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Preface

This study has been prepared in response to the recommendation
of the Third Consultation Meeting on the Fertilizer Industry held in
Sao Paulo, Brazil, 29 September .- 2 October 1980. It will be presented
to the Fourth Consultaticn, to be held in New Delhi in Jenuary, 198k,

Its preparation has been possible through a special contribution
to UNIDO from the People's Republic of Hungary in the form of assistance
extended by the Hungarian Chemical Industries Engineering Centre (VEGYTERV).
VEGYTERV has implemented this study in co-operation with the Division for
Industrial Studies, Sectoral Studies Branch.

Extensive use was made of the documentation and material presented
at the mini-fertilizer seminar organized in November, 1982 in Lahore,
Pakistan by the UNITO secretariat and the Pukistan National Fertilizer
Company. Special questionnaires, direct contacts arnd personal visits
wvere made to contractors, plant owners and equipment manufacturers of
fertilizer plants in both the industrialized and the developing countries
in order to collect material for the study. The Food and Agriculture
Organization (FAO) and the World Bank also supplied valusble information
aend material for this study. The main contribution comes, however, from
the Hungarian Chemical Industries Engineering Centre {(VEGYTEPV ) who has
prepared the study for printing, based on its own knowledge and experience,
contributions from UNIDO as well as the above-mentioned material.

UNIDO expresses its gratitude for the work done by VEGYTERV.

The details of the work executed and the contributions received from
different information sources are reviewed in Appendix 1/1 which together
with other statistical material is being issued separately as an addendum
to this document.
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1. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

1.1 Summary of the methodolqggy adopted

Baced on conceptual deliberations — given in detail in
the Appendix 3I/1 - the total investment casts for a
fertilizer plant located in a developed country was es-
tablished, as well as for an identical plant in a develaping
country, at two selected locations, one in sea—side location
and one in a remote location. The tatal investment cost as
well as the operating cost of small-size plants for various
fertilizers were calculated for plants located in these
selected sites. Different feedstocks were considered in the
case of nitrogen +ertilizers, namely, natural gus, coal and
fuel oil.

The economics, with regard toc investment, operating, and
farm gate costs were compared for the various fertilizer
plants located at the selecied locations in aorder toc campare
the competitiveness of each plant within the same location as
well as the competitiveness hetween the various lacations.

It should be ncted that, in calculating the operating
costs rather conservative on-stream factaors were considered
for the developing country locations (i.e. 75 per cent far
large plants and 90 per cent for small plants). 1If these
factors are elevated the competitive position of plants in
the developing region will register an abvious impraovement.

1.2 Summary of the findings and conclusions

The _.nformation material collected, their processing
the technical and economic evaluation executed led to find-
incs and conclusions discussed in detail in the relevant

chapters. These conclusians can be summarized in the
following:

General

1. In spite of the actual world econamic situation and
the depressed fertilizer market situatiaon the forecast made
by the di‘“ferent international organizations (FA0, Worla
Baniz, IFDC, Fertilizer Institute, UNIDO, etc.) ard the
individual experts - although they may differ in actual




figures, showa the zsame trend. The food problen, the agri-
cultural development needs, the continuous technological in-
novatiaons, together with the availability of_  the necessary
raw matoerials will lead to substantial coansumption and pro-
duction increases. From the evalua*ion o+ the different fore-
casts, this study came to the conclusicn, that the following
demand./supply balance of nitrogen fertilizercs can be expected
in millian tons nitrogen:

Demand/Supply balance of nitroqen
fertilicers

{(million tons N/year)

81/82 82/83 83/84 B4/85 S/86 86787 87/38

Available 62,52 &2,37 47,52 70,74 73,17 T4,77 S, 69
supply '

M fertilizer 6&40.44 61,39 3,74 46,99 69,25 71,78 74,7
demand

[
-

—
[

Surplus 0,99 3,78 3,75 Z,82 2,99 1,49

Source: The UNIDG/FAQ/World Bank Working Group or
Fertilizers
July , 1983




) 2. More new ammonia plants is expected to be built in
the countries and locations where natural gas, at low cost,
is available (Mexico, Trinidad, Algeria, Nigeria, Libya, the
Near East countries, Bangladesh, Thailand, Malaysia, In-
donesia, USSR). The Near East countries will becaome an
impartant supplier of ammonia and nitragen products.

X. The world demand which was 30,91 aillion tons B, Og
in 1981/82 is expected to increase to 38,2 million tons in
1987/88.

Phosphoric acid capacities will reach 37,7 million tons
F, Os in 1987/68 compared to 29,46 million tons in 1981.,/82.

4. The share of the developing countries in ghasphoric
acid capacity which 1is about 19 per cent in 1981/82 is
est:mated 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 ghospharic fer-
tilizers will increase from 4 million tecns 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
from 23,9 million tons K,0 in 1981/82 to 29,67 million tons
K,0 in 1987/88 and the annual growth rate is expected to be
about 3,6 per cent up to 1987/88.

7. 1t is evident that there will be a need to
establish new fertilizer capacity in order to . meet the
expected increase in demand. It shouid 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 of up to date versions of more convenient
capacity sizes to meet such limited demand. The general
conclusions selacted to each type of fertilizer are sum-
marized as follows:

Ammonia plants

-

8. “The oil 'price-adjustments,' the. economic slump,. the 'general’ : E
shortage of foreign exchange, high transport costs together
with the problems encountered with the “jumbo" plants created
a completely new world market situation both in fertilizer




praducts and fertilizer plants.

In this new situation, new tendencies have emerged in
the nitrogen fertilizer industry and #fircst ot all 1in the
manufacturing of ammonia leading to

- devélopment of new, energy saving solutions
by simpler, less saphisticated processes and
equipment, more suitable for developing
countries

- return to the old methads of synthesis gas
production using ather feedstocks, like
coal or electralytic hydrogen

- attention focused on the mini-plant concept.

9. As a result, several new process schemes have been
worked out. All of themeare well suited for implementation in
the develaoping countries and particularly for mini—fertilizer
plants.

10. On a warldwide scale the nearly, monopolistic
position of the natural gas as the most eccnomic raw material
for ammonia production seems to be assured at least for tais
decade but probably even for the next one. But in given
local conditiaons, especially in developing countries, and for
mini-plants, alternative feedstocks can present a real alter-—
native or even the only feasible route for ammania pro-
duction.

All coal processing methods are in reality yet in the
devel opment scage, 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 processes would be futile.

Water electrolysis as a basis for ammonia production
can be competitive only where abundant electric power ic
available at 3-14 Dollar/MWh,

11. The general situation of world economy, the cur-
rency problems, transport costs, experience in developing
zountries with either jumbo or wmini-plarts, the rerent
developments etc., justify serious consideration of the
mini-plants as a viable alternative +for the develuping
countries entering in the fertilizer production fizld.

It is pnssible now to devise new flowsheets feor mini-
plants having specific parametars competitive with b:g
plants., These f. wsheets will be worited out in detail and
proven commercially only if the interested contractcrs will




be persuaded that an adequate market justifies lhe expenses
invcived. Nevertheless even now with the information gathered

it was possible tc present two alternatives. The first is for
a 150 tpd ammonia plant, the other far a 250 tpd plant.
This flowsheet promises better performance than the majority
of 1000 tpd plants operating at the moment with total energy
requirement of arocund 8,3 Gcal/t NH, , in spite of simplified
desion,

Althouzh. neither'the Beijing' Conference (1;, nor the .: - B}
Lahare Meetirg ‘2) recommend the consideration and evaluation
of ammonia plant arcund SO tpd capacity, this study devoted
due attention to tnis alternative. The preliminary findings
of the Lahare meeting have been confirmed: it would be
possible to design such ammcnia plants with not much wcrse
characteristics as the 150 tpd one presented here, but the
processing of ammonia to ready-made fertilizer would be toao
expensive. So for this size, the solution adopted by the
People s Republic of China, producing ammcnium bicartonate
directly in the ammonia plant remained acs the technically
and economically appropriate alternativa. As the applica-
bility of this kind of fertilizer praduct outside of China
has to be confirmed by actual exzperiment - according to
the recommendations of the Lahore Conference this size and
process flowsheet had to be left out of  consideration in
this study.

12. With regard to specific investment the advantage
in favour of the btig plants 1is still abservable at the
developed sites, although not realily 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
capacity realised in tig units.

At remote locations, the most probable sites for mini-
-plants, these can be realised with less specific investment
as for big units at the same site, but will still cost nearly

1. Technical Coaference on Assonia Fertilizer Technolagy
for Proaotion of Econcaic Co-operaticn asoag Develcpirg
Countries
Beijing, People s Republic of China, 13-28 March, 1982

2.) Sesinar on Mini-Fertilizer Plants, Lahore, Pakistan,
15-20 Novesder 1982




two times the specific investmert of a big plant in a
develaoped site.

13. Feadstock has a strong influence on the investment
cost, with roughly the same effect on all sites and
capacities. ' .

14. The production ccsts of the mini-plants at remote
site are competitive with the big plants at the same site
and the advartage in favour of the big plunt in developed
countries 1is less than the transport caosts, so the mini
ammcnia plarts are competitive aven at the factory gate.

Feedstack price has a sérong effect on the productiaon
costs. But capital costs are decisive: coal based nracesses
can ke competitive only with one tenth of feedstozk price
(on heating value basis).

Nitrogen fertilizer products

15. The costs of all the products from mini-plants
(farm-gate basis) are competitive with the imported nutrient,
when based on natural gas.

16. Ammonia from other feedstocks gives fertilizer
products with higher farm—-gate costs as the imported ones
(which are based evidentily on natural gas) but are still
less expencive from 1local mini-plants as from big central
plants.

17. Ammonium nitrate production needs higher investment
and therefore, has highe~ production and farm-gate prices
than urea in every case investigated, but the differenrces
tend to become smaller with decreasing capacity.

18. The above results demonstrate unequivacally that
mini-fertilizer plants are competitive both with imported
products and with big plants erected in the country when
farm-gate prices are compared. )

rt er

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

20. Only two selected capacities for H,SO0, and ore size
for all rther products were examined. Since scale-up has no
effect on the process, specific consumption figures remain
essentially the same for all capacities in the mini-plant
range and battery 1limit investment figures can be e:tra-




palated by the usual formula with a 0,8 as exponent. There-
fore the figures computed for the sizes selected will only te

improve 1, when bigger mini-plants will be considered.

21. The tarm—gate price of the mini~plant product will
be in every case by far the most advantageous.

2. The very big differences between cgsr® and TSP pra-
ducticn underline the conclusion that for mini—-plants the
riaht product is SSP.

22, The more saophisticated MAP and DAP involves even
higher inwvastment costs and seem not very appropriate for
mini-plants in developing countries.

54, NPK plants can form a viatble alternative aonly if
ammonia, nitric acid and phasphate processing facilities
are on the same site - & case seldum encountered.

Potential markets for mini~plants

2%5. In order to evaluate the market possibilities for
mini-plants, this study considered the Ffertilizer 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 manu-
facturing units with the aim to assess how many countries are
pctential builders of mini-plant, how many of them can be
conuidered for the erection of both mini~ and big plants for
the different fertilizers.

_Prodﬁct'ggnggmgtign

24. More than one third af the 91 countr{es examined
consumed less than 10000 tpy N and &0 per cent of them
could not reach the level cf 40000 tpy N that refers to as a
mini-scale unit capacity (150 tpd) for ammonia. On the other
side a large number of them consumed more‘ than 100000 tpy N
even 14 countries consumed aver 200000 tpy N including
China, India, Mex‘ca of which consumption rose above million
tpy N.

27. As for the phosphate fertilizer, half of the
countries were below a consumption level of 10000 t F, Oy and
at the =ame time 13 of them consumed more than 100000 Lpy
F, Og - It is clear that ther2 is a <strong degre= cf
polarization in the consumption cf nitrogzn  and phaosephiate
fertilizers. This manifestation ie, however, not evident in




the consumption aof potassic fertili:zer.
‘ 28. Compiring the recent share in Table 4.1-2 with the
faorecasts in Tables 4.2-4 and 4.2-5 in case of nitreogen, it

can he seen that even in the vyear 2000 the number aof
countries, 25 or 27,3 per cent, will not reach the level of
10C00 tpy N. On the other hand, the number of countries
ransuming mare than 200000 tpy will rice from 14 in 19231/82
ta 26 in 2000, presenting a further polarization in
consumption pattern of the developing countries. )

29. The main ranges 1in nitrogen cansumptian in 2000
will be the consumption ahave 200000 tpy M with 29,6 per cent
and the ccrsumption level 1600 — 10000 tpy N with 24,2 per
cent.

30. Similar changes can be faorecast for the % Og
consumption. There will be a difference in case af ¥,0
consumption because the main ranyges will be the con-
sumption levels from 1000 teo 10000 and from 10000 tc 40000
amounting abaut IZ per cent and 27,5 per cent, respectively.
This 1is corresponding to the forecacst philosophy that in
this period the developing countries will not reach the
N:P:K ratig than that observed with the develaoped econamies.

Raw material

I1. The raw material patential of developing countries
was studied by regions. Almost half of the countries studied
have natural gas reserves and 48 of them can or will be able
to produce crude o1l, 40 develaping countries have
coal/lignite depssits. Since in the developing countries very
large areas have not been surveyed at all it is reasonable
to suppose, that most developing countries will discover

adequate coal depasits.

32. The reaserves of phaosphate rock are wide-spread.
Some 34 countries of the world are producers, and 23 of the
developing countries belong to 91 caountries studied. Among
them Moracco i+ the most impartant having about 70 7 of total
identified resources. Including Moraoczca, 41 develcping
countries surveyed have phaospginate rock cdepocits.

33. In 1981/32 there were 2 potash producing coun-
tries two of them, China and Chile, were develaoping
countries and their productiaon reached S1.000 tans r,0
amounting almost to 0,2 per cent of warld production. Ancther
14 countries have potash deposits, including Cango which




plans to develop its closed mine. Other developing countries
will begin the potash production. The most important would be
Jordania with a total capacity of 1,2 million tpy by 1983.

) Mini—glants

34. 85 mini NHy plants are forecast far 1990 with a
total capacity of 18830 tpd NH,. The majority of them, almost
three quarters are based oan natural gas at the same time nly
3 of these are expected to be based on hydropower potential.

3%5. In the last decade of this century 130 mini NHy
plants are forecasted amounting to a total capacity of 29400
tpd. The majority of which (abait 47 per cent) will be based
on natural gas but coal as raw material will assume in-—
creasing importance with its share increesing *a 19 per cent
in 1990 and 28 per cent in the last decade of the century.

Majority of the plants considered bath in Foints 34 and
75 wili be erected in countries wher@a no big plants exist
or will be built in the same periad, but about 25 7% can
be forecacst in countries where big plants alsa exist or wilil
be erected.

34. For ophaosphate fertilizers 42 units are to be
established up to 1990. In the last decade of the century &8
units are forecasted, amounting total rew capacities af
3780 tpd F, Og and 6120 tpd F, Qg , respectively.

General Conclusiaons

37. Mini-fertilizer plants present an advantagecus op-
tion for most developing countries for solving their fer-
tilizer suppiy problems (wholly or partially). The actual
technical level and the development work under way gi-es tha
possibility to erect mini-plants situated near to the
markets, which can be implemented with conpetitive capital
and operation costs when compared bcth te th imported
products and those caming from big units realised in the
country - when the whole supply line to the farm gate is
considered.

%8. Process technolaogy for all fertili-er production
steps is available for mini-plants and no further action is
needed with the exception of the ammonia process. Eﬁgi-
neering firms are actively pursuing development work in this
field but need further encouragement.




39. The realisation of wini-plant opens incomparably
wider possibilities for the local participation in the
equipment manufacture, erection and building works, but
presents an excellent opportunity for the devel opment of
local works and skills far the maintenance, spare part pro-
duction and other services an important contribution to the
general industrialization aof the country as well as, co-
cperation among developing countries in all above activities.

40. ln order to establish a true agricultural government
-policy and waork out the measures to be undertaken the mast
important task for a developing country is to work out or let
work out a study on the national fertilizer sugpnly system,
taking intc account:

- agricultural production with its development
perspectives, needs and econamic possibilities
- raw material situation
- the geographic situation and the transport
system '
- the infrastructural situation
— capital and financing resources
- man power (skilled) situation
- other relevant factors
and work out all reasonable supply alternatives from the
total import of all fertilizer products to a total self
reliance or even export, including the different product mix
alternatives for an adequately chcsen periaod (10-25 years)
and by optimisation select the maost suitable combination and
define the tasks of the authorities for supporting the goals
identified. This will identify the right place for the mini-
-plants in this supply scheme.

1.3 Regcommendations

Based on the findings and conclusions, this study puts
forward the following recommendations:

1.) It is strongly recommended that UNIDO place special
emphasis on continuing 1its activities in promating the
development and use of mini-fertilizer plants in the
developing countries thraugh the convening of seminars on
regional leveis and a wider dissimiration of studics an
this subject to the developing countries in order %to
jncrease the awarenese of the developing countries on the
advantages of the mini-fertilizer plant alternative.




2.) "UNIDO, together with other international organizations, should
encourage by all means available to then the development

and commercialization of pracesses related to the mini-—

-fertilizer plants.

This shnuld be done, aiwng others, through:

- the elaboration aof organization arrangements whereby
developed and developing countries coild 1nitiate
steps to support research activities related to the
development of mini—fertilizer plants compatible with
the needs of developing countries, to be undertaken by
various institutions and firmss

- establishing a joint programme for the development
of process designs, pilot plants and commercial scale
of mini-fertilizer plants;

- organizing a sz2minar ta which major engineering
companies, resewarch and develaopment institutions and
financial and planning organs from the develaoped and
developing countries would be invited to participate
and promote the idea and application passibilities aof
mini—-fertilizer plants.

To undertake <cspecial activities promoting co-operation

among developiné countries for the development aof mini-

-fertilizer plants, with particular emphasis on joint R

and D for the development and adaptation of mini-

-fertilizer plant technaologies.

To undertake an 1in-depth study on “fertilize: supply

planning system” in which all technical, economic, legal

and other developmenta! aspects are considered. The

?tudy should aim at helping decision-makers in tne

developing countries at national and regional levels to

"take decisions on the choice of type of fertilizer,

capacity, process technology and procedure in building a

. fertilizer plant.




2. AN OVERVIEW OF THE FERTILIZER INDUSTRY IN THE

1980°s

2.1 Development during the period 1975-1931

2.1.1 Demand/supply situation

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

Prior to 1974 fertilizer demand developed at a re-
latively stable rate. In 1575 world consumption declined for
the first time in recent history. In 1979/80 and 1980./81
declines occured again in some major areas, including Nor ch
America, Western and Eastarn Europe. As can be seen from
Table 2-1, the fertilizer market became characterized by
periods of oversupply, ftollowed by brief periods of
shortages. ’




Table 22-1
World dempand/supply balance

{(million tons of nutrients)

75776 76777 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 Q4.4 101.9 1¢C8.4 112.95 117.7 120.6

Balance - 1.8 ~- 1.8 GC.4 0.4 0.8 1.7 5.3

Source: Based on FAQ paper FERT/8Z/2, September 1982
and on the paper of the UNIDO/FAQ/Waorld Bank
Working Group on Fertilizers, Juiy 1983

Demand.- for fertilizer continues to increase annually at
a rate of 4-8 million <tons of which 32-4 million tons is
in nitrogenous and the balance 1in phosphate and potash
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 equclly great, the demand for
fertilizer remains at the lowest level.

This {nequelity between the various regions in fer-
tilizer use indicates the existence of large potential demand
and the possibility for further development of the fertilizer
industry.

The development aof world production of fertilizers is
presented in Table 2-2. The production of nitrogen, Phos-
phorous and Potash compounds was in 1980/81 in order of 125
million tons in pure nutriente and has increased by 22 per
cent towards 1975/76 (Table 2-2 and 2-3). However, the
effective fertilizer supply was about &6 per cent less each
year, since several million tons have been used for technical
purposes, further processing and were lost by trancsport,
storage and handling.




Teble 2-2 World production of fertiligzer nutrients .

N P,05 K20

mill. growth 1975/76 mill. growth 1975/76 mill. growth 1975/76

tons  rate =100 tons  rate =100 tons rate =100
1975/16 43,9 - 100 26,1 - 100 23,4 - 100
1976/11 41,6 8,4  108,4 27,7 ~ 6,1 106,1 25,0 6,8  106,8
1977/18 51,4 8,0 17,1 30,4 9,7 116,5 25,5 2,0  109,0
1978/79 55,9 8,8  127,3 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
1980/81 62,7 4,8  142,8 34,4 2,7 13,8 27,4 5,8 117,1

Source: FAO Pertiliszer Yearbook 1979,1980, 1981,

L S




The production of the three nutrients grew much faster
in the developing than in the developed countries. During the
last five years the total production increased in daveloping
countries by 90.8 per cent, and in the developed countries
only by 21.& per cent (Table 2-3).

Table 2-3

Production of fertilizer nutrients

in developed and developing countries

(million tons)

. »

1975/76 1976777 1977/78 1978/79 1979/80 1980/81

2 -

A1l
devel oped
countries,
million .
tons 80.2 84.6 88.1 92.7 4.9 97.5
grawth, :
% 100 103.5 109.8 115.6 118.3 121.6
- - ALl
developing
countries,
million 4 i : .
tans 14,2 16.2 19.1 21.6 24.1 27.1
- growth, '
% 100 114.1 134.5 152.1 169.7 190.8

Total world

million .

tens 94.3 100.8 107.3 114.3 119.0 124.6
growth,

A 100 106.9 113.8 126.2 126.2 13201

Source: FAD Fertilizer Yearboolk, 1981




2.1.2 Development of capacity and capacity utilization

To supply the grawing demand between 1975-1981,ad-
ditionai capacities were built all over the warld, however,
much maore extensively in the developing caountries, where
several new fertilizer production centres have emerged.
Parallelly, a numbher of ald and less cefficient plants in the
developed warld have been closed or idled. E:cept tor potash
this transfaormation has changed the pattern of capacity share
between the developed and developing countries (Table 2-4 and
2-3) (1),

Table °-4

_Share of developed and developing countries

in fertilizer capacity develgpment

(per cent)

Ammoni a Phospharic Acid Patash
N F, Os K,0

Capacity mid Capacity mid Capacity mid

1975 1981 1975 1981 1973 1581
Developed
countries = 76.9 70.8 83.2 81.3 99.7 99.9
‘Developing
countries 23.1 29.2 16.8 18.7 0.3 0.1
Total

world 100.0 100.0 100.0 100.0 100.0 100.0

Saurce: Based an paper of FAQ/UNIDO/World Bank
Workzing Group on Fertilirers, June 1982

1.) A1l the capacity data are based cn paper of FAQ/UNIDO/
Mdorld Bank Norking Group on Fertilizers, June, {982,



Table 2-5.

CAPACITY CHANGE, BY REGIONS

P P

- o

Thoussnd tons of N, P20s, K20

Ammonia

Phosphoric acid

Potash

_L‘[_

Region /1975 - 1986/ /1975 - 1986/ /1975 - 1986/
Additional /+/ Closed /-/ or Additional /+/ Closed /-/ or Additional /+/ Closed /-/ or
idled a/ idled idled
Developed Market 12,578 8,613 3,289 903 6,361 1,952
Economies /22,4%/ /92,7%/ /25,4%/ /70,5%/ /37,8/ /86,7%/
North America 7,532 4,241 2,445 496 . 3,551 1,032
Western Europe 4,523 3,198 448 317 1,830 920
Others 523 1,174 396 90 980 0
Developing Mark:zt 19,667 222 6,767 377 1,098 - 300
Econumies /35,0%/ /5,6%/ /52,3%/ /29,5%/ /6,5%/ /13,3%/
Africa 590 0 3,345 130 0 300
Latin America 5,542 0 1,361 89 378 0
Near East 5,188 109 1,236 158 720 0
Far East 8,347 413 825 0 0 0
Centrully Planned 23,972 1353 2,880 1] 9,370 0
fconomies /42,6%/ /1,7%/ /22,3%/ /55,7%/
Asia 6,641 153 0 0 0] 0
Eastern Europe 17,331 0 2,880 0 5,,70 0
All Developed Countries +29,909 /53,2%/ -8,613 /92,7%/ +6,169 /47,7%/ -903 /70,5%/ +15,731 /93,5%/ =1,952 /B6,7%/
All Developing +26,308 -675 +6,767 -377 +1,098 -300
Cuuntries /46,8%/ /2,3%/ /52,3%/ /29,5%/ /6,5%/ /13,3%/
World Total +56,207 -9,288 +12,936 -1,280 «16,829 ~2,252
/100%/ /100%/ /100%/ /100%/ /100%/ /100%/

Source: Based on paper of FTAO/UNIDO/World Bank Working Group on Fertilizers, June 1982,

a/ ldled plants are those which are mothballed until economic conditions are such as to bring them into production. Closed
plants are those permanently closed and will not be brought into operation regardless of economic conditions.



" Around 47 per cent of new ammonia and 52 per cent of new
phosphate capacities 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 %
of ammonia and 70 % of the phosphate.

2.1.2.1 World ammonia capacity

Almost all nitrogenous fertilizers are derived from
ammonia. Its capacity in mid 1775 was &47.6 million tons N and
increased to 91.4 million tons N in the mid 1981. During this
period new ammonia plants lhiave brought 31.8 million tons
additional capacity, however, arocund 8 wmillion tons of
existing capacity were clased or idled, mainly in Na-th
America, Europe and Japan. ’

New important ammonia capacity has been establisherd in
Mexico, Trinidad, Brazil, Egypt, Qatar, Turkey, Ir-dia,
Indonesia, South Korea, Pakistan as well as in the USSR,
Romania, China, North Korea, U.S.A. and Canada.

Assuming that the whole nitrogenous production derives
from ammonia, its capacity wutilization was 62 per cent 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. 1ts capacity
increased frcm 25.5 million tons P, 05 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 imilemented in the U.S.A., Yugoslavia,

Australia, lsrael, Morocco, Tunis, Brazil, Syria, Turkey and
the USSR.

Although the development of new capacities in ‘the
developing countries, mainly in Africa, was impressive, the
share of the developed world in phosphoric acid capacity
remains relatively high (Table 2-4).

2.1.2.3 World potash capacity

’

Potash 1{s obtained from underground deposits situated
mainly in North America, Western and Eastern Europe. These
regions ara tha main producer centres in the world. The
total capacity of potash (K,0) increased from 29.3 million
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tons in 1975/7& to 33.4 million tons in 1981/82. Altcgether
two of the developing countries, China and Chile, produce
potash and their share in the world production is less than
0.2 . : )

Capacity were closed in the u.s.A., France and the
German Federal Republic as well as in Congo, where the mine
was flooded. Howcver, new mines have been cpened in the USSR,
German Democratic Republic, United Kingdom, Spain, France,
German Federal Republic and Canada.

2.1.3 Development of fertilizer consumptiaon

2.1.3.1 HWorlcg consumption

A According to FAD statistics world cansumption of three
main nutrients: nitrogen (N), phosphate (R, Og) and potash
(K,0) grew in 1980/81 to 116 millicn tons or 28.4 per cent
over the year 1975/76. The average annual growth rate for the
last five years was 5.7 per cent, but the rates of increase
to the previous year slawed down from 9.3 per cent in
1975/76 ta 3.3 per cent in 1979/80 and 3.3 per cent in
1980/81. .

The primary cause faor this performance was the situation
in the developed countries where consumption of fertilizers,
especially in the 1last three years was practically stagnant
(Table 2-6). )

The developing countries' consumption increased in
1980/81 almost 86 per cent over the year 1973/76 and the
average rate of growth was 17.2 per cent. Nevertheless two
thirds of fertilizers were as hitherto consumed in the
developed countries (Table 2-64). ’




Table 2.6 World Consumption of Fertilizers

Developed Countries

Developing Countries

World Totsal

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 14.6 114.6 96.7 7.0 106.9
1977/78 72.9 -0.1 104.5 28.3 19.9 137.4 101.2 4.7 111.3
1978/7S 77.5 6.3 111.0 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 3.3 124.3
1980/81 77.8 -0.2 111.5 38.3 11.3 186.0 116.1 3.8 128.4
1981/82 77.2 -0.8 110.5 38.1 -0.5 185.0 115.3 -0.7 127.5

Source: FAO fFertilizer Yearbook, 1981

Paper of the UNIDO/FAO/World Bank Working Group on fertilizers,

July 1983

- 00 —




Among the various factors responsible for the 1l ower
growth of consumption of chemical fertilizers in the world
the more significant were the following:

(a) high real cost of fertilizer to the farmer,
due to the increased cost of production (raw
materials, enerqgy, labour, etc.) and distribution;

(b} less favourable crop/fertiliizer relatiaonship
because o©f unfavourable crop prices and high
interest rates on borrowed funds in developed
countries as well as due to the bad weather inr
some vyears 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 insufficiency of 1laocal fertilizer pro-
duction in the majority of the developing
countries, where real consumption is low, though
the potential faor their use is great. The

existence of lacal fertilizer production usually
leads to a. accelerated growth in the indigenaus
demand;

(d) foreign exchange restrictions limiting "impartation’
cf fertilizers, as well as lack of governmental
suppart such as rural credits, agronomic service,
training, subeidies, price policy, etc.;

(e) lack of marketing and agronomic infrastructure
and a technical incapacity to deliver and dis-
tribute fertilizers to farmers.

2.1.2.2 Reqional development of consumdtion

According tao FAO Statistics North America, Western and
Eastern Europe had slow growth rate that nearly approachzad a
stagnant condition.

In Africa the consumption grew in five years by So per
cent, but the absolute figure of consumed fertiliczer
nutrients in 198¢/81 amounted to anly 1.5 million tons, which
constituted 1.3 per cent of total world consumption.

Latin America had a 1low performance rate in 1978/79
influenced mainly by a market slow-down 1in Brazil and
Mexico.

The Mear East' s growth rate was 50 per c2nt ovzr the
five year period. The Far East (including China and Vorean
Democratic Republic) e:xperienced more than three times the




- 020 -

world's average graowth rate. The main countries that
contributed to this region's performance were China, India,
FPakistan and Indoresia.

2.1.3.3 Development of fertilizer consumption

The development cf fertilizer consumption by main
nutrients is given in the Appendix 2/1, in Table 1 and 2. It
is shown that in 1980/81 world nitrogenocus fertilizer
consumption increased by 9.9 per cent to 60.3 million tons
of N. The graowth rate in developing countries was 105 per
cent while in the developed world it was only 153.6 per cent.

The consumption of phosphate fertilizer 1in the sanme
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 increaszed by 13 per cent
(81.8 per cent in developing and 5.2 per cent in develagpead.
countries).

The share of developing countries in nitrocgen consump-—
tion increased from 28.2 per cent to 41.1 per cont, in
phosphate consumption frem 21.4 tp 30.0 per cent and in
potash consumption from 10.3 to 16.5 per cent.

Although the developed countries dropped their share in
world fertilizer consumption #from 77.9 per cent in 1973/76
to &7 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, hoiever, in the German Federal Republic the total
consumption of the three nutrients was 471.5 kgs, while in
the German Democratic Republic it was 325.2 kgs anrd in
France 300.8 kgs3.

At the same time it was 44 kgs and 37.4 kqgs and 9.7 kgs
in Latin America, Far East and in Africa, respectively. Many
of them, such as Nigeria, Cameraon. Tanzania, Ethiopia,
Argentina, Afghanistan, etc., used only a feu kil ograms
of nutrients per hectare.

The fertilizer application in some countries was mure or
iess caonstant and a growing factor of the economy. However,
in many others it remained accidental and 1rregular.




.2.1.3.4 Development of jinternational trade

International trade in fertilizers increased consider-—
ab1y> between 197&/77 and 1980/81 (Table 2-7). As world
consumption increased 21 per cent in this period, so did
jnternationa! trade by nearly 40 per cent, of which the
growth rates werej nearly 80 per cent of phosphate, S3 per
cent of nitrogenocus and nearly 20 per cent of potashk
fertilizers. Potash fertilizers remain, however, the biggest
nutrient item of international trade. In 1980/81 a bulk of
16.7 million tons K,0 was traded, while 13.1 million tons N
ard 7.5 million tons F, Os.

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 tatally cansumed nutrients
arrived from abroad, compared with %7 per cent in 1976/77.
This +act took place in spite of a considerable increase in
local production in some developing countries though mainly
in intermediates such as ammonja and phosphoric acid and not
in finished fertilizers.



Table 2-7, WORLD TRADE IN FERTILIZERS, BY REGIONS .
/million tons of nutrients/

Reglon

Imports Exports

¥ P205 T{g) N 7205 R‘.Z'U'

76/77 80/81.1 76/77 80/81 76/77 80/81 76¢/77 80/81 T6/77 80/81 76/77 80/81

Developed countries

Market economies
Centrelly planned
economies

Tota) developed

Developing count¥ies

Africs

Latin America

Near East

Far East

Totsl market
economies

Asien centrally
planned economies

Total developing

Total world

.8 5.2 1.9 2.4 8.5 9.3 5.8 8.6 3.8 6.0 9.0 11.0
0.2 0.3 0.3 0.5 2.9 2.7 2.0 2.8 0.2 0.5 4.7 5.7
4.0 5.5 2,2 2.9 11,4 12.0 7.8 11.4 4,0 6.5 13.7 16,7
0.4 0.5 0.2 0.3 0.2 0.3 a/ a/ 0.3 0.4 0.0 0.0
1.1 1.4 0.7 0.9 1.2 1.9 8.2 0.2 a/ a/ a/ a/
1.0 1.1 N.2 0.9 0.1 0.1 0.4 1.0 a/ 0.1 0.0 ~0.0
1.2 2.7 0.4 1.3 0.6 1.5 a/ 0.5 a/ 0.3 0.0 0.0
3.7 5.7 1.5 3.4 2.2 3.8 1.7 0.4 0.8 a/ &/
1.0 2.0 a/ 0.4 0.2 0.6 a/ 0.0 a/ 0.0 0.0
4.7 1.8 1.5 3.8 2.3 4.4 0.7 1.7 4.0 1.0 a/ a/
8.7 13.3 3.1 6.7 13.7 16.4 8.5 13.1 4.4 1.5 13.7 16.7

Source: FAO Fertilizer Yearbook, 1980.
FAO Monthly Bulletin of Stetistics, March 1982,
8/ Less than 50,000 tons.



