were aimed at in the 
reforming, higher possible capacities in the whole line. No 
wonder that when developing count~ies having the necessary 
raw material~ foll~wed suite, they ran into troubles. Serious 
deley and cost o~erruns in project implementation, low 
on-stream factors, operational troubles defeated the econami= 
advantages hoped for. 

Developing countries having had smaller ammonia plants 
before and thus possessing enough experienced technical 
staff and expertise fared much better: when the big units 
followed the smaller plants more satisfactory records were 
achieved. 



- 53· -

3.2.1.1 The ~classic" process gf the 19701 s 

At the end of 1970's and the beginning of the 1980 s 

the basic technolog~ worked with hydrocarbon feedstock, 
mainly natural gas. For syn gas production the steam 
reforming became the m~st widely used technology. The overall 

reaction in t~is process is: 

CH't + 0. 3035 01 + 1 • 131 Nz. + 1 • 393 l '.1 0 

co.t + 2. '.262 NHJ 
--

So the minimum stoichiometric consumption of CH4 is 

~83 ~~ /t NH~ <4.99 Gcal/t NH~> and assuming that the 
totality of the reactiQn heat can be recovered, the 
theoretical consumption is 4,45 Gcal/t NH~ production. 

The process is based on pressure steam reforming af 

natural gas or light hydrocarbons and consists of the 

-following steps: 
Sul?hur removal (if necessary> 

steam reforming 
shift conversion 

COL r-emoval 
methanation 
compression 

NH~ synthesis 
In the sulphur removal section the natural gas at 

medium pressure is treated for removal of sulphur and light 

molecular weight hydrocarbons by ~ctivated carbon and/or 

catalytic hydrogenation with adso~ption on ZnO. 

The natural 
through a bed 

gas mixed with steam is heated and passed 
of ni~~el catalyst in the primary reformer. 

Here the natural gas is 
proximately 780-800• C with 

~he heat necessary to 
supplied by external heating. 

reacted at temperatures of ap­

steam. 
this endothermal reactvions is 

The high temperature flue gases 

pass through a sophisticated heat recov~ry system. 
In the ser:ond21ry 1-efarmi..o..9. r:omprasseJ air is add?d to 

provide for the necessary nitrogen in a 3: 1 volume ratio and 
to cover the ncce~sary en~rgy to the compl~tian cf re~orming 
reactions by the partial oxidation of the cambust<lble 
components. The e:: it hat gac;:;es enter 3 high pre-;,5ur~ o:.t ~a~ 

~oiler and from it pass to the shift conversion section. 



The shift conversion is carried out in two steps: 
high temperature 

- low temperatur~ shift conversion in order to 
arrive at a low (0.1 - 0,3 'l.> final CO content. 

Fe~ the C~ remov3l there are numbers of processes 
available. The three most used systems are based on absorp­
tion in water, monoethanolamin or hot potassium carbcnate 

solution. 
The final stage is syngas preparation is to remove 

ca and COL traces. This is accomplished in a methanation 

unit. 
The gas mixture is compressed and enters to the 

ammonia synthesis section~ where ammonia is synthetized. 
The product NH~ is removed from the system by re­

frigeration. The non converted gas is returned tu the 
synthesis <synthesis loop>. Minor part of the gas is con­
tinuously purged to remove the inert content of syngas <Ar, 

CH~ l • 

The 
The 

specific energy consumption is 8.5 - 9 Gcal/t NH~. 
simplified flowsheet can be seen in Fig. 3.2.1/1. 
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3.2.1.2 New tendencies in dm~onia productJ..Qn. 

The oil crisis, the economic slump, the general shortage 
of foreign exchange, high transport costs together with the 
problems encountered with the jumbo plants c~eated a 
completely new world ~arket situation both in fertilizer pro­
ducts and fertilizer plants <see Chapter 2.>: 

!n this new situation, at the beginning of the 1980's, 
new tendencies have emerged in the nitrogen fertilizer 
industry and first of all in the manufacturing of ammoni3: 

the price of energy increased dramatically, therefore 
the process owners had to develop new, energy saving 
processes, but, now this technical innovation has 
been directed towards simpler, less sophisticatad 
processes and equipment, easier to implement and 
l~ss expensive to operate, ther~fore more suitable 
for developing countries 

beside natural gas, remaining still the most suitabl~ 
feedstock for ammonia production, long r~nge per­
spectivity as well as local conditions imposed a re­
turn to the old methods of synthesis gas production 
using other feedstocks, like coal or electrolytic 
hydrogen, where intensive R and D work is under way 

the experie~ces of several developing countries and 
the.above factors focussed the attention on the mini­
-plant concept. 

Process develocments 

All the process owners are engaged in ar intensive de­
velopment activity aimed at the reduction of both the invest­
ment costs and energy consumption. The indiv~dual situations 
may differ but the general t~ndency is simplification and 
some well known old methods are renewed. 
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The main fe~tures of the new developments 
t~em ~asszd the drawing boa:d stage> are: 

(few of 

- Reformer: low steam to carbon ratio, mil~ reforming 
conditions reduce ccn$iderably the heat 
load, energy requirements, simplify con­
struction, reduce investment. On the 
other hand, less waste heat is available 
and a-higher methane leakage results. New 
energy recovery systems enter, e.g. the 
new version of the old saturater de­
humidifier loop. 

- Gas pu~if ication: the higher methane content of the 
primary reformer exit gas o~en two dif­
ferent routes: one of them separates the 
hydrogen in pure form (by PSA e.g.> and 
the other components are used as fuel g•s 
in the primary reformer. Several puri­
fic•tion steps are eliminated but pure 
nitrogen i~ needed. The second route uses 
E!'):cess ai~ in the secondary reformer and 
afte~ the normal purification cryogenic 
separation of the excess nitrogen either 
before or in the synthesi& loop. For COL 
removal low-energy processes 
physical absorption) are used. 

<mainly 

Synthesis: New catalysts, converter constructions 

- Energy 

led to lower operating temperature, pres­
sure And pressure drop, higher yield. 
Purge gas recovery systems ~~• used to 
improve energy efficiency. Serious con­
sideration is given to ammonia separ~tion 
by absorption in water. 

conservation: 
frigeratiun, 
frequently 

·Gas turbine, absorption re­• 
Rankine cycle are fhe most 

encountered methods to make 
the process more efficient. 
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As a result of the above.general tendenciag, ~evcral new 
process schemes have b••n worked out. All of the• &r• well 
~uited in principle for imple:nentation in the developing 
countries and particularly for mini-fertilizer plants, but 
only after having been proven on a comrn2rcial scale. 

A few typical examples of the proposed flow-sheets 
are summarized here. 

A. Excess air -.cryogenic separation gas turbine 

In this process, due to the mild prisary reforming, ex­
cess air is used in the secondary reformer.·This allows the 
reformer fue) being considerably reduced and the front-end 
pressure increased. 

Further energy saving is achieved by installing a gas 
turbine driven process air compressor. The oxygen rich 
exhaust gases &re used as combustion air to refor~~r burne~s. 
Nitrogen exceeding the stoichiometric value is extracted in a 
cryogenic . ur.it downstream of the methanation section. This 
gives an additional advantage cf inert-free syngas <Fig. 
3.2.1/2). 



Fig. 3.2.1.12 A mmoni0'6ynthesis from natural gos. 
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B. PSA - Rankine cvcle 

An other typical process is well 5uited for use in small 
ammonia plants and at the same time ha5 an energy requirem~nt 
comparable with the most efficient large plants. One stage 
(high te~pera~ure> shift conversion, PSA purification and 
Rankine cycle energy ~ecovery to generate electricity charac­
terize this process, which can be coupled with any synthesis 
loop. 

The total energy requirement of this proce~s·is 7.3 
Gcal/t NH3 . Since no COL separation is included, the process 
cannot be used in cases where the ammonia should be 
processed to urea. 

Only primary refcrmer is used and the usual secondary 
refcrmer low temperature shift converter co~ removal 
and methanation drain is completely missing. After the 
primary reformer HT shift converter the product gas is 
cooled from 400° C to 64° C in a Rankine Cycle with two 

stages, su~~lying about 43 f. the total electric power re­
quirements of the process. After cooling, the raw syngas 
is purified in 9 pressure swing adsorpti~n unit. The 
technology uses nitrogen produced on site coming from an 
air liquefaction unit • 

. Ammonia synthesis needs no cold gas exchanger, re­
frigerated secondary condenser and secondary ammonia se­
parator. 

C. Low pressure ammonia loop. 

A newly developed highly active ammonia cat~lyst is the 
basic ~eature of the process. Here, the higher methane 
leakage from the primary reformer and excess air in the 
secondary refo~mer giving a non-stoichiometric s~nga~ 

composition is used to operate at the front end at a pressur~ 
considerably higher than usual. Hydrogen recovery from the 
purge gas, in a cryogenic system at the synthesis loop 

• pressure <B0-100 bar> m~kes possib!e to ioperate with lcw 
inert content in the loop and a high~r efficiency per pas~. 
The energy consumption is between 7.2-7.~ Gcal/t NH 3. tS~e 

Fig. 3.2.11::>. 
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On a world-wide scale the nearly monopolistic position 
of the natural gas as the most economic raw material for 
ammonia production seems to be assured at least for· this 
decade but probably even for the next one. Even the high 
natural gas price rises coupled with a depressed ammonia 
market are not able to tilt the balance in favor of coal or 
other alternative fuels. Substantially higher investm~nt and 
processing costG more than offset the lower fuel costs. But 
in given local condi~ions, especially in developing coun­
t~ies, these feedstocks can present a real alternative or 
even the o~ly feasible route for ammonia production. 

Competitive, up to date well proven processes are not 
commercially available in the developed countries, govern­
ments and interested companies in view of the not ~a di~tant 
future where hydrocarbon will not be available or only at 
high costs deploy considerabl~ R ~nd D activity in t~e 
processing of different fuels for syngas, SNG and synthetic 
fuel production. 

This ·situation can creat~ favourable conditions for 
~he developing countries: it is reasonable to e~pect that 
the processes now in pilot plant or demonstration plant 
stage will reach commercial maturity in the next few ye~rs 
and will be available as proven methods for the mini-pl~nt~ 
on sites where natural gas is not accessible. 

From the point of view of the mini-plant concept on~y 
two alternative feedstocks have to be considered: coal <and 
heavy residues) and electrolytic hydrogen. 

Coal as raw material for NH3 produc\ion is not a new 
idea. Prier to the Second World War nearly all synth~tic 
ammonia production was based on coal <or coke>. Most oi the 
mini-plants realised in the Peopl~ s Republic of China in the 
last twenty years rely also on coke or anthracite. Leaving 
out of consideration the old, less efficient. processes, like 

' t~e blue water gas method, several g3~ification proces~e~ 

h~ve been us~d commercially. All of the~ use oxyg~n dnd can 
be classified according to three diffarpnt para~atars: 

- pressure 
tl!mperature and 
reactor type. 
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Pre55ure. All old processes, exc~pt the Lurgi one 
worked under atmospheric pressure. The necessary compression 
work up to around 30-40 bar, the usual starting point in 
n~tural gas based plants adds another serious economic dis­
advantage to the aiready heavy burden of the coal based 
ammonic production. Texaco and Shell have commercial pro­
cesses for the gasification under pressure of haavy fluids 
<residues> but for solid macter 1 li~e coal, even in experi­
mental stage, only slurry C~o~l suspended in wcter) can be 

considered •. Nevertheless, intensivQ research work is g6ing on 
to adapt other techni~s like the Win~ler and Koppers-Tot=2k 
to medium ~ressJre operation. Howev~r, n~ co~mercial plant 

e:' ist 

Te~perature. Among the 
i;igh temperature ones can be 

fication is e~sier, nzeds 

processes, low t~mpe~ature and 
found. Low temperature gasi­

simpler eqcipment, but the qas 

prcduced cont.3.;.n~ man~· inc:onver.ien·i:. impuritiEs a:so a hic.:;h 

proportion of raethane. Expensive &nd often ccrrosi~e 

purification steps must be vsed. The ·•ash" l~avir.g the 

reactor contains en~ugh combustible matter tor makin~ manda­

tory its utili=at!on in some boi:er facility. 
High tempera~ur~ gasif icati~~ can produce a raw ~yngas 

free .~f tar an~ similar producte with acceptsble methan 

content, but poses seriou~ e~uipment, c~Gstructio~ mat~ria1, 

dosage (burner) ani a~h problems. ~olid ash remo~al Cunder 
the melting ~oint ~f th~ ash> and slayging proces5es are 

equally us~d. Even at the highest te~peratures (1500• C> gJGd 

gasification efficiency can be e~pected o~ly with re~ctive 
coal type~. 

Reai;tor:.. Convent i 0:1al l y there Ci>.ie thn•e basic cat_e­

gori es: 

fluid bed reactor C~inkl~r r~oc~~s) 

f L<t:!d or slowly ,;o;ovi no 
<Lurgi ~rr.cess} 

entr~ined bed reactor 

bed rP.:.:-tor • 

-Totz~k and Texa~o pr~cesses>. 



- 64 

All processes are heavily dependent ~n ~he coal GUality. 
Therefore a general assessement of the individual merits and 
disadvantages cf the different processes would be futile, 
all the more that all processes are in reality yet in the 
development stage, even if several of them ca~ refer to 
realised and operative com.mercial plants. Ther""eiare in this 
study no individual description of ~ha different processe5 
will be given. Instead one high temperature entrained f~d 
coal gasification and a heavy oil gasification ~recess will 
be presented telow far illustrati~n only. 

High t 0 m2erature entrained bed coal gas1ficati~rr 

<under pressure) 

Caal slurry (20-100 bar). 

Typical gas 

The flow diagr.am of the process is in Fig. 3.2.1/4. 

Heavy ojl gasification 

The flow scheme of the process appears in Fi9.3.2.1/5. 
The preheated oil, oxidant <oxygen or enriched air> and ste~m 
are mixed in the combustion chamber and fed inta reactor. In 
the autothermal reactor the partial oxydation of the relevant 
part of the fuel provides the necessary heat for the ra­
forming and cracking reactions at temperatures 1000° C -
1600° C. The product gas leaving the raactor carries a great 
amount of sensible heat. Whe~e gasification is performed ·with 
oxygen, about 2.8 t of steam are produced in the waste heat 
boiler for every ton of oil gasified. The carbon content of 
the crude gas leaving the boiler is eliminated by ~ speci~l 
water wa~h system y1 cl ding pump able ckbon slurry .l.nd 
virtually carbon free gas. For further purific~tion tc male 

ammonia syngas the usual adnpt~d prcceus will be adopted. 





Fig. 3.21./S. Heavy oil gasification for ammonia-synthesis gos. 
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New pgssibilities of coal gasification 

for mini-plant' 

Autothermal partial combu~tion was always performed with 

either pure oxygen <95-98 %) or enriched air (around 50 % 
O~J, although the reaction could have been carried out with 
normal air also. In this case, however, the nitrcg2n 

introduced with the necessary quantity of air could be far in 
excess of the 3:1 hydrogen-nitrogen ratio needed in the final 
syngas. The new ideas described above <working with excess 
air in the secondary reformer and eliminate the surplus of 
nitrogen by partial condensation> could be applied also to 
the partial oxidation of coal, relieving this process from 

the necessity to build and operate an air separation plant, a 
heavy burden for mini-plants in developing countries. This 
process has not ye~ been tested, but economic appraisal is 
promising. The fl6wsheet is very simple: CFig. 3.2.116> 
entrained bed non-catalytic partial o>:ydation under pressure 
with, preheated air and steam, heat recovery, removal, shift 
conversion, desulphurisation, CO~ removal <eventually in one 
step>, drying <molecular sieve> and condensation of the 
excess nitrogen could deliver a pure syngas to the ammoni~ 
synthesis. The cold produced by the expansion of the con­
densed nitrogen to atmospheric pressure could cover the 
cooling energy needed for this condensation. The process 

could be applied for other feedstocks, too. 
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Ammonia from electrolytic hydroogn, 

Water electrolysis 
can be compatitive only 
power is available. 

as a basis for ammonia production 
where abundant and cheap electric 

The nitrogen 
Although the 

content has 
combustion. 

requin~d is produced by air separai:ion. 
hydrogen is very pure, its very small 

to be removed by means of catalytic 

Comparing to the production of ammonia from hydrocarbon 
feedstock this route is m~ch simpler and does not contain 
any complicated process steps operating at high temperatures 
and pressures - apart from the ammonia synthesis unit, whic~ 

is the same for all processes. Nevertheless, the investment 
costs are high. Recent development works on new electrolytic 
cell types <me~branel are promising: it seems reason~ble ta 
expect comp~titive investment costs in a few years time. On 

the other hand the very high energy consu~ption: 10 MWh/t 

NH 3 will remain in the same region: more than 20-30 % saving 
seem not possible to 3chieve. This, calculated with a factor 
of 2700 kcal/kWh means 27 Gcal/t NH3 , roughly three time5 

more than the value of 8-9 Gcal/t NH3 usual for nowadays 
plants. 

,Electrolysis under pressure, another field of R And D 
activity would save the ene1·gy needed for the compression of 
hycirogen. 

In any case, th~s process will never be competitive if 
power is produced in a thermal power plant. Wh~re hydro­

electric power ls available at low cost due consideration 
should be given to this alternative. The calculations showed, 
that only if electric power is avaiiable far 3-14 dollar/MWh 

~an this method be competitive. 
In this connection, it is ne~essary to emphasize that 

an ammonia plant must be built for several decades of 
operation. In som~ cases at a remote location a hydroelectric 
power plant is built and at the beginning no industrial 
user is ~here and electrification of th~ country seems 
rather remote. In this situation e.g. an ammonia plant is 
b~ilt on chea~ electrolytic hydrogen. In a few years time 
acce>lerat.d industrialisation .:nd electrification tc..l::es pL\ce 
an:1 a shortage of po1'1er r1:2sults. The nc~·1camers can .:tfford t.J 

pay substantially higher prices for the power than t~e 

ammonia plant, so this l3tter either mu::.t fallo1'1 suite c:.rd 



become unco~petitive 
convert the plant 

veloping countries 

tuation. 
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or bear the cost and inconvenience to 
to some other feedstocks. Several de­

(e. g. Egypt) had experienced this si-

Mini ammonia plants 

The general situation of world economy, the currency 

problems, transport costs, exoerience in developing countries 

with either jumbo or mini-plants, the recent developments 

etc., justify to seriously considere the mini-plants as a 

viable alternative for the developing countries entering in 

thE fertilizer production field. 

The con~ept of mini-plant in the case of ammonia pro­

duction means today a plant capacity of 100 to 250 tpdJ in 
spite of the fact that these capacities were considered as 

big units in the 1950•s. 

The new develc~ments described above are fav~urable for 

th2 mini--pl ants: higher specific costs would o::cur if tt.e 

same flowsheet was used. Simplifications Clower steam pres­

sure, less· cemand\ng BFW specifications etc.) can more than 

offset these higher costs. Reciprocating compressors arP more 
expensive, but have better efficiency. So it became ~ossible 

to devise new flowsheets for mini-plants having competitive 

specific parameters ~ith the big plants. The5e flowsheets 
~il! be worked out in detail and proven commercially only if 
the interested contractors will be per~uaded that an adequate 

market justifies the expenses invol~ed. Nevertheless e~~n 

now, on the basis of the information gathered it was possible 

to present two alternatives. The first is presented for a 

150 tpd plant, the other for a 250 tpd one. The capacities 

serve only as examples, ~irce around these valu~s the 

economics will change only slightly. It must be emphasfzed, 

that these are not "chosen" or "recommended" fi:: capacities, 
but serve only as exnmples for the economic calculation. Any 
other capacity around this Jalues, say between 100 and 

~50 tpd can be realised. It seems tha' the first, less 
efficient (higher energy con~umption> flGwsheet <the cla~sic 
one without sophisticated h~at recuvery sys~cm) is more 
justified for smaller unit:;, 1tJhile tha secwnd, repres~nted on 
Fig. 3.2.117, using many of the new id~as would be mora 

easily adapted to th~ higher half of th~ capacity range of 
mini-pl an,b~. 
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This flowsheet promises better performance th•n the 
majority of 1000 tpd plants ~perating at the moment, in 
spite of simplified design with saving on erected costs 
and with all electricity generated internally. The water 
systgm is similarly simplified so that water treatment is 
confined to few grams per day of une::pensive chemicals. 

The ammonia plant is designed to use dry natural gas 
which is heated and desulphurized over zinc oxid catalyst 
system. Then steam is added to give a molar steam: carbon 
ratio of about 2.75:1 before entering at 490• C the reformer. 
Process air without preheating is then added to save heating 
cost in secondary reformer which is followed by two stages 
CO shift. The heat available after s~condary reformer is used 
to raise 45 bar steam. For acid gas removal the MEA washing 
is chosen for excellent performance and for column of 
moderate dimensions. After compressicn the methanation of 
the remaining CD is performed and after cooling thF gas is 
dried befcre mixing with unconverted loop gas at the entry to 
the circulator. The ammonia loop is very simple. The 
converter feed is heated to 255° C oefore enteri.1g a single 
bed converter. 

Heat is recovered as 
the converter. The cooling, 
~tag~s to condense out the 

The total energy 
8. 3 Ge.al /t NH.5. 

45 bar steam for hot gases leaving 
resp~=tivcly chilling is in two 

product ammor1 i a. 
requirement of this process is 
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Technical and econgmic evaluation 

In order to assess the competitiveness of the mini­
-plants, battery limit investment and specific consumption 
figures were computed, based on the available information 

for 
three capacities 

150 tpd 
250 tpd 

1000 tpd ammonia 

three feedstocks 
natural gas 
fuel oil 
coal 

These values, summarized in the Table 3.2.1-1 ser 1ed 

for the economic appraisals. 
Using the process dat~ of Table 3.2.1-1 and the method 

descrited under Chapter 1.1, the following results were 
obtained for. the ammonia production <Details and calculations 

. . 
c:an be found in Arin ex 3/ 1 > • 

~ Total investment costs including offsites and the 
der~ved total specific investment costs are summarized in 

Fig. ~ 2.118 and 3.2.1/9. 
Factory gate c~sts (including 15 'l. ROI> of ammonia pro-

duction per ton of NH3 are presenled for the different 
alternatives in function of the feedstock prices <cal­

culated in Dollar/Gcal> in Fig. 3.2.1/10. 
Ammonia cannot be considered as a fertilizer in the de-

veloping countries, therefore no pri~f was computed. 



Table 3.2.1-1 

Batte!J limit costs and consumption figures for ammonia production 

Product: Ammonia 
/developed siie/ 

Nominal capacity 
150 t/d 250 t/d 1000 t/d 

natural :fuel oil coal. natural fuel oil coal natural :fuel·oil coal 
gas gas gas 

Batterl limit cost ){$ 20 ·23 .. 32 27 31 43 100 115 160 

Distribution of in-
vestment cost: 
- licence, know-how . ft 2 2 2 2 2 2 2 2 2 . 
- engineering ~ 16 16 16 16 16 16 16 16 16 

- e;ui:t-ment and 
~ 

.1 

ma~hinery 53 53 53 53 53 53 53 53 53· --i 
I:" 

civil engineering 
~ 29 29 29 and erection 29 29 29 29 29 29 

Materia!e and Utilities 
Consumpti_2!!/t NH~ -
Feed and fuel l~. Jco•l 7,5 7,8 12,0 8,4 8,7 12,8 7,2 8,24 10,3 

Power kWh 8tj5 yoo 1100 - - - 72 80 100 

Cooling water m3 515 550 800 300 320 ,,45 120 160 171 

BFW 1,8 2,0 3,5 1,2 2 3 1,2 2 3 

Labour men/shift 8 10 15 8 11 15 8 10 16 
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Ev~luation 

General 

1> Taking into account the generalized a~proach based 
in factors and not on actual conditions the results ~hould 

be confiidered as tendencies and appro::imations and relative 

value~ not as exact figures. This is valable through all thi3 

~'tudy. 

Specific inyestment 

71 Tha ad~artag~ in f~vour of the big plants is still 

ot·s!<..: ·table at. the developed site, although not reall/ 

~~gnific~nt. In all other cas~s the differences can be 

safel~ cons1derPi to fall within the accuracy limitG. For 
d2ve[Qpinq coun~r~e~ mini-~lants will not involve bigger 
c:a;:iit•l co!:t5 as ti"1e ~ame capacity reali;:ed in big units. 

Al remote locations, t~e most probable sites for mini­
-pl~~ts, these can be realised with less specific invest­

m~nt as big units at th~ same 5ile, but will still cost 

n~arly two times th~ ~p~cific invP.stmar.t of a big plant in 

~ ~evelap~d sita. 
3~ Feedstcc~ · has a strong 

co~t, with roug~ly th~ s~me 

c.-r~a.J":i'..:.:.;.t:?~. 

i~f luenc~ on the investment 

effect on all sites and 

Production co~ 

4) P-cduction costs of tile mini-plarrls at remota sit~ 

is c:ompetitiv~ with the big plants at the same site and t'iQ 

aclvanta9:2 in ~av:::>ur of the big plant in develooed c:o1 1ntrie!:i 

i~ 'ess lhan the transpc~t costs. 
5) Feecls~ock price ha~ a strong effect on 

duct~on ca~ts, but capital costs are decisive: 

proc~sses c~n be c~mpetitive only with one tenth of 

price <en heating value baAis>. 

the pro-· 

c.:oal based 

f~adstocl.: 

6i T~e big difference~ between 150 and 250 MTPP, 

c~pacity plants r~f\ect no~ the effect of the capacity 

facti.Jr bl~t that of lhe flm"lsheet. l'ldny,Lnprovements= . .and 

devc:lopmen~ i.ntrodLlCl!C into th~ tigger =~,;:ia;:!ty flowsheet- ,;,~L: 

not ccn$i~?r2d in th~ ~~3ller one. It can be ~uopob~d, thilt 

the sntallcr ploi>t7' - if ·.J1ough d•.~m-3r.d l·11ll ju:;tif•t it - >!•~·. 

undergo similar techric~\ tmpruvements ~~d will arrive it 

r.ear '. ·..,. t:"1e i;:;~me. ! .~vQl o ~ ~nmp<1t it . .-~~nc::-.··:; i1$ tho 25r; !'llT'D 

pl .antr.>. 



3.2.2 Url!a 
The indu5trial-scale m&nufacture of urea from ammonia 

&nd carbon dioxid involves two separate reactions. Initially 
the two reactants combine to form ammonium carbamate, from 
which a molecule of water is then eliminated to give urea. 

co~ + 2N~5 NH~COONH~ 

NH1 COONH"t---- CO <NHi. >J.. + Hl. 0 

The reaction is carried out in a reactor operated under 
pressure - at least 100 bar - and at an elevated temperature 
in excess of 160° C. 

In a typical reactor only about 60-70 i. of the stoichio­
metric mixture of ammonia and carbon dioxid will be converted 
to urea. It is necessary to separate product urea from un­
reacted carbamat in the solution leaving the reactor. This is 
done by decomposing ammonium carbamate to carbon dioxid and 

ammonia. The main differences between the different prac~sses 
lies in the method used for this decomposition. The old once­
-through and parti~l recycling processes are practically not 
used any more, only different versions of the total recycle 
process and mainly the stripping methods can be considered 

·for 
1
new plants. 

In the total recycle stripping processes NH3 or C01 or 
both can be used as st~ipping agent. 

Stripping at synthesis pressure reduces considerably 
the onerous flu~d pumping operation$ and greatly improves 
the heat recovery. Slr,pping with COL was first used, 
followed by ammdnta and two steps, ammonia and COL stripping 
methods. 

Practical plant capacity are between 300-1700 tpd and 
the technological ~recesses are in this capacity range 
assentially the same. 

The Fig. 3.2.2/1 show5 a typical total recycling 
~tripping proce5s. At the synthesis condition < T = 180° C, 
F : 150 bar) the carbam-:lte pro-:!L1cing reactiJn occurs rapidl1· 
and does to completion. The urea reaction occurs slowly. 
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From the reactor the mixture flows to the steam heated 
stripper, where, as stripping medium co1 is introduced to 
decompose the unreacted carbamate and the gases are fed ta 
the carbamate =ondensers, while the solutio~ flows to the 
rectification tower and a heater where at 3-4 bar pressure 
th~ remainder of the carbamate is decomposed. The gases 
condensed will be recycled, while the urea solution.will be 
evaporated and the water free melt prilled in the prilling 
tower. 

The urea plants have to be located at the same site as a 

corresponding sized or larger ammonia plant since the ammonia 
plant supplies not only ammonia but also the high purity 
carbon dioxyde. 

Based on this new idea, complex ammonia-urea flowsheets 
were developed and tested in pilot plants, where the co~ 

removal is reali~ed using an ammonia solution in water and 

the resulting liquor is introduced directly in the urea pro­
duction. Since it does not seem advisablg to propose far 
developing countries commercially not proven processes, this 
method was left out of consideration. 

Based. on a typical urea process, far this study, three 
plant sizes were considered, corresponding to the ammonia 
plant sizes selected in Chapter 3.2.1; ~60 tpd, 440 tpd a~1 
1700 ~pd urea respectively. The main battery limit inve~tment 
and consumption figures computed are summari~ed in Table 
3.2.2-1, while the total and specific investment ~osts and 
factory. gate prices in Fig. 3.2.2/2 and respectively 
Fig. 3.2.2/3. The detailed calculation can be found in 
Annex 3/1. 

Taken into account the approximative nature of the data 
~nd methods used, it can be concluded, that the differences 
between the capacities are within the accuracy lim1t5. 
Neither for 5pecific investment costs, nor for factory ·gdte 
prices, no economic disadvantage can be deduced for the 
mini-plants against the big units o~ the sdme sites. 

The much more marked differences c~used by the raw 
material used and its price reflect only~f.he ammonia price 
movements. 

For the nitrogenous fertilizprs it seemed advisable ta 
consider the economic Lonclusions to~~ther for all ~f them. 
Therefore farm gate prices and ev~lu~t1cn wi' 1 be f~~nd 

at the end of chapter 3.: (3.2.7>. 
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Table ,.2.2-1 

Battery limit costs and consumption figures for urea 7,>.roductioa 
• Product: Urea /developed aiie/ 

Nominal capacity 260 t/d 440 :t/d. 1700 t/d 

-Batte!:',l limit cost 11$ 10,8 16,4. 48,0. 
Dietribution ot invest-
roent coat: 
- licence, know~how " 23 23 23 
- engineering " 12 12 12. 

CD 
- e~uipment and N 

machinery " 52 52 52 
- civil engineering 

" '' and erection '' 
,., 

Materials and Utilities 
Consumction/t urea: 
NH3 kg 570 570 570 
co kg 755 755 755 
HP~ steam kg 920 900 841) 

Power kWh 150 140 130 
Export steam LP 

' 
- - 50 

Cooling water 70 70 60 

Labour mt'n/ehift 5 5 5 



Fig.3.2. 2.12. Total (T.i.) and specific (Sp. iJ investment costs for 'vOrious 
ti.M$l urea plants 
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:Nitric acid is "'produced from ammonia in.thre9 steps: 
- combustion of NH• with air on catalyst, according tn the 

following ·equation to nitric oxide 

4 NH» + 501. ~ 4NO + 6 H&. o· + 216 kcal 

~ axldatian of ni~ric oxide ta nitrogen diaMide 

2 NO + OL - 2N01 + 27 kcal 

:absorpt1on 
nitric acid, 
reaction: 

of the nitrogen 
usually 50-68 % 

dioxide in 
strength 

water to make 
according to the 

4 N~ + 01. + 2H.a 0 ~ 4 HN05 + 0, 9 kcal 

Low pressure is advantageous for combustion of ammonia 
because of.low ca~alyst consumption but it is unfavourable 
for th• absorption because of the low concentration of the 
product. acid, the low efficiency of absorption and high NO 

content in the tail gas. 
Th• available processes fall in two main groups: 

- singt• pressure processes and 
- dual pressure pracess~s. 

· . . ,· 1.i. • 

In'th• •lngl1 g(lllYC~ proc•sses, combustion, axiaatic;n 

and absorption all take place under the sama pressure. 

According to the pressure chosen, high pressure <7-15 bar> 

and medium pressure processes <2.~-5 bar> are avail~ble. 
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In the dual pre§~ur1 procegses the oxidation pres5ure of 
NH$ is held between 2.5 - 4.~ bar. At this pressure the 
burner dimensions are appreciably reduced compared with 
atmospheric pressure operation but the conversion of NH3 is 
nevertheless high, of the order of 97 7..· Consumption of 
platinilm remains as low as at 100 mg/t HNOJ. The oxidation 
and absorption of nitrous gases are carried out at a pressure 
b·etween 7-15 bar. It is possible to achieve yields of 99.5 % 

in the absorption st~ge within the economic limits on 
absorp~ion column size. This yields corresponds to a residual 
nitrogen oxide content in the tail gas of 500 ppm by volume, 
but it is possible to design plant for tail gas concentra­
tions as low as 200 ppm without catalitic tail gas treatment, 
by extending the absorption system. 

We give here a typical flow sheet CFig. 3.2.311> f~r a 
dual pressure nitric acid plant. 

The specific consumption data are practically inde­
pendent of the capacity.of the plant. 

There ·is no .. general rule for the choice of process 
conditions careful consideration of local conditions will 
decide. Small capacities as well as the very big ones give 
soma. preferences to the single pressure processes. 

Table 3.2.3-1 summarizes the average values for three 
different sizes <always corresponding to the ammonia plant 
aizesl for battery limit costs and specific consumptions. 
Fig. 3.2.3/2 summarizes the total •nd specific investmant 
costs for the same sizes. ~ere also can be seen that the 
advantage of the big plants exi5ts only at developed sites: 
for sit~s lacking the neressary infrastructure even the 
specific capital costs are on the same level for both big and 
small plants. 

Nitric acid being an intermediate product, evaluation 
will be given for the product fertilizer only. 



Fig.3.2.3.11. Duo/ pr~ssur~ nitric acid plant. 
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Table '.2. 3-1 · 

Product: Nitric acid 

Battery limit costs and consumption figures for nitric acid production 
/developed alie/ 

500 t/d 1800 t/d 
Nominal capac.1 ty 300 t/d 
~:=.:..::.:::.:.~--------------~----------------~--------
Battery limit coat M$ 
Distribution of invest-
~ant cost: 

licence, know-how ~ 
- ongineering ~ 
- a~uipment and 

machinery 
- civil engineering 

and erection 

~aterials and Utilities 
~on~umption/t nitric acid: 
NH3 
Pro~eea water 
BF1f 

Pt 
Cooling water 
Power 
Steam credit LP 

Labour 

.. .. 

~ 

ft 

' m3 

q 
m3 

kWh 
~ 

men/shift 

20 

3 
3 

61 

28 

280 

0,3 
o,63 
0,13 

111 
1'3 
0,4 

3 

30 

3 
8 

61 

28 

280 
0,3 
o,63 
0,13 

lll 

13 
0,4 
., 

~ 

., 
8 

61 

28 

280 
0,3 
o,63 
0,13 

lll 

13 
0,4 

' 

CD 
O> 

.I 
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I Fig. 32. 3.!2 Tot!! l ( V) md <;p'i'<: iti c (Sp. i. ) i n-.:estment cos ts 

for various nitric acid plants 
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3.2.4 Ammonium nitrite and CAN 

Although the latest ten or twenty years showed a net 
t•ndency toward urea, the renewed interest in small scale 
pl~nt9 put ammonium nitrate in the fore front. 

The particular features which can effect this tilt in 
favour of AN, especially for small capacity are: 

th~ process is completely independent of NH~ 
production <the urea production needs COL 
too). 

The scale factor of the investment and 
operational cost of both nitric acid and AN 
plants are more close to the linear re­
lationship as e.g. that of urea, therefore 
fer the AN process route the scale down is 

more advanta9~ous 
advantageous. 

or at least less dis-

Both nitric acid and AN process allow for 
wide ~ l ex i bi li t y: instead of pure AN, CAN 
<calcium ammonium nitrate> NP and NPK fer-

tilizers can be manufactured in the same 
plant. 

TransprJrt c;.e•1".::.s wt;ic:h are 3:5 % higher for AN 

than urea ha~~ l~ss weight with small plants 
serving local market, than with large e~port 
oriented plants. 

Storage and bagging problems are less marked 
with mini-plants. 

Industrial AN ~reduction includes two subsequent 
t . 

steps. Weak ritric acid is . first reacfed wi~h NH3 and by 

partial or complete utilization of the heat of reaction, the 
water content of the weak acid is evaporated to produce a 
melt. 

This melt is 
granulate~ either by 

technique. 

in the 
prilling 

-second ·~tep solidified and 
or by S01"!•e other ~ranulatior. 



In th• first step the individual i~dustrial processes . -
differ in the choicft of 
pr~ssure, heat utilization> 
is to achieve max. h•at 
operating conditions. 

reaction conditions <temperature, 
and construction details. The aim 
utilization and/or assur• safe 

The second step is identical with any other granulation 
technique. Prill1ng, pan or drum granulation can be equally 
u•ed. 

Large capacities give preference to the prilling 
methods, the medium ones to the drum granulations while the 
small ones usually tend to use the pan technique. 

The ammonium nitrate melt as it leaves the previous 
section can be mixed with calcium carbonate to give calcium­
-ammonium nitrate <CAN>, a product with vari~ble N content, 
less pron~ to caking, less acidifying to the soil and 
considered in some countries to be less hazardous. 

Fig. 3.2.4/1 represents a typical AN production process. 
For small scale plants important capital cost savings 

can be achieved by simplified flowsheets since the extensive 
heat recovery sy5tems are not justified and even small 
material .losses ~an be tolerated without any pollution 
problems. 

The battery limit investment costs and specific con­
sumptjan figures are summa~ized in Table 3.2.4-1, while Fig. 
3.2.412, while Fig. 3.2.4/3 give the total and specific 
investment costs, factory gate prices all for the usual three 
capacity cases. Detai\s can be found in Annex 311. 
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Table 3.2.4-1 

Battery limit costs snd consumption ~iguree for AB production 

Product: Ammonium nitrate /developed aite/ 

Nominal catacitl 360 t/d 600 t/d 2400 t/d 

Batte::;I li~it cost .. 7,5 11,2 33,6 

Dist=ibution of invest-
ment cost: 
- licence, know-how ~ 3 . 3 3 

- enbineering ~ 14 14 14. 

- equip:ni:tnt and 
machinery ~ 51 51 51 

civil eagineering 
~ and erection 32 32 32 \0 

~ 

I 

Materials and Utilities 
"ConsulJ'lf tion/t AN: 

NH kg 205 205 205 
3 

HN0 3 kg 768 768 768 

Lime .. kg 32 32 32 .. 
Coating agent kg 10 10 10 

An ti-caking agent kg 1 l 1 

MgO 

' 
3,3 3,3 3,3 

Cooling wnter ,,a 38 38 

Po•er kWh ''3 23 23 ... 
Steam kg 240 240 240 

Labour men/shift 4 4 4 



----------------------------------------------------------------------------~-~ 
.Fig. 3.2.4/2 Toto.l (T.i)and. specific (Sp. i.) investment c.osts for 
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3.2.~ Ammonium-bicarbgnate 

China has built many small-size ammonia plants producing 
ammonium bicarbonate as fertilizer. The integrated ammonium 
bicarbonate process is used where the removal of carbon 
dioxide from synthesis gas and processing ammonia is in­
tegrated into a single step. So it is possible to obt~in a 
solid nitrogenous fertilizer ammcnium bicarbonate 
directly from ammonia without furt~er manufacturing process. 

While ammoniu~ bicarbonate may be regarded less 
favourable than other nitrogen fertilizers, this production 
requires less equipment, less invest~~~- costs. The technical 
expertise and training required by operating perso~al need 
not be as great either as the plant is substantially less 

complex and easier to operate. 
In the first p1ocess step the ~nthracite is gasifiad 

with air and steam above 1000· C and after heat recove~y, 
cooling and dust removal the gas produced is fed to ~ 
desulphurization section in which hydrogen sulphide is 
removed using aqueous ammonia. The gas leaving the de­
sulphurization s~ction is scrubbed with water and compres~cd 
to ,7 bar bef~re the CO is converted ta C01 and H~ at 400° C 

in a high temperature shift converter. 
~Oi is removed from tr.e gas next in a carbonation tcwer 

by reaction with conce~trated aqueous ammonia. This produc~s 
a suspension of amman~um bicarbonat2 crystals which are 
5ubsequently separated and recovered as product. 

The carbonation process is comparatively simple and the 
equipment required is easy to manufacture. 

The Chinese experiences demonstrated t:,at these ad­
vantages are more than offset by the storage, hanJling·and 
p~ckaging difficulties over 25000 tpy ammonia capacity which 
they consider as the upper limit for the economic implem~n-

iion of this process. 
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Thi5 small size <less than 
considered in this study> and 

half of the lowest capacity 
the .fact, that ammonium 

bicarbonate was 
•nd accordinc;, 

not yet used as fertilizer outside the PRC, 
to the recommendation of the Lahore con-

f•r•nce <l>, extensive agricultural testing is necessary 
cefore any definitive ~pinion could be formed over th~ 
applicability of this product in other countries, this study 
do not attempt to a5ses its economic adv~ntages over the 

other products. 

3.2.o Ammonium sulphate 

Synthetic t~monium sulphate is 
and sulphuric acid. The reaction 
therefore the heat recovery is a 
process economicsm 

produc2d from ammonia 
is very exothermic and 
decisive factor in t~e 

A process problem is t~e control of the ammoni~m 

sulphate crystal size. Regulating the water evaporaticn and 
the slury circulation rate give the necessary combinati~r. 

of cooling/evaporat1on- effect anrt slurry parameters for 

optimum crystal size formation. 
Ammonium sulphate is also produced from coke oven gas as 

a by-product. Many of the bitumir.ous coal used in caL2 

production contain 1-2 ?- nitrogen and appru::i ma tel y 15-:::0 'l. 

of this quantity is recovered as ammonium sulphate. Another 
source of by-product ammonium sulphdte is the production of 
caprolactame, basic material for nylon fibres. 

In the past years ammonium sulphate, once .i ~ .. ef·· 
fertilizer has lost much of its attractiveness. A· .1 

sulphate production for the deve~oping countries c~ be 
•conomic only whon local source5 for sulphur are avail-ole. 

Ill S..lnll' Oft 1iai ftrtiliztr pl111t. L1har1, P1ki1t&n. 

1~·20 llD"thr 1992, or1ui:td '' UIJDC. 
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3.2.7 General as5essmer.t 

Fir;ures 3.2. 7/1-2 sum up in a r.iore comp\e:: way the data 
for the tHo most important fertilizer products: urea and 
ammonium nitrate, giving the compound~d investment and pro­

duction costs. 
Figures 3.:.713 and 

prices in the developing 
ti gated. 

3.~.7/4 represent the farm-gate 
countries for ea~h case inves-

These prices include, above the value at factory gat2 
<calculated with 15 per cent R.O.I.>, also the distribution 
costs from the factory gate to the farmer, with the cost 
factors and values indicated in Appendix 3/1. Here, however, 
it was necessary to consider also the possibl~ dimEn~ian5 

of the distribution area <which depend on the plant capacit~J 
and also the level of fe~tilizer applicati~n, i.e., ~he 

amount of fertilizer used per 1 ha. 
It has been supposed that a small plant has a 

distribution area of 100 km in didmeter and the big plant, 
300 km in diameter. The graph shows also the farm gate prices 
for imported fertilizer in a region of 100 km, and 300 lm 
dia.respectively; these prices have been deducted from the 
costs of a European natural gas based big plant (natural ga~ 
price 50 and 100 US Oollar/l<f ri > respectively, incr2a=.ed b·1• 

the costs for sea freight, plus in the case of remote 
location, road transport costs finally distribution costs 
characteristic for a supply region of iden~ical dimensions. 

Thus, it may be read from the graph wh2ther the 
fertilizer costs at farm-gate are similar, better or less 

advantageous than those of imported fertilizers. 
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Conclusions 

1> It can be seen that the costs of the products from 
mini-plants <farm-gate basis> are competitive with the 

imported goods, when based on natural gas. 

2> ~mmonia from other feedstocks gives fertilizer pro­
ducts with higher farm-gate costs as the imported ones 
(which are based evidently on natural gas> but are still less 
expensive from local mini-plants as from big central plant~. 

3> Ammonium nitrat~ production needs higher investment 
and tt1ere~ore has higher production and farm-gate prices 
than urea in every case investigated, but the differ2nces 

tand to become smaller with decreasing capacity. 

4) Although a generalised, average ba~ed calculation 
cannot produce exact figures for given actual cases, the 
above results demonstrate unequivoca'ly that mini-fertilizer 
plants can be competitive both witn imported products and 

with biQ p!~nts erected in the coun~ry. 
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3.3 Phosphate Fertilizers 

Introduction 

Phosphate rock can be processed by different routes: 
by physical methods or by chemical treatment. Sulphuric acid 

or nitric acid are used for this purpose. 
Physical. methods (e.g. thermo-phosphates), will be 

successful only with a small category of phosphate roc~s. 

Most ores require chemical Lreatment. 
The nitric acid route is not convenient for the mini-

-plant concept: thP necessary investment is higher, the 
saphisticated process poses the highest challenge on the 
operating personal and the product is unfavourably limited 
in the N:P ratio to minimum 1:1; higher phosphorus co,tent is 
not possible. Water solubility - altho~gh a much discussed 

propriety - is also limited. 
Sulphuric acid based processes are simple, easy tc 

install and run. Therefore, for the purpose of mini-plant 

study, onl¥ sulphuric acid route will be considered. 
The two important basic-products £re sulphuric and 

phosphoric acid. The sulphuric acid is needed in all 

phosphate processing plants eit.ner for phosphate processing 
plants or for phosphoric acid production or a basic raw 
material for normal superphosphate production. On the other 
hand, phosphoric acid is the basic raw material for all the 

other processes. 
Three different process lines are discussed in the 

study. 
The first 

superphosphate 
sulphuric acid 

consists of sulphuric acid and normal 
<SSP> processes. The busic unit 

<single> 
is the 

(66000 tpy). plant with a capacity of 200 tpd 
(SSP> plant is defined 
500 tpd (160000 tpy>, 

The capacity of normal superphosphate 
by its sulphuric acid consumption: 

single superphosphate. 
~ 

The second . process line invalv2~ sulphuric a~id. 
phosphoric ~=id and triple supErphosµh~te <lSP> proccsse~; 
and in this =ase the phosphoric acid pl~nt is the basic unit. 

The third proce~s line inclujes the sulphuric ~cid, 
phosphcric acid and ammonium pho~phates processes; th2 

phosphoric acid plant is th~ basic unit in th1~ case, ~o~. 
According to the process lines desc~1bed abo~e, the 1n~1n 
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types of phosphate fertilizers are the following: 

Type Grade C'l. > 

Single super phosphate CSSP) 0-18-0 

Triple superphasphate <TSP> 0-46-0 

Manoammonium 
phosphate CMAP: 1~-52-0 

Di ammonium phosphatE CDAP> 18-46-0 

The capacity considered for the phosphoric acid plant is 

200 tpd (66000 tpy>~ defining the capacity of the other 

plants; sulphuric acid C600 tpd>, TSP C500 tpd>, MAP <~75 
tpd>, OAP (425 tpd). Consequent:y, the plants with the 3bove 

mentioned capacities will be considered in this study as 

mini-plants. 
In contrast with the nitrogen industry in the whole 

phosphate industry ~ini-, small, medium and big plants 
oper,te all over the world and new projects are implement~d 
continuously with every possible capacity. The process flow­
sheet and equipment used are similar; only a few simplifica­
tions can be observed with the smaller si:es. le is only 

the phosphoric acid plant where ~ith the modern up-to-dat2 

technics require a minimum size <although this is also 
fle:>:ible> for competitiveness. In SSP and TSP production 
the process equipment represents only a fraction of the 

battery limit capital costs: material handling and storage 

are the main factor. Therefore the scale factor is very 

close lo the linear. 
The capacities considered are thu:; typical e:: amp 1 es 

only and any capacity justified by loc~l condition~ can ha 

adopted. The economics influencing the ~decision wil! b~ 
dealt ~'i th at the end 11f the r~l ~·1ant ch..;;:iter. 
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3.3.l ~ulphuric Acid 

Thi 5 is the basic product for any phosphate fertili~er 

production. While rock and ~ven the raw material for this 
acid production can b~ imported, acid itself must be locally 

produced. 
As it was m~ntioned earlier, a mini-plant with a 

for the capacity of 200 tpd (66000 tpy> 
normal guperphosphate line and 
of 600 tpd (200000 tpy) to supply 

Raw materials may be: 
Elementar Sulphur or 

- Pyrites or 

consiuered 

another with a capacity 
the phosphoric acid plant. 

- Non-ferrous metal ore processing. 

The last case can be excluded from the mini-plant 

concept, ~ince the capacity of the sulphuric acid plant 
will be ~et by the quantity of the by-product ga~es af the 

ore procc~$ing unit. 

3.3.1.1 5).ementar Sulphur Based Sulphuric Acid ProcE>ss 

The molten sulphur and dried air are introduced into the 

sulphur furnuce <Fig. 3.3.111>, where the sulphur burns with 

the·oxygcn to form gaseous sulphur dioxide, with the libera­

tion of considerable heat. The hot gases leaving the furn3ce 
pass directly into a waste heat boiler, which generates high 
pressure ~team and thereby cools the gases. 

The cooled gases pass in the con~erter, where sulphur 

dioxide in the presence of air is converted ~o sulphur 
trioxide. The gases leaving the conv2rter are ccoled and 
introduced into the absorption syst~m, where the sulpnur 

trio~id~ is absorbed in sulphuric acid. Water is added to th~ 

circulatin~ clcid to control the concentration of the acid. 
Product acid is withdrawn from the circulating system 

and will be available for further use. 

Si nc:,• si mi 1 ar 

acid frCllh var-ious 

techniques are usea for- the producti~n of 

sulphide ores, ar.d ·~fer rnini-plant:;, 

pr-actica~ly only pyrite c~n be taken into acco~nt. This ~tudv 
will di~1 1..11s~ a process typic.al for u::e of pyrite ~Fi:::J. 

3.3.1/2). 
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3.3.1.2 Sulphuric A~id from Sulphide Ores 

The pyrite is roasted to form the sulphur dioxide, and 
the gases must be cooled down ~or further treatment. Then 
follows dedusting of the gases, hereafter the gases pass wet 
scrubbing and cooling. Further steps are drying, conve~sian 

and absorption of the gas. 
The solid raw material containing several impurities and 

giving a gas charged with solids imposes a purification 
system which is much more complicated, difficult and 
expensive as the very simple one used with brimstone feed­
stock. This and the ore and roasted calcine ~andling and 
storage equipment involved raise the battery limit capital 
costs for a pyrite based process to two and a half times cf 
that of an elementar sulphur based plant. 

- -- -----------
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Table 3.3.1-1 

Battery limit costs and consumption figures for 

sulphuric acid production based on sulphur 

(developed site> 

Product: Sulphuric Aci1' (100 'l. H.z.SO"t) 

N~minal capacity: 

Battery limit cost 
Distribution of in­

vestment cost: 
licence, know-how 
engineer j ng 
equipment and 
machinery 
ciyil engineering 

ano erection 

Materials and utilities 
consumption/t l·h so,.: 

Sulphur 
Process water 
Electrical power 

Cooling water 

circulation 
Gross steam pro­
duction 

Labour 

'l. 

'l. 

'l. 

'l. 

t 
t 

kWh 

t 

t 

men/shift 

200 t/d ~00 t/d 
million dollar 

6,7 15,5 

~ 3 -..J 

18 18 

43 43 

36 36 

0,33 (J, 33 

0,15 0,15 

50,0 50,0 

37,0 37,0 

l, 2 1'2 

4 5 
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Table·3,3.1-2 

Battery limit costs and consumption figures for 

sulphuric acid production based o~ pyrite 

(developed site> 

Product: Sulphuric acid (100 %, H1 SO~> 

Nominal capacity 

Battery limit cost 
Distribution of in­
vestment cost: 

licence, know-how 
- engineering 
- equipment and 

machinery 
civil engineering 
and erection 

Materials and utilities 
consumption/t H1so-: 
- Pyrite <44 'l. S> 
- Process water 

Electrical power 

Cooling "'ater 
Gross steam 
production 

Labour 

'l. 

t 

t 

kWh 
t 

t 

men/shift 

21)0 t/d 
million 

16,8 

3 

16 

46 

35 

0,81 

0,25 
98,00 
72,00 

1,20 

8 

600 t/d 
dollar 

38,7 

16 

46 

0,81 
0,25 

98,00 
72,00 

1, :?O 

10 
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Economic evaluation 

Table 3.3.1-1 and 3.3.1-2 summarizes the specific con­
&umptiun and battery limit capital costs for the two 
capacities envisaged respectively the two feedstocts. 
Fig 3.3.1/3 represents the total and the specific investmen~ 
costs. Detailed data and calculation can be found as usual in 

Append~:< 3/1. 
It seems to be reasonable to suppo~e that the supply of 

sulphuric acid neEded for the produ~tion of phosphate 
fertilizers can be ensured only by a local plant, in order 
to avoid the heavy freight costs for the transport of the 

sulphuric acid. 
Sulphur itself has· been, however, not unconditionally 

considered to be a local basic material <under this aspect, 
the occurrence of raw phosphate is decisive>; therefore, it 
has been considered in the calculations with its price (dnd 

not at the extraction costs>. The definition of sites and the 
mode of calculation is the same as with the ammonia pl3.nts. 

Since none of the two calculated capacities can be 
qualified a~ a big plant and their operating technology is 
identical, the s~ecific investment cost for the t,igger plant 
shews on ev~~y site a decreasing trend, although the absolute 
value, will of course be higher in a developing country. th3.n 

in an industrially develooe~ one •. 
Since the production of sulphuric acid from pyrite 

always involves substantially higher capitol and operating 
costs which can be compensated only by lower feedstock 
prices, this study considers that the choice of the feedstock 
must be made in the _first steps and pyrite can be selected 
only when, due to the inexpensive raw material, sulphuric 
acid can be produced at lower, or at least at the same price 
~s from elementary sulphur. It seemed therefore better· to 
Avoid unnecessary complications, that is why different 
phosphate fertilizers will use sulphuric acid plants based 

on elementar sulphur. 

I 
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Fig. 3.3. 1 /3 Total ( T. i) and specih': (Sp i.) investment costs 

30 

100 

_tor various sulphuric acid plants 

o~veloped Site 
W'!st- Europe 

-

200t/d 600t /d 

Oevetoping Site 
Sea.side Remote 

I ocation location 

-

200 t Id 600t/d 200 t /d 

-

600t /d 

nominal capacity 
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3.3.2 Ngrmal <Single) Superphoschate CSSP> Process 

Normal superphosphate <SSP> was, for many years by 
far the most popular phosphate fertilizer. Since the mid­
-fifties, however, this popularity has been in a sharp 
decline and only in the past few years this rate began to 
slow-down. 

Normal superqhosphate can be manufactured in small 
irexpensl~e plants with low production costs. The process 
is simple and eas1 to operate requiring less sulphur per 
ton of ~0 5 than the production of phosphoric acid. The 
combination of low investment and simplicity together with 
recognition of the deficiency of sulphur in many soils 
assures that SSP production will remain competitive, 
especially for mini-plants, where the small distribution 
area reduces considerably the difference in transport cost5. 

The two raw materials used in the production of 55~ 

are 65 to 75 % sulphuric acid and ground phosphate rock. Tha 
basic chemical reaction is shown by the following equation: 

Ca~ <F'04 >l. + 2 HJ. Sel\ + 5 HJ. 0 = 
= 2 Caso~ 2H1. o + ca <Hi PD4 '• HL o 

!he interval of fluidity before the two react~nts 

solidify is very brief and the mixturD is quickly trans­
ferred to an enclosed space referred to as a den. This den 
may be either an essentially stationary structure or a 
continuous slow moving conveyor. In the den the matarial 
becomes relatively quickly plastic. During this phase there 
i9 a copious evolution of obnoxious gas as the crystalli:a­
tion process progress. 

Retertion time in the den can range from 1 to 4 hours 
depending on the overall process conditions. At the end of 
this time. the material becomes a porous mass resembling a 
honeycomb and is removed from the den to storage. A storag~ 
period of 3 to 8 weeks is required far curing tefora th~ 

SSP is an acceptable prod~•r.:t. for snipmerft. The curing tir11e 

serves to allow completion of the chcmic~l reaction bet~e~~ 
the rock and acid with the subsequent decrease in free acid 
and citrate insoluble Pi O~-content. 
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Fig. 3.3.2/1 gives a typical flowsheet for an SSP plant. 
Table 3.3.2-1 contains the battery limit costs and specific 
consumptions for the capacity case chosen <500 tpd SSPl. 

Economic evaluation will be found in paragraph 3.3.4 to­

gether with the other phosphate fertilizer products. 

Table 3.3.2-1 

Battery limit cost and consumption figures 

for run of pile SSP production 

(developed site> 

SSP C 18 % P, 0 5 l 

Nominal capacity 

Battery limit cost 
Distribution of in­
vestment cost: 
- licence, know-how 

engineering 
- equipment and machinery 

civil engineering and 

erection 

Materials and utilities 
consumption/t·SSE 

Phosphate Rock <dry 

32, 5 'l. Pi a, > 

Sulphuric Acid 
< 100 'l. H1 SQ.. > 
Electrical power 
Process Water 

Labour 

·1. 

t 

t 

kWh 
.J m 

men/shift 

500 t/d 

million dollar 
3,0 

3 

1~ 

45 

37 

0,58 

0,36 
6,0 
2,0 

\ 

• ..i 
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3.3.3 Phosphoric Acid and Derivatives 

Phosphoric acid is the basic intermediate from which the 
most important phosph~te fertilizers are made. Consequently, 
the capacity of phosphoric acid plant will define the pro­
duction capa~ity of all derivatives. Besides that its 
sulphuric acid consumption will define the capaci_ty of 
sulphuric acid pl<lnt which will supply the phosphoric acid 
~lant. As it was mentioned earlier, the capacity set far this 

study was 200 tpd (66000 tpy> calculated in ~05 • 

As it will be seen in the economic evaluation, although 

it is not considered as appropriate to introduce the concept 
of minimum economic size, it seems to be a lower limit for 

the phosphoric acid route, below which the SSP will be 
definitely more economic. This limit depends, as usual, to 
a great e~tent, an local conditions, but for the purpose~ 

of this study it seems reasonable to set it at 200 t~d. 

3. 3. 3. 1 Wet-grocess Phosphoric Acid M-::tn•.Lf 3cture 

Phosph.oric acid is the basic huilding clad~ from which 

all concentrated phosphate fertilizer is made. The over­
wh~lming majority of this acid is manufactured by the wet 
pro~ess method. The process solubilizes the ph8sphate rock 
with a strong acid. Sulphuric acid is being by far the most 

commonly used acid. 
Besides the "classic" di-hydrate proc:ess, the newer 

hemihydrate and the mcdified hemihydrate processes are 
offered in slightly di~ferent proprietary versions by con­

tractor ' and proce!;''3 owne;-s. 

Di-hydrate Process 

Phosphate rock is mixed with sulphuric acid to 50-70 % 
H,.SO~ concentration in an attack vessel of sufficient size ta 
retain the raw material mixture for several hours. The 

simplified overall chemical reac~ion i::; r.~pres2ntcd b·; the? 

following equation: 

3 C.:i 5 (f·O_. ~ + 9 H1 504 + 1f3 H1. 0 ::: 

::: 6 Hs PO.., + 9 Caso. . ::: HJ. 0 

Folloi-ling the reaction in lhe digester, the mi::ture of 
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phospho~ic acid and gypsum is pumped to a filter which 

mechanically separates the gypsum crystals f~om the phos­
phoric acid solution (approximately 30 7. ~05concentration>. 