Traditional exporters of fertilizers have been the de-
veloped mnarkets economies. However, the share in world expart
of the USSR and some other centrally planned economics have

grown. Far the first time some developing countries, par-
ticularly in the Near and Far East regions, have demonstratec
visible export activity. The most notable are tue Republic cf
Korea, Indonesia, Kuwait and Saudi Arabia.

That ﬁéw 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, FKuwait and Latar of
ammonia trade and Morocco and Tunisia of phaosphoric acid.
These countries have the potential to become important
exporters of finished fertilizer in the future, too.

2.1.3.3 Price movement

The peak off in nitrogen and phasphate prices in 1973/74
in connection with the quadrupling ot petroleum and phosphate
rock prices, as well as potash fertilizers in 1975 has lead
to a reduction in" the purchase of buying fertilizers by
farmers. This, in turn, resulted in a rapid decline in prices
of all fertilizers on international markets during 1973 and
1976. '

Since 1974 prices have fluctuated®and about levelled off
until mid 1978. However, starting the second half of 1978
international export spot prices in current dollars have in-
creased steadily, peaking off again in 1979 and evening out
at the new, but higher 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 fertilizer export
spot prices in current dollars during the vyears 1775-1981.

The price of bagged urea for example, being in 1974
around US Dollar 383 per ton f.o.b., had fallen in 1973 to
US Dollar 140 and in 1976 to US Dollar 115. In December 1977
and 1978 the average export price was Us Dollar 126 and US
Dollar 14S, respectively. During 1979, hcuever, the price of
bagged urea increased sharply to US Dollar 200 and in 1980
to US Dollar 233. At the end of 1987 tha price has ag=ain
bottomed as far as US Dollar 145.

A similar trend was followed by ammonium sulphate, its
price, however was US DOllar =5. at the end of 1982,
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" The 4increase in triple superphosphate price had a
slightly different development. The bottom was in 1974
(US Dollar 110), then the increase was to US Dollar 127 and
140 at the end of 1977 and 1978, respectively, and a new peak
off in 1978 at US Dollar 250. After the decline to US Dollar
195 in 1980, the price of TFS felt down to US Dollar 140 at
the end of 1982.



Table 2-8 . AVERAGH EXPORT PRICES OF SELECTED FERTILIZER

LHATER
/US B8/ton/

Price in December

1975 1976 1977 1978 1979 1980 1981 Mid Aug. 1982

Ammonia '

Pot W. Europe 150,0 110.0 90.0 90.0 155,0 160.0 180.0 130
Urea q

Fob W. Europe 160.0 115.0 136.0 145.0 200.0 235.0 175.0 145 ~
Ammonium '
Sulphate Fob W.Europe 80.0 45.0 57.0 65.0 78.0 100.0 45.C 55
Phospuoric ,
Acid Fob US Gulf 400.0 180.0 190.0 210.0 340.0 365.0 320.0 280
Triple Supere :
phosphate Fodb US Gulf 190.0 110.0 127 .0 140.0 250.0 195.0 150.0 140
Potassium ‘
Chloride Pob N.America 85.0 55.0 53.0 €3.0 98,0 115.0 90.0 .70

Source: Based on "Fertilizer International":

International Price Trends.
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Potassium chloride export spct prices have been steady
for 1976-78, have increased {n 1979 and 1980 and fallen
again at the end of 1982.

Although as indicated before, there is an adequate
supply capability to meet the demand faor 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 tforce based increases
arc apparentiy tolerated by importers. It is, however, to be
hoped that an artificial shortage and the accompanying high
prices of 1973-75 caused by panic buying does not occur
again. If it does, then prices could escalate quickly to a
very high level giving a disfavaourahle cost/benefit ratioc for
the +farmers and again having an adverse effect on crop
production in developing countries and sustaining the boom-
bust cyclical nature of the world fertilizer industry.

2.1.4 Structural changecs in the fertilizer industry

2.1.4.1 Impact of cost on closure of fertili-er plants

in developed countries

Increasing raw material and energy casts, inflation and
a poor market are the most important factors causing the
structure changes within the fertilizer industry 1in the
world, particularly in the developed countries.

In the U.S.A., for example, a total of 4.7 millicn tons
of annual ammonia capacity has been shut down fraom 1977 to
1981. There are many plants that are operating at reduced
praoduction rates. The United States, once « major nitrogen
producer 1in the world and a net exporter are losing their
position by the rising price of domestic natural gas.

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

Phasphoric acid praoducers in Japan are also closing
about 20 per cent of the capacity in the older and smaller
plants. They find an advantage 1in importing phospharic acid
and ammonia from the countries having raw materials. Also in
Europe the markets and scurces of supply are changing.




2.1.4.2 Shift of new _capacities towards sources af
raw materials

During the 1970' 5 a new trend in the develaopment 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
annaounced in the countries having natural resources:

For ammonia/nitrogen production:
in Africa Algeria, Egypt, Libya, Madagascar,
Morocco, Nigeria, Somalia, Sudan,
Tanzania, Tunesia
in Latin
America . Columbia, Equador, Mexico,

Trinidad, Brazil

in Near East Abu Dhabi, Bahrain, Kuwait, Saudi

Arabia
in Far East Bangl adesh, Burma, Indi a,
Indonesia, Malaysia, Pakistan,

Philippines, Thailand

For phosphoric acid and phosphate fertilizers, new
capacities would be:

itn Africa Egypt, Morocco, Tunesia, Senegal,

Togo
in Latin
America Belize, Mexico, Peru, Venezuela

in Asia Philippines, Indonesia, Iragq, Syria
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New or substantially extended potash capacities will be’

established in:
' Israel, Jordan, Mexicao, Brazil,
China.

2.2 Maior technaglogical develgpments and tendencije

The production of three nutrients in fertilizers was in
1980/81 in the order of 125 million tons and is expected to
increase to 172 miilion +tons in 1990/91. A considerable part
of the new capacity will be installed in the develaping coun-
tries, particularly where local raw materials are available.

On analysing the evolution of the fertilizcer industry,
it is noted that there have been no major breakthroughs in
the chemical technology during the past decades.

Basically, the fertilizer industry continues to be a
de-ivate of ammonia, sulphuric acid, phoephate rock and
potash salts. The change, which has taken place in the
meantime bhas mainly been of a physical nature. For example,
the wunit capacity of all manufacturing plants has grown
considerably. Thus, whereas an ammonia plant of 200 t/d or
a sulplur acid unit of 100 t/d was not consiﬁered small three
or four decades ago, a 1000 t/d unit waould not be considered
exceptionally large in the seventies.

There have been also considerable changes in downstream
conversion of basic chemical raw materials intec more con-
centrated final products. The conversion into high analysis
fertilizers like urea, triple superphosphate, ammonium
phosphates have reduced the share of low analysis praoducts
such as ammonium sulphate, single superphosphate, ammonium
nitrate etc., in the ¢total producticn and consumptian of
fertilizers. For example the fertilizar production in the
developing countries 1is almaost entirely based on urea,
because it can be delivered to farmers at less cost per unit
N than {n any other form. Other development is the
granulation of fertilizers, which has subs’ituted pulverocus
products from the past.

The develcpment of the fertilicer industry can be
attributed to the accelerated expansion of the fertilizer
market in developed countries. In general, when the martet
expanded it has been found more economical to build large
tonnag2 plants instead of multiplying the number of small
units. This way, the industry benefited from the economy of




scale and a general incrase in efficiency.

o On the other hand, this situation does nat necessary
apply to the developing countries, where the fertilizer
market size is comparatively limitéd. This +fact and high
investment which 1is ' necessary for large units and for the
infrastructure have in many cases hampered the develaopmert
of the fertilizer industry in these countries.

The present fertilizer industry has been developed
under eonditions 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 tc develop processes that have higher
energy efficiency.

The general trend in technological develaopment in
fertilizer industry could be summarized as those directed
towards:

a.) energy saving technologies

b.) improvement in the input/
/output coefficients, i.e.
higher yield from some raw
materials,

c.) improved application of fer-
tilizer i.e. decrease the
amount of work

d.) diversification of raw ma-
terials 1{i.e. new sources of
raw materials and improved
method of the utilization of
minerals of 1low concentra- -
tion ’

e.) long—-term research in direct
plant fixing and rew bio-
logical varieties (genetic
engineering).

2.2.1 Ammonia

In +rnonia plants the cost of energy is by far the
biggest o_ntribution to the cost of the product, accounting
for about 70 per cent of the total cost. The technolagy, when
based on natural gas (75 per cent of world productiaon)
rquires about 8.3 - 9.0 Gcal/ton liquid ammonia produced.



Overall energy efficiency of current production systems is
still below S0 per cent. ) '

In many of the plants that are :urrently being designed,
changes are being made tu improve overeall efficiency. Of
these more important are:

- combustion air preneat and process air preheat
are being installed. The feed 1is also being
pr<heated to higher temperatures;

= catalysts of shift conversion are impraoving to
keep down CO and reducing inerts:

- heat requirement for CO r2generation is
eliminateds;

- inerts (H,0, CO, N ) are removed by crioagenic
purification, lowering the energy reguirements
for recirculation and in the purge gas loss;

- newer reactors and some changes 1in catalytic

temperature in synthesis convertor.

All these improvements are expected to reduce energy re-
quirements to around 7.2 - 7.3F Gcal/ton ammonia.

2.2.2 Sulphuric acid

Sulphuric 2cid is the major cost element in producing
wet phosphoric acid. Thus, the new sulphuric acid plants are
getting more energy efficient and some producers are
beginning to be net exporters of energy (steam or
electricity).

The changes in the sulphuric acid technology are aimed
at minim.zing 1internal energy consumption and maximizing
energy recovery. The savings are tied ¢to the highly
exothermic 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 gZenerate three tons of cteam, the production
of which ctherwise would cost Dollar 40. "The sulphuric acid
plant is really a power plant, that just happens to make
sulphuric acid, too" (1). Rising prices of electricity
justify the installation of a turbogenerator to put the steam
to work generating electricity.

1.) Ohenical Heek, February 10, 1982
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The new plants can make the steam pay off because they
produce the steam at 900 psi (about &0 bar) instead aof
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 1980’s plant gets more about
1.3 tons of steam for the same amaount of acid produced.

Another energy saver 1is 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 Phaosphaoric acid

In the past few years phosphoric acid has been the
saurce of wmore than %0 per cent of the new phosphate
fertilizer production and this trend is expected to continue
in *he foreseeable future.

The overall energy reduirement ta praduce phosphoric
acid is not very high, since energy component is associated
with phosphate rock and sulphur mining and staorage.
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 phaosphate rock has faund wide

acceptance. By wet-grinding the mill size 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 conventional dihydrate
process which requires steam at about 1.9
Gcal per ton of P 0Og (as S4 per cent acid).
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2.3 Prospect of fertilizer cevelopment in the 1980°s

2.3.1 Development of demand and supply (capacities)

. Forecasts of expected demand and supply capability for
the three nutrients up to 1987/88 were prepared by the
FAQ/UNIDO/World Bank Working Group on Fertilizers in papers
dated June/July 1983. Similiar exercises were undertaken by
the International Fertilizer Development Centre and TVA
Natiaonal 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. '

2.3.1.1 Nitrogen fertilizer

The demand faor nitrogenous fertilizers is expectad to
Qrow on average at 3I.5 par cent annually, during the years
from 1981/82 up to 1987/88. Cocnsequently the total world
demand in 1987/88 will be around 74.2 million tons N, 22.8

per cent more than 1931/82 (Table 2-9).

The share of developing countries will remain in this
period almost constant, arcund 43-44 per cent.

The 1increase of supply capabilities of nitrcgenaus
fertilizers can be 1illustrated by the expected anhydraus
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 when
conditions are judged suitable for them to do so, hy their
owners.



Table 2-9 Demand forecast for N fertilizer

/million tons of N/

(1383493 1982/83 1983/84  1984/85 1985/86 1986/87 1987/88
Developed market economies 22,26 20,88 21,54 22,19 2},25 23,98 24,50
North America 11,02 9,58 10,24 11,29 11,65 11,88 12,10
West Europe 9,76 9,80 9,80 9,90 10,20 10,50 10,80
Oceania 0,27 0,30 0,30 0,30 0,30 0,30 0, 3%0
Others 1,21 1,20 1,20 k, 30 1,30 1,30 1,30
Develoning market economiss 12;%6 13,50 14,50 15,50 16,40 17,40 18,40
Africa 0, 0,70 0,80 0,90 0,90 1,00 1,00
Latin America 2,86 3,.0 3,20 3,40 3,60 3,80 4,00
Near Taet 2,11 2,30 2,50 2,70 2,80 3,00 3,10
Far East 7,13 7,50 8,00 8,50 9,10 9,60 10,30
Centrally planned economies 25,42 26,90 271,70 28,170 29,50 30,40 31,30
Asia 12,32 13,00 13,20 13,50 13,70 14,10 14,50
Europe 13,10 13,90 14,50 15,20 15,80 16,30 16,80
All developed economées 35,36 34,18 36,04 37,99 39,25 40,28 41,30
All developing economies 25,08 26,20 21,70 29,00 30,10 31,50 32,90
VWorld tqigl_ 60.54 61.}8 62,25 66.22 62|§§ 71,78 14,20

fource: Based on paper of the UNIDO, FAO, World Bank Working Group

on Yertilizers

July

1983

se _
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The extension of the ammonia capacity is under way in
Africa, Latin America, Near and Far East, as well as in the
USSR and in Eastern Europe. For example, Algeria is making
large investments for the expansion of their ammonia ca-
pacity, which {in 1985/86 will be 813 thousand tons N. New
plants, each with a capacity of 1000 tons/day ammonia are
constructed or planned in Morocco, Nigeria, Tanzania and
TJunesia. They are supposed to come into operation after 19864.

A large expansian of ammonia capacity is carvried
out in Mexico, Brazil and in Bahbrain, Kuwait, Libya, Saudi
Arabia, Turkey, India, Indcenesia, Pakistan and Malaycsia.
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 S million
and in China over 2 milliarn tons of nitrogen in the years
1981-864.

On A world scale, about S46 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 thecse
countries 1is not declining, because of the substitution in
ammonia importis. ) ’

As already mentioned, there is a grcowing trade in
ammaonia for fertilizers, with ammonia being shipped from
where it 1is produced to ather locations where it is
processed. The clasure of some ammonia capacities linked tao
the rationalizing the nitrogen industry. Ammonia and urea
plants are closed because of increasing prices for feedstock
(naphta), erosion of the competitive nosition and the losc
of 2xport markets. .

With all these changes, ammonia capacity, which at the
beginning of the 1980°s was around 90-91 million tons
nitrogen, will increase up to the year 1987/88 tao 120 million
tons. Althcugh, there 1is no information available about
ammonia capacity development for the beginning of the ne:t
decade, it 1is evident that to satisfy the demand in ammonia
evaluated at 90-92 million tons of nitrogen at the beginning
of the 1990's about 20-23 million tons M capacity of ammonia
ought to be built between 1986-1991.

The Table 2-10 shows the demand/supply balance of
nitrogen fertilizers can be e:pected during the 1980’s.
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Tubio 2-10 World K fertilizer capacity, supply capability, demand

and balance 1281[82-1281{88

/million tonsof N/

1981/82 1982/83‘ 1983/84 19784/85 1985/86 1986/87 1987/€6
Capacity 100,8 103,8 108,8 113,8 117,1 118,9 120,2
Supply 62,5 62,4 67,5 70,7 73,2 74,8 75,7
Demand 60,4 61,4 63,7 67,0 69,4 7,8 74,2
Surplus 2,1 10 3,8 3.7 3,8 3,0 1,5

Deficit (-)

Source: Based on paper of the UNIDO /PAO/ World Bank Working
Group on Fertilizers July 1983

..'Lg-



- 38 -

It can be seen {fraom Table 2-5 how little additional
ammania capacity is introduced by developed market economies.
This trend 1is supposed to continue and to become even more
expressed in the future. It can be expected that the increase
in demand in 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 caountries as Mexico, Trinidad, Algeria,
Nigeria, Libya, the Near East countries, Bangladesh, Thai-
land, Malaysia and Indonesia. The USSR will alsac hecome
increasingly important as a sgurce of ammonia and nitraogen
supply. Part aof the USSR production has been already
contracted to the United States and to Western Eurape 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 beinq flared, and where the
investment in infrastructure has been cansiderably advanced,
will also become an important supplier of ammonia and
nitrogen products.

Ammonia trade, however, remains restricted by the fact
that ammonia import is not useful to thase countries which
have downstream capacity for urea, since urea cannot be made
from, purchased ammonia without carbon dio:xide a ay-product of
ammonia production. .

A lot of new ammonia/nitrogen plants will pe built in
large scale capacity units (1000 tpd or mare). However, at
least 20 per cent of needed additicnal capacity, between
1986-1991, i.e. around T million tons of nitrogen in ammonia,
might be established as wmini—fertilizer plants, taking
technical, economic or other advantages reviewed in Chapter
3.2.

2.3.1.2 Phosphate fertilizer

The average growth rate of phosphate fertilizer demand
is expected to be 3I.6 per cent annually up to the vear
1987/88.

The world demand which was 2Z0.9 million tons F;Ds in
1981/82 1is expected to increacse to 8.2 wmillion tons in
1787/88 (Table 2-11).
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Table 2-11 Demand forescast for P

2°5

O, fertilizer

/million tons of P205/

1981/82 1962/83 1983/84 1984/85 1985/86 1986/87 1987/88
Jactual/ . —
Develpped market economies 12,74 12,03 12,68 13,49 14,00 14,37 14,1%
North America 5,01 4,50 4,80 5,30 5,64 5,80 99
West Europe 5,31 5,26 b455 5,78 5,69 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
Developing market economies 6,11 6,28 6,11 1,25 IJ%I 8.2: 8399
] Latin America 2,186 2,14 ° 2,29 2,44 2,58 2,84 3,10
Near East 1,05 1,14 1,23 1,33 1,43 1,55 1,68
Par East . 2,33 2,50 2,70 2,90 3,10 3,30 3,50
Centrally planned economies 12,06 12,60 13,04 13,40 12,%6 14,11 14,47
Asia 3,10 3,28 3,47 3,58 3,69 3,80 3,92
Europe 8,96 9,32 9,57 9,82 10,07 10,31 10,55
All developed economies 21,70 21,39 22,25 23,31 24,07 24,68 25,29
All developing economies 9,21 2,56 10,24 10,8 11,42 12,1 12,91
World total 30,91 30,91 32,49 34,14 35,49 36,81 38,20

on Fertilizers July 1983

Source: Based on paper of the UNIDO, FAO, World Bank Working Gxroup

_.6{-
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According to the FAO/UNiIDO/World Bank Working Group on
Fertilicers, phasphoric acid capacities will develop sub-
stantially in the 1980’s. The capacity aof this gproduct in
1987/88 will reach 7.7 millicon tons F, Og compared to Z29.&46
million tons in 1981/82. "

Phosphoric acid is +*he intermediate {or all tvpes af
high analyesis phosphate fertilizers, such as triple super-
phosphate (TSP) and ammonium phosphat=2s (DAF and MAF).
Production of single superphosphate (SS#) and some marginal
praduct (e.g. ground phosphate rock, basic slag, etc.)
accounting for about 10-12 per cent of the tatal ghosphatz
fertilicer 1is complementary to phaoespharic ac:d based
fertilizers. The production of phosphate fertilizers, the
use of phasphoric acid and other high analysis fertilizers
increase because of their cost advantage. In 1977 approai-
mately 60 per cent of all F, 05 was applied in high analysis
fertilizers, by 1990 this will increase to 70 per cent,
particularly 1if phosphoric acid and its derivatives are
takking momentum in several developing countries. New large
scale capacities are being erected or plarned iy, Morocco,
Tunicia, Senegal, Toqo, Jordan, Feru, Iraqg, Indonesia, etc.
Assuming favourable econamic conditinons they will be suf-
ficient to cover the world demand up to the year 1988/89.

The share aof the developing countries in phosphoric acid
capacity which 1is about 19 per cent in 1981/82 will be in
1987/88 about 29 per cent.

The export availablity of 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 America will ceontinue
to be the leading e:gporter but Africa will increace its share
of the total.




2.3.1.3 Potash fertilizer

The world potash fertilizer demand will increase from
23.9 million tons actual consumption in 1981/82 to 29.7
rillica tons K,0 in 1987/88 (Table 2-12) and the annual
growth rate is expected toc be 3.7 per cent up to 1287/88.

The develapmant of .production will be continued in
countries with rich natural deposits cuch Canadla, U.S.A.,
USSR, Spain, Israel, and the German Demacratic Republic.
Also Jordan and Brazil, with investments being underway, will
join the producer list.

in 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.
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Table 2-12 Demand forecast for K,.0 fertilizer

/million tons of ons/

1981/82 1982/83 1983,84 1984/85 1985/86 1986/87 1967/88
~ /actual/
Developed market economies 11,64 11,08 11,71 12,28 12,83 15.15 13,51
North America 5:43 4,82 5,24 5,69 v14 » 34 ) 58
West Europe 5,24 5,25 5439 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 0,86 0,87 0,88 0,89
Developing market economies 3,03 3419 3,41 3,70 3.90 4,21 4,42
Africa 0,27 0,28 0,3C 0,32 0,34 0,3 0, 38
Latin America 1,32 1,45 1,56 1,72 1,81 1,99 2,10
Near East 0,06 0,06 0,06 0,07 0,07 0,08 0,C8
Far East 1,38 1,40 1,49 1,59 1,68 1,78 1,86
Centrally planned economies 9,26 9,50 9,96 10,36 10,82 11,28 11,74
Asia 0,80 0,70 0,81 0,8 0,92 0,98 1,04
Europe 8,46 8,80 9,1% 9,50 9,90 10,30 10,70
All developed economies 20,10 19,88 20,86 21,178 22 23,45 24,21
All developing eccnomies 3,63 3,89 4,22 4,56 4,82 5,19 5,46
World total - 23,93 23,11 25,08 26,34 27,55 28,64 29,67

Source: Based on paper of the UNIDO, FAO, World Bank Working Group on

Fertilizers, July 1983

an
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2.3%.2 Major technologiczl develgpment in the future

There is a steady process of improvements in fertilizer
chemicals and final fertilizer technologies and this is
likely to cantinue as energy costs risez

The details of the improvement trends are described in
Chapter 3. )

2.3.3 Structural develgpment

Energy cost, inflation and raw material prices will be
the major pressures faced ‘by world fertilizer producers,
primarily in the U.S.A., West Euraope and Japan. In this
connection the advantage has been moving to fertilizer plants
located adjacent to cheap feedstock, although some of this
advantage is being lost due to higher capital/operating costs
and escalating freight costs. The natural resource avail-
ability 1is becoming the prime determirant in project de-
termination.

Many of the traditional faertilizer producers 1in the
developed countries, 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 cf
them export oriented, are appearing in Africa, the Near East
and Asia. The production, based on domestic natural gas of
Algaria, Libya, Nigeria, Tanzania, Kuwait, Bahrain, Qatar,
Saudi Arabia, Bangladesh, Thailand, Malaysia, Indonesia,
etc., will sunply not only the nearby markets but also de-
veloped countries in Europe and/or Asia.

A similar role will be played by the development of the
phosphoric acid and phosphate 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.

As for potash, the U.S.A. has long lost its self-
-sufficiency and 1is dependent an Canada and other countries
for about three-fourths of its agricultural requirements.

Substantial structural changes will take place within

the production structure of the fertilizer 1industry in
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develaoped countries. Present plants, particularly ammonia
units, will be further modified and old plants that cannot
be madified will close.

Q new generation of thermally-efficient plants will
start to appear in the 1980's, due to the need of con-
serving energy, hence, to produce ammonia at a mare economi-
cally attractive level. With the increasing imports of
phasphoric 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 S0, emissions.




3. DEFINITION AND MAIN CHARACTERISTIC UF THE
MINI-FERTILIZER PLANTS

3.1 Jntroduction

The sicte of capacity has been steadily going—up over
the last few decades. The main reason for this has been
the economy cf scale, but in case of ammonia a breakthrough
in technolagy has played an important role, too.

Many of the maodern fertilizer plants have very large
size. These sizes have been reached gradually, thanks to
continucus improvements in technology allowing increasing
scale ecaonomies due to the fact that investments increase
less than proportionally to capacities. A large size unit
is chosen particularly for export oriented plants. Hawever,
prablems during the distribution phase arise particularly in
the developing countries due to the lack of infrastructure in
agricultural areas where fertilizers are consumed. These
problems are bound to increase in the future, considering the
increasing amcunt of fertilizer.

Recently a new_philoscphy 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
materials such as small fields of natural gas, oil or cocal
spread throughout the countrv.

In this connecticn it is suitable to think to set of
snall size fertilizer plant located near to the source and,
possibly, in the middle of an agriculture region instead of
very large plants located in an industrial area.

As for the ammonia capacity, in the 1last 1S5 years the
processes have been developnrd and gradually improved by steam
reforming of natural gas and naphta in plants using centri-
fugal compressors. Standard designs have evolved for three
capacities: 3530-400, 1000 and 1350 tpd.The great majority of
new plants built in the last ten years have Been designed for
one of these three units. The large size unit is sometimes
used In locations where site development costs are high.

For constructing of smaller ammonia plants, China has a
wide-range experience. For more than two decades over 17270
small scale nitrogenous fertilizer plants have been built,
each praoducing S000-20000 tpy of ammonia, and in most cases




using antfnracite as raw materiai. There were magre than 1300
such plants in operation in 1980 and they have supplied about
33 7 of the total ammonia producticn in China in that year.
Besides, China has imported thirteen 1000 tpd units fraom
abroad since the beginning of the seventies.

An engineering firm's data can be also cited by vay of
illustration. Ammonia Casale SA (Switzerland) has built more
than 200 ammonia units during the course of its sixty years?
activity in this field, varying in capacity between 10-1000
tpd, for a total of more than 20000 tpd. During the last
fifteen years the firm has been established 18 ammcnia units
in developed and . developing areas. Ten of them can be
classified into the small-scale category (noct maore than 250
tpd of ammonia) and three of them are large tonnage units,
each has a capacity of 1000 tpd ammonia.

In pursuance with the next list, according to data of
Snampraogetti (Italy) having wide experiences in urea
technoloegy, the firm has built some small-scale urea plants
with capacities ranging from 100 tpd toc T00 tpd.

Location Capacity *  Start up

, trd urea

Italy 70 1944

1taly 300 1971

Spain 300 1971

USA (Texas) 227 . 1980

Somalia 150 under construction
- 100 feasibility stage
= 260 feasibility stage’

2 'l

As shown from this 1list the locations are not con-
centrated in a typical area, hut spread over several regions
of the world. This means that trend is generalized and not
only the result of particular and local canditions.

In the Table 3.1-1 the ammcnia capacities of the world
by main regions is shown dividing them into three rangs=s:
small, medium and large-scaie units.




Table 3.1-1

Number of ammonia plants
(1977)
Capacity (1000 tpy N) Total
Region 10-100  100-2850 250-500 Total capacity
number of plants 1000 tpy
N

North America 43 21 25 101 13 950
Latin America 16 - 4 S . 25 2 723
West Eurape o 36 23 24 . a3 14 S16
East Europe BV &7 24 138 21 578
Japan 9 7 6 22 3 &71
China (1980) 1400 8 13 1421 12 000
Rest of Pacific 20 8 0 28 1 840N

Indian ' v
Sub-Continent 13 14 2 31 4 138
Middle East 6 - 2 14 2 012
Africa - s 4 - 1 - 10 778
TOTAL 1597 174 102 1873 79 214

Source: "Market Study of Mini—-fertilizer Plants for
Developing Countries”.
Prepared for UNIDO by Shu Lin Péng,
Sept. 1982




From the data in Table 3I.1-1 it can be seen that an
overwhelming number falls under the smill-scale category.
This is a result of the special development tendency in
China. Excluding the plants lacated in China, it can be seen
that a 1lot of small—-scale units are 1in operation but
they were built in the 1950's. Since the beginning of the
1940°s the —apacity sizes have been increasing. As for the
highes% capacities, many af them have been established in
developed areas, many times explicitly for expo?t purposes.

In the phosphate fertilizer industry prior ta the decade
of 19S0's the single superphosphate was the principal
phosphate fertilizer all aover the world. Later the more con-
centrated phosphate fertilizers became attractive. .They
requires phospharic acid and therefore, the phaosphoric acid
becomes the principal intermediate raw material of phospghate
fertilizer productioﬁ, playing almcst such a role in this
field (industry) as the ammonia in the nitrogen fertilicer
production.

It makes a good case for that in the past few years
phosphoric acid has been the source of perhaps 90 7 of the
phosphate fertilizer production from new capacities and this
trend is expected ta continue in the foreseeable futura.

The history of the phasphoric acid production by wet-
~-process shows a rapid increase in plant size. Plants built
in the United States in the periocd 1915-1920 had capacities
ranging from 7 to 35 tpd. In the 1930’s with the introduction
of slurry-recirculation system and continuous filtration, the
unit-capacity increased to over 90 tpd F, Og. In 1960 s the
capacity size has reached 600 ¢tpd F Og and later, by the
beginning of 1980's, 1000 tpd B O, in a single stream.

In Jepan where many small phosphnaric acid plants are
still in operation there are 23 phosphoric acid plants. 17 of
them have capacities less than 100 tpd and eight of them ara
under 60 tpd [, Og. .

According to a reference list of Nisgan Chemical
Industries Ltd., the firm licensed about 33 of its own pro-
cess all over the world. Half of them can 8e classified intn
the small-scale category (not more than 2200 tpd % 0,) and
ten of them are under or equal to 100 tpd a Q-

Table 3.1-2 shows the exicsting phosphoric acid capacity
in major regions of the wcrld. .

The large scale units tend to be located near the

phcsphate roack mines, but in some cases near to source of
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sulphuric acid. Tre majdrity of phospﬁqric acid plants are
integrated into downstream fertilizer complexes and therc are
instances where phasphoric acid plants are bui”t exclusively
far international trade. ’ )

ble 3.1-2

Number of existing phaosphoric acid plants
(1982)

Capacity (1000 tpy F Og )

Region . .
less than more than total
100 100 capacity
North America . 18 43 - 11 200
Latin America 10 6 1 3500
West Europe 49 14 4 3T50
East Europe 17 4 & &00
Oceania 7 (4] 290
North-West Africa & 12 2 640
Rest of Africa 10 4 i 070
Near East 9 & 1 600
South Asia 14 2 790
Saouth Easl Asia 24 3 1 300
TOTAL 164 123 31 350

Source: "Market Study of Mini-fertilizer Plants for
Developing Countries”
Prepared for UNIDO by Shu Lid 'Peng,
Sept. 1982.

Buth large—scale and mini units will be established in
the foreseeable future, depending on the local circumstances,
not only in Qlecbal dimansians but in a number of countries
whare the production both on mini-scale and large tonnage




will be effective. ) ) .
Some constraints that is to be considered in decisions
prior 2o setting up mini-plants are:

- a -local market that would be difficult to
supply from a larger but at longer distant
plant, : '

- a limited supply of rauw material(s) at a
‘favourable cost and, possibly, not far from
an 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 naot
duly industrialized.

3.2 Nitrogen fertilizers

1

Ammaonia — being by itsalf an applicable nitrogen fertil-
izer — is the basic material for all commercial nitragen
fertilizers. However, in the agriculture of developing
countries only scolid products'can be considered. The main
types are:

Type o Grade (%)

N - RO - KIO
Ammonium Nitrate (AN) 34-0-0
Urea (U) 45-0-0
Ammonium bicarbonate 17-0-90

Ammonium Sulphate (AS) 21-0-0

The principal solid nitrogen fertili%ers are ammonium
sulphate, ammonium nitrate, urea. Amwgnium sulphate is the
eaziest of the above three tn store and handle, and it has
the advantage cf containing sulphur which is alse a plant
nutrient. But it has disadvantages: its low nitrogen content

and high acidifying effects. However, because of its acid
reaction in the sail, together with its sulphur content, it
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is still preferred in some alkaline soils and for some 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, therefare, a fire risk,
and under extreme conditions it can act as an explosive.
Partly for this easons it 3 aoften sold with limestone as a
mixture, so called *“calcium ammonium nitrate"” cantaining
26-29 per cent N. It is well suited e.g. far wheat and it 1s
preferred in colder climates of Europe and North America.
Urea is free from these hazards. 1t has some tendency

to cake in storage but this can be overcome by suitable
treatment and by control of storage conditiaons. Al though
agronaomically it is a little bit less suitable than AN
because of its volatilisation characteristics that highly
varies depending on soil conditions, urea has neverthleness
become the predominant nitrogen fertilizer. The reasaon is
very simple. The main factor determining the share aof the
market cbtained by each product would be the cost per ton of
nitrogen applied to the scil.

Ammonj um bicafbonggg 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  Pecple's Republic of China only and no experience is
available on its applicability in other countries.

J.2.1 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 praoduction of all
nitrogen fertilizers.

The economy of the ammonia synthesis of the é&arly
1960's was possible due to the reasonable selection of the
raw material used for ammonia synthesis gas production and
the technology applied as well as the increasing the unit-
capacity of the production lina. !

By the beginning of the 1970's ammonia praoduction
with small unit—-capacity based on coal (coke) as raw mate tal
and atmospherical gasification, gave way to plants aof high
capacity, based on steam reforming of ratural gas or highar

hydrocarbons under pressure all over the waorld. The lower
capacity 1limit was set by the minimum capacity of the
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centrifugal compressaors far synthesis gas (400 tpd ammonia
unit at that timej. '

The new process based an hydrocarbon steam reforming is
characterized by catalytic gqas purification (except for CO,
removal) and high energy recovery, generating high pressure
stzam for the process and the turbines of centrifugal
machines. Ammonia plants of 1000-1500 tpd capacity were built
in develgped countries wusing 1inexpensive natural gas cor
straight-run naphta. The ammonia or ready made fertilizer
were in great part shipped to markets situated usually far
awavy. Low cost féed—stock, booming fertilizer market, rapidly
expanding industrial and economic growth, low cost credits
and investment - all contributed to the world-wide caon-
centration of the ammonia production in big wunits and a
highly developed wo-ld market. Process technalagy was adopted
tc the technical level of the industrialized countries and
gradually became more sophisticated. Highest possiblz tem-
peratures, pressures and severity were aimed at 1in the
reforming, higher possible capacities in the whole line. Mo

wonder that when developing count-ies having the necessary

raw materials followed suite, they ran into troubles. Seriocus
delay and cost overruns in project implementation, low
on—stream factors, operational troubles defeated the econamic
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.