J='or _each kg of P1. 05 as phosphoric acid appro~:imately :5 kg of 

gypsum ·is produced. Normally the gypsum must be disposed of. 
Phosphoric acid produced with a concentration of 

26-30 'l. fi. 0$ is concentrated to 54 7. Pt_05 by evoporatian in 
a shell and tube heat exchanger and a flash chamber under 

vacuum with high rate internal circulation. 
In F~g. 3.3.3/1 the flowsheet of the dyhidrate process 

c•n be seen. 

Phosphoric Acid Clarifihation 

Phosphoric acid concentrated 
becomes a supersaturated solution 

acid . impurities, namely iron and 

soluble gypsum and fluosilicates. 

to a 52-54 i. Pz. 0 5 level 
to a variety of minor 

aluminium phosphat2s, 

The process, which involves only physical treatment of 

the acid for removal of precipitated solids from 54 :~ ~ 05 

phosphoric. acid is cheaper, than the more complicated and 
expensive solvent extraction processes. The precipitat2d 
impurities are physically separated from the acid by settling 

and!or centrifugation. 
In our case, when the acid is used at the same site 

for further processing to fertilizer products, the clari­
fication step is usually omitted without diverse effe~t in 

the further processing. 

Hemi-hydrate Process 

The cunventional hemi-hy~rate process produces ~O 'l. 

P
1

0s acid in a reaction system in which the by-product 

calcium-sulphate is preci~itated first as hemi-hydrate 
CCaSO" • O, ~ H1 O> and is then re-crystal 1 i zed to di -hydrate 

<CaSO~ • 2 H~O> before filtration. 
The main advantages of this pl""ocess~ high r.acovel""y of 

~05 from the phosphate rock; good qu~lity of by-product 
gypsum, suitable far gypsum wall board, plaster and cement; 

many types of phosphate roe~ can be used. 
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Modified Hemi-hydrate Process 

This process is developed from the hemi-hydrate process. 
I~ this case the hemi-hydrate is separated from the product 
acid by filtration before re-crystallizatio~ to di-hydrate. 
The main advantages are that it produces a high strength 
<45-50 'l. PL Os> acid without concentration, and has a hi~her 
efficiency of conversion of phosphate rock. 

Evaluation 
Table 3.3.3-1 gives the battery limit capital costs and 

the specific: consumption figures for the dihydrate process. 
The higher recovery of the ~ 0 5 in the rack and the better 
quality of the by-product gypsum of the two other process~5 
must be paid for with higher investment costs, and more 
severe corrosion problems, but only a few plants were 
realised, and therefore no exact data are available. 

In the following calculations only the classic: process 

will be considered. 
For the capacity chosen <200 tpd fl Os> 

total inve~tment costs were calculated for 

the foll o~'i ng 
the different 

cases: 

Developed site 
<West Europe> 

Developing site: 
Seaside location 
Remote location 

Total Spec:i fi c: 
inve!'!itment cast 

23,8 

30.3 
35.5 

Dollar /t P.i 0 5 /y 
million dollar 

361 

459 
538 

The production costs for 1 t of P1 0~, including also 
15 'l. of R.O.I., will be discussed in t~e paragraph dealing 

with final fertilizer products •. 
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Table 3,3,3-1 

Battery limit cost and consumption figures 

fo·- phosphoric acid production · 

<developed site> 

Product: Phosphoric Acid <100 ;. Fi_ 05 > 

Nominal caracity 

Battery limit 
Distribution of in­
vestment cost: 
- licence, know-how 
-. engineering 
- equjpment and 

machinery 
- civ~l engineering and 

erection 

Materials and utilities 
consumpti on/t Fl. Cb as 54 7. acid 

- Phosphate Rock <dry> 
( 32' 5 7. fj_ q. ) t 

- Sulphuric Acid. 
( 100 7. t-\. 504 ) 

- Steam <7,5 kg/cm1 g> 
- Elec'tric power 
- Process Water Make-up 
- By-Product Fypsum 

Labour 

t 

t 
kWh 

m.) 

t 

men/shift 

200 t/d R o, 
million dollar 

16,4 

3 

22 

48 

27 

3,28 

2,95 

2,405 
12(1, I) 

100,0 
5,5 

8 
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3.3.3.2 Triple Superphosphate CTSP> Manufacture 

Triple superphosphate <TSP> , with its 46,0 to 48,5 'l. 

~ 05 content, is a high analysis phosphate fertilizer. As 
such, it provides transportation economy which Ciin be 

instrumental in enlarging its share of the phosphatic 
fertilizer mar1~et. 

This product has taken over much of the market lost 
by SSP and accounts for approximately 24 % of the total 
phosphatic fertilizer market TSP9 s share of the market for 
the near future is expected to remain relatively constant 
primarily because of the tremendous growth of the ammonium 
phosphates. TSP production unlike SSP, can be most economical­
ly produced close to the phosphate rock source. The basic 
chemical reaction is shown by the following equation: 

The ROP process is essentially identical to the SSP 
process with the exception that phosphoric rather than 
sulphuric .acid is used as the acidulating acid. Mixing of 
the 46 to 54 i. P~05 phosphoric acid and phosphate rock 
normally is done in a cone mixer. On discharge from the 
mixer the slurry quickly <15 to 30 seconds> becomes plastic 
and begins to solidify. Solidification together with evolu­
tion of much obnoxio~s gas takes place on a slow moving 
conveyor <den> enroute to the curing area. 

At the point of discharge from the den, the material 
passes through a rotary mechanical cutter which breaks up 
the honeycombed ROP .before it discharges onto the storage 
(curing> pile. Curing occurs in the storage pil~ and ta~es ~ 
to 4 weeks before the ROP is ready to be reclaimed from 
storage, sized and shipped <Fig. 3.3.3/21. 

This product can be brought to granular form in a 
separate granulation plant, where usually ammoniation or 
even compound fertilizer production takes place, too. 
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Direct granulation of Triple Superphosphate 

When granular TSP is the desired end product er only 
low concentration acl d is available it is usually preferable 
to P• oduc:e it di rec:t l y. Two general types of direct 
granulation processes are available: e>:-den and slurry 
granulation. 

In the e::-den proc:ess ,fter acidulation and denning 
<similar to the previously described process> drum granula­
tion, drying, screening follows <Fig. 3.3.3/3). 

In the slurry process <Fig. 3.3.3/4) forty per cent 
Pi Os ~cid and g~ound phosphate rock are mixed together in 
an agitated tank. The lower strength acid maintains the 
resultant slurry in a fluid state and allows the chemical 
reac:tion to proceed appreciably further toward completion 
before it solidifies. 