3.2.1.1 The "classic" process gf the 1970’s

At the end of 1970's and the beginning of the 198C s
the basic technolagy worked with hydrocarbon feedstock,
mainly natural gas. For syn gas production the steam
reforming became the must widely usad technalagy. The aoverall
reaction in t*is process is:

131 N, + 1.393 1,0 —=

CH, + 0.3035 0, + 1.
2.262 NHy

+
cg, +

So the minimum stoichiometric consumption of CH¢ 1is
383 nm st NHs (4.99 Gecal/t NHs) and assuming that the
tocality of the reaction heat can be recovered, the
thearetical consumptien is 4,45 Gcal/t NHgiproduction.

The process Is based on pressure steam refarming of
natural gas or light hydrocarhbons and concists of the
following steps: 4

- Sulphur removal (if necessary)
- steam reforming

- shift conversion

- CO; removal

- methanation

- compression

- NHs synthesis

In the sulphur remaoval section the natural gas at
medium pressure 1is treated for remaoval of sulphur and light
molecular weight ~hydrocarbons by activated carban and/or
catalytic hydrogenation with adsorption on inQ0.

The natural gas mixed with steam is heated and passed
through a bed of nictel catalyst in the primary refcrmer.
Here +the natural gas ie reacted at temperatures of ap-
proximately 780-800° C with steam. ’

The heat necessary to this endothermal reactvions is
supplied by external heating. The high temperature flue gases
pass through a sophisticated heat recovery system.

In the secondary refarming ccmpresse& air is add=d to

provide for the necessary nitrogen in a Z:1 volume ratio ang
to cover the necessary energy to the completion cf reforming
reactions by the partial ouzidation of the combustahble
components. The euit hot gases enter a high pressura st2am
boiler and from it pass to the shift conversion section.




The <shift conversion 1is carried out in two steps:
— high temperature . .
- low temperature shift conversion in order to
arrive at a low (0.1 - 0.3 %) final CO content.
For the COy removal there are numbers of processes
available. The three most used systems are based on absorp-
tion in water, monoethanalamin or hot potassium carbcnate
solutién. .
The final stage is syngas preparation 1is to remave
CO and CO, traces. This is accomplished in a methanatign
unit.

The gas mixture is compressed and enters to the
ammonia synthesic sections where ammonia is synthetized.

The product NHs is removed from the system by re-
frigeration. The non converted gas is returned to the
synthesis (synthesis loop). Minor part of ‘the gas is con-
tinuously purged to remove the inert content af syngas (Ar,
CH4).

The specific energy consumption is B.S - 9 Gcal/t NHa.

The simplified flowsheet can be seen in Fig. 3.2.1/1.
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3.2.1.2 New tendencies jn_ammonia production '

The oil crisis, the economic slump, the general shortage
of fereign exchange, high transport costs together with the
problems encountered with the jumho plants created a
campletely new world market situation both in fertilizer pro-
ducts and fertilizer plants (see Chapter 2.0

In this new situation, at the beginning of the 1980's,
new tendencies have emerged in the nitrogen fertilizer
industry and first of all 1in the manufacturing of ammonia:

- the price of energy increased dramatically, therefore
the process owviners had to develop new, energy saving
processes, but, now this technical innovation has
been directed towards simpler, less saophisticatad
praocesses and equipment, easier to implement and
less eupensive to operate, therzfare more suitable
for developing countries

- beside natural gas, remaining still the most suitatle
feedstock for ammonia production, long range per-

' spectivity as well as local conditions imposed a re-
turn to the old methods of synthesis gas production
using other feedstocks, 1like caal or electralytic
hydrogen, where intensive R and D work is under way

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

Process deve ments
All the process owners are engaged in ar intensive de-

velopment activity aimed at the reduction of both the invest-
ment cocsts and enerqgy consumption. The indiv#dual situations

may differ but the general tendency ie simgplification and
some well kncwn old methods are renewed.
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The main features of the new developments (few of

passzd the drawing board stage) are:

- Reformer: low steam to carbon ratio, mild reforming

conditions reduce considerably the heat
load, energy reqguirements, 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 saturator - de-
humidifier loop.

- Gas purification: the higher methane content of the

primary reformer exit gas open 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 gas
in the primary reformer. Several puri-
fication steps are eliminated but pure
nitrogen is needed. The second route uses
excess air in the secondary reformer and
after the normal purificatibn cryogenic
separation of the excess nitrogen either
hefore or in the synthesis loop. For COg
removal low-energy processes (mainly
physical absorption) are used.

- Synthesis: New catalysts, converter constructions

- Energy

led to lower operating temperature, pres—
sure and pressure drop, higher yield.
Purge gas recovery systems are used to
improve energy efficiency. Serious con-
sideration is given to ammonia separation
by absorption in water. '

conservation: -Gas turbine, absorptgon re-
frigeration, Rankine cycle are the most
frequently encountered methods to make

the process more efficient. .




- 58 —

As a result of the above general tendencies, several new
process schemes have bsen worked out. All of them are well
suited in principle for implenentation in the developing
countries and particularly for mini-fertilizer plants, but
only after having been proven on a comm2rcial scale.

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

R. Excess air -.cryogenic separation - gas turbine

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

Further energy saving is achieved by installing a gas
turbine driven process air compressor. The oxygen rich
exhaust gases are used as combustion air to reform=r burners.
Nitrogen exceeding the stoichiometric value is extracted in a
cryogenic .unit downstream of the methanation section. This
gives an additional advantage cf inert-free syngas (Fig.
3.2.1/2).




Fig. 32.1./2 Ammoniosynthesis from noturol gos.
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B. PSA - Rankine cycle

An other typical process is well suited faor use in small
ammonia plants and at the same time has an energy requirement
comparable with the most efficient large plants. One stage
(high temperature) shift conversion, PSA purification and
Rankine cycle energy recovery to generate electricity charac-
terize this process, which can be coupled with any synthesis
loop. ' .

The total energy requirement of this process-is 7.3
Gecal/t NHx . Since no CO, separation is included, the process
cannot be wused 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 &4° C in a Rankine Cycle with twa
stages, supplying about 43 7 the total electric power re-
quirements of the process., After cooling, the raw syngas
is purified in &a pressure swing adsaorption unit. The
technology uses nitrogen produced on site coming from an
air liquefaction unit. ]

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

C. Low pressure ammonia loop.

A newly developed highly active ammonia catalyst is the
basic feature of the pracess. Here, the higher methane
leakage fraom the oprimary reformer and excess air in the
secondary reformer giving‘ a non-stoichiometric syngas
composition is used to operate at the front end at a pressure
considerably higher than wusual. Hydrogen recovery fram the
purge gas, in a cryogenic system at the synthesis loop
pressure (80-100 bar) makes possible to Joperate with lcw
inert content in the loop and a higher efficiency per pasc.

The energy consumption is between 7.2-7.4 Gcal/t NHy. (Sce
Fig. Z.2.1/2).
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Alternative feedstocks -

On a world—-wide scale the neariy 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 aof coal or
other alternative fuels. Substantially higher investment and
processing casts mare than offset the lower fuel costs. But
in given 1local conditions, especially in developing coun-—
tries, these feedstocks can present a real alternative or
even the only 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 so dicstant
future where hydrocarbon will not be available or only at
high «costs deploy considerable R and D activity in the
processing of different fuels far syngas, SNG and synthetic
fuel production.

This "situatiaon can create favourahle conditions for
the developing countries: it is reascnable to expect that
the processes now in pilot plant or demonstration plant
stage will reach commercial maturity in the next few years
and will be available as proven methods for the mini-planis
on sites where natural gas is not accescsible.

From the point of view of the mini-plant concept anly
two alternative feedstocks have to be cansidered: coal (and
heavy residues) and electrolytic hydrogen.

Coal as raw material for NHxy produciion is not a new
idea. Pricr to the Second World UWar nearly all synthetic
ammonia production was bDased on coal (or coke). Most or the
mini-plants realised in the People’ s Republic of China in the
last twanty years rely also aon coke or anthracite. Leaving
aut of consideration the old, less efficieq& processes, like
the blue water gas method, several gasification processecz
have been wused commercially. All of them use oxygen and can
be classified according to three diffarznt parametars:

- pressure

- temperature and
- reactor type.




Pressure. All old processes, except the Lurgl one
worked under atmcspheric pressure. The necessary caompression
work up to arocund 30-40 bar, the wusual starting point in
natural gas based plants adds another serious econamic dics-
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 heavy fluids
(residues) but for solid macter, like cocal, even in experi-
mental stage, only slurry (cozl suspendacd in water) can be
considered. , Nevertheless, intensive research work is going an
to adagt other technics like the Winkler and Foppers-Tot:o=k
to medium oressure operation. rowevzr, n3 commercial plant
exist

Temperature. Amcng the processes, low temperature and
isigh temperature ones can be found. Low temperature gasi-
fication 1is easier, nceds simpler equipment, but the gas
prcduced contains many  inconvenient impurities aiso a high
propcrtion of methane.  Expensive and often corrosive
purification steps must be wused. The “ash™ leaving the
reactecr containes ennugh combustible matter tor making manda-
tory its utilication in some beiler facility.

High temperawure gasificaticn can produce a raw syngas
free nf tar and similar products with acceptsble methan
content, but poses serious equipment, construction matorial,
dosage (burner) ani ash problems. &olid ash removal (under
the melting point =+ tha asgh) and slayging processes are
equally used. Even at the highest tesperatures (15090° [0) qord
gasification efficiency can be expected oaniy with reactive
coal types. '

Reagtor., Canventionally there &re three basic cate-
gories:

- fluid wed reactor (Winklar p.-ocuss)
- fixed or slowly oving bed rez;tor
(Lurgi nrocess’ ¥
- entrasired bed reactor <(Koppers-

~Totzek and Texazo pracensas).

P,
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All praocesses are heavily dependent on the coal quality.
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 can refer to
realised and operative commercial plants. Theretore in this
study no individual description of the different proceszes
will be given. Instead one high temperature entrained fed
coal gasification and a heavy o0il gasification process will
be presented telow for illustration only.

High temoerature entrained bed coal gasification

{under pressure)

Coal slurry is gasified under pressure (20-100 bar).
Typical gas composition from the process:

co 34 Y
H, 346 %
Ca; 11 %
Others 1 %

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

. Heavy oil gasification

The #low scheme of the process appears in Fig.3.2.1/5.
The preheated oil, oxidant (oxygen or enriched air) and steam
are mixed in the combustion chamber and fed inta reactar. 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 reactor carriec a great
amount of sensible heat. Where gasification is performed 'with
oxygen, about 2.8 t of steam are produced in the waste heat
boiler for every ton of ail gasified. The carbon content of
the crude gas leaving the boiler i3 eliminated by a special
water wash system vielding pumpable cdrbon slurry and

virtually carbon free gas. For further purification tc male
ammonia =yngas the usual adopted prccess will be adaopted.
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Fig. 3.21/5. Heavy oil gasification for ammonia-synthesrs gas.
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N 51 lities of coal gasification

for mini—-plants

Autothermal partial combustion was always performed with
either pure oxygen (95-98 %) or enriched air (around SO %
0,), although the reaction cauld have been carried ocut with
normal air also. In this case, however, the nitrcgan
introduced with the necessary quantity af air could be far 1in
excess of the 3:1 hydrogen-nitrogen ratio needed in the final
syngas. The new ideas described above (working with eicess
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 yet been tested, but eccnomic appraisal 1s
promising. The flowsheet 1is very simple: (Fig. Z.2.1/8)
entrained bed non-catalytic partial oxydation under pressure
with preheated air and steam, heat recovery, removal, <hift
conversion, desulphurisation, CO, removal (eventually in ane
step), drying (molecular sieve) and condensation of the
excess nitrogen could deliver a pure 3yngas to the ammoni 2
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 pracess
could be applied for other feedstocks, too.




Fig. 3.2.1./6. Ammonia-synthesis gas from oiternative feedstock by air
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fAmmonia 4[gm.electrolxt;c hydrogen

Water electrolysis as a basis for ammonia production
can be compatitive only where abundant and cheap electric
power is available.

The nitrogen requitved is produced by air separation.

Although the hydrogen 1s very pure, its very small
oXxygen content has tao be removed by means of catalytic
caombustion. -

Comparing to the production of ammonia from hydraocarbon
feedstock this route is much simpler and does not contain
any camplicated process steps operating at high temperatures
and pressures — apart from the ammonia synthesis unit, which
is the same for all processes. Nevertheless, the investment
casts are high. Recent development works on new electrolytic
cell types (membrane) are promising: 1t seems reasonable to
expect competitive investment costs in a few years time. On
the other hand the very high energy consumption: 10 MWh/t
NHy will remain in the same region: more than 20-30 % saving
seem not possible ta achieve. This, calculated with a facter
of 2700 kcal/kWh means 27 Gcal/t NHy, roughly three times
more than the value of 8-9 Gcal/t #MH3y wusual for nowadays
plants.

 Electrolysis wunder pressure, another field of R and D
activity would save the enei'gy needed for the compression of
hyarogen. . .

In any' case, this process will never be competitive if
boher is produced in a thermal power plant. Where hydro-
electric power is available at low cost due consideration
should be given to this alternative. The calculations showed,
that anly if electric power is available for 3-14 dollar/Mkh
can this method be competitive.

In this connection, it is necessary to emphasize that
an ammonia plant must be built for several decades of
operation. In some cases at a remote lacation a hydroelectric
power plant {3 built and at the beginning no industrial
user is *here and electrification of the country =eems
rather remote. In this situation e.g. an ammonia plant is
built on chean electrolytic hydraogen. In a few years time
accelerat.d industrialisation cnd electrification takes place
and a shortage of pawer results. The newcamers can  afford to
pay substantially higher prices for the power than the
ammonia plant, so this latter either must follow suite and
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become uncorpetitive or bear the cost and inconvenience to
convert the glant to some other feedstocks. Several de-
veloping countries (e.g. Egypt) had experienced this si-
tuation.

Mini ammonia plants

The general situation of warld econaomy, the currency
problems, transport costs, experience in developing countries
with either jumbo wor mini-plants, the recent developments
etc., iustify to seriously considere the mini-plants as a
viable alternative +for the developing countries entering in
the fertilizer production field. X

The caoncept of mini-plant in the case of ammonia pro-
duction means today a plant capacity aof 100 to 2350 tpd; in
spite of the fact that these capacities were considered as
big units in the 1950's.

The new develcpmerts described above are faviurable far
th2 mini-plants: higher specific costs would ozcur if ttie
same flowsheet was used. Simplifications (lower steam pres-
sure, less- demanding BFW specifications etc.) can more than
offset these higher costs. Reciprocating compressors are more
expensive, but have better efficiency. So it became possible
to devise new flowsheets for mini-plants having competitive
specific parameters vith the big plants. These flowsheets
will be worked oaut in detail and proven commercially only if
the interested contractors will be percsuaded that an adequate
market justifies the expenses invalved. Nevertheless even
now, on the basis of the information gatbered it was possible
to present twao alternatives. The first is presented for a
150 tpd plant, the other for a 250 tpd ane. The capacities
serve only as examples, s:irce around these values the
economics will change only slightly. It must be emphasized,
that these are not "chosen” or “recommended" fi: capacities,
but serve cnly as examples far the economic calculation. Any
sther capacity around this values, say betwszen 100 and
230 tpd can be realised. It seems thaf  the firet, less
efficient (higher energy consumption) flaowsheet (the classic
cne without sophisticated heat reccvery system) is more
justified for smaller units, while the second, represented on
Fig. 3.2.1/7, wusing many of the new ideas viould be mor=
easily adapted to the higher half of the capacity range of
mini-plants. ‘




This flowsheetv promises better performance than the
majority of 1000 tpd plants uoperating at the moment, in
spite of simplified design with saving on erected costs
and with all electricity generated internally. The water
system {s 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 480° C the refornmer.
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 szcondary reformer is uced
to raise 45 bar steam. For acid gas remaoval the MEA washing
is chosen for excellent performance and for column of
moderate dimensions. After compressicn the methanation aof
the remaining CO is performed and after cooling the gas is
dried before mixing with unconverted laop gas at the entry tao
the circulator. The ammornia locop is very simple. The
converter feed is heated to 255° C oefore enteri.g a single
bed converter. )

" Heat is recovered as 45 bar steam for hot gases leaving
the converter. The cooling, respeztively chilling is in two
stages to condense aut the product ammonia.

The total energy requirement of this process 1is
8.3 Gcal/t NHj.
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Technical and econgmic evaluation

. In order to assess the competitiveness of the mini-
-plants, battery 1limit 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 Tahle 3.2.1-1 ser sed
for the economic appraisals. ‘

Using the process data of Table 3.2.1-1 and the method
descrited under Chapter 1.1, the following results were
obtained faor the ammonia praduction (Details and calculations

"can be found in Arnex 3/1).

« Total investment costs including offsites and the
derived total specific investment costs are summarized in
Fig. & 2.1/8 and 3.2.1/9.

Factory gate cnsts (including 1S % ROI) of ammonia pro-
duction per ton of NHy are presented for the different
alternatives in function of the feedstack 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 price was computed.




Table 3.2.1-1

Battery limit costs and consumption figures for ammonia production

Product: Amnmonia

Nominal capacity

/developed site/

150 t/a 250 t/4 . 1000 t/4

~ natural fuel 0il coat natural fuel o0il coal natural fuel:-oil coal

gas gas gas

Battery limit cost ) 4 20 23, 32 27 31 43 100 115 160
Distribution of in- |
vestment cost:
- licence, know-how - % 2 2 2 2 2 2 2 2 2
- engineering % 16 16 16 16 16 16 16 16 .16
- eguipment and ‘

Zachinery % 53 53 53 53 53 53 55 53 5%
- civil engineering ‘

:nd erac%ion % 29 29 29 29 29 29 29 29 29
Materials and Utilities |

onsumption/% 2 N
Feed eud fuel 10, koal 7,5 7,8 12,0 8,4 8,7 12,8 7,2 8,24 10,3
Power k#h 815 00 1100 © - - - 72 80 100
Cooling water m3 515 550 800 300 320 545 120 160 171
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

-1(1_-_



Fig.3.21/8 Total(T.i) investment costs for various ammonia plants
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Evaluation
General

1) Taking into account the generalized approach based
in factors and not an actual conditions the results should
be considered as tendencies and approiimations and relative
values not as exact figures. This is valable through all this

tudy.
Specific investment

2} The advartage in favour of the big plants is still
otse: vable at the developed site, although not really
.s{gnificant. In all other casaes the differences can be
safely considers+d to fall within the accuracy limits. For
dzveloping countriss mini-plants will not involve bigger
canital coets as the same capacity realized in big units.

At remote locaticons, the wrost probable sites for mini-
-plants, these can be realised with lass specific invest-
ment as big units at the same site, but will still cost
nzarly two times the specific investmant of a big plant in
a fevelauped site.

‘ 3, Feedstock  nas a strong influence on the investment
cost, with roughkly the same effect on all sites and
caranilies. :

Producti:cn costs

4) P-pduction costs of the wmini-plaris at remota site
is competitivne with the big plants at the same site and thz
advantagz in favour of the big plant in developed covrntries
i Jess than the transpcrt costs.

=) Feedatock price has a strong effect on the pro-
ductian costs, but capital costs are dec:i:sive: coal based
arocacses can be competitive only with one tentn of feadstock
price (on neating value basis).

&y The big differznces between 150 and 250 MTFC
capacity plants veflect not the effect of the capacity
factor hut that of ke flowsheet. Many «$wprovements and

devolopment introduced into the bigger capac:ty flowsheet 7o
not consicdzrod in the cmaiier one. [t can ge sunposued, that
the smaller plants - if “nough domard waill justify it - wl’
undergs  similar techrical impravements ard  will arrive ot
rear'y the scame lvvel o) competit.ooacss as the 2590 MIrD
plants.




3.2.2 Urea .

The industrial-scale manufacture of urea from ammcnia
and carbon dioxid involves two separate reactions. Initially
the two reactants combine to faoarm ammonium carbamate, from
which a molecule of water is then eliminated to give urea.

CO, + ZINHs T——= NH,COONH,
NH, COONH,=——= CO(NH;), + H,0

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

In a typical reactor only about &0-70 % of the stoichio-
metric mixture of ammonia and carbon dioxid will be converted
tc urea. It is necessary to separate product urea from un-
reacted carbamat in the solution leaving the reactor. This is
daone by decomposing ammonium carbamate to carbon dioxid and
ammonia. The main differences hetween the different processes
lies in the method used for this decomposition. The old once-
-through and partial recycling processes are practically not
used any more, oniy di fferent versions of the taotal recycle
process and mainly the stripping methods can be considered

-for new plants. _
-7 In the total recycle stripping procecses NHs'or CO, or
both can be used as stripping agent.

Stripping at synthesis pressure reduces considerably
the onercus +flu.d pumping operations and greatly improves
the heat recovery. Stripping with CO, was First used,
followed by ammonia and two steps, ammonia and C0, stripping
methods.

Practical plant capacity are between 3I00-1700 ¢tpd and
the technological nrocesses are in this capacity range
essentially the same.

The Fig. 3.2.2/1 shows a typical ¢total recycling
ztripping process. At the synthesis condition ( T = 180° c,
F : 130 bar) the carbamate producing rea:tidn occurs rapidly
and does to completion., The uwrea reaction occurs slowly.
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From the reactor the mixture flows to the steam heated
stripper, where, as stripping medium COz is introduced to
decompaose the unreacted carbamate and the gases are fed ta
the carbamate condensers, while the saolutior flows to the
rectification tower and a heater where at 3-4 bar pressure
the remainder of the carbamate 1is decomposed. The gases
condernsed will be recycled, while the urea solution will be
evaporated and the water free melt prilled in the prilling
tower.

The urea plants have ta 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 realised using an ammenia solution in water and
the resulting liquor is introduced directly in the urea pro-
duction. Since it does not seem advisable to gropouse for
developing countries commercialiy not proven processes, this
method was left out of consideration.

Based. on a typical urea process, for this study, three
plant sizes were considered, corresponding to the ammonia
plant sizes selected in Chapter 3.2.13 260 tpd, 440 tpd ana
1700 tpd urea respectively. The main battery limit invectment
and consumption fiqures computed are summarized in Table
3.2.2-1, while the total and specific investment ~osts and
factaory. gate prices in Fig. 3.2.2/2 and respectively
¥ig. 3.2.2/3. The detailed calculation can be found in
-Annex 3/1. R

- Taken into account the approximative nature of the data
and methods used, it can be concluded, that the differences
between the capacities are within the accuracy limits.
Neither for specific investment costs, nor for factory 'gate
prices, no economic disadvantage can be deduced far the
mini~plants against the big units or the same sites.

The much more marked differences caused by the rauw
material used and its price reflect only<fhe ammaonia price
mavements. .

For the nitrogencus fertilizers it =eemed advisable to
consider the econaomic conclusions together for all of them.
Therefore farm gate prices and evaluation wi®'l be found
at the end of chapter 2.2 (2.2.7).
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Tabl‘ 2 . 2. 2-1

Battery limit costs and consumption figures for urea yfoduction

Product: Urea /developed aite/
Nominal capacity 260 t/a 440 t/a 1700 t/a
Battery limit cost My 10,8 | 16,4 48,0
Dietribution of invest- ' '
ment cost: - , SO
- licence, know-how % 23 23 23
- engineering % 12 12 . ' 12
- equipment and - '
machinery ] 52 52 , 52
- ¢ivil engineering
and erection % 33 33 : 33
Materials and Utilities '
Tonsuaction/t urea:
N5 kg 570 570 570
Co3 kg 755 ' - 755 ' 755
HP® steam kg 920 900 840
Power kWh 150 140 . 130
Export steam LP kg - - .. 50
Cooling water m: 70 70 60

Labour men/shift 5 5 5

- -zg -
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yF18.3.2.2.12. Total (Ti.) and specific (Sp.i.) investment costs for various
TiM$ | urea plants
1 Developed Site Developing Site
West - Europe Seaside Remote
location location
1004
50
' o
1 .
Sp.i $1t 1y : '
] 260t/  440t/d 1700t/ 26Ctid  440t/d 1700 t/d 260t/d  440t/d 1700t/d
250
j -
200/
1501
120
260t/a 440t/id 1700t/d 260t/d  440t/d 1700t/d 260t/d 440tid  1700t/d  rom. cap.
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3.2.3 Njtric acid

Nitric aéid‘nti"pfoduccd froﬁ"ammonia in'thrni steps:
- combustion of NHz with air on catalyst, according tn the
* $ollowing equation to nitric oxide

4 NHg + SOp===4NO + 6 H,0 + 216 kcal
~ oxidation of nitric oxide to nitrogen dioxide

} 2 NO + 0, —> 2NO, + 27 kcal

~ ubsorption of the nitrocgen dioxide in water to ‘make

_nitric acid, wusually 50-48 % strength according to the
reaction: :

4 NO, +0p + 2H, 0 =4 HNOs + 0,8 kcal

- Low pressure is advantageous for cambustion of ammonia
because of.low catalyst consumption but it is unfavourable
for the absorption because of the low concentration of the
product acid, the low efficiency of absorption and high MO
content in the tail gas. :

 The available processes fall in two main groups:

- single preisure processes and
- dual pressure praocesses.

" In the single gressure processes, combustion, oxidaticn
and absorption all take place under the same pressure.
According to the pressure chosen, high pressure (7-15 bar)
and medium pressure processes (2.%5-5 bar) are available.
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In the dual pressure processes the oxidation pressure of
MHy is held between 2.5 - 4.5 bar. At this pressure the
burner dimensions are appreciably reduced compared with
aimoépherid pressure operation but the conversion of NHy is
nevertheless high, of the order of 97 %.. Consumption of
platinum remains as low as at 100 mg/t HNOs. The oxidation
and absorption of nitrous gases are carried out at a pressure
between 7-15 bar. It is possible to achieve yields of 99.5 %
in the abscrption stage within the economic limits an
absorp:ion column size. This yields corresponds to a residual
nitrogen oxide content in the tail gas of 3500 ppm by volume,
but it is possible to design plant for tail gas cancentra-
tians as low as 200 ppm without catalitic tail gas treatment,
by extending the absorption system.

' We give here a typical flow sheet (Fig. 3.2.3/1) 4feor 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 aof process
conditions careful consideration of 1local conditions will
decide. Small capacities as well as the very big ones give
some- preferences to the single pressure processes.

.Table 3I.2.3-1 summarizes the average values for three
di fferent sizes (always éorresponding to the ammonia plant
sizes) for battery 1limit costs and specific consumptions.
Fig. 3.2.3/2 summarizes the total and specific investmant
costs for the same sizes. Here also can be seen that the
advantage of the big plants exists only at developed sites:
for situs lacking the necressary infrastructure even the
specific capttal costs are on the same ievel for both big and
small plants. . .

Nitric acid being an intermediate prnduct, evaluation
will be given for the product fertilizer only.
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Table 3.2.3-1°

Battery limit costs and consumption figures for nitric acid production

Product: Nitric acid

Nominal capacify

/developed site/

1800 t/4 -

300 t/d4 500 t/a
Battery limit cost 1744 20 30 90
Distribution of invest-
mant cost: v
- licence, know-how % 3 3 3
- angineering % 3 8 8
- aquipment and
machinery % 61 61 61 :
- civil engineering &
and arection % 28 28 .28 K
Xaterials and Utilities
30nsumg§10n7t nitric acid:
NH3 ) k% 280 280 280 .
Process water - m 0,3 0,3 0,3
EFW m° 0,63 0,63 0,63
Pt q 0,13 0,13 0,13
Cooling water m° 111 111 111
Power XWh 13 13 13
Steam credit LP t 0,4 - 0,4 0,4
Labour \ men/shift 3 3 3
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£i5.3.23./2 Total{T.i) and snecific (Sp.i.) investment costs
for various nitric acid plants
Developed Site Developing Site
West -curope Seqside Remote
location location
T
M$ 1
2501
]
200+
150 -
1
100 -
50 |
1 M
Sp 1. | 273td 455t 1822tid 273tMd 455tKd 1822t/d 273tid 455td 1822td
Y0
500 -
400+
300 -
200 W 1
273tid. 455t d 1822t d 273tid  455tKd1822¢/d 273t/1d 455tKd 1822t1
nomipal capacity
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3.2.4 Ammoniuh'nitrgte gng'geu,

'Although the latest _ten or twenty years showed a net
tendency toward urea, the renewed interest in small scale
plantes put ammonium nitrate in the fore front. i

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

- the process is completely independent of NHy
- production (the urea production needs CO,
toa).

- 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.q. that aof urea, therefore
fcr the AN process route the scale down is
more advantageous - or at least less dis-
advantageous.

- Bath nitric ' acid and AN process allow for
wide flexibility: instead of pure AN, CAN
{calcium ammanium nitrate) NP and NPK fer-
tilizers can be manufactured in the same

- plant.

- Transport ces:s wiich are 35 % higher for AN
than urea have lzss weight with small plants
serving local market, than with large export
oriented plants.

- Storage and bagging problems are less marked
with mini-plants, ‘

Industrial AN production includes two subsequent
steps. Weak nritric acid is . first reacted wich NHx and by
partial or complete utilization af the heat of reaction, the
water content of the weak acid 1is evaporated to produce a
melt.

This melt is in the second atep solidified and
granulated either by prilling or by some other granulatior
techniqua.
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In the first step the 1individual industrial processes
differ in the choice of reaction conditions (temperature,
pressure, heat utilization) and construction details. The aim
is to achieve max. heat utilization and/or assure safe
operating canditians. -

The szcond step is identical with any other granulation
technique. Prilling, pan or drum granulation can be equally
used.

Large capacities give preference to the prilling
methaods, the medium ones to the drum granulations while the
small ones usually tend to use the nan 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 variable N content,
less prone to caking, less acidifying ta the soil and
cansidered 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 eixtensive
heat recavery systems are not justified and even small
material .losses can be tolerated without any pollution
praoblems. :

The battery 1limit investment casts and specific can-
sumption figures are summarized in Table 3.2.4-1, while Fig.
3.2.4/2, while Fig. 3.2.4/3 give the total and specific
investment costs, factory gate prices all for the usual three
capacity cases. Details can bhe found in Annexz 3/1.




Fig. 32.4/1. Production of AN With neutralization under pressure
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_ Table 3.2.4-1
Battery limit ccsts snd consumption figures for AN production

Product: Ammonium nitrate /dGVClOPCd 81‘0/
Nominal capacity 360 t/d 600 t/4 | 2400 t/a
Battery limit cost Mg 7,5 ' 11,2 33,6
Distridbution of invest- '
ment cost:
- licence, know-how % 3 . 3 3
- enpineering % 14 14 o 14.
- equipaent and : . ,

machinery % 51 51 | 51 |
- civil engineering ' ' '

and erecticn % 32 32 . 32 9
Materials and Utilities | ‘
Consumption/t AN:
NHy kg 205 205 205
HNO kg - 768 768 768

; ' 32
Lime . kg 32 32
Coating agent kg 10 10 10
Anti-caking agent g 1 1 1
MO k? 3’3 3.3 3'3
Cooling water m 48 28 ' 38
Power kWh 23 23 - 23
Steam kg 240 240 240
Labour

men/shift 4 4 4




Sp.id/tly

Fig-324/2 Total (T.i)and specitic (Sp.i.) investment costs for various

ammonium_nitrate plantg

Developed Site Developing Site

West - Europe Seaside
tocation

Remote
location

140 4
130
120
110 A
100 4
90 -
80 -

60-

355t/d 591t/d 364tid 355t/a  531t/d 2364 t/d

355¢t/d 591t/d 2364t/d
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355t/d  S91+!d 2364 t/id 355t/d 591t/d 2364t/d

355 ¢+/d 591t/a 2364 t/d

nom. cap
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J3.2.5 Ammonium—gigarnggggg

China has built many small-size ammonia plants producing
ammonium bicarbonate as fertilizer. The inteagrated ammanium
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 obtain a

solid nitrogenous fertilizer - ammcnium bicarbonate -
directly from ammonia without further manufacturing process.
While ammoni u. bicarbonate may be regarded less

favouratle tharn other nitragen fertilizers, this producticn
requires less equipment, less investmer- casts. The technical
expertise and training required by operating personal need
not be as great either as the plant is substantially less
complex and easier to operate.

In the first process step the anthracite is gasifiad
with air and steam abaove 1000° C and after heat recovery,
cooling and dust removal the gas produced 1is fed to a
desulphurization section in which hydrogen sulphide is
removed using aqueous ammonia. The gas leaving the de-
sulphurization section is scrubbed with water and compresced
to 7 bar befsre the CO is converted to CO; and H, at 400° C
in a high temperature shift converter.

<0, is removed from the gas next in a carbonation tcwer
by reaction with concentrated aqueous ammonia. This produces
a suspension of ammonium bicarbonata crystals which are
subsequently separated and recovered as product.

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

The Chinese experiences demonstrated hhat these ad-
vantages are more than offset by the storage, handling and
packaging difficulties over 25000 tpy ammonia capacity which
they consider as the upper limit for the economic implemen-—
“ion of this process. )
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) This small size (l=2ss than half of the lowest capacity
considered in this study) and the _fact, that ammonium
bicarbonate was not yet used as fertilizer outside the PRC,
and according to the recommendation of the Lahore con-
ference (1), extensive agricultural testing is necessary
pefore any definitive opinion could be formed over th2
applicability of this product in aother countries, this study
do not attempt to asses its economic advantages over the
other products.

3.2.6 Ammonium sulphate

Synthetic _ammonium sulphate is producad from ammania
and sulphuric acid. The reaction is very exothermic and
therefore the heat recaovery is a decisive factaor in tke
process economics.

A process praoblem 1is the control of the ammonium
sulphate crystal size. Réegulating the water evaporaticn and
the slury circulation rate give the necessary combinaticn
of cooling/evaporation- effect and slurry parametercs for
optimum crystal size formation.

Ammoni um sulpﬁate is also produced from coke oven gas as
a by-product. Many of the bitumirous coal used 1in cahke
production contain 1-2 % nitrogen and appruosimately 15-20 %
of this quantity is recovered as ammonium sulphate. Ancther
source of by-praduct ammonium sulphate is the production of
caprolactame, basic material for nylon fibres.

In the past years ammonium sulphate, once a r-efr-
fertilizer has lost much of its attractiveness. #A 1
sulphate production for the developing countries c. be
economic only when local sources for sulphur are avail.ole.

(1) Sesinar on sini fertilizer plant. Lahors, Pakistan.
15-20 Movesber 1992, orqanized by UNIDC.




3.2.7 General assessment

Figures 3.2.7/1-2 sum up in a more comple: way the data
for the two most important fertilizer products: wurea and
ammonium nitrate, giving the compounded investment and pro-
duction costs. .

Figures 3.2.7/3 and 3.2.7/4 represent the farm—-gate
prices in the developing countries for each case inves-
tigated.

These prices include, above the value at factory gat=
(calculated with 15 per cent R.0.I.), also the distribution
costs <from the factory gate to the farmer, with the cost
factors and values indicated in Appendix 3I/1. Here, however,
it was necessary to consider alsoc the posesiblz dimensians
of the cdistribution area (which depend on the plant capacity)
and alsa the level of fertilizer applicatian, i.e., the
amount of fertilizer used per 1 ha. :

It has been supposad that a small plant has a
distribution area of 100 km in diameter and the big plant,
00 km in diameter. The graph shows also the farm gate prices
for imported fertilizer in a region of 100 km, and 3200 im
dia.respectively; these prices have been deducted from tha
costs of a European natural gas based big plant (natural gas
price S0 and 100 US I)q:\llar'/ld5 w ) respectively, incrzaszed by
the costs for sea freight, plus in the case of remcte
location, road transport costs finally distribution costs
characteristic for a supply region aof identical dimensions.

Thus, it may be read from the graph whather the
fertilizer costs at farm-gate are similar, better or les=z
advantageous than those of imported fertilizers.
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Fig.32M Potal (Li) ond specilic (Sp.i) nvesiment costs for various
ommonio -urea complexes
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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 goaods, when based on natural gas.

2) ammonia 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 plants.

%) Ammonium nitrate production needs higher investment
and therefore has higher production and farm—gate prices
than urea in evéry case investigated, but the differances
tand to become smaller with decreasing capacity.

4) Although a generalised, average based calculation
cannot produce exact figures for givea actual cases, the
above results demonstrate unequivoca’ly that mini-fertilizaer
plants can be competitive both witn imported products and
with big plants erected in the coun’.ry.
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3.3 Phosphate Fertilizers

Introduction

Fhosphate 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  methads (e.g. thermo-phasphates), will te
successful only with a small category of phosphate racks.
Most ores require chemical treatment.

The nitric acid route is not convenient far the mini-
~-plant concept: the necessary investment 1is higher, the
sophisticated process poses the highest challenge on the
operating personal and the product is unfavourably 1limited
in the N:P ratio to minimum 1:13 higher phosphorus cantent 1s
not possible. Water soclubility - although a much dicscussed
propriety - is also limited.

Sulphuric acid based processas are simple, easy tc
install and run. Therefore, for the purpose of mini-plant
study, only sulphuric acid route will be considered.

The two important basic-products eére sulphuric and
phosphoric acid. The sulphuric acid 1is needed in all
phosphate processing plants either for phosphate processing
plants or for phosphoric acid productian or a basic rawv
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 consists of sulphuric acid and normal (single)
superphosphate (SSP) processes. The basic unit is the
sulphuric acid plant with a capacity of 200 tpd (86000 tpy).
The capacity of normal superphosphate (SSP) plant is defined
by its sulphuric acid consumption: 3S00 tpd (160000 tpy),
single superphosphate.

The second . process line involveé} sulphuric azid.
phosphoric acid and triple super phosphate (TSP) proceszess
and in this zase the phasphoric acid plant is the basic unit.

The third process line includes the sulphuric acid,
phozphcric acid and ammonium phosphates pProcessess tha
phospharic acid plant ic the basic unit in this case, taon.

According to the process lines doscribed abocve, the inain
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types of ghosphate fertilizers are the follawing:

Type . Grade (%)
Single superphosphate (SSP) 0-18-0
Triple superphaosphate (TSF) 0-46-0
Monoammonium

phosphate (MAP: 12-82-0

Diammonium phosphate (DAF) 18-45-0

The capacity considered for the phosphoric acid plant is
200 tpd (58000 tpy)., defining the capacity of the other
plants; sulphuric acid (600 tpd), TSF (S00 tpd), MAP (275
tpd), DAP (425 tgpd). Consequently, the plants with the abav.e
mentioned capacities will be concsiderad in this study as
mini-plants. .

Irn contrast with the nitrogen industry in the whole
phosphate industry mini-, small, medium and big plants
operate all over the world and new projects are implenented
continuously with every possible capacity. The process flaw-
sheet and equipment used are similarsj only a few simplifica-
tions <can he obcserved with the smaller sizes. It is only
the phaospharic acid plant where with the mocern up—-ta-date
technics require a minimum size (although this 1is also
flexible) 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
claose to the linear.

The capacities considered are thus typical eamples
only and any capacity justified by local canditions can bhe
adopted. The econamics influencing the Ydecizion will b
dealt with at the end nf the relevant chapter.




3.3.1 Sulphuric Acid

This 1is the basic product for any phosphate fertili-—:er
production. While rock and uven the raw material for this
acid production can be imported, acid itself must be locally
produced. .

As {(t was mentioned earlier, a mini-plant with a
capacity af 200 tpd (66000 tpy) 13 considered for the
normal superphaosphate line and another with a capacity
of 600 tpd (200000 tpy) to supply the phosphoric acid plant.

Raw materials may be:

-~ Elementar Sulphur or
- Pyrites ar
- Non—ferrous metal ore processing.

The last case can be excluded from the mini-plant
concept, since the capacity of the sulphuric acid plant
will be set by the quantity of the by-product gases aof the

ore processing unit.

3.3.1.1 Elementar Sulphur Based Sulphuric Acid Process

The molten sulphur and dried air are introduced intoc the
sulphur furnace (Fig. 3.3.1/1), where the sulphur burns with
the oxygen to form gaseous sulphur dioxide, with the libera-
tion of considerable heat. The hot gases leaving the furnace
pass directly into a waste heat boiler, which generates high
pressure ateam and thereby couls the gases.

The cooled gases pass in the converter, where sulphur
dioxwide in the presence of air is canverted +*a sulphur
triozide. The gases leaving the converter are ccoled and
introduced into the absorption system, where the sulpnur
triozide 1s absorted in sulphuric acid. Water is added to the
circulating acid ta control the zoncentratiaon of the acid.

Product acid is withdrawn from the circulating system
and will be available for further use.

Since similar techniques are usea for the production of
acid frow various sulphide oares, ard™®fcr mini-plantz,
practica’ly only pyrite can be taken inta account. This study
will diswuss a process typical for wu-e af pyrite ‘(Fig.

3.2.1/72).
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3.3.1.2 Sulphuric Acid from SulphidefOrgg

The pyrite 1is roasted to form the sulphur dioiide, and
the gases must be cooled down far further treatment. Then
follaows dedusting of the gases, hereafter the gases pass wet
scrubbing and cooling. Further steps are drying, conversian
and absarption of the gas.

The solid raw material containing several impurities and
giving a gas charged with solids imposes a purificatian
system which 1is much more complicated, difficult and
expensive as the very simple one used with brimstone feed-
stock. This and the ore and roasted calcine'handling and
storage equipment involved raise the battery 1limit 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 Acid’ (100 % H,SO,}

Numinal capacity: 2ec t/d L00 t/d
million dollar
Battery limit cost 6,7 12,5

Distribution of in-—
vestment cost:
- licence, knaw-how % 3z 3
- engineering % 18 18
- equipment and

machinery A 4z 47
- civil engineering

anag erection % 346 Z6

Materials and utilities

consumption/t H, S04

-= Sulphur t 0,33 0,33
- Process water t 0,15 0,13
~ Electrical power kWh 50,0 S0,0
~ Cooling water

circulation t 27,0 37,0
- Gross steam pro-

duction t 1,2 1,2

Labour men/shi £t 4 S




Table 3,3.1-2

Battery limit costs and consumption fiqures for

sulphuric_acid production based on pyrite

(develaped site)

Product: Sulphuric acid (100 %, H;S0,)

Nominal capacity

Rattery limit cost
Distribution of in-
vestment cost:

- licence, know-how %
- engineering pA
- equigment and

machinery’ . YA
- civil engineering

and erection kA

Materials and utilities
consumption/t H; S04

- Pyrite (44 7 S) t
- Process water t
- Electrical power kWh
- Cooling water t
- Gross steam

production t

men/shift

Labour

200 t/d

million

16,8

16

445

0,81
0,25
98, 00
72,00

1,20

600 t/d

dollar
38,7

0,81

0,25
98,00
72,00

1,20

10
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Economic evaluatian

Table 3I.3.1-1 and 3.3.1-2 summarizes the specific con-
sumption and battery 1limit capital costs for the two
capacities envisaged respectively the two feedstacks.
Fig 3.3.1/3 represents the total and the specific investment
costs. Detailed data and calculation can be faund as usual 1in
Appendix 3/1.

It seems to be reasonable ta suppose that the supply of
sulphuric acid needed for the production of phosphate
fertilizers can be ensured only by a local plant, in order
to avoid the heavy freight costs for the transport af the
suvlphuric acid. i

_ Sulphur itself has been, however, naot unconditionally
considered to be a local basic material (under this aspect,
the occurrence of raw phosghate is decisive); therefore, it
has been considered in the calculations with its price (and
not at the extraction costs). The definition of sites and the
mode of calculation is the same as with the ammonia plants.

Since none of the two calculated capacities can be
qualified as a big plant and their operating technology is
identical, the speci{ic investment cost far the tigger plant
shows on every site a decreasing trend, although the absolute
value will of course be higher in a develaping country . than
in an industrially develonec one.

Since the production of sulphuric acid from pyrite
always involves substantially higher capital and cperating
costs which can be compensated only by lower feedstock
prices, this study considers that the chaice 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

as from elementary sulphur. It seemed therefore better: tc
avoid unnecessary complications, that is why different
phosphate fertilizers will use sulphuric acid plants based
on elementar sulphur.




'I’.i.4

- 116

Fig.3.3.1/3 Total (T.i) and specifiz (Spi.) investment costs

for various sulphuric acid plants
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3.3.2 Nogrmal (Sinqle) Superphosphate (SSP) Process

Normal superphosphate (SSF) was, for many years by
far the most paopular 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 ta
slow-daown.

Normal super shasphate can be manufactured in small
irexpensi e plants with law production caosts. The process
is simple and easy to operate requiring less sulphur per
ton of F, 05 than the production of phasphoric acid. The
combinatian of law investment and simplicity together with
recognition of the deficiency of sulphur in many soils
assures that SsP praoductiaon will remain competitive,
especially for mini-plants, where the small distribution
area reduces considerably the difference in transport costs.

The two raw materials used {n the praoduction of S5F
are &5 to 7S % sulphuric acid and ground phasphate rock. The
basic chemical reaction is shown by the faollowing equaticn:

Cag(FO,)% + 2 H,S04 + S H,0
= 2 CaSO, . 2H,0 + Ca (H,FO,)% . HDO

The interval of #fluidity before the +two reactants
solidify is very brief and the mixture 1is quickly trancs-
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 matzarial
becomes relatively quickly plastic. During this phase there
is a copious evolutian of obnoxious gas as the crystalliza-
tion process praogress.

Retertion time 1in 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 fraom the den to storage. A storage
period of I to B8 weeks is required for curing tefores the
SSP is an acceptable product for snipmerdt. The curing time
serves to allow campletion of the chomical reaction betuasen
the rock and acid with the subsequent decrease in free acid
and citrate insoluble 5 O4-content.
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Fig. 3.3.2/1 gives a typical flowsheet for an SSP plant.
Table X.3.2-!' contains the battery limit costs and specific
consumptions for the capacity case chasen (3500 tpd SSF) .
Economic evaluation will be found in paragraph 3.3.4 to-
gether with the other phosphate fertilizer products.

Table *.3.2-1

Battery limit cost and consumagtion figqures

for run _of pile SSFP production

(developed site)

SSF_(18 % F; Os)

Nominal capacity s00 t/d
million dallar
Battery limit cost 3,0

Distribution of in-
vestment cost:

- licence, know-how A 3
- engineering % 15
- equipment and machinery % 45
- ¢ivil engineering and
" erection % 37
Materials and utilities
consumption/t SSF
- Phosphate Rock (dry

32,5 7% R Qg) t 0,38
- Sulphuric Acid

(100 % H; SQ,) t 0,34
- Electrical power kWh 6,0
- Process Water m> 2,0

!

L.abour men/chift S




Fig.3.3.2./1 Continuous

Manufacture of Single Superphosphate
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3.3.3 Phaspharic Acid and Derivatives

Fhospharic acid is the basic intermediate from which tbe
most important phosphate fertilizers are made. Consequently,
the capacity of phasphoric acid plant will define the proc-
duction capacity of all derivatives. PBesides that its
sulphuric acid consumption will define the capacity of
sulphuric acid plant which will supply the phosphaoric acid
plant. As it was mentioned earlier, the capacity <set for this
study was 200 tpd (66000 tpy) calculated in F, Og.

As it will be seen in the economic evaluation, although
it is not considered as appropriate to introduce the cancept
of minimum econaomic size, it seems to be a lower limit for
the phosphoric acid route, belaow which the SSP will be
definitely more economic. This 1limit depends, as usual, to
a great extent, on local conditions, but for the purpaoses
of this study it seems reasonable to set it at 20¢ tpd.

3.3.3.1 Wet-orocess FPhaspharic Acid Manufacture

Phosphoric acid is the basic building plock from which
all concentrated 'bhosphate fertilizer is made. The aver-
whelming majority of this acid is manufactured by the wet
pracess methad. The proacess solubilizes the phnsphate rock
with a strong acid. Sulphuric acid is being by far the most
commonly used acid.

Besides the "classic" di-hydrate process, the newer
hemihydrate and the mcdified hemihydrate processes are
offered in slightly di“ferent proprietary versions by con-
tractor : and process Qwnerss.

Di-hydrate Pracess

Phosphate rock is mixed with sulphuric acid to 30-70 %
Hy SO, concentration in an attack vessel of sufficient size to
retain the raw material mixture for several hours. The
simplified overall chemical reaction 15 rekpresented by the
following equation:

3 CagiFO,)y + % H,50, + 18 H, 0 =
= & HyFO, + 9 CaS0, . = H,0

Following the reaction in the digester, the mizture of
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phospharic acid and gypsum is pumped to a filter which
mechanically separates the gypsum crystals from the phas-
phoric acid saolution (approximately 30 % F, Ogconcentration).
For each kg of R O as phosphoric acid appraoximately 35 kg of
éypsum "is produced. Normally the gypsum must be disposed of.

Phospharic acid produced with a concentraticn of
24-30 4 R Oy is concentrated to S4 % PB, 0s by evaporatiaon in
a shell and tube heat exchanger and a flash chamber under
vacuum with high rate internal circulation.

In Fig. 3.3.3/1 the flowsheet of the dyhidrate prccess
can be seen.

Phosphoric Acid Clarification

Phosgharic acid concentrated to a 52-54 % Q_Ds level
becomes a supersaturated solution to a variety of minaor
acid i(mpurities, namely iron and aluminium phosphateas,
soluble gypéum and fluosilicates.

' The process, which involves only physical treatment of
the acid for removal of precipitated solids from 54 % F Os
phosphoric acid is cheaper, than the more complicated and
expensive solvent extraction processes. The precipitatad
impurities are physically separated from the acid hy settl:ing
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 1is usually omitted without diverse effeczt in
the further processing.

Hemi-hydrate Process

The cunventional hemi-hydrate process produces 0
P,0s acid in a reaction system in which the by-product
calcium-sulphate is precipitated first as hemi-hydrate
(CaS0, . 0,5 H;0) and is then re-crystallized to di-hydrate
(CaSO, . 2 Hy0) before filtration.

The main advantages of this procesal high racaovery of

P, 0s from the phosphate rock; good quality of by-product
gypsum, suitable for gypsum wall baard, plaster and cement;
many types of phosphate rock can be used.
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Fig. 3.3. 3/1 Typical Wet —Process Phosphoric Acid Plant.
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Maodified Hemi-hydrate Frocess

This process is developed from the hemi-hydrate process.
In this case the hemi-hydrate is separated from the product
acid by filtration before re-crystallization to di-hydrate.
The main advantages are that it produces a high strength
(45-50 7 P, 0Os) acid without concentration, and has a higher
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 procescs.
The higher recavery of the R Os in the rock and the better
quality of the by-product gypsum of the two other processes
must be paid for with higher investment costs, and more
csevere 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 F Og) the following
total investment costs were calculated for the differcent
cases:

Total Specific
investment cost

Dallar/t Pg Og/Y
million dollar

Develaped site
(West Europe) 23,8 - 361

Developing site:
Seaside location z
Remote location Is.

The production costs for 1 t of P, 04, including also
15 % of R.0.1., will be discussed in the paragraph dealing
with final fertilizer products..
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Battery limit cost and consumption fiqures

fo-_phosphoric acid production

{developed site)

Product: Phasphoric Acid (100 % PR, O_.)

2"s
Nominal caracity 200 t/d R Os
million dollar
Battery limit 14,4

Distribution aof in-
vestment coast:
- licence, know-how % 3
- engineering % 22
- equipment and

machinery ' % 48
- civil engineering and

erection y A 27

Materials and utilities
consumption/t as 54 7 acid

- Phosphate Rock (dry)

(32,5 Z R &4 t 3,28 |
= Sulphuric Acid.

(100 7 H.S04) t 2,99 .
~ Steam (7,5 kg/cm® gq) t 2,408
- Electric power kWh 120,0

. - Process Water Make-up m°> 100,0

- By—-Product Fypsum t 5,9

Labour men/shift - a8
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3.3.3.2 Triple Superphosphate (TSP) Manufacture

Triple superphosphate (TSP), with its 46,0 to 48B,5 %
FL Os content, 1is a high analysis phosphate fertilizer. As
such, it provides transpcrtation economy which can be
instrumental in enlarging its share of the phosphatic
fertilizer maruvet.

This product has taken over much of the market last
by SSP and accounts for approximately 24 % of the total
phosphatic fertilizer market TSP's share of the market for
the near future 1is expected to remain relatively constant
primarily because aof the tremendous growth of the ammonium
phosphates. TSP production unlike SSP, can be most asconomical-
ly produced close to the phasphate rock source. The basic
chemical reaction is shown by the following equation:

Cay (PO,), + 4 HyPO, + 3 H,0 = 3 Ca(H,POQ,% . H,0

2

The ROP process 1is 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 34 % 'Fics phosphoric acid and phosphate rock
normally 1is done in a cone mixer. On discharge from the
mixer the slurry quickly (15 to T0 seconds) becomes plastic
and begins to solidify. Solidification together with evolu-
tion of much obnoxious gas takes place on a slaw 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 pile and takes 2
to 4 weeks before the ROP is ready tao be reclaimed from
storage, sized and shipped (Fig. 3.3.2/2).

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 gqranulation of Triple Superphaosphate

When granular TSP 1is the desired end product cor only
low concentration acid is available it is usually preferable
to p:. aoduce it directly. Two general types aof direct
granulation processes are available: ex—den and slurry
granulation.

. In the eix-den process cfter 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
P, Os acid and ground phaosphate rock are mixed together in
an agitated tank. The lower strength acid maintains the
resultant slurry in a fluid state and allows the chemical
reaction to proceed appreciably further toward caompletion
before i1t solidifies.

After _a mixing period of 1 to 2 haurs, the slurry is
distributed onto recycled dry GTSP material. This dis-
tribution and mixing witn the dry GTSP takes place in
either a pug-mill or rotating drum. Slurry wetted TSP
granules then discharge into a rotary drier where the
chemical reaction {s accelerated and ecsentially completed
by the drier heat while excess water is being evaporated.
Dried granules are sized on vibrating screens. Over— and
unéarsize granules are separated for use as recycle material.
Product size granules are cooled and conveyed to storage cr
shipped directly.
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Evaluation

Sranulated fertilizers have higher productiaon caost due
ta th2 higher investment coste but they also have their

(L

vantages in long distance shipping and applicatian in

machanicad farming. .

Mini-plants are meant for less developed agricultural
resicne, where the advantages of the granulated product
cen hardly pravail. The disadvantages 3f the direct granula-
ti=n prccess: higher investment and operation costs re-
cstricted choice of raw materials (unreact’ve roclts cannct
be vused) higher F O loss do not allow  this process to ke
tal.en intog account for mini—fertilizer plant purpcz=s.

In the follcuing therefore conly ROP TSP production will
be considered.

Table 3.3.3-2. summarizes the main technolaogical data,
while the tctal investment costs and factory—gate production
costs are represented in Fig. 3.3.4/1 and Z.3.4/3.

Economic evaluation will be dealt with together for all
phosphate fertilizers in Par. 3.3.4.




Table Z.3.32-2

\
’«

Rattery limit caost and consumption fiqures ‘

far ROP_ TSP

(developed site)

TSP (46 % R 0a)

Nominal capacity S00 t/d (45 7 R QOs)
' million dollar

Rattery limit cost 3,5
Distr-ibution aof in-

vestment cost
- licence, knaow—-how A 3
- engineering A 17
- equipment and
machinery A 4L 1
- civil engineering and 1
erectian % 34 ‘

Materials and utilities
consurctian/t TSP
- Fhozphate Rock (dry,

22,5 % R 05 t 0,41

- FPhosphoric acid \
(100 % P, Og) t 0,34

- Electrical Power kih 8,0

- Process Water o 2,0

LLabour men/shift 3
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3.3.3.27 Ammonium Phosphates

The ammonium phaosphate fertilizers are highly con-
centrated sources of waterscluble plant foad which have had a
spectacular agricultural acceptance in the past twenty years.
Froducticn capacity of di-—-ammonium phosphate {(DAP) ha=
increased at a compound rate of 19,8 Z annually aover th=
last ten years. The popularity of the ammonium phosphates
results fraom a combination of factors.

These include the ready adaptability of the producticn
procuesses to even increasing single-plant capacities with
their zcsociated lower praduction costss; favourakle physical
charactericstics which facilitate storage, handl.ng, shipping
and sail zapplicatiaons compatibility wi*h all common fertil-
izer materials; <transportation eccnamies effected by tne

shipmernt of high nitrogen (18 %) and phosphate (46 % a 05)
rutrient ccntent. Such imprecsive number of plus factcrs
insurae Lhat ammonium phosphate processing will continue to t=

an impcrtant segment of the fertilizer :i1ndustry.

Ammonium phosphate fertilizers include a variety of
difforent  fermulations which vary only in the amounte cf
nitragen and phosphate present. The mcst important ammonium
phasphate fertilizers in use are:

MAP DAP
11-48-0 16-48-9
12-52-0 18-44-0
11-85-0

Diammonium  phosphate formulations are produced in the
largest tonnages with DAP (1B8-446-0) being the most dominant.

The two primary raw materials used to produce ammoniun
phosphates are ammonia and wet process phosphoric acid.

As mentioned abaove, the various grades vary only in the
amounts of nitrogen and phosphate present. It 1ls primarily
the nitrogen that wvaries and this is accomplished bhy
controlling the degree of ammoniation durfﬁg neutralization
of the phosphoric acid. The chemical reactions invalved
are indicated by the follaowing equation:

HyFO, + NH, = NH

4 H, FO,

i essns
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The prccessing steps are essentially identical tec those
escribed in the triple superphasphate GTSF process (FIG.
.7.3/5). Ammonia, either gaseous or liquid, is reacted with
0O to 40 %4 ﬁ.OS phosphoric acid in a vertical cylindrical
vessel which may or may not have mechanical agitation. The
resultant slurry is then pumped to a miver where it is
distributed onto dry recycled material.

Diztribution and mixing takes place in either a pug-
mill or rctating drum. Wetted granules are discharged inta
a rotary drier where the eicess water is evapoarated. Dried
granules are separated for use as recycle material. Froduct
cize granules are cooled and conveyed to storage or shipped
directly.

Ther: are sevaral new processes, using either tha TVA
pip2 coress reactor, a prassura reactar or a two- fluid noz=xl2
for the reaction be:ween phospheric acid and ammonia. These
grocessos need no drier and cooler and are usually cannected
to a prilling tower for granulatiaon. (See one exanple in Fig.
3.3.3/4). They.are however, less flexible: in contrast to the
pravinusly described one in that they cannct be used for TSI
praduction.

The advantages of MAP and DAP are less marked or even
without any use for the mini fertilizer plant concept: low

transport costs are of minar importance, high analysis proa-
duct is disadvantageous . in applications with low nutrient
dosage. '

Table 3.3.3-3 and 3.3.3-4 summarize the specific con-
sumption and battery 1limit capital costs for these two
products. Evaluation will be found in Par. 3.3.4.
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Tahle I.3.3-%

Battery limit cost and consumption fiqures

for MAP production

(develcped site)

Mono—-ammenium—phogsnhate MAP (1/2 %~ N + §52 % Q Ds)

Moninal capacity 2759 t/d

million dollar
Battery limit cost S.b
Distribution of in-
vestment cost:

Ll

- licence, know-how % I
- engineering 7 20
- =2uipment and

machinery A 45
- civil engineering and

erection 2 A 32
Materials arnd utilities consumption/t MAF
~ NHy _ t 0,148
~ Phasphoric acid

(100 % F 0Og) t n,S53
~ Antifoaming agent kg 0,05
= Fuel kecal 200000
- L.P. steam g 25
- Water make—up t 10,2
- Electrical power kWh 20
- Filler kg 1,3
Labour men/shift S
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Tahle X 7.3-4

Battery limit ccst and consumption_ figures

for DAFP production

(qeveloped site)
Di-ammonium—phosphate, DAF (18 % N + 46 % R Og)

Nominal capacity - 425 t/d
million dollar

Battery limit cost - S,6

‘Distribution of in-

vestment cost:

- licence, know-how 2 I

- engineering 7. 20

- equipmert and

machinery yA 45
- civil engineering, and

erection . . % ' 32

Materials and utilities consumption/t DAP

- NHs _ t 0,223
- H,;S04 (100 %) t 0,04
- Phosphoric acid

(100 % B, Qs ) t 0,449
- Antifoaming agent kg 0,1
- Coating agent kg 16,0
- Coating oil kg 5,0
- Fuel - kcal 100000
- L.P. steam kg 20,0
~ Water make-up t 0,35
- Electrical power kWh 30

Labour men/shift t 5
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3.3.3.4 Superphagsphorig Acid and Ammonium
Folyphosphates

Superphosphoric acid 1is produced by concentrating
merchant-grade ortophosphoric acid (54 Z F Og) in a vacuum or
atmospheric concentrator. The superphosphoric acid wusually
contains about 68 % to 70 X total F Og, of which 20 %4
ta 35 %L 1s present as polyphasphate. Essentially all aof the
polyphcosghoric acid content of wet-proczss superphaspharic
acid is in the faorm of pyrophasphate: the remaining phaos-
phate is present as ortophosphoric acid.

Conversion to superphosphoric acid increases the cost,
but with 1long shipping distances generates freight savings
that reduce or eliminate this disadvantage. This acid 1s
very viscous when cold and must be Fkept constantly &t s
temperature of 60° C at all times cduring transport and
storage so as to keep it sufficiently fluid.

The superphosphoric acid is uszed first of all for the
production of ammonium polyphosphate. Mowadays, a number
of plants use the pipe reactor process (developed by TVA)
to manufacture thie product,

The superphosphoric acid is weighed upen arrival, ius
temperature is adjusted and then is sent to the unit store,
which is also kept at a constant temperature of about &0° C.
The superphosphoric acid pumped at a metered rate from
storage toc neutralization. .

One kind of pipe reactor processes uses a separate mix
tank and an evaporative cooler. The mi:z tank is used for
mixir 3 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 1liquid temperature of 82° C,
which enhances mixing of the melt in a 1liquid form and
also provides -eicellent means of evaparating and super-

heating the anhydrouz ammonia used in the ptﬁe reactor.
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The plants with the separate mix tark usually produce
an ammonium polyphosphate liquid of slightly higher poly-—
phosphate content than the other mathods. Frobably on2
reason thi occurs is because of the high temperature ot
the ammonia used in the pipe reactaor.

Aammonia that is not added ta the pipe reactor is
usually added as liquid ammonia to the mix tank. Usually
about &0 % of the ammonia is added to the pipe reactcr
and 40 7 to the mi: tank. This tank is equipped with a emall
scrubber in which cooled ammonium polyphasphate is usad
to scrub the extra gases from the mix tank.

A considerable amount of 10-34-0 is used fer direct
application, but most of the ammonium polyphosphéte liquids=
(10-34-0 or 11-37-0) are used in small mix plants to pra-
cuce NPY mistures. The ammonium polyphosphate> can te
applicated in solid form, too.

Equipment used to apply liguid fertilizers are rather
expensive, -require a highly sophisticated agricultural back-
ground, therefcre; the application of this kind of fer-
tilizers in the developing countries, for the moment, ic not

a real possibility. Therefore ne economic evaluation was
attempted.
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4 Economic evaluation of phosphate fertilizers

Capacity

According to the 3.3 Introduction section, only two
selected capacities for H,S04 and one size for all other
products were examined. Since scale-up has no effect on
the process, specific consumption figures remain essential-
ly the same for all capacities 1in the aini-plant range and
battery limit investment figures can be e:xtrapolated by the
usual formula with a 0,8 as exponent. Therefore the figures
computed for the sizes selected will only be impraved, when
bigger mini-plants will be considered.

For the si:zes selected Figs. 3Z.3.4/1 and 3.3.4/2
summarize the tatal and specific investment costs for
different locaticns. Fig. 3.3.4/3 give the production cccts
for the same alternatives in function cf the phosphate raoct
price. Fig. 3.3.4/4 shows the farm gat2 prices for the same
cases compared to the imported products. Calculation methods
are identical with thase mentioned for ammonia. Details can
be found in Annex 3/1.

.From the diagrams it 1is obvious that the farm-gate
price of the mini-plant product will be in every case by
far the most advantageous. :

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 gro-
duct is SSP. : -

The more sophisticated MAP and DAF involves even higher
investment costs and seem not very appropriate for mini-
~plants in developing countries. <

NFK. plants can form a viable alternative only if
ammonia, nitric acid and pl.osphate processing facilities are
on the same site - a case seldom encountered.
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Fig.3.14/3 Product value at factary gate:phosphoric _acid, SSP, TSP
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3.4 Granylation, Bulk blending and Bagging

J.4.1 Granulation

As we have seen, the chemical process used faor the gro-
ducticn of nitrogenous fertilizers deliver a melt (sometimes
with suspended soclids) and therefore an adeguate finizhing
step is necessary to arrive at a solid product needed in most
agricultural uses. The phosphate fertilizers on the caontra-y
can be preduced in powder or in slurry form. The slurry must
be processed ta arrive at a solid product, which will bz
granules and the powder can also be trancsformed to this form.
For that reason, since the 19S0’s the caolidification and
cooling of the melts produced in the nitraogen i1industry was
considered as an integral part cf the grocesses involved and
prilling gained nearly universal acceptance for this purpaosa.

The word, granulation, was reserved to the phcsphats
field where drying was the basic operation involved, to
eliminate the water content carried in the slurry or added
in powder granulation.

Pan—, . drum- _and pug-mill type granulatcrs were ucscd
for this purpcses.

In the last few years drum and pan granulation technics
gained more and more acceptance in the nitrogen industry
both for urea and ammonium nitrate and several new methads
were develaped which are equally suitable fer both type cf
products. NPK fertilizers -~ equally new products - can be
made 1in similar equipment from some phosphate, ammonia and
nitric acid. All this seemed to justify a caommnon treatment
of all granulation technics in a single chapter.

3.4.1.1 Prilling

The wide use af priling is due to -the advantages af
this system, 1in particular the great daily producticn
capacity of the equipment, low labour and explaitatian csztc.

Prilling 1is the production of a aranular salid by
allowing malten droplets tao fall through a gaseous cooling
medium. Non-viscous haomogenaous materials with well-defined
melting points, such as pure ammonium nitrate or urea, ara
very easily prilled. . !

To abtain hard and non-porcus prills, the water con-
tent must be reduced below 0,5 7% as otherwicse a porcus,
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low-density product results which is troublesome in storage.
Jets af free—-falling moiten materials are brciken up to
droplets by the air. The droplets begin to solidify as thcoy
fall through the cooling medium. The crystallization starts
at the surface and progress gradually ta the inside.

The prilling device and melt temperature must be care-
fully controiled. The retention time in the prilling tower
is alsa important factor. The praper design of the towar
hzight and cooling air flaow are essential to abtain
completely hard prills at the bottom. The still hot prills
arriving at the bottom must be collected ard transported
to the finishing, and caoling may alsc be needed.

The priliing tower itself is a structure supperting
the prilling equipment placed on the top, together with fans
providing the necessary air stream. The main characterictics
of the tawer are the height determining the ratenticon tine,
the cross—=section fixing the capacity and the air stream.

The nat completely satisfactory granulometric com-—
pesition is the drawback of this system. Frills are relative-
ly small; in practice mast are around 1 mm and only a small
proportion arrive near to 2 mm,

Prilling 1is very advantageous for big capacities. At
the lower end specific investment cost begin to ricze to
such an extent that other granulation technics become more
advantageous.

J.4.1.2 Pan Granulator

This principle, which had been widely wused in the
pharmaceutical inddstry was developed for superphosphate
granulation and was extensively used in the phosphate
industry. ,

Number of companies made considerable 1mprovemeﬁts,
and the process lends 1itself for maling granular ammonium
nitrate and urea. Granulation is accamplished by spraying
hot concentrated melt of fertilizer saltsionto a cascading
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 undersize fraction for use
as recycle material. The carrect size product is treatad
with an appropriate conditioning agent and sent to <stora.

Critical features of the pan granulatcr for best opera-




tiun include  31GpE, speo loeation of spray.
concentration, and the amount, particle si:ze and temperatur2

of the recycle material.

3.4.1.35 Drum Granulator

The classic drum granulator consists of a slightly,
inclined rotary cylinder with retsining rings at ceach ond
and with appropriate matarial structures.

The basic materials must be well mixed before entering
the drum, which serves only to form the granules; theze arsz
rounded at the bottom of the drum by their contact witn
each other. The sneed of rotation of a drum granulator
must be slow encugh for the granules not teo be carried
arcund by centrifugal force since the principle of this
system is that the granules should move relative tc the
drum.

Depending on the r=sidence time required, dirum gra-
nul ators may be mounted with a downward cslope up to z°.