After .a mixing period of 1 to 2 hours, the slurry is 
distributed onto recycled dry GTSP material. This dis­
tribution and mixing witn the dry GTSP takes place in 
eith~r a pug-mill or rotating drum. Slurry wetted TSP 
granules then discharge into a rotary drier where the 
chemical reaction ls accelerated and essentially completed 
by the drier heat while excess water is being evaporated. 
Dri~d granules are sized on vibrating screens. Over- dnd 

~~~~rsize granules are separated for use as recyc:le material. 
Product size granules.are cooled and conveyed to storage er 
shipped directly. 
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Evaluation 

3ra~ulated fertilizers have higher production cost du~ 

t~ th~ hi~h~r investment casts but they also ha~e their 
?d~~~tages in long distance shipping and apµlication in 

~~c"3ni~2d furming. 
Mini-plants are meant for less developed a~ricultur~l 

r~~icns, whe~e the ~dvantages of the granulat~d product 
c2n hard!y pr2vail. The di5advantages ~f the direct granu!~­
ti=n prcce~s: higher invest~ent and operation costs re­
strict~d choice of raw materials (unreact~ve roc!~s c~r.nct 

be u3eC) ~igher ~ 0 5 las~ do r.ot allQw this pro~ess to be 

ta~an into account for mini-fe~tilizer ~!~nt ?Urpc~~~-
In the follcwing therefore only ROP TSP production will 

be con~ide~ed. 
Table 3.3.3-2 summari=es the main technological data. 

while the total investment costs and factory-gate production 
costs are represented in Fig. 3.3.4/1 and 3.3.4/3. 

Economic evaluation will be dealt with together for all 

phos~hate fertilizers in Par. 3.3.4. 



Tabla ?..3.3-:'. 

Battery limit cost and consumption figur2s 

for ROP TSP 

<developed site> 

TSP (46 'l. Fl Os> 

Nnminal capacity 

Battery limit cost 

Di~t~ibution of in­

ve~tr.ient cost 
- licence, know-how 

- engineering 

- equipment and 

machinery 

- civil engineering and 

erection 

Mate~ials and utilities 

co~-s1i~1g:tion/t TSP 

Phosphate Rock (dry, 

32, 5 % fl. _Os> 
Phosphoric acid 

C 100 'l. PJ.. O.s > 
Electrical Power 
Process Water 

., 
lo 

t 

t 
kWh 

ni' 

Labour men/shift 

500 t/d <46 'l. ~ Os> 
million dollar 

...,. &::" 
_,' ....J 

17 

46 

34 

0,41 

0,34 
a,o 
2,0 
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3.3.3.3 Ammonium Phosphates 

The ammonium phosphate fertilizers are highly ccn­
centr~ted sources of watersoluble plant food which have had a 
spectacular agricultural acceptance in the past twenty years. 
Froducticn capacity of di-ammonium phosphate CDAP> ha~ 

increased at a compound rate of 19,8 % annually over th~ 
last ten years. The popularity of the ammonium phosphates 
results from a combination of factors. 

These include the ready adaptability of the prodLlcticn 
prac~ss~s to even increasing single-plant capacities with 
their associated lower production costs; favourable physical 

ch~racteristics which facilitate storage, handl.ng, 5hipping 
and soil application; compatibility wi~h all common fertil­
i=er materials; tr3nsportation eccnomies effected by t~e 

shipmer.t of hig~ nitrogen <18 %> and phosphate (46 :~ ~ o
5

> 
nutrient ccntcnt. Such impressive number of plus factcrs 

insur2 Lhat ammonium phosphate processi~g will c~nti~ua ta t2 

dn impsrt~nt segment of the fertilizer industry. 

Ammonium phosphate fertili=ers include a variety of 
dif~=ront formulations which vary only in the amount~ cf 

nitrog~n and phosphate present. The mcst important ammoni~~ 
ph~5phate fertilizers in use are: 

MAP 
11-48-0 
12-52-0 
11-55-·0 

OAP 
16-48-0 
18-46-0 

Diammonium phosphate formulations are produced in the 
largest tonnages with OAP (18-46-0) being the most dominant. 

The two primary r~w materials used to produce ammoniua 

phosphates are ammonia and wet process phosphoric acid. 

As mentioned above, the various grades v~ry only in the 
amounts of nitrogen and phosphate present. It is primarily 
the nitrogen that varies and this i~ accomplished hy 

controlling the degree of ammoniation dw·f~g neu~ralizatian 
of the phosphoric a=id. The chemical reactions involved 
are indicated by the following equatfon: 
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The processing steps are essentially identical to those 
~escribed in the triple superphosphate GTSP process <FIG. 
3.:.3/5). Ammonia~ either gaseous or liquij, is reacted with 
30 to 40 % ~Os phosphoric acid in a vertical cylindrical 
vcs5el which may or may not have mechanical agitation. The 
resultant slurry is then pumped to a mix~r where lt is 

distributed onto dry recycled material. 
Distribution and mixing takes place in either a pug­

rni 11 or rc~ating drum. Wetted granules dre dischargod in~o 
a rot~ry drier where the excess water is evaporat~d. Dried 
granules are separated for use as recycle material. Product 
si=~ gra~ules are cooled and conveyed to storage or shipped 

dir~ct!y. 

Ther2 are sev2ral new processes, using either th~ T~n 
pi~~ ~rc~s r~actor, a pressure 1-2actar ur a two-fluid no==l2 
fer- tiH: raaction bP:~~een phosphoric acid and ammonia. These 
process~s need no drier and cooler and are usually cannecte~ 
to a prillinq tower for granulation. <See one example in Fig. 

3.3.3/6l. They.are however, less flexible: in contrast ta the 
prQviously describ~d one in that they cannot b~ used for TSr 

production. 
The advantages of MAP and OAP are less marked or ~ven 

without any use far the mini fertilizer plant concept: low 
transport costs are of. minor importance, high analysis pr~­
duct is disadvantageous in applications with low nutrian~ 

dosage. 
Table 

sumption 
products. 

3.3.3-3 and 3.3.3-4 summarize the specific con­

and battery_ limit capital costs for these two 

Evaluation will be found in Par. 3.3.4. 
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9'f .,. ~-<"' 
.._ .. ·-·. -· --· 

Battery limit cost and consumption figures 

for MAP production 

(develcped site> 

~cn~-ammcnium-pho~phate ~nP Cl/2 % N + 52 % ~ ~) 

No~in3l c~pacity 

Batt~ry limit cast 

Distribution of in­
vestment cost: 
- licence, know-how 

- t?ngineerinq 

- 2q~ipment and 

machinery 

civil engineering and 
erection 

., 
'· 

375 t/ct 

million dollar 

5,6 

3 

:o 

45 

32 

Materials ar.d utilities consumptior./t MAP 

- NH3 t o, 148 

- Phosphoric: acid 
( 100 i. ~ 05) t 0,53 

- Anti foaming agent kg 0,05 
- Fuel kc: al 200000 
- L.P. steam kg 25 
- Water make-up t 0,2 

- Electrical power kWh 30 

- Filler kg 1, 3 

Labour men/shift s 
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Battery limit ccst and consumption figures 

for OAP production 

<developed site> 

Di-ammonium-phosphate, DAP (18 'l. N + 46 i. Pi 0 5 > 

Nominal capacity . 

Battery limit cost 
Distribution of in­

vestment cost: 
licence, know-how 
engineering 

- equipmer.t and 
machinery 
civil en~ineering.and 

erection 

.i. 

i. 

Materials and utilities consumption/t DAP 

- NH~ 

- H1 soo\ uoo 1.> 
Phosphoric acid 

ooo 7. Pz. a~ > 
- Antifoaming agent 

Coating agent 
Coating oil· 

Fuel 
L.P. steam 
Water make-up 

- Electrical power 

Labour 

t 
t 

t 

kg 

kg 
kg 

kcal 

kg 

t 

kWh 

men/shift 

425 t/d 

mi 11 ion dollar 

5,6 

3 

20 

45 

32 

0,2~3 

o,04 

0,469 
0,1 

·10,0 
5,0 

100000 
20,0 
0,3~ 

30 

·." 5 



- 138 -

3.3.3.4 Superphosphoric Acid and Ammonium 
Polyphosphates 

Superphosphoric: acid is produced by concentrating 
merchant-grade ortophosphoric acid (54 X ~ 05 > in a vacuum or 
atmospheric: concentrator. The superphosphoric: acid usuallt 
contains about 68 % to 70 % total ~Os~ of which 20 I. 

to 35 I. is present as polyphosphate. Essentially all of the 
polyphcsphoric 
acid is in the 

acid content of wet-proc~ss superphosphoric 
form of pyrophosphate; the remaining phos-

phate is present as ortophosphoric: acid. 
Conversion to superphosphoric: acid increases the cost. 

but with long shipping distances generates f~eight savings 
that reduce or eliminate this disadvantage. This acid is 
v~ry viscous when cold and must be kept constantly at a 
t8mperdture of 60° C at all times ~ur1ng transport 3nd 

storage so as to keep it sufficiently Fluid. 

The superphos~horic acid is used first of all fer the 
production of ammonium polyphosphate. Nawad~ys, a number 
of plants use the pipe reactor process <developed by TVA) 
to manufacture this product. 

The superphosphoric acid is weighed upon arrival, i~3 

temperature is adjusted and then is sent to the unit store, 
0 which is also kept at a constant temperature of about 60 C. 

The superphosphoric acid pumped at a metered rate from 
storage to neutralization. 

One kind of pipe reactor processes uses a separate mi~ 
tank and an evaporative cooler. The mi:: tank is used for 
mi>:i1 J the hot melt from the pipe reactor with the re­
circulating liquid. By having a separate mix tank it is 
possible to maintain a high liquid temperature of 82° C, 
which enhances ~ixing of the melt in a liquid form and 
also provides ·excellent means of evaporating and sup2r­
heating the anhydrous ammonia used in th~ pr~e reactor. 
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The plants with the separate mix tank usually produce 
slightly higher pol1-an ammonium polyphosphate !iquid of 

phosphate content than the other methods. Probably 

reason thi<.> occurs is because of the high terr.pcraturc at 

the ammonia used in the pipe reactor. 
Ammonia that is not added to the pipe reactor is 

usually added as liquid ammonia to the mix tanl. Usually 
about 60 'l. of the ammonia is added to the pipe reactcr 
and 40 'l. to the mi;: tank. This tank is equipped with a sma~. l 
scrubber in which cooled ammonium palyphospha~e is u32j 

to scrub the extra gases from the mix tank. 

A considerable 

application, 
( 10-34-0 or 

but most 
11-37-0) 

amount of 10-34-0 is used fer direct 
of the ammonium polyphosphate liquids 
are used in s~all mix plants to pro-

duce NPK mi::tures. The ammonium polyphosphate can be 

applicated in solid form, too. 
Equi~ment used to apply liquid fertili=ers ar~ rather 

e:-:pansi ve, -require .a hi qhl y sop hi sti cated agri cultural bacL­

ground, therefore, the application oF this kind of fsr­
tili=ers in the developing countries, far the moment, i~ not 
~ real possibility. Ther~fore no economic evaluation ~as 

attt?mpted. 
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3.3.4 Economic evaluation of phosphata-fertilizers 

Capacity 

According to the 3.3 Introduction section, only t~o 
selected capacities for H1 SO~ and one size for all other 

product~ were examined. Since scale-up has no effect on 

the proce3s, specific consumption figures remain essential­
ly the same for all capacities in the mini-plant range and 

batt~r·1 limit investment figures can be e::trapolated l.:Jy th~ 

usual formula with a o,e as exponent. Therefore the figures 

computed for the sizes selected will only be improved, when 
bigger mini-plants will be considered. 

For the sizes selected Figs. 3.3.4/1 and 3.3.41: 

summarize the total and specific inv~stmcnt cost~ for 

different locations. Fig. 3.3.4/3 give the production cc~ts 

for the sarr.e alter"atives in function cf the phosphate r.::.=: 
price. Fig. 3.3.4/4 shows the farm gat~ prices for the some 

cases compared to t~e imported products. Calculuticn method~ 
ere identical with those mentioned for ammonia. Details can 
be found in Annex 3/1. 

From the diagrams it is obvious 
price of the mini-plant product will be 

far the most a-dvantageol\S. 

that the farrn-g~te 
in every case by 

Although investment and factory gate production costs 

were not calculated for big size plants, the import prices 

used as reference level for farm-gate price comparison 
reflect the cost level of the big production units, since 
exported good come mainly from these plants. 

The very big differences between SSP and TSP production 

underline the conclusion that for mini-plants the right ~re­
duct is SSP. 

The more 5ophisticated MAP and OAP ~nvolves even higher 
investment costs and seem not very appropriate for m!ni-
-plants in developing countries. ~ 

NPK plants can form a viable alternative only if 
ammonia, nitric acid and phosphate processing facilities are 
on the sarne site - a case seldom encountered. 
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3.4 Granulation, Bulk blending and Ba9ging 

3.4.l Granulation 

As we have seen, the chemical process used far the ~~o­
ducticn of nitrogenous fertilizers deliver a melt <someti~us 

with suspended solids) and therefore an adequate fini~hi~g 

step is necessary to arrive at a solid product needed in mast 

agricultural uses. The phaspt1ate fertilizers on the conlr~-~ 
can be produced in powder or in slurry form. The slurry mus~ 

be processed to arrive at a solid product, which will b~ 

granules and the powder can also be transformed to this forffi. 

For that reason, since the 1950•s the solidification and 

cooling of the melts produced in the nitrogen industry was 

ccn~idered as an integral part cf the processes involved a~d 

pri 11 i ng gained nearly universal acceptance for this pur-pos:·. 

The word, granulation, was reserved ta the phcsphate 

field where drying was the basic operation involved, to 

elimindte the water content carried in the slurry ur adJ~d 

in powder granulation. 

Pan-,· drum- and pug-mi 11 type granul atcrs were L:s~d 

for this purposes. 

In the last few years drum and pan granulation technic~ 

gained more and more acc2ptance in the nitrogen industry 

both for urea and ammonium nitrate and several new meth8d3 
were. developed which are equally suitable fo~ both type cf 
products. NPK fertilizers - equally new products - can be 

made in similar equipment from some phosphate, ammonia and 

nitric acid. All this seemed to justify a common treatm2~t 

of all granulation technics in a single chapter. 

3.4.1.1 Prillinq 

The wide use of priling is due to the advantages of 
this 5ystem, in particular the great daily producticn 
capacity of the equipment, low labour and ~xploitatian cc=t~. 

'\ 
Prilling is the production of a ~ranular solid b; 

al 1 owing molten drop 1 ets to f al 1 through a gaseous cool Hl·J 

medium. Non-viscous homogeneous mo.ter i al s with wel 1-d~ f i m~J 
melting points, such as pure ammonium nitrate or urea, ~r2 

very ea§ily prilled. 
To obtain hard 

tent must be reduced 
and non-porauo pri1ls, the water con­

below 0,5 % as otherwise a porcu~. 
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low-density product results which is troublesome in storagE. 
Jets Jf free-falling molten materials are broken up t~ 

droplets by the air. The droplets begin to solidify as th~y 
fall through the cooling medium. The crystallization start3 
at the surface and prngress gradually to the inside. 

The prilling device and melt temperat~re must be care­
fully controlled. The retention time in the prilling towur 
is also important factor. The proper d2sign of the tower 
h?ight and cooling air flow are essential to obtain 
comp! i::tel y hard pr i 11 s at the bottom. The still hot pr i 11:; 

arriving at the bottom must be collected ar.d transported 
to the finishing, and cooling may alsc be needed. 

The pril:ing tower itself is a structure suppcrti~g 
the prilling equipment placed on the top, together with f~ns 
pravidin~ the necessary air stream. The main characteristics 
of the tower are the height determining the r~t~ntion tirn2. 
the cross-section fixing the capacity and the air stream. 

The not completely satisfactory granulam2tric c~m­

pcsi tion is the drawback of this system. Prills are relative­
ly small; in practice most are around 1 mm and only a smitll 
proportion ~rrive near to 2 mm. 

Prilling is very advantageous for big capacities. At 
the lower end specific investment coEt begin to rise t~ 
such an extent that other granulation technics become more 
advantageous. 

3.4.1.2 Pan Granulator 

This principle, which 
industry was 

had been 
developed pharmaceutical 

granulation and 
industry~ 

was extcn5ively used 

widely 
for 

in 

used in the 
superphosphate 
the phosphate 

Number of companies made considerable improvements, 
and the process lends itself for making granular ammonium 
nitrate and urea. Granulation is accomplished by spraying 
hot concentrated melt of fertilizer salts onto a casc~ding s 
bed of recycle material in a pan granulator. · 

The granulated product is cooled and is sized in con­
ventional equipment. The oversize fraction from the screen 
is crushed and returned with the undersiza fraction for u~e 
as recycle material. The correct size product is tredted 
with an appropriate conditioning agent and sent to store. 

Critical features of the pan granulatcr for be~t opera-
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c~ncentratian, and the amount, particl~ si~e and temper3tur2 

of the recycle mDterial. 

3.4.1.3 Drum Granulator 

The classic drum granul a tor consists of a sl i CJ ht l ·, 

inclined rotary cylinder with retsinin~ rings at cac~ ~nd 

and with appropriate mat2rial structures. 
The basic materials must b~ 111ell mi::ed befo.-e ent~r-ir1g 

the dru~, which serves 
rounded at the bottom 
each other. The s9eed 

only to form th2 grnnules; the~2 5•~ 

of the drum by their ~o~tact wit~ 
of rotation Gf a drum granulator 

must be slow enough 
around by centrifugal 
system is that the 

drum. 

far the granulEs not to be carried 
force since the principle of thi~ 

granules should move relative to t~c 

Depending d;-um gr .:l -

~o 
nulators may be mounted with a downwar~ slope up to 

on the r~sidence time required, 

Drying and coaling are both needed after granulatior.~ 
so a typical gran~lator train consists of a drum with t~o 
sections, the first serving far mixing and chemical reactioG, 
the second for granulation, followed by a drier and coo!~r 

both of drum type. 
A basic feature of the drum granulator system is th2 

great amount of recycle material. Not only over- and 
undersize material, but a given part cf the pr~duct mu~t t2 

recycled depending on the water content of the input 
materials ior optimum granulation drying ccnditians. 

This process can.be combined with ammoniatlon of phos­
phates <SSP or TSP>, NPK fertilizer manufacture etc., as well 
as for granulation of SSP or TSP powder. Fig 3.4/1-3 

r~presents the respective flowsheets for TSP granulaticn, 

ammoniation and NPK manufacturing. 
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Hot Spherodizer Proce~s 

The process was con~eived in an effort to Gi~olify the 

processEs in use for the granulati8~ ~f complex fertili=~~~ 

and to improve product qu3.lity. The mo.jar innovation of ti.e 

sphercdizer proc~ss consisted of combining granulation and 

drying into a single processing operation. 
By this process, the conversion of liqujd slurry tc 

uniform granules is accomplished by ~praying the slurr~ 
under pressure through noz=les anto a dense curtain of 
r2cyc1Qd material cascading from lifters in a ratatin; 

cylindric~l drum. A stream of heated air flo~5 trrouqh 
the drum co-currently with the solid recycle and the spr·~~ad 
slurry, coming into intimat~ contact with the p~rticl2~ tc 
be dried. As droplets of slu~ry hit th~ recycled granules, 

water is flashed off, resulting in r.e~ onion sl::in-l~ke ld'/t.:r-::;; 

of material around each of the solid particl2s Ev~ry ti~e 

they are cascaded. 
The ~mainder.af the flawsheet .is c:onventianal, ~·4ith 

screens to separate th~ product size, crushers to reduce 

oversi=e, and elevators and conveyors to transfGr the solid 

mater id.ls. 
This process was identified as the "Hot Spherodizer 

Process" to distinguish it from the one LlSing only cooling 

air for the granulation of melts, which came to be ~no~G 3S 

the "Cold Spherodizer Process". 

Cold Spherodizer Process 

The cold spherodizer process is used in the granulation 

of ammonium nitrate and urea. A substantially ant11drous ~elt 
of eithar ammonium nitrate or urea is sprayed insidP a 

rotating drum onto a rolling bed of solid particles. As the 
repeatr..'dly i:oc;.tecJ with thin ldy·2r·s . '\ pd.r-ticl~s 

of liquid 

roll, they are 

melt, which 

onion-skin structure. 

solidify to giv~ the granul2 a~ 

Air flows through the granulation drum in countercurrenl 

to the g1·~nL1les, remcvinr,; par-t of thP- heat of crystalli;:"'1t1c:-1 
of the melt, as well a~ thLl fine du~t. From the drum it i~ 
drawn by an e::haust.er- into a 1.-1t~t '=c:rut.Jb:~r be:fon~ bPin.] 

discharged to the at~o~phare. 
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3.4. LS Pugmill 

Mixing and granulation in the same equipment is achieved 
with a double-shaft granulating screw, called pugmill or 
blun~er. The pugmill is followed by a drier, a cooler ~~d 

screening. 
The crushed oversize product is combined with the under-

size product and the mi~ture is rec!rculsted in a controlled 
ratio in the cold and dry state to the puqmlll. The he~ 

fresh slurry mixed with the recycle product gives 5aft tal~5 
with a moisture content of 3-6 %, dep2nding an tha r2c~c!e 

ratio and the amount of water in the slurry. 
Only partial crysta!li~atian and no moisture elimina­

tion ta~es place in the pugmill and therefo~e the suft 

balls must be dried in a rotary drum by hot air, coaled in a 

cooling drum and then scraened. 

Evaluaticn 

For the mini-plant concept, due to the conditions pre­

vailing in the regions favourable for the small size, the 
pan, respectively drum granulation seems more apprcpri~te 

for.nitrogenous fertilizers, due to the relativaly high 
investment cost of 'the pr i 11 i ng pow2 - . For phosphate f 2r­
ti l i zers it seems appropriate to start with non-granulat~d 

1naterial <powder> and switch over only at a given JegrPe of 

agricultural me~hanisation to the granu!at2d form. 

3.4.2 Bulk Blending 

GEneral 

Where granulated fertilizers should be blended, bulk 
blending is very advantageous. The process is usually of 
the batch type, with a minimal capacity of t to ~ tons p~r 
batch. The mi :d ng ti me is 2 to 3 minute~", consequ2nt l ·1 as 

much as 10 to 20 tens per hoLll'· e.:J.>::i I·,- can be 1r.i ::ed. D~ -

pending en 

days> the 
per year. 

the: working days of a year Cappro::imately 1c·~) 

production will be about 10000 to 20000 tons 
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The material commonly used in bulk t::l2ndif'lg 3re ammonit:i;i 

nitrate, ammonium s~lphate, triple sup~rphosphate, diammonium 

ph~sphate and potassium chloride. Other mat2rial·5 so1neti.r.2s 

used are ~rea, ammonium phosphate nitrate C30-!0-0J, amfficniL~ 

phosphate sulph~te (16-20-C> and ncrffial superphosp~~t~. 

T~e materials should be closely sized, dry enough to 

prevQnt caking in storage, and suffi~iantly 5trang to prevent 

fragm2ntation in handling. 
Type of mix2rs and layout cf storage, conveying a~d 

mixing facilities vary widely, so much that probably n~ 
two plants are alike. Since the plants ar·e small ar.d quit~ 

often built on a very limited budqet, they tend to be 

homemade. 
Mixing is usually of the batch type, with materials 

introduced one at a time from a weight hopper. Usual capacity 

is 1 to 2 tons per batch and mixing ti~e is : to 3 minutes. 

As much as 15 tons per hour can be mi ::ed even in a on2-tc:-1 

mi::er. In some cases the entire cycle OT weighing, mi::in~ 

and discha~ging is ~cne automatically. 
Mixers are ~ainly of rotating drum type, but various 

other types including ribbon mi:<ers, mi::ing ~cre~-1s, gravit; 

mi::ing tower'3 and a volumetric meterinq device are used. The 

volumetric metering device is a continuous type in which 
materials are feP-ding by gravity through adjustable gat2s 

onto a common belt. The materials mi:: as th~y f 1 ow into the 

receiving hopper and in the following cLt-screw conveyor. 

Evaluation of Bulk Blending in the 
Distribution System 

Until the emergence of bulk bl~nding in the early 

1960's, mainly in ~he USA, tradition~! distribution of 
fertilizer involved the movement of bagged fertilizers, 
from medium sized production plants produ=ing between ~5000 

and 200000 tons per year of mi::ed fert!:li:=ers, to farm 

b~yers, through general retail farm suppl/ organizations. 
However, in the early 1960's the ~~vantage cf bull 

handling of fertili7ers became apparent and the emerg~nc~ 

of bulk blcnd1ng developed qLiic~l~. 
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In bulk blending, a few basic high analysis materials 
co~taining single nutrients (or, in the case of ammonium 
ph:J3ph.1.t.es, both ni troc;;er. and phosphorus) are shi µp·-~d i ~l 

bu~k form to retail bulk bl~nding units. Here they a~e 
combined physically in 
need~ of individual 

distribution chain are 
bulk for-:n. 

mi ::tures suited to the par ti cul ~.r 
farmers. Thus, at no point in t~~ 

the materials handled in any but 

With the availability 

of the three n~trients at the 

of ~ wide variety of blend5 

retailing station, the dem~nd 

the chemically mixed ferttl-for basic product shifted from 
i=er materials to major blending materials such as ammoniu~ 
nitrate, triple superphosphate, diammonium phosphate, and 
muriate of potash. 

As this mode of distribution developed, many of t~e 

major manufacturers developed their own organi~atian of 
bulk blending stations, thus emerging as the direct seller to 

the farmer. A tyP.ical larg~ fertili=~r organization might 
develop a chain of 100 to 200 such bulk blending stations. 
These would typically handle from 1000 to 5000 tens cf 
material per year and generally sell within a radius of 15 

miles. 

Advantages of bulk blending can be summarized in the 
following: (1) bulk blending shortens the marketing channel 

by combining the mi:-:er and dealer functions; <2> handling .:mo 

distribution costs are le~s for bulk material than for bagged 
product; (3) bulk. blending reduces handling cost·.5 by 

eliminating. the transfer from producer to dealer; (4) shipping 

distance of materials such as potash is shortened because th2 

material goes directly from primarily producer to the m(xer­
dealer rather than detouring to a granulation plant; <5> a 
custom application service can be offered; and (6) the bul~ 
blender, thraugh his close contact with the farmer, can wcr:· 
with agricultural advisors in guiding t~~ farmer's use cf 
fertilizer. Assistance with scil testing and ~ampling 1s 

an important part of such a s~rvice. 
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Although this system is conceivable cnly 35 pa~l of 
fertilizer supply and hig~ly sophisticated national 

3pplication chain and only countries with fai:-ly de~elo~~d 
ag:-i~ulture can adoj:Jt it, it has its t:earing on c2velop·•'J 

countries, too. The network initially de'<elopEd i:; e3.-:., 

stag~s of fertilizer production and distributicn, C8mpQS~~ 

of mini-plant5 and local dealers storage fac1lit1es can 

b~ easi 1 y transformed with out any maj er- ch:i.nge nr i n·.1cstrn~n': _ 

Local stores can be provid2d with bulk blending faciliti?s 
with very 1 i ttle cost and the neH, or e::panrled phosph.:,tf; 

fertilizer production units can produce granulated products. 
while the nitrogen is alr~ady manufactured in granulat~j 

form. The use of drum or pan granulation in the early mini­
plants is advantageous, the particle size is particularl; 
suitable for bulk blending. 

3.4.3 Bagging 

Although as .much as possible of fertilizer output is 
dispatched as bulk, sometimes provision must be made ·For a 
significant amount of bagged product as well. Since ba~~i~g 
is a process with extremely high labour requirements, a fully 
aut~mated line has been d~veloped for this purpose. 

Another question much debated is wh~ther to use val~~d 

or cushion type bags. The latter are less expensive, pr~vent 

spillout, and protect the material much bett2r: bL.t ~h..:ld 

sealing is difficult because of the ferti!izer dust. Th~ 
valve bags are more expensive and are not a~rtight, but they 
req~ire no welding. Either type is avail~ble, accordiGg ta 

the local conditions. 

As compared to bulk goods, the handling of bag~ed 
fertilizers are much more labour-co~suming operations. 

Bagging in the mini-plant size range should be de­
finitely discouraged for phosphates and limited even fer .... 
nitrogen 
shipping 

fertili=ers. .':\nyhov1, bulk storage and dir~.-~t 

to the plot is one of the most dttractive featu~u~ 
of mini-plants for the agriculture. 
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3.5 Potash Fertilizer~ 

Potash, ~ major plant nutrient, is found in signif1cant 
commer~ial deposits, as well as in less quantities in va~ious 
brine operations. The principal potash mineral being min2ct i~ 

mu~ate of potash (potassium chloride>, and sulpnate ~f 

p~tash. Both can be used as mined <after some refinin~l 

directly as fertilizer materials. 
A mindr amount of the potash, perhaps 10 %, is us2d 

far various non-fertilizer uses, such as in the production 
of potassium hydro:: i de, refined potassium salts, and cth.:,:r 
misc~llaneous potassium chemicals. Fertilizer potash is 
us~d eit~er directly as a fertilizer or as a raw mat2~i~l 
far the production of mixed fertilizers. 

The principal potassium compound is the pot~ssi~~ 

chl~ride which is produced from natural brines and from 
sylvit2 ores. In the former case ther~ are no ha:ard~us 
wastes for dispcsal since the sp2nt brine is returned t~ 
the well, which constitutes recycle. In the sylvit2 ~rccz=~, 

the ore is mined, crushed, screened, and wet-ground in brin~ 

to dissolve mo~t of the soluble 5alts. 
In the sylvite ore-based process the ore is separated 

from clay impurities in a desliming pr~cess and th~ cl~y 

impurities ilre fed to a gravity separator which re~oves 
some of the sodium chloride precipitated from the leach 
brine and insolubles for disposal as waste. 

After desliming, the ore is chemically treated i~ 

preparation for a flotation process, where potassium chl·Jrije 
is separated from sodium chloride. T~e tailings from the 
flotation step are .wasted and the resulting potassium 
chloride slurries are centri4uged to recover potassium 
chloride. The product is then dried, screened and package~. 
The liquors fro~ the centrifuge are re~ycled to the flot~tian 
circuit. 

The potassium sulphate is produced by the reaction 
in solution of potassium chloride with langbeinite ore 
<K1SO" • Mgso,.>. Mined langbeinite ~s cr~hed and diz'.::>olved 
in water to which potassium chloride is added. Partial 
evaporation of the solution results in sel1=?ctivc pn:-­

cipitation of potas5ium sulphate which is r~covered by 

centrifugation or filtration, dried, and ~old. 
Generally this m~terial is produced clo~e to areJ= 

where it is mined. 
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4. IDENTIFICATION OF POTENTIAL MARKETS FOR 
MINI-FERTILIZER PLANTS 

The world's ability to supply food depends on the 

following main factors: 
availability and use of natural resources in-

cluding land 
weather 
~ater condition in the soil 
technological and biological development for rais­

ing yields 
equilibrium between crop and livestack production 
accomplished with increasing efficiency 

- incentive ta producers. 
Although the ~iorld as a whole is cl2ar-ly not running 

out of 
ability 

land, there are 5erious probl2ms about its av~il­

and suitability for agricultGre, especially among 
some of the develpping countries. The major problem facing 
many of the developing countries is not the limitation of 
land, but the law yields. Therefor~, yield incre~~in9 

technclogies are to be the primary Eource of growth in focd 

production. 
Fertilizer use is one of the key factors in yield in­

creases. To .supply t~~ ever inc:r~asing need of fertilizer 
in the developing countries, there are three means av~il­
able: domestic productjon, importation, and combination of 
the two in any ratio. The domestic pruduction can be done 
by setting fertilizer plants up. Taking into consideration 
the special circumstances in many developing countries, it 
can be stated that one or more mini-fertilizer plants of 
certain types and dimensions will b~tt~r meet the require­
ments of those countries than one or more ·so called ma~:i­

-plants. 
In ·order to be able to estimate the" demand for mini­

-fertilizer plants, it is nec~ss•ry to inveEtigate the 

potential market for mini-plants. 
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Investigation and evaluation af the pab.rntieal 

izer markets by countries and regions were made in this 

chapter, surveying: 
- the quantity of fertilizer consumed at pre~~nt 
- the forecast of the potential fertilizer consump-

tion up to ~000 
- raw materials' potential <resourc~s> 

- numbers and capacity of mini-fertili=er plant5 
that might be built to the turn of the century in 

the developing countries. 
The main sources for preparing this ch~pter were: 

1.
8
0pportunities for establishment of mini-fertil­
izer plants in the deveioping countries Sectoral 

Working Paper Series, Sectoral Studies Branch, 
Division for Industrial Studies, UNIDO 1983. 

2. Data collected from FAD statistics: 

"Agri cul t1Jre to~1ard 2000" 
Input Requirements: production, consump~ian. 

export, import figures from 1970/71 to 81182 by 

nutrient~ and by type of fertilizers 

~ Fertil!zer Yearbook 1981 
- Data of Jand use by countries. 

3. Other sources reported in each case. 

4.1 Identification of countries according to the 
quantity of fertilizer consumed 

The intensive use of fertili=ers as a mean to increase 
agri cul tur-.:il produc:ti on has becom.e a general practice in 
the world, first of all in the developed countrie~. As for 
the developing countries, their consumption of the three 
nutrients was about 1 million tons in 1950, amounting to"7.4 
per cent of the world consumption. Their share has reached 
the fifth of the whole world by the ~ertilizer year 1971/1972 
and in 1981/1982 the developing countries required more th~n 
38 million tons fertilizer nutrients, amounting to one thi~C. 
of th~ world consumption <Table 4.1-1). 



Year 

1950 

1971/72 

1976/77 

1981/82 

Table 4.Ja 

World fertilizer r.onsumption 

/million ~one of nutrients/ 

Developing countries Developed countries I \'/orld to taJ. 

N P205 K20 tNPK Share N P205 K2C tHPK Share I N P205 K20 I:NPK 

~- % -+---- - . -----
0,56 0,36 0,09 1,01 7,4 J,19 5,41 4,04 12,64 92,6 I J,75 5,77 4,13 1), 65 

9,29 3,97 1,50 14,76 20,2 I 24 ,09 +0,JJ 15,79 58,21 79,8 I 33,38 22,30 17,29 72,97 

lJ,86 6,27 2,43 22,56 23,6 I 31,32 21.,21 20,51 73,04 76,4 I 45 ,10 Z7 ,48 22,94 95,60 .. 
25 ,OB 9,22 3,83 38,13 33,1 l 35 '36 21,69 20,l 77,15 66,9 I 60,44 J0,91 23,93 115,28 

Sources: FAO Statistics collected from FAO Statistics Division, 

Market Study of ~ini-Fertilizer Plants for Developing Countries prepared 

for UNIDO by Shu Lin Peng September 1982 

f-' 
vi 
\Q 
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Using FAO Statistics, the dev?lopi~g countries, about 
123 in numbers, were classified into consumption categories, 
according to their annual consumption of Nitrogenous CN>, 
Phosphate CPL 0

5
> and Potassium CKLO> fertilizer in 1976/77 

and 1981/82. Seven classes vJere made for N and si!: for 

·"'· o_ and v. 0: ... .;;J .... 

Category 

l. 

I I. 

I I I. 

IV. 
v. 
VI. 

vu. 

Consumption 
<tons of nutrient> 

"less than 1000 

1000 10000 

10000 40000 

40000 - 70000 

70000 1 (J(l(l(l0 

100000 - 200000 Cf or 

over 1 (>0000 (for 

and 

over 200000 (for 

N> 
P~0 5 
K.z..0> 

N only) 

,As for the data of types of fertilizers, beside the 
total con<.:_umption in nutrients, the main types of N and P2 05 

fertilizers can be found for some countries that publish 

them into FAD statistics. 
The countries were arranged in grou?S by regionG. Al­

though, all the consumption data are available in 1976/77 
and 1981/82 for 123 of developing countries in Appendix 411, 
the number of countries was reduced to 91 in the further 
considerations. They are the developing countries that wcr~ 
examined in "Agriculture toward 2000" by FAO, and China. · 

The regions and the developing countries studied are 

the following: 

AFRICA 
North-West Africa: Algeria, Morccco, Tunisia 
West Africa: Benin, Gambia, Ghana, Guineo, 

Ivory Coast, Liberia, Mdli, 
Mauritania, Niger, Nigeria, 
Sena~al, Sierra Leone, Togo, 

Upper Volta 



Central Afri~Ci• 

East and 
Southern Africa: 

LATIN AMERICA 
Central America: 

Caribbean: 

South Am~rica: 

NEAR EAST 
N.E. Africa: 
N.E. Asia: 

FAr< EAST 
South Asia: 

East and 
South-East Asia: 
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,.. ____ , -
,.,11yu.1.c:a~ 

African 

r-..--~'"""'.-." --···-· .... -.. ' 
Republic, 

Congo, Gabon, Zaire 

Chad, 

8'.Jrundi, 
Madagascar, 
Mm: amb i que, 
Tanzania~ 

Zimbabwe 

Ethiopia, Kenya, 
Malawi,Mauritius, 
Rwanda, Somalia, 
Uganda, Zambia, 

Costa Rica, El Salvador, 
Guatemala, Honduras, Mexico, 

Nicaragua, Panama 
Cuba, Dominican Republ"ic, 

Haiti, Jamaica 
Argentina, Bolivia, Brazil, 
Chile, Cal omb i a, Ec..uad.:ir, 
Guyana, Paraguay, Peru, 
Suriname, Trinidad a. Tobago, 

Uruguay, Venezuela 

Egypt, Libya, Sud3n 
Afghanistan, Cyprus, Iran, 
Iraq, Jordan, Lebanon, Saudi­
-Arabia, Syria, Turkey, Yemen 

AR, Yemen PDR 

Bar.gladesh, India,· 
Pakistan, Sri Lanka 

Nepal, 

Burma, China, Indonesia, 
Kampuchea DH, Korea DPR, 
Korea Republic, Laos, 
Hala~~ia, Phili~pines, Thai-

1 and, Vi et. Nam 



I 
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In Tables 4.1.-2, 4.1-3 and 4.1-4 the developing 
countries summarized by regions concerning to the above list 
can be seen according to ·their consumption cate;ories of N 
and ~o5 and K1 0, respectively. It can be stated that more 
than one third of the examined countries consumed less than 
lvOOO tpy N and 60 per cent of them could not reach the 
level of 40000 tpy N that refers to a mini scale unit 
capacity <15~ tpd> for ammonia. On the other side a large 
number of them consumed more th&n 100000 tpy N even 14 
countries were over 200000 tpy N including China, India, 
Mexico of which consumptions rose above million tpy N. 

As for the phosphate fertili:er, half of the countries 
were below a consumption level of 10.000 t ~ 05 and ~t the 
same time 13 of them consumed more than 100000 tpy ~ 05 • It 
is clear that there is a strong degree of polarization in 
the consumption of nitrogen and phosphate fertilizers. This 
manifestation is, however, not evident in the consumption of 
potassic f~rtilize~. 

In Table 4.1-5 the participation of the main regions 
in the consumption categories can be seen separately for 
the three main nutrients. Generally, the African countries 
can be found in the low-consumption categories, except for 
the case of phosphate consumption. In this case their 
participation are also important in the high-consumption 
categories due to some countries having large phospt:ate 
rock deposits and developed phosphate fertili,er industries. 

In another classification including 92 develcping 
countries <Appendix 412>, although, the considered countries 
and the category-ranges do not correspond exactly with the 
ones above mentioned, the conclusions are the same. ·Here 
• forecast of classification for 1986/87 and the ~orP.see~ble 
changes in each category are made. 



Table 4.1-2 

Share of the developing countries,according to the consumption categories 
of N fertilizer,b~ regions 

/1981/82/ 

I. II. I II. IV. v. VI. VII. Tcital 
R e g i o n 

x "' x "' x . .., x "' x D' x "' j( "' x "' ... ... ... ... ... ,0 ... ,. 

1. AFRICA 7 19,0 16 43,2 9 24,3 2 5,4 2 5,4 l 2,7 - - 37 100 

North-West Africa - - - - 1 ,33,3 l 33,3 l 33,4 - - - - 3 100 

West Africa 2 14,3 9 64,3 2 14,3 - - l 7,1 - - - - 14 100 

Central Africa 2 28,6 4 57,1 l 14,3 - - - - - - - - 7 100 

East and Southern Africa 3 23,1 3 23,1 5 38,4 1 7,7 - - 1 7,7 - - 13 100 

2. LATIN AMERICA - - 6 25,0 7 29,2 5 20,8 l 4,2 2 8,3 3 12,5 24 100 

Central America - - - - 3 42,9 3 42,9 - - - - l 14,2 7 100 ,__, 
0\ 

Caribbean - - 1 25,0 2 50,0 - - - - - - 1 25,0 4 100 w 

South America - - 5 38,4 2 15 ,4 2 15,4 l 7,7 2 15,4 1 7,7 13 100 

3. NEAR EAST - - 3 21,4 4 28,6 2 14,3 2 14,3 - - 3 21,4 14 100 

N.E. Africa - - - - l 33,3 - - 1 33,3 - - 1 33 ,4. 3 100 

N.E. Asia - - 3 27,3 3 27,3 2 18,2 1 9,0 - - 2 18,2 11 100 

4. fAR EAST - - 1 6,3 2 12,4 - - 1 6,3 4 25,0 B 50,0 16 100 

South Asia - - - - 1 20,0 - - 1 ~o,o - - 3 60,0 5 100 

East and South-East Asia - - 1 9,1 1 9,1 - - - - 4 J6,4 5 45,4 11 100 

Total 7 7,7 26 28,5 22 24,2 9 9,9 6 6,6 7 7,7 14 15,4 91 100 

Rem3rks: The 91 of developing countries that projection of consumption to 2000 have been made for are included 

X - countries in number 



Table 4. 1-'.1 

Share of the developing co~ntries,according to the consumption categories 
of PzD~ fertilizer 1 b~ regions 

/1981/82/ 
-

I. II. III. IV. v. VI. Total 
R e g i o n x D' x o• x 0' x 0' x CV x 01 x CV 

'° '° 
,o ,o ,o '° 

,. 

1. AFRICA 9 24,3 18 48,7 s 13,S 2 S,4 3 8,1 - - 37 100 

North-West Africa - - - - - - 1 33,3 2 66,7 - - ) 100 

West Africa 2 14,3 10 71, s 1 7,1 - - l 7,1 - - 14 100 

Central Africa 3 4~,9 4 57,1 - - - - - - - - 8 100 

East and Southern Africa 4 30,8 4 30,8 4 30,8 1 7,6 - - - - 12 100 

2. LATIN AMERICA 2 8,3 8 33,3 7 29,3 3 12,S 2 R,3 :l 8,3 24 100 

Central America - - 3 42,8 3 42,8 - - - - 1 14,4 7 100 ~ 

0\ 

CL1rilJbiean - - 2 50,0 1 25,0 - - 1 25,0 - - 4 100 r. 

South America 2 lS,6 3 23,0 3 23,0 3 23,0 1 7,7 l 7,7 13 lUU 

3. NEAR EAST 3 21,4 3 21,4 ~ 21,4 2 14,4 - - 3 21,4 14 100 

N.E. 1\frica 1 33,3 - - - - 1 33,3 - - 1 33,4 3 100 

N.E. Asia 2 18,2 3 27,3 3 :o ,3 1 9,0 - - 2 18,2 11 100 

4. FAR EAST 1 6,3 2 .1.2, s l. 12,S 2 12,S 1 6,2 8 50,0 16 100 

South Asia - - l 20,0 l 20,0 - - - - 3 60,0 s 100 

East and South-Cast Asia l 9,1 l 9,1 l 9,1 2 18,2 l 9,1 5 45,4 11 100 

Total 15 16,5 31 34,0 17 18,7 9 9,9 6 6,6 ·3 14,:> 91 100 

Remarks: The 91 of developing countries that projection of consumption to 2000 have been made for are included. 

X - countries in number 



Table 4.1-4 

Share of the developing countries,according to the consumption categories 
of ~20 fertilizer, by ~ions 

/1981/82/ 

I. II. III. IV. v. VI. Total 
R e q i o n 

x G' x 0' x 0' x \la x G' x D' x 0' ... ,g ,o ... ,. ... 

l. AFRICA 15 40,5 15 40,5 7 19,0 - - - - - - 37 100 

North-West Africa - - l 33,3 2 66,7 - - - - - - 3 100 

West Africa b 42,9 5 35,7 3 21,4 - - - - - - 14 100 

Central Africa 3 37,5 4 50,0 l 12,5 - - - - - - B 100 

East arid Southern Africa 6 50,0 5 41,7 l 8,3 - - - - - - 12 100 
I-' 

2. LATIN AMERICA 2 8, :s 8 33,4 10 41,7 2 8,3 2 8,3 24 100 0-.. - - ·vi 

Centr<..11 1\111er ica - - l 14,3 5 71,4 l 14,3 - - - - 7 100 

Caril>bean - - 2 50,0 l 25,0 - - - - l 25,0 4 100 

South America 2 15,4 5 38,4 4 30,8 l 7,7 - - 1 7,7 13 100 

3. NEAR EAST 5 35,7 6 42,9 3 21,4 - - - - - - 14 100 

N.E. Africa l 33,3 l 33,3 l 33,4 - - - - - - 3 100 

N.E. Asia 4 36,4 5 45,4 2 18,2 - - - - - - 11 100 

4. FAR EAST 2 12,5 l 6,3 5 31,2 2 12,5 l 6,3 5 31,2 16 100 

South Asia l 20,0 - - 2 40,0 l 20,0 - - l 20,0 5 100 

East and South-[dst Asia l 9,1 l 9,1 3 27,2 l 9,1 l 9,1 4 36,4 11 100 

fatal 24 26f4 30 32,9 25 27,5 4 4,4 1 1,1 7 7,7 91 1()0 

Rellk.lrks: fhe 91 of developing c0untries that projection of consumption to 2000 have been made for nre included. 

X - countries in number 
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T .::bl" 4. 1--5 

Regional distribut~on of consumption 
categories ( 1981/8~) (~~) 

Category 

Region 

1. Africa 

2. Latin 
America 

.... N .... ar East ..;. . 
4: Far Ea=>t 

1. Afric:. 
2. Latin 

America 

3. Near East 
4. Far East 

1. Africa 
2. Latin 

America 

I 

100,0 

60,0 

13,3 

20,0 
6,7 

62,6 

8,3 
3. Near E~st 20,8 
4. Far Ea·~t 8,3 

I I 

61, 5 

,.,'"?" '"'." ..__., .... 
11, 5 

3,8 

58,0 

25,8 

9,7 
6,5 

50,0 

26,7 
20,0 

,. ~ 

·-·, ·J 

I II I\.' 

Nitrogen 

..,...., .., 40,9 --1 .._ 

31, 8 55,6 

18,2 "")') ., 
~~,._ 

9,1 

Phosptiate 

29,4 

41, 2 

17,6 
11, 8 

33,4 ., ., ., __ ,_ 

rotassi c_ 

28,0 

50,0 

v 

33,3 

16,7 
,...,. ,. 
....,~, -.J 

16,7 

50,0 

16,7 

_, 
40,0 
12,0 

2u,o ~o,o 100,0 

VI 

14,3 

::s,6 

57,1 

15~4 

23,1 

61,5 

~8,6 

71,4 

I/ I I 

:t,4 
21, 4 
c:-~ ., 
..J, ' .... 
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4.2 Identification of countries according to their 
agricul tw-al potential 

~mong the most prevalent ills affecting mankind are 

famine and malnutrition. The latter, althouGh harde~ to 
d~fine and overcome than the for~2r, afflicts a very l3r;2 

proportion of population in developing countries. 
The e::istence of malnutrition is usually e::plained by 

combination of three main factors in th~ devEloping ccu~­
tries: insufficient food, lack of some essenti~l nutriQnt~ 

in the diet, genetic or environmental preventation of ade­
quate food digestion. 

The simplest food cycle is tQ grow plants and eat parts 

of them. However, as food consumption patterns differ widely 
from one region to the ether, the farmers have adopted their 
food production systems accordinqly. Farming systems are 

characterized by the dominant craps, that have emerged in 
each area as result of ecological, biological, economic 

and social factors in the society that gruws t~e er-ops. Tl:e 

most important single objective in farming is to incre~se 

crop yielq and agricultural productivity. 
The .factors that determine agricultural yield are com­

plex for the photosynthetic potential of the plants. This 

potential is usually limited by elements such as nutrients, 

moisture and climate. The major source of pl~nt nutrients is 

the mineral supply of the soil. This supply varies with the 
type of soil and ecological conditia~s in the are3 and 
accounts for large differences in fertility betwe~n tc~­

perate, tropical and arid soils. 
Following farming, sooner or later the organic matter 

content of the soil will decrease ta a level at which as 
much nutrient should b~ added as have removed by the 

biomasse. The use of fertilizers is a key factor for 

restoring and also increasing of fertility of the soil. 
However, fertilizers alone cannot 
yield increases without highly 
agricultural practices ;tc. 

produce 
efficient 

1.·. 

sui.Jstanti.:.l crop 
seeds, i mpro'ted 

The forecast of fertili=er use, in this manner, is tn 
be decided upon by con'!.id~rinq numerous critcrias 111.e it 
has happened in the study "Agriculture tov,ard 2000" made by 

FAO. The cornerstone of the production andlyses in that stud/ 
was the quantitative assessment of natural resourcr~c:.:. z,nu 

input requirements. Bas~d u~on the~e~ proposals were mdd~ en 
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possibilities for resource develop~ent, land use pattern~, 

yield increase, etc. Two alternative projections, Scenario~ A 

and B, were made for 90 developing countries listed in th2 

e3rlier chapter. 

The main differences in the two scenario pr~jections 

reflect the fellowing factors: 

different economic grn~th rates 

for Scenario A: the aggreg3te growth rat2 7,0 

per cent per year anti the luw 

income developing countries 

C300 Dollar GDP per capit3l ar 

less in 197~) at least double 

their per c~pital incomes b~ 
2000. 

for Scenario B: the growth rate less optimis-

tic, 5,7 per cent per ·:.:ar·. 
different production projectior.s 

for Sc€nario A: 

-for Scenario B: 

commodity by commodity are for 

levels which imply maximum im­

provements in self-suff icien=y 

or e~ports subject ta c~n­

straints on the production 

side (land/water resourc~s and 

gains in land use>. Far each 

crop, production increases are 

specified in terms of ch~n~es 

in yields and harvested area 

for si~ classes of irrigated 

and rainful land. 

a more mechanical procedure 

was foilowed; countries are 

assumed to achieve production 

growth rates commodity by com­

modity that are mid~ay between 

tho5e of past trends and ~hose 

of Scen~riO A. The incre3scs 

in t ll t .:\l production 

obtained for "8" c::ubsequentl·; 

bro~en dawn into changes in 

area and yields proportionat~ 

to th".lse of "A". 
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As for the mannar of estimation of fertilizer require­

ments, it is the ~ame in both alternatives. 'he project~d 
fertilizer use, of course, will be differen~ because the t"c 

scenarios have different levels of projected area, yielc~ 

and production. 
For our forecast of fertilizer use in the 91 develapin~ 

countries up to !990 and 2000, 

data: 

we considered the following 

The FAQ estimations above mentioned; FAD placad all 

the input requirements including te~tili=ers at our 

disposal for each developing countries studied in 

the two Scenarios. 
Projection of fertilizer demand made by Mr. Shu Lin 
Peng in his "Market Study of Mini-Fertilize- Plant5 

for Developing Countries", September 1982. 

The historical data of fertilizer use in ea=~ 

country. 
Taking into consideration the infcrmatiun above men­

tioned, fo1ecasts were made fGr the use of the three m~in 
nutrients in 1990 and 2000. Tables 4.2-1, 4.2-~ and 4.2-~ 

contain the forecasts of N, ~ 0 5 and K2 0 for each countr;, 
respectively. Data of FnO Scenario A and of Mr. Peng also Jre 
sho~n in the tables together with category-signs listed in 

the former chapter, based on our forecasts. 
In Tables 4.2-4 to 4.2-9 the share of developing coun­

tries according to the consumption categories of N, ~ Os a~d 
K1 ~ fertilizers by regions are summarized, based en our fa~~­

casts for 1990 and 20QO, re£pectivcly. 
Comparing the recent share <Table 4.1-2> with the fore­

casts <T~ble 4.2-4 and 4.2-5> in case of nitrogen, it can 

be seen that even in 2000 a number of countries, ·'.:5 or 

expressed 
level of 

in percentage 
10000 tpy N. 

"27,5 per 
On the 

cent, will not reach the 

other hand, the number of 

countries consuming more than 200000 tpy will increa~c frcm 
14 in 1981/82 to 26 in 2000, presenting ~'further, even ~G~2 
polarization in the consumption of the developing c:our1tri1.2:;;. 



The main 
the cat2gory 
per cent and 
24,2 per cent. 
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ranges in nitrogen consumption in 2000 would be 
VII. <consumption above 200000 tpy N> with 29,6 

the consumption level 1000-10000 tpy N with 

Similar changes can be seen on the base of data avail­
able in Tables 4.1-3, 4.2-6 and 4.2-7 in case of P,Os consump­
tion and in Tables 4.1-4, 4.2-8 and 4.2-9 in case of KaO c~n­
sumption. There will be a difference in case of K~O con-
sumption 

levels 

because 

from 1000 

the main ranges 

to 10000 and 

would be the 

from 10000 

consumptian 
to 40000 

amounting to about 32 per cent and 27,5 per cent, re­

spectively. This is corresponding to the forecast philusophy 

that in this period the developing countries will not reac~i 

the M:P:K ratio that has evolved in the developed economies. 

• 
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Table 4. 2-1 

forec~sts of N fertilizer consul!lltion toward 2000 in the develo~insi 

countries and classification into cate11ories 

1000 t N 

1990 2000 

C o u n t r y Estimates Cat.d Esllm<>tes Cat. d 

F.\Oa UNIDO f.\Oa U'~ IDJ 

b c b c 

1. AFRICA 932,7 1900,4 

North-West Africa 290,0 656,0 

Algeria 135,0 132,0 120,0 VI. 450,0 266,0 266,0 VI I. 

Morocco 135,0 204,0 120,0 VI. 320,0 410,0 260,0 VI I. 

Tunisia 40,0 58,0 50,0 IV. 186,0 116,0 130,0 VI. 

West A:-rica 198,2 ~3l!Jl_ 

Benin 3,2 2,5 II. 6,2 4,7 I I. 

Gambia 0,1 2,0 II. 1,3 3 '() I I. 

Ghana 9,0 16,0 15,0 II I. 48,l 32,0 34,0 ll l. 

Guinea 1,2 0,9 I. 4,1 3,3 I I. 

Ivory Coast 30,6 25,7 25,0 111. 115,4 Sl,4 80,0 v. 
Liberia 0,8 4,7 2,S II. 3,3 9,4 3,3 I I. 

Hali 5,5 9,0 II. 18,5 15,0 I I I. 

Mauritania 0,6 2,0 II. 5,7 4,0 I I. 

Niger 0,5 1,7 I I. 1,8 2,5 I I. 

Nigeria 32,.'.i 122,0 120,0 VI. 101,9 244,0 210,0 \fl I. 

Senegal 13,0 15,8 11,0 III. 87,l 31, 5 60,0 IV. 

Sierra Leone 3,3 3,1 2,6 II. 26,l 6,0 8,4 I I. 

Togo 1,1 2,0 I I. 4,3 3,5 I I. 

Upper Volta 1,1 2,0 II. 3)2 2,6 I I. 

Central Africa 52,4 !!2i.l 
': 

Angola 3,9 20,l 12,3 II I. 16,3 40,0 25,0 II I. 

Cameroon 9,6 24,0 20,0 Ill. 38,3 48,0 39,0 I I I. 

Centr. Afr. Rep. 1,6 1,3 II. 4,0 2,A I I. 

Chad 5,3 3,6 I I. 18,8 8,8 I I. 
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Table 4.2-1 /cont'd/ 
1000 t N 

1990 2oao 

C o u n t r y 
Esti'Tlates Cat. d Estimates Cat.d 

FAoa U~IDO FAoa U~IDO 

b c b c 

Congo 4,7 3,2 II. 14,7 7,0 II. 

Gabon 0,3 0,3 I. 0,5 0,5 I. 

Zaire 2,8 3,7 II. 5,8 6,0 II. 

East and Southern Africa 392, l 721,0 

Burundi 1,1 0,9 I. 2,9 2,3 II. 

Eth.iopia 20,l 56,7 35,0 III. 80,5 113,0 64,0 IV. 

Kenya 56,B 40,B 41,0 IV. 172,0 81,6 120,0 VI. 

MadagJscar 5,9 7,5 5,9 II. 22,l 15,0 15,0 IT I. 

Malawi 12,B 30,0 28,3 III. 40,3 60,0 40,3 IV. 

Mauritius 21,4 19,2 17,0 III. 25,7 30,0 25,7 111. 

Mozambique 7,1 22,B 22,B III. 10,8 45,6 35,0 III. 

Rwanda 0,3 0,3 I. 0,8 0,7 I. 

Somalia 4,2 3,4 IL 13,8 11,0 III. 

Tanzania 35,9 47,0 33,0 III. 110,3 94,0 88,0 v. 
Uganda 2,4 2,0 II. 10,3 7,0 II. 

Zambia 40,9 87,0 72,5 v. 139,3 174,0 128,0 VI. 

Zimbabwe 99,7 88,B 130,0 VI. 229,8 133,0 184,0 VI. 

2. LATIN AMERICA 4205,B 7209,2 

Central America 1651,0 2380,0 

Costa Rica 65,4 66,6 58,5 IV. 123,5 106,6 104,0 VI. 

El Salvador 98,7 84,0 79,0 v. 176,3 134,~ 132,0 VI. 

Guatemala 6~,6 94,'Z 62,5 IV. 118,l 151,0 105,0 VI. 

Honduras 31,4 16,6 22,0 III. 75,0 26,6 52.a IV . . 
Mexico 926,5 1366,0 J.366,0 VII. 1752:6 2186,0 1890,0 VI I. 

Nicaragua 29,7 42.0 42,0 IV. 51,9 67,2 52,0 IV. 

Panama 30,5 19,5 21,0 I II. 64,8 31,0 45,0 IV. 
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Tabie 4.2-i icont;di 

1000 t N 

1990 2000 

C o u n t r y Estimates Cat.d Estimates Cat.d 

rAoa UNIDO Fr\Oa UNIDO 

b c b c 

Caribbean 462,6 687,7 

Cuba 240,5 480,0 392,0 VII. 383,9 768,!J 581,o VII. 
Dominican Rep. 71,8 57,0 57,0 IV. 101,0 91,0 85,0 v. 
Haiti 1,6 1,6 II. 4,6 3,7 II. 
Jamaica 12,0 12,0 III. 22,2 18,0 III. 

South America 2092 r 2 4141,5 

Argentina 82,7 95,3 75,0 v. 141,0 152,0 120,0 vr. 
Bolivia 3,9 3,7 3,5 II. 9,0 7,4 7,4 II. 
Brazil 1820,fl 1300,0 1300,0 VII. 4063,0 2080,0 2844,0 VII. 
Chile 175,0 88,0 99,0 v. )47,6 140,0 162,0 VI. 
Colombia 223,1 280,0 195,0 VI. 372,9 448,0 300,0 VII. 
Ecuador 37,7 74,4 66,5 IV. J.20,0 120,0 120,0 VI. 
Guyana 9,1 12,5 III. 13,2 16,5 III. 
Paraguay 3,5 2,5 2,9 II. 5,6 4,9 4,9 II. 
Peru 69,7 147,0 147,0 VI. 176,2 226,7 226,0 VII. 
Suriname 4,0 5,8 II. 6,7 6,7 II. 
Trinidad a.Tobago 6,1 5,0 II. 10,0 8,0 II. 
Uruguay 22,4 32,0 32,0 III. 94,0 41,6 46,0 IV. 
Venezuela 185,4 189,0 148,0 VI. 311,1 300,0 280,0 VII. 

3. NEAR EAST 2830,2 423A,4 

N.E. Africa ?45,0 1369,0 

Egypt 384,2 823,0 823,0 VII. 566,6 1316,0 1120,0 VII. 
Libya 20,0 41,0 41,0 IV. 45,0 82,0 69,0 IV. 

Sudan 80,9 81,0 v. 239,7 180,0 VI. 
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fable 4.2-1 /cont'd/ 

1000 t N 

1990 2000 

C o u n t r y 
Estimates Cat.d Estimates Cat.d 

FAoa UNIDO FAOa UNIDO 

b c b c 

N.E. Asia 1885,2 2869,4 

Afghanistan 20,5 36,0 III. 118,6 83,0 V. 

Cyprus 14,5 12,0 III. 26,2 21,0 III. 

Iran 481,5 493,0 490,0 VII. 1405' 2 789,0 8GO,O VII. 

Iraq 57,3 155,0 135,0 VI. 314,7 310,0 263,0 VII. 

Jordan 5,3 9,2 5,0 II. 7,8 18,1 8,5 II. 

Lebanon 24,l 35,0 27,0 III. 50,3 70,0 48,0 IV. 

Saudi-Arabia 6,5 26,0 44,0 IV. 51,5 52,0 52,0 IV. 

Syria 67,8 150,0 110,0 VI. 98,8 300,0 170,0 VI. 

Turkey 917,4 1262,0 1010,0 VII. 1347' 7 2021,0 1400,0 VII. 

Yemen AR 1,3 14,0 III. 8,4 21,0 III. 

Yemen PDR 0,7 2,2 II. 2,4 2,9 I I. 

4. FAR EAST 26039,2 41416,4 

South Asia 7577 ,o 15330,0 

Bangladesh 418,2 508,8 420,0 VII. 960,9 1018,0 910,0 VII. 

India 6897,0 5666,0 5660,0 VII. 16791,6 9066,0 11750 ,o VII. 

Nepal 20,4 22,0 III. 58,0 46,0 IV. 

Pakistan 2550,9 1340,0 1340,0 VII. 5754,3 2144,0 2400,0 VII. 

Sri Lanka 158,7 143,0 135,0 VI. 279,7 229,0 224,0 VII. 

East and South-East Asia 18462,2 26086,4 

Burma 142 ''} 148,0 143,0 VI. 280,3 237,0 237,0 VII. 

China 14231,0 14231,0 VII. 19923,0 19923 ,o VI!. 

Indonesia 911,0 1300,0 1370,0 VI I. 1079,0 2600,0 2100,0 VII. 

Kampuchea OM 1,6 11,0 III. 4,3 15,0 III. 

Korea DPR 336,8 775,6 776,0 VI I. 379' 1 1086,0 850,0 VI I. 

Korea Rep. 748,9 721,0 721,0 VI I. 815,3 1154,0 815,0 VI I. 

Laos o, 1 0,2 I. o, s 0,4 I. 
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Table 4.2 1 /~cnt'd/ 

1000 t N 

1990 2000 

C o u n t 
Estimates Cat. d Estimates Cat.d 

r Y 
FAoa UNIDO FAoa UNIDO 

b c b c 

Malaysia 65,4 290,0 230,0 VII. 243,9 464,0 346,J VI I. 

Philippines 288,1 384,0 350,0 VII. 774,3 610,0 600,0 VII. 

Thailand 313,3 346,0 250,0 VII. 579,5 690,0 480,0 VII. 

Viet Nam 568,9 380,0 VII. 1376,0 720,G VII. 

TOTAL 34007 19 54764,4 

Remarks: 

a - "Agriculture toward 2000" FAO, Scenario "A" - Potential Demand Forecast. 

b - Market study of mini-fertilizer plants for developing countries 

by Shu Lin Peng Ph.a: for UNIDO, September 1982. 

c - Demand forecast specially prepared by the Hungarian Chemical Industries 

Engineering Center /VEGYTERV/, Budapest, for this study. 

d - Consumption categories: 

Category Consumption /tpy N/ 

I. less than 1000 

II. 1000 - 10000 

III. lOQOO - 40000 

IV. 40000 - 70000 

v. 70000 - 100000 

VI. 100000 - 200000 

VI I. over 200000 
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Table 4 .2 -2 

Forecasts of Pz02 fertilizer consum~tion toward 2000 in the develo~i.0.9._ 

countries and classification into categories 

1000 t P205 

1990 2000 

C o u n t r y Estimates Cat.d Estimates Cat.d 

FAoa UNI DO FAoa UNIDO 

b c b c 

1. AFRICA 713, 3 1527 I J 

North-West Africa 307,0 714,0 

Algeria 147,4 165,0 125,0 VI. 552,4 333,0 270,0 VI. 

Morocco 180,6 159,0 120,0 VI. 418,3 320,0 290,0 VI. 

Tunisia 44,7 61,7 . 62, 0 IV. 220,0 123,0 154,0 VI. 

West Afric2 161,1 301,9 

Benin 2,7 2,2 II. 4,7 3,8 I I. 

Gambia O,l 1,8 I I. 1,1 2,8 I I. 

Ghana 8,1 11,5 10,5 III. .38,6 23,0 23,0 III. 

Guinea 1,0 1,1 II. 2,9 2,3 II. 

Ivory Coast 21,4 12,3 15,0 III. 70,0 24,6 49,0 IV. 

Liber.i.a 0,4 2,3 1,9 I I. 2,3 4,7 2,3 II. 

Hali 4,2 5,3 II. 15,4 10,2 III. 

Mauritania 0,4 1,2 II. 3,8 2,2 II. 

Niger 0,4 1,8 II. 1,6 2,3 II. 

Nigeria 24,6 70,0 90,0 v. 81,3 139,0 140,0 VI. 

Senegal 10,8 27,0 24,0 III. 78,7 54,0 54,0 IV. 

Sierra Leone 3,2 2,3 2,2 I I. 17,7 4,6 4,6 II. 

Togo 1,0 1,8 II. 3,4 2,7 II. 

Upper Volta 0,9 2,3 I I. 2,5 2,7 I I. 

Central Africa 27,4 ~ ~ 

Angola 3,5 4,3 7,2 I I. 14,2 8,6 11,0 !IL 

Cameroon 8,0 11,3 11,3 III. 31,2 22,9 21,0 III. 

Centr. Afr. Rep. 1,7 1,1 I I. 4,4 2,3 II. 
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Table 4.2-2 /~onttd' 

1000 t P205 

1990 2000 

Estimates Cat.d Estimat~s Cat.d 
C o u n t r y 

FAoa UNI DO FAoa UNIDO 

b c b c 

Chad 5,0 2,7 II. 13,~ 6,8 II. 

Congo 4,J 2,1 II. 15,7 6,2 I I. 

Gabon 0,2 0,2 I. O,J 0,3 I. 

Zaire 2,9 2,8 II. 5,6 4,5 I I. 

East and Southern A fr ica 217,8 459,7 

Burundi 1,1 0,9 I. 2,9 2,J I I. 

Ethiopia 20,l 107,2 38,0 III. 93,3 214,0 71,0 v. 
Kenya 41,5 36,0 36,0 III. 129,l 72,0 90,0 v. 
Madagascar 4,4 1,9 3,0 II. 15,2 3,7 11,0 III. 

Malawi 9,3 9,0 9,0 II. 35,3 18,1 25,0 lll. 

Mauritius 14,3 4,0 7,C II. 17 ~4 9,6 12,0 III. 

Mozambique 4,1· 6,.5 15,0 III. 14,4 12,4 21,0 III. 

Rwanda 0,5 0,3 I. 1,2 0,7 I. 

Somalia 3,1 2,4 II. 10,1 8,0 II. 

Tanzania 26,0 10,8 18,0 .-II. 78,8 21,6 39,0 III. 

Uganda 1:9 1,2 II. e,o 3,7 I I. 

Zambia 31,2 30,6 30,0 III. 119,5 61,0 61,0 IV. 

Zimbabwe 73,8 57,4 57,0 IV. 164,J 86,0 115,0 VI. 

2. LATIN AMERICA 2996,4 5199,5 

Central America 696,0 1284,0 

Costa Rica 47,2 21,6 27,0 III. 89,3 34,6 48,0 IV. 

El Salvador 67,6 30,0 42,0 I\'. 123,7 48,0 75,0 v. 
Guatemala 42,2 45,4 42,0 IV. 80,J 72,6 71,0 v. 
Honduras 25,4 5,2 12,0 III. 62,1 8,3 28,0 I I I. 

Mexico 772, 1 425,0 540,0 VI. 1437,7 680,0 100&,0 VI. 

Nicarai:i•Ja 19,7 25,4 18,0 III. 37,6 40,1 30,0 III. 

Panama 21,2 10,9 15,0 III. 45,2 17,0 26,0 I I I. 
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Table 4. 2-2 /ccnt•d/ 

J.000 t P2o5 

1990 2000 

C o u n t r y 
Estimates Cat. d (stimates Cat d 

FAoa UNIDO FAoa UNIDU 

b c b c 

Crribbean 164J8 259,7 

Cuba 168~0 115,0 118,0 VI. 253,9 183,0 19G,O VI. 

~minican Rep. 53,8 29,0 38,0 III. 75,6 46,0 53,0 Iv. 

Haiti 1,4 1,4 !I. 4,0 2,7 II. 

Jamaica 9,3 7,4 II. 17,3 14,0 III. 

South America 2135,6 3655,8 

Argentina 75,6 95,J 66,0 IV. 133,4 152,0 107,0 VI. 

Bolivia 3,1 4,9 J,5 II. 7,3 10,0 6,0 II. 

Brazil 1585,7 2750,0 1600,0 VI. 3427,3 4400s0 2740,0 VI. 

Chile 191,J 115,0 115,0 VI. 311,8 184,0 188,0 VI. 

Colombia 139,2 135,4 120,0 VI. 240,2 217,0 192,0 VI. 

Ecuador 26,l 52,0 26,0 III. 84,9 83,0 68,0 IV. 

Guyana 6,2 5,0 u. 8,8 7,0 II. 

Paraguay 3,2 1,8 4,9 II. s,o J,7 5,0 II. 

Peru 4S',3 25,5 35,0 III. 123,0 40,8 69,0 I 'I. 

Suriname 1,7 1,4 II. 3,S 2,8 II. 

Trinidad and Tobago 4,7 3,8 II. 7,4 6~0 II. 

Uruguay 18,0 95,'.J 50,0 IV- 93,0 124,0 93,0 v. 
Venezuela 125,8 138,0 105,0 VI. 214,4 220,0 172,0 VI. 

J. NEAR EAST 1527,8 2589,R 

N.E. Africa 25820 463,0 

Egypt 308,7 162,ll 195,0 VI. 455,~ 260,0 320,0 VI. 

Libya 21,6 66,0 58,0 IV. 52,8 132,0 93,0 v. 
Sudan 62,3 5,0 II. 204,2 50,0 II. 
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Table 4.2-2 /cont'rl' 

lUIJU t t'205 

199!1 2000 

Estimates Cat.d Estimates Cat.d 
C o J n t r y 

FAoa UNIDO rAoa UNI DO 

b c b c 

N.E. Asia 1269,A 2126,A 

Afghanistan 19,4 16,0 III. 91,l 37,0 III. 

Cyprus 11,0 19,7 9,0 II. 20,6 31,5 17,0 II I. 

Iran 454,2 316,0 318,0 VI. 1398,B 506,0 570,0 VI. 

Iraq 46,7 52,6 41,0 IV. 281,9 105,0 105,0 VI. 

Jordan 4,9 9,2 4,9 II. 7,9 18,4 8,0 II. 

Lebanon 22,0 50,4 22,0 III. 48,7 100,8 41,0 IV. 

Saudi-Arabia 6,6 9,7 21~,o III. 37,8 19,4 38,0 II I. 

Syria 63,0 88,8 60,D IV. 90,3 177 ,6 85,0 v. 
Turkey 965,9 1103,0 773,0 VI. 1520,6 1745,0 1217,0 vr. 

Yemen AR 1,8 1,4 II. 9, 1 7,3 I I. 

Yemen PDR 0,6 0,5 I. 1,9 1,5 II. 

4. FAR UST 8215,7 13987,l 

South Asia 2825,0 ~342' 0 

Bangladesh 222,5 237,4 185,0 VI. 493,6 475,0 395,0 Vi. 

India 5241,3 1666,0 2180,0 VI. 12326,6 2666,0 4110' 0 v l. 

Nepal 9,8 8,0 II. 29,0 23,0 II I. 

Pakistan 2256,6 389,6 400,0 VI. 5G70,6 623,4 720,C VI. 

Sri Lanka 74,8 59,0 52,0 IV. 134,2 94,0 91• '0 v. 

East and South-East Asia 5390,7 8645,~ 

Burm<; 71,0 6:S,4 57,0 IV. 147,5 101,0 110,0 VI. 

China 3812,0 3812,0 VI. 
":. 

6100,0 6100,0 VI. 

Indonesia 456,0 310,0 410,0 VI. 579,8 620,0 580,0 vr. 

Kampuchea OM 0,8 0,6 I. 2,3 1,8 I I. 

Korea DPR 207,1 193,3 190,0 VI. 253,3 257,0 250,0 VI. 

Korea Rep. 410,J 354,4 295,0 VI. 493,1 567,0 395,0 VI. 

Lao~ 0, l 0' 1 I. 0,4 0,3 I. 



I 
I 

- 180 -

Table 4.2-2 /cont'd/ 

1000 t P205 

1990 2000 

C o u n t r y Estimates Cat.d Estimates Cat.d 

fA03 UNIDO rAoa UNI DO 
. b c b c 

Malaysia 30,5 208,0 160,0 VI. 102, 7 333,0 234,0 VI. 

Philiopines 196,8 84,0 84,0 v. 514,6 134,0 180,0 VI. 

Thailand 201,2 257,0 182,0 VI. 366,9 514,0 310,0 VI. 

Viet Nam 251,4 200,0 VI. 604,9 484,0 vr. 

TOTAL 13453 12 23304,l 

Remarks: 

a - "Agric~lture toward 2000" fAO, Scenar-io "A" - Potential Demand forecast. 

b - Market study of mini-fertilizer plants for developing countries 

by Shu Lin Peng Ph.D. for UNIDO. September 1902. 

c - Demand forecast specially prepared by the Hungarian Chemical InduJtries 

Engineering Cenler /VEGYTERV/, Budapest, for this study. 

d - Consumption catrgories: 

Category Consumption /tpy N/ 

I. less than 1000 

IL 1000 - 10000 

III. 10000 - 40000 

IV. 40000 - 70000 

v. 70000 - 100000 

VI. over 100000 
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Table 4.2-3 

Forecasts of KzO fertilizer consumption tO\iard 2000 in the develo~ing 

countries and classification into categories 

1000 t K20 

1990 2000 

C o u n t r y 
Estimates Cat.d Estimates Cat.d 

rAoa UNIDO FAOa UNIDO 

b c b c 

1. AFRICA 361,0 786,5 

North-West Africa i25,6 307,0 

Algeria 54,8 55,0 55,0 IV. 1868,0 111,0 130,0 VI. 

Moro~co 46,3 89,0 60,0 IV. 109,0 180,0 135,0 VI. 

Tunisia 15,2 8,0 10,6 III. 77 ~l 16,0 42,0 IV. 

West Africa 105,0 203,4 

Benin 2,8 2,0 II. 6,0 2,7 II. 

Gambia 0,5 I. 0,5 0,5 I. 

Ghana 0,9 9,2 7,2 II. 27,7 18,0 19,0 III. 

Guinea 1,0 1,1 II. 2,5 2,0 II. 

Ivory Coast 35,5 34,B 35,0 III. 157,2 73,6 89,0 v. 

Liberia ),8 2,3 1,9 II. 8,5 4,7 2,3 II. 

Mali 1,5 4,5 II. 6,6 6,6 II. 

Maurit~nia 0,2 0,4 r. 1,7 1,4 II. 

Niger 0,1 0,4 I. Cl' 5 0,5 I. 

Nigeria l~,8 35,0 ~5,0 Ill. 40,9 67,0 41,0 IV. 

Senegal 5,9 15,8 13,0 III. 38,7 31,5 31,0 III. 

Sierra Leone 2,0 0,0 1,4 I I. 5,3 1,5 3,7 11. 

Togo U,7 1,2 IL 2,7 2,0 II. 

Upper Volta 0,3 1,4 I I. 0,8 1,7 II. 

Central Africa 30,8 62,5 

~ngola 2,5 4,3 4,2 I I. 13,1 8,6 9,0 I I. 

Cameroon 16,6 22,7 19,0 III. 47,8 45,4 38,0 III. 

Centr. Afr. Rep. 0,9 0,7 I. 2,3 1,4 I I. 

Chad .~. 2 l, 8 I I. 5,6 4,5 IL 
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Table 4.2-3 /cont'd/ 

1000 t K20 

1990 2000 

C o u n t r 
Estimates Cat.d Estimates Cat.d 

y 

rAoa UNIOO FAoa UNI DO 

b c b c 

Congo 2,7 2,2 II. e,o 6,0 II. 

Gabon 0,2 0,3 I. 0,5 0,4 I. 

Zaire 1,9 2,6 II. 3,4 3,2 II. 

East and Southern Africa 99,6 213,6 

Burundi 0,4 0,4 I. 1,0 0,9 I. 

Ethiopia 5,9 4,7 II. 18,1 14,5 III. 

Kenya 10,7 15,9 10,7 III. 35,0 31,8 32,0 III. 

Madagascar 2,5 7,5 2,5 IL 7,9 15,0 7,9 II. 

Malawi 4,8 7,0 4,5 II. 14,0 14,0 14,0 III. 

Mauritius 9,4 29,5 14,0 III. 11,4 47,0 18,0 III. 

Mozambique 2,7 8,4 3,5 II. 11,8 16,B 9,5 II. 

Rwanda o,r 0,1 I. 0,2 0,2 I. 

Somalia 1,4 1,1 II. 4,5 3,6 I I. 

T&nzania 12,2 3,6 8,5 II. 45,6 7,2 26,0 III. 

Uganda 1,0 0,0 I. 3,6 3,0 II. 

Zambia 13,0 8,2 9,0 II. 60,9 16,0 20,0 III. 

Zimbabwe 20,8 42,8 39,8 III. 40,7 64,0 64,0 IV. 

2. LATIN AMERICA 1935 11 3479,0 

Central Americ:i 259 15 518 13 

Costa Rica 40,9 45,8 33,0 III. 70,5 73,3 56,0 IV. 

El Salvador 27,3 10,0 16,8 III. 55,0 16,0 31,0 III. 

Guatemalr. 19,3 JJ,O 24,0 III. 36,7 52,8 30,0 I II. 

Honduras 18,2 9,8 12,7 III. 40,~ 15,7 22,8 I I I. 

H-:;AiCo 358,9 101,0 145,0 VI. 677 ,4 162,0 335,0 VI. 

Nicar aqua 7 '9 20,5 15,0 III. 14,l 23,8 21,5 t II. 

Panama 14,3 18,J 13,0 !I I. 27,9 29,0 22,0 III. 
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Table 4.2-3 /cont'd/ 

1000 t K20. 

1990 2000 

Estimates Cat.d Estimates Cat.d 
C o u n t r y 

FAoa UNIOO FA03 UNIDO 

b c b c 

Caribbean 225,2 327,6 

Cuba 100,J 356,0 195,0 VI. 142,9 410,0 285,0 VI. 

Dominican Rep. 28,5 33,0 23,0 III. 40,0 53,0 32,'1 III. 

Haiti 0,6 1,1 II. 1,3 1,3 II. 

Jamaica 5,4 6,1 II. 10,8 9,3 II. 

South America 1450,4 2633,l 

Argentina 17,6 17,3 14,0 III. :m,o 28,0 24,0 III. 

Bolivia 1,5 1,2 1,2 IL 4,5 2,4 3 'iJ II. 

Brazil 421,6 1780,0 1230,0 VI. 991,2 2850,0 2192,0 VI. 

Chile 67,1 21,7 21,7 III. 137,2 34,7 96,0 v. 
Colombia 65,3 130,4 75,0 v. 115,l 209,0 115,0 VI. 

Ecuador 16,8 34,6 22,0 III. 60,4 55,4 48,0 IV. 

Guyana 3,6 3,0 II. 5,2 4,2 II. 

Paraguay 0,0 3,1 2,1 II. 1,4 6,1 J,1 II. 

Peru 22,5 14,2 16~0 III. 58,2 22,7 39,0 ~II. 

Suriname 1,7 o,8 I. 3,8 1,6 II. 

Trinidad a.Tobago 2,2 3,2 II. 4,2 4,2 II. 

Uruguay 7,3 6,4 6,4 II. JJ,& 8,3 18,0 III. 

Venezuela 56,6 105,0 55,0 IV. 106,0 168,0 85,0 v. 

3. NEAR EAST 139,7 348,0 

N.L Africa 46,7 112,0 

Egypt 136,8 13,5 39,0 llL 214,9 21,6 80,0 v. 
Libya 8,1 2,3 5,7 I I. 17,9 4,6 12,0 III. 

Sudan 21,5 2,0 II. 79,2 20,0 ill. 
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Table 4.2-3 /cunt'd/ 

I 
1000 t K20 

1990 2000 

C o u n t r y Estimates Cat.d Estimates Cat. d 

FAoa UNIDO FAOa UNIDO 

b c b c 

N.E. Asia 93,0 236,0 

Afghanistan 5,0 1,1 II. 28,7 4,5 II. 

Cyprus 4,6 3,5 3,7 II. 8,1 5,6 5,6 II. 

Iran 172,3 15,0 III. 515,8 80,0 v. 
Iraq 21,3 5,3 5,3 II. 119,4 10,0 12,0 III. 

Jordan 2,8 3,2 2,2 II. 4,8 6,4 4,e II. 

Lebanon 13,2 12,8 10,6 III. 28,8 25,6 l5,6 III. 

Saudi-Arabia 3,1 2,5 II. 14,3 11,0 III. 

Syria 14,2 5,1 8,0 II. 20,4 10,2 16,0 III. 

Turkey 334,5 44,0 44,0 IV. 518,3 70,0 75,0 v. 
Yemen AR 0,2 0,4 I. 1,0 0,9 I. 

Yemen POR 0,2 0,2 I. ~,7 0,6 I. 

4. FAR EA1T 4025,2 7459, 2 

SoJth Asia 1550,8 2926,0 

Bangladesh 50,9 50,9 88,6 v. 199,l 102,0 118,0 VI. 

India 1948,l 889,0 1363,0 VI. 4560,2 1422,0 2620,0 VI. 

Nepal 2,8 2,2 II. 8,7 7,0 II. 

Pakistan 811, 5 13,3 45,0 IV. 1835,8 21,3 90,0 v. 
Sri Lanka 64,8 57,0 52,0 IV. 114,6 90,0 91,0 v. 

East and South-East Asia 2474,4 4533,2 

Burma 24,0 7,0 17,0 III. 47,7 11,0 33,0 III. 

China 182,0 ll~OO ,O VI. 363,0 2800,0 VI. 
":. 

Indonesia 370,0 186,0 186,0 VI. 608,0 370,0 370,0 'JI. 

Kampuchea OM 0,4 0,4 I. 1,1 1,1 I I. 

Korea DPR 99,7 119,0 119,0 VI. 127,5 165,0 156,0 VI. 

Korea Rep. 225,6 312,0 226,0 VI. 265,4 499,0 265,0 VI. 

Laos I. 0,1 0,1 I. 
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1990 --
C o u n t r y Estimates 

FAoa UNIDO 

b c 

Malaysia 555,6 436,0 280,C 

Philippines 191,4 112,0 112,0 

Thailand 76,4 59,0 59,0 

Viet NaM 93,7 75,0 

TOTAL 6/,61,0 -

Remarks: 

Cat. d 

VI. 

VI. 

IV. 

v. 

Table 4.2-3 /cont'd/ 

1000_ t K20 

2000 

Estimates Cat.d 

FAoa UNIDO 

b c 

1255,0 698,0 450.0 VI. 

483,7 180,0 180,0 VI. 

128,1 118,0 118,0 VI. 

199,3 160,0 VI. 

12072! 7 

a - "Agriculture toward 2000" FAO, Scenario "A" - Potential Demand Forecast. 

b - Market study of mini-fertilizer pl2nts for developing countries 

by Shu Lin Peng Ph.D. for UNIDO, September 1982. 

c - Demand forecast specially prepared by the Hungarian Chemical Industries 

Engineering Center /VEGYTERV/, Budapest, for this study. 

d - Consumption categories: 

Category Consumption /tpy KzO/ 

I. less than 1000 

II. 1000 - 10000 

III. 10000 - 40000 

IV. 40000 - 70000 

v. 70000 - 100000 

VI. over 100000 
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Table 4.2-4 

Share of the developing countries,according to the consumption categories 
of N fertilizer 1 b~ regione 

/1990/ 

R e q i o n I. II. I II. IV. v. VI. VII. Total 

x " x " x ., x ., x " x ., x " x ~ "" "" .. 
-

1. AFRICA 4 10,8 16 4J,2 10 27,0 2 5,4 1 2,7 4 10,8 - - 37,0 100 

North-West Africa - - - - - - l' 33,4 - - 2 66,6 - - J,O 100 

West Africa 1 7,1 9 64,4 3 21,4 - - - - 1 7,1 - - 14,0 100 

Central Africa I 14,3 4 57,l 2 28,6 - - - - - - - - 7,0 100 

East and S.Africa 2 15,4 3 23,l 5 38,4 1 7,7 1 7,7 1 7,7 - - 13,0 100 

2. LATIN AMERICA - - 5 20,8 5 20,8 5 20,8 J 12,6 3 12,5 J 12,5 24,0 100 

Central America - - - - 2 28,6 J 42,8 1 14,J l 14,3 7,0 .100 
I-' - - ~ 

Caribbean - - 1 25,0 1 25,0 1 25,0 - - - - l 25,0 4,0 100 

South America - - 4 30,8 'J. 15,4 1 7,6 2 15,4 3 23,2 1 7,6 13,0 100 

J. NEAR EAST - - 2 14,J 4 28,6 2 14,3 l 7,1 2 14,J 3 21,4 14,0 100 

N.L Africa ~ - - - - - 1 JJ,4 1 :n,J - - 1 33 ,J • J,O 100 

N.L Asia - - 2 18,2 4 36,J l 9,1 - - 2 18,2 2 18,2 11 ~o 100 

4. f AR EAST l 6,3 - - 2 12,5 - - - - 2 12,5 11 68,7 16,0 100 

South Asia - - - - l 20,0 - - - - 1 20,0 J 60,0 5,0 100 

East and 5-E Asia 1 9,1 - - l 9,1 - - - - l 9,1 8 72, 7 11,0 100 
-

Total 5 5,5 23 25,J 21 23,1 9 9,9 5 5,5 11 12,1 17 18,6 91,0 100 

Remarks: The 91 of developing countried that projection of consumption to 2000 have been made for are included. 

X - countries in number 
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Table 4. 2-!i 

Shere of the developing countriee,according to the consumption categorie• 
of N fertilizer,by rftgio~a 

/2000/ 

-
R e g i o r 

I. II. III. IV. v. VI. VII. Tol:al 

x ~ x .. x .. x ~ x .. x ~ x .. x .. .. .. .. .. .. 
1. AFRICA 2 5,4 15 40,6 8 21,6 3 8,1 J. 5,4 4 10,8 J e,1 37 100 

North-West Africa - - - - - - - - - - 1 33,4 2 66,6 3 100 

West Africa - - 9 64,4 2 14,J 1 7,1 1 7,1 - - 1 7,1 14 100 

Central Africa 1 14,J 4 57,1 2 28,6 - - - . - - - - 7 100 

East and Southern Afr. 1 7,7 2 15,4 4 30,7 2 15,4 1 7,7 J 2J,l - - lJ 100 

2. LATI~ AMERICA - - 5 20,8 2 8,4 4 16,6 1 4,2 6 25,0 6 25,0 24 100 
I-' 

Central America - - - - - - 3 42,B - - 3 42,B l ·14 ,4 7 100 CX> 
-.i 

Caribbean - - 1 25,0 l 25,0 - - 1 25,0 - - 1 25,0 4 100 

South America - - 4 30,8 1 7,6 1 7,6 - - 3 23,2 4 30,B 13 100 

3. NEAR EAST - - 2 14,3 2 14,3 3 21,4 1 7,1 2 14,3 4 28,6 14 100 

N.E. Africa - - - - - - 1 33,4 - - 1 JJ,J 1 JJ,3 3 100 

N.E. Asia - - 2 18,2 2 18,2 2 18,2 1 J,l 1 9,1 J 27,2 11 100 

4. FAR EAST 1 6,3 - - l 6,J l 6,J - - - - lJ 81,l 16 100 

South Asia - - - - - - l 20,0 - - - - 4 80,0 5 100 

East and South-East ~. l 911 - - l 9,1 - - - - - - 9 81,8 11 100 
-

Totai 3 J,J 22 24,2 13 14,3 11 12,0 4 4,4 12 13,2 26 28,6 91 100 

Remarks: The 91 of developing countries that project1on of consumption to 2000 have been made for are included. 

X - countries in number 



Table 4~2-6 

Share of the developing countries,according to the consumption categories 
of PzO~ fertilizer,b~ regions 

/1990/ 

I. II. III. IV. v. VI. Tot.al 
R e q i o n x ., x ., x ~ x ~ x 0' x ., x ., ,. 

'° 
,. ,. ,. 

l. AfRICA 3 B,l 20 54,l 9 24,3 2 5,4 l 2,7 2 5,4 ."i7 100 

North-West Africa - - - - - - 1 33,4 - - 2 66,6 3 100 

West Africa - - 10 71,5 3 21,4 - - 1 7,1 - .. 14 100 

CE.ntral Africa 1 14,3 5 71,4 1 14,3 - - - - - - 7 100 

Ea.t and Southern Africa ., 15,5 5 38,4 5 JB,4 ... l 7,7 - - - - 13 100 

2. LATIN AMERICA - - 7 29,2 7 29,2 4 16,6 - - 6 25,0 24 100 

Central America 4 57,1 2 28,6 1 14,3 7 100 
f.-' - - - - - - OJ 
CD 

Caribbean - - 2 50,0 l 25,0 - - - - 1 25,0 4 100 

South America - - 5 38,5 2 15,4 2 15,4 - - 4 30,7 13 100 

3. NEAR EAST l 7,1 4 28,7 3 21,4 3 21,4 - - 3 21,4 14 100 

N.E. Africa - - l 33,4 - - l 33,3 - - l .33,3 3 100 

N.L Asia l 9,0 3 27,3 3 27,J 2 18,2 - - 2 18,2 11 100 

4. fAR EAST 2 12,5 1 6,3 - - 2 12,5 1 6,3 10 62,4 16 100 

South Asia - - 1 20,0 - - l 20,0 - - 3 60,0 5 lOU 

East and South-East Aai• 2 18,2 - - - - l 9,1 l 9,l "'/ 63,6 11 100 -
Total 6 6,6 32 35,2 19 20,9 11 12,l 2 2,2 21 23,0 91 100 

-· 
Remar~·s: The 91 of developing countries that projection of consumption to 2000 have been made for are included. 

X - countries in number 
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Table 4.2-7 

Share of the developing countries,according to the consumption cAtegories 
of Pzo2 fertilizer 2 b~ regions 

/2000/ 

R e g i o n I. II. III. IV. ·~1 • VI. Total 

x DI x ... x OI x DI x ~ x ~ x 01 ... ... ... 10 10 

1. AFRICA 2 5,4 16 43,2 9 24,3 3 8,1 2 5,4 5 13,6 37 100 

North-West Africa - - - - - - - - - - 3 100,0 3 100 

West Africa - - 9 64,3 2 14,3 2 14,3 - - 1 7,1 14 100 

Central Africa 1 14,3 4 57,l 2 28,6 - - - - - - 7 .. 100 

East and Southern Africa 1 7,7 3 23,l 5 38,4 1 7,7 2 15,4 1 7,7 13 100 

2. LATIN AMERICA - - 6 25,0 4 16,7 4 16,7 3 12,5 7 29,1 24 100 
t-' 
CP 
'.0 

Central America - - - - J 42,8 1 14,J 2 28,6 1 14,J ., 100 

Caribbean - - 1 25,0 1 25,0 1 25,0 - - l 25,0 4 100 

South America - - 5 38,5 - - 2 15,4 1 7,6 5 38,5 13 100 

3. NEAR EAST - - 4 28,6 3 21,4 1 7,1 2 14,3 4 28,6 14 100 

N.e. Africa - - 1 33,4 - - - - 1 33,3 1 33,3 3 100 

N.E. Asia - .. 3 27,2 3 27,3 1 9,1 1 9,1 3 27,3 11 100 

4. FAR EAST 1 6,2 1 6,2 1 6,2 - - 1 6,2 12 75,2 16 100 

South Asia - - - - l 20,0 - - 1 20,0 3 60,0 5 100 

East and South-East Asia l 9,1 l 9,1 - - - - - 9 81,8 11 100 

Total 3 3,3 27 29,7 17 18,7 6 B,B 8 8,B 28 30,7 91 100 

Remarks: The 91 of developing countries that projection of consumption to 2000 have been made for are included. 

X - countries in number 
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Table 4.2-A 

Share of the developing countries,according to the consumption categories 
of KzO ferti!izer 1 ~~ regions 

/1990/ 

R e g i o n I. II. III. IV. v. VI. Total 

x .. x .. x 0' x .. x 0' x ., x ., 
'° '° 

,. 
'° ... ... ... 

1. AFRICA 8 21,6 19 51,4 8 21,6 2 5,4 - - - - 37 100 

North-West Africa - - - - l 33,3 2 66,7 - - - - 3 100 

West Africa 3 21,4 8 57,2 3 21,4 - - - - - - 14 100 

Central Africa 2 28,6 4 57,1 l 14,3 - - - - - - 7 100 

East and Southern Africa 3 23,l 7 53,8 3 23,l - - - - - - 13 100 
~ 

2. LATIN AMERICA 1 ~.2 7 29,2 11 45,7 1 4,2 1 4,2 3 12,5 24 100 l.Q 
0 

Central America - - - - 6 85,7 - - - - 1 14,~ 7 100 

Caribbean - - 2 50,0 l 25,0 ~ - - - l 25,0 4 100 

South America 1 7,7 5 38,5 4 30,7 1 7,7 1 7,7 1 7,7 13 lUO 

3. NEAR LAST 2 14,3 8 57,L 3 21,4 1 7,1 - - - - 14 100 

N.E. Africa - - 2 66,7 l 33,3 - - - - - - 3 lOC 

N.E. Asia 2 18,2 6 54,5 2 18,2 1 9,1 - - - - 11 100 

4. FAR EAST 2 12,5 1 6,2 l 6,2 3 18,8 2 ] 2, 5 7 43,B 16 100 

South Asia - - 1 20,0 - - 2 40,0 1 20,0 1 20,0 5 100 

East and So~th-East Asia 2 18,2 - - 1 9' 1 1 9,1 1 9,1 6 54,5 11 100 

Total 13 14,3 35 38,S 2:S 25,3 7 7,7 3 3,3 10 10,9 91 100 

Remarks: The 91 of developing countries that projection of consumption tJ 2000 have been made for are included. 

X - countries in number 

-.._ --·-~·--- --- • 



Table 4.2-9 

Share of the developing countries,according to the consu"1ltion categories 
of KzO fertilizer,b~ regions 

/2000/ 

I. II. III. IV. v. VI. Total 
R e g i o n x ~ :< ~ 

., x x ., x ~ x ,. x ., ,. ,. ,, 
. 

1. AFRICA 5 13,5 17 46,0 9 24,3 3 8,1 l' 2,7 2 5,4 37 100 

North-West Africa - - - - - - I 33,3 - - 2 66,7 :J lClO 

West Africa 2 14,3 8 57,2 2 14,3 1 7,1 1 7,1 - - 14 lCIO 

Central Africa 1 14,3 5 71,4 l 14,3 - - - - - - 7 100 

East and Southern Africa 2 15,4 4 30,7 6 46,2 1 7,7 - - - - lJ lCIO 
I-' 

2. LATIN AMERICA - 7 29,2 9 37,5 2 8,3 2 8,3 4 16,7 24 100 
\() - I-' 

Central America - - .. - 5 71,4 1 14,3 - - 1 14,3 7 100 

Caribbean - - 2 50,0 1 25,0 - - - - 1 25,0 4 100 

South America - - 5 38,5 3 23,0 1 7,7 2 15,4 2 15,4 13 J.IJO 

3. NEAR EAST 2 14,3 3 21,4 6 42,9 - - 3 21,4 - ·- 14 11)0 

N. E. Africa - - - - 2 66,7 - - 1 33,3 - - 3 100 

N.E. Asia 2 18,2 3 27,3 4 36,3 - . 2 18,2 - - 11 11)0 

4. FAR EAST 1 6,3 2 12,5 1 6,3 - - 2 l'.l, 5 10 62,4 16 11)0 

South Asia - - l 20,0 - - - - 2 40,0 2 40,0 5 lJO 

East and South-East Asia l 9,1 l 9,1 l 9,1 - - - - 8 72, 7 ll 1::10 

Total 8 8,8 29 31,8 25 27,5 5 5,5 8 8,8 16 17,6 91 100 

Remarks: The 91 of developing countriea that projection of consufllltion to 2000 have boen made for are included. 

X - countries in number 
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4.3 .l!!!ID!ification of countries according to their 
raw material pote~tial 

The 
oil and 
phosphate 

major raw materials are natural gas, naphtha, fuel 
coal far manufacture of nitrogenous fertili=ers; 

rock and sulphur for phosphate fertilizers; and 

potash ores for potash fertilizers. 
Though electric power and ~ater =an not take as raw 

materials in a strict sense but they are very important 
factors and play significant rules in selection of locations 

of fertilizer plants. 
The mined products vary significantly from place to 

place an:j contain constituents that can have important 
effects upon the pro~esses which they are used in. There­
¥ore a change in the source of supply may adversely affect 
the pr~cess leading to lower efficiency and/or loss of out­
put. If a change in supply becomes necessary, careful and 

l~ngthy trials of alternative materials should be made. 

The main raw materials for this industry can be found 
in many places of the world, but it is impossi~le to present 
~ore than a rough estimate of reserves of any mineral 
deposit, particularly in the developing countries. There are 

two main difficul~ies. 
,The first one comes from the lack of information. Large 

a~eas of the globe either have not been surveyed at all or 
have been surveyed inadequately. 

The s2cond difficulty is that there is no 
finitian of reserv2s. Some estimates include 

aqreed d­

the 
quantity e::isting in the deposit whereas others include 
that amount which . can be obtained by present ffilr 1g 

techniques. Others, furthermore count the amount that can be 

economically e::tracted. Therefo~e, the proportion of a 
deposit included in reserves varies from one to another and 

would also be affected ·.y changes in mineral mar~et prices 
or in extraction and mining costs. 

Of the various fertilizer raw materials the reserve 

estimate$ of phosph~te rock, sulphur ~ coal have the 
greater margin of uncertainty. The estimates for crude 
petroleum and, to a lesser degr~~, natural gas are th~ most 
~eliable, becausra of their import~nce, much attention has 
been given to th~se materials dnd to the technology required 
for their estimation. It may be, the one for potash is the 
most reliable because the number of known deposits is 
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relatively small. 
Using various source~, in t.he Appendix 4/3 we show tt-:e 

data of ra~ materials (product.ion capacities and reserves> 

in six tables, as follows: 
recent production of natural gas and reserves in 

developing countries 
recent crude oil production, reserves and refininJ 
capacities in the developing countries 
recent production of coal and reserves in the 

developing countries 
recent production of phosphate rock and reserves in 

the developing countries 
recent production of potash and reserves in the 

developing countries 
recent production of sulphur in all forms and 

reserves in the developing countries. 
In Table 4.3-1 the raw material potential of developi~g 

countries studied are summarized by regions. It can be seen 
that almost half of the countries surveyed have natural gas 
rr.serves and 48 of them can or would be able t~ produce 
crude oil. 40 developing countries surveyed have coal/lignite 
deposits. However, large areas have not been su .. veyed 
because until the beginning of the energy crisis the search 
for coal has been relatively neglected. It is possible th~t 
much.more developing countries will have coal deposits whe, 
the researches and explorations are made on a wider scale. 

The reserves of phosphate rock are widespread. Some 34 

countries of the world are producers, and 23 of the de­
veloping countries belong to 91 coun~ries studied. Among them 
Morocco is the most important having about 70 7. of total 
identified reserves. Together with Morocco, 41 developing 
countries surveyed have phosphate rock. The estimation of 
reserves varies widely. According to e::perts, the estimated 
life of reserves at current production levels should last 

for about 600 years. 
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According to FAO statistics, in 1981/82 there were 
12 potash producing countries cf which two, Chir.a and Chile, 
were developing countries and their production reached 
51000 tons .,:.1..0, amounting almost to 0,2 per =ent of world 
production. In addition another 14 countries have potash de­
posits, among them the formar potash prod~cer Congo that 
plans to develop its closed mine. A number of developing 
countries plan to begin the potash production, according tc 
their plans. The most important would b~ Jordan with a total 
capacity of 1,2 million tpy by 1985. 

Sulphur in various forms is widely distributed. It con­
stitutes about 0,1 per cent of the earth' crust, but t~e 
value of each form differs greatly for the manufacturers. 
It is found as elementary sulphur, as metal sulphides in 
mineral ores, as ~ulphates, as hydrogen sulphide in natural 
gas, and as complex organic sulphur compounds in crude oil. 
All these can be used as sulphur sources but the ~ost 
important are elementary sulphur, hydrogen sulphide ar.d 
pyrites. 
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Table 4.3-1 

Number of develc:pinq countries surveyed having raw 

materials for fertilizer ,raduction <1983> 

Region Natural Crude Coal Phosphate Potash 

gas oil rock 

1.) Africa 
North"""'.l-Jest 

Africa 3 3 1 "'1!' 
..., _, .... 

West Africa 1 7 4 6 

Central Afric:a 5 6 3 4 1 

East an~ 

Southern 
Africa 1 

..., 8 6 -. .... ..... 

AFRICA TOTAL: 10 .10 16 19 5 

2.) Latin America 
Central America 1 3 2 

..., 1 ..... 

Caribbean 1 1 

South America q q 7 6 4 

LATIN AMERICA 

TO'f AL 10 13 10 A 5 

3.) Near East 
N.E. Africa 3 3 1 

N.E. Asia 7 6 7~ 6 'T .... 

NEAR EAST TOTAL 10 q ... , 7 "T 
,,/,. 

... 

4.) Fv- East 
. South Asia 3 2 3 2 1 

East and 
South-East Asia 6 6 q 5 

..., -
FAR EAST TOTAL 9 8 12 7 

,. 
-· 

TOTAL 39 48 40 41 1~ 
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4.4 Identific:ation of countries which could u:oe both 
•ini- and large-fertilizer plants 

In any ~art -o~ discussion on the economics of sm2ll 
versus large fer~ilizer plants one advances argu:nents both 

for and against. 
The supporters of the large plant philosophy emphasi=a 

the economics of scale and explain hoN the capital related 
chargE·s per ton product are much higher on a smal 1 seal e 

plant compared with a large one. 
On the other hand, the supporters of mini-plant 

philosophy emphasize that small plants are easier to operate, 
the capital investments are less and they are more amenable 

to "modularisation". Therefore, sotne of the erection elements 
can be carried out in the developed location Nhere the equip­
ment comes from. Perhaps the most important argument in 
favour of the establi1hment of •ini fertilizer ~lants in 

developing countries is that plant~ would and could be 
located near to the areas of demand. This can be a good 
alternative in ~any of developing countri~s where transporta­
tion facilities and the marketing-distribution systems are 

poor or inadequate: 
There is a number of developing countries where beth 

alternatives, mini-scale and large unit, can be considered. 
They are generally large-sized countries and/or hav~ special 
circumstances and reasons favouring establishing both large 

and small plants. Some of them are: 
a vast;' expanse of territory, a large popul a-

t ion, or both 
topographical characteristics,i.e. a lot of islands 
ln Indonesia and in pt:ilippines, or long distances 
in countries because of their special configura­

tions <Viet-Nam, Buraa>, etc. 
In any case it should be evident that emphasi5 should be 

placed on minimizing delivered cost at far• 9ate rather than 
on minimum cost at the factory gate. Conse;:iuently, in a lot. 
of countries in several regions mini-p~~nts using local 
resourc~s, supplying local areas, can possibly exist not fa~ 
from large tonnage units that can ~lay important roles in the 
supplying of the domestic and export market~. 
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Table 4.4-1 lists the countries that could use both mini 
and large fertilizer plants. All availbble information as 
well as special considerations 

compiling this list. It shows 
use ~,th plant sizes for N 

mentioned above were ta~en in 
that 16 and 10 countrie~ may 

and Pl.05, respectively, and 
q countrie~ would be able to establish mini and large units 

for both main nutrients. 

Table 4.4-1 

Developing countries that could use both mini and large 
fertili~~r plants 

Country Nitrcgen Phasphoru~ 

Nigeria + + 

Ethiopia + 
Mexico + . 
Cuba + 
Argentina + 
Brazil + + 
Colombia + + 
Ecuador + 
Turkey + + 
Bangladesh + 

India + + 
Pakistan + + 
Burma + 
China + + 

Indonesia + + 

Malaysi.a + 
Viet-N.s.m + + 

·' 
16 10 

Remarks: medium-size is included in the large one 
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4.~ Identification of countries according to the 
t"pes of fertilizers to be produced 

During the development of the fertilizer industry a 
great number of fertilizers have appeared on the market, each 
containing one, two or three macronutrients, namely nitrogen, 
phosphorous and potassium. Most of the products came to the 
~ar~et as a result of availability in large quantities of 
major raw materials, such as ammon:a, phosphate rock and 

~ulphuric acid, which could be economically processed into 
standard fertilizers. 

There are two basic types of fertilizers: One is 
straight fertilizer contairing only one nutrient, the other 
kind ls compound fertilizer containing two or more nutrients. 

Compar i nq the product~ on c·osts of the two main sources 
of N fertilizer, ure~ and ammoniumnitrate, based on natural 
gas it can be demonstrat~d that the factory cost per ton of N 
in AN is about 30-40 per cent higher than for N in urea. 
<See Appendix 3/1). Further, taking into consid2ratian the 
fact, that a more concentrated product has lower handling 
and transport cost per ton ~f N, it can be stated that 
production and use of urea has an economic: advantage. Scm~­

ti mes this advantage can be 11eglected for agricultur-e 
reasons. 

Nearly all phosphate fertilizers are produced in solid 
forms. The single superphosphate like ammonium sulphate has 
disadvantage of low nutrient content, but also the advanta~e 
of the advantage of obtining sulphur which the others <TSP, 
DAP, MnP> do not. It cannot be econumically tran~ported over 
long distances hut it can compete over short distances. The 
agro~omic differences among ~the several types of phosphate 
fertilizers are slightt the choice among them is usually 
made on economic considerations. 

Beside the above ~entioned ~ypes of fertilizers, there 
are a lat of others including various kinds of compound 
fertilizers that are prod~ced in wide range by chemical w~y 

or by simple mechanical mi::ing. On the ~ther hand, there 
is an incr~asing interest of li~uid fertilizers including 
aqueous solutions containing nitrogen and suspensions ccn­
taining two or three main nutrients. 

It is import.3nt to mention the "secondary nutri2nt:;;" 
such as sulphur, calcium, magnesium and "micro-nutrient~" 

such a~ copper, zinc, molybdenium, Ptc. Howe~er, it is not 
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thetas~ of this study to demonst~ate all the possibilities 
fa~ a developing countries to choose its alternatives in 
starting the process of domestic production of fertilizer3. 
For this reason in every developing countries analyses are 
necessary to choose the best solution, taking into consiGera­
tion all the local circumstances. In this respect a ~eneral 
guideline may be suggested far choosing product-types in 

mini-fertilizer plants. 
As for the straight nitrogen fertilizers, urea and 

am~oniumnitrate are the advisable products. Ammonium-ulphate 
production via sulphuric acid manufactured ~or this purpose 
is more costly; this material can be counted as indust~ial 

by-product. 
For the production of phosphate fertili=ers on ~ini-

scale, first of all the single superphosphate can be re­
commended, taking into consideration the short transport 
distances, its simple manufacturing process, instead of 

concentrated phos~hate fertilizers based on phosphoric acid. 

The production of potash will be limited to few dQvel­

oping cou~tries but not on mini-scale. 

4.6 flllessment of dema.·,~ for fertilizers and of 
gotential for small scale fertilizer units in 
countries identified as potential users of 

mini-fertilizer plants 

4.6.1 Fertilizer production units 

There are three means of supplying a country with 

fertilizer~: domestic product~on, importation and the ~om­
bination of the two in any ratio. As a rule, domest~c produc­

tion would be advisable if the basic raw mat~rial Cs> are 

available. It is a general tendency to try to use as much 
raw materials as possible locally available ev~ if they are 

of lower grade or are more expensive. 
In the previous chapters surveys hfoVe been made cf the 

raw materials• potenti3l in developing ccuntri2s and fo~e-

casts of consumption of fertili.:er ni1tr-ients for 91 devf·lc:p­
inCJ countries. Taking into consider:;i.tion the e::isting pro­

duction capacities and those under con~truction, th2o~cti­

cally, supply/demand b~lances can be made ~or- edch country 
and region. Howev2r, ~ome of the dev2loping countries hd~ing 
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large quantities of cheap raw materials 
their productive capacities for export 
will no doubt continue in the future 

have been increasing 
purposes. This trend, 

and for this reason 

surplus capacities 
regional scales. The 

can be found on regional and/or sub­
number of mini-plants in the developing 

countries will depend on their raw ~aterial potentia1 and on 

their efforts to become self-sufficient. In some countriG3 

mini-plants will have capacities exceeding demands. It is 
thought that local surpluses will stimulate demand in th~3e 

cour.tri es. 
Estimates of the number of mini-fertilizer producti~n 

plants for the developing countries by regions are summarized 

in Tables 4.6-1; 4.6-2; 4.6-3 and 4.6-4. In Table 4.6-1 and 

4.6-2 the number of NH3 mini-pl2nts is prcposed to be built in 

the first and the second decade, respectively, indicating 

their capacities C150 tpd and 250 tpd) and raw materials 

<natural gas, fuel oil, coal). Accordingly, to~ard 1970 

85 mini NH3 plants is forecast, 84 of them fa?'"' fertilizE'r 

purposes. Their combined capacity ilmounting tu 18700 tp~ 

NH
3

. The majority, almost three-quart~rs are based on natureil 

gas, and ?nly 3 of them on hydropower potential. 
In the last"decade of this century 130 mini NH 3 plants 

are for~cast with a total capacity of 29400 tpd.The majority 

o~ th~m (about 67 per cent> are also based on natural gas but 

coal as raw material would become more important incre~sing 

its share to 19 per cent in 1990 and 28 per cent in the last 

decade of the century. 
In Table 4.6-3 urea and ammoniumnitrate capacities are 

summarized by regions, adjusting them to the above mentioned 

NH3 capacities. ) 
In Table 4.6-4 th8 number of mini-scale ~Os units are 

summarized by regions. Each of these plants consists of a 
single superphosphate plant with a capacity of 500 tpd SSP 

<90 tpd P:_ Os> and a sulphuric acid plant with a capacity of 
200 tpd on the basis of elementary sulphur. 42 units are pro­
posed to be established up to 1990. In the last decade of the 

century 68 units are forecast, amcun~inCJ to a tatal ne"4 

capacities of 3780 tpd ~Os.and 6120 tpd ~ O~, respectively. 
In Appendix 4/4 the countries'dem~nd versus mini-plant 

capacities are shown for N and ~ 0 5 in two tables, re­
spectively, and the balances are summari=cd by region~-



Estimate of number of mini NH3 plants that could be established 
in 91 developing countries toward 1990 

Table 4 .6-1 

Nominal capacity 
tpd NH3 
Region 

Africa 
North-West 
west 

central 

Ea.St and Southern 

Latin America 
central 

Caribbean 
South 

Near East 
Africa 
Asia 

Far East 
South Asia 
East and South­

EaSt Asia 
Total 

coal 

150 250 

3iCK 1 

l 

5 6 

8 8 

nat.gas fuel oil 

150 250 150 250 

4• 

2 

l 

l 

2 

2 
lK 

7 

1 

4 

i• 12 

4 20 

13 49 

l 

l 

2 

1 2 

3 4 

Total 

11 

3 
4K 

4KK 

16 -
4 
3• 

9 

1 
2 
!) 

51 --13 

38 

85 -

Remarks 

Kone of them ia on hydropowe:r 
potential 

tB<one of them not for fertili~er 
production 

Kone of them is on hydropower 
potential 

Kon hydropower potential 

. --
Total cup::icity: 18850 tpd NH3; of which one plant with a capacity of 150 tpd Nll3 may be built in 

Burundi for metallurgy purpone. 
~r fertilizer production: 18700 tpd NH3 

r-l 
0 
I-' 



Estimate of number of mini NH3 plants that c~~be established Table 4 .6-2 

in 91 developing countries 1990-2000 

Nominal capacity 
tpd NH) 
Region coal nat.gas fuel oil Total Remarks 

150 250 150 250 150 250 

Africa 

North-West 
west 1 - 1 2 2 - 6 

centra: - - 3 - - - 3 
East and Southern 2 3 1 - - - 6 

Latin Ame~'ica 
central - l - 2 1 - 4 r\) 

0 

i• 2 3• •one of them on hydropower 
l\J 

Caribbean - - - -
south - 7 2 7 - - 16 potential 

Near East 
Africa - - 1 2 - - 3 
Asia - - 2 7 - - 9 

Far East 
South Asia - - la 22 - - 23K Kone of them on h~ropower 

F.Ut and Southern 
potential 

F.allt A•ia 8 14 5 28 l l 57 -
Total 11 25 16 71 4 3 130 

Total capa~ity: 29400 tpd NH3 

_ _; 



Ea,1ma'e ot number o! m1n.!.J!.!:ea an~4!Q3 caE,!citiee ~h~£~ !able 4.6.:2 

be e1teblisbed in 91 developing countries up to 1990 end 1990-£2.QQ - -

---------------------------- ---------·-
Nominal capacity up to 1990 1990 - 2000 

tpd Urea llH4No3 Urea NH4No3 
Region 260 440 355 591 260 440 355 591 -- -·--- --
Africa 

llorth west 
West - l l l l 1 2 1 

Central 2 - 2 - 2 - 1 

East and Southern 1 l 1 - 2 2 2 l 

Latin~merica • 
Cen trol l l - 2 l 2 - l 

r\) 

Carri bee~ - 1 - 2 - l - 2 0 
w 

south 1 4 1 3 l 8 1 6 

Near East 
Africa l l - - l 2 

Asia - 2 l 2 l 4 l 3 

zar East 
South Asia - 7 1 5 - 10 1 12 

East and Southern 
Bast Asia 6 18 4 10 7 23 7 20 

-- - ----------- ------
Total 12 36 11 25 16 53 15 46 
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Table 4.6-4 

Estimate of nu•ber of •ini P205 capacities that 

could be established in 91 developing countries 

up to 1990 and 1990-2000 

Nominal capacity: 500 tpd SSP /90 tpd P205 and 

200 tpd sul~huric acid based 

on ele•entary sulphur 

Region up to 1990 1990-2000 

A fries 

North-West 

West 2 4 

Central 1 2 

East and Southern " 5 

Latin A•eril~a 

Central 1 1 

Caribbean 1 2 

South 8 11 

Near East 

Africa 1 2 

Asia J 5 

Far East 

South Asia 5 10 

Ee st and South-East Asia 16 26 

Tota'. 42 68 

Total capacity to 199C~ 21000 tpd S~P /3780 tpd_Pz05/ 

1990-2000: 34000 tpd SSP /6120 tpd_P205/ 
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4.6.2 Fertilizer processing plants and storage 
facilities 

Sinc_e fertilizer is a seasonal commodity while its pro­
duction is usually continuous the marketing, including dis­
tribution, regional and/or local storage, is a very important 
factor which is often given insufficient attention. Too often 
it is assumed if an adequate amount of fertilizer is produced 
it will sometimes find its way to the farms. The marketing 
and distribution system is as important as the production 

system and should receive equal attenti or;. 
The marketing system usually includes facilities for 

handling and storage of fertilizers in local warehouses, 
providing a link and a buffer between the continuous pro­
duction and the seasonal use. Where e>:isting transportation 
is insufficient, the marketing system also may need to in­
clude transport facilities. Of course, in case of mini-pl~nts 
the transport distances arc much shorter than in C35e of 

a large tonnage unit. 
When local ·ware•1ouses are established for storage of 

fertilizers, the location of bulk blend~ng units beside them 
does not involve high investment. In these units many 

formulations can be provided by mechanical mixing of straight 
fertilizers produced in mini-fertili=er plants. In this way 
two objectives can be achieved. First, there is no need to 
produce various kind of compound fertilizers with different 
NPK grades by, generally, complicated processes in mini­
-plants. And. second, the .nost suitable formulations to 
the various culturFs and soils can be fitted by blending 
different fertilizer materials in the warehouses. 

The capacity of the storehouse and blending unit de­
pends on the area where it is located on. It generally varies 
from 10000 tpy up to 100000 tpy. Taking into consideration 
a unit capacity of 10000 tpy and the forecast fertili~er 

consumption of the developing countries,, up to f990 about 
3500 Sl1Ch stwrage/bl ending uni ts might be needed. They can 
cover cnly the 40 per cent of the total calcul~ted demand. 
From 19n1 to 2000 auout 6000 units might bd installed. Th~~e 
together ~an meet requirements at a rate of 70 per cent. It 
must be, however, mentioned that four large countriei., Ct1ina, 
India, Brazil, Me::ico are not included in the above forec<:.~t 
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because they have differences significantly in their circu~­

stances. 
Although, these numbers are mech~nically calculated it 

is certain that a lot of such facilities would be estab~ish~j 
in any way. No accurate estimate can not be made becau~~= 

there is no information as to how many units e::~st 

or are under construction and in all cases th~ir 

sizes <capacity> would absolutely depend on the 

1ocal circumstances 
possibilities etc.>. 

(reg~rding land, transport 

The storag2 and distribution system is a very impart~nt 
part of the fertilizer supply and it is sure that a lot of 
them will be built in many developing countries. Hawe~er, 

since the bulk of the investment cost for a unit cont~in1ng 
storeho~se and blending plant is inserted to the st~r3ge 
facilities, it would be a mistake to neglect the inclusion of 

blending facilities with the warahou~e. 
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~. FERTILIZER SUPPLY SYSTEl'1 

The question, whether the consumption necd5 of a devel­
oping country be covered through th~ erection of a 10~~1 

mini-plant, an e::port-oriented big si=e plant of a jumbo si=e 
serving a whole region or simply through import cannot be 
decided upon comparing of the technical and economic ad­
vantages or disadvantages of the mini-plant only. Long t~rm 

planning demographic forecasts, food demand~ agricultural 
development plans, raw material rEsource, foreign trade 
balance, manpower and technical skill availability, infra­
structural development logistiL3, market organisation, trans­
port, storage~ distribution and application together ~ith 
many other questions need all be considEred in order to warl 
out the alternative supply routes and d~cide upcn the right 
solution. 

The establishment of an effactive ferti!i=er supply 
system in most developing countries is not likely to succeed 
unless t~e government assigns it a high priority and adopts 
polices to expedite its development. This is particularly so 
in country facing food supply problem, or wanting to exploit 
fully its agricultural potential. 

Estimate of fertilizer demand 

It is be assumed that every country has some goal~ for 
its agriculture, including supplying enough food crops of ap­
propriate types for its population; supplying nonfood needs 
such as rubber, cotton, wool, hemp, etc.; and producing cash 
crops fo~ export of products for which the country has na­
tural advantages. Some appro::imation of the amount and. kind3 
of fertilizers needed to achieve these goals usually can be 
formulated provided sufficient agricultural information is 
~vailable. It must be ~tressed that fo~ qualitative, as well 
as for quantitative assessment, only the'l.analytical approach 
is feasible, ev~ry region as~5 for ~ndividual e::amin~tian, no 
summarized "national" values will help. . 

In agricultural development fertili=er use is onl; er~= 

fActor Among many other5: biological methods (se€dl, pl~nt 

protection chemicals, irrigatio~, till~gc method~, meliora · 
tion and many other measuro~ must be applied for opt1mu~ 
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r~sults. Use of local nutrient sources (manure etc.) shoulJ 
be also considered. Factors, li~e the p~rchasing power of 
farmers, price policy and government su~sidies if not 
properly considered, can upset the best of forecasts. 

Beside the quantitative assessment of the fertilizer 
needs, it is necessary to determine the right relationship 
between the different nutrients and the kind of product to be 
used. 

This is a difficult problem and its implications are 
sometimes not fully a,1r ·2ciated. Usu..illy there are data 
available on the response oJ major crops to each of the 
primary nutrients and to the ~Fcondary nutrients- However, 
with continued fertilizer use of one or two nutrients, other 
nutrients may become more and more deficient.· By means 
of .soil analyses and crop requirements or if available from 
long-term test data, the right nutrient balance can be 
anticipated. 

The choice of the fertili=er product forms is =.lso 
a complex problem. Soil composition, crop, agricultural and 
application methods, as well as fertili=er product properties 
<compensation, hy9roscopicity, particle size etc.> are, the 
technical factors to be considered. Raw material and ot~er 
resources available have also their influence on the res~ll, 
the. ec6nomic:s, where all this factors, e::pressed in mcncy 
terms play their role together with prices, shipping and 
other cost, have a decisive role. 

In summary, the choice of type of fertilizer should be 
made in cooperation with agronomist~, engineers, and mar­
keting specialists with a view to determining the mcst 
economical means for .supplying all needed nutrients at the 
farm level while making the best use of the c:ountry•s 
resources. The resulting decision will involve in most ca~es 
some compromise bet1r1een ~gronomic effectiveness and. co~;t 
or be~~een production and distribution costs. Usually no 
clear decisic, is possible in favour of one type of product, 
but 5everal kind of ferti!i:er will be needed in a given 
proportion. 

A detailed study and its conclusions on the policy to 
be adopted with all the possible cons~qwmc;..es cons i dt:!r~d wi 11 

be of great help for a government ~im1ng at the fostering of 
an adequate fertili%er supply with its own means: loan~, 

subsidies, le~ies, taxes, custom duties, etc.; in order to 
influenc~ the mark.et forces in the nqnt direction. 
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Harketing and Distribution System 

Plarketing, including distribution, regional and local 
storage, and retai 1 outlets of fer ti l i =ers, ar-e ver·,r i r.;por·­
tant aspects which are often given insufficient attention. 

~y developing countries na·.1e very poor transportation 
systeas which are already overloaded. In some remote regiGGs 
of large countries, the cost of transportation far outweighs 
the cost uf ferti 1 izer production. Where e:-: i sting ~.rar.s­

portation is inadequate, the marketing system also may r.eed 
to include transport facilities such as trucks, barges or 
railcars. These facilities may also be used for carr1·~;-..; 

grain or other agricultural products to the market. One of 
the most pressing problems in many daveloping countries is 
improveaent of the transportation facilities - railroad~. 

highways, Naterways, harbours, etc. Such facilities are vital 
for marketing fertilizers as well as agricultural products. 
It seems futile to build large fertilizer plants when th~ 

infrastructure is inadequate to distribute their product~cr .. 
Develop.ent of the infrastructure may well be such an 
enormous j.Ph that the building of numerous smaller plant~ . 
would provide a more economical and practical altern.ative. 

The l'llarketing system usually include physical faciliti~s 
for storage of fertilizers in regional, district, and locdl 
warehouses. 

It is of vital importance to develop a logistics system 
that will ensure that fertilizer of the right kind is avail­
able to far.ers in the right amount at the right t:me. For 
such a systeta it is first necessary to estimate ~he require­
ment2 of each region.and district in detail including kind3 
of fertilizers required, quantity of each and the time when 
each is required. When this information is at hand, a syst.em 
of regional and district distribution centers can be set ui::. 
with adequate storage facilities at each center and retail 
outlets can be identified or established. Transportation of 
fertilizers to the distribution centers are also ta be 
solved. 

In the fertilizer marketing system, physic3i facilities 
for transport, storage and distribution, .and the necess.ar·,­
skills involved in agricultural organisati~n and administr~­
tion shOl.!ld be integrated to serve all identical needs uf 
agriculture. 
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T~is studies and their implementation are u~ually done 
in th~ developed countries by the fertilizer reanufacturers 
or by separate wholesale a~d distributor organisations or 
by farmer cooperatives. In the developing countries it seems 
advisable for the authorities to work out the plans and 
according to the locdl. economic conditions, leave the 
realisation to the private capital enc:o~raged by govern~ent 

or incentives partly or wholly ta~e i~ hand the realisation, 
tao. 

Regardless of the source of the fertilizer supply the 
transport, storage and handling system must correspond to the 
fertili=er need. The quantities to be transported, the 
shipping distances and the location of worehauses and their 
capacity, however, is gr~atly influenced 
Different supply schemes would be needed 

by the~e sources. 
to correspond to 

import-based alternatives as against home produ~ed goods in 
big, centralised plants or in mini-plants situated close to 
local markets. These differences in the marketing system will 
often play an important role in tilting the balance in favour 
of one or other solution. 

Natural Resources 

.A detai 1 ed inventory of a country s natural resou.-ces 
i~ helpful in planning a fertilizer industry. Unfortunately, 
most developing countries and many developed countries have 
incomplete knowledge of their mine~al resources. Since 
thorough exploration of mineral resources is very expensive, 
it is not surprising that very little is known about the 
mineral content of much of the earth s crust. 

While short-term plans must be based on currently known 
resouces, each country would need to have long-range plans to 
gather as much information as possible about its mineral 
re~ources. 

AlthOU(dh thn. 
structural 
sultation 

problems 
Meeti m;is 

'!lent i cned just 
list: 

now, 

Infr11structu1·e 
o·f the seven aspec~s of the if'fra­
def ined by the consecutive UNIDO Can­

on the fertilizer i~dustry have been 
it seems adequ~te to give here the full 

1. Trans~ortation infrastructure <road~, railway3, 
port f•cilities, rail~ay rollin9 stock, ships>; 
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2. Utilities infrastructure <power supply, water 
supply, and a drainage and sewage system>; 

3. Raw materials infrastructure (critical raw 
mater~al inputs, particula~ly feedstocks>; 

4. Marketing infrastructure <stardge facilities 
and a distribution network that would m~ke it 
possible for the product to reach the farms>; 

~. Infrastructure of agricultural e~tension ser­
. vices and modern agronomic practices; 

<entrepr~neurial slills, 6. Human inf~astructure 

managerial skills, 
ti on skills>; 

and maintenar.=e and opera-

7. Policy in~ra~tructure 

government planning, 
economic policies>. 

(the broad framework of 
laws, and pricing and 

To this list, this study deemed necessary to ~~d cne 

8. Manufacturing infrastructure for equipment an.j 
machine replacement, spare part production ~nd 

•aintenance works. 
From. this ~ist, 1, 3 and 4 have been dis~ussed. The 

others also mu!it be examined carefully when setting up a 
n•tianal (or regional> fertili=er supply plan. The numerous 
well. known examples . of plants buift without adequate infra­
structure demonstrate well enough how the best and most 

·expensive production facilities can be doomed to inefficie~cy 
for lack of the necessary infrastructure. Different types of 
fe~tilizer plants have widely diffe~ing infrastructural re­
qui1-e.ents. A 1000 tpd ammonia pl ant is very cemandi ng both 
in quantity and quality in water supply, agricultural 
services, marketing, maintenan~e and operation skills and 
uninterrupted power supply, etc. The problems posed by a 

mini-ammonia plant are at 
The costs involved 

structure are usually so 
en a national level. 

least one magnitude lower. 
in establishing an adequate infra­

high that it can only be supported 

'"hen setting up a ferti.l i =er supply' system usually a 
very important cost factor influencing the decision is the 
infra$tructure needed. in this study accou~t was ta~en of th~ 
different factors in calculating th~ fuil investment costs 
from battery limit costs for big and small plants ~s w~ll 
as for seaside and remote locations. <Sz~ Chapter 1.1 and 

Appendix 311 >. 
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Production Facilities 

· With the data and res~lts mentioned above at hand, the 
different solutions for the fertilizer supply or a com­
bination of them can be investigated. These are 

import of ready-made fertilizer product 
- import of some intermediate product to be 

processed in the country 
(this can l'Xtend from ammonia or phos­
phoric: acid for· ferti 1 izer production to 
different single fertilizers for com­
pounding or simple bagging) 
fertili=er production in the country. 

For this last alternative several cases Nill be in­
vestigated: big central plants and locals.all ones Mith all 
the relevant factors: training, maintenance, spare parts, 
onstream factor, infrastructural needs etc.; accounted for. 
Different locations for the production plants, regional 
cooperation or e::port possibilities present. also s2veral 
alternatives. 

The ~iable alternatives can be selected only by careful 
analysis of the local conditions - no general rule exist. 

For every production route, the capital and opera~ion 
costs can be now computed from the ra"' material source until 
the product reaches the farm-gate. Costs and incomes in this 
case cannot be average values or general fact.ors: trans­
portation, storage, infrastructure, offsites etc., for every 
item, and with the time factor and the corresponding interest 
rates will be evaluated. 

Modelling 

Whtn for all possible alternatives the Nhole -cost 
structu·~ is ~omposed, it is easy to construct the supply 
model. The individual alternatives have to be coapletaented 
by the other technical and economic features which have not 
yet been taken into account. These featt.lres are either of 
limiting nature: availability of given raw materials, infr3-
structural services etc., or should have a~special (higher or 
lower) effect on the decision, which could be provided for 
by application of factor·s. The whole exercise can be 
optimized by the linear programming me~hod. <See Annex 3/~). 
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Optimization could aim at different goals: minimum in­
vestment, minimum fertilizer supply cosi, minimum foreign 
currency utilisation etc., or a combination of di~fercnt 

aims, expressed in mathematical form by the objective 

function. 
The computer-aided linear programming methods deli~er 

for cash optimization goal a model, which is usually composed 
from different supply routes in a given proportion (e.~. 

import, local production in small, resp. big plants>. It is 
very easy to have quite a big number of "runs'' for different 
"alms" and/or different starting conditions <price structure, 
etc.>. Sensitivity analysis is possible ta estimate how raw 
material ~r product price variations will influence any 

decision. 

Decision-making 

Models and computer are very helpful tools - but only 
tools. Every model and optimisation result will have the sa~~ 
validity and accuracy level as its input data. Known the 
relative ."accura~y" (or better to say inaccuracy> of the 
forecasts for five - ten - fifteen years ahead, the results 
of this work should not be taken literally at their face 

value, but indications for a right decision. 
The gathering and detailed analysis of all the bacl·­

ground information needed, the evaluation, selection and 
processing until the final model as well as the intcr·­
pretation of the results is a very demanding task even for 
experienced and skilled people. Many developing countries 
hav~ adequate experience and knowledge in this field; they 
usually will have already elaborated such a supply syste~. 
Beginners in this field ~iould be advised to rely en the help 
of some knowledgeable other developing country or to use the 
good services of reliable experts, possib:y through the 
relevant international organisations such as UNIDD. 

The national <or regional> supply system is a pre­
requisite and cannot be a substitute of ~ feasibility ~tudy 
for every project proposed in tht~ overall scheme. The 
individual feasibility study, wor~cd cut~ by mucl! more de­
tailed technical and economic analysis will serve as basi~ 
for the final decision on the pl~nt si=e, lo~~ti~n, ~he 

proce~s to be used, the product to be ma~ufactured etc. 
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6. IMPLEMENTATION OF MINI FERTILIZER PLANTS 

6.1 General approach 

Once the feasibility of a mini fertilizer plant has been 
established, the procedure for its implementation will start. 

Mini-pl~nts will be presumably realised in countries 
having already broad e>:perience in the fertilizer industr·y 
like China, India, Mexico etc., but also at the other end of 
this line in countries with no fertilizer industry at dll. 

The realisation of the project will accordingly adopt 

one of the following forms: 
turr-key plant delivered from a foreign country, 
project realised in cooperation with a foreign 
<developed or developin9) country, 
process, know-how and basic engineering de­
livered from a foreign country; procurement, 

erection realised by a home organisation. 
Turn-key approach will be chosen by the less experienced 

countries~ It can be safely assumed, that serious com­
petition will occur between contractors from different 

countries and as a result in every case new developments 
will be found to improve the performance and thus the 

economics of the plant offered. Already exist many pos~i­
bilities to intr6duce improvements in the e::isting processes 
and new processes or process steps are constantly emerging. 

The same situation will occur if only process, know-how 
and basic engineering is the scope of the tender. 

Stand.:1r-disation 

Efficiency and competitiveness of a proposed pr·ocess 
will depend to a great extent closely following the approach 
of the optimum conditions: but most of them differ from case 
to case: local raw mater-ials, meteorological and geographical 
parameters, services will influence not on~y the dimensionin~ 
of the indi-.tidual items of equipment t:.ut to a ce...-tain e::tent 
the flowsheet, too. 

The capacity of the mini-plants to be real1sed mu~t 

usually correspond to the raw materi~l re~uurces, or marl ~t 
limitations or both. It seems not reasonable to sup?o~e th~t 

one or two fi~ed sizes will satisfy all requirements. 
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Process development and engineering is in our day~ very 
different from the classic way of the fifties. Even be~~re 

th~ first com~ercial realisation a computer model is wor~ed 
out for the whole process. This model undergoes constant im­
provement in the light of the industrial experience feej 

back ta the engineering services. For every actual case th~ 

relevant starting data are fed in o.nd a "tailor m~dt..:" 

variant of the process is computed. In most cases only minar 
variations in reactor volume, heat exchanger si=e or capacity 
<in a given range) are needed but major differenc~s (air 
cooling versus water cooling, different drives, e.g. dif­
ferent reformer furnace constructions etc.) are also ~os­
sible. The bulk of the engineering cost comes from the First 
sta~e: the process development and model construction. The 

individual modified application do not need appreciatle 
engineering work and cost, but evidently the first real:~a­
tion cannot bear all the original development costs, it hJs 
to be spread aver all the projects realis~d. By this way, the 

individual tailor made design for every case p~esents no 
financial burden, causes no delay and allows for the optimum 
solution between the limits set ~Y the model. It is obviou~, 
that eve~ the layout the piping and many uf the detailGd 
process engineering package will remain superficially the 
same and for everybody not going into details, the plants 
will seem to be "standard" plants, as it is the case with the 
1000 tpd ammonia units, where in reality among the very 
numerous plants delivered by the same contractor it ~1ould be 
hardly possible to find two re~lly identical ones. 

The process engineering package is the basis for lhe 
procurement of the necessary equipment, machines, instrum2nts 
etc., either by the contractor <turn-key contract> or bf 
the client .(basic engineering services). In both c3scs, tn 

make the project competitive the invited manufacturers 
will work out the detail engineering, or will offer their 
proprietary design for machines, instruments etc. Practical 
experience shows that the different manufacturers offer 
different designs for the same purpose! Oeci~ion, on wh~t 
to buy will in both cases depend not only on technical 
considerations, but price, transport, SRarE pdrt services, 
credit and other factor!:.. Ther~fare - as it i~ the case with 
all plants - in different places different individu~l equ1µ· 
ment etc., will be found in basically the same kind of pla~l. 

It seems therefore, that every effort to creat~ a 
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"standar-d" mini-plant design vJould reduce competition a.n:! 
technical development and present little economic advantage. 

This study recommends to promote and encourage the 
development work on mini-plant processes going on in 
different developed an~ developing countries, in order t~ 

enable them to offer competitive, c=onomically soun~ prc­
cesse~ for the interested buyers. This tog~ther with the 

possible help that can 

ganisatians like UNIDO 
tender documents and 

technical and economic 

be provided by international or­

in preparing feasibility studies, 

evaluation would assure the best 

solution for· every individual case. 

Prefabrication 

Local work on site is always a difficult problem in 
developing countries, particularly in ramote locations. Lac~ 
of 5kil1Ed manpower, high expatriate costs, difficult local 

conditions lead to serious delays, inadequate quality and 

other difficultie~ in the realisation of new projects. 

An obvious ~ay to reduce onsite construction and 

assembly ~ime is in remote locations with engineering infra­

structural support to build a plant in the form of prefab­

ricated units or modules in the works of a fdbricator and 
transport them to the site. However, this is not a~ easy as 

it seems. Process plants are usu~lly complex and assemblies 
of piping and precision equipm~nt, su~h as instruments, pum~s 

and other rotating machines is a difficult task. Attempts to 

ship subassemblies of this nature <especially as deck c~rgo 

on standard ocean-going vessels> and transport them overland 
frequently result in· considerable damage, with consequent 
lose in time and in extra cost. Furthermor~, tr3nsfer frGm 

ship to land transport is often hampered by lack of suit~ble 

gear. Therefore, adoption of pref3brication under· ~uch 

conditions would be limited to relatively light loads of 
robust equipment. 

Several new methods of prefabricating fertilizer plants 

or modules have been proposed, and ~ome'have been used to 

construct most of the plants in indu~trial facilities 1tJh12r~ 

j.t can be done faster, better, and chC2~per th'1n at r~m:-,te 

locations. The plant or modul2 is then transported to th~ 
site and a~scmbled. Pr~fabri~ation of production fdcil1ti~s 
i~ currently finding exten~ive u~e in man~ fields, and its 
application to fertilizer plants ap~edrs feasible. There-
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fore, it seems apprap1·iate ta 
prefabricating fertilizer plants 

. It should be mentioned 

e::amine the feasibility of 
in mare detail. 

howe~er that the pr1ncipl2 Gf 

shipping prefabricated process modules is r.ot new. Con­
tractors were si..pplying small "pacl'.aged" ammonia plants cf 
50- to 100-tpd capacity as long as 20 years 3gc. P3cl 3~~d 
urea plants of matching capacity are also available. Such 
installations, consisting of about 17 skid-mounted ~ss2mbli~s 
weighing 20-40 tons each, which are then as~embled on ~itc, 

require 1 ess preparation ar-;d ci vi 1 construe ti on war k and ~ '.2S"' 

space. 
Besides 

contractors 
ammonia anJ urea skid-mcunted nitrogen plants, 
have construc:ted a number of ski d-mC1Ltnl(:j 

granulation plants in South America for the manufactLtre 8f 

NPK fertilizers. The capacity of these plants ranges f~Grn 

about S to 20 tpd and they serve a regi anal ag~i cul t'._~r- .:1 ~ 

center or small market logistically separated from la~g!r 

agricultural producing areas or 1nar:~ets. 
This kind of prrfabrication is quite different from the 

barge-mounted, ocean platform-mounted ~r other simil~r 

methods for large size plants and therefore this study will 
not dwell on these latter methods which are irrelevant for 
mini-plants • 

. The advantages of the skid-mounted method of con-

struction are self-evident. 

1. Construction can be undertaken under controlled 
conditions of quality, labour and materi~l cost. 

·2. Skilled shop labour rates and overheads are 
often lower than skilled field labour rat~s for 
identical work. 

3. Work planning is usually easier under 5hop con­
ditions, thereby hel~ing to minimize labour· 
costs. 

4. Usually, modules can be thoroughly tested be­
fore shipment to site. 

:5. Saving in plant construction time'is pozsible. 

Th~ disadvantages are non the less cbv~ous: 

1. Overall cost is generally higher. 
2. Transport problems are in remote locations 

- bigger. 
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3. Skids with 20-30 tan~ P~~h are gener3!!y tee 
small for the size of plant considered in this 
study Ce.g. 250 t/day dmmonia>. 

4. Skid-mounting impress a lay-out with the mini­
mum space ~equirements. Therefore for operil­
tion~ maintenance and repair usuall~ les~ 

spac~ is available and it is therefor2 mere 
difficult to execute these operations. 

5. In all locations, but in developing countries 
in particular less training 
offered by the local erection 
future. 

possibility 
work to 

is 
the 

In every case a detailed analysis of all factors 
involved should decide an the degree of prefabrication 
to be adapted. 

It 5hould be stressed that the alternative to skid 
mounted erection method is not the original, old way of 
shipping half-ready individual items to the site. Pre­

fabrication (e.g. towers delivered complete with isolation 
and connecting pipework> is in all cases necessary for 
equipment, machines and piping alike. The optimum degree of 
prefabrication should be defined individually for every 
case, but at the very beginning, since switch-over during 
implementation to another form of erection would be very 
costly. 

6.2 Suooly potential of small scale fertilizer 
plants. Ppssible form of cooperation among 
developing cpuntries 

In order to build small-scale fertilizer plant, the 
following items must be provided: 

process know-how and engineering 
equipment 

contracting-procurement, erection 
- training. 

As was indicated in Chapter 6.1 in a'turn-key contract, 
all four main components can be purchased in one package. In 
this case, the supplier must have acce5s t~ all of them. In 
the other cases different potential 5uppliers can be invited, 
having possibilities only for ~~I ling one or another part of 
the above services. Therefore th~ supply potential available 
for the two cases will be totally different. 
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ndny c:o11LrdL Lur ':> fr urn Un~ u~vcl uµt:::J LUUI I Lr it:::':> .:u-c: co.p-

abl e of delivering small-scale plants on a turn-key basis. 
They exist - practically in most developed country - and 
have impressive reference lists. Many others have the 
capacities to enter in this fiel.j with wide e::pcrience in 

large-scale plants. They need only to he persuaded th~t 
sufficient demand .-ill be there to ju:>t'ify the e::pen;;e~ 

required to develop a mini-plant flawsheet. This is 

applicable mainly to ammonia, for all the other fertili=er 
products, practically no difference can be found betwEcn 
big and small plants and all contractors can offer mini­
-plants. 

The same situation is characteristic fer the suppl·,· of 
equipment, machines and instrume~ts necessary for the mini­
plants. The number of the potential suppliers is even greater 
here. Therefore, it seems, the procurement will nol be 
hampered by lack of suppliers or of competition, even if tr.e 
buyer has to limit its procurem~nt basis to a few developed 
countries. 

This situation is, however, different with regard to 
possible supplier~ from the developing countries. Process 
and equipment delivery possibilities for the different 
fertilizers should be investigated separatoly in ord~r to 
formulate a clear picture. 

Ammonia and ammonia-processing is a field where very few 
developing countries have proprietary processes and know-how. 
Perhaps the People's Republic of China is the only one. 
Several others, however, have capable engineering and ccn­
tracting organisations with sufficient e:{perience in this 
field such as India and Mexico. These organisations can 
provide the necessary services for erection and start-up, 
too. Training possibilities ~xist in quite a numb~r of 
countries: havi~g similar mini-plants • 

. ··Phosphate fertilizers present a somewhat better picture. 
Due ta the phosphate rock deposits, several, mainly ~Jorth 

African countries have f ac:i 1 i ti es, e::peri ence and even 
processes for the mini-plants and can supply engineerinq .otnd 
other services 

Due to the very broad spectrum of th~ equipment neede1 
for a fertilizer plant; nearl·1 ev2r·y l'.ind of capital good 

is necessary from heat exchangers through pumps, compressors 

to electric motors, gear§ and mat~ri3l handling cquipmEnt 

and instrument'3 it would be impossible to gi·1£.! a cornple:: 
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pii::tt_1re nn the delivery possibilities offE!red by the d2-

veloping world. The rapid improver.ent occurring in the manu­
facturing capability of many a country would make th1~ 

attempt obsolate in a very short time. Therefore, this stud/ 
refers to the •catalogue of Technical Capabilities in 
Developing Countries• to be compiled, annually updated .J.ric 

circulated by UN~QO. This catalogue described the specif:c 
areas in the devel.op•ent of the fertilizer industry in which 
developing countries have sufficient e}:perier.ce ar.d technical 
competence to offer cooperation to other countries. 

This cooperation can be e~:tended to the fallowing area-;:;: 
<a> Continuation of fertilizer supply and 

production planning for a given region. 
(b) Common realisation of mini fertilizer 

projects either: 
(ba) where one plant could mor~ eco­

nomically serve to supply an 

(bb) 

agricultural area 
the territ1Jry of 
countries 

extending in 
two or more 

where the 
varitageously 

project could be ad-
implemented by 

technical cooperation amor.g the 
interested parties. Examples of 
cooperation possibilities in­
clude delivery of know-huw, 
engineering, procurement, equip­
ment, training and services or 
even turn-key projects realised 

together. 
Cc> Financial cooperation, where the fi­

nancing of mini-plants in one country 
could be compensated by raw material 
or product export. 

(d) Tr•nsfer of knowledge and ~:{periences 
in planning, erection, op~ration and 
maintenance from the countri•s that 
~ave established fertilizer industry 
to the beginners. 

<e> Training of the fulure staff cif mini­
-plants in countries having already 

such f•cilities. 
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Cooperation on a reoional l~vel would be the best way to 
st•rt with and could be extend~d to global dimensions. The 
different regional organisations: Arab FedEration of Chemical 
Fertilizer Produ~ers, Central American Economic Integrati~n, 

and other African and Asian organisations, similar to the two 
above mentioned, have made encouraging steps and regi~tered 
promisin~ results in other fields. The extension of their 
activity to the mini-fertili=er plants should be encouraged. 

6.3 Estimate of investment need~ 

6.3.l Estimate of the investment cost for 
the supply of typical mini-fertilizer 
plants 

The investment and production costs of several process 
technologies for all fertilizer production steps are cal­
culated and discus~ed in Chapter 3 and in Appendix 3/1. These 
costs ~re considered for some unit-capacities <small an~ 

large) and for three locations (developed: We5t-Europa, 
developing: seaside and remote locations>. 

From data above mentioned, in Table 6.3-1 the investment 
costs of typical mini-fertilizer units in developing coun­
tries are summarized for the three main fertili=er products 
<urea, ammoniumnitrate and single superphosphatc>, according 
to r•w materials and locations, and for storehouse with bulk 
blending unit according to locations. By all means, these 
investment costs are the total fixed capital costs including 
the cost of each technological steps <e.g. in case cf 
ammoniumnitrate: ammonia, nitric acid, am~onlumnitrate} and 
necessary offsites, but exclu1ing wor~ing capital. 
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Table 6.3-1 

Investment costs of typical mini-fertilizer 

Location 

Product 

Nominal 

capacity tpd 

Raw 
111aterials 

Natural gas 
Fuel oil 
Coal 

Capacity 

:500 tpd SSP 

plant§ in developing countries 
<million US Dollar; in 1983> 

Nitrogen-fertili=er units 

Seaside 

Urea AN Urea 

260 440 355 591 260 

:57 80 88 125 66 
62 87 "13 1 "'!'""!' ...,-J 72 
78 109 109 155 91 

Phosphate-fertilizer units 

Seaside location 

Remote 

AN 

440 355 

94 102 
103 108 

128 127 

Remote 

+ 200 tpd H1 SO't 18 21 

Storehouse and bulk blending ~nits 

Capacity Seaside location Remote 

10 000 tpd 0,5 0,6 

~91 

147 
156 

181 
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6.3.2 Total investment needs for the 1990's and 2000 

Taking the data available froa Tables 4.6-1 to 4.6-4 
the total investment needs can be calculated for tha min1-
fertilizer production units in the developing countries. 
It is supposed that ilbout two-thirds of the plants will 
be built at seaside, the others at re.ate locations. The 
t~tal investment needs ir. •illion US Dollar <1983> are: 

Nitrogen·plants 
Phosphate plants 

Tot11l 

Table 6.3-2 

Total invPstment needs 

up to 
1990 

8600 
800 

1991-2000 

14200 
1300 

totoal 

22800 
2100 

24900 

It means lhat ·al•ost about 25 thousand millions US 
Dollar would be necessary up to 2000 for establishing 
nitrogen and phosphate fertilizer plants on mini-scale i~ the 
developing countries. 

Tc this sum the cost of the developing of the adequate 
h11ndling and distribution system must be added, which can 
be estimated about 10 billion US Dollar. 

This system aust be .developed in' case of supplying 
the farms with imported fertilizers, too. Thus the developing 
of distribution and warehouse system is not; connected so much 
with the fertilizer industry as with the agriculture. 
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For the guidanc·~ of our ~blications progr...e in order to assist in our 
puhlication activities, ve would appreciate your completing the questionnaire 
below and retun1in2 it to UMIDO, Division for Industrial Studie3, P.O. Box 
3~0, A-1400 Vi.-nna, Austria 

Q U E S T I 0 N M A I R E 

Mini-Fertilizer Plar.t Projects 

(pl~ase check appropriate 
yes DO 

(1) Were the data contained 10 the study useful? n n 
\2) Was the analysis sound? 

(3) Was the iofol"ll8tion provided nev? 

(4) Did you agree vith the conclusion? 

(5) Did you find the rec011mendatioos sound? 

(6) Were the foTINt and style easy to read? 

(7) Do you visb to be put on our documents 
mailing list? 

(8) Do you vi .. b to receive the latest list 
of documents prepared by the Division 
for Industrial Studies? 

(9) Any other comaents? 

Name: 

II n 
17 /7 

17 II 

II II 

II l7 

If If 
If yes, please specitY­
subjects of inteiest 

II If 

(in capitals) ·································· 

Institution: 
(please give full adreas) ................................... 

Date: .............................. ~ .. 

box) 
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Main results of the study work on industria~ 
sectors &re presented in the Sectoral 
Studies Series. In addition a series of 
Sectoral Working Papers is issued. 

TI1is document presents major results of work 
under the element Studies on Fertilizer 
Industrie3 in UNIDO's prograDDI1e of 
Industrial Studies 1982/83. 

This document has been reproduced without formal editing. 

The designations employed and the presentation of material in this 
document do not imply the expression of any opinion whatsoever on the part of 
the Secretariat of the United Nations concerning the legal status of any 
country, territory, city or area of its authorities, or concerning the 
delimitation of its frontiers or boundaries. 



~his document constitutes the a~pendices to t~e study 

details regarding the sources of information, statistical 

material concerning the development of fertilizer consumption 

and s;:ecial sections on the methodology of evaluation, the 

raw material potential in developing count!"ies, as well as 

potential users of mini fertilizer plants. 

CONTENTS 

APPENDIX 

1/1 Sources of information for the study 6 

2/1 Development of world fertilizer 
con sump ti on 1975176 - 1980/81 

3I1 Methods use" for economic evaluation 
in the study 

3/2 Brief introduction to the use of 

9 

12 

of mathematical programming 117 

4/1 Fertilizer consumption in developing 
countries in 1976/77 and 1981/82 134 

4/2 Classification of developing countries according 
to weir fertilizer consumption 174 

4/3 Raw material potential in developing 
countries 176 

4/4 Potential users of mini-fertilizer 
plants 201 

Appendix 1/1 
Information Sources 

Reply to questionnaires from contrac­
tors and process owners 

2. Reply to questionnaires from plant 
owners in developing countries 

3. Direct contacts 

4. 

5. 

3 .1 Contr.1ctors and process owners 

3.2 FAD information material received 
in Rome 

UNIDO information material 

Lahore seminar 

6 

6 

7 

7 

7 

7 

8 



- 2 -

5. Technical conference on ammor.ia fertili­
zer technology for promotion of economic 
coopertation among developing countries. 
Beijing. 

7. Others 

Appendix 2/1 
Development of World Fertilizer Consumption 

Table 1 World consumption of fertilizers, 
by regions 1975/76 - 1980/81 

Table 2 World fertilizer consumption growth 
rates, by regions 1975/76 - 1980/81 

/\ppendix 3/1 

Methods used for economic evaluat.ion 
in the study 

Method of economic evaluation 

Table 1-1.1-18 Total investment costs of N 
plants 

Table 1-2.1-6 Total investment costs of 
Pz05 plants 

Table 2-1 Specific investment costs of 
N products 

Table 2-2 Specific investment costs of 
P205 products 

Table 3-1.1 

Table 3-1.2 

Total investment costs of 
ammonia-urea complexes 

Total investment costs of 
3mmonia-nitric acid-ammonium-

8 

8 

9 

10 

12 

32-49 

50-55 

56 

57 

58 

nitrate complexes 59 

Table 3-2 

Table 4-1.1 

Table 4-1.2 

Total investment costs of 
pho3phate complexes 

Specific investment costs of 
N fertilizer complexes 

Specific investment costs per 
ton N in N fertilizer 
complexes 

60 

61 

62 



Table 4-2 

- 3 -

Specific investment costs of 
phosphate complexes 

Table 5-1.1-36 Production costs of N products 

Table 5-2.1-9 Production costs of P205 
products 

Table 6-1.1-2 Product values at factory gate 
of N ~roducts based on natural 
gas, per ton product and per 
ton N 

Table 6-1.2 

Table 6-1.3 

Table 6-2 

Product values at factory gate 
of N products based on fuel 
oil 

Prod~~t values at factory gate 
of ~ products based on coal 

Product values at factory gate 
of P205 products 

Table 7-1.1-2 Farm gate prices of N products, 
per ton product and per ton N 

Table 7-2 

Appendix 3/2 

Farm gate prices of Pz05 pro~ 
ducts 

A brief introduction to the use of mathematical 

programming in economic decisio~ m~king 

Appendix 4/1 
Fertilizer consumption in developing countries 

in 1976/77 and 1981/82 

Table 1/1-7 

Table 2/1-6 

Table 3/1-6 

N consumption in developing 
countries by categories in 
1976/77 and 1981/82 

P205 consumption in developing 
cou~tries by categories in 
1976/77 and 1981/82 

K20 consumption in developing 
countries by categorieq in 
1976/77 and 1981/82 

63 

64-99 

100-108 

109-110 

111 

112 

113 

114-115 

116 

117 

134-149 

150-162 

163-173 



- 4 -

Appendix 4/2 
Classification of developing countries 

according to their fertilizer consumntion 

Table 1 

Table 2 

Appendix 4/3 

Countries according to their 
annual consumption of fertili­
zers 

Countries according to :heir 
per hectare consumption Jf 
fertilizers 

Raw material potential in developing 

countries 

Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Production of natural gas and 
reserves in the developing 
countries 

Crude oil production, reserves 
and refining capacities in the 
developing countries 

Coal production and reserves 
in the developing countries 

Production of phosphate ro~k 
and reserves in the developing 
countries 

Production of potash and 
resPrves in the developing 
countries 

Production of sulphur in-all­
forms and reserves i.1 the 
developing countries in 1981 

Raw material potential for fer­
tilizer production in develop­
ing countries studied /1983/ 

174 

175 

176 

180 

184 

187 

191 

193 

197 



- 5 -

Appendix 4/4 
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Appendix l/l - Sources of infonua.tion for the study 

1. Reply to questionnaires from contractors and process ovners: 

Positive a.11svers received from: 

C.F. Braun and Co. 

John Brown Engineers and Construction Ltd 

Haldor Topsoe 

Krupp-Koppers GmbH 

Societe Chim.ique de la Grand Paroisse 

Sim-Chem Ltd 

Snamprogetti S.p.A. 

Uhde GmbH 

Voest Alpine 

Negative ans•ers: 

Five companies returned negative ansverJ. 

No answer: 

1wenty-six companies did not reply. 

2. Reply to questionnaires from plant owners in developing countries: 

Answers: 

Fertilizantes Nitrogenados do Nordeste St. Salvador 

Azot Sanayii T.A.S. Turkey 

Chemical Company of Malaysia Berhad. Malaysia 

National Agricultural Chemicals and Fertilizer Ltd, Kenya 

No ansy.rer: 

Tw~nty-five companies did not return questionnaires. 
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3. Direct contacts 

3.1 Contractors and process owners: 

Hald0r Topsoe A/S, Copenhagen, Denmark 

Humphreys and Glasgow Ltd, L-0ndon, England 

Imperial Chemical Industries (ICI), Billingham, England 

Krupp-Koppers GmbH, Essen, Germany 

KTI-Kinetics Technologie, Holland 

Societe Chi.mique de la Grand Paroisse, Paris, France 

Uhde GmbH, Dortmund, Germany 

Voest-Alpine AG, Linz, Austria 

3.2 Information material supplLed by FAO, Rome: 

a. Information issued by FAO: 

Fertilizer Yearbook 1981 

Agriculture toward 2000 

Input requirements: Production, consumption, export/import 
figures fro~ ferti:izer year 1970/71 to 81/82, by nutrients 
and by type of fertilizers 

~ata of land use, by countries, 1971-1981 

Current world fertilizer situation and outlook 1980/81-1986/87 

CoIIDD.ission on fertilizers, eighth session, Rowe, 
31 January to 3 February, 1983 

b. Information issued by Bureau of Mines: 

Minerals Yearbook, 1981 (US Dept. of Interior) reprints 

potash 
sulphur 
phosphate rock 

4. UNIDO information material: 

Internal working papers: 

Opportunities for establishment of mini fertilizer plants in 
developing countries 

Potential for setting up mini fertilizer plants 

World fertiiizer situation 1975-1981 and outlook in the 1980s 

Market study for mini fertilizer plants for developing countries 
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5. Lahore Seminar 

The seminar on mini fertilizer plants vas organized by UNIDO, 

15 - 20 November, 1982. Forty-five papers vere presented. Out of 

these, 19 came from industrialized, 26 from developing countries. 

Thirty dealt vith processes (out of these 11 presented nev technological 

aspects) anJ 18 dealt with financial problems. 

6. Technical conference on ammonia fertilizer technology for promotion 
of economic co-operation among developing countries, Beijing 

The conference vas organized by UNIDO, 13-28 March, 1982. Thirty-seven 

papers were presented. Seven of these come from industrialized and 

30 from developing cou.~tries. 

7. Others 

Fertilizer Manual, UNIDO, Development and Transfer of Technology 
Seriea .. o. 13, ID/250, 1980 

British Sulphur Corporation International Conference 1977, 1978 

Fertilizer Industry, Noyes Data Corporation, New Jersey, USA, 1979 

The Nitrogen Industry, edited by G.D. Honti, Budapest, 1976 

Ammonia and Synthesis Gas, recent and energy-saving processes, 
edited by F .J. Brykowski, 1~'.)yes Data Corporation, New Jersey, USA, 1981 

Second world-wide study on the fertilizer industry: 1975-2000, 
UNIDO/ICIS.81, 1978 

International Petroleum Encyclopedia 1978, The Petroleum Publishing 
Co., Tulsa, USA 

World Fertilizer Atlas, Sixth Edition, The British Sulphur Corporation 
Ltd. , 1979 

Phosphoric Acid, Outline of the Industry, The British Sulphur 
Corporation Ltd., 1980 

......................................... _ .............................................................................................................. ..... 
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Appendix 2/1 

Table ?. World Fertilizer Consumption Growth Rates, by Regions 

1975/76-1980/81 

N .I T R 0 G E N 
a e g i o n Annual grovth rates 7per cent? 

1976711 11718 78779 79780 

All develoEed countries l.a..2. ~ Ll hl 
North America 2,0 -5,2 9,3 5,7 
Western Europe 5,0 4,8 6,8 6,4 
Eastern Europe -1,7 3,5 4,2 -1,6 

All develoEing countries li.a.? i1a..2. M lid 
Africa 6,8 o,o 4,3 12,2 
Latin America 20,2 11,1 -2,0 8,5 
Near East / 12,9 4,7 5,1 10,4 
Far East~ 11,1 4 5,0 11,7 14,6 
World Total 4,~ 10,7 7,8 6,7 

P H 0 S P H A T E 

All develoEed countries l..al. 2...2 h§. 2.i2 
North America 7,7 -7,7 9,6 -3,6 
Western Europe 7,8 1,8 8,9 o,o 
Eastern Eurppe 2,8 4,1 4,2 2,1 

x/ Including Asia from Centrally Planned Economies 

00701 

.?...t.l 
3,6 

-2,0 
5,7 

hl 
25,5 
6,4 
o,6 I-' 

0 
10,8 

5,2 

::.1i.!. 
o,o 

-8,9 
-1,8 



Table 2 /cont'd/ 

All developing countries 
Africa 
La tin America 
Near East / 
Far Eaet x 

World Total 

All developed countries 
North America 
Western Europe 
Eastern Europe 

All Developing countries 
Africa 
Latin America 
Near East / 
Far Eaet u: 

World Total 

1976/77 

l2.il 
11 t l 
17,6 
21,7 
12,? 

~ 

h!! 
10,0 
8,7 
l '1 

18,2 
5,3 

20,4 
33,3 
16,2 

L.'!. 

Source: FAO Fertilizer Yearbook, 1981. 

1977/78 

18,0 
-5,3 
10,5 
14,3 
28,7 

hl 

=1..r..2 
-3, 8 

4,0 
-4,7 

l!..i.2 
10,0 
24,1 
o,o 

-3,4 

=.9-i.2 

P H 0 S P H A T E /cont'd/ 

Annual growth rates /per eent/ 

1978/79 

ti 
3,6 
1,0 

14,9 

l.d 

P 0 T A S H 

6,o 
13, 2 

5,8 
1,2 

l9..a.l 
4,5 
6,5 

25,0 
28,0 

Ll 

1979/80 

~ 
o,o 
7,0 

16,5 
0,5 
.!.....§. 

=.hl 
o,o 
3,6 

-13,2 

l2.i.2 
-4,5 

6,8 
20,0 
13, 2 

::l.i.1 

FAQ /UNIDO/ World Bau~ Working Group on Fertilizers, June 1982. 

x/ Including Asia from Centrally Planned Economies 

1900/t.ll 

lhl 
33,3 
13,1 
7,6 

20,7 

.L2 

-1,0 
0,0 

-7,0 
11, 1 

lL.1;. 
13 'b 
17,0 
3 3 t ~ 
1.~ 

~ 

...... 

...... 
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A pk end ix 3/1 - Methods used !"or economic evaluation in the study 

(Coffiparison of investment and production cost for mini and 

b:.g plants 

- i!'l a developed site ('Vest-Europe) 

- in developing sites (seaside and remote 

lac at ion) 

Introducticn 

If an economic co~parison is made of arrmonia produc-

tion e.g. in a large single train plant (l000-1:00 tpd) 

with a srraller plant (say, 200 tpd) a~d considering 

only tec:L~ical factcrs then the conclusion rr.ay well be 

reached ~tat the specif~c production cost per ton of 

product is lower in the larger plant. This will be due 

to the economies of scale in equipment costs and in-

creased energy efficiencies. However, such co~rariscns 

ignore a n1..<mter of factors and possible external con-

straints which will affect the plant's construction and 

operation and thereby alter the true economics of pro-

duction. 

Smaller capacity plants are quicker to build and 

will generally reach their design output in a ~uch 

shorter time after tnt ti al plant start-up. The time 

saved may well be 2-3 years in total. Longer construe-
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tion time ~ear:s higher costs of pre-operating inte­

rest and a deferffient of the date when La~ur9l. re­

sources or locally available feedstocks can be pro­

fitably converted into product and markets can te­

gin : :: te satisfied. Meeting the tee r.nical and in­

frastructure needs of a large plant can 2lso impose 

undue burdens upon existing infrastructure parti­

cularly in developing countries. ~:o st tyr-e s cf 

:ertilizer plant reQuire a large source of fresh 

water to operate efficiently and product rr:ust be 

rer::.oved quickly from the plant if costs cf maintain­

ing inventories are not to beccrne excessive. Spe­

cialized tectnical staff tor the operation of 

complex process facili-ies will nor~ally need to 

be brou~ht intc tte area in which tte flant is to 

be built and, depending on the local availability 

cf skilled and qualified man~ower, a high prcpcr­

tion of the staff in the initial years of opera­

tion ~ay well be expatriates. T~e need to acccmc­

date and support a la~ge expatriate staff must be 

taken into acco~nt and ~ay result in undue extra 

costs and bur1ens on the social infrastructure in a 

aeveloping country e.g. b~using, sctools, hospitals. 

' 
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Amidst all the arguments en the relative economics 

of small and large plants it must not be forgotten that 

the ultimate aim of any plant is to satisfy the exist­

ing or projected demand for its product. Where a reason­

ably large local de~and already exists for a product 

then the choice of plant size will usually be based 

upon satisfying this demand with its rrojected growth 

over some reasonable perioJ of time. Substitution cf 

fertilizer imports with local product is usually ad­

equate justification for the plant but the necessity 

to consider thP. econo~ics cf production then exists in 

order to determine wtether imported products ~ay be 

cheaper and whether product initially surplus to exist­

ing de~and can be profitably sold in otter markets. 

The term "~c')nomic size" is usually interpreted 

in the context of process plants to ~ean the size 

beyond which ~nit cost of production would cease to 

stow any o:a~ked decrease. Various factors will affect 

ttis "break-point" fer any particular project situa­

tion and the eventual choice of plant size must be a 

balanced decision taking into ac~ount firstly th(' 

market situation and secondly the results of eva­

luating capacity related economic factors. 

The economies achievea by large plants in in­

dustrialized co~ntries are rarely accievable in De-
' 

I 
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veloping Countries. However, smaller plants in 

develofing cc~ntries can, if proferly conceived and 

operated, produce economies which will approach those 

of large plants in Injustrialized Countries. There­

fore when taking into acccunt savings in foreign ex­

change ar.d the advantages of security and stability 

of supply, a plant can be justified at much lower 

capacity than would be so in the Developed World. 

The question whether a n:ini or a big plant should 

be established in a develop~ng country a~d where it 

should be installed is not only a function of the 

local market, the availability of raw ffiaterials, the 

specific investmen+ and prcduction ccsts, but quite 

a numter of other factors m~st be taken into ccn­

siaeration, too. 

Such points are, for example: 

- The distance between the deposits of the raw ma­

terial nnd the area of utilization; 

- Conditions for the infrastructure, utility pro­

visions, erectiJn and operating personal avail­

ability etc.; 

- Transport and storage facilities; 

- Quality and quantity of the local raw materials 

available; 
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- Market conditions, transport facilities of the finished 

product etc. 

The investment and operating costs of the plants to 

ce established, OD the other tend is a function of the 

following factors: 

- capacity; 

- technology; 

- characteristics of the site; 

- local laws, technical, economic and other 

prevailing rules and regulations. 

In order to compare the economic value of the dif­

ferent possible solutiCIJS of the same supply problem the 

following method ia a~plied. 

§ummar~ of the metbodglogi_adgEted 

Based OD conceptual deliteratione with the methodo­

logical description and the detailed calculations, the 

total investment coats for a plant in an industrially 

developed country were established from the battery limit 

investment coats. The investment cost for the same in a 

developing country were derived by application of factors. 

The factors used are given in the Appendix 3/1 referred to. 

As the projects in every case have teen examined 

for identical site conditions, it is necessary to indicate 

the local conditior.s defined by the denominations /deve­

loped site, seaside location, rem~te location/. 
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Developed site - 'Nest Europe 

Means a site with developed infrastructure and high 

technical tackgrouad, where a staff of well-trained 

experts and an established logistic syete~ ere available. 

teveloE~cg s!!!J._!~!!.!!de location 

Means a site where the infrastructure has io be partly 

developed. '1his and the time ne ce esary for its realization 

must te taken into account as a cost-increaa:ng factor. 

Transport facilities are restricted but a sea or river 

hart our ta ave ila ble. Construct ion and operation are to 

be performed partly by lees skilled labour. 

Developing site: remote loca!ion 

Means a continental /inner/ site where no infrastructure 

is existing and in lack of a highway/railway network, 

transport difficulties should be reckoned with.The rea­

lization period ~s prolonged, partly ty the former factors, 

partly by unskilled and unexperienced labour. All these 

justify a further increase of costs. 

When establishing the factors used for the investment 

coat estimation on the previously defined sites, factors 

like: customs prescription, risks, differing transport 

and financing conditions etc., are not considered, 

since these may only be estimated in knowledge ot the 

actual conditions; their generalization does not seem 

reasonable. 
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Several studies deal with tbe esti~ation of factors 

neceesary for establishing the investment cost require­

~ents with plante to te realized in developing countries. 

7he most detailed evaluation method among them is given 

by the study of the Gulf Organization for Induetrial 

Consulting /1/, it compares, by a weighting-evaluating 

system for every factor, an investment being realized 

in three types of developi[!g countries on different de­

velopment levels, to the investment coats of a similar 

object in ;he USA. 

The results, as compared to USA investment coats, 

are: 

1./ For a "relatively developed" developing 

country factor: 1.35 

2./ For a "less developed" developing 

country factor: 2.10 

J./ For a quite underdeveloped country, 

factor: ).05 

These factors, however, consider not, ouly the to-

tal investment coat tut also the contracting and fi­

nancial possibilities. 

/1/ Anon: Construction, production and distribution 
coat of petrochemical projects. 
GOIC $eminar, Dona, Quatar, 20th Sept. 2nd 
Oct. 1979. 
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In the study of the UNIDO/OPEC found the followint 

et a t e me n t I 1/ . 

Location factors: U.S. Gulf Coast 

Latin America 

Mid-East and China 

Africa and Asia 

= 1.0 

= 1.3 

= 1.5 

= 2.0 

In an 1978 UNIDO paper /2/, it can tw found that the 

local factors are very difficult to esti~ate. It is 

mentioned that the TVA calculations generalJ.y consider 

a factor of 1.25 but many other authors think it to be low. 

The fac~or used in this paper for an a~nonia-urea 

plant is 

for a site with some inrraetructure 1.35 

for a re~ote location 1.74 

A factor of practically the same value is con-

sidered in a paper elat::orated likewise by :n.P. Sheldrick /3/ 

for a 1000 t/d ammonia and 1700 t/d urea plant are estimated 

/1/ Anon: Opportunities for cooperation among deve­
loping countries for the estaL::9hment of 
petrochemical industries 
ONIDO/OPEC Fund Seminar,Vienna,7-9 March,1933 

/2/Anon: W.P. Sheldrick:: Investment and production coat of 
tart ilizere 
UNIDO, 2nd Cons.Meeting on Fert.Ind., Innsbruck, 
iuatria, 6-10 Nov. 1978 

/3/ Anon: i.F. Scheldrick: Investment and production coats 
tor fertilizers. 
FAQ Commission on Fe:·~J..liz~re Bth Session, Rome, 
31.Jan. - J.Febr., 1983 
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as follows: 

In 

genera 1 

developed site 

developi;:!~ site 

/some ir.fraatr~cture/ 

developing site 

/remote location/ 

tl1 is ~tudy the following !'actors 

inve ~~men t coats are applied: 

small ;ilan ta: seaside location: 

reuiote location: 

cig plants: seaaict:. ::...)cation: 

re~ote location: 

Inv e st men t cost s 

1.0 /2)1 ~Collar/ 

1.4 /323 MDollar/ 

1.75 /405 ;:Dollar/ 

!'or the total 

1.27 - 1.29 

1.43 •. l.50 

1.47 1.49 

1.91 - 1.93 

The first phase of the economical evaluation is the 

examination ot the capital expendi•ure necessary for th~ 

fulfilment or a given requirement by domestic p~oducti~n. 

The amount of capital needed influences of cour~e also 

the production costs. When establishing the total in­

ve~tment cost~ for the objects examined, the following 

procedure has been followed: 
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!:levelored ~its 

A) Jp~§1_!~Y~§!~~~~-£Q~~: 

To the cost requireffient calculated within +· .c.e 

battery limit, we added the off-sites ccsts to be 

expected; the amount of it makes, according to 

literature data and our own experiences, abt. 30 

per ce~t of the full investment cost. Both the bat-

tery limit and off-sites costs were broken down in-

to equipment and local costs. This breakdown is 

based, wittin the battery limits, or- the detailed 

cost calculation but, generally, tte rroport1on 

may be estimated to be 70: 30 per cent. 

W~thin the off-site costs, the breakdo~n has 

been esti~ated - on the basis of experience - to 

be as follows: 

equipment 40 per cent 

local cost ...... 60 per cent 

We already established total investment cost has 

been broken down into the following cost factors 

(based on calculation and proportions given by ex-

perience). 
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Bl Total investment c~!.!_ 

- licence, know-how /percentage within cattery 

limits/ 

- engineering /percen~age within b3ttery limits + 

+ 3 per cent off-sites coat/ 

- equipment /costs for battery limit ~lus offsite 

equipment, from which ~he extra given 

licence, know-how and engineering costs 

have ~een subtracted/ 

- site preparation etc. covers preparation, 

civil work and other costs 

Developing site 

the investment costs to be expected may be derived from 

the costs estimated on the basis of deve~oped country /i,e. 

~eat-Europe/, considering different factors. The factor values 

characterize those condition differences increasing the 

costs which will - up to our opinion - influence the 

es~ablishment of a small or big ~lant, resp. on different 

sites of developing countries and which canr.ot be calculated 

in a concise manner. 

For the total investment costs calculated with the 

different estimated factors, the following average factors 

were found: 

small plan~s - seaside lcca~ion 

remote location 

1.27 - 1.29 

1.43 - 1.50 
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big plants - seaside location 1.47 - 1.49 

remote location 1.91 - 1.93 

Detailed indications of the factors used in the 

calculations are given in the following table. /A 3/1.1/ The 

investment costs have been estimated on the price 

level for the year 1983. 

Pr-:iductior~ costs 

The production costs have beer. calculated for 

1 ton of product, with consideration of the capa­

city given in t/d and the on-streaffi factor. 

The on-stream factor is: for a West-Europe realization 

with all plant sizes 90 per cent 

for develoring countries 

with small plants 90 per cent 

with big plants 75 per cent 

The basis for material and energy costs is the sp~c-

ifi 8 requirement determined by the technology; 

labour costs have been calculated on basis of the 

necessary y~arly staff. The c~sts pro~ortional to 

the means (fixed costs) are a fmnction of the in­

vestment costs. Price9 and costs factors utilized 

have been sum~arized in an extra table. 
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Apf,endix 3/1 Table A 3/1.l 

Factors used ~n estimation for investment costs 

Developed site 

West-Europe 

- equipment cost 1 x 

local cost 1 x 

- equipment cost 1 x 

- local cost 1 x 

D e v e 1 o p i n g s i t e 

Seaside location Remote location 
miniplant big plant miniplant big plant 

+8~ transport cost +10% transport cost 

x 1, 3 x 1,5 x 1, 5 x 2,0 

x 1,5 x 2,0 
+8 transport cost 

x 2,0 x 3,0 
+101o trans~ort cost 

x 1,5 x 2,0 x 2,0 x 3,0 
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Costs calculated for l ton of product have been 

increased by the sum of R.O.I. calculated likewise 

for 1 t (15 per cent). Costs on the basic materials 

have not been shown among the materials themselves 

but in consideration of tte price r~nges given for 

the sites, for the value increased ty R.O.I. 

According to the supposition, a plant should 

only be founded in a developing country if the 

basic ~aterials occur in the country; thus, the unit 

prices of the basic materials have not simply been 

entered into the calculation on international market 

prices but also at an esti~ated value representing 

the costs of local extraction. Only sulphur has been 

considered to form an exception filnce it caIU'lot be 

taken as usual tha~ raw phsophate and sulphur occur 

si~ultaneously, on one site. 

The value thus found represents the product 

value at the factory gate, to be still increased by 

distribution costs up to the end user. The magnitude 

of distribution costs is determined by the area to 

be furnished which again depends on the plant capa­

city. 
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The distribution costs have been estimated, with 

small plants, for a supply region of 100 km in dia­

meter and with big plants, tor a supply area of 

JOO km in diameter. Here, as a ma~ter of fact, we 

had tJ rely on data from the literatJre. These costs 

may ~e estimetee with a small pl3nt at 15 g/t and 

with big plants, at 60 S/t. 

3oth the importance of the supply region and the 

distribution costs for 1 to of product depend on the 

local conditions and on the specific consu~ption of 

nutrients used tor 1 ha of soil; therefore, considerable 

scattering of these costs may ce imagin~d. 

The costs on 1 t of product so far summarized 

are characteris1ic tor the costs at the end users 

/farm-gate pri~e/, without considering the applica­

tion costs; we have nut concentrated on these costs 

since they are identical whether the product comes 

from a small or from a big plant or even if it is an 

imported fertilizer. 

ihe farm-gate price calculated from the com­

plexes on l t of finished fertilizer product may be 

compared to the costs of 1 t of imported fertilizer 

of equal qualit3, also at farm-gatt price. 

The costs of the latter have been determined 
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starting fro~ the costs of 1 t of product (nitrcgen 

fertilizer) manufact~red in a European big plant, 

out of natural gas (with a heat price of 5.9 and 

11.ai/Gcal), increased by sea transfort charges 

(in average, 70Z/t), and in case of remote location, 

by the land freight charges (in average, say 25 %/t) 

plus the usual distribution costs for a region of 

identical dimension than that of the home produc­

tion. 

Further, we ccnsidered as characteristic the 

total investment costs on 1 t, with the fertilizer 

plants of different capacities ar.d different basic 

materi~ls (the specific investment cost) which have 

been found by dividing the total investment costs 

by the yearly production figures, while taki~g into 

calculation the on-stream factors. 
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Appendix 3/1 Table A.J/1.2 

unit prices, capital-related and la~cur-related cost 

~:aterials: 

Natural gas 3 ( e 500 kcal/m ) 

Fuel oil 
( 10 000 kcal/¥.g) 

Coal 
( 22CO kcal/kg) 

Ftosphate rock 
()2..5(,P 20 5) 

Sulphur 
fotash 
Lime 
Coating agent 

Anti-caking agent 

~~o 

Platina 

Developed site 
West-Europe 

Developing site 
Seaside and Re~ote 

locatt.on 

3 3 $/10 m 30, 50, 100, 150 15, 30, 50, 100 
$Gcal 3.5,5.9,11.8,17 .6 1.8, 3.5, 5.9, 11.8 

$/t 150' 180 120 150 

$/Gcal 15, 18 12, 15 

~/t 15' 30' 50 10' 20' 30 

$/Gcal 6.8, 13.6, 22.7 4. 6' 9.1, 13.6 

$/t 50' 70 15, 30' 50 

$/t 90 100 

:tit 70 

$/t 25 25 

$/t 60 60 

$/t 1000 lOOC 

S/t 250 250 

$'/kg 13200 13200 
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Tatle A.3/1.2 /cont'd/ 

Append ix 3/ l 

Utilitiea:x 

Power '/J/llffih 30 30 

Steam S/t 15 15 

BN ~u10 3 <n3 160 160 

BFW /demineralized/ $/103m3 500 500 

Cooling water $/ 103lD.3 20 20 

Process water $/103m3 12 12 

Labor ~/men/y 15 000 8 000 

Overhead ex~enses 
% of total iabour cc st 150 250 

Depreciation 
% of total inve8tment cost 10 10 

rf.aintanance 
% of total inveatment cost 3 4 

Insurance and property 
taxes 
% of total investment cost 2 3 

R.O.I. % 15 15 

xNo diffefence has been made in the prices of utilities 
fo~ developed and developing countries, the investment 
cost cf utility objects hav:ng been increasea by factors 
char9.ctariatical for the site, in the C9.Se of devel::>ping 

e:.tas. 
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(11) H.P. Drewry: Traflsport C'.)3ts fo!' s~1ir;ping petr.Jchemical3 
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Product: Ammonia 
> 

Huu mnteria!1 natural gas t\j 

"'CS 
(l) L.:>cction1 Developed site,. ~/est-~'urope c:::s 
p. .... 
>4 

w 
Capacity 1;/d 150 250 1000 ........ ..... 

A./ Total investment cost .., 
29,0 39,0 145,0 

-battery limit " 20,0 27,'J lOJ,O 
-equipment " 14,0 19,0 10,0 
-local coot " 6,o 8,0 30,0 

-off-sites " 9,0 :i.2,0 45,u 
-equipment " 3,6 4,8 18,0 
-local ooet " 5,4 7;2 27,0 

w 
I'\) 

I 

B./ Total investment cost ~ 23,0 39,0 145,0 
-1 ioenoe,know-how " 0,4 o,6 2,0 
-engine~ring " 3,9 5,3 l'),6 
-equipment .. 13,.3 17,9 66,4 
-site preparation, 
civil work,erection 1-) 

~ 

at aite,other coats " 15,2 57,0 cf 
11 ~,4 I-' 

l;J 

I-' 
I 

I-' 
• ..... 



Product: Ammonia ~ --
!~ui"i r:m terial: nn tur~:il cos "' CD ::s 

Davelopin~ n~te, Se~aide T • • e: .... .:>c~ 't :l.On: M 

~ ..... 

Capacity t/d 150 200 1000 

A./ Total investment cost M~ 37,0 49,6 213,5 

-battery limit " 23~0 31,0 120,6 

-equipment .. 15,2 20,5 75,6 

-local co~t " 7,8 10,5 45,0 

-off-sites .. ltl ,0 18,6 92,9 

-equipment .. 5,0 7,8 38,9 
-local ooet .. 8 ,... 10,8 54,0 \.Jl 

't:... \,,,J 

B./ ·roto 1 inveotment cost M~ 37,0 49,6 213,5 
-1 icenoe,lmow-how H 

lJ '5 0 ;1 3,0 

-cnp>ineering " 4,0 6,5 26,7 

-equiµruent .. 1)':) 21,1 04,8 

-site preparation, 
civil work,erection 8 

~ 
at site,other costs " 15,9 21,3 99,0 ..... 

CD 

t .. 
I ..... 
• 
I'\) 



Product: Arrunoniu --
! ~u-..·i material : nstur'-11 ;_;an >-

"d 
"d T • • Develop in~: ai te, Hcmo tu ~ .... .:>er:. t ion: 
p. ..... 
H 

t/d 
~ 

Capacity 150 250 1000 ..... 

A./ Total investment cost M' 43,0 58,0 277,4 
-battery limit II 24 '4 33,0 137,0 

-equipment .. 15,4 20,9 77 
-local cost .. 9,0 12,l 60 

-off-sites " 18,6 25,0 140,4 
-equipment .. 7,9 10,6 59 '4 
-local ooet " 10,7 14,4 81,0 

l..tJ 
~ 

I 

B./ Totnl inveotment cost M~ 43,0 513,0 277,4 
-1 icenoe,know-how " o,6 0,9 4,0 
-engineering n 5,4 7,J JJ,2 
-cquiproent n 17,3 23,J 9~,2 

-~ite preparation, 
civil work,erection o-3 

~ at aite,other costs " 19,7 26,5 141,0 .... 
~ 

..... 
I ..... 
• 
VJ 



Product: Ammonia 
Hu;.·; r:mterial: f'uel oil 

.... 
'd 
'd 

L.:>c~tion: Developed site, ~est-~urope n 
~ 
~ 

Capacity t/d 1?0 250 lOUO 
..... 

A./ Total investr.ient cost M~ 33,0 45,0 167,0 
-battery limit " 2.3,0 31,0 115 ,o 

-equipment " lG,l 21,7 80,5 
-local cost " 6,9 9,3 34,5 

-off-sites " 10,0 14,0 52,0 
-equipment " 4,0 5,6 20,8 

I 

-local oor=it " 6,0 0,4 Jl,2 lJJ 
Vl 

I 

B./ •rotol inve:Jtment cost M~ 33,0 45,0 ) 67 ,o 
-1 icence.\·mow-how " 0' '.) (J '6 2,) 

-cnp,ineering " 4,5 6,1 :'.2 ,6 
-equipment " 15,1 2u,G 76, 4 
-site preparation, 
civil work,erection 8 

~ 
at site,other costs " 12,9 17,7 65,7 

..... 
CD 

..... 
I ..... 
• 
.i:o. 