Drying and cooling are bath needed after granulatior,
so a typical granulator train consizts of a drum with two
sectiaons, the first serving for mixing and chemical reaction,
the second for granulation, followad by a drier and cooler
both aof drum type. :

A basic feature of the drum granulator system is the
great amount of recycle material. Not only aver— and
undersize material, but a given part of the praduct must be
recycled depending on the vater caontent of the input
materials for optimum granulation drying ccnditians. .

This process can.be combined with ammoniation of phas-—
phates (SSP aor TSP), NPK fertilizer manufacture etc., as well
as for granulation of 6SS5F or TSP powder. Fig J.4/1-Z
represents the respective flowsheets for TSP granulaticn,

ammoniation and NPK manufacturing.
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Z.A,1.4 Spharodi=z=ar

Hat Spherodizer Frocess

The process Was conceived in an effort to simalify ths
processes in use for the granulation 2f complex fertilizars
and to improve product quality. The major innovation of tie
sphercdizer process consisted of combining giranulation and
drying into a single processing gperation.

By this process, the conversion of liguid slurry tc
uniform granules is accomplished by spraying the slurry
under pressure through noz-les anto a dense curtain of
recycled material cascading from 1lifters in a rotating
cylindrical drum. A stream of heated air flows through
the drum co-currently with the salid recycle and the sprayed
slurry, coming into intimate contact with the particlas tc
be dried. As dronlets of slurry hit the recycled granules,
water is flashed off, resulting in rew cnion skin-like layaers=
of material around each af the sclid particles every time
they are cascaded.

The remainder.af the flowsheet 1is conventional, with
screens ta separate the product size, crushers to reduce
oversize, and elevators and conveyors to transfer the solid
materials.

This process was identified as the "Hot Spheradizer
Process" to distinguish it from the one using only ceoling
air for the granulatiaon aof melts, which came to be bLnown 2ag
the “Cold Spherodizer Frocess”.

Cold Spherodizer Frocess

The cold spherodizer process is uszed in the granulation
of ammonium nitrate and urea. A substantially anh/drous melt
of either ammonium nitrate or wurea is sprayed inside a
rotating drum onta a rolling bed of solid particles. As the
particles roll, they are repeatedly coated‘with thin layars
of liquid melt, which solidify to give the granuiz  an
onion-skin structure.

Air flows through the granulation drum in countercurrent
to the granules, remcving part of the heat of crystalliczaticn
of the melt, as well as the fine duzt. From the drum it 1=

drawn by an exhauster into a wet <ccrubba2r before being
discharged to the atmosphere.
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3.4.1.5 Pugmill

Mixing and granulation in the same equipment is achieved
with a double-shaft granulating screw, called pugmill or
blunger. The pugmill is followed by a drier, a cooler and
screening.

The crushed aversize product is cambined with the under-
size product and the mixture is recirculated in a controlled
ratio in the cold and dry state tc the pugmill. The
fresh slurry mixed with the recycle product gives soft ball
with a moisture content of 3-& %, depanding an the recycle
ratic and the amcunt of water in the slurry.

Only partial crystallication and no moisture elimina-
tion takes place in the pugmill and therefcre the suft
balls must be dried in a rotary drum by hcot air, cooled in &
cooling drum and then scraened.

Evaluaticn

For the mini-plant concept, due to the conditions pre-
vailing in the regions favaourable for the small sirze, the
pan, respactively drum granulation seems more apprepriate
for nitrogenous fertilizers, due to the relativaly high
investment caost of ‘the prilling powa-. For phosphate far-
tilizers it seems appropriate to start with non-granul atead
material (powder) and switch over only at a given Jdegree of
agricultural mechanisation to the granulatad form.

J.A4.2 Bulk Blending

General

Where granulated fertilizers should be blended, bulk
blending is very advantagecus. The procass is wusually of
the batch type, with a minimal capacity of 1 to 2 tone per
batch. The mixing time is 2 to 2 minuteéﬁ conseqguently as

much as 10 to 20 tens per hour easily, can be mixed. Do-
pending cn the working days of a vyear (approuimately 109
days) the producticn will be about 10000 to 20c07 tons
per vyear.
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The material commonly used in bulk tlendinrg are ammonium
nitrate, ammenium sulphate, triple superphosphate, diammaonium
phosphate and potassium chloride. Other matzrials sometires
used are urea, ammcnium phosphate nitrate (ZO-10-0), ammcaius
phasphate culphate (16-20-C) and ncrmal superphosphata.

Tire materials should be closely sized, dry enough to
prevent caking in storaga, and sufficiently strang tc prevent
fragmentation in handling.

Type of mixers and layout cf starage, conveying and
mizing facilities vary widely, sa much that prabably na
two plants are alike. Since the plants are small ard gquits
often built on a very limited budget, they tend to te
homemade.

Mi:xing 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 time is 2 to 3 minute=.
A3 much as 1S tons per hour can be mixed even in a ona-ten
mizer. In some cases the entire cycle or weighing, miiing
and discharging is dcne automatically.

Mirxers are mainly of rotating drum type, but variaous
other types including ribbon mixers, mixing screws, gravity
miting towers and a volumetric metering device are usad. The
volumetric metering device is a continuous type 1n which
materials are feeding by gravity through adjustable gates
onto a common belt. The materials mix: as they flow inta the
receiving hopper and in the following cut-screw conveyor.

Evaluation of Bulk Blending in_ the
Distribution System

Until the emergence of bulk blending in the early
1960’ s, mainly' in :he UsA, traditional distribution of
fertilizer invelved the movement of bagged fertilizers,
from medium sized production plants produzing between 25070
and 200000 tons per year of mied ferttlizers, to farm
buyers, through general retail farm suppl/ organiczations.

However, 1in the early 1960’ s  the advantage of bulk

handling of fertilizers became apparent and the emergznc2
of bulk blending developed quichkly.
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In bulk blending, a few basic high analysis materials
containing single nutrients (or, in the cace aof ammonium
phosphates, both nitrogen and phospghorus) are shipped 10
culk form to retail bulk blending units. Here they are
cambined physically in miiztures suited to the particuler
ne=ds of individual farmers. Thus, at nao point in the
di=ztribution chain are the materials handled in any but
bulk form. )

With the availability of a wide variety af blends
of the three nutrients at the retailing station, the demand |
for basic product shifted fram the chemically mized fertil-
izer materials to major blending materials such as ammon:ium
nitrate, triple superphosphate, diammaonium phasphate, and
muriate of potach.

As this mode of distribution developed, many of the
major manufacturers developed their own organizaticn of
bulk blending stations, thus emerging as the direct seller to
the farmer. A typical large fertilizer organization might
develop a chain of 100 to 200 such bulk blending stations.

These would typically handle frem 1090 to S000 tons 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 mixer and dealer functions; (2) handling and
distribution costs are less for bulk material than for bagged
product; ) bulk. blending reduces handling costs by
eliminating the transfer from producer to dealer; (4) shipping
distance of materials such as potash is shortenad because the
material goes directly from primarily producer to the mixer-
dealer rather than detouring toc a granulatian plant; (5) a
custom application service can be offered; and (&) the bulk
blender, through his close cortact with the farmer, can vicr'
with agricultural advisars in guiding thd farmer’s use of

fertilizer. Assistance with scil testing and sampling 1%
an important part of such a service. 1




Although this system 1is conceivable cnly as gart of
highly sophisticated natianal fertilizer supply and
application chain and only countries with fairly develapod
agriculture can adgpt it, it has ite tearing an davelop'o;
countries, too. The network initially develaoped 1n earci,
stages of fertilizer production and distributicn, composez
of mini-plants and local dealers <cstorage facilities can
bz easily transformed without any majcr change ar investment.
Lacal stores can be provided with bulk blending {facilitizs
with very 1little cost and the new, or e:xpanded phosphate
fertilizer production units can prcd&ce granul ated productes,
while the nitrogen 1is already manufactured in granulat=d
form, The use of drum or pan qgranulation in the early mini-
plants 1s advantageaus, the particle size is particularly
suitable for bulk blending.

3.4.3 Bagging

Although as .much as passible of fertilizer output is
dispatched as bulk, sometimes provicion must be made for a
significant amount of bagged prcduct as well. Since kaggi~g
is a process with extremely high labour requirements, a fully
automated line has been developed for this purpaose.

Another quection much debatad is whether to use valved
or cushion type bags. The latter are lecs eupensive, pruevent
spillout, and protect the matorial much bettar: but wucld
cealing is difficult because of the fertilizer dust. The
valve bags are more expensive and are not airtight, but they
require no welding. Either type 1is availecble, accardirg tg
the local conditions.

As compared to bulk gocds, the handling of bagged
fertilizers are much more labour-corsuming operations.

Bagging in the mini-plant size range should be de-
finitely discouraged for phosphates and limited even for
nitrogen fertilicers. Anvhow, Ebull std?age arnd direct
shipping to the plot is one of the most attractive featuroc

of mini-plants for the agriculture.
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3.3 Potash Fertilizers

Potash, a major plant nutrient, is found in significant
commercial deposits, as well as in less quantities i1n various
brine operatians. The principal potash mineral being minad :s
nurate of potash (potassium chloride), and sulpnate cf
potash. Beth can be used as mined (after some refining!
directly as fertilizer materials.

A minor amount of the potash, perhags 10 %, is us.zd
for wvarious non—fertilizer uses, such as in the production
of potassium hydro:zide, refined potassium <salts, and cthar
misczllanecus potassium chemicals. Fertilizer potash 1ic¢
used either directly as a fertilizer or es a raw material
for the production aof mixed fertilizers.

The principal potassium compound is the potas=ium
chloride which 1is produced from natural brines and from
sylvite o©res. In the former case there are no hatardsus
wastes for dispcsal <e=ince the spent brine is returned to
the well, which constitutes recycls. In the sylvite proccozsg,
the ore is mined, crushed, screened, and wet—-ground in brine
to dissoclve most of the soluble salts.

In the sylvite ore-based process the ore is separated
from clay impurities in a desliming process and the clay
impurities are fed to a gravity separator which removes
some of the sodium chloride precipitated from the leach
brine and insolubles for disposal as waste.

After desliming, ¢the ore 1is chemically ¢treated 1in

preparaticn for a flotation process, where patassium chlaride
is separated from sadium chloride. The tailings from the
flotation step are .wasted and the resulting patassium
chloride slurries are centrifuged to recover potassium
chlaoride. The product is then dried, screened and pachkaged.
The liquors from the centrifuge are recycled ta the flotatian
circuit. - ‘ _
The potassium sulphate 1s produced by the reaction
in solution of potassium chloride with langbeinite are
(K,80, . MgSQ,). Mined langbeinite is crushed and dizzolved
in water to which potassium chloride is added. Fartial
evaporation of the solution results in selective pre-
cipitation of potassium sulphate which 1is recovered by
centrifugation or filtration, dried, and =zoald.

Generally this material is produced close to areas

where it is mined.
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4. IDENTIFICATION OF POTENTIAL MARKETS FOR
MINI-FERTILIZER PLANTS

The world’s ability to supply focd depends on the
following main factors:

- availability and use of natural resources in-
cluding land

- weather

- water condition in the soil

- technological and biological development for rais-
ing vyields

- equilibrium between crop and livestack productian
accomplished with increasing efficiency

- incentive to producers.

Although the world as a whole is cle=arly not running
out of land, there are serious problams about its avail-
ability and suitability for agriculture, especially among
some of the developing countries. Tha major problem facing
many of the developing countries is not the limitation of
land, but the low vyields. Therefore, yield increzzing
technclogies are to he the primary cource of growth in focd
production.

Fertilizer use is one aof the key factors in yield in-
creases. To supply tne ever increasing need of fertilizer
in the developing countries, there are threce means avsil-
able: domestic production, 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 better meet the require-
ments of those countries than one or more so called maxi-
-plants.

In "order to be able to estimate the demand for mini-
—fertilizer plants, 1t is neczssary to invectigate the
potential market for mini-plants.




Investigation and evaluation of the potential forti
izer markets by countries and regions were made in this
chapter, surveying:

- the quantity of fertilizer consumed at present

- the forecast of the potential fertilizer consump-=
tion up to 2000

- raw materials' potential (resources)

- numbers and capacity of mini-fertilizer plants
thet might be built to the turn of the century in
the developing countries.

The main sources for preparing this chapter were:

1. Cpportunities for estahlishment of mini-—fertil-

izer plants in the deveioping countries Sectaral
Working Paper Series, Sectoral Studies Branch.
Division for Industrial Studies, UNIDO 1983.
2. Data collected from FAO statistics:
- "Agriculture toward 2000"
Input Requirements: preduction, consumption,
expert, import figures from 1970/71 to B1/82 by
nutrients and by type of fertilizers
~ Fertilizer Yearbook 1931
- Data of land use by countries.
3. Other sources reported in each case.

4.1 ldentification of countries according to the
guantity of fertilizer consumed

The intensive use of fertilizers as a mean to incraase
agricultural production bhas become a general practice in
the qorld, first of all in the develaped countries. As for
the developing countries, their consumption of the three
nutrients was about 1 million toms in 1950, amounting to 7.4
per cent of the warld consumption. Their share has reached
the fifth of the whcle world by the fertilizer year 1971/1972
and in 1981/1982 the developing countries required more than
I8 million tons fertilizer nutrients, amoun{ing to one third

of the world consumption (Table 4.1-1).




Table 4,1-1

World fertilizer ronsumption

/million tons of nutrients/

Developing countries Developed countries Vorld totel
Year N 1’205 K,0 INPK Sg’t:are N P_205 K,C L IPK S:!};a re|] N P205 K50 ¥ NPK
1950 0,56 0,36 0,09 1,01 1,4 3,19 5,41 4,04 12,64 92,6 3,75 5,77 4,13 13,65
1971/72 9,29 3,97 1,50 14,76 20,2 ; 24,09 18,33 15,79 58,21 79,8 | 33,38 22,30 17,29 72,97
1876/77 13,86 6,27 2,43 22,56 23,6 | 31,32 2,21 20,51 73,04 76,4 | 45,18 27,48 22,94 95,60
1981/82 25,08 9,22 3,83 38,13 33,1 | 35,36 21,69 25,1 77,15 66,9 | 60,44 30,91 23,93 115,28

Sources: FAO Statistics collected from FAO Statistics Divisiony

- 66T -

Market Study of Mini-Fertilizer Plants for Developing Countries prepared
for UNIDO by Shu Lin Peng September 1982
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Using FAD Statistics, the devzloping cocuntries, about
123 in numbers, were classified into consumption categories,
according to their annual consumption of Nitrogenous (N),
Fhosphate (g_os) and Patassium (K, 0) fertilizer in 197&/777
and 1981/82. Seven classes vere made for N and siu foar
3&05 and #,0:

Category Consumption
(tons of nutrient)

1. “less than 1000
I1. 1000 - 10000
I1I. 10000 — 40000
1V. 40000 -~ 70000
V. 70000 - 100000
VI, 100000 - 200600 (for N)
over 100000 (for F Og
and K,0)
VII. over 200000 (for N only)

' As for the data of types of fertilizers, beside the
total consumption in nutrients, the main types of N and R, Os
fertilizers can be found for saome countries that publish
them into FAO statistics.

The countries were arranged in groups by regions. Al -
though, all the consumption data are available in 197&6/77
and 1981782 for 123 of developing countries in Appendix 4/1,
the number of countries was reduced to 91 in the further
consideratiaons. They are the developing countries that were
examined in "Agriculture toward 2000" by FAQ, and China.

The regions and the developing countries studied are
the following:

AFRICA
North-bllest Africa: Algeria, Morccco, Tunisia
West Africa: Benin, Gambia, Ghana, Guinea,
Ivory Coast, Liberia, Mali,
Mauritania, Miger, Nigeria,

Senegal, Sierra Leone, Togo,

Upper Valta




Central Africas

East and
Southern Africa:

LATIN AMERICA
Central America:
Caribbean:

South America:

NEAR EAST
N.E. Africa:
N.E. Asia:

FAR EAST
Sauth Asia:

.East and
‘South-East Asia:
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Angola. moroon, Central

African Rep&blic, Chad,
Congo, BGabon, Zaire

Burundi, Ethicpia, Kenva,
Madagascar, Malawi,Mauritius,
Mozambi que, Rwanda, Somalia,

Tanzania, Uganda, Zambia,
Zimbabwe
Costa Rica, £l Salvador,

Guatemaia, Honduras, Mexico,
Nicaragua, Fanama

Cuba, Dominican Republic,
Haiti, Jamaica

Argentina, Bolivia, Brazil,
Chile, Colombia, Ecuadar,
Guyana, Faraguay, Feru,
Suriname, Trinidad a. Tobago,
Uruguay, Yenezuela

Egypt, Libya, Sudan
Afghanistan, Cyprus, Iran,
Iraq, Jordan, Lebanon, Saudi-
-Arabia, Syria, Turkey, Yemen
AR, Yemen PDR

Bar.gl adesh, India,- Nepal,
Pakistan, Sri Lanka

Burma, China, Indonesia,
Kampuchea DN, Korea DPR,
Korea Republic, Laos,

Malay.ia, Fhilippines, Thai-
land, Viet Nam
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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 categaries af N
and F Qs and K;0, respectively. It can be stated that more
than one third of the examined countries consumed less than
10000 tpy N and &0 per cent of them could not reach the
level of 40000 tpy N that refers to a mini scale unit
capacity (150 tpd) for ammonia. On the other side a large
number of them consumed more than 100000 tpy N even 14°
countries were over 200000 tpy N including China, India,
Mexico of which consumptions raose above million tpy N.

As for the phosphate fertilicer, half of the countries
were belaw a consumption level aof 10.000 t £ Og and at the
same time 13 of them consumed more than 100000 tpy F Q5. It
is clear that there is a strong degree aof polarization in
the consumption of nitrogen and phosphate fertilizers. This
mani festation 1is, however, not evident in the consumption of
potassic fertilizer. )

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 oaof phosphate consumption. In this case their
participation are also important in the high-consumption
categories dus to some countries having large phosphate
rock deposits and develaoped phosphate fertilizer industries.

In another classification including 92 develeping
countries (Appendix 4/2), although, the considered countries
and the category-ranges do not correspond exactly with the
ones abaove mentioned, the conclusions are the same. "Here
a forecast of classification for 1984/87 and the foreseeable

changes in each category are made.




Table 4.)-2
Share of the developing countries,according to the consumption categories
of N fertilizer,by regions
/1981/82/
] I. II. III. Iv. V. VI. VII. Taotal
Region ‘
X % X % X % X % X % % A % X %

1. AFRICA 7 19,0 16 43,2 9 24,3 2 5,4 2 5,4 2,7 - - 37 100
North-West Africa - - - - 1 33,3 1 33,3 1 33,4 - - - 3 100
West Africa 2 14,3 9 64,3 2 14,3 - - 1 7,1 - - - 14 100
Central Africa 2 28,6 4 57,1 1 14,3 - - - - - - - 7 100
fast and Southern Africa 3 23,1 3 23,1 5 38,4 1 7,7 - - 7,7 = - 13 100

2. LATIN AMERICA - - 6 25,0 7 29,2 5 20,8 1 4,2 8,3 3 12,5 24 100
Central America - - - - 3 42,9 3 42,9 - - - 1 14,2 7 100
Caribbean - - 1 25,0 2 50,0 - - - - - 1 25,0 4 100
South America - - 5 38,4 2 15,4 2 15,4 1 7,7 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 - - - - 1 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 - 18,2 11 100

4. FAR EAST - - 1 6,3 2 12,4 - - 1 6,3 25,0 50,0 16 100
South Asia - - - - 1 20,0 - - 1 20,0 - 60,0 5 100
East and South-East Asia - - 1 9,1 1 9,1 - - - - 36,4 45,4 11 100
Total 7 7,7 26 28,5 22 24,2 9 9,9 6 6,6 7,7 14 15,4 91 100

Remarks: The 91 of developing countries that projection of consumption to 2000 have been made for are included

X - countries in number

1
—
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Table 4.1-3
Share of the developing countries, according to the consumption categories
of P20s fertilizer, by reqions
/1981/82/
) I1. I11. Iv. V. VI. Total
Region ,

X %o X % X % % X % X % X %

1. AFRICA 9 24,3 18 48,7 5 13,5 2 5,4 3 8,1 - - 37 100
North-West Africa - - - - - - 1 33,3 2 66,7 - - h) 100
West Africa 2 14,3 10 71,5 l 7,1 - - 1 7,1 - - 14 100
Central Africa 3 42,9 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 12,5 2 8,3 2 8,3 24 100
Central America - - 3 42,8 3 42,8 - - - - 1 14,4 7 100
Caribbean - - 2 50,0 1 25,0 - - 1 25,0 - - 4 100
South America 2 15,6 3 23,0 3 23,0 3 23,0 1 7,7 1 7,7 13 100

3. NEAR EAST 3 21,4 3 21,4 21,4 2 14,4 - - 3 21,4 14 100
N.E. Africa 1 33,3 - - - - 33,3 - - 33,4 3 100
N.E. Asia 2 18,2 3 27,3 3 27,3 9,0 - - 18,2 11 100

&, FAR EAST 1 6,3 2 12,5 Z 12,5 2 12,5 1 6,2 50,0 16 100
South Asia - - 20,0 l 20,0 - - - - 60,0 5 100
fast and Soutih-Cast Asia 1 9,1 9,1 1 9,1 2 18,2 1 9,1 45,4 11 100
Total 15 16,5 31 34,0 17 18,7 9 9,9 6 6,6 3 14,5 91 100

X - countries in number

Remarks: The 91 of developing countries that projection of consumption to 2000 have been made for are included.




Share of the developing countries, according to the consumption categories

of K20 fertilizer, by regions

Table 4.1-4

/1981/82/
) I. II. I11. IvV. V. VI, Total
Region

X % X % X % % % X % X %

1. AFRICA 15 40,5 15 40,5 7 19,0 - - - - - 37 100
North-West Africa - - 1 33,3 2 66,7 - - - - - 3 100
West Africa 42,9 5 35,7 3 21,4 - - - - - 14 100
Central Africa 37,5 4 50,0 1 12,5 - - - - - 8 100
tast and Southern Africa 50,0 5 41,7 1 8,3 - - - - - 12 100

2. LATIN AMERICA 2 8,3 8 33,4 10 41,7 2 8,3 - - 2 8,3 24 100
Centrul America - - 1 14,3 71,4 1 14,3 - - - - 7 100
Caribbean - - 2 50,0 25,0 - - - - 1 25,0 4 100
South America 2 15,4 5 38,4 30,8 1 7,7 - - 1 7,7 13 100

3. NEAR EAST 5 35,7 6 42,9 3 21,4 - - - - - - 14 100
N.E. Africa 1 33,3 1 33,3 1 33,4 - - - - - - 3 100
N.E. Asia 4 36,4 5 45,4 2 18,2 - - - - - - 11 100

4. FAR EAST 2 12,5 1 6,3 5 31,2 2 12,5 1 6,3 5 31,2 16 100
South Asia 1 20,0 - - 2 40,0 1 20,0 - - 1 20,0 5 100
fast and South-East Asia 1 9,1 1 9,1 3 27,2 1 9,1 1 9,1 4 36,4 11 100
Total 24 26,4 30 32,9 25 27,5 4 4,4 1 1,1 7 7,7 91 100

Remarks: ihe 91 of developing countries that projection of consumption to 2000 have been made for are included.

X - countries in number

_gg‘[_
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Table 4.1--5

Reqioral distribution of consumption
categories (1981/3982) ()

Category 1 Il ITI v v VI VI
Regian
Mitrogen
1. Africa 100,0 61,5 40,9 22,2 33,3 14,3  ————
2. Latin
America - 23,2 31,8 55,4 14, 28,6 21,4
Z. Niuar East --—-- 11,5 18,2 22,2 23,3 - 21,4
4. Far East -~-——- 3,8 9,1 —-———— 16,7 S7,1 s7,2
Phosphate
1. Africa 60,0 58,0 29,4 22,2 $0,0 -
2. tatin
America 13,3 25,8 41,2 32,4 33,3 15,4
2. Near East 20,0 9,7 17,6 22,2 —_—— 23,1
4, Far East 6,7 6,5 11,8 22,2 14,7 &1,5
Potassic
1. Africa 62,46 50,0 28,0 —-———— ——— ——
2. Latin
America 8,3 26,7 40,0 50,0 =-—— 28,4
I. Near East 20,8 20,0 12,0 - ——— -
4. Far East 8,3 X3 20,0 €0,0 100,0 71,4
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4.2 Identification of countries according to theilir
agricultural potential ’

" Among the most prevalent 1ills affecting mankind are
famine and malnutritiaon. The latter, althouch harde- to
define and oavercome than the farmer, afflicts a very largo
proportian of population in developing countries.

" The existence of malnutrition is usually explained by
combination of three main factors in the developing ccocun-
tries: insufficient food, lack of some essential nutrient:z
in the diet, genetic or enviranmental preventatiorn of ade-
quate food digestion.

The simplest food cycle is to grow piants and eat parts
of them. Hawever, as food consumption patterns differ widely
from one region to the cther, the farmers have adopted their
food production systems accordingly. Farming systems are
characterized by the dominant crops, that have emerqged in
each area as result of ecological, bioslogical, ecoromic
and soccial factors in the society that gruws the crops. The
most important single objective in farming 1s to increase
crop yield and agricultural productivity.

The .factors. that determine agricultural yield are com-
plex for the photosynthetic paotential of the plants. This
potential 1is usually limited by elements such as nutrients,
moisture and climate. The major source of plant nutrients is
the mineral supply of the soil. This supply varies with the
type of soil and ecological conditions in the area and
accounts for large differences in fertility between tenm-
perate, tropical and arid sails.

Following farming, sooner or later the organic matter
content of the soil will C(dacrease taoa a level at which as
much nutrient should be added as have removed by the
biomasse. The use of fertilizers is a key factor for
restaoring and also increasing of fertility of the soil.
However, fertilizers alone cannot produce suLstantial crop
yield increases without highly efficient seeds, improved
agricultural practices =tc. v

The forecast of fertilizer use, in this manner, 1s to
be decided upon by considering numerous criterias lile 1t
has happened in the study "Agriculture taward 2003" made by
FAO. The cornerstone of the production analyses in that study
was the quantitative assessment of natural resources and
input requirements. Based upon these, propasals were made cn
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As for the mannar of estimatiaon of fertilizer require-
ments, it 1is the <came in both alternatives. The projected
fertilizer use, of course, will be different because the tuc
scenarios have different levels of projected area, yield:z
and production.

For our farecast of fertilizer use in the 91 developing
countries up to 1990 and 2000, we considered the following
data: '

~ The FAO estimations above mentioned; FAO placad all
the input requirements including tertilizers at our
dispaosal for each developing countries studied in
the two Scenarios.

- Projection of fertilizer demand made by Mr. Shu tin
Peng in his "Market Study of Mini-Fertilize- Flants
for Developing Countries", September 1932.

— The historical data of fertilizer wuse 1in each
country.

Taking into consideration the infcrmation above man-
tioned, forecasts were made fcr the use of the three main
nutrients in 1990 and 2000. Tables 4.2-1, 4.2-2 and 4.2-3

contain the forecasts of N, %.05 and 0 for each country,

K
respectively. Data of FAD Scenario A and10+ Mr. Peng also are
shown in the tables together with category—-signs listed 1n
the former chapter, based on our forecasts.

In Tables 4.2-4 to 4.2-9 the share of developing coun-
tries according to thz consumption categories of M, %.05 and
K, fertilizers by regions are summarized, based on our fore-
casts for 1999 and 2000, respectively.

Comparing the recent share (Table 4,1-2) with the fare-
casts (Tzble 4.2-4 and 4.2-5) in case of nitrogen, it can
be seen that even in 2000 a number of countries, 235 ar
expressed in percentage 27,5 per cent, will not reach the
level of 10000 tpy N. On the other hand, the number of
countries consuming more than 2202000 tpy will increase from
14 in 1981/82 to 26 in 2000, presenting &' further, even more

polarization in the consumption of the develaoping countrice=.
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The main ranges in nitrogen consumption in 2000 would be
the category VII. (consumption abaove 200000 tpy N) with 28,6
per cent and the consumptiaoan level 1000-10000 tpy M with
24,2 per cent.

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, 0s consump-
tion and in Tables 4.1-4, 4.2-8 and 4.2-9 in case of ¥, con-
sumption. There will be a difference in case of K,0 con-
sumption because the main ranges would be the consumpticn
levels from 1000 to 10000 and from 10000 to 400¢0
amounting to about 32 per cent and 27,5 per cent, re-
spectively. This is corresponding to the forecast philosophy
that in this period the developing countries will not reach
the M:P:¥ ratio that has evolved in the developed economies.
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Table 4 .2-1

Forecasts of N fertilizer consumption toward 2000 in the developing

countries and classification intg cateyories

1000 t N
1990 2000
Country Estimates Cat.d Estimates Cat.
FAQ2 UNIDO FAQ2 UNIDD
b c b c L

1. AFRICA 932,17 1900,4
North-West Africa 290,0 656,0
Algeria 135,0 132,0 120,0 VI. 450,0 266,0 266,0 VII.
Morocco 135,0 204,0 120,0 VI. 320,0 410,0 260,0 VII.
Tunisia 40,0 58,0 50,0 Iv. 186,0 1l6,0 130,0 VI.
West Alrica 198,2 434,3
Benin 3,2 - 2,5 II. 6,2 - 4,7 II.
Gambia 0,1 - 2,0 1II. 1,3 - 3,0 II.
Ghana 9,0 16,0 15,0 I1II. 48,1 32,0 34,0 III.
Guinea 1,2 - 0,9 1I. 4,1 - 3,3 II.
Ivory Coast 30,6 25,7 25,0 III. 115,4 51,4 80,0 V.
Liberia 0,8 4,7 2,5 II. 3,3 9,4 3,3 II.
Mali 5,5 - 9,0 II. 18,5 - 15,0 III.
Mauritania 0,6 - 2,0 II. 5,7 - 4,0 II.
Niger a,5 - 1,7 II. 1,8 - 2,5 1i.
Nigeria 32,6 122,0 120,0 VI. 101,9 244,0 210,0 VII.
Senegal 13,0 15,8 11,0 III. 87,1 31,5 60,0 IV,
Sierra Leone 3,3 3,1 2,6 1II. 26,1 6,0 8,4 II.
Togo 1,1 - 2,0 1I. 4,3 - 3,5 II.
Upper Volta 1,1 - 2,0 II. 3,2 - 2,6 II.
Central Africa 52,4 89,1
Angola 3,9 20,1 12,3 III. 16,3 40,0 25,0 III.
Cameroon 9,6 24,0 28,0 I1I. 38,3 48,0 39,0 IIlI.
Centr. Afr. Rep. 1,6 - 1,3 II. 4,0 - 2,8 II.
Chad 5,3 - 3,6 II. 18,8 - 8,8 Il.
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Table 4.2-1 /cont*d/

1000 t N
1990 2030
Countr.y Estimnates Cat.d Estimates Cat.d
FAQ3 UNIDO Faga UNIDO
b c b c
Congo 4,7 - 3,2 II. 14,7 - 7,0 II.
Gabon 0,3 - 0,3 1. 0,5 - 0,5 I.
Zaire 2,8 - 3,7 II. 5,8 - 6,0 II.
East and Southern Africa 392,1 12,0
Burundi 1,1 - 0,9 I. 2,9 - 2,3 II.
Ethiopia 20,1 56,7 35,0 III. 80,5 113,0 64,0 IV.
Kenya s6,8 40,8 41,0 IV. 172,0 81,6 120,0 VI.
Madagascar 5,9 7,5 5,9 II. 22,1 15,0 15,0 ITI.
Malawi 12,8 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 III.
Mozambique 7,1 22,8 22,8 III. 10,8 45,6 35,0 III.
Rwanda 0,3 - 0,3 I. 0,8 - 0,7 1.
Somalia 4,2 - 3,4 1I. 13,8 - 11,0 III.
Tanzania 35,9 47,0 33,0 I1I. 110,3 94,0 88,0 V.
Uganda 2,4 - 2,0 1I. 10,3 - 7,0 II.
Zambia 40,9 87,0 72,5 V. 139,3 174,060 128,0 VI.
Zimbabwe 99,7 88,8 130,0 VI. 229,8 133,0 184,0 VI.
2. LATIN AMERICA 4205,8 1209,2
Central America 1651,0 2380,0
Costa Rica 65,6 66,6 58,5 IV. 123,5 106,6 104,0 VI.
El Salvador 98,7 84,0 79,0 V. 176,3 134,¢6 132,06 VI.
Guatemala 16 94,2 62,5 Iv. 118,1 151,0 105,0 VI.
Honduras 31,4 16,6 22,0 III. 75,0 26,6 52.0  1IV.
Mexico 926,5 1366,0 1366,0 VII. 1752,6 2186,0 1890,0 VII.
Nicaragua 29,7 42,0 42,0 IV, 51,9 67,2 52,0 Iv.
Panama 30,5 19,5 21,0 IIl. 64,8 31,0 45,0 IV.
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ifable 4.Z-1 /cont‘d/

1000 t N
1990 . 2000
Estimates Cat.d Estimates Cat.d
Country
FAQa UNIDO FAQ? UNIDO
b c b c

Caribbean 462,6 687,7
Cuba 240,5 480,0 392,0 VII. 383,9 768,00 58l,0 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 1I.
Jamaica 12,0 - 12,0 III. 22,2 - 18,0 III.
Scuth America 2092,2 4141,5
Argentina 82,7 95,3 75,0 V. 141,6 152,0 120,0 VvI.
Bolivia 3,9 3,7 3,5 II. 9,0 7,4 7,6 1I.
Brazil 1820,0 1300,0 1300,0 VII. 4063,0 2080,0 2844,0 VII.
Chile 175,0 88,0 99,0 V. 347,6 140,0 162,0 VI,
Colombia 223,1 280,0 195,0 VI, 372,9 448,0 300,0 VII.
Ecuador 37,7 74,4 66,5 1IV. 120,0 120,0 120,0 VI.
Guyana 9,1 - 12,5 1II. 13,2 - 16,5 III.
Paraguay 3,5 2,5 2,9 II. 5,6 4,9 4,9 1I.
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 1I.
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 1v.
Venezuela 185,4 189,0 148,0 VI, 311,1 300,0 280,0 VII.
3. NEAR EAST 2830,2 4238,4
N.E. Africa 945,0 1369,0
Eqypt 384,2 823,0 823,0 VII. 566,6 1316,0 1120,0 VII.
Libya 20,0 41,0 41,0 1Iv. 45,b 82,0 69,0 Iv.