~~~ -



Product: Auunonio 

Eu;7 r.10. terial: fuel oil ~ 
"' ! . .:>cl'! t ion: Developinc site, Seaside " ::s 

~ 
~ 

Capacity t/d 1)0 250 1000 ...... 

A./ Total investment coat M$ 42,G 57,0 246,0 

-battery limit " 26,5 )5 ,5 130,8 
-equipment .. 17,5 23,4 87,0 
-local cost .. 9,0 12,l 51,8 

-off-cites " 15,5 21,5 107,2 
-equipment " 6,5 9,0 45,0 
-local oost " 9,0 12,5 62,2 

""' °' 
I 

B./ •rotn 1 inventmP.nt cost M~ 4~:· ,o 57,0 246,0 

-1 icenoe,know-how II (J '(i 0,8 3,5 
-engineering " ~.4 7,4 JO,O 
-equipment II 10,0 24, 2 97,7 
-~ite preparation, 
civil work,erection o-3 

~ 
at site,other costs " 18,u 24,6 114,0 ...... 

CJ) 

..... 
I ..... . 

V1 

--



Product: Anunonia 

Et.·1·'° material: fuel oil ~ 
T • • Devclopinc site, H.e1.1ote .o.J.:>cr? t ion: 

'O 

~ p. .... 
M 

Capacity t/d 150 250 1000 ~ ..... 

A./ Total investment coat M~ 49,0 67,U 320,0 

-battery limit " 28,0 33,0 157,0 

-equipment " 17,7 24,0 88,6 

-local cost " 10,3 14,0 69 ,2 

-off-sites " 21,U 29,0 162,2 

-equipment II 9,0 12,3 68,6 

-local ooet .. 12,0 16,7 9J,6 
VJ 
-..1 

I 

B./ •rotnl inventment cost M~ 4'..J ,o 67 ,o 320,0 

- l icenoe,know-how " 0,0 0,9 4,6 

-cnp>ineering " G,2 8,4 30,2 

-equlpNent " 19,7 27 ,o llil,4 

-~ite preparation, 
civil work,erection t-3 

Pl 
a' 