Sudan 80,9 - 81,0 V. 239,7 - 180,0 VI.
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Table 4.2-1 /cont’d/

1000 t N
1990 2000
Country Estimates Cat.d Estimates Cat.d
FADA UNIDO FAQa UNIDO
b c b c
N.E. Asia 1885,2 2869,4
Afghanistan 20,5 - 36,0 III. 118,6 - 83,0 Vv,
Cyprus 14,5 - 12,0 III. 26,2 - 21,0 III.
Iran 481,5 493,0 490,0 VII. 1405,2 789,0 80,0 VII.
Iraq 57,3 155,0 135,0 VI. 314,7 310,0 263,0 VII.
Jordan 5,3 9,2 5,0 1II. 7,8 18,1 8,5 II.
Lebanon 24,1 35,0 27,0 III. 50,3 70,0 48,0 Iv.
Saudi-Arabia 6,5 26,0 44,0 1V, 51,5 52,0 52,0 1Iv.
Syria 67,8 150,0 110,0 VI. 98,8 300,0 170,0 VI.
Turkey 917,4 1262,0 10j0,0 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 1I. 2,4 - 2,9 1II.
4. FAR EAST 26039,7 414i6,4
South Asia 1571,0 15330,0
Bangladesh 418,2 508,8 420,0 VII. 963,9 1018,0 910,0 VII.
India 6897,0 5666,0 5660,0 VII. 16791,6 9066,0 11750,0 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 142,79 148,0 143,0 VI. 280,3 237,0 237,0 VII.
China ... 14231,0 14231,0 VII. ee. 19923,0 19923,0 VII.
Indonesia 911,0 1300,0 1370,0 VII. 1079,0 2600,0 2100,0 VII.
Kampuchea DM 1,6 - 11,0 III. 4,3 - 15,0 Il1I.
Korea OPR 336,8 775,6 776,0 VII. 379,1 1086,0 850,0 VII.
Korea Rep. 748,9 721,0 721,0 VvII. 815,3 1154,0 815,0 VII.
Lans 0,1 - 0,2 I. 0,5 - 0,4 I.




1000 t N
1990 2000
C N Estimates Cat.d Estimates Cat.d
ountry
FaDa UNIDO FAD3 UNIDO
b c b c
Malaysia 65,4 290,0 230,0 VII. 243,9 464,0 346,23 VII.
Philippines 288,1 384,0 350,0 VII. 774,33 610,0 600,0 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 34007,9 54764,4
Remarks:
a - "Agriculture toward 2000" FAQ, Scenaric "A" - Potential Demand Forecast.
b - Market study of mini-fertilizer plants for develeping countries

by Shu Lin Peng Ph.D. for UNIDO, September 1982.

0
|

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. 10000 - 40000
Iv. 400600 - 70000
V. 70000 - 1G0000
VI. 106000 - 200006

VvII. over 2000060
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Table 4 .2 -2

Forecasts of P,0s fertilizer consumption toward 2000 in the developing

countries and classification into cateqories

1000 t P20s
1990 2000
Country Estimates Cat.d Estimates Cat.d
FAQa UNTDG FAQa UNIDO
b c b c
1. AFRICA 713,3 1527,7
North-West Africa 307,0 714,0
Algeria 147,46 165,0 125,0 VI. 552,4 333,0 270,0 VI.
Morocca 180,6 159,0 120,0 VI. 418,3 320,0 290,0 VI.
Tunisia 44,7 61,7 62,0 1IV. 220,0 123,0 154,0 VI.
West Africe 161,1 301,9
Benin 2,7 - 2,2 1I. 4,7 - 3,8 .
Gambia 0,1 - 1,8 II. 1,1 - 2,8 II.
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 1II.
Ivory Coast 21,4 12,3 15,0 III. 70,0 24,6 49,0 IV.
Liberia 0,4 2,3 1,9 II. 2,3 4,7 2,3 1II.
Mali 4,2 - 5,3 1I. 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 1II.
Nigeria 24,6 70,0 90,0 V. 81,3 139,0 140,0 VI.
Seneqal 10,8 27,0 24,0 III. 78,7 54,0 54,0 IV,
Sierra Leone 3,2 2,3 2,2 II. 17,7 4,6 4,6 1I.
Togo 1,0 - 1,8 II. 3,4 - 2,7 1I.
Upper Volta 0,9 - 2,3 II. 2,5 - 2,7 II.
Central Africa 27,4 s 52,1
Angola 3,5 4,3 7,2 II. 14,2 8,6 11,0 IIf.
Cameroon 8,0 11,3 11,3 III. 31,2 22,9 21,0 III.

Centr. Afr. Rep. 1,7 - 1,1 II. 4,4 - 2,3 1I.
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Table 4.2-2 /contsd’

1000 t P05
1990 2000
Country Estimates Cat.d Estimates Cat.d
FAQa UNIDG FAQa UNIDO
b c b C
Chad 5,0 - 2,7 II. 13,5 - 6,8 II.
Congo 4,3 - 2,1 II. 15,7 - 6,2 II.
Gabon 0,2 - 0,2 I. a,3 - 0,3 I.
laire 2,9 - 2,8 II. 5,6 - 4,5 II.
East and Southern Africa 217,8 459,17
Burundi 1,1 0,9 1I. 2,9 - 2,3 1II.
Ethiopia 20,1 107,2 38,0 III. 93,3 214,0 71,0 V.
Kenya 41,5 36,0 36,0 III. 129,1 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 III.
Mauritius 14,2 4,0 17,6 II. 17.4 9,6 12,0 III.
Mozambique 4,1 6,3 15,6 III. 14,4 12,4 21,0 III.
Rwanda 0,5 - 0,3 I. 1,2 - 0,7 I.
Somalia 3,1 - 2,46 1I. 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. 8,0 - 3,7 II.
lambia 31,2 30,6 30,0 III. 119,5 61,0 61,0 Iv.
Zimbabwe 73,8 57,4 57,0 1IV. 164,3 86,0 115,06 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 1IV.
€1 Salvador 67,6 30,0 42,0 Iv. 123,7 48,0 75,0 V.
Guatemala 42,2 45,64 42,0 IV. 80,3 72,6 71,0 V.
Honduras 25,4 5,2 12,0 III. 62,1 8,3 28,0 III.
Mexico 772,1 425,0 540,0 VI. 1437,7 680,0 1006,0 VI.
Nicaranua 19,7 25,4 18,0 III. 37,6 40,7 30,0 III.
Panama 21,2 10,9 15,0 III. 45,2 17,0 26,0 III.
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Table 4.2-2 /ccnt'd/
1000 t P,0,
1990 2000
Country Estimates Cat.d Fstimates Cat d
FAQ2 UNIDO FAD3 UNIDO
b C b c

Ccribbean 164,8 25%,7

Cuba 168,0 115,0 118,0 VI. 253,9 183,0 19,0 VI.
Jominican Rep. 53,8 29,0 38,0 III. 75,6 46,0 53,0 Iv.
Haiti 1,4 - 1,4 II. 4,0 - 2,7 II.
Jamaica 9,3 - 7,4 1I. 17,3 - 14,0 III.
South America 2135,6 3655,8
Argentina 75,6 %5,3 66,0 IV. 133,4 152,0 107,0 VI.
Bolivia 3,1 4,9 3,5 1I. 7,3 10,0 6,0 1II.
Brazil 1585,7 2750,6 1600,0 VI. 3427,3 4400,0 2740,0 VI.
Chile 191,3 115,0 115,08 VI. 371,8 184,00 188,0 VI.
Colombia 139,2  135,4 120,0 VI. 240,2 217,0 192,0 VI.
Ecuador 26,1 52,0 26,0 III. 84,9 83,0 68,0 IV.
Guyana 6,2 - 5,0 11, 8,8 - 7,0 II.
Paraguay 3,2 1,8 4,9 II. 5,0 3,7 5,0 1I.
Peru 42,3 25,5 35,0 III. 123,0 40,8 69,0 1Iv.
Suriname 1,7 - 1,4 II. 3,5 - 2,8 II.
Trinidad and Tobago 4,7 - 3,8 II. 7,4 - 6.0 1I.
Uruguay i8,0 95,5 50,0 1IV. 93,0 124,0 93,0 V.
Venezuela 125,8 138,0 105,0 VI. 214,4 220,00 172,0 VI.
3. NEAR EAST 1527,8 2589,8

N.E. Africa 258,0 463,0
Egypt 308,7 162,0 195,606 VI. 455,0 260,0 320,0 VI.
Libya 21,6 66,0 58,0 IVY. 52,6 132,0 93,0 V.
Sudan 62,3 - 5,0 II. 204,2 - 50,0 II.
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Table 4.2-2 /cont'd’

100U t P05
1999 2000
Country Estimates cat.9d Estimates Cat.d
FAQ3 UNIDO FAD3 UNIDQ
b c b c
N.E. Asia 1269,8 2126,8
Afghanistan 19,4 - 16,0 III. 91,1 - 37,0 III.
Cyprus 11,0 19,7 9,0 II. 20,6 31,5 17,0 III.
Iran 454,2 316,0 318,0 VI. 1398,8 506,0 570,0  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 26,0 III. 37,8 19,4 38,0 III.
Syria 63,0 88,8 60,0 1Iv. 90,3 177,6 85,0 V.
Turkey 965,9 1103,0 773,0 VI. 1520,6 1745,0 1217,0  VI.
Yemen AR 1,8 - 1,4 II. 9,1 - 7,3 1I.
Yemen PDR a,6 - 0,5 I. 1,9 - 1,5 II.
4, FAR EAST 8215,7 13987,1
South Asia 2825,0 5342,0
8angladesh 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 Vi.
Nepal 9,8 - 8,0 II. 29,0 - 23,0 III.
Pakistan 2256,6 389,6 400,0 VI. 5070,6 623,4 720,C vI.
Sri Lanka 74,8 59,0 52,0 IV. 134,2 94,0 94,0 V.
East and South-East Asia 5390,7 8645,1
Burmz 71,0 63,4 57,0 IV. 147,5 101,0 110,0 VL.
China 3812,0 3812,0 VI. - 6100,0 6100,0 VI.
Indonesia 456,0 310,0 410,0 VI. 579,é 620,0 580,0 VI.
Kampuchea DM 0,8 - 0,6 I. 2,3 - 1,8 Il.
¥orea DPR 207,1 193,3 190,0 VI. 253,3 257,0 250,0 VI.
Korea Rep. 410,3 354,4 295,0 VI. 493,1 567,0 395,0 VI.
Laos 0,1 - 0,1 I. 0,4 - 0,3 I.
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Table 4.2-2 /cont’d/

1000 t P,0s
1990 2000
- d . d
Country Estimates Cat. Estimates Cat.
FAD3 UNIDO FAQa UNIDO
~ b c b c
Malaysia 30,5 208,0 160,00 VI. 102,7 333,0 234,0 VI.
Philiopines 196,8 84,0 84,0 V. 514,6 134,0 1860,0 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 VI.
TOTAL 13453,2 23304,1
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.D. for UNIDO. September 1982.

c - Demand forecast specially prepared by the Hungarian Chemical Induitries

Engineering Center /VEGYTERY/, Budapest, for this study.

d - Consumption catrgories:

Category Consumpticn /tpy N/
I. less than 1000
II. 1000 - 10000
III. 10000 - 40000
1v. 40000 - 70000
V. 70000 - 100000

VI.

over 1066000
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Table 4.2-3

Forecasts of Ko0 fertilizer consumption toward 2000 in the developing

countries and classification into cateqories

1000 t K20
1990 2000
Country Estimates Cat.d Estimates Cat.d
e b c b c
1. AFRICA 361,0 186,5
North-West Africa 125,6 307,0
Algeria 54,8 55,0 55,0 Iv. 1868,0 111,0 130,0 VI.
Morocco 46,3 89,0 60,0 IV. 109,0 180,0 135,0 VI.
Tunisia 15,2 8,0 10,6 III. 77.1 16,0 42,0 IV,
West Africa 105,0 203,4
Benin z,8 - 2,0 II. 6,0 - 2,7 1I.
Gambia - - 0,5 1I. 0,5 - 0,5 I.
Chana ) 8,0 9,2 7,2 II. 27,7 18,0 15,0 II1I.
Guinea 1,0 - 1,1 II. 2,5 - 2,0 1II.
Ivory Coest 35,5 34,8 35,0 III. 157,2 73,6 89,0 V.
Liberia 3,8 2,3 1,9 I1. 8,5 4,7 2,3 1I.
Mali 1,5 - 4,5 II. 6,6 - 6,6 1I.
Maurit~nia 0,2 - 0,6 T. 1,7 - 1,46 1II.
Niger 0,1 - 0,6 I. n,5 - 0,5 1.
Nigeria 15,8 35,0 35,0 I1I. 40,9 67,0 41,0 IV,
Senegal 5,9 15,8 13,0 III. 38,7 31,5 31,0 III.
» Sierra Leon6 2,0 a,8 1,4 II. 5,3 1,5 3,7 1I.
. Togo 0,7 - 1,2 1I. 2,7 - 2,0 1L,
Upper Volta 0,3 - 1,4 II. 0,8 - 1,7 11.
Central Africa 30,8 62,5
Angola 2,5 4,3 4,2 II. 13,1 8,6 9,0 II.
Cameroon 16,6 22,7 19,0 III. 47,8 45,4 38,0 III.
Centr. Afr. Rep. 0,9 - 0,7 1. 2,3 - 1,4 IL.

Chad 2,2 - 1,8 II. 5,6 - 4,5 11,
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Table 4.2-3 /cont'd/

1000 t K20
1990 2000
Country Estimates Cat.d Estimates Cat.d
FAQ2 UNIDa FAQ3 UNIDO
b c b c
Congo 2,7 - 2,2 II. 8,0 - 6,0 II.
Gabon 0,2 - 0,3 I 0,5 - 0,6 I.
Zaire 1,9 - 2,6 II. 3,4 - 3,2 II.
East and Southern Africa 99,6 213,6
Burundi 0,4 - 0,6 I 1,0 - 0,9 I.
Ethiopia 5,9 - 4,7 II. 18,1 - 14,5 III.
Kenya 10,7 15,9 10,7 1I1I. 350 31,8 32,0 III.
Madagascar 2,5 7,5 2,5 Ii. 7,9 15,0 7,9 1I.
Malawi 4,8 7,0 4.5 11, 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 1I. 11,8 16,8 9,5 II.
Rwanda 0,1 - 0,i I. 0,2 - 0,2 I.
Somalia 1,4 - 1,1 II. 4,5 - 3,6 II.
Tanzania 12,2 3,6 8,5 1II. 45,6 7,2 26,0 III.
Uganda 1,0 - 0,8 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 1935,1 3479,0
Central America 259,5 18,3
Costa Rica 40,9 45,8 33,0 III. 70,5 73,3 56,0 IV.
E1 Salvador 27,3 10,0 16,8 III. 55,0 16,0 31,0 III.
Guatemal:. 19,3 33,0 24,0 III. 36,7 52,8 30,0 III.
Honduras 18,2 9,8 12,7 III. 40,9 15,7 22,8 IIL.
Maxico 358,9 101,0 145,0 VI. 677,46 162,0 335,0 VI.
Nicaraqua 7,9 20,5 15,0 III. 14,1 23,8 21,5 LIL.
Panama 14,3 18,3 13,0 III. 27,9 29,0 22,0 III.
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Table 4.2-3 /cont’d/

1000 t K50
1990 2000
Country Estimates Cat.d Estimates Cat.d
FAQa UNIDO FAQR UNIDO
b c b c

Caribbean 225,2 321,6

Cuba 100,3 356,0 195,0 VI. 142,9 4l10,0 285,0 VI.
Dominican Rep. 28,5 33,0 23,0 III. 40,0 53,0 32,0 Il1I.
Haiti g,6 - 1,1 II. 1,3 - 1,3 II.
Jamaica 5,4 - 6,1 1II. 10,8 - 9,3 1II.
South America 1450,4 2633,1
Argentina 17,6 17,3 14,0 III. 30,0 28,0 24,0 III.
Bolivia 1,5 1,2 1,2 II. 4,5 2,4 3,0 II.
Brazil 421,6 1780,0 1230,0 VI. 991,2 2850,0 2192,0 VI.
Chile 67,1 21,7 21,7 IIl. 137,2 34,17 96,0 V.
Colombia 65,3 130,4 75,0 V. 115,1 209,0 115,0 VI.
Ecuador 16,8 34,6 22,0 III. 60,6 554 48,0 IV
Guyana 3,6 - 3,0 II. 5,2 - 4,2 1I.
~Paraguay 0,8 3,1 2,1 1I. 1,4 6,1 3,1 1I.
Peru 22,5 14,2 16,0 III. 58,2 22,7 39,0 III.
Suriname 1,7 - 0,8 I. 3,8 - 1,6 II.
Trinidad a.Tobago 2,2 - 3,2 II. 4,2 - 4,2 1I.
Uruguay 7,3 6,4 6,4 II. 33,8 8,3 18,0 II1I.
Venezuela 56,6 105,0 55,0 IV. 106,0 168,0 85,0 V.
3. NEAR EAST 139,7 348,0

N.E. Africa 46,7 112,0

Egypt 136,8 13,5 39,0 III. 214,9 21,6 80,0 V.
Libya 8,0 2,3 57 II. 17,9 4,6 12,0 1L
Sudan 21,5 - 2,0 II. 79,2 - 20,0 iII.
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Table 4.2-3 /cunt’d/

1000 t KZO
1990 2000
Country Estimates Cat.d Estimates Cat.d
FAQR UNIDO FAQ3 UNIDO
b c b c
N.E. Asia 93,0 236,0
Afghanistan 5,0 - i,1 1II. 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 4,8 II.
Lebanon 13,2 12,8 10,6 III. 28,8 25,6 25,6 III.
Saudi-Arabia 3,1 - 2,5 1II. 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 1. 1,0 - 0,9 I.
Yemen PDR 0,2 - 0,2 I. 9,7 - 0,6 1.
4. FAR EAST 4025,2 7459,2
South Asia 1550,8 2926,0
Bangladesh 50,9 50,9 88,6 V. 199,2 102,0 118,00 VI.
India 1948,1 889,060 1363,0 VI. 4560,2 1422,0 2620,0 VI.
Nepal 2,8 - 2,2 1I. 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 1Iv. 114,6 30,0 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 II1I.
China - 182,0 1400,0 VI. - 363,0 2800,0 VI.
Indonesia 370,0 186,0 186,0 VI. 608;0 370,0 37,0 VI.
Kampuchea DM 0,4 - 0,4 I. 1,1 - 1,1 II.
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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Table 4.2-3 /cont»d/

(=4
|

1600 t K0
_ 1990 2000
Country Estimates Cat.d Estimates Cat.d
FAQR UNIDO FAQ3 UNIDO
b c b c
Malaysia 555,6 436,0 280,00 VI. 1255,0 698,0 450.0 VI.
Philippines 191,4 112,0 112,00 VI. 483,7 180,0 180,0 VI.
Thailand 76,4 59,0 59,0 1V. 128,1 1i8,0 118,0 VI.
Viet Nam 93,7 - 75,0 V. 199,3 - 160,0 VI.
TOTAL 6461,0 12072,7
Remarks:

"Agriculture toward 2000" FAO, Scenario "A" - Potential Demand Forecast.

Market study of mini-fertilizer plants 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 cateqories:
Category Consumption /tpy K0/
I. less than 1000
I1. 1000 - 10000
III. 10000 - 40000
Iv. 40000 - 70000
v, 70000 - 100000

V1.

over 100000




Table 4.2-4
Share of the developing countries,according to the consumption categories
of N fertilizer,by reqgions
/1990/
Region I. II. I111. IV. V. vl. VII. Total
% X 4 X ~ X b4 X % X 4 X % X %
1. AFRICA 4 10,8 16 43,2 10 27,0 2 5,4 1 2,7 4 10,8 - - 37,0 100
North-West Africa - - - - - - 3x,4 - - 2 66,6 - - 3,0 100
West Africa 1 7,1 9 64,4 3 21,4 - - - - 1 7,1 - - 14,0 100
Central Africa I 14,3 4 57,1 2 28,6 - - - - - - - - 7,0 100
tast and S.Africa 2 15,4 3 23,1 5 38,4 1l 7,7 1 7,7 1 7,7 - - 13,0 100
2. LATIN AMERICA - - 5 20,8 5 20,8 5 20,8 3 12,6 3 12,5 3 12,5 24,0 100
Central America - - - - 2 28,6 3 42,8 1 14,3 - - 1 14,3 7,0 400
Cal‘lbbaan - - l 25,0 l 25'0 1 25’0 - - - - 1 25’0 a,o 100
3. NEAR EAST - - 2 14,3 4 28,6 2 14,3 1l 7,1 2 14,3 3 21,4 14,0 100
N.EI Afrlca ™ - - - - - 1 33,‘3 1 33,3 - - 1 33’3 3'0 100
N.Y. Asia - - 2 18,2 4 36,3 1 9,1 - - 2 18,2 2 18,2 11,0 100
4. FAR EAST 1 6,3 - - 12,5 - - - - 12,5 11 68,7 16,0 100
SOUth ASia - - - - 20’0 - - - - 20’0 60'0 5'0 100
East and S-t Asia 1 9,1 - - 1 9,1 - - - - 1 9,1 72,7 11,0 100
Total ) 5,5 23 25,3 21 23,1 9 9,9 5 5,5 11 12,1 17 18,6 91,0 100

Remarks: The 91 of developing countriss that projection of consumption to 2000 have been made for are included.

X - countries in number



Table 4.2-%
Share of the developing countries,according to the consumption categories
of N fertilizer,by reqgicns
/2000/
R . II. III. Iv. V. VI. Vil. Yolal
egior
X ~ ] X % X ~ X ] X ] X % X %
1. AFRICA 2 5,4 15 40,6 8 21,6 3 8,1 £ 5,4 4 10,8 3 8,1 37 100
North-West Africa - - - - - - - - - - 1 33,4 2 66,6 3 100
Weat Africa - - 9 64,4 2 14,3 1 7,1 1 7,1 - - 1 7,1 14 100
Central Africa 1 14,3 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 3 23,1 - - 13 100
2. LATIN AMERICA - - 5 20,8 2 8,4 &4 16,6 1 4,2 6 25,0 6 25,0 24 100
Central America - - - - - - 3 42,8 - - 3 42,8 1 14,4 7 100
Caribbean - - 1l 25,0 1 25,0 = - 1 25,0 - - 1 25,0 4 100
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 33,3 1 33,3 3 100
N.E. Asia - - 2 18,2 2 18,2 2 18,2 1 J,1 1 9,1 3 27,2 11 100
4. FAR EAST 1 6,3 - - 1 6,3 6,3 - - - - 13 8l,1 16 100
South Asia - - - - - - 20,0 - - - - 4 80,0 5 100
East and South-fast 4. 1 9,1 - - 1 9,1 - - - - - - 9 81,8 1l 100
Total 3 3,3 22 24,2 13 14,3 11 12,0 4 4,4 12 13,2 26 28,6 91 100

X - countries in number

Remarks: The 91 of developing countries that projection of consumptio

n to 2000 have been made for are included.
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Share of the developing countries,according to the consumption categories
of P20s fertilizer,by reqions

Table a.z-g

/1990/
X 1. 11. I11. 1v. V. vI. Total
Region
X % X % X % X % X % X % X %
1. AFRICA 3 8,1 20 53,1 9 24,3 2 5,4 1 2,7 2 5,4 LY 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
Central Africa 1 14,3 5 71,4 1l 14,2 - - - - - - 7 100
Ea.t and Southern Africa 2 15,5 S 38,4 S 38,4 l 7,7 - - - - 13 100
2. LATIN AMERICA - - 7 29,2 7 29,2 4 15,6 - - 6 25,0 2¢ 100
Central America - - - - 4 57,1 2 28,6 - - 1 14,3 7 100
Caribbean - - 2 50,0 1 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 1 7,1 4 28,7 3 21,4 3 21,4 - - 3 21,4 14 100
N.E. Africa - - 1 33,4 - - 1 33,3 - - 1 33,3 . 3 100
N.E. Asis 1 9,0 3 27,3 3 27,3 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 - - 1l 20,0 - - 1 20,0 - - 60,0 5 100
East and South-East Asia 2 18,2 - - - - 1 9,1 1 9,1 7 63,6 11 100
Total 6 6,6 32 35,2 19 20,9 11 12,1 2 2,2 21 23,0 91 100

Remari-s: The 91 of developing countries that projection of consumption to 2000 have been made for are included.

X - countries in number




Table l‘c 2—7
Share of the developing countries,according to the consumption categories
of P20s fertilizer,by regions
/2000/
Region I. 1I. III. Iv. M, 28 Total
X % X % X % X % X % X % X %
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 14,5 - - 1 7,1 14 100
Central Africa 1 14,3 4 57,1 2 28,6 - - - - - - 7 .100
East and Southern Africa 1 7,7 3 23,1 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
Central America - - - - 3 42,8 1 14,3 2 28,6 1 14,3 7 100
Caribbean - - 1 25,0 1 25,0 1 25,0 - - 1 25,0 4 100
South America - - 5 38,5 - - 2 15,4 1 7,6 5 38,5 13 1090
3. NEAR EAST - - 4 28,6 3 21,4 1 7,1 14,3 4 28,6 14 100
N.e. Africa - - 1 33,4 - - - - 33,3 1 33,3 3 100
N.E. Asia - - 3 27,2 3 27,3 1 9,1 9,1 3 27.3 11 100
4. FAR EAST 1 6,2 1 6,2 6,2 - - 6,2 12 75,2 16 100
South Asia - - - - 20,0 - - 20,0 60,0 5 100
East and South-East Asia 1 9,1 1 9,1 - - - - - 9 81,8 11 100
Total 33,3 27 29,7 17 18,7 8 8,8 8 8,8 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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Jable 4.2-8
Share of the developing countries,according to the consumption categories
of K20 fertilizer,hy regions
/1990/
R . I. II. ~III. 1V, V. 2 Total
egion
X % X % X % X % X % X % X %
1. AFRICA 8 21,6 19 51,4 8 21,6 2 5,4 - - - - 37 100
North-West Africa - - - - 1 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 1 14,3 - - - - - - 7 100
East and Southern Africa 3 23,1 7 53,8 3 23,1 - - - - - - 13 100 '
b—J
2. LATIN AMERICA 1 4,2 7 29,2 11 45,7 1 4,2 1 4,2 3 12,5 24 100 P
Central America - - - - 6 85,7 = - - - 1 14,3 7 100
Caribbean - - 2 50,0 1 25,0 - - - - 1 25,0 4 100
South America 1 7,7 5 38,5 4 30,7 1 7,7 1 7,7 1 7,7 13 100
3. NEAR LAST 2 14,3 8 57,2 3 21,4 1 7,1 - - - - 14 100
N.E. Africa - - 2 66,7 1 33,3 - - - - - - 3 10C
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 1 6,2 3 18,8 2 12,5 7 43,8 16 100
South Asia - - 1 20,0 - - 2 40,0 1 20,0 1 20,0 5 100
East and Scuth-East Asia 2 18,2 - - 1 9,1 1 9,1 1 9,1 6 54,5 11 100
Total 13 14,3 35 38,5 23 25,3 7 7,7 3 3,3 10 10,9 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 4.2-9

Share of the developing countries,according to the consumption categories
of K20 fertilizer,by regions

/2000/
I. 1. . II11. Iv. V. VI, Total
Reagion ]
X % X % X % X % X % X % X )
1. AFRICA 5 13,5 17 46,0 9 24,3 3 8,1 1 2,7 2 5,6 37 100
North-West Africa - - - - - - 1 33,3 - - y3 66,7 3 100
West Africa 2 14,3 8 57,2 2 14,3 1 7,1 1 7,1 - - 14 100
Central Africa 1 14,3 5 71,4 1 14,3 - - - - - - 7 100
East and Southern Africa 2 15,4 4 30,7 & 46,2 1 7,7 = - - - 13 100 |
i
2. LATIN AMERICA - - 7 29,2 9 37,5 2 8,3 2 8,3 4 16,7 24 100 e
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 ino
3. NEAR EAST 2 14,3 3 21,4 6 42,9 - - 3 21,4 - - 14 110
N.E. Africa - - - - 2 66,7 - - 1 33,3 - - b) 100
N.E. Asia 2 18,2 3 27,3 4 36,3 - 2 18,2 - - 11 100
4. FAR EAST 1 6,3 2 12,5 1 6,3 - - 2 12,5 10 62,4 16 130
South Asia - - 1 20,0 - - - - 2 40,0 2 40,0 5 130
East and South-East Asia 1 9,1 1 9,1 1 2,1 - - - - 8 72,7 1l 130
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 countries that projection of consumption to 2000 have been made for are included.

X - countries in number




4.3 Jdentification of countries according to their
raw material potential

The major raw materials are natural gas, naphtha, fuel
oil and coal for manufacture of nitrogenous fertilizerss
phosphate rock and'sulphur -for phaosphate fertilizers; and
petash orecs far potash fertilizers.

Though electric power and water can naot take as raw
materials in a strict sense but they are very important
factars and play significant rules in selection of locations
of fertilizer plants. ‘ '

The mined products wvary significantly from place to
place an: contain constituents that can have important
effects upon the processes which they are used in. There-
fore a change in the source of supply may adversely affect
the process leading to lawer efficiency and/or loss of cut-
put. If a change in supply becomes necessary, careful and
lengthy trials of alternative materials should be made.

The main raw materials for this industry can be found
!n many places of the world, but it is impossihle to present
nore than a rough estimate of reserves af any mineral
deposit, particula?ly in the developing countries. There are
two main difficulties. ’

. The first one comes from the lack af information. Large
areas o0f the globe either have not been surveyed at all or
have been surveyed inadegquatelvy.

The szcond difticulty 1is that there is no aqreed d-
finition of reserves. Some estimates include the
quantity existing in the deposit whereas others include

that amount which - can be obtained by present mir.. g
techniques. Others, furthermare count the amount that can be
economically e:tracted. Therefore, the proportion of a

deposit included 1in reserves varies from one to ancther and
would also be affected °‘“y changes in mineral martet prices
or in extraction and mining costs.

Of the various fertilicer raw materials the reserve
estimates of phosphate rock, sulphur af*d coal have the
greater margin of uncertainty. The estimates for crude
petroleum and, to a lesser degr=ze, natural gas are the most
-eliable, because of their importance, much attention has
been given to these materials and to the technology required
for their estimation. It may be, the one for potash is the
most reliable because the number of known deposits 1s
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relatively small.

Using various sources, in the Appendix 4/3 we show tha
data of raw materials (production capacities and reserves)
in six tables, as fallows:

- recent production aof natural gas and reserves in
developing countries

- recent crude oil praoduction, reserves and refining
capacities in the developing countries

- recent production of coal and reserves 1in the
developing countries

- recent production of phosphate rock and reserves in
the developing countries

- recent broduction of patash and reserves in the
developing cauntries

- recent production of sulphur in all forms and
reserves in the developing countries.

In Table 4.3-1 the raw material potential of developing
countries studied are summarized by regions. It can te seen
that almost half of the countries surveyed have natural gas
reserves and 48 of them can or would be able to prcduce
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 that
much more developing countries will have coal deposits when
the researches and explorations are made on a wider scale.

The reserves of phosphate rock are widespread. Some =4
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 % 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 6800 years.
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According to FAOD statistics, in 1981/82 there were
12 potash producing countries cf which two, Chira and Chile,
were developing countries and their production reached
S1000 tons K;0, amounting almost to 0,2 per cent of world
production. In addition another 14 countries have potash de-
posits, among them the former potash producer Congo that
plans to develop 1its closed mine. A number of develacping
countries plan to begin the potash praoduction, according tc
their plans. The most important would be Jordan with a total
capacity of {,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 the
value of each form differs greatly for the manufacturers.
It is found as elementary sulphur, as metal sulphides in
mineral ores, as sulphates, as hydrogen csulphide in natural
gas, and as complex organic sulphur caompounds in crude oil.
All these can be used as sulphur socurces out the most
important are elementary sulphur, hydrogen sulphide and
pyrites.




Number of develcping countriecs surveyed having raw

Table 4.3-1

materials for fertilizer ~raduction (1983)

Region Natural Crude Coal Phosphate Potacsh
gas oil rack
1.) Africa
North-tlest
Africa 3 3 1 z 2
West Africa 1 7 4 () -
Central Africa 5 ) 3 4 1
Fast and
Southern
Africa 1 2 8 &6 2
AFRICA TOTAL: 10 .18 16 19
2.) Latin America
antral America 1 3 2 2 1
Caribbean - 1 1 - -
South America 9 9 7 & 4
LATIN AMERICA
TOTAL 10 13 10 3] S
3.) Near East _
'N.E. Africa 3 '3 - 1 -
N.E. Asia 7 b A & z
NEAR EAST TOTAL 10 9 2 7 2
4.) Far East
. South Asia 3 2 3 2 1
. East and
South-East Asia & & 9 S 2
FAR EAST TOTAL 9 8 12 7 z
TOTAL. I9 48 40 41 15




4.4 Identification of countries which could use both

mini- and large—fertilizer plants

In any sort -of discussion on the economics of small
versus large fertilizer plants one advances arguaents both
for and against.

The supporters of the large plant philosophy emphasiza
the economics of scale and explain how the capital related
charges per ton product are much higher on a small scale
plant compared with a large one.

On the cther Hand, the supporters ot mini-plant
philosophy emphasize that small plants are easier to operate,
the capital investments are less and they are more amenable
to "madularisation". Therefore, some of the erection elements
can be carried out in the developed lacation where the equip-
ment comes from. Perhaps the wmost important argument in
favour of the establi~hment of wmini fertilizer plantes in
developing countries is that plant= would and could ce
logcated near to the areas of demand. This can be a good
alternative in rany of developing countries where transporta-
tion facil}ties and the marketing—-distribution systems are
poor or inadequate.

There is a number of developing countries where bcth
alternatives, wmini-scale and large unit, can be considered.
They are generally large-sized countries and/ar hava special
circumstances and reasons favouring ectablishing both large
and small plants. Some of them are:

- a vast. expanse of territory, a large popul a-
tion, or both A _

- topographical characteristics,i.e. a lot of islands
in Indonesia and in Prilippines, or long distances
in countries because of their special configura-
tions (Viet-Nam, Burma), etc. .