at sita,other costs " 22,J 30,7 162,8 ..... 
(D 

..... 
I ..... 
• 
°' 

~~~~--... --~-



Product: Anunonia 
!:u-\i r.mterial: coal ..... 

'Cl 
'O 

T • • 
....,.)Cr!t'.l.On: Developed site, ~cst-~uropc ~ 

~ 
Capacity t/d 150 250 1000 

~ ..... 

A./ Total investment coat M~ 46,0 62,0 2)2,0 

-battery limit ti 32 ,o 4Js0 160,0 

-equipment ti 22,4 JO,O 112,0 

-local co~t II 9,G lJ,O 48,0 

-off-sites ti 14,0 19,0 72,0 
-equipment ti 5,6 7,6 28,8 

-local ooat " 0,4 11,4 4.3,2 \.,.J 
(JJ 

I 

B./ ·roto 1 inventmP.nt cost M~ 46,0 62,0 232,0 

-1 icenoe,know-how II o,G 0,9 .3 '2 

-cnr,ineering " 6,2 0,4 Jl,4 

-equiµruent " 21,~ 20,J 106,2 

-site preparation, 

civil work,erection ~ 
at aite,other costs " 18,0 24 '4 91,2 ..... 

Cl 

..... 
I ..... . 
-.J 



Product: Anunonia --- t 
!~u·1; rnoterial: coal 'd 

T "" ">t.: • Developed site, :Jc:J!~ id e 
~ 

.:"-'vr., • .LOn. p. 
k. 
'-"" ........... ..... 

Capacity t/d l~O 250 1000 

A./ Total investment cost Mt 5G,U 78,8 341,5 

-battery limit ti JG,5 49,4 193,0 
-equipment " 24,1 32,4 121,0 

-local cost II 12,4 17,0 72,0 

-off-sites " 21,5 29 ,4 148,5 
-equipment " 9,0 12,3 62,l 

-local ooet It 12,5 17,1 86,4 I.,,.) 

u.; 

I 

B./ 'fotol inve3tmP.!!!_ cost M~ 50,0 78,8 341,5 

-1 icenoe,know-how II 0,8 1,2 4,8 
-engineering " 7,5 10,J 42,8 
-e q u .... proe n t " ~4.0 JJ,2 13, ,5 
-site preparation, 

1-i 

civil worlc ,erect ion ~ ..... 
at eite,other coats " 34,l 24,9 150,4 G 

..... 
I ..... 
• 
CX> 



Product: Ammonia ---
~~:,;·; r:m terial: coal ~ 

't:l 
!..:>c~tion~ Developin:_: si tCJ, li:ernote 't:l 

~ 
H 

Capacity t/d 150 250 1000 ~ .... 

A./ Total investment cost 11.~ GJ,o 92,0 444,0 
-battery limit II 39,0 52,5 219,4 

-equipment II 24,6 .3.3,0 123, 4 
-local cost " 14,4 19,5 96,0 

-off-sites .. 
2~.0 39,5 224,6 

-equipment II 12,2 16,7 95,0 
-local ooet " 16,8 22,8 129 ,6 +. 

(J 

I 

B./ Totnl inventment cost M~ 6d,O 92,0 444,0 
-1 icenoe,know-how II 0,9 1,4 6, 4. 
-cnRineering II 8,5 11,6 53,1 
-equipment II 

27 '4 .36,7 158 ,9 
-~ite preparation, 
civil work,erection 

~ at slte,other costs " 31,2 42,3 225,6 ..... 
CD 

..... 
I .... 
• 
'-0 



Product: Nitric acid 
Hur; r:w.terial: ~ 

'd 

!.~cc.tion: Developed site, West-~urope ~ p. ..... 
11 

Capacity t/d 273 455 182 ~ 
~ ...... 

A./ Total investment cost J.U~ 14,2 23,6 J4 ,·( 

-battery limit It 9,8 16,J 65,3 

-equipment " 6,7 11,4 45,7 
-local cost .. 3,1 4,9 19,6 

-off-sites " 4,4 7,3 29,4 

-equipment .. 1,8 2,9 11,8 

-local ooet " 2,G 4,4 1706 -~ 
I-' 

B./ ·rotn 1 inve3tment cost M~ 14,2 2J,6 94,7 

-1 icenoe,know-how " 0,3 0,5 2,0 

-cnr,ineering " 1,1 1,9 t&G 

-cquiµruent .. 7,1 11,9 47119 

-~ite preparation, 
>-3 

civil work,erection ~ 
at aite,other costs " 5,7 9,3 37,2 ...... 

GI 

...... 
I ...... 
• ...... 
0 



Product: Nitric ccid 
.r;-Hu;·; rnnt~rial: 

l ~vc~tion: Developing site, ~cnoide 
~· 
M 

~ .... Capacity t/d 273 455 1822 

A./ To~al investment cost Mi lC,O 30,0 139,5 
-battery limit " 11,2 l:J. 7 70,8 

-equipment " 7,2 12,3 49,4 
-local cost " 4,0 6,4 29,4 

-off-sitee " G,D 11,3 60, 7 
-equipment " 2,9 4,7 25,5 
-local ooet " J,9 6,6 35,2 ~ 

"-' 

B.I •rotnl investment cost M~ 18,0 30,0 139,5 
-1 icenoe,know-how " 0,4 o,6 3,0 
-engineering " 1,4 2,4 11,2 
-equipment .. 

Ll ,3 14,0 60,1 
-site preparation, 

civil work,erection •-3 
~ at site,other costs " 7,9 13,0 64,6 .... 
CD 

.... 
I ...... 
• ...... ...... 



Product: Nitric acid 
~ 

!~u-ii r.mterial: 'C 
"d 

1.:>cr!tion: DGvcloping situ, 'Remote !! 
~ 
~ 

Capacity t/d 273 455 1322 ..... 

A./ Total investment cost M$ 21,3 3::; ,1 181,2 

-battery limit II 12,1 19,9 89,5 

-equipment " 7,4 12,5 50,3 

-local cost .. 4,7 7,4 39,2 

-off-sites It 9,2 l'.) ,2 91,7 

-equipment .. 4,0 6,4 )8,9 

-local ooet " :>,2 8,8 52,8 
.p. 
VJ 

I 

B./ Total inveotment cost M)! 21,3 35,1 181,2 

-1 icenoe,know-how " o, 1) CJ,8 4,0 

-engineering " 1,7 2,D 14,5 

-equipment " 9 " .~ l'.J ,3 70,7 

-site preparation, 
civil work,erection t-i 

at site,other coats " 9,9 16,2 92,0 
~ ..... 
CD 

..... 
I ..... 
• ..... 
N 



Product: Anunonium nitrate .. 
Hu,·i mn t erial: 'O 

'O 

L.:>cc.tion: Developed site, \'/est-Europa g 

~ 
~ 
~ 

Capacity t/d 355 591 2364 

A./ Total investment cost .., 10,9 16,2 48,7 
-battery limit II 7,5 11,2 33,6 

-equipment " 5,3 7,8 2J,5 
-local coat .. 2,2 J,4 10,l 

-off-sites II 

J ' ... 5,0 15,l 
-equipment II 1,4 2,0 6,0 
-local oost " 2,0 3,0 9,1 

~ 
.po 

B./ Total investment cost M' 10,9 16,2 48,7 
-1 icenae,know-how II 0,2 O,J 1,0 
-engineering " 1,4 2,0 5,9 
-equipruent " 5,1 7,5 22,6 
-site preparation, 
civil work,erection ~ 
at site,othar coats " 4,2 G,4 19,2 .... • .... 

I .... 
• .... 
""' 
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Product: Anuuonium ni trnte 
.... 

!~ui."i r.mterial: 'Cl 

T • • DevelopinG olto,Scunide 
'd 

d_<?~t1on: 
! p. ..... 
M 

~ 

Capacity t/d 355 591 23C:i4 ..... 

A./ Total investment coat M~ 13,9 20,5 71,8 

-battery limit " 8,6 12 ,8 40,8 

-equipment .. 5,7 0,4 25 ,'l 

-local cost " 2,9 ", 4 15,2 

-off-sites .. 5,J 7,7 .:n,2 

-equipment " 2,J J,2 13 ,o 

-local ooat " J,u 4,5 18,2 
.po 
Vl 

I 

B./ Totnl inventment cost M~ 1.3,9 20 '5 71,8 

-1 icenoe,know-how .. 0,3 0,4 1,5 

-engineering " l,G 1,9 8,2 

-equipment .. (,, 1 9,J 2i;, 7 

-~ite preparation, 
civil work,erection 

~ 

at aite,other costs " 5,9 8,9 33,4 
~ ..... 
c» 
I-' 
I ...... 
• ...... 
~ 



Product: Am..1onium nitr~-ite 

!\.1·.-.- r.:n terinl: :--
"O 
'O 

T , • 

~-~= DeV•'lopin,~ :Jitc·, Hcuote !J 
p. .... 
M 

Capacity t/d )~5 2)64 
~ 

591 ...... 

A./ Total investment cost M$ 16,2 24,l 9),2 

-battery limit " 9,1 lJ,7 46,1 
-equipment ~· 5,0 0 't: 25,9 
-local cost " J,J 5,1 20,2 

-off-sites " 7,1 10 '~ 47,1 
-equipment " ),1 4,4 19,8 
-local oost n 4,0 6,0 27,3 

~-
0" 

n./ •rotnl inventment ~-'t M~ lG,2 2'1,1 93,2 

-1 icenoe,know-how u O,J ()' 5 2,0 

-cng,ineering " 1,9 2,7 10,3 

-cquipruent " G,7 9,0 3 3 'I\ 
-~ite preparation, 
civil work,erection ~ 

at site,other costs " 7,) 11,l 47,5 ~ ..... 
CD 

..... 
I ..... 
• ...... 

V1 



Product: y~ t 
!~u·.-; material: 't:l 

T •.I Developed ni te, ·.:c:st-l!:uropc l ..... ;:>c~ i; ... on: ~· 

-'<. 
...... 

Capacity t/d 260 440 1700 

A./ Total investment cost M~ 15,7 2J,8 69,6 

-battery limit II 10,8 16,4 40,0 

-equipment II 7,6 11,5 JJ,6 

-local cost " J,2 4,9 14,4 

-off-sites II 4,9 7,4 21,6 

-equipment " 2,0 J,O 8,6 

-local ooet " 2,9 4,4 13,0 
~ 
-J 

I 

B./ •rotnl inveotment cost M~ 15,7 2J,8 G9, 6 

-1 icenoe,know-how It O,J 0,5 1,4 

-engineering " 1,7 2,6 7,5 

-equipment " ,, G 11,4 3J,3 , ' 
-~ite preparation, 1-3 

civil work,erection ~ 
...... 

a~ site,other coats " 6,1 27,4 9,J ca 
...... 
I ...... 
• ...... 
°' 



Product: Ur£_g poi. 
"d 

Euri rno.terial: "d 

~ 
Lvcction: Develo~inL site, Seaside ~ 

.!<. ..... 
Capacity t/I'\ 260 440 1700 

A./ Total investment coat M$ 20,0 J0,3 102,5 
-battery limit " 12,4 18,0 57,9 

-equipment .. 8,2 12,4 36,3 
-local co!lt " 4,2 6,4 21,6 

-off-sites " 7,6 11,5 44,6 
-equipment " .3, 2 4,9 18,G t--

°' -local oost " 4,4 6,6 26,0 

B./ •rotal inv~:JtmP.nt cost M~ 20,0 .30,J 102,5 

-1 icenoe,know-how " 0,4 0,7 2,1 

-cn~ineering " 2,1 3,2 10,5 

-equipment " I I) 
-' , _;. 13,4 41,J 

-site preparation, 
civil work,erection 8 

~ 
at site,other costs " 0,6 13,0 48 ,6 ..... 

" ..... 
I ..... 
• ..... 
-! 



Product: Urea - ~ 
"d 

!~c .. c;; r.mterial: 
T • • Developin~ aite, Remot0 

l 
...... .::>c~ i; ion: ~· 

~ 
....... 

Capacity t/d 260 440 1700-

A./ Total investment coat M' 23,4 35,5 133,2 

-battery limit " 13,2 20,l 65,8 

-equipment II 8,4 12,7 37,0 

-local cost " 4,8 7,4 28,8 

-off-sites " 10,2 l:J,4 67,4 

-equipment " 4,4 6,6 28,4 ~ 
w 

-local ooat II 5,8 8,0 39,0 

B. / 'fotn 1 inventmP.nt cost M~ 23,4 35,5 133,2 

-1 icence,know-how " () '5 0,8 2,8 

-cnf»ineering " 2,4 J,6 lJ,3 

-equipment " 9,9 14,9 49 '3 

-~ite preparation, 
civil work,erection t-3 

at site,other coats II i0,6 16,2 67 ,8 ~ 
....... 
CD 

....... 
I ...... 
• ...... 
CD 



~roJ~ct: Sulphuric acid 
'':>•1\0

' ,..,...1 ........ 1· "1 • ""Ul phU' ~ ....... 1...-..L l.•. u .... 

Locs.tion: 

Capacity 

A./Totnl inve~tment cost 
-battc;;ry limit 

-equipment 

-local cost 
-ofl'-sites 

-equipment 
-lo~::.::i. oost 

"B./ ·r:"Jt81 lnv0.~i-::mcnt C03t -·-----.. -·-------
-1ic~11·::D 1 \~IlO\'/-hOW 
--er.gineer:i.nG 

-E qui~)n:.r:•1t 

-cite p: ~ pnra t iou, 
civil wor:c ,crect:Lon 
....... 
'"·" sit~,cthor costu 

t/d 

M$ 
II 

II 

II 

" 
II 

II 

M~ 
11 

11 

II 

II 

.Jevelo:icd cite 
·:,ect-.::.:urope 

Developing site 
Seaside Jemotc 

-~o-----~n-----2"00 

---------------------------
9 ;r 12,3 14,4 
6,7 7,7 8,2 

4,7 5,1 5,2 
2,0 2,6 J,O 
J,O 4,6 6,2 
1,2 1,9 2,6 

1,8 2,7 J,6 

9,7 12,J 14,4 
0,2 o,J o,J 
1,4 1,8 2,0 

4,J 4,9 5,5 

J,8 5,3 6,6 

it' 
'O 

! p. 

~· 

~ ..... 

V1 
0 

~ ..... .. 
..... 
I 

N 
• ..... 



rr0duci· Sulphuric acid ~ 

l::.l\'.' :r~:·ltC:i."'i.~l: 

"d 

sulphur ~ 

Locaticn: Developed cite Dcvelo~i~:it~ 
p.. 

~· 

·,,·eGt-~u1~0pe Ceo.side .1.~c1notc ~ 
~-~--~--~-~------~--------------

t-' 

Capncity t/d 60U 600 600 
---.. ----------

A./Total inventment cost M$ 22,5 20,6 33,5 

-bo. t t ery limit " 15,5 17,8 18,9 

-equipment 
.. 11,0 11,9 12,1 

-local cost 
II 4,5 5,9 6,0 

-off-sites 
II 7,0 10,8 14,6 

-equipment 
II 2 'fJ 4,5 6,2 

-local oout II 4,2 6,3 8,4 Ul 
........ 

B./ Totnl i,E_VC3tment cost M~ 22,5 28,G JJ,5 

-1 iccncn,\mo\'1-how 
II 0,5 o,7 0,8 

-ene,inecrinc; 
II J,4 4,1 4,6 

-equipment 
11 9,9 11,4 12,9 

-site preparation, 
civil work,erection ~ 
at site,other costo " 8,7 12,4 15 '2 

.... 
CD 

.... 
I 

I\) 

• 
N 



i:~roci.uct: Ph:>:::i1hori(; eicid /100 ,., r 2 o5/ 

~:-n .. , . ., .... ~·e-.. 1· nl. h h t k 
~ "'-" ..1. "' • p os p a e roe 
Loc~tlo:-i: 

Capacity 

A./Total inve~tment cost 

-battery limit 

-e qui i: .. 1cnt 
-locui. cost 

-off-sites 
-equipment 
-local ootJt 

B~/ TGtal invcat~ent ~ost 

-1 ic~nm,~~now-how 

-er.gincering 
-equipment 
-~ite prcparution, 
civil work,crectioa 
at ~it~,othur caste 

t/d 

• •r:I 
h•I' 

II 

II 

II 

" 
II 

" 

!i'i;~ 

.. 
II 

" 

1: 

Develoncd aite 
'.ie::t-..:;uropG 

T> 1 . . t ~£_ye. opinr; si ~ 
Seaside ~!c:aot:'.) --- ---------------

200 200 200 -----------------··------
2J,8 

16,4 
11,5 

4,9 
7,4 
3,0 
4,4 

23,8 

u,5 
4,2 
9,8 

9,3 

JO,) 
18,8 
12,4 

6,4 
11,5 

4,9 
6,6 

JO,J 
o,6 
5,0 

11,7 

13,0 

35,5 
20,l 

12,7 

7,4 
15 ,4 

G,6 
8,8 

35,5 
o,a 
5,6 

12,7 

16,4 

t 
'd 

lJ 
p.. 
k. 
~ ...... 

~ ...... 
Cl .. 
I'\) 

• 
VJ 

Vl 
I'\) 



Product: ~p /18~~ P20?/ 

""'""' - .... t,,. ..... 1·,,1· l\r,H o1'• v..L. L• •phosphate rock 

Location: 

Capacity 

A./Total investment cost 

-bat tcry limit 
-equipment 
-local <.;Ost 

-orf-sites 

-equipment 
-local ooat 

B./ Total investment cost 

-1 iccnoo,l~now-hvw 

-en8,ineering 
-c quipru~'~t 
-site pr~paration, 

civil work,erection 

at site,other coots 

t/d 

M$ 
11 

" 
II 

II 

II 

ti 

M~ 
II 

II 

II 

II 

Dcvelopint:J site 
Seaside l~emotc 

Developed site 
."/est-~u.rope -------------

500 sou 500 

------ ·----------------
4,4 
3,0 

2,1 

0,9 
1,4 
o,6 
o,o 

4,4 
O,l 
o,6 
2,0 

1,7 

5 ,'7 

.3 '5 
2,3 
1,2 

2,2 

1,0 

1,2 

5,7 
0,1 

0,7 
2,5 

2,4 

6,6 
.3 // 
2,3 
1,4 
2,9 
l,J 
1,6 

6 't. 
0,2 

0,8 

2,6 

.3 '0 

~ 
"d 

~ 
~· 

~ ..... 

vi 
\,_,) 

~ .... 
(D 

'I 
I\) 

• 
~ 



Product: TSP /46% P2o2/ ~; 
~:n.::iterilll: l~ Location: Developed oite Developing site 

Jest-~urope Senside he mote 
~ ... -- ..... 

Capacity t/d 500 500 500 
.... 

--------
A./Total inv~stffient cost M$ 5,1 6,5 7 t .-. 

-battery limit !I J,5 4,0 4,J 

-equiµ1. ~nt It 2,5 2,7 2,8 

-local cost It l,O l,J 1,5 

-off-sites " 1,6 2,5 J,J 

-equipment II 0,6 1,0 1,3 

-local aost " 1,0 1,5 2,0 Vl 
~ 

I 

B./ Total investm~nt cost M$ 5,1 6,5 7,6 

-licencE\know-how " O,l 0,1 0,2 

-enginuering " 0,7 0,9 1,0 

-equipment " 2,J 2,7 2,9 

-site preparation, 
civil work,erection 

.. , 
i:J" 
.~ 

at sitetother ooata 11 2,0 2,8 J,5 ·It 
.... 
I 
I\) 

• \JI 



Product: ~~/l'-~'~ N + 52~'£2225/ I or VAP LlD;·~ N....± 46(~ P 2g_ 5/ lJPK /19;19:19/ 

Hau material: r---

!..:>cut ion: Developed site, West-~urope ii 
~ 
p. 
~, 

Capacity t/d 375 1040 J<. 
I-' 

A./ Total investment coat .., 8,1 12,5 

-battery limit II 5,6 8,6 

-equipment " J,9 6,0 

-local cost .. 1,7 2,6 

-off-sites " 2,5 3,9 

-equipment " 1,0 1,6 

-local ooet " 1,5 2,3 
Vl 
Vl 

! 

rl./ Totol inveotment cost M~ 0,1 12,5 

-1 icenoe,know-how II 0,2 0,3 

-engineering II 1,3 1,8 

-equipruent " J,4 5,:i 

-site preparation, 
civil work,ereotion 

~ 

at sito,other coats " J,2 4,9 
~ ..... 
Cl 

..... 
I 
I\) 

• 
°' 
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J.ppandtx 3/1 Table 2-1 

Specific i,p.veatment cost l/t/y product 

Dave loped site De.'fle.101:1.ns site 
West-Europe Seaside Remote 

location 

Ammonia 
lieedstock - - - - -

l~O tld na·~.gas 580 740 860 

fuel oil 660 840 980 
coal 920 1160 1360 

250 tld nat.gas 470 598 700 

fuel oil 542 687 807 

coal 747 950 1108 

lOOOtld nat.gas 440 776 1010 

fuel oil 506 895 1164 

coal 703 1242 1615 

Nitric aciS}. 
27'~ t/d 158 200 2Y7 

455 t/d 157 200 234 

1822 t/d 158 279 362 

Ammonium. nitrate 

355 t/d 93 119 138 

591 t/d 83 105 124 

2364 t/d 62 110 143 

YE.Y. 
260 t/d 183 232 272 

440 t/d 164 209 245 

1700 t/d 124 219 285 



- 57 -
Appendix 3/1 Table 2-2 

Specific :i}lvestment cost !/t/y product 

Develo;eed site Developing sit.~ 
West-Europe Seaside Re.mote 

location 

Sulpburi~ acig 

200 t/d 147 186 218 

600 t/d 113 143 168 

Ppoapboric acid 

200 t/d P2o5 
360 459 538 

/370 t/d te1-q·p13l/ 

SSP 500 t/d 27 36 41 -
TSP 500 t/d 32 40 47 --
MAP 375 t/d 68 -
DAP 425 t/d 62 -
NPK 1040 t/d. - 39 

l ..... _:::::::l 
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- 58 - Table }-1.l 

1>9ftlol.l!!! !ill Dtrvelol!!Y ait• 
v..t- ~,. a...14• 8-t• 

looaticn 

ll~ 1/.,4 

PMlls'toolta ua'tural gaa :iJa • 29,o :n,o 43,o 

• 15,7 20,0 23,4 

'!o't&l • 44,7 57,o 66,4 

t'uel oil 
~ • 331 0 421 0 49 10 

• 15,7 20,0 23,4 

Total • 48,7 62 10 72,4 

coal ~~ • 46 1 0 58,o 68,o 

• 15,7 20,0 23,4 

Total • 61,7 78,o 91,4 

~01/.d 

•11111noea natural gu )(H3 • 391 0 49,6 58,0 
Urea • 23,8 3o,3 ~5.5 

To\al • 62,a '?9,9 93,5 

tu.l oil :~ • 45,0 ~7,o 67,o 

• 23,8 3o13 35,5 

Total • 6e,8 87,3 102,5 

coal IH3 • 62,o 78,8 92,0 
Urea • 23,8 3o,3 35,5 

'l'o'tal • 8'.>,8 1«>9,1 127,5 

uqe.i.zoo l/a 
Peed.aoolu D&'\ID'&l gu 

~~ • l45,o 213,5 2Tt,4 

• 69,6 102,5 133,2 

Total • 214,6 }16,o 410,6 

tu.l oil 
~ • 167,o 246,o 320,0 

• 69,6 102,5 133,2 

~ • 236,6 348,5 453,2 

o-1 :J. • 232,o 341,5 444,o 

• 1>9,6 lo2,5 133,2 

Total ~ 3ol,b 444,0 577,2 



- 59 -
Appeodu J/l 

Table 3-J .2 

Tol•l ln•ea•aenl coe• of amaonia-ni•rio eoid-aamoni11a oitraie c011elexea 

Dneloped eUe Developiog aiu 

I•••- Europe 
Sea1ida Remo•• 

location 

1J!!2Di!!! nl•r9te l~2 lld 
hed1•oclc: na•ural ga1 HHJ Q 29,0 :37 ,O 43,0 

Hll03 IOI 14,2 18,0 21,J 
A!i MS ~ _lla..2 _1hl 
ToUl Q 54,l 68,9 80,5 

fuel oil NH) M$ JJ,O 42,0 49,0 

HJI03 ll~ 14,2 18,0 21,J 
AH IU! ~ -1hl ~ 
ToUl IU! 58,l 7),9 86,5 

coal llHJ M.S 46,0 58,0 68,0 
HNO., WI! 14,2 18,0 21, 3 .. 
.t.:N M! _.!.Q...2 -1hl ..1.§...1 
·roul WI! 71,l 89,9 105,5 

.t.-oniua nhrete 221 'Ld 
P9ed1•oolt; natur9l gee NH) 141! 39,0 49,6 58,0 

HNOJ Mi! 23,6 )O,O 35,1 
Ali Mi! 16,2 ~ _lh1 
ToUl Iii! 78,8 100,1 117 ,2 

fuel oil NH) Ml! 45,o 57,0 67 ,o 
HN03 111.S 2),6 30,0 35,l 
AN Mt ~ ~ _£i.J: 
'foUl lo!S 84,8 107,5 126,2 

coal NH) 1411 62,0 78,8 92,0 

HNOJ Iii! 23,6 )0,0 35,1 
AN Ml! -12.a1 ~ _lh1 
·~·ota l ~II 101,8 129,3 151,2 

-----------
1aaion1um nitrate 2l6~ tLd 

PHd1took1 natural gee NH) Ml! 145,0 213,5 277. 4 

HNOJ i.;J! 94,7 1)9,5 131,2 
AN MS ~ ~ _il,1 
Tot11l Ml! 28814 424 3 551,8 

fuel oil NH) 111.S 167,0 246,0 320,0 
HN03 Ml! 94,7 139,5 181, 2 
AN "II ~ ..lb.§ _il.1 
·rou1 :.ti! )10,4 457,3 594,4 

---------··----------- ---- --· 
coal NH) L11! 232,0 341,5 444,C 

HNOJ Lill 94,7 139,5 181,2 
AN r.tl! --4:1..1 _1Ll _il.1 
Toul ¥11 375,4 552,8 11a,4 

---------



- .. 

- 6 0 -

.A.nnendix ")../ 1 Table 3-2 -- -. 

Total investment costs of eos"Phate 

complexe1 

Developed Develo;ew site 
site Seaside REIDote -West-Europe location 

SSP JOO tLd 

~~4 • 9,7 12,3 14,4 
Kf, 4,4 5,7 6,6 

Total • 14,1 18,o 21,0 

TSP ~oo tLd 

=~4 ~ 22,5 28,6 33,5 • 23,8 3o13 35,5 
~4 1¢ 5,1 6,5 7,6 

Total • 51,4 65,~ 76,6 

KAP .u~ tLa 
H so

4 1" 22,5 28,6 33,5 
DAf ~~ tLd Hlo • 23,8 3o,3 35,5 

MlP 4 /DAP/ • 8,1 lo,3 12- .. 

Total ~ 54,4 69,2 -
NPI lQ:tO tLd_ 

H~4 • 22,5 28,6 33,5 

~4 • 23,R 3o,3 35,5 • 12,5 16,.c 18,6 

Total w.d 58,8 74,9 87,6 



Appendix 3/ 1 - 61 - Table 4-1.l 

Specific investment costs of agouQAiS =Aitr1c=§cid­
ammupjllffi nitrate, ammonia-urea complexes 

Sp"fl/t/y Atlmonium-hitrate 

Developed site 
West-Europe 

Ammonium nitrate -
355 t/d 
~dedstock: nat.gaa 

ruel oil 
coal 

591 t/d 
Feedstock: nat.gas 

fuel oil 
coal 

2364 t/d 
Feedstock: nat.gas 

fuel oil 
coal 

Urea - 260 t/d 
Feedstock: nat.gas 

fuel oil 
coal 

440 t/d 
Feedstock: nat.gas 

fUel oil 
coal 

1700 t/d 
Feedstock: nat.gas 

fUel oil 
coal 

462 
496 
608 

404 
435 
522 

370 
338 
431 

520 
566 
717 

433 
475 
592 

383 
422 

538 

Developing site 
Seaside Remote 

location 

588 

632 
768 

513 

551 
663 

654 
704 
850 

688 

739 
902 

601 
647 
775 

849 
314 

1105 

SnJ.$/t/y urea 

663 
721 
907 

551 
602 
752 

675 
745 
950 

772 
842 

1063 

644 
707 
879 

877 
968 

1233 



- 62 -
J.ppandix :/1 Table 4-1.2 

Soecific investment costs of 1 t N in a!n..-::.onia 
- nitric acid - ammonium nitrate, a!!!monia-urea 

compl1~ 

Ammonium nitrate 
355 t/d 
591 t/d 

2364 t/d 

Urea 
260 t/d 
440 t/d 

1700 t/d 

Sp.I.$/t N/y 
Raw material: natural gas 

Developing site 

3easidelocation Re~ote 

1729 
1509 
i924 

1441 
1198 
1467 

2024 
1768 
2497 

1678 
1400 
1907 



- 53 -
Appendix 3/1 '"-'\..., - . ~ 

4 QU4'C1 "+-'' 

Specific investment costs of pbospbate co~plexes 

~ 
500 t/d 

m 
500 t/d 

MAD -
375 t/d 

DAP - 425 t/d 

fil!i 
1040 t/d 

Developed site 
Vlest'-Europe 

85 

312 

440 

390 

171 

Sp. I .$/t/y 

Developir.g site 
Seaside Remote 

location 

109 127 

396 464 

558 654 

494 579 

262 306 

- .., 



~h3/l 
l'rouucJ.: ~onia 

l!t?w :naterial: nei;urel ;;ua 

Loc;itio:i: Developed site, West-Europe 

Capacity 
On-•tl'9aa !actor 
Production 

Total inve•tment co•t 
Production cost 

Uateriale - - - - -
Ct&em.ioals 

a./ Total 11&t•rial• 

Power 
Steam 
BF~/deaineralized/ 
Cooling writer 

b.f Total ut111t1e3 

o./ .&.abour 

d./ ~•?'bead expenses 

•.I Total/a+b+c+d/ 

t .! Depreciation 

tfd 
~ 

i:t/y 

'/;/ t 

'J/t 
n 

" 
" .. 

'/;ft 

'/;It 

'/;ft 

g./ U&intenano~ '/;ft 
h./ Insurance and p~operty 

tc:;;:es Jft 

1./ Total !f+g•hf 

j./ Total production cost 
f ui/ 

k./ l~ R.o.r. 

1./ Tot11l fjtk/ 

m./ Paedet.lc~ cosu 6 1. 3,5:1 10 kcal 
/natural 2. 5,9 ' 
gas/ 3.11,8 '/; 

4.17,6' 

r../ Product value ,'ltm/ 
et factory gate 1. 

2. 
J. 
4. 

'/;It 

tit 

'f,/t 
$/t 
'lit 
'f,/t 

Ut 
$/ t 
'/./ t 
'f,ft 

o./ Distribution cost 'f,/t 

p./ Pal'8-gate price /n+o/ '/;/t 
'/;/t 
'/;/ t 
'f,/t 

- 64 -

15J 
90 

50 

~9.0 

0,0 

8,0 

26,5 

0,9 
10,J 

J7,7 

9,6 

14,4 

69, 7 

58,0 

17,4 

11,6 

07,0 

156,7 

tl7 ,O 

243,7 

26,J 
44 ,J 
88,5 

1)2,1) 

270,0 
200,0 
JJ2,2 
375,7 

250 
90 
8) 

39,0 

0,0 

8,0 

o,6 
6,0 

6,0 

5,8 

8,7 

29,l 

47,0 
14,1 

9,4 

70,5 

99,6 

70,5 

170,l 

29,4 
49,6 
99,l 

147 ,0 

199,5 
219,7 
269. 2 
317,9 

Table ')-1. l 

lOOC 
~o 

)JO 

145 

0,0 

8,0 

2,2 

0,6 
2,4 

5,2 

2,J 

17,0 

4) ,9 

lJ,2 

8,8 

65,9 

82,9 

65 ,9 
148,8 

25,2 
42,5 
85,0 

126,7 

174,0 
191,J 
233,8 
2?5 ,5 

I 



.&p~lll "3/l - b5 - ':'ab l.e .,_ l • 2 

~ roJuct: Urea 

ti~.w '.llateri:il: natural b"tld 

Locnt io:i: Developed s i tt!. 'lest-Europe 

Capacity t/d 260 440 l700 
On-nNam factor ~ 90 90 90 

Production kt/y 86 145 560 

T?tt> 1 1nveata1·.mt cost u 15, 7 2),8 69,6 

Production coat 

:!&!e,riel! °f,/t 

co2 

a./ Total material a t>/t 

ytp!t!"! /./t 
Power " 4,5 4,2 J,9 
Steam " 1),8 1),5 12,6 
BP.:/ de mineralized/ " T 

Cooling wnter n 1,4 1,4 1,2 
Staa&A crsdit - 0,0 

b./ Total utilities J/t 19,7 19,1 16,9 

o./ .i.abour ,,,t ),5 2,1 0,5 

d./ UY•rhaed expenses j/t 5,) ),2 0,8 

e./ Total/a+b+c+d/ f,/t 28,5 24,4 10,2 

r./ Deproc1at1on ,,,t 18 ,) 16,4 12,4 
g./ Llllin tenanc~ ,,,t 5,5 4,9 J,7 
h./ Inauranca and property 

tc:xeo ,,,t ),7 ),) 2,5 

1./ Total /f+g+h/ 'l>/t 27,5 24,6 18,6 

j./ Total produotion cost ,,, ... 
I e+1/ 56,o 49,0 36,8 

k./ 15% n.o.r. ,,,t 27 ,5 21\,6 18,6 

1./ Totnl /J+k/ Ut 8),5 73,6 55,4 

m./ Feedatocll cost a 
1. Ut 15),9 ll), 7 99,l 

/NH/ 2. "'t 164,2 125,2 109,0 
). '/>/t 1U9 ,4 15),4 1)),2 
4. 'f,/t 214,2 181,2 157,0 

n./ Product value /l+m/ 
at factory gate 1. ~/t 2)7 ,4 107,) 154,5 

2. 'l>/t 247,7 190,8 164,i 
). Ut 272,9 ~27,0 188,6 
4. 'f,/t 297,7 254,8 212,4 

o./ Distribution cost 'J,/t 

p./ Far11-gate price /n+o/ f;/t 
'I>/ t 
'/>/t 
'f,/t 



Appmd1% 3/1 - 66 - Table 5-1.j 

rrociuc~: ... ·-· - __ .. ..a 
DJ.•.&:.&.v • ..., ... u 

Raw materiel: natural gas 

Locntioa: DeYaloped eUe, 'Issi-Europe 

Capacity t/d 273 455 1822 
On-stream faotor ,., 90 90 90 

Production 'ct./y 90 150 600 

Total inTeBtm.ent cost Ml 14,2 23,6 94, 7 

Production coat 

llateriale '/.It - - - - -
PlU1na l,7 1,7 1,7 

a./ Total materials j/t 1,7 1,7 1,7 

Yt!l!t!e! '/.It 
Power " 0,4 0,4 0,4 
Steam n 

BFW/demineralized/ " 
Cooling water II 2,2 2,2 2,2 
BPW O,l 0 1 1 0,1 
Sta•• oradlt - 6,0 6,o - 6,0 

b./ Total utilities J/t 3,J - 3,3 - 3,3 

o./ J.abour Ut 1,6 l~O 0,3 

d./ oYerbead expenses '/.It 2,4 1,5 0,5 

e./ Total/a+b+c+d/ $/t. 2,4 0,9 - o,8 

t./ Depreciation j/t. 15,8 15,7 15,8 

g./ lif.ain t enanc~ $/t 4,7 4,7 4,7 
h./ Ineurance end property 

tnxee '/.It. 3,2 3,2 3,2 

1./ Total /f+e+h/ $/t. 23,7 23,6 23,7 

j./ Total produotion cost '/.It 26, l 24,5 22,9 I e+i/ 

~.! 15% R.O.I. 'J,/t 23,7 23,7 23,7 

l./ Total /j+~ '/./ t 49,8 48, 2 46,6 

m./ Feedetock coats 
l. 'I.It 75,6 55,9 48,7 

/NH/ 2. 'J/t 80,6 61,5 53, 5 '/.It 3, "'t 93,0 75,4 65,4 
4. 105,2 89,0 77,l 

n./ Produ<'t value /l+~ 
a i feet ory ge te 1. 'J,/t 125,4 104,1 95,J 

?. • '/./ t 130, 4 109, 7 100,l 'f,/t J. 'f,/t 142,8 123,6 112,0 
.i. 155,0 137. 2 123,7 

o./ Distribution coat 'l>/t 

p./ Farm-gate price /n+o/ $/t 
'/./ t 
""t 
-/J/t 



.a.,pmdix "j/l 
- t>7 - Table )-1.4 

Product: A111111on1ua n1iraie 
new 1111:1teriaJ: natural gaa 
Location: Den loped a1ie, Weai-t:urore 
Capacity tld 355 591 2364 
On-stream factor % 90 90 90 

ProductiO!! lctly 117 195 780 

Total inTestment cost 14$ 10,9 16,2 48,7 

Product:on cost 

Materials 'Jlt n•- - 0,8 0,8 0,8 
coaHng egani o,6 0,6 0,6 
anil-coaiing egent l,O l,O 1,0 
l1C o.8 OE8 0,8 

a./ Total materials '/,It },2 3,2 3,2 

~t!l!t!e~ 'tit 
Power " 0,7 0,7 0,7 
Steam J,6 J,6 3,6 
BP#/demineralized/ " 
Cooling woter " 0,8 0,8 0,8 

b./ Total utilities '/>It 5,l 5,1 5,1 

c./ JAbour $/t 2,1 1,2 0,3 

d./ OTerbead expenses Ut 3,2 3,0 0,5 

e./ Total/a+b+c+d/ '/>It 13,6 12,5 9,1 

t./ Depreciation '/>/t 9,3 a,3 6,2 
g./ lolaintenanc~ Ut 2,3 2,5 1,9 

h./ Insurance end property 
taxes $It 1,9 1,7 1,2 

i./ Total /f +g+hl 'l>/t ::.4,0 12,5 9,3 

j.I Total prOd!.lction 
I e+i/ 

coat $/t 27,6 25,0 18,4 

~./ 15% n.o.r. tit 14,0 12,0 9,3 

1,/ Total /j+k/ 'llt 41,6 37,5 27,7 

m./ Feedstoc~ eosts NH HN03 NH3 HN03 ·'HJ HN03 
1. '/>/ t 55?4 96,3 40,9 79,9 35,6 73, 2 
2. /,It 59,0 100,l 45,0 84,2 39,2 76,9 
3. Ut 68,1 109,7 55,2 94,9 47,9 86,0 
4. tilt 77,0 119,0 65,2 105,4 56,5 95,0 

n./ Product vBlue /l+m/ 
ai teciory geia 1. tit 193,3 153,3 136,5 

2. 'tit 200,7 166, 7 143,8 
J. Ut 219,4 187,6 161,6 
4. /,/t 23'1t6 208,1 179, 2 

o./ Distribution cost tit 

p./ Farm-gato price ln+ol tit 
/ii t 
Mt 
/,It 



f 
.lppmd..ix 3/1 

- 08 - i'able 5-1-5 

i'r·oJuci.: Ammonia 
1·."w ~:1tcri:il: n;;turul i.;us 

Loc~tio~: Developing site, Seaside 

Capacity t/d 150 250 1000 
On-stream !actor c• 90 90 75 "' 
Production kt/y 50 8) 275 

Total investment coat Ml 31 49,6 21),5 

Production cost 

~a.:,erial!!, Ut 
-

Chemicals 8,0 a,o 8,0 

a./ Total materials 'f,/t 8,0 e,o 8,0 

ytp!t!e!!. $/t 

Power II 26,5 2,2 
Ste em II 

BF.:/ demineral ized/ " 0,9 0 1 6 0,6 
Cooling water II 10,J 6,o 2,4 

b,/ TotaJ. ut111tiee J/t 37,7 G,6 5,2 

c./ wbour 'f,/t 5,1 ),1 0,9 

tJ./ OYernesd expenses 'f,/t 12,8 7,8 2,J 

e./ Total/a-rb+c+d/ 'f,/t 63 ,G 25,? 16,4 

r./ Depreciation 'f,/t 74,0 59,8 77 ,6 
g./ 11aintenanc°' 'f,/t 29,6 2),9 Jl,O 
h./ Ineurance and property 

tc.xeo 'f,/t 22,2 17,9 2),) 

1./ Total /f +gth/ 'I>/ t 125,8 101,6 1)1,9 

j./ Total production cost 'f,/t I e+i/ 109 ,4 127,1 148,) 

k./ 15% R.O.I. 'f,/t 111,0 89,7 116,4 

1./ Totul /j+k/ '/./ t Ju0,4 216,8 ?64,7 

m./ Feedet~c,\ cj\tott kcal l.'f,/t 1) ,5 15,1 1.3, 0 
/natural J,5 i • 2.Zft 26,J 29,4 25,2 
gus/ 5,9 ' " J.'f,/t 44,2 49,6 42,5 

8500 11,8 ~ • 4.'f,/t 88,5 99,1 85,0 
kcul/kg/ 

n./ Product value /l+m/ 
at !uctory gate l. ~ft )1),5 2Jl,9 711,1 $/t 2. '/>/t )26,7 246,2 289,9 

J. '/;/ t )44,6 266,4 )07,2 
4. 380 ,9 315,9 349,7 

o./ Distribution coat 'Iii t 

p./ Farm-gate price /n+o/ Ut 
Zit 
Zit 
'Iii t 



.-:::::~---~----------------

.&pp4a4.ix "J l 
I- ro<lu~t: \'rea 

Locntio~: Developing site, Seaside 

Capacity 
On-•tream !actor 
Production 

Total inYeatment coat 
Production coat 

~a1eriel!! 

co2 

t/d ,. 
kt/y 

'/>/t 

a./ Total materials $/t 

Power 
Steam 
BF.// dairaineralized/ 
Cooling water 
Steam oredit 

b./ Total utilities 

o./ .i.abour 

d./ ()Yerhead ezpenaea 

e./ Total/a+b+c+d/ 

t./ Deprociat1on 
g./ Llaintenanc~ 

" 
" 
" 
" 
• 

l/t 

l/t 

l/t 

$/t 
'/./t. 

h./ Inaurance and property 
tc:xea "/t 

1./ Total /f+g+h/ $/t 

j./ Total production cost 
I e+i/ 

k./ 15% n.o.r. 
1./ Totnl /J+k/ 

m./ reed•tock cost• 

n./ Product value /l+m/ 
at !ao tory gu te 

o./ Distribution coat 

1>/t 

1. ~/. 
2. '/>/t 
3. f,/t 
4. ~/t 

1. '/>It 
2. 'tit 
) • $/t 
4. $/t 

'/>/t 

p./ Parm-gate price /n.0/1. $/t 
2. $/t 
3. $/t 
4. 'f,/t 

- G9 -

260 
90 
86 

4,5 
lJ,8 

1,4 

19,7 

1,9 

4,8 

26 ,4 

2J,3 
9,3 

440 
90 

145 

30,0 

4,2 
lJ,5 

1,4 

2J,O 

20,9 
8,4 

Table 5-l.6 

l700 
75 

468 

102,5 

J,9 
12 . • 
1,2 
0,0 

0,8 

21,9 
0,0 

7,0 6,J 6,6 
·~--------~~~~~~------~~ 

J9,6 35,6 37,J 

66,0 

)5,0 
101,0 

178,7 
186,2 
196,4 
221,6 

27<.J '7 
28'7. 2 
29 7. 4 
)22,6 

294. 7 
302,2 
312,4 
JJ'l, 6 

Jl,4 

90,0 

1J2,2 
140,J 
151,9 
180,1 

222,2 
2)0,) 
241,9 
270,l 

15,0 

2)7,2 
245,J 
256,9 
285,l 

32,9 
E3,2 

150,5 
165,5 
175,J 
199,J 

246, 7 
25),7 
263,5 
207 ,5 

60,u 

)06,7 
)13,7 
)23,5 
347,5 

1 



Appmdll 3/1 

~roduct: jitric acid 

Raw mnterial: natural gea 

Location: D•••loping rite, Seaside 

Capacity tld 
0n-strea.m factor c' 

/G 

Production 'tl.tly 

Total investment cost 11$ 

Production cost 

!!a!erial!! 'Ut 

a./ Total materials '$It 

ytp!t!e!! '/>/ t 
Power .. 
Steem .. 
BPWldemineralized/ 
Cooling water n 

BFW 
StHm credU 

b./ Tote! ut111tie!! '/,/t 

c./ .i.abour '/,/t 

d./ UYerneac1 ei:penses '/,/t 

e./ Total/ a+ b+o+d/ '/,/ t 

f./ Depreciation 1>I i. 

g./ Maintenanc~ $It 
h./ Insurance and property 

tax ea '/,It 

i./ Total lf+g+h/ $/t 

j./ Total product ton ooat '/,It I e+i/ 

k./ 15% R.O.I. 'Ut 

1./ Total /j+'tl.I '$It 

m.I Feedstock coat a 
1. $/t 
2. tit 

INH 3/ 3. '/>It 

4Y tit 

n.I Product valae ll+m/ 
et :dc°C.)ry g1iU 1. tit 

2. tit 
3. '/.It 
4. tit 

o./ Dietrib~tion coat Ut 

p./ Farm-gate price ,'n~ol tit 
'/>It 
'J/t 
tit 

- 70 - Table ~1. 7 

2ic; 4§6 18,~ 

90 150 500 

18,0 )0,0 1)9,5 

1,7 1,7 :,7 

1,7 1,7 1,7 

0,4 0,4 
"· 4 

2,2 2,2 2,2 
0,1 O,l 0,1 
6,o 6,0 6,0 

3,3 3,3 3,3 

0,9 0,5 0,2 

2,) 1,3 o,5 

l,b 0,2 - 0,9 

20,0 20,0 27 19 
8,0 8,0 11,2 

6,o 6,0 8,4 

34,0 34,0 47,5 

35,6 34,2 46,6 

)O,O 30,0 41,9 

65,6 64,2 88,5 

01,a 65,0 77 ,9 
91,5 68,9 81,3 
96,5 74,6 86,1 

103,9 88,5 98,0 

153,4 129,2 166,4 
1~7,1 lJJ,l 169,8 
l 2,1 138,8 174,6 
174, 5 152,7 186,5 



.lpp.M.u 3/1 - 71 - Table 'j-l.8 

Product: Allilloniua nitrate 
Raw material: natural gall 
Location: De~eloping eite, See aide 

Capacity t/d 355 591 2364 
On-atream factor % 90 90 75 
Production kt/y 117 b5 650 

TotBl innstment coat Id 13,9 20,5 71,B 

Production cost 

~a!e!ial! f,/t 
Hae - o,g o,g o,~ 
coating efent o, o, o, 
anti-~oat ng agent 1,0 1,0 1,0 
11150 O,B O,B O,B 

a./ Total materials f,/t 3,2 3,2 3,2 

gtp,!t,!e! f,/t 
Power " o.z o,z o.z 
Steam " 3, 3, 3, 
BFW/deminaralized/ n 

Cooling water n 0,8 o,a o,a 

b./ Tota! utilities 'lit 5,1 5,1 5,1 

c./ .a.abour f,/t 1,1 0,7 0,2 

d., / werhe11d altpensea f,/t 2,8 l,B O,B 

e,/ Total/a+b+c+d/ f,/t 12,2 10,8 9,3 

f./ Depreciation f,/t 11,9 10,5 11,C' 
g./ Uaintenanc~ $/t 4,8 4,2 4,• 
h./ Insurance and property 

tnxea f,/t ),6 J,2 J,J 

1./ Total /f +g+h/ f,/t 20,3 17 ,9 18,7 

j./ Total production coat $/t 28,0 I e+i/ 32,5 26,7 

k./ 15% R.o.r. f,/t 17 ,9 15,8 16,5 

1./ Total /j+k/ f,/t 50,4 44,5 44,5 

m./ Feedlltock costs NH HN03 NH HN03 RH3 HNOJ 
1. f,/t 64~3 117,B 47?5 99,2 57,0 127,8 
2. '/,/t 67,0 120,7 50,5 102,2 59,5 lJ0,4 
). f,/t 70,6 1<!4,5 54,6 106,6 63,1 134,1 
4. f,/t 79,7 134,0 64,B 117 ,3 71,8 143,2 

n./ PrOduot value /l+m/ 
229,J et rectory geu 1. f,/t 232,5 191,2 

2. 'J/t 238,l 197,2 234,~ 

3. f,/t 245,5 205,7 241,7 

4. '/,/t 2l4,l 226,6 259,5 

o./ Di•tribution oo•t •It 15,0 15,0 60,0 

p./ Fare-gate prioe /n+o/ f,/t 24~,5 206,2 289,J 
'1>/t 25 '1 212,2 294,4 
'/./t 260,5 220,7 301,7 
f,/t 279, l 241,6 319,5 



.lppendb 3/1 

!:-o·l:..Ict: 

n--·-""­... ,.c .. ,....,.,c;; 

Capacity 
!Jn-stream rector 

Production 

Total investment cost 
Production coat 

r.1ateriAla - - - -
Chemicafo 

a./ Total materials 

Per.er 
~team 
BF.:/ demineral !zed/ 
Cooling watt':-

b./ Tote! ut111t1ecr 

c./ .LAbour 

d./ OYerhead expenses 

e./ Total/a+b+c+d/ 

f./ Depreciation 

t/d 
~ 

kt/y 

'Mt 

$/t 

Ut 

" 
" 

Vt 

f,/t 

f,/t 

Ut 

f,/t 

g./ r.teintenanc~ 'l>lt 
h./ Insurance and property 

tr!Xe!l f,/t 

1./ Total /f+g+h/ f,/t 

j./ Total production coat f,/t 
I e+i/ 

k./ 15% n.o.r. 

m./ Feedstock coste 6 1,0 f, 10 kcal 
/natural J,5 I " 

gos 5,9 i " 
8)00 kcol/11,0 i" 

n,/ Product value /l+m/ 
at factory eate 1. 

2. 
3. 
4. 

$/t 

/.It 

1. f,/ t 
2. f,/t 
3. f,/ t 
4. Ut 

Ut 
f,/t 
$/t 
f,/t 

o./ Distribution cost ilt 

p./ Farm-gate pries /n+o/ f,/t 
f,/t 
$/t 
tit 

- 72 -

150 
90 
50 

43 ,o 

0,0 

8,0 

26,5 

0,9 
10,3 

37,7 

5,1 

12,8 

6),6 

86,o 

J4,4 

25,8 

146,2 

209,A 

129,0 

))8,0 

1),5 
26,3 
'14, 2 
08,5 

352,2 
365,1 
JC3,0 
427,3 

250 
90 
83 

58,0 

0,0 

8,0 

0,6 
6,0 

6,6 

3,1 

7,8 

25,5 

69,9 
28,0 

21,0 

118,9 

144,4 

104,9 

249,J 

15,1 
29,4 
49,6 
99,1 

264 ,4 
270,7 
?90,9 
348,4 

Table 5-1.9 

1000 
75 

275 

277 ,4 

0,0 

8,0 

2,2 

0,6 
2,4 

5,2 

0,9 

2,J 

16 ,4 

100,9 
40,4 

JO,) 

171,6 

188,0 

151,4 
JJ9,4 

1),0 
25,2 
42,5 
85 ,o 

352,4 
)64,6 
381,9 
424,4 



r 
.l.ppcdiX 3/1 

P:·JJuct: Urea 
lfaw r1ntcri::il: nt1tural c;as 

Locatio~: Develop1n6 site, 

Capacity 
On-stream factor 

Production 

Total investment coat 
Production cost 

~a!erial!_ 

co2 

a./ Total materials 

Power 
Steam 
BF.:/ deminera lized/ 
Cooling woter 
Ste&111 -credit 

b./ Total utilit1e3 

c./ .a.abour 

d./ OYerhead expenses 

e./ Total/aTb+c+d/ 

f ./ Deprociation 
g./ Llaintenanc~ 

t/d 
-;.., 

kt/y 

Mt 

'/>/t 

" 

" 
II .. 

f;/t 

'/i/t 

'lilt 
'/i/t 

h./ lnsurance and property 
texes 'Iii t 

i./ Total /f +gth/ 

j./ Total production ooet 
I e+i/ 

k./ 19.\. n.o.r. 
l./ Totnl /J+k/ 

m./ Feedetoc~ coats 

!NH3! 
1. 
2. 
3. 
4. 

n./ Product value /l+m/ 
at factory gate 1. 

2. 

0./ Distribution coat 

3. 
4. 

'/i/t 

'/i/t 

'/.It 

'/,/t 
'/,/t 
'/i/t 
'/,/t 

tit 
'/,/t 
'/i/t 
tit 

'/,/t 

p./ l"arm-gate price /n+ofi. 'lilt 
2. '/i/t 
3. 'lilt 
4. '/>/t 

- 73 -

260 
90 
86 

23,4 

4,5 
13,tl 

1,4 

19,7 

1,9 

4,B 

26,4 

21 ,2 

10,9 

8,2 

46,3 

72,7 
40,8 

113,5 

20l.i,8 
208,1 
210,3 
243,6 

314,3 
321,6 
331,8 
357,1 

15,0 

329,3 
336,6 
346,8 
372,l 

440 
90 

145 

35,5 

4,2 
13,5 

1,4 

19,l 

1,1 

2,8 

2),0 

24,5 
9,8 

7,4 

41,7 

64,7 
36,8 

101,5 

150,7 
158 ,9 
l'fO 1 4 
198,€: 

252,2 
260,4 
271,9 
300,l 

267 ,2 
275,4 
206,9 
315,1 

Table ~l.lo 

1700 
75 

468 

133,2 

T 

3,9 
12,6 

1,2 
- O,B 

16,9 

0,3 

O,B 

18,0 

28,5 
11,4 

8,6 

40,5 

66 5 
42,8 

109,3 

201,0 
208,l 
217,9 
242,l 

310,3 
317,4 
327,2 
351,4 

60,0 

370,3 
377,4 
307,2 
411,4 



~ 3/1 

Product: llt.rlo ecld 
new mal;erial: n111;ural ge• 

LocAtion: D•~•lop1ng alt.e, Raact.e 

Capacity t/d 
On-etreaa ractor % 

Production 'ct/y 

Total inY•etment coet 11$ 
Production coet 

!a!arial! 
Plat.ins 

a./ Total matariale 

~t!l!t!e! 

Power 
Steam 
BPW/deaineralized/ 
~~ling water 
Stea a cred lt. 

b./ Total ut111t1e9 

o./ JAbour 

4./ OYerbead expense& 

e./ Total/a+b+c+d/ 

f ./ Depreciation 
g./ Maintenanc~ 

J/t 

t./t 

1>/t .. .. .. 
ft 

$/t 

t./t 

f.,/t 

t./t 

f,/t 
J/t 

h./ Ineurance and property 
tnxee f,/t 

1./ Total /f+g+h/ t./t 

j./ Total produotion ooet 
I 11+1/ t./t 

k./ 1% R.O.I. 

1./ Total /j+k/ 

a./ Peedetock coete 

/1'H3/ 

n./ Product value /l+=/ 
et. tact.or;, gate 

J/t 

f./t 

1. f,/t 
2. f,/t 
3. ,,, t 
4. $/t 

1. $/t 
2. f,/t 
). '/./t 
4. f,/t 

o./ Dietribution coet 1'/t 

p./ Parm-gate price /n~o/ f,/t 
$/t 
f,/t 
"/t 

- 74 -

273 
90 
90 

21,3 

1,7 

1,7 

0,4 

2,2 
0,1 

- 6,0 

- ),3 

0,9 

2,) 

1,6 

2), 7 

9,5 

7,1 

40,) 

41,9 

)5,6 

77,5 

98,6 
102,2 
107,2 
119,6 

176, 1 
179,'t 
184,7 
197,1 

455 
90 

150 

35,l 

1,7 

1,7 

0,4 

2,2 
O,l 

- 6,o 

- ),) 

0,5 

1,) 

0,2 

2],4 

9,4 

7,0 

39,8 

40,0 

35,1 

75,1 

74,0 
78,0 
8),7 
97,6 

149,l 
153,l 
158,8 
172,7 

Table 5-1.11 

1822 
75 

500 

181,2 

1,7 

1,7 

0,4 

2,2 
0,1 

- 6,0 

- 3,3 

0,2 

0,5 

- 0,9 

)6,2 

14,5 

10,9 

61, 6 

60,7 

54,) 

115,0 

98,8 
102,2 
107,0 
118,9 

21),8 
217' 2 
222,0 
2)),9 



A11111onlua nitrate 
llnw mliteriel: natural g1111 
Locatlo~: De•eloplng elte, Remote 

Capacity 
On-strea.m factor 

Pro-:iuction 

Total inTeetment cost 
Production cost 

t/d 
% 

kt/y 

- 75 -

355 
90 

117 

16.2 

591 
90 

195 

24,1 

'h.ble 5-1.12 

2)64 
75 

650 

llaterillls fliie - - 0,8 0,8 0,8 
coating egeni o,6 o. o 0,6 
enit-coetlng 11geni 1,0 1,0 1,0 
•:a:o::.....----------------~------~----~~~--o-_._8~~~~~~0_._8 __ ~~~~~-c-,8----
a./ Total materials $/t ;,2 J,2 3,2 

~tp!t!e!! 

Power 
Ste em 
EPW/demineralized/ 
Cooling water 

b./ Total utilities 

o./ J.Abour 

d,/ OYertHtad expenses 

e./ Tot~l/a+b+c+d/ 

llt 
n 

n 

l!t 

r./ Depreciation $/t 
g./ llaintenanc~ $/t 
h./ Ineurance and property 

tnxee $/t 

i./ Total /f+gth/ J/t 

j./ Total production cost l/t 
I e+i/ 

k./ 19' R.O.I. J/t 

1./ ~otal /j+k/ 

m./ Peedotock coete 
1. 
2. 
). 
4. 

l/t 
l/t 
l/t 
tit 

n./ Product value /l+~ 
l/t 
f,/t 
'/.It 
'l>/t 

o./ Distribution cost 

1. 
2. 
). 
4. 

f,/t 

p,/ Perm-gate price /n+f! 1/t 
2. f,/t 
). 'J,/t 
4. $/t 

NH3 
72,2 
74,8 
78,5 
87,6 

0,7 
),6 

0,:3 

5,1 

1,1 

2,8 

12,2 

1),8 

5,5 

4,1 

23,4 

35,6 

20, 7 

56,3 

HN03 
135,2 
138,0 
141,8 
151,4 

NH3 
54,2 
57,2 
61,3 
71,4 

26), 7 
259,l 
276,6 
295,) 

15,0 

278,7 
284,1 
291,6 
)10,3 

0,7 
),6 

0,8 

5,l 

0,1 

1,8 

10,8 

12,4 

5,0 

),7 

21,1 

Jl,9 

18,6 

50,5 

H'N03 
114,5 
117,6 
122,0 
1)2,6 

NH3 
72, 3 
74,B 
78,4 
87,1 

219,2 
225,3 
2)),3 
254,5 

15,0 

2)4,2 
240,) 
243,B 
269,5 

0,7 
),6 

0,8 

5,1 

0,8 

9,3 

14,3 

5,7 

4,J 

24,J 

3),6 

21,5 

HN03 
164,2 
166,e 
170,5 
179,6 

55,1 

291,6 
296,7 
)04,0 
321,8 

60,0 

351,6 
)56,7 
)64,0 
381,8 



- 76 -

Product: Anlllunia 
r;~w !'!:'ltcr.ial: f'uel oil 

Develooed site, west-~urope 

Capacity 
1Jn-strea11 !actor 
PNduction 

Total inTeetment cost 
Production cost 

~a!eri~l! 
Chemic ale 

a./ Total materials 

Power 
Steam 
BP.:/ demineral ized/ 
CoJ11ng woter 

b,/ Total ut111tie~ 

o./ JAbour 

d./ OY11rbead expenses 

e./ Total/a+b+c+d/ 

f ./ Deproc1ation 

t/d 
); 

lct/y 

$/t 

Ut 

f,/t 

" 
" 
" 
" 

f./t 

f,/t 

f,/t 

f,/t 
g./ ltaintenano~ f,/t 
h,/ Insurance and property 

tcxeo f,/t 

1./ Total /f+g+h/ 

j,/ Total production cost 
I e+i/ 

k,/ 1 ~ R.O. I. 

1./ Totnl /.l•k/ 

m./ Feedetock co!te 
/Fuel 15 J/10~ kcal 1, 
oil/ 18 l/10 ko•l 2, 

n,/ Product value /l+m/ 
at factory gate 1, 

2. 

f,/t 

f,/t 

f,/t 

'/./ t 

f,/t 
'Ut 
f,/t 
f,/t 

'Ut 
'/>It 
f,/t 
'f,/t 

o,/ Distribution coat i/t 

p./ Farm-gate prica /n+o/ f,/t 
f,/t 
f,/t 
~/t 

150 
90 

50 

JJ,O 

a,o 

o,u 

27,0 

1,0 
11,0 

J9,0 

12,0 

18,0 

11.0 

66,0 
19,8 

1),2 

99,0 

176,0 

99,0 
275,0 

117,0 
140,4 

392 ,o 
415,4 

250 
90 
8) 

45,0 

B,O 

B,O 

1,0 
6,4 

7,4 

7,2 

10,8 

JJ,4 

54,2 
16,J 

10,8 

81,J 

114, 7 

81,J 
196,0 

130,5 
156,6 

326,5 
352,6 

Table ~1.13 

lOOV 
90 

)JO 

167 ,o 

8,0 

a,o 

2,4 

1,0 
J,2 

6,6 

1,8 

2,7 

19,l 

50,6 
15,2 

10,1 

75,9 

95,0 

75,9 
170,9 

123,6 
148,) 

394,5 
319,2 



Appmdb: 3/1 - 77 - hbh ~l.U 

! r'."'d;ict: Urea 
~-w '."l1tcri'.ll: fuel oil 
L('r: .... t ;_n..,: n~uo.l nn•rl -.... ·---,- .. i te, West-Europe 

Capacity t/d 260 440 1700 
<Jn-stream factor ~ 90 90 90 
Production lct/y 86 145 560 

Total inyeat~ent coat 14$ 15 •. , 2),8 ti9,6 
Production coat 

!:!a_!e.ril'l! 'Mt 

co2 

a./ Total materials f,/t 

~t.P!t!e! f,/t 

Power .. 4,5 4,2 J,9 
Steam 1),0 1),5 12 ,6 
BF.:/ de mineralized/ 
Cooling water .. 1,4 1,4 1,2 
Steen. cre<lit " - 0,8 

b./ Total utilitie~ f,/t 19,7 19,1 16,9 

c./ .a.ebour f,/t J,5 2,1 0,5 

d./ O't'erhead 8J:J)8nSe8 f,/t 5,J J,2 0,8 

e./ Total/a-rb+c+d/ '/,/t 28,5 24,4 i..8,2 

f./ Dep·aciat ion '/,/t 18,J 16,4 12,4 
g./ J.taintenenc'! f,/t 5,5 4,9 3,7 
h./ Insurance and property 

tcxe9 f,/t 3,7 ),) 2,5 

1./ Total /f+g+h/ f,/t 27,5 24,6 18,6 

j./ Total production coat f,/t I e+i/ 56,0 49 ,0 )6,8 

k./ 15~ n.o.r. f,/t 27 ,5 24,6 18,6 

l./ Tot11l /.J•k/ '/.It 0),5 7J,6 55,4 

m./ Feedstock coat a 
/?lH3/ 1. f,/t 22) ,4 186,1 11>7,8 

2. i>/t 2)6,8 201,0 181,9 f,/t 
f,/t 

n./ Product value /l+m/ 
1. Ut )06,9 25'),7 223,2 at !nctory g[)te 2. f,/t )20,) 274 ,6 2)7,J 

f,/t 
f,/t 

o./ Distribution coat f,/t 

p./ Fara-gate price /n+o/ f,/t 
f,/t 
Sit 
""t 



Appendix "3/1 
- 78 - Tabl• 5-1.1'5 

Product: IH1r1c acid 

'tn .. ~terisl: rael 011 

Locnt io:'l: te·nloped 1Ue, We e1-Europe 

Capacity t/d 2i6 4~3 1922 
On-et ream factor ... 90 /0 

Production kt/y 90 150 600 

Total inYestment cost .... 14,2 2),E 94, 7 

Production cost 

!a!•ria1! lit 1,7 1,7 1,7 

a./ Total materials l/t 1,7 l,i 1,7 

qtp!t.!e! tit 
Power 0,4 0,4 0,4 
Steam 
BPW/demineralized/ 
Cooling water " 2,2 2,2 2,2 
BPW 0,1 0,1 O,l 
suea cred11 6,0 - 6,0 - 6,0 

b./ Tota.L utilities J/t ), ) ),) ),) 

c./ i.abour J/t 1,6 1,0 O.) 

d./ OYerhead expenses J/t 2,4 1,5 0,5 

e./ Total/a+b+c+d/ J/t 2,4 0,9 - O,B 

f./ Depreciation J/t 15,B 15,7 15,8 

g./ llaintenanc'! J/t 4,7 4,7 4,7 

h./ Insurance and property 
truces J/t ),2 ),2 ),2 

i./ Total /f+g+h/ ~It 2J,7 2J,G 2J, 7 

j./ Total production cost J/t 26, l 24,5 22,9 
I e+i/ 

k./ l~ R.o.r. J/t. 23,7 2),7 23,7 

1./ Total /j+k/ J/t 49,B 48,2 46,6 

•• 1 Feedstock coat• 
/NHJI l. J/t 109,B 91,4 82,4 

2. '/i/t 116, J 98,7 39,J 
tit 
tit 

n./ Product value /l+a/ 
a' 1'ec1ory ge 1• 1. lit 159,6 139,6 129,0 

2. $/t 166' l 146,9 135,9 
tit 
$/t 

o./ Distribution cost l/t 

p./ Parm-gatd price /n+o/ tit 
t./t 
t./t 
'/,/ t 



l 
""*'41% '3/1 

- 79 - Table ~1.16 

?roduct: l .. onlaa nltrete 

Rn• materiel: ru•l oll 
Location: O.nloped eUe, 1h11t-Iiurope 

CapaoitJ t/d )55 591 2)64 

On-atre811 factor % 90 90 90 

Production kt/y 11': 195 780 

Total 1.Dn11taent coet Kl 10,9 16,2 48,7 

Production cost 

~a,!e!:ial! f,/t 

Hae 
0,6 0.0 0,6 

coating afent ~·6 0 0 6 o,6 

anti-coat ng agent o:g o:g o:g 
•gO 

a./ Total mete rials f,/t J,2 J,2 ),2 

qtp!t!e! f,/t 

Power " 0,7 0,7 o.z 

Stea• 
J,6 J,6 J, 

BFW/demineralized/ " 
Cooling water " 0,0 o,6 o,6 

b./ Total utilities f,/t 5.1 5.1 .1 

o./ i..abour $/t 2,1 1,2 o,J 

d./ l.'Yerbead expense a f./t J,2 J.o 0,5 

e./ Total/a+b+e+d/ f,/t 1),6 12,5 9,1 

f .! Depreciation f./t 9,) 6,) 6,2 

g./ Jlaintenane~ f,/t 2,8 2,5 1,9 

h./ In11urance and property 
tnxea f,/t 1,9 1,7 1,2 

i./ Total /f +g+h/ f,/t 14,0 12,5 9,) 

j./ Total production oost l/t 
I e+i/ 27,6 25.J ::.B,4 

k./ i~ R.o.r. f./t 14,0 12,5 9,3 

1./ Total /j+k/ l/t 41,6 37. 5 27, 7 

a./ Peedatock coat• 1'H3 ffl'OJ RH3 Hlf03 1'HJ lfROJ 
1. f,/t 60,4 122,6 66,9 107 ,2 60,J 99,l 
2. '/./t 65,2 127.6 72,2 112,B 65,4 104,4 

f,/t 
f,/t 

n./ Product value /l+m/ 
at factoey gate 1. l/t 244,6 211,6 167,1 

2. f,/t 254,4 222,5 197,5 
'/./t 
t>/t 

--
o./ Diatribution coat '/./t 

p./ Parm-~ata price /n+o/ '/./ t 
$/t 
$/t 
'/i/t 



Appendix "3/1 - 80 -

f'raduct: A:11111onie '!'able 5--1.17 

E~w "!~ tcri:il: fuel oil 
Loc~tio:i: Developin1~ site, Seaside ' 
Capacity t/d 150 250 1000 

I on-at ream factor % 90 90 75 

Production kt/y 50 8) ~5 

Total in•eatment cost 11$ 42,0 57 ,o 24G,o 
ProJuction cost 

~B!,e::i"l.!! f,/t 

Chemic~l.s a,o 6,0 a,o 

a./ Total msteriala t./t 8,0 8,0 8,0 

~t!l!t!e.!! $/t 
Power 27,0 2,4 
Steam " 
BP.:/ demineral ized/ 1,0 1,0 1,0 
Cooling wnter " 11,0 6,4 ),2 

b./ Total utilitie3 $/t J9,0 7,4 6,6 

c./ .Lo8bour 1'/t 6,4 J,9 1,2 

d./ OYarneed expenses 1'/t lh,0 9,8 J,O 

e.I Total/e+b+c+d/ $/t 69,4 29,1 18,8 

f./ [leprocietion $/t 84,0 68,7 89,5 

g./ r.taintenenc~ $/t 3J,6 27 ,5 35 ,8 

h./ Insurance end property 
tc.:xeo $/t 25,2 20,6 26,9 

1./ Total /f+g+h/ 1'/t 142,8 116,8 152,2 

j ./ Total production cost t./t I e+i/ 212,2 145,9 l7l,O 

k./ 1% n.o.r. t./t 126,0 lOJ,l lH,J 

I./ Totnl /J•k/ '/./ t 3J0,2 249,0 )05,J 

~./ Faedatock co~ta 
1. $/t 9J,6 104,4 9fl,9 /f el l? iflo kcnl 

o~l/ 15 '1 " 2. t./t 117 ,o lJ0,5 12),6 
t./t 
'Mt 

n./ Product value /l+m/ 
'tit et factory got~ 1. 4Jl,8 J5J,4 404,2 

2. f,/t 455,2 379,5 428 ,9 
1'/t 
$/t 

o./ Distribution cost f,/t 

p./ Farm-gate price /n+o/ 1'/t 
1'/t 
'Mt 
f,/t 



A.pp.Mix "3/1 
Pr-cduct: Uree 
Rsw ..,:1t~ri::il: fuel oil 

Capacity 
on-stream factor 

Production 

Total inTeatment coat 
Production coat 

~a!e!inl!! 

co2 

t/d 
~ 

lct/y 

a./ Total materials $/t 

Power 
Steam 
~PW/demineralized/ 
Cooling water 
Steam credit 

b./ Tota! ut111tle3 

c ., I .&.a bour 

d./ ~erhead expenses 

e./ Total/a+b+c+d/ 

f ./ Deprociatlon 

" 
" 
" .. 

$/t 

$/t 

g./ r.taintenanc'! $/t 
h./ Insurance and property 

tcxeo $/t 

i./ Total /f+g+h/ f,/t 

j./ Total production cost •It 
I e+i/ 

k./ l'j'\; R.O.I. f,/t 

1./ Totnl /J•k/ t./t 

m./ Feedstock coat• 
/NHJ/ 

1. 
2. 

n./ Product value /l+m/ 
at factory e~te l. 

2. 

o./ Distribution coat 

t./t 
f,/t 
f,/t 
1>/t 

"'t 1>/t 
f,/t 
1>/t 

i!t 

p./ Farm-gate price /n+o/1 • J/t 
2 $/t 

• g/t 

"/t 

- 31 -

2fi0 
90 

86 

20,0 

4,5 
lJ,8 

1,4 

19,7 

1,9 

4,8 

26,4 

2),J 
9,3 

7,0 

39,6 

66,0 

)) ,o 
101,0 

246,l. 
259,? 

341 ,1 
)60,5 

15,0 

362,1 
375 ,5 

440 
90 

145 

JO,} 

4,2 
1),5 

1,4 

19,l 

1,1 

2,8 

2),0 

20,9 

8,4 

6,3 

35,6 

50,& 

31,4 

90,0 

201,4 
216,J 

291,4 
)06,) 

15,0 

306,1\ 
321,J 

1700 
75 

468 

102,5 

3,9 
12,6 

1,2 
- e,e 

16,9 

0,3 

o,e 

18,0 

21,9 
8,8 

6,6 

37 ,J 

)2,9 

aa,2 

2)0,4 
244,5 

318,6 
332,1 

60,0 

378,6 
J92 ,7 



ApP4ftd,i.x 3/1 
- 82 - Table 5-1.19 

Product: RUric acid 

Bnw material: ruel oil 

Locntio:i: De'teloping 11Ue, Seaelde 

Capacity t/d 27) 255 1822 
On-et ream factor % 90 90 75 
Projuction lct/y 90 150 500 

Total 1nnirtMnt cost M$ 18,0 30,0 139,5 

Production cost 

!&!•!ial!! $/t 

PlaHne 1,7 1,7 1,7 

a./ Total materials '$/t 1,7 1,7 1,7 

gtp!t!•!! $/t 
Power " 0,4 0,4 0,4 
Steam " 
BPW/deminerelized/ " 
Cooling wntt:r 2,2 2,2 2,2 
BPW ~·l O,l 0,1 
Steam cred 1 t ,O 6,0 6,0 

b./ Tote! utilities $/t 3,3 - 3,1 3,J 

o./ Labour $/t 0,9 0,5 0, 2 

d./ UYerheed expenses $/t 2,3 1,3 0,5 

e./ Totel/a+b+c+d/ $/t 1,6 0,2 - 0,9 

r.! Depreciation l/t 20,0 20,0 27' 9 
g./ Maintenanc~ $/t 8,0 8,0 11,2 

h./ Ineuraoce end property 
tnxee '$/t 6,0 6,o 8,4 

1./ Total /f +g+h/ $/t 34,0 )4,0 47 ,5 

j./ Total production 
I e+i/ 

ooet J/t 35,6 )4,2 46,6 

k./ 15% R.O.I. $/t JO,O JO,O 41,9 

1./ Total /j+lc/ J/t 65,6 64, 2 88,5 

m./ Feedstock coeta 
/RHy 1. f,/t 120,9 99,0 113,2 

2. 1>/t 127,5 106,) 120,l 
'/./ t 
'I>/ t 

n./ Product value /l+m/ 
at factory gate 1. 1-/t 186,5 163,2 201, 7 

2. '/>/ t 193,l 170,5 200,6 
.,,/t 
'/>/ t 

o.! Distribution cost f,/t 

p./ Farm-gate prioa /n+o/ f,/t 
'/J/t 
'l>/t 
/,/t 



r=------------~-1 

Api-idix 3/1 

l'roduct: Ammoniua n1trete 

l\nw mnterial: !uel oil 

- :33 -

Locntio:i: Developing eite, Sees1d~ 
Capacity 
l)n-stream factor 

Production 

Total inYestment cost 
Production coet 

Materials 
1ime- - -
coe i ing agent 
a~~i-caking agen1 

a./ Total materials 

Power 
Steam 
BFl'I, · demineral ized/ 
Cooling •Ater 

b./ Total utilities 

c./ .t.ebour 

d./ oYerhead expen~es 

e./ Total/a+b+c+d/ 

t/d , .. 
JO 

lct/y 

f,/t 

'I>/ t 

f,/t 

" 
" 

" 

f,/t 

f,/t 

f,/t 

f,/t 

f .I Depreciation f,/t 
g./ Uaintenanc~ f,/t 
h./ Insurance and property 

truces l/t 

i./ Total /f+g+h/ f,/t 

j./ Total production cost f,/t 
I e+i/ 

k./ 15% R.O.I. f,/t 

1./ Total /j+k/ 

m./ Feedstock copte 
l. 
2. 

n./ Product value /l+m/ 
flt fnctory grite 1. 

2. 

o./ Distribution cost 

t./t 

f,/t 
1>/t 
f,/t 
'/>/t 

f,/t 
f,/t 
f,/t 
f,/t 

p./ PanD-gate price /n+ol 1. f,/t 
2. f,/t 

,,,~ 

"/t 

355 
90 

117 

13,9 

),2 

0,7 
3,6 

0,0 

5,1 

l,l 

2,8 

12,2 

11,9 
4,8 

NH3 
88,5 
93,3 

20,3 

32,5 

17 ,9 

50,4 

HN03 
143,2 
148,3 

282 ,1 
292,0 

15,0 

282,l 
292,0 

591 
90 

195 

20,5 

0,8 
Q,6 
!,O 
0,0 

3,2 

0,7 
3,6 

0,8 

5,1 

0,7 

1,8 

10,8 

10,5 
4,2 

3,2 

17,9 

28,7 

15,8 

44,5 

HN03 
12~ I 3 
130, '::! 

2~2.2 
253,2 

l'),O 

242,2 
253,2 

T>lbl• 5-1.20 

2364 
75 

650 

NH3 
82,9 
87,9 

71,8 

0,8 
0,6 
1,0 
o,8 
3,2 

0,7 
3,6 

0,8 

5,1 

0,2 

0,5 

9,0 

11,0 
4,4 

3,3 

18,7 

27. 7 

16, 5 

44, 2 

tm03 
154,9 
160,2 

282,0 
292,) 

60,0 

282,0 
292,3 



.lppm41s "3/l 
.Product: A111."llonie 
R~w m~tcri3l: fuel oil 
Locntio~: Developing site, Re~ote 

CaracHy 
On-stream !actor 
Production 

Total inTest~ent cost 
Production cost 

!!a!•ri~l!! 
Chemicals 

a./ Total materiel• 

Power 
~teem 
BF.:/ de mineralized/ 
Cooling water 

b./ ~otal utilitie3 

o./ Labour 

d./ OYerhe~d e%pensa& 

e./ Total/a+b+c+d/ 

! ./ DeprociBtion 

t/d 
% 

lct/y 

f,/t 

f>/t 

" 

" 
" 

f,/t 

l/t 

f,/t 

l/t 

f,/t 
g./ Uaintenanc'! 1/t 
h./ Insurance end property 

t~XC!'J f,/t 

1./ Total /f+g+h/ l/t 

j./ Total produotion oost f,/t 
I e+i/ 

k./ 15'.: R.O.I. 

1./ Totnl /j+k/ 

111./ Fee~stock cos\,-9 
/fuel 12 J/10 koal 
oil/ 15 J " 

n.! Product value /1+111/ 
et factory gate 1. 

2. 

f,/t 

'/./ t 

l. 11/t 
2. l/t 

~/t 
f,/t 

tit 
'/>/t 
f,/t 
'f;/t 

o./ Diatributio~ coat f,/t 

p./ Farm-gate price /n+o/ f,/t 
f,/t 
f,/t 
'I>/ t 

- 84 -

150 
90 
50 

49,0 

8,0 

8,0 

27 ,O 

1,0 
11,0 

39,0 

16,o 

69,4 

90,u 
39,2 

29,4 

166,6 

2J6,o 

147,0 

JD3,0 

9'.J,6 
117 ,o 

476,6 
500,0 

150 
90 
133 

67,0 

8,0 

8,0 

1,0 
6,4 

7,4 

3,9 

9,8 

29,1 

80,7 

32,J 

24,2 

137,2 

H6,3 

121,0 

207,J 

104,~ 
1)0,5 

391, 7 
417,8 

Table 5-1.21 

1000 
75 

275 

]20,0 

8,0 

8,0 

2,4 

1,0 
3,2 

6,6 

1,2 

3,0 

18,8 

115,4 

46,6 

)4,9 

197,9 

216,7 

174,6 

391,) 

98,9 
12),6 

490,2 
514,9 



A.ppmdi:x 3/1 - 85 - '!'able 5-1.22 

!'rotluct: Urea 
R-w '.''l'l teri::il: fuel oil 
, -- -· . .:. -- . n ••• a.1 nninrr "Ii tP: Remote .1.J'-1.._,·. '°.LV•&• ...,. .... • --- rr--·v 

Cepaci ty t/d 260 440 3700 On-stream factor <j,; 90 JO 7'5 
Production kt/y 86 145 468 

Total inYeetment cost M$ 2},4 )5,5 1)),2 
Production cost 

!:!a!e!:il'l!! 'I>/ t 

co2 

a../ Total materials 1>/t 

ytp,!:t!e!! f,/t 

Pow~r " 4,5 4,2 J,9 
Steam " l},8 13 ,5 12,6 
BF.: I demineralized/ " 
Cooling woter " 1,4 1,4 1,2 Steam credit - 0,8 

b./ Tote! utilitie:1 1>/t 19,7 19,l 16,9 

c./ Labour f,/t 1,9 1,1 O,J 

d./ O'rertte1td expenses 1>/t 4,8 2,8 0,8 

e./ Total/a-rb+c+d/ 1>/t 2/;,4 23,0 18,0 

r./ Depreciation f,/t 27 ,2 24,5 29 ,S 
g./ r.taintenanc~ 1>/t 10,9 9,8 11,4 
h./ Insurance and property 

8,2 7,4 8,6 t.!:Xe!J Zit 

1./ Total /f +gth/ 1>/t 46,J 41,7 48,5 

j./ Total production 
I e+i/ 

cost f,/t 72,7 64, 7 66,S 

k./ 15% n.o.r. Ut 40,8 )6,8 42,8 

1./ Totnl /.l•k/ '/./ t llJ,5 101,S 109,J 

m./ r'ee:!atock costs 
l. f,/t 271,G 22),J 279,4 

/NH/ 2. f,/t 20) ,o 2JO ,2 293,5 
f,/t 
'/>It 

n./ Product va.lue /l+m/ 
'/,/t at factory E;O te 1. )05,1 J24,8 )80,7 

2. $/t )')Ll,5 JJ9,7 402,8 
Zit 
'/.It 

o./ Distrtbution cost '/.It 15 ,o 15 ,o 60,0 

p./ Farm-gate price /n+o/1. $/t 400,l JJ9,8 448, 7 
2. f,/t 

Ut 
41),5 )54,7 462,8 

tit 

L, _______ _ 



Prodl!ct: 1'Ur1o acid 

Rnw material: .iuel oil 

Locetion: Developing eile, Rtmole 

Capacity 
On-strea~ factor 
Production 

Total inTestment cost 
Product ion cost 

Materials - - - -
Plal ice 

a./ Total materiale 

Utilities - - - - -
Power 
Steam 
BFW/deminerelized/ 
Cooling water 
BPI 
Steam credU 

b./ Total utilities 

c./ i.ebour 

d./ OTerheed expenses 

e./ Total/e+b+c+d/ 

t/d 
% 

lrt/y 

$/t 

f,/t 

" 
II 

" 
II 

f./ Depreciation $/t 
g./ Maintenenc~ 'f,/t 
h./ Insurance and property 

tnxee 'f,/t 

i./ Total /f+g+h/ '1>/t 

j./ Total production coat 'f,/t 
I e+i/ 

"£../ 15% R.O.I. 'f,/t 

1./ Total I j +k/ 'f,/t 

m./ Feedstock costs 

/NH3/ 
1. 
2. 

'f,/ t 
f,/t 
f,/t 
'/>It 

n./ Product value /l+m/ 
• t • • 1. t./t a. ec.ory ge.e '/>/t 

2. 'l>/t 
'/>/ t 

o./ Distribution cost f./t 

p./ Farm-gate price /n+o/ t./t 
f,/t 
$/t 
/,/t 

- 86 -

273 
90 

90 

21,3 

1,7 

1,7 

0,4 

2,2 
Q,l 

': 6,0 

- 3,3 

0,9 

2,3 

1,6 

23.7 
9,5 

4~5 
90 

150 

35,1 

1,7 

1,7 

0,4 

2,2 
0,1 

- 6,0 

- J,3 

o,5 

1,3 

0,2 

23,4 
9,4 

1822 
75 

500 

Table 5-1.23 

181,2 

1,7 

1,7 

0,4 

2,2 
0,1 

- 6,0 

- 3,3 

0,2 

0,5 

- 0,9 

36,2 
14,5 

7,1 7,0 10,9 

41,9 

35,6 

77 ,5 

133,4 
140,0 

210,9 
217,5 

40,0 

35,1 

75,1 

109,7 
117,0 

184,8 
192,l 

60,7 

54,3 

115,0 

137,2 
144,2 

252,3 
259,2 



Appendix "3/1 
- 87 - Table 5-1.1.4 

Product: A-on1ua nUrete 
Ilnw material: tuel on 

Location: De•eloptng ette, Rem.ote 
Capacity t/d 355 591 2364 