In.any case it should be evident that emphasis should be
placed on minimizing delivered cast at farm gate rather than
on minimum cost at the factory gate. Consejuently, in a lot

of countriés in several regions mini-plwants using local
resources, supplying local areas, can possibly exist not far
from large tonnage units that can play important roles in the
supplying of the domestic and export markets.




Table 4.4-1 lists the countries that could use both mini
and large fertilizer plants. All available information as
well as special considerations mentioned above were talken in
compiling this list. It shows that 146 and 10 countries may
use * ,th plant sizes for N and F, Os, respectively, and
@ countries would be able to estahlish mini and large units

for both main nutrients.

Table 4.4-1

Develogping countries that could use both mini and larqge

fertilicter plants

Country Nitrcgen Phosphorug
Nigeria + +
[ Ethiopia +
Mexico +
Cuba +
Argentina +
Brazil + +
Colombia + +
L Ecuador +
Turkey + +
Bangl adesh +
India + +
Pakistan + +
Burma +
China + +
Indonesia + +
Malaysia +
- Viet-Nam + +
X
16 ' 10

Remarlzs: medium-size 1is included in the large one




4.5 Identification of countries according to the
tvpes of fertilizers to be produced

‘During the development of the fertilizer industry a
great number aof fertilizers have appeared on the market, each
containing one, twao or three macraonutrients, namely nitragen,
phosphcrous and potassium. Most of the products came to the
rmarket as a result of availability 1in large quantitiec af
major raw materials, such as ammonia, phosphate rock and
sulphuric acid, which could be econamically processed inta
standard fertilizers.

There are two basic types of fertilizers: One is
straight fertilizer contairing only one nutrient, the other
kind 1s compound fertilizer containing two or more nutrients.

Comparing the producticn costs of the two main sources
of N fertilizer, urea and ammoniumnitrate, based on natural
gas it can be demonstratizd that the factory caost 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 considzraticn the
fact, that a more concentrated product has lawer handling
and transport cost per ton of N, 1t can be stated that
production and use of urea has an econaomic advantage. Scme-
times this advantage can be iieglected for agriculture
reasons.

Nearly all phasphate fertilizers are produced in solid
forms. The single superphasphate like ammonium sulphate has
disadvantage of low nutri=ent content, but also the advantace
of the advantage of obtining sulphur which the others (TSF,
DAP, MAP) do nat. It cannaot be ecconumically transpoarted over
long distances hut it can compete over short distances. The
agror.omic differences among « the several types of phaosphate
fertilizers are slight, the choice among them is usually
made on economic considerations. . .

Beside the above mentioned “ypes of fertilizers, there
are a lot of others including various kinds of compcund
fertilizer=s that are produced in wide range by chemical way
or by simple mechanical mixing. On the %Y%ther hand, there
is an increasing interest of liocuid fertilizers including
aqueous solutions containing nitrogen and suspensions ccon-
taining two or three main nutrients.

It is important to mention the "secondary nutrients”
such as sulphur, calcium, magnesium and "micro-nutrientsz"
such as caopper, zinc, molybdenium, etc. Howewver, it is not
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the task of this study to demaonstrate all the possibilities
fo- a developing countries to choose its alternatives 1in
starting the process of domestic production of fertilizers.
For this reason in every developing countries analyses are
necessary ta choase the best solution, taking intc consicera—
tion all the local circumstances. In this respect a ceneral
guideline may be suggested for choosing product-types 1in
mini—-fertilizer plants. ’

As for the straight nitrogen fertilizers, urea and
ammoniumnitrate are the advisable products. Ammonium_ulphste
production via sulphuric acid manufactured for this purpaose
is more costly; this material can be counted as industrial
by-product,

For the production of phasphate fertilizers on mini-
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 phasghate fertilizers based on phasphoric acid.

The production of potash will be limited to few devel -
oping countries but not on mini-scala.

4.6 Assessment of dema.'. for fertilizers and of
potential for small scale fertilizer units in

countries identified as potential users of

mini—fertilizer plants

4.46.1 Fertilizer praduction units

There are three means of supplying a country with
fertilizers: domestic production, 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 matorial(s) are
available. It is a general tendency to try to wuse as much
raw materials as possible locally available eve if they are
of lower grade or are more expensive. ,

In the previous chapters surveys hayve been made cf the
raw materials’ potential in developing ‘ccuntrias and fore-
casts of consumption of fertilizer nutrients for 2?1 develop-
ing countries. Taking into consideration the e:isting pro-
duction capacities and those under construction, theoreti -
cally, supply/demand balances can be made for each ccountry
and region. However, scme of the developing countries having




large quantities of cheap raw materials have been increasing

their productive cagacities for export purposes. This trend,
will no doubt continue in the future and for this reason
surplus capacities can be found on regional and/or sub-
regional scales. The number of mini-plants in the developing
countries will depend on their raw material potentia! and on
their efforts to become self-sufficient. In some countries
mini-plants will have capacities exceeding demands. It is
thought that lacal surpluses will stimulate demand in thecse
courtries. '

Estimates of the number of mini-fertilizer productian
plants for the developing countries by regions are summarized
in Tables 4.6-1; 4.6-2; 4.6-% and 4.6-4. In Table 4.6-1 and
4,6-2 the number of NHjmini—plants is proposed to be built in
the first and the second decade, respectively, indicating
their capacities (130 tpd and 250 tpd) and raw materials
(natural gas, fuel oil, coal). Accordingly, toward 1970
8S mini NHx plants is forecast, 83 of them for fertilizer
purposes. Their combined capacity amounting to 18702 tpd
NHz. The majority, almost three-quarters are based on natural
gas, and only % of them on hydropower potential.

In the last decade of this century 130 mini NH plants
are foracast with a total capacity of 29400 tpd.The majority
of them (about 67 per cent) are also based on natural gas but
coal as raw material would become more important increasing
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
sunmarized by regions, adjusting them tc the above mentioned
NHx capacities. . v 3

In Table 4.4-4 the number of mini-scale £ Os units are
summarized by regions. Each of these plants consists of a
single superphaosphate plant with a capacity of S00 tpd SSF
(90 tpd %.05) 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, amoun@ing to a teotal new
capacities of 3780 tpd F Os and 6120 tpd £ Os, respectively.

In Appendix 4/4 the countries’ demand versus mini-plant
capacities are shown for N and & O¢ in two tables, re-
spectively, and the balances are summarized by regions.




Estimate of number of mini NH, plants that could be established Table 4.6-1

in 91 develqpingﬂcountries toward 1990

Nominal capacity

tpd NH3
Region coal nat,gas fuel oil Total Remarks
150 250 150 250 150 250
Africa 11
North-West - - - - - - -
West - - - 2 1 - 3
Central - - 4% - - - 4* ¥one of them is on hydropower
potential
East and Southern 3** 1 - - - - 4¥% Bne of them not for fertilizer
production
Latin America 16
Central - 1 - 2 1 - 4
Caribbean - - - 1* - 2 3¥ ¥one of them is on hydropower
South - - 2 7 - - 9 potential
Near East i
Africa - - 1l 1 - - 2
Asia - - 1 4 - - 5
Far EFast 51
South Asia - - 1* 12 - - 13 ¥on hydropower potential
East and South-
rast Asia 5 6 4 20 1 2 38
Total 8 8 13 A9 3 4 8¢

Total capacity: 18850 tpd NHiy;

For fertilizer production: 18700 tpd NH3

of which one plant with a capacity of 150 tpd NH3 may be built in
Burundi for metallurgy purpoSe.

ro
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Estimate of number of mini NH, plants that could be established Table 4.6-2
in 91 developing countries 1990-2000
Nominal capacity
tpd NH3
Region coal nat.gas fuel oil Total Remarks
150 250 150 250 150 250
Africa
North-West - - - - -
West i - 1l 2 2 - 6
Central - - 3 - - - 3
East and Southern 2 3 1 - - - 6
Latin Ameirica
Central - 1 - 2 1 - 4
Caribbean - - - 1* - 2 " *one of them on hydropower
South - 7 2 7 - - 16 potential
Near East
Africa - - 1 2 - - 3
Asia - - 2 7 - - 9
Par Fast
Scuth Asia - - 1* 22 - - 23% *one of them on hydropower
tential
East and Southern potentia
East Asia 8 14 5 28 1 1 57
Total 11 25 16 Tl 4 3 130

Total capacitys 29400 tpd NH3

AV A




Estimate of numbter of mini urea and NH,NO, capacities that could Table 4.6=3
-~

_te esteblished in 91 developing oountr

fes up to 1990 end 1930-2000

Nominal capacity
tpd

Region

up to 1990

Africa
Norith West
West
Central
Bast and Southern

Latin America
Centrel
Carribean
Scuth

Near Esst
Africa
Asia

Far East
South Asia

East and Southern

ELast Asia

(O S
Do

o H

Total

1990 - 2000
NH4N03
355 591
2 1
1 -
2 p
- 1 |
- 2 S
1 6 !
1 3
1l 12
7 20
15 46
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Table 4.6-4

£3timate of number of mini P7205 capacities that

could be established in 91 developing countries
up to 1990 and 1990-2000

Nominal capacity: 5060 tpd SSP /90 tpd P305 and
200 tpd sulphuric acid based

on elementary sulphur

Region up to 1990 1990-2000
Africa
North-West - -
West 2 4
Central 1 2
East and Southern 4 5

Latin Amerita

Central 1 1

Caribbean 1 2

South 8 _ 11
Near East

Africa 1 2

Asia 3 5
Far East

South Asia 5 10

East and South-East Asia 16 26
Tota’ 42 68

Total capacfty to 199C: 21000 tpd SSP /3780 tpd P20s/
1990-2000: 34000 tpd SSP /6120 tpd P205/
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4.65.2 Fertilizer processing plants and storage
facilities

Since fertilizer is a seasonal commodity while its pro-
duction is usually continuous the marteting, 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 amaunt of fertilizer is produced
it will sometimes find its way to the farms. The marketing
and distribution system is as important as the praoduction
system and should receive equal attention.

The marketing system wusually includes facilities for
handling and storage of fertilizers in 1local warehouces,
providing a link and a buffer between the continuous pra-
duction and the seasonal use. Where existing transportation
is insufficient, the marketing system also may need to in-
clude trancport facilities. Of course, in case aof mini—plants
the ¢transport cdistances are much shorter than in case af
a large tonnage unit.

When 1local ‘waretiouses are established for storage a¥
fertilizers, the location of bulk blending 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-fertilizer plants. In this way
two objectives can he achieved. First, there 1is no need to
produce various kind of compound fertilizers with different
NPK grades by, generally, complicated processes in mini-
-plants. And . second, the wmost suitable formulations to
the various cultures 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 fpy. Taking into consideration
a unit capacity of 10000 tpy and the forecast fertilicer
concumption of the developing countries,, up to 1990 about
I500 such starage/blending units might be needed. They can
cover cnly the 40 per cent of the total calculated demand.
From 19V1 to 2000 avout 6000 units might bé installed. These
together ran meet requirements at a rate of 70 per cent. It
must be, however, mentioned that four large countries, China,

India, Brazil, Me:ico are not included in the above forecact
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because they have differences significantly in their circum-

stances. -

Al though, these numbers are mechanically calculated 1t

is certain that a lot aof such facilities would be estab.ished

in any way. MNo accurate estimate can not be made becau:z=2:
there is no information as to how many units ex:st
or are under construction and 1in all caces their
sizes (capacity) would absolutely depend on the
Qlocal circumstances (regarding land, transport
possibilities etc.).

The storage and distribution system is a very impartant
part of the fertilizer supply and it is sure that a lot af
them will be built in many developing cauntries. Howewver,
since the bulk of the investment cost for a unit containing
storehouse and blending plant is inserted to the storage
facilities, it would be a mistake to neglect the inclusion of
blending facilities with the warzhousze.
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5. FERTILIZER SUPPLY SYSTEM

The question, whether the consumption needs of a dewvel-
oping country be covered through the erecticn aof a lgcal
mini—-plant, an e:xport-oriented big size plant of a jumbao cize
serving a whole region or simply *hrcugh import cannot te
decided upon camparing of the technical and econamic ad-
vantages or disadvantages of the mini-plant only. Long term
planning demographic forecasts, food demand, agricultural
development plans, raw material resource, foreign trade
balance, manpower and technical skill availability, infra-
structural development logistics, market orgenisation, trans-
port, storage, distribution and application taogether with
many aother questions need all be considsred in order to work
cut the alternative supply routes and decide upcn the right
solution.

The establichment of an effective fertilizcer supply
system in most developing countries is not likely to succeed
unless the government assigns it a high priority and adopts
polices tc 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 goals for
its agriculture, including supplying encugh food crops of ap-
propriate types for its population; supplying nonfcod needs
such as rubber, cotton, wool, hemp, etc.; and producing cacsh
crops for export of products for which the country has na-
tural advantages. Some appra:imation of the amount and. kinds
of fertilizers needed to achieve these goals usually can be
formulated praovided sufficient agricultural information 1is
available. It must be =tressed that for qualitative, as wel!
as for quantitative assessment, only the wanalytical approach
ils feasible, every region asks for individual e:xamination, no
summarized "national"” values will help.

In agricultural development fertilizer use is only cnz
factor among many aothers: bioclagical methods (seed), plant
protection chemicals, 1irrigation, tillage methods, meliora -

tion and many other measures must be applied far optimua
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rasults. Use of local nutrient sources (manure etc.) shauld
be also cansidered. Factors, like the purchasing power af
farmers, price policy and gocvernment suhsidies if not
properly considered, can upset the best of farecasts.

Beside the quantitative assessment of the fertilizer
needs, it is necessary to determine the right relationship
between the different nutrientes and the kind of product to be
used.

This is a difficult problem and its implications are
sometimes not fully apr eciated. Usually there are data
available on . the respanse a@f major crops to each of the
primary nutrients and to the secondary nutrients. However,
with continued fertilizer use of one ar two nutrients, ather
nutrients may become more and maore deficient. - By means
of =01l analyses and crop requirements or if available fram
long-term test data, the right nutrient balance can he
anticipated.

The choice of the fertilizer product forms ie :-lcao
a complex praoblem. Soil composition, crop, agricultural and
application methods, as well as fertilizer product properties
(compensation, hygroscopicity, particle size etc.) are-the
technical factors to be considered. Raw material and othrer
resources available have also their influence on the resclt,
the . ecbnomics, where all this factars, expressed in mcney
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 1in cooperation with agronaomiste, 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 country’s
resources. The resulting decision will involve in mast caces
some compromice between agronomic effectiveness and . cost
or bewween production and distribution costs. Usually no
clear decisicn is passible in favaur of one type of product,
but several kind of fertilirer will be needed in a given
proportinn. ‘

A cdetailed study and its conclusions on the policy to
be adopted with all the possible consequences considered will
be of great help for a government aiming at the fostering of
an adequate fertilizer supply with 1its own means: loanc,
subsidies, leVies, taxes, custom duties, etc.; in order %o
influence the market faorces in the right direction.
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Marketing and Distribution System

Marketing, including distribution, Eeqional and local
storage, and retail outlets of fertilicers, are very impor-
tant aspects which are often given insufficient attention.

Many developing countries nave very poar transpaortation
systeas which are already overloaded. In some remote regicns
of large countries, the cost of transportation far oaoutweighs
the cost uf fertilizer production. Where existing trans-
portation is inadequate, the marketing system also may need
to include transport facilities such as trucks, barges or
railcars. These facilities may alsa be used far carrying
grain or other agricultural products to the market. One of
the most pressing problems in many developing countries 1<
impravement of the transportation facilities - railroads,
highways, waterways, harbours, etc. Such facilities are vital
for marketing fertilizers as well as agricultural products.
It seeas futile to build large fertilizer plants when the
infrastructure is inadequate to distribute their product:icn.
Development of the infrastructure may well be such an
enormous job that the building of numerous smaller plants
would provide a more econamical and practical alternative.

The marketing system usually include physical facilities
for storage of fertilizers in regional, district, and local
warehouses.

It is of vital importance tu develop a lagistics system
that will ensure that fertilizer of the right kind is avail-
able to farmers in the right amount at the right time. For
such a system it is first necessary to estimate the require-
ments of each region and district in detail including kinds
of fertilizers required, quantity cf each and the time when
each is required. When this information is at hand, a system
of regional and district distribution centers can be set up
with adequate storage facilities at each center and retail
outlets can be identified or established. Transportation of
fertilizers ta the distribution centers are also to te
solved. '

In the fertilizer marketing system, physicar facilitie=z
for transport, storage and distribution, and the necessary
skills involved in agricultural organisation and administra-
tion should be integrated to serve all identical needs of
agriculture.




= 210 -

This studies and their implementation are usually done
in the developed countries by the fertilizer manufacturers
or by separate wholesale and 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 1local . econamic conditiaons, leave the
realisation to the private capital encouraged by governaent
or incentives partly or wholly take in hand the realisation,
toa. .

Regardless of the source of tha fertilizer supply the
transport, storage and handling system must correspond to the
fertilizer need. The quantities to be transported, the
shipping distances and the location of warehouses and their
capacity, however, is grzatly influenced by theze sources.
Different supply schemes would be needed to correspond ta
import-based alternatives as against home produ-ed goads 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 Resaources

A detailed inventory of a country s natural resources
is helpful in planning a fertilizer industry. Unfortunately,
most developing countries and many developed countries have
incamplete knowledge of their mineral 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 an currently known
resouces, each country would need to have long-range plans to
gather as much information as possible abaout its mineral
resources.

Infrastructui-e

Although thr. of the seven aspects of the infra-
structural problems defined by the consecutive UNIDO Con-
sultation Meetings on the fertilizer industry have been
mentioned just now, it seems adequate to dive here the full
list:

1. Transportation infrastructure (roads, railways,

port facilities, railway rolling stock, ships);
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2. Utilities infrastructure (power supply, water
supply, and a drainage and sewagé system);

3. Raw materials infrastructure fcritical raw
mater:al inputs, particulaily feedstocks);

4, Marketing infrastructure (storage facilities
and a distribution netwark that would make it
possible for the product to reach the farms)s

5. Infrastructure of agricultural extension ser—
'vices and modern agronomic practices;

6. Human infrastructure (entrepraneurial skills,
managerial skills, and maintenarce and opera-
tion skills);

7. Policy infrastructure (the broad framework of
government planning, laws, and pricing and
econamic palicies).

To this 1list, this study deemed necessary to acdd cne

more:

8. Manufacturing infrastructure for equipment and
machine replacement, spare part production and
maintenance works,

' From. this list, 1, 3 and 4 have been discussed. The
oihers alsoc must be examined carefully when setting up a
national (or regional) fertilizer supply plan. The numerous
well . known examples . of plants built without adequate infra-
structure demonstrate well enough haw the best and most
-expensive production facilities can be doomed to inefficliency
for lack of the necessary infrastructure. Different typcs of
fertilizer plants have widely di ffering infrastructural re-
quirements. A 1000 tpd ammonia plant is very demanding both
in quantity and quality in water supply, agricultural
services, marketing, maintenance and operation skills and
uninterrupted power supply, etc. The probiems posed by 2
mini—-ammonia plant are at least one magnitude lower.

‘The costs involved in establishing an adequate infra-
structure are usually so high that it can only be supported
on a national level.

When setting up a fertili:zer supply’ system usually a
verry important cost factor influencing the decisiaon is the
infrastructure needed. In this study account was taken of the
different factors 1in calculating the full investment costs
from battery 1limit costs for big and small plants as w=ll
as for seaside and remote locations. (Sza Chapter 1.1 and
Appendix 3/1).

1
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Production Facilities

With the data and results mentioned abaove 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 ta be
processad in the country
(this can extend from ammonia or phaos-—
phoric acid for fertilizer production to
different single fertilizers for com—
pounding or simple bagging)

- fertilizer production in the country.

For this last alternative several cases will he in-
vestigated: big central plants and local small ones with all
the relevant factors: ¢training, maintenance, spare parts,
onstream factor, infrastructural needs etc.; accounted for.
Different locations for the production plants, regional
cooperation or export possibilities present also saveral
alternatives.

The viable alternatives can be selected only by careful
analysis of the “local conditions - no general rule exist.

For every production rogute, the capital and operation
costs can be now computed from the raw material source until
the product reaches the farm-gate. Costs and incomes in this
case cannot be average values or general factors: trans-
paortation, storage, infrastructure, offsites etc., for every
item, and with the time factor and the corresponding interest
rates will be evaluated.

Modellin

Whin for all possible alternatives the whale -cost
structu-e is zomposed, it is easy to canstruct the supply
model. The 1individual alternatives have tao be complemented
by the other technical and economic features which have not
yet been taken into account. Thece features are either of
limiting nature: availability of given raw materials, infra-
structural services etc., or should have a_special (highsr or
lower) effect on the decision, which codld be pravided for
by application of factors. The whole exercise can be
optimized by the linear programming method. (See Annex 3/2).




- 213 -~

Optimization could aim at different goals: minimum in-
vestment, minimum fertilizer supply cost, minimum foreign
currency utilisation etc., or a combination of different
aims, expressed in mathematical form by the ocbjective
function.

The computer—aided linear pragramming methcds deliver
for cash optimization goal a model, which is usually composed
from different supply routes in a given praoportion (e.g.
import, local production in small, resp. big plants). It 1s
very easy to have quite a big number of "runs" for different
“"aims"” and/or different starting conditions (price structure,
etc.). Sensitivity analysis is possible to estimate how raw
material or praoduct price variations will influence any
decision.

Decisian—-making

Models and computer are very helpful tools - but only
tools. Every model and optimisatian result will have the csane
validity and accuracy level as its input data. Known the
relative ."accuracy" (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 back-
ground information needed, the evaluation, selection and
processing until the final madel as well as the inter—
pretation of the results 1is a very demanding task even for
experienced and skilled peaple. Many developing countries
have adequate experience and knowledge in this fields they
usually will have already elaborated such a supply system.
Beginners in this field would be advised to rely cn the help
of saome knowledgeable other developing country or to use the
good services of reliable e:perts, possibly through the
relevant international organisations such as UNIDO.

The national (or regional) supply system is a pre-
requisite and cannot be a cubstitute of A feasibility study
for every project proposed in the overall scheme. The
individual feasibility study, worled cut. by much more de—
tailed technical and economic analycis will serve as bazi3
for the final decision o©n the plant size, locatian, the

process to be used, the praoduct to be manufactured etc.
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6. IMPLEMENTATION OF MINI FERTILIZER PLANTS

6.1 General approach

Once the feasibility of a mini fertilicer plant has been
established, the procedure for its implementation will start.

Mini-plants will be presumably realised in countries
having already braoad experience in the fertilizer industry
like China, India, Mexico etc., but also at the other end aof
this line in countries with no fertilizer industry at all.

The realisation of the project will accordingly adopt
one of the following forms:

- turr-key plant delivered from a foreign cauntry,

- project realised in cooperation with a foreign
(develaoped ar develaoping) country,

- process, know-how and basic engineering de-
livered from a foreign country; procurement,
erection realised by a haome 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 fraom different
countries and as a result in every case new developments
will be found to improve the performancé and thus the
economics of the plant offered. Already exicst many possi-
bilities to intrbduce improvements in the existing processes
and new processes or process steps ara constantly emerging.

The same situation will occur if only process, know-how
and basic engineering is the scope of the tender.

Standardicsation

Efficiency and competitiveness of a proposed procecs
will depend to a great extent clcsely follawing the approach
of the optimum conditicns: but mast of them differ from case
to case: local raw materials, meteoraolagical and geagraphical
parametcrs, services will influence not onfy the dimensiaoning
of the individual items of equipment but to a certain eixtent
the flowshoet, too. .

' The capacity of the mini—-plants to he realised muut
usually correspond to the raw material resources, or mariet
limitations or both. It seems not reasonable tc suppaoze that

one or two fiued sizes will satisfy all requirements.




Frocess development and engineering is in our days very
different from the classic way of the fifties. Even befare
the first commercial realisation a computer model is wartked
out for the whole protess. This model undergoes constant im-
provement in the 1light of the 1industrial experience feed
back tc the engineering services. For every actual cacze th-
relevant starting data are fed 1in and a "tailor made"
variant of the process is computed. In maost cases anly minor
variations in reactor volume, heat exchanger size or capacity
(in a given range) are needed but major differencas (air
cooling versus water coaoling, different drives, e.g. dif-
ferent refaormer furnace constructions etc.) are also nos-—
sible. The bulk aof the engineering cost comes from the first
stage: the process development and madel construction. The
individual modified application do not need appreciatle
engineering work and cost, but evidently the first real:isa-
tion cannot bear all the original development ccsts, it has
to be spread cver all the projects realised. By this way, the
individual tailor made decsign for every case prezents no
financial burden, causes no delay and allows for the optimum
soluticon hetween the limits set gy the model. It is obvious,
that even the léyout the piping and many of the detailed
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 would he
hardly possible to find two really identical ones.

The process engineering package is the basis for the
procurement of the necessary equipment, machines, instruments
etc., either by the contractor (turn-key contract) aor by
the client «(basic engineering services). In both cases, ta
make the project competitive the invited manufacturers
will work out the detail engineering, or will offer their
proprietary design for machines, instruments etc. Fractical
experience shows that tha different manufacturers offer
different de<signs for the same purpose! Decicion, on what
to buy will in both cases depend nat only on technical
considerations, but price, transport, spare part services,
credit and other factors. Thercfore — as it ic the case with
}11 plants - in different places diffcerent individual equip-
ment etc., will be found in basically the same kind af plant.

It seems therefore, that every effort to create a
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"standard” mini-plant design would reduce competition and

technical development and present little  economic advantage.

This study recommends to promote and encourage the

development waork on mini-plant processes going on 1n
different developed and developing ccurtries, in arder to
enatle them to offer competitive, cconomically sound pro-
cesses for the interested buyers. This together with the

possible help that can be provided by internaticnal or-
ganisations 1like UNIDO in preparing feasibility studies,
tender documents and evaluation would assure the beszt
technical and economic sclution for every individual case.

Prefabrication

Local work on site is always a difficult precblem in
developing countries, particularly 1in ra2maote locations. Lack
of skilled manpawer, high expatriate costs, difficult local
conditions 1lcad to serious delays, inadequate quality and
other difficulties in the realisatiaon of new projects.

An obvious ‘way ta reduce onsite canstruction and
assembly time is in remote locations with engineering infra-
structural suppo%t to build a plant in the farm of prefab-
ricated units or modules in the works of a fabricator and
transport them to the site. However, this is not as easy as
it seems. Process plants are wusually complex and assemblies
of piping and precision equipment, such as instruments, pumps
and other rotating machines is a difficult task. Attempts to
ship subassemblies of this nature (especially as deck cargo
on standard ocean—going vessels) and transport them averland
frequently result in- considerable damage, with consequent
lose in time and in extra cost. Furthermore, transfer from
ship to land transport is often hampered by lack of suitable
gear. Therefore, adoption of prefabrication under- such
caoanditions would be 1limited to relatively 1light 1loads of
robust equipment.

Several new methods of prafabricating fertilizer plants
or modules have been proposed, and some' have been used to
construct most of the plants in industrial facilities wherea
it can be done faster, better, and cheaper than at remcte
locations. The plant or module is then transported to the
site and assembled. Prafabricatiaon of production facilities

is currently <finding extencsive use in many fields, and its
application to fertilizer plants appears feasible. There-

_a




fore, it seems appropriate to eiamine the feasibility of
prefabricating fertilizer plants in more detail.

It should be mentioned however that the principl= of
shipping prefabricated pracess modules is nraot new. Con-
tractors were supplying <small “pacliaged" ammonia plants cof
S0- to 100-tpd capacity as long as 20 vears agc. Faclaczad
urea plants of matching capacity are also available. Such
inctallations, consisting of ahout 17 skid-mountad assemblics
weighing 20-40 tons each, which are then ascembled on <ite,
require less preparation and civil construction work and i=zss
space.

Besides ammonia and urea skid-mcunted nitrogen plants,
contractors have canstructed a number of skid-mountcd
granulation plants in South America for the manufacture of
NPK fertilizers. The capacity of these plants ranges rom
about § to 20 tpd and they <=erve a regional agricultural
center or small market lagisticslly separated from largor
agricultural producing areas or wmariets.

This kind of prefabrication is quite different fraom the
barge-mounted, ocean platform-mounted - other similar
methods far 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 contralled
conditions of quality, labour and material cost.

2. Skilled shop labour rates and overheads are
often lower than skilled field labour rates for
identical work.

3. Work planning is'usually easier under shon con-
ditions, thereby helping to wminimize labour.

) caosts.

4. Usually, modules can be thoroughly tested be-

B fore shipment to site.

3. Saving in plant construction time‘tis po=sible.

The disadvantages are non the less cbvious:
1. Overall cost is generally higher.

2. Transport problems are in remote locations
bigger.
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3. Skids with 20-Z0 tons each are general

b

[¢]

v + -~
y b
small for the size of plant considered in this
study (e.g. 250 t/day ammonia).
4. Skid-mounting impress a lay-out with the mini-
mum space requirements. Therefore for opera-
tion, maintenance and repair usuall, less
space is available and it 1is therefarz mcre
difficult to execute thase operations.
S. In all locations, but in developing countries
in particular 1less training possibility 1is
offered by the local erection work ta the
future.

In every case a detailed analysis af all factors
involved should decide on the degree of prefabrication
to be adapted.

It <hould be stressed that the alternative to skid
mounted erection method is not the original, old way of
shipping half-ready individual items tao the site. Pre-
fabrication (e.g. towers delivered complete with icsolatiaon
and connecting pipework) is in all cases necessary far
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.

&.2 1 otentia f _small scale fertilizer
plants. Possible form of cooperation among

eve n untries

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 4.1 in a‘turn—key contract,
all four main components can be purchased in one paclkage. In
this case, the supplier must have access to all of them. In
the other cases different potential suppliers can be invited,
having possibilities only for selling one or another part af
the above services. Therefore the <supply potential availalule
for the two cases will be tatally different.
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flany contracturs Froum the develuped cauniries are Cap-
able of delivering small-scale plants on a turn-t:ey basis.
They exist - practically in most developed country - and
have impressive reference lists. Many others have the
capacities to enter in this field with wide euperience 1n
large-scale plants. They need anly to bhe persuaded that
sufficient demand vill be there to justify the euxpenzes
required to develop a mini-plant flowsheet. This 1s
applicable mainly to ammonia, for all the other fertilicer
products, practically na difference can be found betucen
big and small plants and all contractaors can affer mini-
—plants.

The same situation ie characteristic fcr the supply, of
equipment, machines and instruments necessary for the mini-
plants. The number of the potential suppliers is even greater
here. Therefore, it seems, the procurement will not be
hampered by lack of suppliers or of competition, even if the
buyer has to limit its procurem=nt basis to a few develoced
countries.

This situation is, however, different with regard to
possible suppliers from the developing countries. #Process
and equipment delivery possibilities for the different
fertilizers should be investigated <ceparately in order to
formulate a clear picture.

Ammonia and ammonia-processing is a field where very few
developing countries have proprietary processes and know-haow.
Perhaps the People's Republic of China is the onrly ane.
Several others, however, have capable engineering and con-
tracting organisations with sufficient experience in this
fileld such as 1India and Mexico. These organisations can
provide the necessary services for erection and start-ug,
too. Training possibilities exist in quite a number of
countries: having similar mini-plants.

.~ Phosphate fertilizers present a somewhat better picture.
Due to the phosphate rock deposits, several, mainly MNoarth
African countries have facilities, euperience and even
processes faor the mini-plants and can supply engineering and
other services

Due to the very broad spectrum of the equipment need=d
for a fertilizer plant; nearly every kind of capital good
is necessary from heat exchangers through pumps, compres<ars
to electric motors, gears and material handling ecquipment
and instruments it would be impossible to give a comple:




nicture nn the delivery possibilities offered by the da-
veloping world. The rapid improvesent occurring in the manu-
facturing capability of many a country would make thi=
attempt obsclate in a very short time. Therefore, this study
refers to the “Catalogue of Technical Capabilities 1in
Developing Countries® to be compiled, annually updated and
circulated by UNIDO. This catalogue described the specif.c
areas in the deveiopment of the fertilizer industry in which
developing countries have sufficient experierce arnd technical
competence to aoffer cooperation to ather countries.
This cooperation can be e:tended to the following areas:
(a) Continuation of fertilizer supply and
production planning for a given regiaon.
(b) Common realisation of mini fertilizer
projects either:
(ba) where one plant could more eco-
nomically serve to 'supply an
agricultural area extending in
the territory of two or more
countries ’
(bb) where the project could be ad-
vantageously implemented by
technical cooperation amonrg the
interested parties. Examples of
cooperation passibilities in-
clude delivery of know-haw,
engineering, procureﬁent, equip-—
ment, training and services or
even turn-key projects realised
together. o
(c) Financial cooperation, where the +fi-
nancing of mini-plants in one country
could be compensated by raw material
or praduct export.
(d) Transfer of knaowledge and 2uperiences
‘in planning, erection, operation and
maintenance from the countries that
have established " fertilizer industry
to the beginners.
(e) Training of the future staff of mini-

—plants 1in countries having already
such facilities.
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Cooperation on a regional level woula bhe the best way to
start with and could be e::tendad to glabal dimensions. The
di fferent regional organisations: Arab Federation of Chemical
Fertilizer Producers, Central American Economic Integratizn,
and other African and Asian organisations, similar to the twc
abave mentioned, have made encouraging steps and registerad
promising results in other fields. The extension of their
activity to the mini-fertilizer plants should be encauraged.

6.3 Estimate of jnvestment needs

6.3.1 Estimate of the investment cost far

the supply of typical mini—fertilizer
plants

The investment and production costs of several praocess
technologies for all fertilizer production steps are cal-
culated and discussed in Chapter 3 and in Appendix 3/1. These
costs are considéred for some unit-capacities (small and
large) and faor three locations (developed: West-Europe,
developing: seaside and remote locations).