On-stream factor % 90 90 75 
Production lct/y 117 195 650 

Total iDYeetment cost .., 16,2 24,l 93,2 

Production cost 

!!a!,e!ial! J/t 
lime 0,8 o,8 0,8 
cgtl1"§ ipnt ~:3 0,6 o,6 
en -c a ng agent o:g o:R lgO 018 
a./ Total materials f,/t 3,2 3,2 3,2 

ytp!t!e! 1>/t 
Power n 0,7 0,7 0,1 
Steam n 3,6 3,6 3,6 
BFW/demineralized/ " 
Cooling wnter n o,8 o,8 o,8 

b./ Total utilities f,/t 5,1 5,1 5,1 

c./ ubour f,/t 1,1 0,7 0,2 

d./ OYerheed expenses 1>/t 2,8 1,8 0,5 

e./ Total/a+b+c+d/ $/t 12,2 10,8 9,0 

r ./ Depreciation f,/t 13,8 12,4 14,3 

g./ Maintenanc~ 1>/t 5,5 5,0 5,7 

h./ Insurance and property 4,1 3,7 4,J taxes 1>/t 

i./ -r·otnl /f +gth/ f,/t 23,4 21,1 24,J 

j./ Total produotioli 
I e+i/ 

oost 1>/t 35,6 31,9 33,J 

k./ 1% R.O.I. f,/t '20, 7 18,6 21,5 

1./ Total /j+'c/ f,/t 56,J 50,5 54,8 

m,/ F••d•took co•t• NH3 HN03 "H3 HN03 NHd .mo 3 
1. '1/t 97,7 162,0 80,3 141,8 10 ,5 19),8 
2. 1'/t 102,5 167,0 85,6 147,5 105,6 199,l 

f>/t 
f,/t 

n./ Product value /l+m/ 
st tsctory gaa 1. '/./t 375,6 321,1 382,7 

2. $/t 385,5 332,0 393,2 
'/./t 
'/>/t 

o./ Distribution cost f,/t 15,0 15,0 60,0 

p./ Farm-gate price /n+o/10 $/t 316,0 272,6 349,l 
2. f>/t 325,8 283,6 359,5 

f>/t 
tit 



Appendix 3/1 
r,oriuct: --- A111111onia 

Locat io:'l: Developed 3itc, ~est-Europe 

Capacity 
0n-stream factor 

Production 

Total investment cost 
Production cost 

Uaterif'le 
Chernfcin.9 

a./ Total materiela 

Power 
:3teem 
BPW/demineralized/ 
Cooling woter 

b./ Tote! util1tie3 

c./ Labour 

d./ OTerheAd expenses 

e./ Total/a+b+c+d/ 

f ./ Depreciation 

t/d 
~ 

kt/y 

tit 

$/t 

$/t 
n 

" 

t./t 

$/t 

t./t 

'$/t 

tit 
g./ P.laintenano~ '$/t 
h./ Insurance end property 

tr..::CC3 '$/t 

1./ Total /f+g+h/ '$/t 

j./ Total production cost '$/t 
I e+i/ 

k./ 15% n.o.r. 
l./Tot11l /.)1k/ 

m./ Fe~datock coat~ 
/ooel/ 6,8 J/10 kcal 

lJ,6 ' II 

22,7 • " 

n.I Product value /l+m/ 

'/./ t. 

1 1>/t 
• f,/t 2 • t>I t 

3. '/./t 

ot factory gate l. '/./t 

o./ Dietribution coat 

2. 'f,/t 
). tit 

'$/t 

'$/t 

p./ Farm-gate price /n+o/ '$/t 
'$/t 
f,/t 
'/./t 

- 88 -

l~O 
90 

50 

46,0 

8,0 

8,0 

JJ,O 

1,8 
16,0 

50,13 

18,0 

27 ,o 

10),8 

92,0 

27 ,6 

18,4 

1)0,0 

2.U,8 

1)8,0 

379,8 

01,6 
16J,2 
272,4 

461, 4 
54),0 
652,2 

z5u 
90 

BJ 

62,0 

8,0 

8,0 

1,5 
6,9 

0,4 

10,8 

16,2 

4),4 

74, 7 
22,4 

15,0 

112,l 

155,5 

112,l 

267,6 

87,0 
174,0 
290,6 

354,f> 
441,6 
558,2 

1000 
90 

)JO 

2)2,0 

8,0 

8,0 

J,O 

1,5 
J,4 

7,9 

2, 9 

4,4 

2),2 

70,3 
21,1 

14,1 

105,5 

128,7 

105,5 

2)4,2 

70,0 
140,l 
2JJ,8 

304,2 
374,J 
468,0 

• _j 



&ppe41x '3/1 
rr-o<luct: Una 

B.._~w '.'l:iterial: coal 

Loc~tio~: Developed site, West-Europe 

Capa~UJ 
On-etrea• !actor 
Prot!uction 

Total inYeetment coet 
Production collt 

a./ Total material• 

2t!1!t!e!! 

Power 
Steom 
BP~/de•ineralized/ 
Cooling water 
Steam credit 

b./ Total utilitie~ 

c./ JAbour 

d./ OY•rheed ax pens es 

e./ Total/eTb+c+d/ 

r.1 Deproc1at1on 
g./ ltaintenana~ 
h./ In•urance and property 

t~xee 

1./ Total /f+g+h/ 

j ./ Total product.ion 
I e+1/ 

cost 

k./ 19.\ n.o.r. 

1./ Totnl /.J•k/ 

m./ Feedetock coat a 
1. 

tm,1 2. 
J. 

n.I rroduat value /l+m/ 
at rectory gate 1. 

2. 
J. 

o./ Distribution cost 
--~,...,. ... Parm-gate price /n+o/ 

t/d ,. 
lct/y 

t./t 

f,/t 

" 

i/t 

'/,/t 

J/t 

l/t 

f,/t 
l/t 

f,/t 

f,/t 

l/t 

l/t 

/.It 

Ut 
'/t/t 
f,/t ,,,, 
'Ut 
f,/t 
l/t 
f,/t 

f,/t 

l/t 
f,/t 
f,/t 
'Ut 

- :39 -

260 
90 
86 

1),7 

4,5 
1),8 

1,4 

19,7 

J,5 

5,J 

2fl,5 

18,J 
5,5 

J,7 

27 ,5 

56,0 

27,5 
OJ,5 

26J,O 
)09,5 
372,0 

)46,5 
J9J,O 
4')5,5 

440 
90 

145 

2),8 

4,2 
1),5 

1,4 

19,1 

2,1 

J,2 

24,4 

16,4 
4,9 

),) 

24,6 

49,0 

24 6 
7),6 

202,1 
2!.11,7 
)18,2 

'275. 7 
J?5,J 
)91,8 

1700 
90 

560 

69,6 

J,9 
12 ,6 

1,2 
- 0,8 

16,9 

0,5 

o,8 

18,2 

12, 4 
J,7 

2,5 

18,') 

)6 8 

18 6 
55,4 

17),4 
21), 4 
266,B 

228,8 
260,8 
)22,2 



.lppend ix "3/ l - 'llJ - Table 5-1.27 

Product: JUrlc ecid 

Rnw 11111terial: coal 
Locntio!'l: Developed a He, Weei-Europe 

Capacity t/d 273 455 1822 
Un-stream factor % 90 90 90 

Production lct/y 90 150 600 

TotAl inTeetment coat Mi 14,2 23,6 94, 7 
Production coat 

!a!9!:iell! 'l/t 

Pleiine 1,7 1,7 1,7 

a./ Total mater!ale t./t 1,7 1,7 1,7 

!:!t!l!t!e! $/t 

Power n 0,4 0,4 0,4 
Steam 
BFN/demineralized/ 
Cool1Lg water " 2,2 2,2 2,2 
ar.-· 0,1 O,l O,l 
S\91111 cred U - 6,0 - 6,0 - 6,0 

b./ Total utilities f,/t - 3,3 - 3,J - 3,J 

c./ .Lo8bour $/t 1,6 1,0 O,J 

d./ OYertie9d expenses f,/t 2,4 :..., 5 o,5 

e./ Total/a+b+c+d/ 1'/t 2,4 0,9 - 0,8 

r./ Depreciation $/t 15,8 15,7 15,8 

g./ llaintenanc'! f,/t 4,7 4,7 4,7 

h./ Insurance and property 
tnxee $/t J,2 J,2 3,2 

1./ Total /f+g+h/ f,/t 2), 7 2),6 2),? 

j./ Total production 
I e+i/ 

cost $/t 26,l 24,5 22,9 

k./ 15% R.o.r. 'tit 2), 7 2),7 2),7 

1./ Total /j+k/ f,/t 49,8 48,2 46,6 

m./ Peedetoek coat• 85,2 1. $/t 129,2 99,) 
/RHy 2. ft/t 152,0 12),6 104,8 

). Ut 182,6 156,J 1)1,0 
'/.It 

n./ Prf'''·•ct value /l+m/ 
ai ra1 iory geU 1. f,/t 179,0 147,5 1)1,8 

2. f,/t 201,8 171,8 i11, ~ 
3. Ut 2)2,4 204,5 1 7. 

tit 

o./ Distribution cost f,/t 

p./ Parm-gate price fn~ol f,/t 
'/JI t 
$/t 
'/,/t 



Appstd.ix 3/1 
- 91 -

Table 5-1.28 

Product: A-onlua nUreie 
n __ --•a-.fni • c.:.: 1 ····- u...a .. - ....... - .... 

Location: Developed eUe, Weei-fiurope 

Capacity t/d 355 591 2364 
On-stream factor % 90 90 90 
Production k:t/y ~17 195 780 

Total iDTeetment coat 11$ 10,9 16,2 48, 7 

Production coat 

~a,!er18l! l/t 
lime - O,B 0,8 0,0 
cotl1"§ \Aeni ~:~ o,6 o,6 
en -c k g ageni l,g 1,0 
MgO o,B o, 0,0 

e./ Total materials f,/t 3,2 ),2 3,2 

ytp!t.!e! f,/t 
Power .. 0,7 0,7 0,7 
Ste em " J!6 2·6 3.!.6 
BPW/demineralized/ " 
Co">ling wBter " O,B 0,0 0,0 

b./ Total util'ties $/t 5.1 5,1 5,1 

c./ abour f,/t 2,1 1,2 0,3 

d./ "9'erbead expenses '$/t J,2 3,0 o,5 

e./ Total/a+b+c+d/ 1>/t 1),6 12,5 9,1 

r./ Depreciation l/t 9,J 8,3 6,2 
g./ Maintenanc~ Ut 2,B 2,5 1,9 
h./ Insurance and ?roperty 

tnxes l/t 1,9 1,7 l,2 

1./ Total /f+g+h/ l/t 14,0 12,5 9,3 

j./ Total production 
I e+i/ 

coat f,/t 27,6 25,0 18,4 

k./ 1% R.O.I. l/t 14,0 12,5 9,3 

1./ Total /j+k/ '$/t 41,6 37 ,5 27,7 

m./ Peedetoc~ coat• IK3 Hll03 RK3 HllOJ JiK3 Hll03 
l. l/t 94,6 1~~·4 72,7 113,J 62,4 101,2 
2. 1>/t 111, 3 l ,o 90,5 131,9 74, 7 116,J 
3. f,/t lJJ,7 178,5 114,4 157 ,1 95,9 136,4 

'l>/t 

n./ Product value /l+m/ 
et t'e'ftory gete l. '1>/t 273,6 223,5 191,J 

2. '/>It 307,9 259,9 218,7 
J. 'f,/t 353,0 309,0 260,0 

'f,/t 

o./ Distribution coat f,/t 

p./ Pal'ID-gate price /n+o/ 'I>/ t 
'I>/ t ""t '/>It 



~ilt 3/1 
r,_JJuct: Allllllonia 

Ra"'---:!2tcri:il: coal 

Capacity 
()n-stream factor 

Production 

Total in•estment cost 
Production coat 

t:ateri"le Chemicals - - - -

a./ Total materiale 

ytp!t!e! 

For.er 
Steam 
BPW/deminerslized/ 
Cooling water 

b./ Total utilitie3 

o./ i.ebour 

d./ uYerl'leed expenses 

e./ Total/aTb+c+d/ 

r.1 Deprociation 
g./ Uaintenanc'!' 
h./ Insurance and pror.erty 

tc:xe!l 

1./ Total /f +g+h/ 

j./ Total production cost 
I e+1/ 

k./ 15~ n.o.r. 
] ./ Tot11l /Jtk/ 

m./ Feedstock costs
6 4,6 $/10 kcal 1. 

/coal/ 9,1 ' 
.. 2. 

1),6 ' 
.. J. 

n./ PrOduct value /l+m/ 
at factory eate 1. 

2. 
). 

o./ Distribution coat 

p./ Farm-gate price /n+o/ 

t/d 
~ 

lct/y 

'f,/ t 

i!t 

" 

l/t 

l/t 

l/t 

'/./ t 

llt 
'/./ t 

Ut 

'/./ t 

'/./ t 

Ut 

/./1. 

'Ut 
$/t 
1>/t 
J/t 

'Ut 
'I>/ t 
f,/t 
'Mt 

$/t 

f,/t 
'l/t 
'l/t 
$/t 
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150 
90 
50 

50,0 

8,0 

8,0 

33,0 

1,8 
16,0 

50,8 

9,6 

24 ,O 

92,4 

116 
4'1,4 

)4 ,f: 

l ')7. 2 

2U':,6 

174,0 

463,G 

5'.i ,2 
109 ,2 
16),2 

518,8 
572,8 
626,8 

250 
90 
8) 

70,8 

8,0 

8,0 

1,5 
6,9 

13,4 

5,8 

14,5 

36,7 

94,9 
)8,0 

28,5 

161,4 

198,1 

142,4 

340,5 

58,9 
114 ,5 
174,1 

399,4 
4')5,0 
')14,6 

1000 
75 

275 

)41,5 

8,0 

8,0 

),0 

1,5 
3,4 

7,9 

1,9 

4,8 

22,6 

124,2 
49,7 

37,J 

211,2 

233,8 

186,J 

420,1 

47,4 
'JJ,7 

140,1 

467,5 
513,8 
560,2 



l11pend1x 3/1 

l..:_1i:.:ct: Urea 

~ ... :.'·!_:::·:•-cri:"';l: coal 

~~c~tio~: Developing site, SeesiJe 

Capacity 
0n-etreaci factor 

Production 

Total inveetmer.t cost 
Production cost 

a./ Totlll material& 

ytp!t!e!! 

Par.er 
:::team 
BP~/demineralized/ 

1>°tol 1nft: •fut.er eom re it 

b./ Tote! ut1litie3 

c./ LSbour 

d./ OYerheed expenses 

e./ Totnl/a+b+c+d/ 

f.! Depreciation 
g./ Uaintenanc~ 

t/d 
).; 

kt/y 

J/t 

'f,/ t 

'f,/t 

" 
" 

" 

$/t 

'f,/t 

'f,/t 

'f,/ t 

'f,/t 
'f,/t 

h./ Ineurance and property 
'Ut tr.xe!l 

i./ Total /f+g+h/ 'f,/t 

j./ Total production 
I e+1/ 

cost 'f,/t 

---
k./ l~ R.O.I. 1./t 

1./ 1'ot11l /.J •k/ /.It 

m./ l'eedetock coete 
1. 'f,/t 

/NH3/ 2. '/>It 
3. f,/t 

'f,/t 

n./ Product value /l+a/ 
ot !actor"/ gate l. 'f,/t 

2. '/>/t 
). Ut 

"'t 

o./ ilietribution coat "'t 
p./ Pana-gate pric4 /n+o/1 • f,/t 

2. 1'/t 
3. 1'/t 

'Ut 
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260 
90 
86 

20,0 

4,5 
1),8 

1,4 

19, 7 

1,9 

4,8 

26,4 

2), J 

9,) 

1,0 

)'),6 

f;(, ,o 

)5.0 

lUl,O 

2')5, 7 
)26,5 
357 ,) 

)96, 7 
427 ,5 
450,3 

15,0 

411, 7 
442 ,2 
47),) 

4J!.o 
90 

145 

30,3 

4,2 
1J ,5 

1,4 

19,1 

1,1 

2,6 

2) ,o 

20,9 
8,4 

6,J 

35,6 

58 ,6 

31,4 

90,0 

227, 7 
259 ,4 
29), J 

317,7 
349 ,4 
)83,) 

15,0 

))2,7 
)64,4 
)90 ,) 

Table ';-1.)o 

1700 
75 

468 

102,5 

3,9 
12,6 

1,2 
- o,o 

16,9 

O,J 

0,8 

18,0 

21,9 
J,8 

6,6 

)7 ,) 

55,J 

32,9 

08,2 

266,5 
292,~ 
319,J 

354,7 
)Ol,1 
407,5 

60,0 

414, 7 
441,l 
467,5 



.lppen41x 3/1 

Product: 1u:r1c •old 

RRw material: onel 

Capacity 
On-etreaa !actor 
Production 

Total 1.nTeataent coat 
Production ooat 

!a!•!ial! 
Plattoii 

a./ Total materials 

Power 
Ste em 
BPW/demineralized/ 
Cooling weter 
BPW 
Stea11 cred U 

b./ Tota! utilities 

o,/ .i.abour 

d./ OTerhead expenses 

e./ Totel/a+b+c~·d/ 

f./ Depreciation 
g./ Mainten&nc~ 
h./ Insurance and property 

truces 

i./ Total /!+g+h/ 

j./ Total production ooet 
I e+i/ 

k./ 15% R.O.I. 

1./ Total /j+k/ 

m./ Peedatook ooata 
l. 
2. 
3. 

n./ Product value /l+m/ 
at rectory gate 1. 

2. 
). 

t/d 
% 

lctiy 

l/t 

'l/t 

l/t 

" 
" 
" 
" 

'l/t 

l/t 

l/t 

'1/t 

l/t 
'l/t 

'1/t 

'l/t 

'1/t 

'1/t 

1/t 

tit 
'1/t 
'/.It 
'/i/t 

'Ut 
'l/t 
'/./ t 
/,/t 

o./ Distribution coat '1/t 

p./ Pal'ID-gate price /n+o/ '1/t 
'Ut 
'l/t 
'/,/t 
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273 
90 
90 

18,0 

1,7 

0,4 

2,3 

20,0 
8,0 

6,0 

34,0 

145,3 
160,4 
175,5 

210,9 
226,0 
241,l 

455 
90 

150 

)0,0 

1,7 

1,7 

2,2 
0,1 

- 6,0 

- 3,3 

0,5 

20,0 
8,0 

6,0 

34,0 

34,2 

30,0 

64,2 

111,8 
127,4 
144_0 

176,o 
191,6 
208,2 

1822 
75 

500 

Table 5-1.31 

139,5 

1,7 

2,2 
0,1 

- 6,0 

0,5 

27,9 
11,2 

8,4 

47,5 

46,6 

41,9 

88,5 

130,9 
143,9 
156,9 

219,4 
232,4 
245.4 



Appendix "J/l - 95 -
Ta'!lle 5-1.32 

Product: A-onlu• n1'1'9tl 

r:rl-. 1UO t:Ci«in!; ~=~!. 

Location: Denloplng 1Ue, Seeeide 

CapacUJ tld )55 591 2)64 
On-atreaa factor % 90 90 75 

Production !rtly 117 195 650 

Total inTeetment coat Ill 13,9 20,5 71,B 

Produotlon ooat 

Materials '/,It O,B o,B ii...e--- 0,8 
coat in~ •§ent ~·6 ~·~ ~·6 
en~l-c kl g agent ,o ,o 
MgO 0,8 0:0 0,3 

a./ Total materials 'lit J,2 ),2 ),2 

gtp,!:t!e! '/,It 
Power " 0,7 0,7 0,7 
Steam J,6 ),6 3,6 
BFW/dsmineralized/ " 
Cooling water 0,8 0,8 0,8 

b./ Total utilities '/,It 5,1 5,1 5,1 

o./ Lebour '/,It 1,1 0,7 0,2 

d./ ()yerh•ed expenses '/,It 2,8 1,8 0,5 

e.1 Totalla+b+c+d/ '/,ft 12,2 10,B 9,0 

f .I Depreciation '/,It 11, 9 10,5 11,0 

g./ Maintenanc'! tilt 4,B 4,2 4,4 

h./ Insurance and property 
taxes tilt J,6 3,2 ),) 

i.I Total l!+g+h/ filt 20,) 17 19 18,7 

j./ Total production 
I e+il 

coat tilt )2,5 28,7 27, 7 

k.I 15% R.o.r. tilt 17,9 15,8 16,5 

1.1 Total lj+k/ f,/t 50,4 44,5 44, 2 

m.I Peedatook ooet• IH3 HH03 llH3 H1I03 Nff 3 ~l~~5 l. tilt 106,4 162,0 81,9 135,2 95,8 
2. /,/t 117,4 17),6 93,J lf ,1 105,a 178,5 
3. '/,/t 128,5 185,2 105,5 l o,o 114, 188,5 

'/,It 

n.I Product value ll+ra/ 
et t'ectory g11t1 1. l!!/t 318,B 261,6 )08,5 

2. '/,It 3~1,4 284,9 520,0 
3, f.lt 3 4,1 :::10' () 47,5 

tit 

o./ Distribution cost I&,' t 15,0 1'5,0 60,0 

p./ Pel'!ll-gate price ln+ol 1>1t 333,B 276,6 )68,5 
1>1t Hb,4 299,9 )88,0 
'/>It 9,1 325,0 407,5 
'l>lt 

-~- --- -~-------------'--~--~~_......__-~--~~------.JI 



4ppm41x 3/1 

l'!-.:l,Juct: Am1t.cia 
r;~w '.!!:it~ri'.11: coal 

L3cntio~: Develooiru: eite. Remote 

Capacity 
On-stream factor 

Production 

Total inYeatmcnt coat 
Production coat 

r.1aterh.la 
chemfcBl.s 

a./ Total materials 

gtp,!t.!e! 

Power 
Steam 
BP.:/ demineral ized/ 
Cooling woter 

b./ Total ut111tie~ 

c./ JAbour 

d./ OYarhead expenses 

e./ Total/a+b+c+d/ 

f./ Oeprociat!on 

t/d 
~ 

kt/y 

/.It 

f;/t 

f;/t 

" 
" 
" 
" 

f;/t 

f;/t 

f;/t 

J/t 

f;/t 

g./ Maintenanc~ f;/t 

h./ Insurance and property 
tl!XCD f;/t 

1./ Total /f+g+h/ f;/t 

j./ Total production coat f;/t 
I e+i/ 

k./ 15~ n.o.r. f,/t 

m./ Feedstock coats 
4,6 i1106kcal 

/coal/ 9,1 I " 
13,6' " 

n./ Product value /l+ra/ 

l. '/.It 
2. 'l>/t 
3. f;/t 

f;/";, 

at factory gate l. Ut 
f,/t 
f;/t 
'Ut 

2. 
3. 

o./ Distribution coat f;/t 

p./ Pana-gate price /n+o/ l/t 
Ut 
Ut 
'/./t 
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150 
90 

50 

68,0 

8,0 

0,0 

33,0 

1,8 
16,0 

50,8 

9,6 

24,0 

13(·,0 
54,4 

40,8 

2)1,2 

32),6 

204,0 

527,6 

55,2 
109,2 
16),2 

582,8 
6)6,8 
690,0 

250 
90 
83 

92,0 

0,0 

0,0 

1,5 
6,9 

8,4 

5,B 

14,5 

36,7 

110,8 
44,3 

JJ,2 

188,3 

225 ,Cl 

166,2 

391,2 

58,9 
116,5 
174,l 

450,l 
507,7 
565,3 

1000 
75 

275 

444,0 

B,O 

3,0 

1,5 
3,4 

7.9 

1,9 

4 ,a 

22,6 

161,5 
64,6 

48,5 

274 ,6 

297 ,2 

242,3 

539,5 

47,4 
93,7 

140,l 

586,9 
633,2 
679,6 



.lpp«lllix 3/ l 
I:ro-Juct: Urea 

N~w ~~terinl: coal 

~oc•ti0n: Developinr, eite, Remote 

<;apa•.itY 
On-stream !actor 

Production 

Total inYeatment coet 
Production coat 

~a!_eriRl!! 

a./ Total materials 

2tP!t!e!! 

Power 
Steam 
BFN/demineralized/ 
Cooling water 
Steam credit 

b./ Tot el util 1 tie3 

c./ .L.Abour 

d./ IJYerhead expenses 

e./ Totel/a+b+c+d/ 

f./ Depreciation 
g./ r.teintenanc~ 

h./ Insurance and property 
tcxeo 

i./ Tot el /f+g+h/ 

J./ Tot el production 
I e+1/ 

coat 

k./ }<;<!,; 11.0.1. 

J • I 1'ot"l /.l•k/ 

m./ Feedetock costs 
1. 

/Nl13/ 2. 
). 

n./ Pfoduct value /l+m/ 
a factory gate 1. 

2. 
). 

o./ Distribution coat 

p./ Farm-gate price /n+o/l. 

2. 
J. 

t/d 
% 

kt/y 

M$ 

$/t 

$/t 

$/t 

" 

" 
n 

" 

$/t 

$/t 

$/t 

$/t 

$/t 
$/t 

$/t 

$/t 

$/t 

'f,/t 

/./l 

'Iii t 
'Iii t 
f,/t 
'f,/t 

'I>/ t 
$/t 
$/t 
$/t 

$/t 

$/t 
'/>/t 
'/>/t 
$/t 

- 97 - Table 5-1.34 

260 44C 1700 
90 90 75 
86 145 468 

2),4 J5,5 1)),2 

4,5 4,2 ),9 
1),8 1),5 12,6 

1,4 1,4 - b~fi 

19,7 19,1 16,9 

1,9 1,1 o,J 

4,8 2,8 o,a 

26,4 2),0 18 0 

27 ,2 24,5 28,5 
10,9 9,8 11,4 

8,2 7,4 81 6 

46,) 41,7 48,5 

72,7 64,7 66,5 

40,8 36,8 42.8 

113,'.J 101.5 109,3 

256,6 ))2,2 )31\,5 
J(,),O 28~!. 4 )60,9 
)93,8 322,2 387 ,4 

445,7 )58,1 44),8 
47(i ,5 )90,9 470,2 
507,) 42),7 496,7 

15,0 15 ,o 60,0 

460,7 J7),l 50),8 
491,5 405,9 5)0,2 
522,J 438,7 556,7 



App.,dii "3/l 

Product: Nitric acid 
llnw materiel: coal 
Locatio~: De~elop1ng alle, Kemo\e 

Capacity 
On-stream factor 

Production 

Total !nTeetment cost 
Produ.:tion coat 

!!&!•_!:ial!! 
Pl•' 1ne 

a./ Total matAriels 

Power 
SteAm 
BFW/deminerclized/ 
Cooling water 
BP'I 
S'eem credit 

b./ Total utilities 

o./ i.ebour 

d./ OTerbeaJ expenses 

e./ Totel/a+b+o+d/ 

t/d 
% 

kt/y 

/,It 

Ut 

$/t 

" 
" 

" 
" 

f,/t 

f,/t 

f ./ Depreciation J/t 
g./ Maintenenc~ f,/t 
h./ Inaurance end property 

tnxee f,/t 

i./ Total /f+g+h/ f,/t 

j.I Total production cost f,/t 
I e+i/ 

- '33 -

27) 
90 
90 

21,J 

1,7 

1,7 

0,4 

2,2 
0,1 
6,0 

- ),) 

0,9 

2,) 

1,6 

23,7 
9,5 

7,1 

40,3 

41,9 

455 
90 

150 

35,l 

1,7 

0,4 

2,2 
0,1 
6,o 

- J,3 

0,5 

l,J 

0,2 

23,4 
9,4 

7,0 

39,B 

40,0 

Table 5-1.35 

1822 
75 

500 

191,2 

1,7 

1,7 

0,4 

2,2 
O,l 

- 6,0 

- ~.3 

0,2 

0,5 

- 0,9 

J6~ 2 
14,5 

10,9 

61,6 

60, 7 

35,1 k./ l~ R.O.I. f,/t J5,6 54,3 
----------------------------~--~---1. /Total /j+k/ f,/t 77,5 75,l 115,0 

m./ Peedatock ooBt• 
1. 
2. 
J. 

n./ Prcd•iot value /l+m/ 
ai teoiory geie 1. 

2. 
). 

f,/t 
f,/t 
f,/t 
f,/t 

1>/t 
f>lt 
$/t 
1>/t 

o./ Die~~ihution coat J/t 

p./ Parm-gate price /n+o/ J/t 
$/t 
'I.It 
'Mt 

163,2 
178,3 
193,4 

240,7 
255,8 
270,9 

126,o 
142,2 
158,3 

201,l 
217,3 
2)3,4 

164,J 
177. J 
190,J 

279,J 
292,3 
305,J 



AppendU 3/1 
- 99 - Table 5-1.36 

Product: A~aoniua otireie 

RA• 111Steriel: coe· 

Location:DeTeloping 11ite, Remote 

Capacity t/d }55 591 
_ .... ,. 
<!:.)U'f 

On-stream !actor % 90 90 75 

Production lrt/y 117 195 650 

Total inTeetment cost 11$ 16,2 24,l 9),2 

Production cost 

!!&!e!:ial! l/t 
11• 0,8 0,8 0,8 

i8f l!~ft!~~n~g 1, ~:~ ~·~ ~·8 
llgO o: o:>1 
a./ Total materials l/t ),2 ),2 3,2 

Yt!l!t!e! l/t 
Power " 0,7 Ci. 7 0,7 
Steam " 3,6 ),6 ),6 
BFW/demineralized/ " 
Cooling water " 0,8 0,8 0,8 

b./ Tote! utilities f,/t 5,1 5,1 5,1 

c./ J.Albour f,/t 1,1 0,7 0,2 

d,/ OYerheed expenses $/t 2,8 1,8 0,5 

e./ Total/a+b+c+~/ $/t 12,2 10,8 9,0 

f./ Depreciation f,/t 13,8 12,4 14,3 

g./ Maintenanc'!? f,/t 5,5 5,0 5,7 

h./ Insurance and property 
tn:xee f,/t 4,1 3,7 4,3 

1./ Total /!+g+h/ '/,/t 23,4 21,1 24,3 

j./ Total production cost l/t 35,6 31,9 )),3 
I e+i/ 

k./ 15% R.O.I. f,/t 20,7 1.3,6 21,5 

1./ Total /j+k/ f,/t 56,3 50,5 54,8 

m./ Feedstock coats Im3 tfNIJ3 NH 3 HN03 NH3 HNO) 
l. 'l>/t 119,5 184,9 i6i:1 l~t·4 120,a 214,5 
2. $/t 130,5 296,5 1 ,9 129, 224,5 
3. f,/t 141,6 208, l 115,9 179,3 139,3 234,5 

'/J/t 

n./ Product value /l+m/ 
•' tac,ory ga1e 1. f,/t 360,7 297' 2 389,6 

2. f,/t 383, 3 321,5 409,l 
3. '/>/t 406,0 345,7 428,6 

'/,/ t 

o./ Distribution coat '/,/t 15,0 15,0 60,0 

p./ Farm-gate price /n+o/1 • f,/t 375,7 31~,2 4~9,6 
2. '1>/t 398,3 J"l ,5 ia~:~ ). 'l>/t 421,0 )~0.7 

"/,/t 



.lpp9• 41.-.: "3/ 1 
- 100 -

l'rouuct: Sulphuric acid 
R~w m~teri3l: sulphur 
Loc~tio~: Dev~loped site, West-Europe 

Capacity t/d 200 
On-stream factor ~ :10 

Production kt/y 66 

Total inTestment cost Ml 9,7 

Production coat 

~a!erial~ tit 

a./ Total materials '1>/t 

ytp.!t!e.!! 'l>/t 1,5 
Power II - 18,0 
Steam 
BF.:/ deciineral ized/ " 
Cooling wnter If 0,7 

b./ Total utilitie~ $/t -15,8 

o.! ubour f,/t 3,6 

d./ OYerhe!ld expenses f,/t 5,4 

e./ Total/a-rb+c+d/ '1>/t 6,0 

f./ Depreciation 'l>/t 14, 7 
g./ Maintenanc'! '1>/t 4,4 
h./ Insurance end property 

tc.xeo Zit 3,0 

1./ Total /f+g+h/ 'l>/t 22,l 

j./ Total produotion coat f,/t I e+i/ l'),3 

k./ 15% R.O.I. f,/t 22,l 

l./ Totnl /J•k/ t./t 31 ,t\ 

m./ Feedstock cost& 
sulphur 90 f,/t 'f,/ t 29,7 

f,/t 
i1t 
'/t 

n./ Product value /l+m/ 
et factory eate 'Ut 67,1 

Zit 
'f,/ t 
'/./ t 

o./ Distribution coet 'f,/ t 

p./ Farm-gate price /n+o/ Zit 
'f,/ t 
'1>/t 
""t 

Table 5-2.l 

600 
nn 
;JV 

200 

22,5 

1,5 
-18,0 

1), 7 

-15,8 

1,5 

2,3 

- 12,0 

11,3 

3,4 

2,2 

16,9 

4,9 

16,9 

21,8 

29,7 

51,5 



4ppmd1x 3/! 
f'roduct: sulphuric acid 

R~w ~ntcrial: eulphur 
Loc~tio~: Devel~pinc site, Seaside 

Capacity t/d 
On-at ream !actor ,.; 
Production lct/y 

Total inTeatment cost M$ 

Production cost 

~a:,eri!ll! 'f,/t 

a./ Total materials f,/t 

2t!l!t!e!! tilt 
Power " 
Steam 
BF.:/ demineralized/ " 
Cooling water " 

b./ Total utilitie:i tilt 

c./ wbour tilt 

d.I OYerheed expense a tilt 

e.! Totella+b+c+d/ tilt 

f.I Depreciation tilt 
g./ f.faintenano'!! 'l>lt 
h.I Inaurance and property 

tr..xes f,/t 

1./ Total /f+g+hl 'l>lt 

j./ To tel production 
I e+i/ 

cost "f,lt 

k./ 15% R.O.I. Ut 

1./ Totnl /J+k/ /.It 

m./ Feedatock coat• 
sulphur 100 ilt tilt 

,,,t 
fi/t 
'l>lt 

n.I Product value /l+m/ 
st factory eate 'f,/t 

tilt 
Ut 
tilt 

o.I Distribution coat fi/t 

p./ Fare-gate price ln+ol f,/t 
fi/t 
Ut 
'/,/t 

- 101 -

~ ........ 
c..vv 

90 
66 

12,3 

1,5 
-18,0 

0,7 

-15,8 

0,2 

0,5 

-15,1 

9,5 
7,5 

5,6 
22,6 

7,5 

28,0 

35,5 

)),0 

68,5 

Table 5-2.2 

600 
90 

200 

28,6 

1,5 
-18,0 

0,7 

-15,8 

0,2 

0,5 

-15,1 

14,) 
5,7 

4,3 
24,3 

9,2 

21,5 

30,7 

JJ,o 

6),7 



~'3/l 
r·:-,..,duct: Sulphuric acid 

11~w "1" tcr i:il: sulphur 
Loc."ltio:i: Developine site, Remote 

Capacity t/d 
l'ln-lllt!"'llltA~ f,.rt<:1!" ~ 

Production k:t/y 

Total inYeatment coat Ml 
Production coat 

IAateri •• le 'f,/ t - - - -

a./ Total materials f,/t 

yt!i!t!e! f,/t 
Power " 
~team 
BP .:/demim:ral ized/ 
Cooling water " 

b./ Total utili~ies f,/t 

o./ .L.ebour f,/t 

d./ OYerhesd expenses f,/t 

e./ Total/a+b+c+d/ f,/t 

f ./ Deprociation f,/t 

g./ Maintenanc~ f,/t 

h./ Insurance and property 
tr.xe~ f,/t 

1./ Total /f +g+h/ f,/t 

j ./ Total production cost f,/t I e+i/ 

k./ 15% R.o.r. f,/t 

I.I Totnl /jfk/ '/,/t 

m./ Fee1etock cor;t~ 
SU phur lOO;i/ f,/t 

'Ut 
f,/t 
Ut 

n./ P~oduct value /l+m/ 
at factory eate '/,/ t 

f,/t 
1>/t 
f,/t 

o./ Distribution coat '/J/t 

p./ Farm-gate price /n+o/ f,/t 
f,/t 
f,/t 
""t 

- 102 -

200 
QQ 

66 

14,4 

1,5 
-18,0 

C,1 

-1'.i ,8 

0,2 

0,5 

-15,1 

21,8 
8,7 

6,5 

37,0 

21,C) 

32,7 

54,6 

3J,O 

07,6 

Tabb 5-2.3 

6oO 
90 

200 

33,5 

1,5 
-18,0 

0,1 

-15 ,8 

0,2 

0,5 

-15 ,1 

16,8 
6,7 

5,0 

28,5 

lJ ,4 

25,1 

)8 ,5 

33,0 

71,5 
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.lppmd.ix "3/1 Table ~2.4 

Product: Phosphoric acid 

haw '11.aterlal: phosphate rock 

!.:'.:''.::! t !('!! ~ Devclo2ed site Develo2ing site ---- ;;est-::.urope ,,)en:11.ae tte'llota 
Capacity t/d 200 tr u I )70 /t'?l-quel/ 
On-stream factor s 90 2 5 
Production kt/y 66 1r2o51 122,l /tel-quel/ 

Total inT&atment coat Mi 2_;,a }0,) )5,5 
Production coat 

!"!15rial! f,/t 

sulphuric acid 151,9 187 ,9 210,9 

a./ Total materials 1>/t 151,9 Hl7 ,') 210,9 

gtp!t!e!! f,/t 
Power " },5 ) ,5 },5 
Steam }6,1 )6,1 }6,1 
BPW/demineralized/ " 
Cooling weter 
Process water " 0,1 0,1 O,l 

t./ Total utilities l/t )9,7 }9,7 }9,7 

o./ Labour J/t 7,J ),5 J,9 

4./ tJYerbead expenses J/t 11,0 9,8 9,B 

e./ Total/a+b+c+d/ J/t 209,9 241,} 264,) 

t./ Depreciation l/t J6,l 45,9 5),8 
g./ llaintenanc~ J/t 10,0 18,J 21,5 
h./ Inaurance and property 

tnxes J/t 7,2 1),8 16,2 

1./ Total /f+g+h/ ~/t 54,1 70 ,o 91,5 

j./ To~al production cost J/t I e+1/ 264,0 )19,J )55,8 

k./ 1% R.O.I. J/t 54,1 68,9 80,7 

1./ Total /j+k/ f,/t )18,l )88,2 4)6,5 

m./ Peedatoclt coeta 
phosphate rock l.15J/t J/t 49,2 49,2 

2.)0J/t J/t 98,4 98,4 
3.50J/t f,/t 164,0 164,0 164,0 
4.701-/t J/t 229,6 

n./ Product value /l+m/ 
et factory gote l. J/t 437,it 485, 7 

2. f,/t 486,6 5Jit,~ 
). J/t 482,l 552,2 600,5 
4. J/t 547,1 

o./ D1atr1but1on coat J/t 

p./ Pa:rw-gate price /n+o/ J/t 
J/t 
J/t 
J/t 

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



Append lx 3/1 - 104 - Table 5-2.5 
PMduct SSP /l~ P205/ 
l1aw 11111 Eerinl phoepheie rock 

DeveloF-d ,-,1 te DeveloEi!!fi Alte 
LOC3t1on Senslde Remote /'ii es ~.;urope/ 

C&l.?!!Cit;:[ t/d 500 500 500 
un-stl"!am fnctor ~ 90 

FroduCi.lVU ":f:/y lf.O 

Total inYestment cost 1($ 4,4 5,7 6,6 

Production cost 

!;!a!erid! f,/t 24,2 24,7 31,5 

a./ Total materials f,/t 24,2 24,7 31,5 

ytp!t!e!! f,/t 0,2 0,2 0,2 
For.~r " 
~tenm " 
BP~/deminer~lized/ n 

Coolin~ wnter " 

b./ Toto.l util1tl~:; f,/t 0,2 0,2 0,2 

c./ !Abour i/t 1,3 1,0 1,0 

d./ UYerhe!'ld expenses f,/t 2,7 2,5 2,5 

e.! To~nl/~7b+c+d/ f,/t 28,9 23,4 35,2 

f./ Depreciation f,/t 2,8 3,6 4,1 

g./ lfainten::inc• f,/t o,s 1,4 1,7 

h./ Insurnnce anti pr'lperty 
t:-::t~O f,/t 0,5 1,1 1,2 

1./ Total /f+g+h/ f,/t 4,1 6,1 7,0 

j./ Total production coat f,/t :33,0 )4,5 42,2 I u!/ 

k./ 1·r·. 11.n.r. :/.It 4,1 5,) 6,2 

I.I TotRl /j+k/ 1o/t )7' 1 )9,'.l 48,4 

m./ Feedstock costs 
phoaphoie rock 1. 1i;M1 1>/t 3,7 8,7 

2. JOf,/t $/t 17,4 17,4 
). 50!/t f,/t 29,0 2'),0 29,0 
·1. 701'/t f,/t 40,6 

n./ Product value /l+ra/ 
ai !eciory gate 1. 1o/t 48,5 57,1 

2. f,/t 67,2 !i5 3 
). f,/t 66,1 S,3 11:4 
4. f,/t 77,7 

o./ Diatr1bution cost f,/t 15,0 15,0 

p./ Farm-gate price /n+o/ f,/t 6),5 72,l 
f,/t 72,2 30,8 
'/>It 8),8 92,4 
f,/t 



Appendix )/1 
rroduct TSP I 46% P205/ 
f!a:-r m11teri11l phoeph12;e rock 
l·o::'C:'\ t i:>n 

Capactt:r 
vn-at.~:im !rctor 
Production 

Total investment cost 
Production coat 

a./ Total materinls 

!:!t!l!t!e!! 

Power 
Stenm 
BPW/deminer~lized/ 
Coolin~ w::iter 

b./ Toto! utilitie:i 

c./ JAbour 

d./ ()Yerhe~d expenses 

e./ To~al/ri.;-b+c+d/ 

f ./ Depreciation 
g./ 'P.leintennnc~ 

t/d 
% 

Ut 

f,/t 

f,/t 

" 

" 
" 

f,/t 

f,/t 

f,/t 

f,/t 

f,/t 
Ut 

h./ Insur;incc nnil pr'Jperty 
f,/t tsxeo 

i./ Total /f+g+h/ f,/t 

j./ Total production 
I e+i/ 

cost Ut 

k./ 15~ n. n. r. tit 

1./ Totnl /j+k/ f./t 

m./ Feedstock costs 
p~oaphH;e rock 1. 15f,/t "t 2. JOS/t f,/t 

3. 5021/i f,/t 
4. 708/t f,/t 

n./ Product value /l+rn/ 
et factory gaU 1. '/.It 

2. f,/t 
J. f,/t 
4. f,/t 

o./ Dietribution cost f,/t 

p./ Farm-gate price /n+o/1. f,/t 
2. 'f,/t 
3. f,/ t 
4. f,/t 

- lG' -

Developed :oitr. 
--,w8st-::urope/ 

500 
90 

5,1 

0,2 

0,2 

1,9 

2,9 

5,0 

3,2 
1,0 

o,6 

4,8 

9,3 

4, IJ 

16,4 
Phoeph ·ock R3Pb4 

20,5 163,9 
28,7 196,2 

200,8 
2)1,3 

!at:le 5-~ .6 

Developing 11ite 
Senslde fie mote 

500 500 

6,5 7,6 

0,2 0,2 

0,2 0,2 

1,0 1,0 

2,5 2,5 

3,7 3,7 

4,1 4,8 
1,6 1,9 

1,2 1,4 

6,9 8,1 

10,6 11,8 

6,1 7,1 

16,7 18,9 
Phoepfi.foCk R3P04 Phoeph .rock H5P04 

6,2 14.J, 7 6,2 16 , l 
12,) 165,4 12,J 131,9 
20,5 187,7 20,5 204,2 

171,6 190,2 
194,4 213, l 
224,9 24),6 

15,o 15,0 

186,6 205,2 
209,4 
239,9 

223,~ 
258, 



AppcdU 3/1 

Pnlc:ct: ll>.P /12~ 1' + 52~ F 2o5 
~aw -i:itcrial: 
Loc;-:tio!'l: Dfiveloped site, W!!st-Europe 

!"'----4•­--r--.. ·.z 
On-stream factor 

Production 

Total inYeetment coat 
Production cost 

'/./t 

a./ Total materials l/t 

Por.er 
Steaa 
B'P\P/demineral !zed/ 
Cooling wnte':' 
Pu el 

b./ Total utilitie3 

c./ .i.abour 

d./ OYerhead expenses 

e,/ Tctal/a+b+c+d/ 

f ./ Deprocietion 
g./ ltaintenanc~ 
h./ Insurance and property 

t~xeo 

i./ Total /f+g+h/ 

j./ Total production cost 
I oil 

k./ 15.,,; R.O.I. 

1./ Tot11l /J•k/ 

m./ Feedeto'lk/"coete 
errunonia I/ 
phosphoric ecid 

n./ Product valu• /l+m/ 
at factory g·.tte 

llt 

.. 

lit 

l/t 

f,/t 

l/t 

f,/t 
f,/t 

l/t 

l/t 

lit 

tit 

'/.It 

tit 
tit 
tit 
lit 

'/.It 
t./t 
tit 
tit 

o./ Dietribution coat tit 

p./ Farm-gate price /n+o/ l/t 
tit 
tit ""t 
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90 

120 

8,1 

0,9 
0,4 

),0 

4,) 

2,5 

),8 

10,6 

1,4 

10,2 

31,0 

JI, 4 
255,5 

317,9 

Table ')-2.7 

1/ 
With the lowest Rmmonie coHt end the lowest price of phosphate rook 



.l.17P9l4ii 3/1 

P:·J 1:..:ct: OAP /18~ N + 46~ P2o
5

/ 
i'-w '"!:itcri::il: 

L~C~tio~: Developed site, West-Europe 

Capac it~ 
:Jn-stream !actor 

Production 

Total inYe~tment coat 
Production coat 

l'.1ateri"le - - - -

t/d 
-;.,; 

kt/y 

Ut 

a./ Total material~ $/t 

Power 
Steam 
BP~/demlneralized/ 
Cooling wcter 
Fuel 

b./ Total utllltl~3 

o.! wbour 

d./ OYarhead expenses 

e./ Total/a+b+c+d/ 

f ./ Depreciation 

" 

J/t 

t./t 

t./t 

J/t 

t./t 
g./ ltaintenanc" $/t 
h./ Insurance and property 

tr.:xe!l 1/t 

1./ Total /f+g+h/ $/t 

j./ Total production cost II~ 
I e+l/ 

k./ 15~ R.O.I. $/t 

1./ Totnl /j+k/ '/.It 

m,/ Fe~detock coata 
"!mmonio 
nulphu~ic acid 
phosphoric acid 

n./ Product value /l+m/ 
et fnctory gate 

Ut 
'I>/ t 
'i>/t 
'i>/t 

Ut 
'i>/t 
'I>/ t 
'I>/ t 

o./ Distribution coat $/t 

p,/ Farm-gate price /n~o/ '$/t 
'$/t 
Ut 
'f,/t 

- 107 -

425 
90 

130 

8,1 

0.9 
0,3 

1,5 

2,7 

2,) 

J,5 

0,5 

6,2 
1,9 

1,2 

9,3 

17,0 

9,J 

27 ,1 

47,3 
2,1 

226,1 

302,6 

Table 5-2.B 



.lpt>etdu 3/1 
~'~-·Hluct: --- NPK /19:19119/ 

r.~w '."!-• t cri:'ll: 

LOC~tio~: Developed ~ite, West-Europe 

Capao1ty t/d 
On-stream rector ;..; 

Pro<!uction kt/y 

Total in•eetment cost M$ 

Production cost 

~a!eri"l!! Ut 

a./ Total materials $/t 

Power 
Steam 
BP.:/ demineral ized/ 
cp~Jr:ng woter 

b./ Total utilitie~ 

o./ !Abour 

d./ OTarhead expenses 

e./ Totol/a+b+c+d/ 

f ./ Daprociation 

1>/t 
II 

" 
" 

$/t 

1>/t 

g./ ltaintenanc~ l/t 
h./ Ineurance and property 

tc.xeo 1>/t 

1./ Total /f +g+h/ $/t 

j./ Total produotion coet l/t 
I e+i/ 

k./ 15% R.O.I. 

1./ Totnl /J•k/ 

m./ Feedetock coeta 
phoepho:ric acid 
urea 
ammonia 
petash 

n./ Product value /l+m/ 
at factory eate 

1>/t 

'/./ t 

f,/t 
$/t 
Ut 
f,/t 

'Ut 
Ut 
Ut 
'$/t 

o./ Distribution coat '$/t 

p./ Farm-gate prioe /n+o/ 1/t 
Ut 
'Ut 
'f,/ t 

- 103 -

1040 
9V 

)<:O 

12,5 

l I 

1,5 

2,0 

4,9 

1,1 

1,7 

7,7 

),9 
1,2 

0,8 

5,9 

1),6 

5,9 

19,5 

9?.,6 
41,7 
17,5 
22,4 

193,7 

Table 5-2-9 



Product value a.t faP"t~ry gat_~ i 
~ 

flit ~ ..... -Rav material Amnonia Urea .lmmoni.um nitrate 
natural gaa Capacity Capacity Capacity 

fl/Ooal 150 t/d 250 t/d 1000 t/d 260 t/d 440 t/d 1700 t/d 355 t/d 591 t/d 2364 t/d -
Weat-Eu.ropt 

1./ 
2./ 3,5 270 200 174 237 187 155 193 158 131 
3./ 5,9 288 220 191 248 199 164 2QO 167 l~~ 

4./ 11,8 332 269 234 273 227 189 219 188 16(~ ~ 

5./ 11,6 376 318 276 296 255 212 238 208 175' 0 

"° 
Seaside lQ~_ation -
l./ l,8 314 232 278 280 222 247 233 191 229 
2./ 3,5 327 246 290 287 230 254 238 197 234 
3./ 5,9 345 266 3o7 297 242 264 246 206 24;~ 

4./ 11,8 389 316 350 323 270 288 264 227 260 
5./ 

~ 

Remote location ~ 
I-' 

264 
ct 

1./ 1,8 352 264 3.'2 314 252 310 219 29:~ 
°' 2./ 3,5 365 279 365 322 260 317 269 225 29'7 I ..... 
• 3./ 5,9 383 299 382 332 272 327 277 234 3o4 ..... .. 

4./ 11,8 427 348 424 357 300 351 295 255 32;2 ._... 

5./ 



~ 
'd 

8 
Value of 1 t N at fuctory gate 

p. 

t4" 
~ ..... 

U r e a Ammonium nitrate 

Raw material: c n p a c i t y c a p a c i t y 

natural gas 260 t/d 440 t/d 1700 t/d 355 t/d 591 t/d 2364 t/d 

·-

Seaside location --
1,/ 1,8 $/Gcal 609 483 537 685 562 674 

2.1 3,5 11 624 500 55? 700 579 688 

3./ 5,9 II 6-t6 526 574 724 606 712 

4./ 11,8 II 702 587 626 776 668 765 I-' 
...... 
0 

Romote location 

1./ 1,8 ~/Gcal 633 548 674 776 644 s:.9 

2.1 3,5 II 700 565 68:1 791 662 874 

3./ 5,9 II '722 591 711 815 688 894 

4./ 11,8 II 776 652 763 868 750 947 
~ ..... 
C» 

0\ 
I ..... 
• ..... 
• 
I\) 



f 
Product value at factor.v ~ate ~ 

1'/t· ~ .... 
-Raw material .lmmonia Urea .Anaonium nitrate 

fuel oil Capacity Capacity Capacity 
Nacai 150 t/d 250 t/d looo t/d 260 t/d Mo t/d 1700 t/d 355 t/d 591 t/d 2364 t/d -- -

Weet-&.rope 

1./ 12 
2./ 15 392 327 295 3o7 260 223 245 212 187 
3./ 18 415 353 319 320 275 237 254 223 198 

SeaaidQ J,oca.ti.o.n 
I-' 

l./ 12 432 353 4o4 347 291 319 282 242 282 
I-' 
I-' 

2./ 15 455 .380 429 360 3o6 333 292 253 292 
3./ 18 

Remote location 

1./ 12 477 392 490 385 325 369 316 273 349 
2./ 15 500 418 515 398 340 4o3 326 284 360 

~ 3./ 18 - - - - - - - - - .... 
Cl - er .... 
• I\) 

l 
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.Appendl.x )/1 ·reble 6-2 

De.veloped e1U Developing eite 

¥/eei - Europe Seeeide location Re1110U 

f,/i f,/1 f,/i 

Sul2huric ec1d 200 i/d 
111ulphur 90 f,/1. 67,1 

100 f,/i 68,5 87,6 

600 t.[d 
1ulphur 90 f,/i 51,5 

100 f;/i 6]. 7 71,5 

Pho12horic acid 200 i[d /P2o5/ 1./lOC'Jfo/ i/54''/,/ t./100;~/ V54M i/lOCJfo/ 1./54fi/ 

P205 P205 P205 P2o,j P205 P205 
------

pho'.!i;baU rock 1./ 15 f,/i 437. 4 2)6,2 435,7 262,) 

2./ )0 f,/t. 436,6 262,B 534,9 288,B 

)./ 50 f,/i 482,l 260,J 552,2 293,2 600, 'j )24,) 

4./ 70 f,/i 547,7 295,8 

SSP ~00 t.[d 
/laf. P20 5! 

pho11phe1.e rock 1./ 15 f,/t. 48,5 57, l 

2./ JO f,/i 57. 2 65,8 

)./ 50 t>/t. 66,l Ga.a 77,4 

4,/ 70 'I>/ 1. 77, 7 

TSP ~00 1[d 
/46. P2o5/ 

phoaphaU rock 1./ 15 f,/i 171,6 190,2 

2./ JO f,/i l<:J4,4 21),l 

J,/ 50 t./i 200,B 224,9 24J,6 

4./ 70 f,/" 2)1,J 

II.A p J12-.!~ 
/l~ N, 52 ~ P205/ Jl7. 9 

D.AP !22 t.[d 
/10 ~ N, 5~ P2o5/ )02,6 

NPK 10!0 t.[d 
/19119119/ 19J, 7 ':' 

------- . -------------------



Appmdix 3/1 - 114 -
Table 1-1.1 

lam-gate prices 
l/t 

p r 0 d u c t 

lJ r e a Anmlonium nitrate 
Raw meterial c a p a c 1 t y c B p B c 1 t y 

260 t/d 440 t/d 1700 t/d 355 t/d 591 t/d 2)64 t/d 

I;~: ~1~111 
1. l.e i/Gcal 294,7 237,2 )06,7 247,5 2o6,2 289,3 
2. 3.5 " 302,2 245,3 313,7 253,1 212,2 294,4 
3. 5.9 " 312,4 256,9 323,5 260,5 220,7 301,7 
4. 11.e " 337,6 285,l 347,5 279,l 241,6 319,5 

B&S!~I l2aUS!I! 
1. 1.8 '1Gcal 329,3 267,2 370,3 278,7 234,2 351,6 
2. 3.; n 3)6,6 275,4 377,4 284,l 240,3 356, 7 
3. 5.9 " 346,8 286,9 )87,2 231.6 248,8 364,0 
4. 11.0 " 372,l 315,l 411,4 Jl0,3 269,5 381,8 

~Ig:;i.oent~sw 
1. 12 '1Gcal 362,l 306,4 )78,6 297,1 257,2 342,0 
2. 15 n 375,5 321,3 392,7 307,0 2GG,2 352,3 

Re!!121e 129.lt;!on 
1. 12 i/Gcal 400,1 339,B 448,7 331,0 287,6 409,1 

2. 15 'Gcal 413,5 354,7 462,8 340,8 298,6 419,5 

Coal 
SS!I!:!~~! location 
1. 4.6 i/Gcal 411, 7 332,7 414,7 J33,8 276,6 368,5 
2. 9.1 " 442,2 364,4 441,l 356,4 299,9 388,0 

3. 1).6 " 473,3 398,) 467,5 379,l 325,0 407,5 

Rsz111si112 •~sr.11;1.sm 
1. 4.6 #/Gcal 460,7 373,l 503,8 31),1 312,2 44'},6 
2. 9.1 " 491,5 405,9 530,2 398,J ))6 ,5 46'},l 

3. 13.b " 522,3 438,7 556,7 42i,O 360,7 4:.38,6 



Fnrm ;·;:1tc nrioes of 1 t N i 
8 

U r e n Ammonium nitrate ~ 
Raw material: -'<. 
natural gas o a p a o i t y o a p a o i t y ~ 

260 t/d 4·10 t/d 1700 t/d 355 t/d 591 t/d 2364 t/d 

SeaGide location 
1./ 1,8 $/Goal 641 516 667 728 606 8~)1 

2./ 3,5 " 657 '.533 682 744 624 866 

J./ 5,9 " 679 558 703 766 649 8137 

4./ 11,8 " 734 620 755 821 711 940 
I 

f-"' 

Remote location 
I-' 

1./ 1,8 $/Goal 716 
V1 

:JGl 805 820 689 1034 

2.1 J,5 II 732 599 820 836 707 1049 

3,/ 5,9 " 754 624 842 858 732 1070 

4./ll,8 II 809 685 894 913 793 1123 

~ 
~ 
CD 

~ 
I 
~ 
• 
I\) 
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Appendix 3/1 Table 7-2 

DeveloJi.liNt site 

·seaside Remote 
location 

~ /500 t/d/ 

phosph. rock 

1. 15 ~/t 63,5 72,1 
2. 3o ~/t 72,2 80,8 
3. 50 ~/t 83,8 92,4 
4. 10 ~/t 

2 /500 t/d/ 

phosph. rock 

1. 15 ~/t 186,6 205,2 
2. 3o ~/t 209,4 228,1 
3. 50 ~/t 239,9 258,6 
4. 10 ~/t 

-
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Appendix 3/2 - Brief introduction to the use of J1ULtucm~ticl 

This appendix tries to give a short examination 

on the use of some computer-aided ~at~e~atical ~ethods 

of decision making. ~o theoretical knowledg9 of these 

methods is expected from the reader. This brief ins;ec­

tion attempts to infroduce the topic especially from a 

practical approach. As the theo=etical results and 

practical facilities now provi!e a rather ~ide scale 

of sophisticated techniques, the examole to te given 

below should not be cor.sidered characteristic to any 

real oroblem neither in its content nor in :~s tec~-~i~~e, 

it should be taken only as ar. introductory excercise. 

In spite o! this it may 6ive some inspect tc t~e prob-

Cc~ing to a decision a~or.g s9ver~l ~ossib:~ so-

lutions is al~ays a difficult =atte=. A~c~~ ~~e re-

asons of this at the fi=st place t~! troubles of 

~atherir.g information in its illuSt ge~e=al se~se ahould be 

mentioned. Infor~ation means not only tte ne~essary 

technico-economic data to the given problem, it invol­

ves the knowledge of the soecial, local conditions, 

the expectations or wishes of the various grouos and 

organs. 
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Appendix 3/2 

~espectively, in an investment decisio, ~aki~~ it 

is al~ays ir.evitable to adjust the various view­

~oints and interests. ?or this purpose tne elaborat­

ing of realistic, treatable model to the nroblem 

may give much help. Along this process the conflic­

ting interests may be more objectively expressed thro­

ugh a ~odel and tr.e results irawn from it can be ~ore 

easily regarded by the participants as reasonable 

consequences to be taken into consideration. 

Some very characteristic proble~s of ecenomic ~at­

hematical ::icd.elling 3.re shovn belo...,. /~'r"e vie·.w~oi:it 

of this listing is the necessary ~pecial ~athematical­

computational treatl!lent/: 

l. Schedulir.g of produetion and sales 

Any p~oducing unit ~ay have the ~roblern to find 

the :-.est structure of production i:: tt:e bes+; 

til!ling ar.-3. physical settling. rn.e word "l)est" 

means either a technical or an econo~ic ob-

jective. 

2. Traneuortation problems 

Having a table of distances between possible 

sites special methods are available for the 

finding of the least total transportat~on cost. 
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Appendix 3/2 

3. The fix charge problems of productions, sales, etc. 

If one can not ad.oit that the cost of production 

or saling is proportionate to the size of these 

activities some different methods should be applied. 

In the most simple case above the fix charges, like 

the over-all costs, interests, amortization, etc. 

the further costs may be regarded linear. 

4. Investment problems 

~ith investment problems often several questions 

similar to 1.-3. should be solved si~ultaneouslJ• 

From the former parts of this study one can under­

stand the several logical assW!!ptions connected to 

problems of this kind. In addition, the goalo them­

selves may be rather comlex. Here only just some 

possible separat~ goals are mentioned /there are so-

me methods of taking ~ore of them into considerat-

iofi at the same ti~e/: 

- maximum of profits, 

- minimum of costs, 

- maximum of employment 

- maximum of the balance of hard currency, etc. 

Namely in connection with tht modelling of satisfy­

ing fertilizer demarns it may be ~seful to take the 
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following aspects into consideration. There are 

several possible ways to meet some demand and, even 

within this, a number of variants may be realized. 

To make a thorough calculation for their economical 

results to be expected, all of them would require 

on the one side roundabout manual work an~ on the 

other side such a calculation would still not necessari­

ly represent the best possible solution /in the eco­

nomical sense/, it may happen that a relatively s~all 

sacrifice /e. g. a little higher investment/ would 

result a far higher ?rofit. 

The problem may be drafted in the following form: 

what are the possible ways of m€eting the de~ands 

and their fulfilment most econo~ically, in other 

words finding the variants that yield supp0sing near­

ly equivalent expenditures /such as investment, ener­

gies, labour etc./ ~he highest SU!!l of profit? 

The question, however, may be given this way,too: 

which variant would satisfy the objective at the low­

est possible expenditure /invest~ent and produc~ion/? 

One characteristic type tends to find the most 

economical product structure of a given unit /con­

sidering market conditions/ and to distribute the 

end ~roduct at the lowest possible cost namely with this 
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present topic - to satisfy t~e fertilizer demands of 

a given country, territory, farm etc. ~oat economi­

cally. 

In such a case, production and investment va-

riants may coee from the following: 

- the sort of the fertilizer and its raw material, 

- its amount, 

- the size, 

- the technology, 

- the site of the plan.t /plants/ to be established, 

- the level of satisfying the dema:rl etc. 

It should be supposed that the demand might be fulfil­

led via buying /importing/ or by produ~tion; the plant 

to be established may have a size just to meet the 

local demands, but in pricnciple /if motivated by 

oarket and other conditions/ it ~ight also provide other 

selling /e. g. for export/. 

The described system is called a multivariable 

aupply model1 ir. order to provide data for it, na­

tur~lly certain local conditions and technological 

data must be known, such as the a7ailable: 

- sorts and quantities of raw materials, 

- infrastructure, 

- financial resources, 

- labour, etc. 
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The above indicated /and ot~er possible/ factors 

deter~ine, to a certain extent, the variants to be 

considered; they are called the constraints. 

Accordingly, the model may be written as fol-

lows: 

demand=production - expert + import. 

~ithir. this, naturally, every factor may note se­

veral variants. The computer progra!l!Ille is able to 

handle all of them simultaneously, and to select, 

based on the data of the given variants, the solu­

tion which is most apt to the objective function. 

~he drawing up cf the objective function is always 

a task of the persons performing the exa.I:Jination and 

=ay be, on the basis of the different aspec~s, rat­

her different. 

As for an exa~;le which sol~tion gives the lowest 

casts, the highest sum of ?refit, or 

requires the least labour, energy, infrastructure, 

/depending on the bottle-necks/, etc.? 

Thus, the examination or series of examinations ma­

de as mentioned gives an answer to the question that 

which of the possible produc:ions, investments and 

foreign trade activities /as variants/ are to be 

performed, in a given period, i~ order to meet a 
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certain demand or requirement; ~hat should be their si­

ze ar.d proportion ':"'1"'-~ they 

- not exceed the limited resources(investment 

costs, raw materials, labour) 

- give a minimum of the costs of a supply or a 

maximum of the profits (optimum programme). 

Should, for some reason, the solution found by 

the computer programme (e.g., for meeting a demand) 

require furt~er examination, there is no problem in 

performing this additional calculation. rhe nu:nerical 

data and the objective functions of t~e mcdel ~ay 

be varied if necessary but introducing new variables 

or const:mintsinto the system does not cause any tech­

nical obstacle either. One of the basic a~v~nt~ges 

of this analysing ~ethod is that new series of cal­

culations may be quickly performed ~ith rather comp-

lex proble~sJtoo. 

The other advantage is that sensibility analyses 

may be dccomplish~~too. These show the effect of 

the modifying of the most important economic data 

/costs, prices, etc./ and constraints on the ob­

jective function and the optimum progra.l!lIIle. 

Naturally models are always less or more simpli­

fied images of reality and somewhat subjective in 



- 124 -

Appendix 3/2 

the sense that both the possibilities and the restraints 

together with their data basis may be disputed, never­

theless subjectivity is mostly li.mited to this area 

only. In connection with the compilation of a model 

the importance of the knowledge and skill of the lo­

cal experts of the developing country e annot be emp­

hasized enough. While most of the technical-econ)mic 

data and the several, more or less plausible condi­

tions may be elaborated even by foreign experts, 

they can not do without the support of the local 

experts in formin~ the special, lccal conditions. 

It may be important to mention that even the 

moet precise and complicated models can give an 

answer only to the questions of tke ~c~el and not 

to the real problem. For this reason it is neces­

sary to analyse the results with critics knowir.g 

that there were several factors that were not con­

sidered at all, or if they ~e~e limitations of model­

making perhaps they did nvt. render the theoreti­

cally best solutions possible. 

At last, the building of the model and the 

changing of some interdepending elements should be 

a process parallel with the whole course of decision-
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making. It ought to have an active role in it. Only 

this way a model provide useful replies to the given 

questions, or may be new as~ects for further invest­

igations. 

First here is an attempt to give a short informa­

tion of the most widely spread technique called 

linear programming through presenting a numerical 

example. After some extentions of this method like 

the non-linear, the stochastic progra.illilling, etc. are 

shown with some practical remarks. 

Let us assume that a country /a branch of indust­

ry, a firm, etc./ has the following problem: 

which is the relatively best way of satisfying a 

mini:nal home supply of a product "A" supposed that 

this should cause the maximal increase /or if this 

is not possible the least decrease/ in the balance 

of hard currency /given e.g. in million uS ~/? 

There are the possibilities of either a home produc­

tion, where the surplus may be exported, or of the 

importation of "A". Let the home production basi­

cally depend on one important raw material, called 

"B" /also in 1000 tons/, where "B" is available. 
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The s:pecific use of "3" to "A" is a. known amount. 

An other restriction is that both the home production 

of "A" and "B" and the foreign trade need. some gi-

ven amounts of manpower depending on the size of the-

se activities, and the total of this manpower can not 

exceed an upper limit /given in persons/. 

rhe per unit costs and incomes of the home p~oduc-

tions and the foreign t~ade activities in the given 

hard currency /million US ~/ a.re known as well. 

A mathematical program.!lling model generally has 

three basic elements. 1. the activities, 2. the 

ob.!ecti ve function, and 3. the constraints. 

The activities are the unknown variables of the prob-

lem. The set of th~se activities is often called 

the programme. /The term "mathematical programming" 

refers to this trying to make distinction from the 

other everyday meaning" of the word "programming" and 

of the term "computer programming", which is the way 

of teaching an electronic computer/. 

In this example these a.re only four activities 

/real great ;roblems may have several thousands of 

them/: 

X
1 

=home production of"A", 

X
2 

= exportation of 11 A", 
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x;: = ir:iporta ti on of 11 A'', 
,I 

x
4 

= exportation of "B". 

The task is to find the best of all the feasible 

solutions, the .£.E_timal or.e. T1:e optimum criterion 

is always for~ed in an objective function in mathe-

matical programming. S1.ipposed. that a unit of an 

activity causes the foilowing changes in t'r.e ba-

lance of hard currency /in million JS $/: 

xl ••.... -9 /the cost of Fro.iucting "A"/ 

x2 ••••• -12 /t'r.e inco:::e from the ex;ortir.g of "A"/ 

x3 ••••• -1 ~· /the cost of irn~ortir.g II A" I 

x4 ••••• + 8 /tr.e inco::ie f:::-or:i t :-.e ex~orti::g of "B11/ 

Xow the objective function ~ill ta7e the following 

fo:::-m: 

"'.1.e optim1.l.'.!l /'r.ere this ciear:s t?:e :r.~xi!:.'.l.!!./ of y 

is to be founded. 

Having no restrictions in connection with the 

~ctivities, the valu~ of y might be unlimited. The 

system of these li~itations /given in the mathamati-

cal form/ are called the constraints of the problem. 

This example is su.pp,1sed to have three cons train ts: 

1. The total consumption of "B" /the use to "A" de-
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pending on x
1 

and the exportation x4/ should not 

exceed a supposed given quantity /here, e~g.:20/. 

0.4 tons of 11 1311 is needed to produce a unit of 11 A11
: 

0.4x1 + x4 ' 20 

2. Let the total available manpower be limited /e.g. 

370/. Let the following number of persons be requ-

ired to run a unit gf an activity: 

xl •••••••• 10 

x2 ........ 2 

x3 ........ 1 

X4 • • • • • • • • 13 

Supposed that the required manpower is properti-

onal to the scale of any activity the following 

constr~int may be written: 

3. The minimal home supply of 11 A11 should reach a 

s11pposed glven value /here: 40/. Thi~may be 

statisfied either through home production or 

foreign trade. I'iixecl solutions are also allowed: 

xl - L X2 + X3 - 40 

The problem now is comlete. There a.re several 

methods known which are proper for solving this 

problem. One of the bf'st known of these is called 
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the Simplex Method. It would not be worth to show 

here any of these methods in their details because 

on the one hand it would be ~ifficult to understand 

them without their mathematical background and on 

the other hand any of the problems of this type 

can bel solved by well elaborated and tested 

computer programmes generally g,"ailable at all ~he 

computer centres. 

/Real problems with much greater sizes technical-

ly are not executable in a manual way./ 

Any method of linear programming results the 

2R_timal solution to the given problem: 

xl = 18.421, 

x2 = 0 

X3 = 21,579, 

X4 = 12.632 

This optimal programme with the values of the 

unknown variables substituted into the equ~tion 

of the objective function /y/ results the follow-

y = -9 x 18.421 + 12 x O - 14 x 21.579 + 8 x12.632 

Y= - 366.842 
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This programme does not give a positive balance 

of the hard currency but it is still the best 

within the given constraints. 

It can be seen at this optimal solution, that 

the importance of the various constraints is not 

equal. 

In other words, if the limits had been a unit less, 

what an increase would have they caused in the ob­

jective function? The computational methods give 

an answer to this question1too: 

1. constraint 

2. constraint 

3. constraint 

...... 
+ 1. 842' 

0.474, 

-14.474 

Obviously the bottle-neck the problem is the mi­

mimum home supply of :i A" /the 3 rd constraint/ 

Insisting on a unit increase of this home supply 

would cause more than 14 million U~ $ plus expen­

diture while on the other hand a unit surplus of 

the raw material "B" could i:nprove the balance with 

nearly two million dollars. 

Even from ti1is very small example or.e can feel 

the problems of model making the execution of the 

computations and the analysis of the results. 

Theoretically, the propor~ionality of the costs 
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and incomes to the size of the activity is not a 

plausible assumption. Some costs, like the fix char­
~ 

ges of the foreign trade are quite independent of the 

turnover.- The scale of economy of the investments is 

not linear ei th.er . 

These problems may be tree.11!d properly through 

various methods of nonlinear programming. Problems 

with losical factors (e.g. where more activities are 

excluding each other/ or problems with given discrete 

scales /like the possible sizes of investments or 

the unknown number of machines, etc./ require similar 

t:-eatment. The differen=e methods of no nlinea.r program-

ming try fo find optimal solutions to these proble~s 

but these ~ethods are ~uch more troublesome, more 

expensive regarding their practical utilization. 

Different solutions may be needed from an even 

more complicated approach to these questions if one 

assum~s that neither the inputs l10r the outputs of 

the models are fixed /deterministic/ values. Allowing 

the conetants of a model to be probability variables, 

that is supposing that they are also unsure value& 

with certain mathematical characierie~ a etoachas-

tic model to the problem may be worked out. 

Though proba~ly the nonlinear and stoachstic models 
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give the most appropr~ate description of the real 

circumstances, the modelling and especially the mathe-

~atical-computational problems are far not sufficient-

ly solved yet. In spite of this one may take such fac-

tors into consideration in certain cases. Without any 

special selecting principle s0me works dealing with 

these problems in details are mentioned in ~eference. 

In the fran:ework of an appendix it is impoesible 

touch all the problems connected to the whole topic. 

The purpose was only to give some methodolcgical 

introduction. A basic problem ~as not mentioned yet, 

that the ~ell organized cooperation of the special 

technical, economic and computer ex~erts gives the 

clue to the application of any of these methods. Only 

asswning this tea.::iwork it ~a.-r be i;Uara!1teed that the 

expenses of a com~uter aided mathematical project 

ret~rn through tte rnore objective, ~ore realistic de-

cisions coming from the variants that one cou~d have 

not kno\o{Tl without these modern facilities. 
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Append~x 4/1 - Fertilizer consumption in developing countrie! in 1~76/77 - 1960/81 

Name Total 

L AFRICA 

North-West Africa 

West Africa 

Benin Ca': 
Gambia 0,2 

Guine& 0,6 

Guinea Bissau O,l 

Mauritania 0,5 

Niger 0,56 

Sierra Leone 0,53 

Togo 0,95 

Central Africa 

Congo 0,12 

Eq. Guinea 0,1 

Gabon 0,38 

East and Southern A fr ica 

Botswana Cat: 

Burundi 0,47 

Djibouti 0,5 

Lesotho 0,3 

Rwanda 0,16 

Uganda 0,96 

N - CONSUMPTION 

1000 t N 

1976L77 

From Total 

u AN 

II. 

0,4 

o 12 
' 

0,12 

II. 

0,2 

0,3 

Remarks to all the tables in Appendix 4/1: 

1 - Consumption in 1980/81 
Source: FAO Fertilizer Yearbook, 19dl. 

Table 1/1 

Category I /less than 1000 t/ 

1981/82 

Total From Total Notice 

u AN 

0,58 0,4 

Cat: II. 

0,5 

Cat: II. 

Cat: II. 

Cat: II. 

Cat: II. 

Cat: II. 

0,15 

0,11 

0,8 

0,6 

0,3 

o,0s2 

0,5 

0,1 

0,5 

2 - Data from papers prepared for UNIDO Seminar, Lahore, Noverrtler 1982. 
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N-CONSU':·1PTIGN, 1000 t N 
Category I 

1976/77 1981/82 

Name Total 
From Total Total 

From Total Notice 

u AN u AN 

2. LA TIN AMERICA 

Central America 

Belize 0,3 o, 12 0,5 

Caribbean 

Bahamas 0,53 0,5 

St. Kitts-Nevis 0,3 0, l• 

St. Lucia Cat: II. 0,8 

South America 

Fr. Guiana 0,2 

Paraguay o,s Cat: II. 

3. NEAR EAST 

N.E. Africa 

N.E. Asia 

Kuwait 0 202 
' 

Oman 0,13 1,0 

Qatar 0,3 0,84 

U.A. Emirates 1,0 Cat: II. 

vemen PDR 0,8 0,8 Cat: II. 

4. FAR EAST 

South Asia 

3hutan O,i O,l 
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Name Total 

East and South-East Asia 

Kampuchea OM 

Laos 

5. OCEANIA 

Fr. Polynesia 

New Caledonia 

Samoa 

0,1 

O,l 

0,2 

0,17 

0,01 

- 1J6 -

1976/77 

From Total 

u AN 

Table 1/1 /cont./ 

N-CONSUMPTIUN, 1000 t N 
Category I 

1981/82 

Total ~-F_r_o_m~To_t_a_l~- Nat~ce 

Cat: III. 

Cat: II. 

0,4 

o,s 
0,15 

u AN 
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N - C 0 N 5 u H P i l 0 N 

1000 t N 

Category II /1-10/ 

1976/77 1981 /82 

Name Total From Total Total From Total Notice 

u AN u AN 

1. AFRICA 

North-West Africa 

West Africa 

Benin 1,0 Cat: I. 

Gambia Cat: I. 2,4 o, 13 

Guinea Bissau Cat: I. 1,2 

Liberia 4,3 3,5 2,01 

Mali 4,5 5,7 

Mauritania Cat: I. l r? 
,L -

Niger Cat: I. 1,7 

Senegal Cat: III. 6,3 

Si~rra Leone Cat: I. 1,3 0,17 

Togo Cat: I. 1,2 0,51 

Upper Volta 2,2 1,6 0,32 

Central Atrica 

Angola 1,0 4,6 

Cameroon 4,0 Cat: III, 

Centr. Afr. Rep. 1,2 1,2 

Chad 3,1 1,6 

Congo 

Zaire 6,2 6,2 2,5 2,5 
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Name Total 

East and Southern Africa 

Madagascar 3,9 

Mauritius 8,8 

Mozambique 6,7 

Reunion 4,1 

Somalia 

Swaziland 1,0 

2. LATIN AMERICA 

Central America 

Cciribbean 

Barbados 1,9 

Dominica 1,6 

Guadeloupe 3,4 

Haiti 

Jamaica 7,3 

Martinique 3,6 

St. Luc.ia 1,6 

St. Vincent 2,1 

South America 

Bolivia 1,3 

Guyana 6,0 

Paraguay 6,1 

Suriname 3 ,4 

Trinidad a. Tobago 4,5 

- 133 -

1976/77 

From Total Total 

u AN 

3,3 3,5 

9,5 

Cat: 

5,3 

1,3 2 

8,5 

2,0 

1,0 

0,43 0,07 3,3 

3,0 

Cat: 

9, lo ( ,03 4,3 

Cat: 

2,4 

2,7 

9,3 

2,3 

5,4 

2,8 

Table 1/2 /cont./ 

N-CONSUMPTION, 1000 t N 
Category II 

1981/82 

From Total Notice 

u AN 

1,1 

III. 

0,02 

III. 

2,9 

I. 

1,8 

0,77 

0,39 
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Name 

3. NEAR EAST 

N.E. Africa 

N.E. Asia 

Cyprus 

Jordan 

Saudi-Arabia 

U.A. Emirates 

Yemen AR 

Yemen PDR 

4. FAR EAST 

South Asia 

East and South Asia 

Laos 

Mongolia 

Singapure 

5. OCEANIA 

Fiji 

Total 

6,3 

4,0 

6,4 

Cat: I. 

3 ,4 

Cat: I. 

Cat: I. 

4,4 

Cat: I. 

9,0 

- 139 -

1976/77 

From Total 

u AN 

Table 1/2 /cont./ 

N-CONSUMPTION, 1000 t N 
Category II 

1981/82 

Tot.al 
From Total 

u 

9,0 1,3 

2,9 2 

Cat: IV. 

2,4 2 

Cat: 

1,7 

4,0 

7,S 

2,0 

0,7 

III. 

Cat: III. 

AN 

2,0 

Notice 
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N - C 0 N S U M P T I 0 N 

1000 t N 

Categor:r III /10-40/ 

1976/77 1981/82 

l~ame Total From Total Total From Total Notice 

u AN u AN 

l. AFRICA 

North-West Africa 

Tunisia 24,9 30,5 

West Africa 

Ghana 12,0 15,0 

Ivory Coast 12,0 11,3 

Nigeria 35,0 Cat: v. 
Senegal 10,8 Cat: II. 

Central Africa 

Cameroon C::it: I I. 22,7 
East and Southern Africa 

£thiopia 11,0 16,0 

Kenya 22,4 1,7 3,5 33,9 2 I 1981/82 
total: 44, 
U: 4,8 

Malawi 18,9 1,6 14,3 

Mozambique Cat: II. 20,1 

Tanzania 13,3 2,3 2,3 17,5 

Zambia 39,8 Cat: IV. 

2. LATIN AMERICA 

Central America 

Costa Rica 28,5 Cat: IV. 

Honduras 11,0 16,7 

Nicaragua 22,9 39,0 

Panama 11,0 13,9 
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Name Total 

Caribbean 

Domin i_can Rep. 35,0 

Jamaica Cat: II. 

South Amerii::a 

Argent inn 39,2 

Er::uador Cat: IV. 

Uruguay 17,9 

3. NEAR EAST 

N.E. Africa 

Libya 13, l 

N.E. Asia 

Afghanistan 30,6 

Cyprus 15,0 

Iraq 35,0 

Lebanon 17,7 

Yemen AR C2 t: I I. 

4. F.C.R EAST 

South Asia ----
Nepal 10,7 

East a~d South-East Asia 

Kampuchea DM Cat: I. 

5. OC£AN1A 

Fiji Cat: JI. 
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1976/77 

From Total Total 
u AN 

31,4 

10,2 

Cat: 

34,8 

5,4 20,4 

30,5 

25,8 25,6 

C:it: 

Cat: 

16,9 

10,6 

6,3 17,4 

10,5 

12,8 

Table l/J /cont./ 

N-CONSUMPTION, 1000 t N 
Category III 

1981/82 

From Total ~otice 

u AN 

1,7 

IV. 

II. 

IV. 

12,3 
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N - c 0 N S IJ M p T I Q 1'! 

1000 t N 

Categor~ IV /40-70/ 

1976/77 1981/82 

Name Total From Total Total From Total Notice 

u l\N u AN 

1. AFRICA 

North-West !tfrica 

Algeria 51,0 71,0 

West Africa 

Central Africa 

East and Southern Africa 

Zambia Cat: III. 57,6 

Zimbabwe 39,8 Cat: VI. 

2. LATIN AMERICA 

Central America 

Costa Rica Cat: III. 45,2 

El Salvadcr Cat: v. 66,5 2,5 

Guatemala 49,9 52,5 

Caribbean 

South America 

Argentine. Cat: III. 51,2 

Chile 48,7 9,7 48,2 22,l 

[cuador 49,5 Cat: III. 
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Name Total 

3. NEAR EAST 

N.E. Africa 

N.E. A~ia 

Iraq Cat: III. 

Saudi Arabia Cat: II. 

Syria 48,l 

4. FAR EAST 

South Asia 

Sri Lar.ka 52,3 

East and South-East Asia 

Burma 42,~ 

5. OCEANIA 

- 14) -

1976/77 

From Total Total 
u AN 

63,6 

41,3 

Cat: V. 

3!.,4 Cat: V. 

42,9 Cat: VI. 

Table 1/4 /cont./ 

N-CONSUMPTION, 1000 t N 
Category IV 

1981/82 

From Total Notice 

u AN 

9,9 
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N - C 0 N S U M P f I 0 N 

1000 t N 

Category V /70-100/ 

1976/77 1981: 82 

Name Total From Total Total From Total Notice 

u AN u AN 

l. AFRICA 

North-West Al'rica 

Morocco 82,2 31,l 

West Africa 

Nigeria Cat: III. 96,7 

Central Africa 

East and Southern Africa -

2. LATIN AMERICA 

Central America 

El Salvador 77 ,1 Cat: IV. 

Caribbean 

South America 

Venezuela 74,3 69,6 32,5 o,S 

3. NEAR EAST 

N.E. Africa 
Sudan 80,0 74,5 
N.E. Asia 

Syria Cat: IV. 83,l 15,9 S6,0 



.i\ppendix 4/1 

Name Total 

4. FAR EAST 

South Asia 

Sri Lanka Cat: IV. 

East and South-East Asia 

Malaysia 90,0 

5. OCEANIA 

- 1'15 -
Ta~le 1/5 /cont./ 

~-CONSUMPTION, 1000 t N 
Cat.ego:·y V 

1976/77 1981/82 

From Total _ t 
1 

From Total 
-------- 10 a --------

Notice 

U AN U AN 

88,9 67,5 

Cat: VI. 



App~ndix •Vl 

Name 

1. AFRICA 

North-West Africa 

West Africa 

Central Africa 

Edst and Southern 

Zimb2bwe 

2. LATIN AMERICA 

Central America 

Caribbean 

Cutia 

South America 

Colombia 

Peru 

3.NEAR EAST 

N.E. Africa 

N.E. Asia 

4. FAR EAST 

South Asia 

Bangladesh 

- 146 -

N - c 0 N s u ~ p T I 0 N 

1000 t N 

Tat le 1/6 

Category VI /100-200/ 

1976177 1981/82 

Total From Total Total From Total Notice -
u Al\ u AN 

. .\frica 

Cat: IV. 106, 7 36,5 69,9 

187,2 Cat: VII. 

142,7 90,9 7,5 135,3 

100,3 57,4 26,5 100,6 

167,8 165,H Cct: VII. 



i\ppendi:x !~/ 1 

- 147 -
Table 1/6 /cont./ 

N-CONSUMPTION, 1000 t N 
Cabgory VI 

----------------------------------------

Name 
Total 

Last and South-East Asia 

Burilla 

Malay:~ i.a 

PhUiPpines 

Thailand 

Viet Nam 

5. OCEANIA 

Cat: IV. 

Cat: V. 

172,2 

136,3 

Cat: VII. 

From Total 

u AN 

103,9 

1981/82 

Total __ F_r_o_m_T_ot_a_l __ Notice 

u 

110,0 110,0 
127, r;. 

Cat: VII. 

162,0 

199,7 

AN 

2 I Total: 
139; u: 35' 9 



- 143 -

-~Ppe:id ix 4 1 
fable 1/7 

N - C Q ~ S U M P T I 0 N 

1000 t N 

Cateoorv VII 10ver 200/ 

1976/77 1981/82 

Name Total From Total Total 
From fotal Notice 

u AN u AN 

l. AFRICA 

North-West Africa 

West Africa 

Cent .. ai ~frica ------
East and Southern Africa -

2. Lr\ TIN .A'~ERICA 

Central America 

Mexj_co 830,4 llll.,7 403,0 46,8 

Caribbean 

Cuba Ca'.:: VI. 307,i 

S:..iuth il.r."i!HiC3 

Brazil 498,3 104,0 75,3 667,7 

3. NEAR EAST 

N.E. A fr i :a 

Egypt 427,7 113' 5 252 3 '.:>85 to 

N.E. Asia 

!ran 2.20' 5 147,7 4,2 386,( 

TurkE!'I 590,7 776 ,4 
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- 149 -

1976/77 

Name ·,-otal From Total 

u AN 

4. FAR EAST 

South Asia 

Bang hide sh Cat: VI. 

India 2351,7 1720,0 178,3 

Pakistan 554,0 397,0 22,1 

East and South-East Asia 

China 4755,0 

Indonesia 351,2 

Korea OPR 385,8 

Korea Rep 361,3 243,1 

Philippines Cat: VI. 

Viet Nam 241,5 

5. OCEANIA 

Total 

250,9 

3881,7 

832,6 

11528,0 

997!1 

564,l 

431,8 

209,9 

Table 1/7 /cont./ 

N-CONSUMP~ION, 1000 t N 
Category Vil 

1981/82 

From Total Notice 

u AN 

238,6 

3083,0 119,2 

607,0 72,4 

929,6 

235,3 

Cat; \JI. 



- 150 -
Appendix 4/1 

Table 2/1 

PzO~ - C 0 N S U M P T I 0 N 

1000 t P205 

Categcr}'. I /less than 1000 ti 

1976/77 1981/82 

Name 
Total From Total Total From Total Notice 

SSP TSP SSP TSP 

l. AFRICA 

North-West Africa 

West Afric2 

Benin 0,35 0,21 

Niger 0,53 0,48 0,007 Cat: II. 

Sierra Leone 0,53 Cat: II. 

Guinea 0,3 Cat: II. 

~;aur ite;n ia 

Central Africa 

Centr. A fr. Rep. 0,2 0,03 

Congo 0,1 0,19 

Gabon 0,2 0,14 

East and Southern Africa 

8otswana 1,0 0,8 

Burundi 0,04 0,02 0,4 

Madagascar 0,83 0,62 Cat: I I. 

Rwanda OilJ8 0,1 

Uganda 0,43 0,1 

Somalia 

2. LATI\i AMERICA 

Central America 

Belize 0,6 0,56 

Caribbean 

Baham<:1s 0,53 0,4 

Dominica Cat: I I. 0,7 



Appendix 4/1 

Name Total 

Haiti 0,1 

St. Kitts-Nevis 0,5 

St. Lucia 0,8 

St. Vincent 0,4 

South America 

Paraguay 0,3 

Trinidad a. Tobago 0,27 
Suriname 0,66 

3. NEAR EAST 

N.E. Africa 
Sudan 
N.E. Asia 

Oman 0,1 

U.A. Emirates 0,1 

Yemen AR 0,08 

Yemen PDR 0,07 

4. FAR EA::iT 

South Asia 

East and South-East Asia 

Kampuchea OM 

Singapure 1,0 
Laos 

5. OCEANIA 

Fr. Polynesia 0,07 

New Caledonia 0,06 

Samoa 

- 151 ... 

1976/77 

From Total 

SSP TSP 

0,07 

Table 2/1 /cont./ 

Total 

Cat: 

0,7 

0,1 

0,5 

Cat: 

0,65 
0,3 

0,3 

0,97 

0,9 

0,08 

Cat: 

o,s 

0,3 

0,02 

0,15 

n n_ l"'nurttUOTTna,1 1 nnn D .... nr 
rzu~-\...Ul't..JUrH 1.LUi'f .a.uuu 'L.-J 

Category I 

1981/82 

From Total Notice 

SSP TSP 

II. 

II. 

2 I 1981: 
o, 16 

0,06 

0,08 

II. 



Appendix 4/1 - 152 
Table 2/2 -

P10~ - C 0 N S U M P T I 0 N 

iooo t P205 

CCitegory II /1-10/ 

1976/77 1981/82 

Name Total 
From Total Total 

From Total Notice 

SSP TSP SSP TSP 

1. AFRICA 

North-West Africa 

West Africa 

Gambia 1,4 2,8 1,3 

Ghana 5,2 8,0 

Guinea Cat: I. 1,2 

Ivory Coast 6,3 Cat: III. 

Liberia 1,2 2,4 

Mali 4,2 3,9 

Niger Cat: I. 1,7 

Senegal Cat: ill. 8,0 

Sierra Leone Cat: I. 1,3 0,04 

Togo 1,1 1,3 0,05 o,17 

Upper Volta 2,2 2,2 

Central Afric2 

Angola 0,6+ 4,8 +/ it is 
always .nore 
than 1,0 
except in 
1976 

Cameroon 2,2 9,0 

Chad 2,0 1,0 

Zaire 5,2 5,2 2,5 2,5 

Ease and Southern Africa 

Lesotho 1,0 4,0 

Madagascar Cat: I. 1,4 

Malawi 3,2 0,04 0,09 7,1 



.\ppendix 4/1 

Name Total 

Mauritius 2,3 

Mozambique 2,9 

Reunion 3,7 

Sw1ziland 1,5 

Tanzania Cat: III. 

2. LATIN AMERICA 

Central America 

Honduras 9,0 

Nicar2gua Cat: III. 

Panama 4,2 

Carihbean 

Barbados 1,2 

Dominica 1,3 

Guadeloupe 3,3 

Haiti Cat: I. 

Jamaica 1,3 

Martinique 5,1 

South America 

Bolivia 1,5 

Guyana 2,7 

Paraguay Cat: I. 

- 153 -

1976/77 

From Total 

SSP TSP 

0,2 0,7 

0,13 

0,1 

Table 2/2 /cont./ 

Total 

2,9 

Cat: 

5,0 

5,7 

8,5 

4,2 

7,5 

6,3 

1,0 

Cat: 

3,2 

1,4 

2,9 

2,1 

3,5 

3,9 

4,9 

P205-CONSUMPTION, 1000 t P205 
Cateaorv II 

1981/82 

From Total Notice 

SSP TSP 

0,11 0,9 

III. 

I. 

0,1 0,8 
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Name Total 

3. NEAR EAST 

N.E. Africa 

N.E. Asia 

Cyprus 10,0 

Iraq 8,0 

Jordan 3' 7. 

Lebanon Cat: III. 

Saudi Arabia o,s+ 

4. FAR EAST 

South Asia 

Nepal 2,8 

East and South-East Asia 

Burma 6,7 

Kampuchea OM Cat: I. 

Mongolia 2,6 

5. OCEANIA 

Fiji 1,4 

Papua New Guinea o, 7+-

- 154 -

1976/77 

From lotal Total 
SSP TSP 

.1, 5 

Cat: 

3,3 

8,0 

Cat: 

4,0 

6,7 Cat: 

7,5 

6,l 

1,4 3,3 

2,3 

Table 2/2 /cont./ 

Pz05-CONSUMPTION, lOOC t P205 
Category II 

1981/82 

From Total Notice 

SSP TSP 

III. 

III. +/ it is 
always more 
than 1,0 
except in 
1976 

0,04 

IV. 

3,3 

+/ it is 
alw'3ys more 
than 1,0 
except in 
1976 



- 155 - 2/3 Appendix 4/1 Table 

P20s - C 0 N S U M P T I 0 N 

1000 t P205 

Categor~ III /10-40/ 

1976/77 1981/82 

Name Total From Total Total f ram Total Notice 

SSP TSP SSP TSP 

1. AFRICA 

North-W&~t Africa 

Tunesia 26,9 Cat: IV. 

West Africa 

Ivory Co'3st Cat: II. 11,5 

Nigeria 30,0 Cat: v. 
Senegal 16,4 Cat: II. 

Central Africa 

East and Southern Africa 

Ethiopia 16,:. 30,0 

Kenya 27 ,3 6,3 36,0 2 2,8 3,7 

Mozambique Cat: II. 15,0 

Tanzania 11,0 5,6 Cat: II. 

Zambia 17,9 21,l 

2. LATIN AMERICA 

Central America 

Costa Rica 10,4 12,0 

El Salvador 16,4 20,1 

Guatemala 26,7 27,8 

Nic~ragua 14,0 Cat: II. 



Appendix 4/1 

Name Total 

Caribbean 

Dominican Rep 21,4 

South America 

Argentina 34,8 

Ecuador 13,3 

Peru 17,0 

3. NEAR EAST 

N.E. Africa 

Libya 26,6 

N.E. Asia 

Afghanistan 13,6 

Iraq Cat: II. 

Lebanon 12,0 

Saudi Arabia Cat: II. 

Syria 20,S 

4. FAR EAST 

South Asia 

Sri Lanka 14,S 

East and South-East Asia 

Viet Nam Cat: v. 

5. OCEANIA 

- 156 -

1976/77 

From Total 

SSP TSP 

1,6 3,3 

1,1 

20,S 

Table 2/3 /cont./ 

rz05-CONSUHrTION, iOOO t P205 
Category III 

1981/82 

Total From Total Notice 

SSP TSP 

11,0 

40,0 

15,7 

18,3 1,6 7,2 

Cat: IV. 

11,1 

13,l 

Cat: II. 

23,6 

Cat: IV. 

29,9 17,3 

28,2 



- 157 -
Appendix 4/1 Table 2/4 

P20s C 0 N S U M P i I 0 N 

1000 t P205 

Category IV /40-70/ -

1976/77 1981/82 

Name Total From Total Total From Total Notice 

SSP TSP SSP TSP 

L AFRICA 

North-West Africa 

Tunisia Cat: III. 49,l 

West Africa 

Central Africa 

East and Southern Africa 

Zimbabwe 43,0 45,4 31,3 14,l 

2. LATIN AMERICA 

Central America 

Caribbean 

Cuba 52,5 Cat: V. 

South America 

Chile 59,l 2,9 37,2 52,6 35,6 

Colombia 68,9 Cat: V. 

Uruguay 52,l 9,9 1,7 39,7 

Venezuela 46,8 45,8 2,2 

3. NEAR EAST 

N.E. Africa 

Egypt 66,4 66,4 Cat: VI. 

Libya Cat: III. 45,0 



Appendix 4/1 

Name Total 

N.E. Asia 

Syria Cat: III. 

4. FAR EAST 

South Asia 

Bangladesh 61,l 

East and South-East Asia 

Burma Cat: II. 

Malaysia 67,7 

Philippines 40,0 

5. OCEANIA 

- 153 -

1976/77 

From Total 

SSP TSP 

61,l 

Table 2/~ /cont./ 

P205-CONSUMPTION, 1000 t P205 
Category IV 

19BlL82 

Total F"rom Totai Notice 

SSP TSP 

46,4 42,2 

Cat: VI. 

45,0 45,0 

Cat: V. 

51,2 



Ann.,.nrjjx 4/1 

Name 

1. AFRICA 

North-West Africa 

Algeria 

Morocco 

West Africa 

Nigeria 

Central Africa 

- 159 -

P705 - C 0 N 5 U M P T I 0 N 

1000 t Pz05 

1976/77 

Table 2/5 

Category V /70-100/ 

1981/82 

Total 
From Total Total __ F_r_o'--m_T_ot_a_l __ Notice 

85,0 

72,4 

Cat: III. 

SSP TSP 

92,3 

78,8 

79,5 

SSP TSP 

East and Southern Africa -

2. LATIN AMERICA 

Central America 

Caribbean 

Cuba Cat: IV. 80,l 

South America 

Colombia Cat: IV. 75,9 

3. NEAR EAST 

N.E. Africa 

N.E. Asia 



Appendix 4/1 - 160 -

1976/77 

Name Total 
From Total 

SSP TSP 

.l. FAR EAST 

South Asia 

East and South-East Asia 

Malaysia Cat: IV. 

Thailand B0,3 

Viet Nam 9S,O 

5. OCEANIA 

Table 2/5 /cont./ 

PzG5-CONSUMPTICN, 1000 t P20s 
Category V 

1981/82 

Total __ F_r_orn Total Notice 

SSP TSP 

98,6 2,3 

Cat: VI. 

Cat: III. 

I 
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Appendix 4/1 

Name 

1. AFRICA 

North-West Africa 

West Africa 

Central Africa 

East and Southern 
2. LATIN AMERICA 

Central America 

~exico 

Caribbean 

South America 

Brazil 

3. NEAR EAST 

N.E. Africa 

Egypt 

N.E. Asia 

Iran 

Turkey 

4. FAR EAST 

South Asia 

Bangladesh 
India 
Pakistan 

- 161 -

PzOL:_ C 0 N S U M P "f I 0 N 

1000 t Pz05 

Table 2/6 

Category VI /over 100/ 

1976/77 1981/82 

Total From Total Total Frcm Tota! Notice 

SSP TSP SSP TSP 

A.frica -

235,9 58,0 69,8 384,2 73,3 87,0 

1308 '3 262,0 471, 7 1312,7 

Cat: IV. llO,O 110,0 

lcl,5 289,4 

521,9 495,3 

Cat: IV. ll9,4 q5,9 
649,5 139,2 0,9 1172,l 187 ,o 20,9 
117 ,9 13 ,6 0,7 225,5 19,4 



Appendix 4/1 

Name Total 

East and South-East Asia 

China 1491,0 

Indonesia 111,4 

Korea DPR 127,0 

Korea Rep 142,1 

Thailand Cat: V. 

5. OCEANIA 

_ 152 _ Table 2/6 /cont. I 

1976/77 

From Tot~l 

SSP TSP 

14,1 

P20s-CONSUMPTION, 1000 t P20s 
CC:ltegory VI 

1981/82 

Total From Total Notice 

SSP TSP 

2931,3 

320,4 296,2 

130,0 

137,8 2,2 

126,2 



-----------------------------------------------------

.~ppendix 4/! 

Name 

1. AFRICA 

North-West Africa 

\~est Africa 

Gambia 

Guinea 

Guinea Bissau 

Liberia 

Niger 

Mauritania 

Sierra Leone 

Togo 

Upper Volta 

Central Africa 

Angola 

Centr. Afr. Rep. 

Congo 

Gabon 

KzO - c 0 N s u M p T I a N 

1000 t K20 

1976/77 

0,9 

0,4 

0,1 

0,4 

0,07 

0,22 

o,s 
0,4 

0,5 

0,2 

Cat: II. 

0,3 

East and Southern Africa 

Burundi 0,03 

Djibouti 0,7 

Ethiopia 

Kenya 0,4 

Mozambique Cat: II. 

Rwanda 0,08 

Uganda 0,26 

Table 3/1 

Category I /less than 1000 t/ 

1981/82 Notice 

0,5 

Cat: II. 

0,041 

0,7 

0,431 

0,21 

0,73 

0,96 

Cat: II. 

Cat: II. 

0,03 

0,2 

0,6 

0,4 

Cat: II. 

0,21 

0,7 

0,9 

0,1 
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Name 

2. LATIN AMERICA 

Central America 

Belize 

Caribbean 

Bahamas 

Haiti 

St. Lucia 

St. Vincent 

South America 

Bolivia 

Fr. Guyana 

Paraguay 

Suriname 

3. NEAR EAST 

N.E. Africa 

Sudan 

N.E. Asia 

Afghanistan 

Iraq 

Jordan 

Kuwait 

Oman 

Saudi Arabia 

Syria 

U.A. Emirates 

Yemen AR 

Yemen PDR 

- 164 - Table 3/1 /cont. I 

KzO-CONSUMPTION, 1000 t KzO 
Category I 

1976/77 1981/82 Notice 

0,4 

0,5 0,3 

0,1 Cat: II. 

o,8 0,1 

0,1 1,0 

0,1 0,7 

0,2 

0,2 Cat: II. 

0,2 0,3 

0,2 

0,1 

0,1 

0,8 Cat: I I. 

0,1 

0,2 0,3 

0,16 Cat: II. 

0,96 Cat: II. 

0,33 

0,6 

0,05 
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Name 

4. FAR EAST 

South Asia 

Nepal 

Eat and South-East Asia 

5. OCEANIA 

Fr. Polynesia 

New-Caledonia 

Samoa 

- 165 - fable 3/1 /cont. I 

1976/77 

K20-CONSUMPTION, 1000 t KzO 
Category I 

1981/82 Notice 

Cat: II. 0,6 

0,2 0,3 

0,01 0,06 

0,15 



- 166 -
Appendix 4/1 Table 3/~ 

r 
KzO - C 0 N S Ll M 0 T I 0 N 

1000 t KzO 

Category II /1-10/ 

Name 1976/77 1981/82 Notice 

1. AFRICA 

North-West Africa 

Tunisia 2,5 4,3 

West Africa 

Benin 1,0 1,9 

Ghana 3,3 8,0 

Guinea Cat. I. 1,1 

Mali 3,1 3,5 

Upper Volta Cat: I. 1,3 

Central Africa 

Angola Cat: I. 2,7 

Cameroon 6,9 Cat: III. 

Chad 3,1 1,6 

Congo 2,5 Cat: I. 

Zaire 1,3 2,6 

Ea~t and Southern Africa 

Djibouti Cat: I. 1,1 

Madagascar 4,1 2,1 

Malawi 4,8 3,2 

Mauritius Cat: III. 9,95 

Mozambique 1,6 Cat: I. 

Reunion 3,5 4,8 

'.::waziland 2,4 5,2 

TanL.ania 6,4 3,1 

Zambia 6,1 6,7 



- 167 - Table 3/2 /cont./ Appendix 4/1 

Category II /1-10/ 

Name 1976/77 1981/82 Notice 

2. LATIN AMERICA 

Central America 

El Salvador 8,7 l,B 

Honduras 5,4 Cat: III. 

Panama 7,5 Cat: III. 

Caribbean 

Barbados 1,7 3,0 

Dominica 2,3 1,4 

Guadeloupe 3,2 3,2 

Haiti Cat: I. 1,4 

Jamaica 5,7 5,9 

Martinique 2,5 6,9 

St. Kitts-Nevis 1,2 1,3 

South America 

Argentina 4,2 5,3 

Guyana 1,8 4,7 

Paraguay Cat: I. 2,1 

Trinidad a. Tobago 2,7 3,1 

Uruquay 4,0 3,5 

3. NEAR EAST 

N.E. Africa 

Egypt 2,8 Cat: III. 

Libya 3,7 2,7 



~ppendix 4/1 

Name 

N.E. Asia 

Cyprus 

Iran 

Jordan 

Lebanon 

Saudi-Arabia 

Syria 

4. FAR EAST 

South Asia 

Nepal 

Pakistan 

East and South-East Asia 

Burma 

Kampuchea OM 

Singapure 

5. OCEANIA 

Fiji 

Papua New Guinea 

- 1S3 -

1976/77 

3,1 

2,7 

Cat: -
.I. • 

2,4 

Cat: I. 

Cat: I. 

1,4 

2,4 

1,5 

1,0 

2,2 

1,8 

Table 3/2 /cont./ 

K20-CONSUMPTION, 1000 t K20 
Category II 

1981/82 Notice 

1,4 

l,O 
Cat: III. 

2,3 

4,1 

Cat: I. 

Cat: III. 

Cat: III. 

1,0 

2,2 

2,7 

2,4 



Appendix 4./1 

Name 

1. AFRICA 

North-West Africa 

Algeria 

Morocco 

West Africa 

Ivory Car.st 

Nigeria 

Senegal 

Central Africa 

Cameroon 

East and Southern 

Mauritius 

Zimbabue 

2. LATIN AMERICA 

Central America 

Costa Rica 

Guatemala 

Honduras 

Nicaragua 

Panama 

Caribbean 

Dominican Rep 

- lo9 -

~O - C 0 N 5 U M P T I 0 N 

1000 t KzO 

1976/77 

30,0 

32,2 

19,0 

14,0 

12,7 

Cat: II. 

Africa 

10,3 

18,9 

16,8 

17,9 

Cat: II. 

11,0 

Cat: II. 

19,4 

Table 3/3 

Category III /10-40/ 

1981/82 Notice 

33,4 

40,3 

29,0 

37,0 

10,0 

10,2 

Cat: II. 

30,4 

17,0 

18,5 

.10,l 

13,8 

10,0 

15,8 
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Name 

South America 

Chile 

Colombia 

Ecuador 

Peru 

Venezuela 

3. NEAR EAST 

N.E. Africa 

Egypt 

N.E. Asia 

Lebanon 

Turkey 

4. FAR EAST 

South Asia 

Bangladesh 

Pakistan 

Sri Lanka 

East and South-East Asia 

Burma 

Indonesia 

Korea DPR 

Thailand 

Viet Nam 

5. OCEANIA 

- 170 - 3/3 /cont./ Table -----

KzO-CONSUMPTION, 1000 t K20 
Category III 

1976/77 1981/82 Notice 

i::;: , 2 11,0 

34,5 Cat: IV. 

18,6 18,1 

11,6 12,8 

39,9 30,3 

Cat: II. 12,9 

Cat: II. 10,3 

28,9 22,0 

14,5 28,l 

Cat: II. 21,8 

28,5 Cat: IV. 

Cat: II. 11,0 

30,0 Cat: VI. 

37,7 Cat: v. 
20,5 35,6 

34,2 22,l 
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Name 

1. AFRICA 

North-West Africa 

West Africa 

Central Africa 

East and Southern 

2. LATIN AMERICA 

Central America 

Mexico 

Caribbean 

South America 

Colombia 

3. NEAR EAST 

N.E. Africa 

N.E. Asia 

4.FAR EAST 

South Asia 

Sri Lanka 

- 171 -

KzO - C 0 N S U M P T I 0 N 

1000 t KzO 

1976/77 

Africa 

54,0 

Cat: III. 

Cat: III. 

East and South-East Asia 

Philippines 51,5 

5. OCEAN It\ 

Table 3/4. 

Category IV /40-70/ 

1981/82 Notice 

65,l 

70,0 

47,0 

60,7 



• 
Appendix 4/1 

Name 

1. AFRICA 

North-West Africa 

West Africa 

Central Africa 

- 172 -

K20 - C 0 N S U M P T I 0 N 

1000 t KzO 

1976/77 

East and Southern Africa 

2. LATIN AMERICA 

Central America 

Caribbean 

South America 

3. NEAR EAST 

N.E. Africa 

N.E. Asia 

4. FAR EAST 

South Asia 

East and South-East Asia 

Korea OPR Cat: III. 

5. OCEANIA 

Table 3/5 

Category V /70-100/ 

1981/82 Notice 

92,0 



Append1x ~ l 

\a me 

L AFRICA 

North-West Africa 

'r'lest Africa 

Central A fr ica 

- 17J -

KzO - c a N s u M p T I 0 N 

1000 t KzU 

1976 77 

East and Southern Africa 

2. LATIN AMERICA 

Central Ar.ierica 

Caribbean 

Cuba 

South America 

Brazil 

3. 'lEAR EAST 

N.E. Africa 

N.E. Asia 

4. Fil.R East 

South Asia 

India 

East and South-East Asia 

China 

Indonesia 

Korea Rep 
Malaysia 

5. OCEANIA 

115, 9 

721, 5 

377 ,3 

174,0 

Cat: III. 

139,8 
141,l 

Table 3,· 6 

Category VI /over 100/ 

1981. 82 

213,6 

766,6 

670,4 

681,l 

136, 2 

199,l 
173,6 

Notice 
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Table 2 

Countries acco1Jing to their per hectare consumption of fe~tilizers 

Nitrogenous Phqsj)hate Potassium Consumption 

rates, tonnes 

of nutrient 

1980/81 1986/87X 1980/81 1986/87X 1980/01 1986/87X 

Up to 10.000 

10.000-30.000 

30.000-60.000 

Over 60.000 

No 

47 

28 

10 

7 

0' ,0 

51 

30 

19 

8 

No 

43 

20 

18 

11 

01 QI 
10 10 No 

47 -4 59 

22 -8 30 

20 +9 2 

11 +3 l 

0' 
,0 

64 

33 

2 

l 

No 

49 

?8 

11 

4 

0' ,o 

53 

30 

12 

5 

0' 
10 

11 

-3 

+10 

+4 

No 

74 

13 

3 

2 

0' 
,0 

80 

13 

4 

3 

No 

72 

13 

5 

2 

xi Consumption of nutrient per hectare has been calculat~d dividinq the forecasted demand in 1986/87 

by arable and permane~t crop are~ in 1980/81. 
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developing countries 

Production of natural gas and reserves in the 
developing countries 

io9 cu m 

Production Reserves 
country a./ c./ 

1982 1982 

1. AFRICA 

North-West Africa 

Algeria 23,46 3150 
Morocco 0,10 ld./ 

ir·unisia o,44 122 

West AfrL~a 

Nigeria 1,94 918 

central Africa 

Angola o, 24 42 
Cameroon 126 

Congo 76 
Cabon 0,14 14 
Zaire 1 

East and Souther."l Africa 

Tanzania 6 



Appendix 4/3 

country 

central .America 

Mexico 

south .America 

Argentina 
Bolivia 
Brazil 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 
Trinidad and Tobago 

3. NEAR EAST 

N.E. Africa 

Egypt 
Libya 
Sudan 

N .E. Asia 

A;f ghani s tan 
Bahrain 
Iran 

- 177 -

Production 
a./ 
1982 

43,89 

10,94 
2,79 
3,02 
5,05 
2,96 
0,05 
0,95 

14,93 
2,41 

2,45 
4, 34 

4,49 
5,07 

10,80 

Table 1 /cont'd/ 

io9cu m 

Reserves 

c./ 
1982 

2148 

714 
160 

66 

70 
130 
116 

34 
1532 

312 

203 
609 

ld./ 

54e./ 

223 
13.667 
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C o u n t r y 

Iraq 
Kuwait 

Oman 

Qatar 
Saudi-Arabia 
Syria 
Turkey 
U.A. Dnl.rates 

4. FAR EAST 

south Asia 

Bangladesh 
India 
Pakistan 

East and South-East Asia 

Burma 
China 
Indonesia 
Malaysia and Brunei 
Thailand 

- 173 -

Production 
a./ 
1982 

o,65 

3,79 
2,14 
3,64 

16,73 
0,24 
0,10 

13,44b./ 

l,03b./ 

2,31 
8,93 

o,48 
10,31 
16,11 
10,74 

Table 1 /cont'd/ 
a 

10"" cu m 

Reserves 

c./ 
1982 

816 
847 

76 
1756 
3313 

36 
15e./ 

810 

198 
411 
525 

5 
844 
838 

1155 
312 
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Appendix 4/3 Table 1 /cont'd/ 

a./ Unless indicated otherwise data taken from International 
Petroleum Encyclopedia 1983, Pennwell publishing co., 

Box 1260, Tulsa, Oklaho.ma 74101, 1983. P• 318. 

b./ Statistics Review 1983, Energy Economics Research Ltd. 

6. May 1933. PP• 8-9. 

c./ Unless indicated otherwise data taken from International 

Petroleum Encyclopedia 1983, ep.cit. 

d./ Proven reserves as of 1. January 1981~ Petrolenm Economist, 

August 1981. 

e./ Statistics Review 1983, Energy Economics Research Ltd, 

6. May 1983. PP• 4-5. 
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Appendix 4/3 Table 2 

Crude oil production, reserves and refining 
capacities in the developing countries 

io6 t 

Production Reserves Refining 
capacity 

country a a a 

1982 1982 1982 

1. AFRICA 

North-West Africa 

Algeria 37,50 850 4,6 
Moro~co 0,01 smallc 3,7 
Tunisia 5,30 167 1,7 

West Africa 

Gambia exploration c 
under constr 

Ghana 0,08 small 1,3 
Guinea availablec 

Ivery coast o,45 10 4,5 
Mali d. c iscovery 

Mauri ta.nia discoveries 
probablec 

Nigeria 66,20 1508 13,0 
Senegal 100 0,9 
Sierra Leone o,5 

central Africa 

Angola 6,10 147 1,6 

Cameroon 5,45 48 2,2 

Chad 20 small 1 de p.,a.ne 

Congo 4,35 140 
Gabon 6, 50 41 1,0 

Zaire 1,10 13 0,9 
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country 

East and Southern Africa 

Ethiopia 

Kenya 

Madaga.s car 

Mozambique 

Somalia 
Tanzania 
Zambia 
Zimbabwe 

2. LATIN AMERICA 

costa Rica 
El Salvador 
Guatemala 
Honduras 
Mexico 
Nica.raqua 
panama 

Caribbean 

Barbados 

CUba 
Dominican Rep 
Jamaica 

- 181 -

Production 

a 
1982 

0,32 

136, 7 

o,o3 
o,36b./ 

Table 2 /cont'd/ 

io6 t 

Reserves Refining 
capacity 

a a 

1982 1982 

unidentifiedc 0,1 
4,0 

shale c o,8 
available 

o,8 
availablec 

0,9 
1,2 

availablec 

o,8 
o,8 

4,0 o,8 
0,1 

4347 64,5 

0,1 
explorationc 5,0 

small 0,2 

2,4 
1,8 
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country 

south America 

Argentina 
Bolivia 
Brazil 
Chile 
Colombia 
Ecuador 
Paraguay 
Peru 
Uruguay 
Venezuela 
Trinidad a. Tobago 

3. NEAR EAST 

N.E. Africa 

Egypt 
Libya 
Sudan 

N.E. Asia 

Bahrain 
Iran 
Iraq 
Kuwait 
Lebanon 
Oman 
Qatar 
Saudi-Arabia 

~ 182 -

Prod".lction Reserves 

a a 

1982 1982 

24,15 233 
1,20 16 

12,60 158 
2,05 68 
7,00 48 

10,75 126 

9,90 75 

91,30 1935 
9,10 52 

33,35 300 
56,35 1935 

36 

2,25 18 
94,80 4978 
45,70 3690 
33,75 5780 

16,40 246 
17,00 308 

324, 20 14616 

Table 2 /cont'd/ 

io6 t 

Refining 
capacity 

a 

1982 

33,8 
3,0 

61,0 
1,0 

10,7 
4,0 
o,4 
8,4 
2,3 

64,2 
18,8 

17,0 
6,5 
1,2 

12,5 
26,5 
8,4 

31,2 
2,6 
2,3 
o,59 

35,3 
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Appendix 4/3 

Production Reserves 

country a a 
1982 1982 

Syria 8,75 137 
Turkey 2,25 25 
U.A. Emirates 62,35 2912 

Table 2 /cont'd/ 
, /'\6 + • ..... .., 

Refini?l8 
capacity 

a 
1982 

11,4 
23,4 
6,8 

Yemen PDR naphtha and 8,9 
refinery 
gases 
availablec 

4. FAR EAST 

Bangladesh 1,6 
India 19,20 307 37,6 
Pakistan 0,60 18 6,7 

F.ast and South-Ea.St Asia 

Burma 1,50 3 1,3 
China 101,00 1754 1.0o,o 
Indonesia 67,05 860 17,1 
Korea Rep 37,7 
Malays ia-Brmiei-

-Si!l8apore 23,05 141 8,8 
Philippines o,35 3 14,3 
Thailand 0,30 9 8,8 

a - Unless indicated otherwise data taken from International 
Petroleum. Encyclopedia 1983, Pennwell Pablishiil8 Co; 
Box 1260, Tulsa, Oklahoma 74101~ 

b - Petroleum Economist, January 1983. 

c - Fertilizers in developing countries, potential for 
settiil8 up mini-fertilizer plants, Dr&ft III/July 1982/ 
E.z. Unido. 
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Appendix ci-/3 

Coala production and reser?es in the 
developing countries 

106 t 

Table 3 

Production Known Additional Total 
country 1981 economic 

c d d d 

1. AFRICA 

North-West africa 

Morocco 0,059 90 40 /1979/ 

West Africa 

Benin l" . t b./ igru e 

Nigeria 0,014 338 24 362 /1979/ 
Sierra Leone i · . t b./ igru e 
Mali 3 3 /1979/ 

central Africa 

AngC1la 38b./ 

Cameroon sob./ 

Zaire 1180b./ 

East ar..d Southern Africa 

Botswana 0,032 500b./ 

Ethiopia 1 1 /1966/ 
Mada.gas car 75/1977/ 400b./ 

1· 3 j ~wi. sob./ 

.4Jzambique 0,038 100 ~00 400 /1969/ 
Tanzania 250b./ 

Zambia 0,042 228b./ 

Zimbabwe 0,231 965/1977/ 
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country 

2. LATIN AMERICA 

central America 

Honduras 
Mexico 

Caribbean 

Haiti 

South .America 

Argentina 
Brazil 
Chile 
Colombia 
Ecuador 
Peru 

Venezuela 

3. NEAR EAST 

N.E. Asia 

Jemen 
Turkey 

4 ·/. FAR EAST 

South Asia. 

Bangladesh 
India 
Pakistan 

- 185 -

Table 3 /cont•d/ 

106 t 

Production Known Additional Total 
1981 economic 

c d d d 

21/1979/ 
480 500 980/1979/ 

13 27 40/1979/ 

0,042 150 9750 9900/1978/ 
0,474 1320 12770 14090/1978/ 
0,063 1150 4135 5385/1979/ 

48 790 838/1979/ 
36 36/1979/ 

100 
/1979/ 

0,004 17 4300 4317 /1979/ 

1 . , . 1 
1,467 3923 280 4203/1978/ 

3 3/1979/ 
10,756 1869 281 2150/1978/ 
0,133 646/1972/ 
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Production Known Additional. Total 
country 1981 economic 

c d d d 

5. EAST and SOUTH-EAST ASIA 

Burma . ~ . 80/1975/ .... 

China 
... ~ 40500 

I r • 

Indonesia o,04o 661 18209 18870/1979/ 

Korea Rep 1,532 
Korea DPR 300 2200 2500 

Malaysia 250 250/1978/ 

Viet Nam 12/1965/ ... 

Thailand 0,164 246/1978/ ... 

Philippines 170/1979/ •.. 

a./ The fiqures relate to all grades of anthracite, bituminous 
coal, brown coal and lignite. 

b./ Source: Fertilizers in developing countries; potential for 
setting up mini-fertilizerplants. 
Draft III. /July 1982/ E.z. UNIDO 

c./ Monthly Bulletin of Statistics, Vol. XXXVII rf' 8, Aug. 1983. 
United Nations, New York. 

d./ 1980 Yearbook of World Energy Statistics, United Nations, 

New York, 1981. 
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Appe-Tldix 4/3 Table 4 

Production of EhosEhate rock and reserves in the 
develoEi!!fi countries 

Production a Total reserves 
country 3 10 t P2o5 10

6 
t /1' P20sf 

1982 c d f 

1. AFRICA 

North-West Africa 

Algeria 294 l000/3afoe/ 525/3~/ 1200 
Morocco 5680 40000/3QJ'e/ 42000 
Tunisia 1213 1300/3afo/ TTO 1500 

West Africa 

Benin 30/2&{o/ 
Liberia l,5/2&fo/ 
?1tali 20/3afo/ 5 
Mauritania 5/23- 3'::1c/ 
Niger small 
Nigeria not fully 

estimated 
Segenal 351 3200/3afoe/ 337/25-2&fo/ 
Togo 739 300/3a.'e/ 130 
Upper Volta 4/7f-3l'fo/ 34/29'fo/ 

central Africa 

Angola 120/3afoe/ 100/l0-321c/ 
centr.Afr.Rep. 6,6/251'/ 
Congo tmidentified 
Zaire 83/151'/ 83 

East and Southern 
ll'n.ca 

Burundi 150/3-2~/ 

Malawi 1,25/1~/ 

Tanzania 10/27-3£11,/ 10/2CJI,/ 
Uganda 200 220/l"J'I,/ 
Zimbabwe 42 20/3r,1,e/ 37 
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Appendix 4/3 Table 4 /cont'd/ 

Production Total reserves 
C o u n t r y 3 10 t P2o5 106 

t /'fo P20~ 
1982 c a: .-......-.-~---

2. LATIN AMEr~ICA 

central America 

Mexico 125 1140/30',te/ 
Nicaragua found 

Caribbean 

South America 

.Argentina low gc-ade 

Brazil 946 1745/3~e/ 1600 
Chile e 

4/3~ I 
Colombia 4 

e 
6oo/3CY/o I 

Peru 9 6100/30%e/ 1502 
Venezuela 40/30foe/ 20 

3. NEAR EAST 
N.E. Africa 

Ec:,--ypt 197 2800/3af,e/ 1350 4700 

N.E. Asia 

Iran 130/3~e/ 
Iraq 80 660/2Cl'/oe/ 
.Jordan 1273b 1000/15-3(1'/o/ 
Lebanon small /17-3l'fo/ 
Saudi-Arabia iooo /30foe / 
Syria 592 800/30%e/ 980 
Turkey 8 300/3CY:'e/ 
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Table 4 /r.ont'd/ 

--Production Total reserves 
c o u n t r y 3 10 t P2o5 

6 10 t /:fa P2o5/ ,_,_,,_ _________ 
1982 c d 

South Asia 
India 175 140/17,5"'/ 
Pakistan 12/20-37"/o/ 
Sri Lanka 5 300/3a%/ 

East and South-East 
Asia 

China 3125 30000/15%/ 

Korea DPR 160 88/12,5fo/ 
Mongolia l000/20-2'2'{o/ 400 

Thailand findings 

Viet Nam 175 
e 5oo/3afo I 

a - Phcsph.a:te Rock Statistics 1982, International Fertilizer 
Industry Association Limited, 28, rue Marbeuf, 75008 
Paris. 

b - World Phosphate Rock Statistics 1981. 
Phosphorus and Potassium No. 120. July/August 1982. 

f 

55 

/Data calcula·ted from tel-quel weight, assuming 3<Yfa P2o5/ 

c - Fertilizer Manual 
Development and Transfer of Technology Series No.12., UNIDO 

d - Fertilizers in developing countries; potential for setting 
up minifertilizer plants. 



- 190 -

•---"'.:- .. ,., 
AiJiJCUU.~A "t/ J 

e - Tonnage and grade stated in terms of equivalent quantity 
of marketable phosphate rock of 3~ P2o5 grade or higher. 

f - World Survey of Phosphate Deposits, 1980, The British 
Sulphur corporation Limited, Parnell House, 25 Wilton 
Road, London. 
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Appendix 4/3 Table 5 

Production of potash and reserves in the 
developing countries 

country 

China 

Chile 
Congo 

Reserves 

Productiotfo in 1981/82 
1000 t K20 

24,4 /FAO estimate/ 
26,6 

/the mine were closed down in 
1977 due to a floading/ 

c o u n t r y 106 t 

Algeria limited no 
Congo 

Ethiopia 
Libya 
Morocco 

Tunisia 

China 

India. 

Iran 

redevelop the operation at the closed mine; 
30 /carnallite/ no 
60 /~O/ start 1983-89 
o,65 /K2o/ no 

200 /carnallite/ 
40 /a yl vini te/ 
24 /K20/ 

200 /KCl/ 

n.a. 

projected capacity by 

1986 
140 000 tpa KCl 
current capacity about 
20 000 tpa K20; 
projected capacity­
-expansion: 
in the first phase: 

200 000 tpa 
in the second phase: 

1,0.106 tpa 
/late in the 1980s/ 

studies 
n.a. 
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Appendix 4/3 

Reserves 
c o u n t r y 106 t 

Jordan 2000 /K.20/ 

Pakistan large 

Thailand large 

Brazil 525 /aylvinite/ 

6350 /carnallite/ 

Chile n.a. 

Mexico n.a. 

Peru n.a. 

a - FAO Statistics 

Table 5 /cont'd/ 

Plansb 

initial caracity: 

24J 000 tpa KCl 
total capacity /by 1985/: 

6 1,2.10 tpa 

no 

projected capacity by 

1990: 7.106 tpa KCl 

projected capacity by 

1984: 500 000 tpa KCl; 
doubled by 1990 

current capacity about 

24 000 tpa K20 

projected capacity by 

1984: 80 000 tpa KCl; 
doubled by 1990 

projected initial 

capacity by 1990: 
100 000 - 200 000 tpa 
KCl 

b - "The si tuati~n of the potash industry in the developinr, 

countries" by Fernand c. Angulo, ryN"IDO: presented ut 
Lahore, Pakistan 1982 

n.a. - not available 
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Appendix 4/3 

Production of Sulphur in-all-forms ~ 
reserves in the developing countries 

in 1981 

1000 t S/S equivalent 

Table 6 

Brimstone Pyrites Other Total Reserves 
'.iotal from wich forms b,c 

countr i:· 
,; sulphur 

recovered 

1. AFRICA 

N°:'.rth-West Africa 

Algeria a 15 15 15 0 

Morocco a 38 38 0 

Central Africa 

Angola + 
Zaire a 30 30 

East and Southern 
Africa 

Ethiopia + 
Kenya 0 

MadE'.f?.S car 0 

Malawi 0 

Tanzania 0 
Zambiad 80 0 

Zimbabwe~ 25 5 30 

2. LATIN AMERICA 

Central .America 

Costa Rica + 
Guatemala + 

. d Mexico 1971 105 1896 +O 
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Appendix 4/3 Table 6 /cont'd/ 
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Appendix 4/3 Table 6 /cont'd/ 

Brimstone Pyrites Other Total Reserves 
total from wich forms b,c 

C o u n t r y sulphur 
recovered 

Jordana + 
Kuwait 118d 116,8e 118d 

Saudi-Arabia9 671,6 671,6 671,6 0 
S . a yria 8,o 8,o 8,o 

a 30,0 24,0 65,o 119,0 TUrkey ••• +O 

4. FAR EAST 

South Asia 

Indiad 5 ••• 20 80 105 +O 
Nepal 0 
Pakistan.a small 15 15 + 

East and South-
-Ea.st Asia 

Burma 0 
chinad 200 2100 75 2375 
Indonesia a small +O 
Korea DPRa 255 10 265 
Korea Rep. 36a 9,9 8 small a 54a 90a 0 
Philippinesd 37 37 +O 

Singapore a 25 25 25 
Thailand +O 

a - Bureau of mines minerals yearbook, 1981. US Department of 
the Interior 

b - MineralnUe reszurszU promUslenno razvitU:h kapitaliszticseszkih 
i rajzvivajuscsihszja sztran 1978. Moszkva, 1979. Szojuzgeolfond, 

444 P• 
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Appendix 4/3 Table 6 /cont'd/ 

c - Opportunities for the establishment of mini fertilizer 
plants in the developing countries. Sectorial Studies 
Branch, UNIDO 19 8 3. 

d - Preliminary Sulphur and Sulphuric Acid Statistics 1982, 
May 1983, PP• 1-2. 
The British Sulpur Corporation Limited, London. 

e - Oil and Gas Journal, 8 August 1983, PP• 114-118. 

Brimstone: includes Frasch,native and byproducts based on 
petroleCD. and naturalgas. 

Other forms: When data of sulphur recovered are available 
it includes byproducts based on coal and 

Reserves: 

metallurgy; 
When data of sulphur recovered are not avail-
able it includes byproducts based on coal, 
metallurgy, petroleum and natural gas. 

+ - Sulphur 
0 - Pyrite 
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Table 7 

Raw materials potential for fertilizer production 

~evelopinE countries studied 

/1983/ 

countr y Natural crude coal, lignite Phosphate 
gas oil hydropotential rock 

1. AFRICA 

North-West Africa 
Algeria + + + 
Morocco + + + + 
Tunisia + + + 

West Africa 
Benin + + 
Gambia +/?/ 
Ghana + 
Guinea /?/ 
Ivory coast + 
Mali +/?/ + +/?/ 
Mauritania +/?/ 
Niger + 
Nigeria + + + + 
Senegal + + 
Sierra Leone /?/ + 
Togo + 

central Africa 

.Angola ~ + + + 
Cameroon + + + 
centr. Afr. Rep. + 

potash 

+ 

+ 
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Appendix 4/3 Table 7 /cont'd/ 

country Natural crude coal, lignite Phosphate Potash 
gas oil hydropotential rock 

Chad +/?/ 
Congo + + + + 
Gabon + + 
Zaire + + + + 

East and Southern Africa 

Botswana + 
Burundi + 
Ethiopia +/?/ + + 
Kenya /?/ + 
Madagascar +/?/ + 
Malawi + + 
Mozambique /?/ + 
Somalia /?/ 
Tanzania + /?/ + + 
Uganda + 
Zambia /?/ + + 
Zimbabwe /?/ + + 

2. LATIN AMERICA 

Central America 

Gosta Rica /?/ 
El Salvador /?/ 
Guatemala + 
Honduras /?/ + 
Mexico + + + + + 
Nicaragua /?/ 
Panama +/?/ +/?/ 
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Appendix 4/3 Table 7 /cont'd/ 

country Natural crude Coal, lignite Phosphate potash 
gas oil hydropotential rock 

Caribbean 

Cuba ~/?/ 
Dominican Rep. /?/ 
Haiti + 
Jamaica /?/ 

South America 

Argentina + + + +/?/ 
Bolivia + + +/?/ 
Brazil + + + + + 
Chile + + + + 

Colombia + + + + 
Ecuador + + -<· 

paraguay /?/ + 

Peru + + + + + 

Trinidad and Tobago + + 

Uruguay /?/ 
Venezuela + + + + 

3. NEAR EAST 

N.E. Africa 

F.gypt + + + 
Libya + + 
Sudan + + 

N.E. Asia 

Af gha.nistan + + 

Iran + + + 
Iraq + + + + 

Jordan + + 
Lebanon /?/ 
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Appendix 4/3 Table 7 /cont'd/ 

C o u n t r y Natural crude coal, lignite Phosphate potash 
gas oil hydr0potential rock 

--
Saudi-Arabia + + +/?/ 
Syria + + + 
Turkey + + + +/?/ 
Yemen PDR + +/?/ + 

4. FAR EAST 

South Asia 

Bangladesh + /?/ + 
India + + + + 
Pakistan + + + + 
Sri Lanka + 

East and South-East Asia 

Burma + + + 
China + + + + + 
Indonesia + + + + 
Korea DPR + + 
Korea Rep. /?/ + 
Malaysia + + + 
Philippines + + + 
Thailand + + + + + 
Viet Nam + + 

Number of 
countries: 81 39 48 40 41 16 

+ available 
not available 

+/?/ : may be available 

/? /: no oil reserves identified, 
refining capacity may be 
available 
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/demand versus mini-plunta cupacitiea in countries identified 

as potential users of mini fertilizer ~lante/ 

'l1nt:le l 

1000 tpy N 

----------------------------------------------------------------------------------·--~- - - -- - --- -· _ ... -- --·-
2000 1990 ---------------------------------·-·---------·----------------------· .. 

Capacity 0 fa Demand 13alance 'l'otal CHµ1::1citya Demand 3C1lance 
mini-plants or mini-µlanta J 

----------~---------· ... ------------------------------------------------------------------·--·-·- . -----
1. Africa 

North-West Africa 
West AI'rica 

Ghana 

Ivory Coast 
Mali 
Nigeria 
Senegal 

Cent ra 1 A rrica 
Angola 
Cameroon 
Congo 
Gabon 
Zaire 

East and Southern 

524 

176 

40 

136 

160 
40 
40 
40 

40 

Africa 188 
Burundi 40 
Ethiopia 40 
Madagascar 
Malawi 40 
Zambia 
Zim~abwe b3 

499,a 

180,0 
15,0 

2~)' 0 
9,0 

120,0 
11,0 

47,2 
12,3 
2a,o 

J,2 
0,3 
3,7 

272,6 
0,9 

35,0 
5,9 

28,) 
72,5 

130,0 

+ 24,2 

4,0 

+112,8 

- 84,b 

1264 

472 
40 
30 
40 

272 
40 

2<l0 
30 
.3() 

40 
40 
40 

512 
40 
80 
40 
80 

136 
136 

910,l 

399,0 
34,0 
30,0 
15,0 

210,0 
bu,o 
77,5 
25,0 
.39,0 
7,0 
0,5 
6,0 

433,6 
2,3 

64,0 
15,0 
40,.3 

128,0 
184,0 

+ 3')3, 9 

+ 7 3' 0 

+ 202,5 

+ 73,4 

:i· 
'cl .,, 
rt> 
::i 
p, ..... 
>< 
r-

....__._ 
JO-

I 

'fJ 
0 ,. 
rt> 
::i c. 
f-'• 

f, 
~ 
IJI 
rt> ., 
(/J 

0 .. , 
f:l ..... 
:1 ,,, 

'~ rt> f,, 

:1 '' I ..... 
f-' .... 
n 
Ill ., 
•rj 
f-' 

~ 
cl 
(/J 
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Table 1 /cont' <l/ 

----------· .. ----------------------- --
19~0 2000 

---------------------------------- ---
Capacity of Demtlnd Balance Total C3~ocity Demand Bf.I lance 
mini-plruits 8 o.t' rnini-p llnts 0 

----- -------------- -----·-----
2. Latin America 1004 3781,0 -2777,0 2348 6478,0 -4130,0 

Central America 244 1449,5 -1205,5 488 2040,0 -1552,0 
Guatemala 68 62,5 136 105,0 
Mexico 136 1.366,0 272 1890,0 
Panama 40 21,0 80 45,0 

Carri bean 204 449,0 - 245,0 408 666,0 - 258,0 
Cuba 136 392,0 272 501,0 
Domini an ltep. 68 57,0 136 85,0 

(\} 

South America 556 1882,5 -1326,5 1452 3772,0 -2320,0 0 
(\} 

Argentina 80 75,0 160 120,0 
Brazil 204 lJuu,o 544 2844 ,<' 
Chile 68 99,0 204 162,0 
Colombia 68 195 ,o 272 30u,O 
Equador 136 66,5 272 120,0 
Peru 68 147,0 204 226,0 

3. Near East 420 1950,0 -1530,0 1152 278 J ,0 -1631,0 
N.E.Africa 108 904,0 - 796,0 284 130v ,o -1016,0 

Egypt 68 82J,O 204 1120,0 
Sudan 40 01,0 80 180,0 

N.E. Asia 312 1046,0 - 734,0 868 1483 ,0 - 615,9 
Af ghunistan 40 36,0 120 83,0 
Turkey 272 1010,0 748 140u,O 



!.2P.!.!12ix 4L4. Table l /cont'd/ 

-------- ----------------------------------· 
1990 2000 ---------- --- - ·-----------

Balance Total capacity 
of mini-plante8 

Capacity of Demand 
mini-plants 8 

Demand Balance 

--- -----------------------------------------·· 
4. Far East 3160 25172,0 -22012,0 8176 40362,0 -.32186,0 

South Asia 856 7442,0 -6586,0 2392 15106,0 -12714 ,o 
Bangladesh 136 420,0 340 910,0 
India 476 5660,0 1292 11750,0 
Nepal 40 22,0 80 46,0 
Pakistan 204 1340 680 24UO,O 

East and South-East 
Asia 2304 17730,0 -15426,o 5784 25256,0 -19472,0 I\) 

Burma 136 143,0 272 237,0 0 
w 

China 1040 14231,0 2400 19923,0 
Indonesia 340 1370,0 884 2100,0 
Korea DPR 40 776,o 120 a5o,o 
Malaysia 136 230,0 476 346,0 
Philippines 340 350,0 816 600 ,o 
Thailand 136 250,0 340 480 ,o 
Tiet Nam 136 380,0 476 720,0 ----------- ----------------------·-
a - unit capacity: 40 000 tpy N for 150tpd NH 3 68 000 tpy N for 25utpd NH 3 



menfilx 4/ 4 
Poten~iill.~~£L.!!!1:~~-~2Q.5 _!ertilize!.._plants 

Table 2 

/demand versus mini plants' cupuci.ties in countries identified as potentiul 

Country 

___ users a: mini fertilizer pl~ts:_. _________ 1000 tpy 2 202 
1990 2000 

~~---~-~-------~---- ---------~-· ·-------~~· 
Capacity of 
mini-plants 8 

Demand Balance Total capacity 
of mini-plantea 

Demand Balanc::ie 

---------------------------------------------------------------- ---------·-
l~ Africa 

North-West Africa 

West Africa 

Mali 
Niger 

Nigeria 

Upper Volta 

Central Africa 
Angola 
Centr.Afr.Rep. 
Zaire 

East and Southern 

203 

58 

29 

29 

29 

29 

Africa 116 

Burundi 

Kenya 
Malawi 
'!ansania 
Uganda 

Zambia 
Zimbabwe 

29 
29 
29 
29 

262.6 

99,4 

5,J 
1,8 

90,0 

2,3 

11,1 

7,2 
1,1 
2,8 

152,l 
0,9 

JE,o 
9,0 

18,0 

1,2 
JO,O 
57,0 

-59,6 

-41,4 

+17,9 

-36,1 

522 

174 

29 
29 
87 

29 

87 
29 
29 
29 

261 
29 
29 
29 
29 
29 
29 
87 

509~0 

155,2 
10,2 
2,J 

140,0 
2,7 

17,8 
11,0 

2,3 
4,5 

336,0 
2,J 

90,0 

25,0 
39 ,0 

J,7 
61,0 

115,0 

+13 0 

+10,8 

+69 '2 

-75,0 

I\) 

0 
~ 

I 



~_I>pendix 4/ 4 Table 2/cont'd/ 

--- ---- ·---------------- -------
1990 2000 

Country -------------------------------------·--
Capacity of Demand De lance '1' o ta 1 ca pa c 1 t y Demand Balance 
mini-plants a or' mini-plantaa 
----- ---- -------------------

2. Latin America 290 2087,0 -1797,0 696 3556,0 -2860 ,o 
Central America 29 42,0 - 13,0 58 71,0 - 13 ,o 

Guatemala 29 42,0 58 71,0 

Caribbean 29 118,0 - 89,0 87 190,0 - 103,0 
Cuba 29 118,0 87 190,0 . 

South America 2)2 1927,0 -1695,0 551 3295,0 -27 44 ,o N 
0 

Argentina 29 66,0 87 107,0 
\JI 

Brazil 58 160U,O 14~ 2740,0 

Chile 58 115,0 116 188,0 

C'Jlombia 58 120,0 145 192,0 

Equador 29 26,0 58 68 ,o 

3, Near East 58 968,0 - 910,0 174 1537,0 -1363,C 

N.E. Africa 29 195,0 - 166,0 87 320,0 - 233,0 

Egypt 29 195,0 87 320,0 

N.E. Asia 29 773,0 - 744,0 87 1217 ,o -11)0,0 

Turkey 29 773,0 87 1217,0 



Appendi!.._ 4/4 

--- ----------
Country 

Capacity of 
mini-plants 8 

----------
4. Psr East 609 

South Asia 145 
lLdia 87 

Pakistan 58 

East and south-
-East Asia 464 

China 290 
Indonesia 58 
Korea DPR 29 
Viet Nam 8'7 

-----------------
a - unit capacity: 29 000 tpy P205 

----
1990 

Demand Balance 

7192,0 -6583,0 
2580,0 -2435,0 
2180,0 

40U,0 

4612,0 -4148,0 
3812,0 

410,0 
190,0 

200,0 

Table 2/ cor.. t 'd/ 

·------------- --
2000 ---- -------

'11otal cap[-1city Demand BalancE1 
of mini-ph1nts8 

--- _.,.~,---

1653 12244,0 -10591,0 
435 4830,0 - 4395,0 
261 4110t0 
174 720,0 

1218 7414,0 - 6196,0 
754 6100,0 N 

174 580,0 0 

°' 87 250,0 
203 484,0 

----- ----------.-..--
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For the guidance of our publications programme in order to assist 1n our 
publication activities, we would appreciace your compl~tiug the qucstivr.L.aiLc 
below and returning it to uNIDO, Division for Industrial Studies, P.O. Box 
300, A-1400 Vienna, Austria 

Q U E S T I 0 ~ N A I R E 

Mini-Fertilizer Plant Projects, Appendices 

(please check appropriate box) 
yes no 

(1) Were the data contained 1n the study useful? 17 

17 

17 

I I 

/7 

17 

If 

If 

II 

If 

If 

If 

(2) Was the analysis sound? 

(3) Was the information provided new? 

(4) Did you agree with the conclusion? 

(S) Did you find the recomm~ndations sound? 

(6) Were the format and style easy to read? 

(7) Do you wish to be put on our documents 
mailing list? 

(8) Do you wish to receive che latest list 
of documents prepared by the Division 
for Industrial Studies? 

{9) Any other comoents? 

Name: 
(in capitals) 

Institution: 
(please give full adress) 

Date: 

17 17 
If yes, please specifY­
subjects of interest 

17 17 

--- - ________________ __._~-----~~~~---~---___..~ 
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