From data above mentioned, in Table 4.3-1 the investment
costs of typical mini-fertilizer unite in developing coun-
tries are summarized for the three main fertilizer praoducts
(urea, ammoniumnitrate and single superphosphate), according
to raw 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. 1in case cf
ammoniumnitrate: ammonia, nitric acid, ammoniumnitrate) and
necessary offsites, but excluding working capital.
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Jable &6.3-1

Investment cogts of typical mini~fertilizer

plants in develcoping countries
(million US Dallar; in 1983)

Nitrogen—fertilizer units

Location Seaside Remote
Product Urea AN Urea AN
Nominal
capacity tpd 260 440 I35 o911 260 440 35S =91
Raw
materials
Natural gas 57 80 88 125 &6 4 102 147
Fuel oil &2 87 93 132 72 103 108 156
Coal 78 109 109 155 1 128 127 181

Phasphate-fertilizer units

2

Capacity Seaside location Remote

2

500 tpd SsP
+ 200 tpd H,;S0, 18 21

-

Storehouse and bulk blending units

Capacity Seaside locatiaon Remote
10 000 tpd 0,5 0,6
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6.3.2 Total investment needs for the 1996’ s and 200

Taking the data available froam Tables 4.6-1 to 4.&-4
the total investment needs can be calculated for the mini-
fertilizer production units in the developing countries.
It is suppaosed that about two-thirds of the plants will
be built at seaside, the others at resote locations. The
tatal investment needs in million US Dallar (1983) are:

Table 6.3-2

Total investment needs

up to 1991-2000 total
1990
Nitrogen plants . 86400 14200 22800
Phosphate plants 80C 1300 2100

Total 9400 15500 24300

A -

It means that -almost about 25 thousand millions US
Dollar would be necessary up to 2000 for estahlishing
‘nitrogen and phosphate fertilizer plants on mini—-scale in the
developing countries.

TJo this sum the cost of the developing of the adequate
handling and distribution system must be added, which can
be estimated about 10 billion US Dollar.

This system must be .develaoped in' case of supplying
the farms with imported fertilizers, too. Thus the developing
of distribution and warehouse system i1s not connected so much
with the fertilizer industry as with the agriculture.
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Appendix i/1 - Sources of information for the study

1. Reply to questionnaires from contractors and process owners:

Positive answers received from:

C.F. Braun and Co.

John Brown Engineers and Construction Ltd
Haldor Topsoe

Krupp-Koppers GmbH

Société Chimique de la Grand Paroisse
Sim-Chem Ltd

Snamprogetti S.p.A.

Uhde GmbH

Voest Alpine

Negative answers:

Five companies returned negative answer;.

No answer:

Twenty-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 answver:

Twenty-five companies did not return questionnaires.
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3. Direct contacts

3.1 Contractors and process owners:

Haelder Topsoe A/S, Copenhagen, Denmark

Humphreys and Glasgow Ltd, London, England

Imperial Chemical Industries (ICI), Rillingham, England

Krupp~-Koppers GmbH, Essen, Germany

KTI-Kinetics Technologie, Holland

Société Chimique de la Grand Paroisse, Paris, France

Uhde GmbH, Dortmund, Germany

Voest-Alpine AG, Linz, Austria

3.2 Information material supplied by FAO, Rome:

a.

Information issued by FAO:
Fertilizer Yearbook 1981
Agriculture toward 2000

Input requirements: Production, consumption, export/import
figures from fertilizer year 1970/71 to 81/82, by nutrients
and by type of fertilizers

Data of land use, by countries, 1971-1981
Current world fertilizer situation and outlock 1980/81-1986/87

Commission on fertilizers, eighth session, Roue,
31 January to 3 February, 1983

Information issued by Bureau of Mines:
Minerals Yearbook, 1981 (US Dept. of Interior) reprints

potash
sulphur
phosphate rock

UNIDO information material:

Internal working papers:

Opportunities for establishment of mini fertilizer plants in
developing countries

Potential for setting up mini fertilizer plants

World fertilizer situation 1975-1981 and outlook in the 1980s

Market study for mini fertilizer plants for developing countries
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5. Lanore Seminar

The seminar on mini fertilizer plants was organized by UNIDO,

15 - 20 November, 1982. TForty-five papers were presented. Out of
these, 19 came from industrialized, 26 from developing countries.

Thirty dealt with processes (out of these 11 presented new technological

aspects) and 18 dealt with financial problems.

6. Technical conference on ammonia fertilizer technology for promotion
of economic co-operation among developing countries, Beijing

The conference was organized by UNIDO, 13-28 March, 1982. Thirty-seven
papers were presented. Seven of these come from industrialized and

30 from developing countries.

T. Others

Fertilizer Msnual, UNIDO, Development and Transfer of Technology
Series wo. 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, I'oyes Data Corporation, New Jersey, USA, 1981

Second world-wide study on the fertilizer industry: 1975-2C00,
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




Table 1. World Consumption of Fertilizers,

by legions 1975/76-198¢/81

/Million metric tona Y =~ P2°j - K20/

Nitrcgencus Phosphate Potash
Re2gzion 1575/78 18717 11/78 18773  19/80 ac/8l 1371577186 187771 711718 18779 19780  80/81 1975/16 1¢/17 11718 16/19 13/6G  ac/6l
leveloped Market
Ironomies 13,2 19,9 13,8 21,4 22,1 22,8 12,2 13,4 13,1 14,2 14,2 13,5 10,5 11,6 11,5 12,6 12,8 12,2
North America 10,0 1¢,2 9,7 10,5 11,2 11,6 5.2 5,6 542 S.7 5,5 5,5 5,0 5,5 5,3 6,0 6,0 6,0
“23%ern '::\.U.‘O_DO 3.0 8" 8.8 9.4 10'0 918 5-1 515 5»6 6'1 611 5v6 416 5'0 512 515 5v7 5!5
lzeania Cc,13 0,22 0,24 0,24 0,26 0,27 0,98 1,11 1,18 1,28 1,32 1,2 c,19 0,23 0,23 0,2% 0,24 0,22
lthera 3,38 1,35 1,10 1,14 1,22 1,12 1,00 1,12 1,15 1,20 1,26 1,16 0,72 0,79 0,82 0,87 0,68 0,67
Cavelocing Market
Zssnomies 1.3 8,2 9,51 10,1 11,3 11,97 3,8 4,55 5,19 5,56 €,c0 6,54 1,52 2,18 2,6 2,90 5:C1 3,45
Alrica 0.44 O.-‘? 0.47 0.49 0'55 0069 0,36 0|4 01}8 0159 0,}9 0.52 0119 0120 0.22 0.2} 0,22 0.2’5
Lazin Americza 1,38 2,35 2,51 2,46 2,67 2,84 1,70 2,0 2,21 2,2 2,44 2,76 0,93 1,12 1,39 1,48 1,58 1,86
v2ar Zast 1,32 1,27 1,56 1,64 1,31 1,82 0,69 0,84 0,96 0,37 1,13 1,05 0,03 0,04 0,04 c,C5 0,06 0,08
Far Tast 3,70 4,25 5,0 5,5 6,24 6,61 1,07 1,29 1,58 1,31 2,04 2,21 c,65 0,81 0,93 1,14 1,20 1,26
lxners c,01 0422 0,01 0,C1 c,01 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,C0 0,00 0,00 0,co 0,60 c,00
centrally Planned
Izcnomies 16,3 16,% 20,4 22,2 23,2 22,82 2,1 9,4 10,23 10,80 10,87 11,43 9,1 2.3 8,8 8,9 8,1 8,6
Asia 4,8 5.2 8,7 10,03 11,3 12,83 1,48 1,57 2,09 2,32 2,21 2,72 0,40 0,41 0,25 0,37 0,51 0,58
Zastern Zurope 11,5 11,3 11,7 12,19 12,0 12,69 7,61 7,82 8,14 8,48 8,66 8,51 8,75 8,9 8,5 8,6 7,6 8,00
All Developed
Bountries 3¢,1 31,3 31,9 }}¢§ 34,1 3549 19,8 21,2 21,3 22,1 22,9 220 19,2 20,5 20,0 21,2 20,4 20,2
All Developing
Czuntries 12,1 13,7 18,3 20,1 22,6 24,8 5.3 6,1 1.2 yay) 8,2 9.5 2,2 2,6 2,9 1,2 3.6 4,0
Wcrld Total 42,9 45,0 49,8 53,1 51:3 60,3 25,2 27,3 28,5 30,6 31,1 31,9 21,4 23,1 22,9 24,4 24,0 24,20

Sources: FAQ Pertilizer Yearbooks 1379, 1980, 1981
FAO /UNIBR/ World Bank Working Group on Pertilizers, June 1982
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Table 2. World PFertilizer Consumption Growth Rates, by Regilons
1975/76-1980/81
NJITROGEN
legion Annual growth rates /per cent/
1976/117 17/78 78/19 79/80 80/81

Al]1 developed countries 1,9 0,6 6,1 3,3 2,3
North America 2,0 -5,2 9,3 5,7 3,6
Western Europe 5,0 4,8 6,8 6,4 -2,0
Eastern Europe -1,17 3,5 4,2 -1,6 5,7
All developing countries 13,7 33,5 9,8 12,4 9,1

L Africa 6,8 0,0 4,3 12,2 25,5 .
Latin America 20,2 11,1 -2,0 8,5 6,4 ’J
Near East 12,9 4,17 5,1 10,4 0,6 O
Par East ¥/ 11,1 45,0 11,7 14,6 10,8 ,
World Total 4,9 10,7 7,8 6,7 5,2

PHOSPHATE

| All developed countries [,1 0,5 6,6 0,9 -4,1
North America 7,7 -Ts7 9,6 -3,6 0,0
Western Europe 1,8 1,8 8,9 0,0 -8,9

‘ Eastern Eurgpe 2,8 4,1 4,2 2,1 -1,8
x/ Including Asia from Centrally Planned Economies



Table 2 /cont’d/

PHOSPHATE /cont'd/

Annual growth rates /per cent/

1976/71 1971/78 1978/79 1979/860 1960/81
All developing countries 15,1 18,0 2,% 3,8 15,9
Africa 11,1 -5,3 2, 0,0 33,3
Latin America 17,6 10,5 3,6 7,0 13,1
Near East 21,7 14,3 1,0 16,5 7,6
Far East %/ 12,2 28,7 14,9 0,5 20,7
World Total 8,3 454 1,4 1,6 1,3
POTASH
All developed countries 6,8 -2,5 6,0 -3,9 -1,0
North America 10,0 -3,8 13,2 0,0 0,0
Western Europe 8,7 4,0 5,8 3,6 -7,0
Eastern Europe 1,7 -4,7 1,2 -13,2 11,1
All Developing countries 18,2 11,5 10,3 12,5 11,1
Africa 5,3 10,0 4,5 -4,5 13,6
Latin America 20,4 24,1 6,5 6,8 17,0
Near East / 33,3 0,0 25,0 20,0 33,3
Far East ¥ 16,2 -3,4 28,0 13,2 7.6
World Total sl -0,9 6,6 =-1,1 0,8

Source: FAO Fertilizer Yearbook,
FAO /UNIDU/ World Bauk Working Group on Fertilizers, June 1982,

1981.

x/ Including Asia from CeRtrally Planned Economles

-I'[-
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Apiendix 5/1 - Methods used for economic evaluation in the study

(Comparison of investment and production cost for mini and

big plants
- in a develcped site (West-Europe)
- in develoring sites (seaside and remote
locztion)
Introducticn

If an econcmic comparison is made of armonia produc-
ticn e.g. in a large single train plant (1000-1500 tpd)
with a swaller plant (say, 200 tpd) and considering
only technical factors then the conclusion may well be
reached skat the specific production cost per ton of
product is lower in the larger plant. This will be due
tc the economies of scale in equipment costs and in-
creased energy efficiencies. However, such corpariscns
ignore a numter of factors and possible external con-
straints whicn will affect the plant’s construction and
operatior. 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 much
shorter time after initial plant start-up. The time

saved may well be 2-3 years in total. Longer construc-
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tion time means higher costs of pre-operating inte-
rest and a deferment of the date when ratural re-
sources or locally available feedstocks can be pro-
fitably converted into product and markets can ce-
gin *c be satisfied. Meeting the technical and in-
frastructure needs of a large plant can 2lso impose
undue burdens upon existing infrastructure parti-
cularly in developing countries. Most tyres cf
~ertilizer plant require a large source of fresh
water tc operate efficiently and product rust be
reroved quickly from the plant if costs ¢f meintain-
ing inventories are not 1o beccme excessive. Spe-
cialized technical staff tor the oreration cf
complex process facili-ies will norzally need to

be trought intc the area in which the rlant is to
be built and, derending on the loczl availability
of skilled and gualified manpower, a nigh prcopcr-
tion of the staff in the initial years of opera-
tion cay well be expatriates. Tre need to acccmc-
date and support a lzrge expatriate staff must te
taken into account and may result in undue extfa
costs and burdens on the social infrastructure in a

aeveloping country e.g. hcusing, scrhools, hospitals.
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Amidst all the arguments cn the relative economics
of small and large plants it must not be forgotten trat
the ultimate aim of any plant is to satisfy the exist-
ing or projected demard for its product. Where a reason-
ably large local derard already exists for a prcduct
then the choice of plant size will usually te based
upon satisfying this dewand with its projected growth
over some reasonable period of time. Substitution cf
fertilizer imports with local product is usually ad-
equate justification for the plant but the necessity
to consider the econocmics ¢f production then exists in
order to determine whether imported products may be
cheaper and whether product initially surplus to exist-
ing derand can be profitably sold in other markets.

The term "ecconcmic size" is usually interpreted
in the context of process plants to rear the size
beyond which unit cost of prcduction would cease to
skow any marked decrease. Various factors will affect
trhis "break-point" fcr any particular project situa-
tion and the eventual choice of plant size must te a
balanced decision taking into account firstly the
market situation and secondly the results of eva-
luating capacity related econcmic factors.

The economies achieved by large plants in in-

dustrialized countries are rarely achievable in De-
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veloping Countries. However, smaller plants in
develorping ccuntries can, if prorerly conceived and
operated, prcduce economies which will aprroach those
of large plants in Industrialized Countries. There-
fore when taking into acccunt savings in foreign ex-
change and the advantages of security and statility
of supply, a plant can be justified at much lower
caracity than would be so in the Developed World.

The question whether a miniora big plant should
be established in a developing country ard where i%
should be installed is not only a function of the
local market, the availability of raw materials, the
specific investment and prcduction costs, but quite
a numter of other factors must be taken inte ccn-

sideration, tooc.
Such points are, for example:

~ The distance tetween the deposits of the raw ma-
terial and the area of utilization;

- Conditions for the infrastructure, utility pro-
visions, erection and crperating 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
te estabtlished, on the other hand is s 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 ot the dif-
ferent possitle solutions of the same supply protlem the

following method is applied.

Summary of the methodology adopted

—a

3aged on conceptual deliterations with the methodo-
logical description and the detailed calculations, the
total investment costs for a plant in an induatrially

developed country were estatlished from the tattery limit

investment costs. The investment cost for the same in a
developing couniry were derived by application of factors.

The factors used are given in the ippendix 3/1 referred to.

As the projecta in every case have teen examined
for identical aite conditions, it is necessary to indicate
the local conditiorns defined by the denominations /deve-

loped site, seaside location, remste location/.
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Developed gite - West Europe

Means a site with developed infrastructure and high
technical tackground, where a starf of well-trelned

experts and an estatlished logistic systea are availatle.

Ceveloping site: seaside location

Means 8 gite where the infrastructure hag to be partly
developed. Thig and the time necessary for its realization
must te taken into account as a cost-increasing factor.
Trangport facilities are restricted tut a sea or river
hartour tg available. Construction and operation are to

be performed partly by leess skilled latour.

Developing site: remote location

leans a continental /inner/ site where no infraastructure
ig existing and in lack of a highway/railway network,
transport difriculties 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 factoras used tfor the invesgtiment
coat estimation on the previously defined sites, factors
like: customa prescription, risks, differing transport
and financing conditiona etc., are not considered,
gince these may only be estimated in knowledge of the
actual conditions; their generalization does not seem

reagonatle.
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Seversl studies deal with the estization of factors
neceegary for estatlishing tne investment cost require-
nents with planta to te realized in developing countries.
The most detailed evaluation method among them is given
by the study of the Gulf Organization for Induetrial
Consulting /1/, it compares, bty a weighting-evaluating
system for every factor, an investment teinz realized
in three typea of developing countries on different de-
velopment levels, to the inveatment costg of a similar

object in :ihe USA.

The results, as compared to USA investment costs,
are:
l./ For a "relatively developed" developing
country factor: 1.35
2./ Por a "less developed" developing
country factor: 2.10
3./ For a quite underdeveloged country,

factor: 3.05

These factors, however, consider not% ouly %the to-
tal investment coat tut also the contracting and fi-

nanciel possibilities.

/1/ Anon: Construction, production and distribution
cost of petrochemical projects.
GOIC Semipar, Doma, Quatar, 20th Sept. 2nd
Oct. 1979.
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In the study of the UNIDO/OPEC found the following

gtatement /1/.

Location factors: U.S. Gulf Coast = 1.0
Latin America = 1.3
Mid-East and China = 1.5
Africa and Asia = 2.0

In an 1978 UNIDO paper /2/, it can tw tound that the
local factors are very difficult to estimate., It is
mentioned that the TVA calculations generally consider

a factor of 1.25 tut many other authors think it to be low.

The factor used in this paper for an aammonia-urea
plant is
for a site with some inrfrastructure 1.35

for a reacte location 1.74

A factor of practicelly the same value 1is con-
gidered in a paper elatorated likewise by W.F. 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 esialli.shment of

etrochemical industries
NIDO/OPEC Fand Seminar,Vienna,7-9 March,1933

/2/Anon: W.P. Sheldrick: Investment and production cost of
fertilizers
UNIDO, 2nd Cons.Meeting on Fert.Ind., Innstruck,
sustria, 6-10 Nov. 1978

/3/ Anon: W.P. Scheldrick: Investment and production costs
for fertilizers.
FAO Commission on Fer$ilizers Bth Session, Rome,

31.Jan. - 3.Pebr., 19383
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ag follows:
developed site 1.0 /231 :collar/
developinz aite
/some intrsstructure/ 1.4 /323 MDollar/
developing site
/renote location/ 1.75 /405 (:Dollar/

In this atudy the following ractors for the total
general invecsiment costs are applied:
amall plants: seaside location: 1.27 - 1.29
reaote location: 1.43 -.1.50
tig plants: se3ssicde location: 1.47 - 1.49

rezote location: 1.91 - 1.93

Inveastnent costs

The first phase of the economical evaluztion is the
examination of the capital expendiiure necessary for the
fulrilment of & given requirement ty domestic production,
The amount of capital needed influences of course also
the production costs. When establishing the total in-

vestment costs for the otjects examined, the following

procedure haas been rollowed:
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Develored site

To the cost requirement calculated within *re
battery limit, we added the off-sites ccsts to ve
expected; the amount of it makes, according to
literature data and our own experiences, abt. 30
per cert of the full investment cost. Both the bat-
tery limit and off-sites costs were broken down in-
to equipment and local costs. This breakdjown 1is
based, witkin the battery limits, or the detailed
cost calculation but, generally, tke proportion
may beestimated to be 70: 30 per cent.

W:thin the off-site costs, the breakdown has
been estimated - on the tasis of experience - to
be as follows:

equipment ...... 40 per cent

local cost...... 60 per cent
We already established total investment cost has
teen broken down into the following cost factors

(based on calculation and proportions given by ex-

perience).
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B/ Total investment cost

licence, know-how /percentage within Cattery
limits/
- enzineering /percentage within battery limits +

+ 3 per cent off-gites cost/
- equipment /costs for tattery limit >lus offsite
equipment, tfrom which the extra given
licence, know-how and enzineering costs

have teen suttracted/

gite preparation etc, covers preparation,

civil work and other costs

Developing gite

the invegtment costs to te expected may be derived from
the costs eastimated on the tasis of developed country /i,e.
Weat-Europe/, considering different factors. The factor values
characterize those condition differences increasing the
coats which will - up to our opinion = influence the
egvablishment of a small or tig plant, resp. on dirrerent
gites of developing countries and which canrot te calculated
in a concise manner.

For the total invegtment costs calculated with the
different estimated factors, the following average ractors
were found:

emall plants - scagide lccation 1.27 - 1.29

remnote location 1.43 - 1.50
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vig 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.

Production costs

The production costs have teen calculated for
1 ton of product, with consideration of the cara-

city given in t/d and the on-strear factor.

The on-stream factor is: for a West-Europe realization
with all plant sizes 90 per cent
for develoring ccuntries
with small plants %0 per cent

with big plants 75 per cent

The basis for material and energy costs is the spscc-
ific requirement determined by the technology;
labour co3ts have been calculated on tasis of the
necessary y2arly staff. The costs progportional to
the means (fixed costs) are a fanction of the in-

vestment costs. Prices and costs factors utilized

have teen sumzarized in an extra table.
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Aprendix 3/1 Taktle A 3/1.1

Factors used in estimation for investment costs

Pevelcped site Developing site

West-Europe Sezaside location Remote location
miniplant big plant miniplant big plant

- equipment cost 1 x +87% transport cost +10% transport cost
- local cost 1x x 1,3 x 1,5 x 1,5 x 2,0
off-cite
- eguipment cost 1 x x 1,5 x 2,0 x 2,0 x 3,0

+8 transport cost +10% transport cost

- local cost 1l x x 1,5 x 2,0 x 2,0 x 3,0
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Costs calculated for 1 ton of product have been
increased by the sum of R.0.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 tke price ranges given for
the sites, for the value increased ty R.O.I.

According to the supposition, a plant should
cnly be founded in a developing country if the
basic raterials 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 estirated value representing
the costs of local extraction. Only sulphur has been
concidered to form an exception since it cannot be
taken as usual tha% raw phsophate and sulphur occur
sizultaneously, on one site.

The wvalue 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 distritution costs have teen esatimated, with
small plants, for a supply region of 100 km in dia-
meter and with big plants, for a supply area of
300 km in diameter. Here, as a matter of fact, we
had t5 rely on data from the literature. These costs
may -e estimeted with a small olant at 15 $/t% and
with tig plants, at 60 8/%t.

3oth the importance of the supply rezgion and the
distritution costs for 1 to of product depend on the
local conditions and on the specific consuaption of
nutrients ugsed rfor 1 ha of soil; thererfore, consideratie
scattering of these costs amay ce imaginszd.

The costs on 1 t of product so far summarized
are characteristic ror the costa at the end usgers
/tarm-gate price/, without considering the applica-
tion costs; we have not concentrated on thesge costs
since they are identical whether the product comes
from a small or from 2 tig plant or even if it is an
imported fertilizer.

The farm-gate price calculated from the com-
plexes on 1 t of finished fertilizer product may te
compared to the costs of 1 t of imported fertilizer

of equal quality, also at farm-gate price.

The costs of the latter have teen determined
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starting frocw the costs of 1 t of product (nitrcgen
fertilizer) manufactured in a European big plant,
out of natural gas (with a neat price of 5.9 and
11.88/Gcal), increased by sea transport charges

(in average, 708/t), and in case of remote location,
by tke land freight charges (in average, say 25 g/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 ccsts on 1 t, with the fertilizer
plants of different capacities and different basic
materials (the specific investment cost) which have
been found by dividing the total investment costs

by the yearly production figures, while takirg into

calculation the on-stream factors.
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Appendix 3/1 Tatle A.3/1.2

Unit prices, capital-related and labcur-related cost

Developed site Developing site
West-Europe Seaside and kemrote
loccation

Materials:

Natural gas 3 3 3
(8500 kcal/m”) €/10°m” 30, 50, 100, 150 15, 20, 50, 100

gGeal 3.5,%.9,11.8,17.6 1.8, 35, 59, 11.8

Fuel o0il

(10 000 kcal/kg) B/t 150, 180 120 150
g/Gecal 15, 18 12, 15

Coal

(22C0 keal/kg) g/t 15, 30, 50 10, 20, 30

g/Gcal 6.8, 13.6, 22.7 4.6, 9.1, 13.6
Frosphate rock

(32.5%P,05) B/t 50, 70 15, 30, 50
Sulphur g/t 90 100
Fotash 3/t 70 -
Lime g/t 25 25
Coating agent g/t 60 60
Anti-caking agent £/t 1000 100C
¥z0 S/t 250 250

Platina g/ke 13200 13200
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Utilities:™
Power A/MWh 30 30
Steam 2/t 15 15
3FW $/10°2° 160 160
BPW /demineralized/ $/10°2° 500 500
Cooling water 5/103:n3 20 20
Process water S/lOBm3 12 12
r Labor g/men/y 15 000 8 €00
Overhead expenses
% of total labour cocst 150 250
Depreciation
% of total investment cost 10 10
Vaintzanance
! % of total investment cost 3 4
Insurance and property
taxes !
% of total investment cost 2 p)
R.0.1I. % 15 15
XNo diffefence has been made in the prices of utilities
for developed and developing countries, the investment
cost of utility objects having been increased by factors
cnaracteristical for the site, in the case of develoring
gites.
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M.E. Banfield: The case for sn:il sczle fartilizer
units in deveioping countries
UNI {JFC Techn. Sea., Lahore, Pak.,
15-2C nov/1982.

d.1. Mit*tendorf: Marketinz 2o0sts and nargins
for fertilizers in developing ccuntries:

re they too high or too low?
FAO (without publisting dates)

W.F, Sheldrick: [nvestment and production cost of
fertilizers
(UNIDO, 2 nd Cons. Mez2ting on Fert. Ind.
1anshrucik, Austria, £-10 nov. 1373.

Arion: Jpportunitiss for coop2ara*tion azaong deve-
loping countries for the estavlishment of
petrocrnemical industries
THIDU/PEC Fuand, Sesinar, Vieanna, 7-9 marck
1983

Shy Lin Peag: Minifertilizar plants for developing
countries
JN¥IDO, january 1982

Anon: Current worll fartilizer 3ituation and out-
look 1380/81 - 1985/87
FAO, Rome 3ept. 1982,

Anon: Ccnstruction, zroduction aand distribution
cost of petrochemical projects.
3CIC Seminar, Dona, Quat%tar, 27th s20t. 2
ud oct, 1979.
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{8) Snanmprogetti S.p».A.: Modularization and mini-
fertilizer onlznts
UNIDC 3ea. Lahecre, Pak.,
15-2C nov., 1982.
(9) Ernst and Whinney: The Fertilizer Institute ammonia
production cast survey (year esaded
dec. 31. 1981.)
¥ashington D.C., march 26, 1982,
(10) W.P. Sheldrick: Iavestment and production costs
for fertilizers.
FAO Commnissicn cn Fertilizers Sth

Session Rome, 31. jan - 3. febr. 17383.

(11) H.P. Drewry: Transport costs for snizping petraciiemicails
1973-35.
CNIDG/P.C. 43. 22th july 1982
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Product: Ammonia
Nuv material: natural gas
Locetion:t Developed site,./est-3urope

Capacity

Total investment cost

~battery limit
=-equipment
-iocal cost

-off-gites
~equipment
~local coet

Total investment cost

-licenoe,know=-how

-enginezring

~—equipnmnent

-site preparation,
civil work,srection
at site,other costs

t/d

333883&

150

250

39,0
27,0
19,90
8,0
12,0
4,8
1,2

39,0
0,6
54,3

17,9

15,2

1000

145,0
10,0
70,0
30,0
45,0
18,0
27,0

145,0
2,0
13,6
66,4

57,0

1/¢ xtpuaddy

T'T-1 €198%
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Product: Ammonia

Naw material:

natural gas

Location: Developin; site, Seuside

AJ/

B./

Capacity

Total investment cost

~-battery limit
-equipment
-local cost

-off-aites
-equipment
-local cost

Total inveatment cost

-licence,know-how

-engineering

—equipnent

-site preparation,
civil worlk,erection
at site,other costs

t/d

M2

M¥

37,0
U,5
4,8

15,9

200

49,6
31,0
20,5
10,5
18,6

7,8
10,8

21,3

1000

213,5
120,6
75,6
45,0
92,9
38,9
54,0

o
~
W W

QN
B O
- v -
NN ©C W

99,0

1/{ xtpueddy

)
A'S)

1 81qey
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Product: Ammonia
naturul ;;as

Ruww material:

Location: Deve

A/

B./

lopin;: aite, Remote

Capacity

Total investment cost
-battery limit
-equipment

-local cost
~off-sites

—~equipment

-=local ocost

Total inveatment cost

=licenceknow-how

-engineering

—-equipnent

-cite preparation,
civil work,erection
at site,other costs

t/d

M2

M4

150

43,0
24,4
15,4

9,0
18,6

7,9
10,7

19,7

250

58,0
33,0
20,9
12,1
25,0
10,6
14,4

58,0
0,9
7,3

23,3

26,5

1000

277,4
137,0
77
60
140, 4
59,4
81,0

277,4
4,0
33,2
99,2

141,0

1/¢ xtTpueddy

"IE'

£°1-1 e199L



Product: Amunonia

Puvi material:

Locntion: Devcloped site, ‘iest-.urope

A/

B./

fuel oil

Capacity

Total investrnent cost
-battery limit
-equipment

-local cost
-off-sites

-equipment

-local ocont

Total investment cost

-licenceknow-how

-engineering

~equipnent

-site preparation,
civil work,erection

at site,other costs

t/ad

M3

M#

"

150

33,0
23,0
16,1
6,9
10,0
4,0
6,0

33,0
0,5
4,5

15,1

250

45,0
31,0
21,7
9,3
14,0
5,6
8,4

45,0
U,6
6,1

20,60

17,7

1000

167,0
115,0
80,5
34,5
52,0
20,8
31,2

167,0
2,3
02,6
T6,4

65,7

1/€ xTpusddy

pe1-1 o1qey



Product:

Amonia

Ruw material:

Locntion:

A,/

B./

fuel oil
Developing; site, Seaside

Capacity

Total investment cost

-battery iimit
-equipment
-local cost

-off-pites
~-equipment
-local cost

Total investment cost

-licence,know-how

-engineering

-equipnent

-site preparation,
civil work,erection
at site,other costs

t/d

M3

MZ

150

42,0
26,5
17,5

9,0

O oy W\
-
C U wm

42,0
0,6
Sy4

13,0

18,0

250

57,0
35,5
23,4
12,1
21,5

9,0
12,5

57,0
0,8
Ty4

24,2

24,6

1000

246,0
130,8
87,0
51,8
107,2
45,0
62,2

246,0
3,5
30,8
97,7

114,0

1/¢ xtpusddy

_9€_

G*1-1 e1qeyl
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Product: Ammonia

L _material: fuel oil

o
Location: Developing; site, Rewote %
E
Capacity t/d 150 250 1000 §
A./ Total investment cost Mg 49,0 67,0 320,0
-battery limit " 28,0 33,0 157,8
-equipnment " 17,7 24,0 88,6
-local cost " 10,3 14,0 69,2
-off-sites " 21,0 29,0 162,2
-equipment " 9,0 12,3 68,6
-local ocost " 12,0 16,7 93,6 1
“
B,/ Total investment cost M4 44,0 67,0 320,0 .
~licenceknow-how " 0,8 0,9 4,6
-enpgineering " 6,2 8,4 38,2
-equipnent " 19,7 27,0 114,4

-cite preparation,
civil work,erection
at site,other costs " 22,3 30,7 162,8

9°1-1 °1q%}
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Product: Ammonia

Nuv material: coal

=
ke
Location: Developed site, '/lest-nurope .%
<
Capacity t/d 150 250 1000 -
A./ Total investment cost M3 46,0 62,0 232,0
~battery limit " 32,0 43,0 160,0
-equipment " 22,4 30,0 112,0
-local cost " 9,6 13,0 48,0
-off-sites " 14,0 19,0 72,0
-equipment " 5,6 7,6 28,8 ,
~-local ocost " 8,4 11,4 43,2 v
[}
B,/ Total investment cost MJ 46,0 62,0 232,0
-licence,know-how v 0,6 0,9 3,2
-cngineering " 6,2 8,4 31,4
-equipnent " 21,2 28,3 106,2

-site preperation,
civil worlk,erection
at site,other costs " 18,0 24,4 91,2

L°T-T ®T1qel




Product: Ammonia

Yew material:

coal

ILoention: Developed site, Seuside

A/

B./

Capacity

Total investment cost

~battery limit
-equipment
-local cost

-of f-sites
-equipment
-local ocost

Total investment cost

-licenceknow-how

-engineering

-equ.pnent

-site preparation,
civil work,erection
at site,other coats

t/d

MZ

M2

24,9

250

78,8
49,4
32,4
17,0
29,4
12,3
17,1

34,1

1000

341,5
193,0
121,0
72,0
148,5
62,1
86,4

341,5
4,8
42,8
13%,5

158 .4

1/¢ xtpueddy

g°1-1 o1qQ®y
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Product: Ammonia

Nuw material:

coal

Locations Developin:: sitce, Lemote

A/

Capacity

Total investment cost
-battery limit
—equipment

~local cost
-off-gites

-equipnent

-local cost

Total inveatment cost

~licence,know-how

-enpineering

~equipnent

-site preparation,
civil worlk,erection
at site,other costs

t/4d

L4

MJ

150

63,0
39,0
24,6
14,4
29,0
12,2
16,8

-

0O C &
> U1 W O

r
-3
-

31,2

250

92,0
52,5
33,0
19,5
39,5
16,7
22,8

92,0

1,4
11,6
36,7

42,3

1000

444,0
219, 4
123, 4

96,0
224,6

95,0
129,6

444,0
6,4
53,1
153,9

225,6

1/€ xvpueddy

6°1-1 e1qel



Product: Nitric acid

Nutvi material:

Locotion: Developed site, West-_urope

Capacity

A./ Totel investment cost
~battery limit
—-equipment

~local cost
~-off-sites

-equipment

-local cost

B,/ Total investment cost

~-licenceknow-how

-engineering

-cquipnent

-s5ite preparation,
civil worlk,erection

at site,other costs

t/d

ng

M#

- - » L] -

N s WO P
[oaYi o VIR - B N 6 O I \V )

1822

94,7
65,3
45,7
19,6
29,4
11,8
17,6

94,7
Z,0
t50

47,9

37,2

1/¢ xtpueddy

_'[iv-_

O0T*1-T °1q®y



Product: Nitric ccid

Ruwi material:

&

A/

B,/

dcniion: Developing site, Ceagide

Capacity

Total investment cost

-battery limit
—equipment
-local cost

~off-8ites
-equipment
-local cost

Total investment cost

~licence,know-how

-engineering

—equipnent

-site preparation,
civil work,erection
at site,other costs

t/d

Mg

M2

213

-
3
-

-
[
- -

W WO 0O o N NNC

-

w YOy
-

13,0
0,4
1,4
5,3

749

~
Ui
Wi

W
o

(]
o2 &
L J -
AN Wa WO

()
NN
-

-
(AN N
w -

13822

139,5
78,8
49,4

N
\D
-

N
(GRS, BN o

-»
IR IR N

W

139,5
3,0
11,2
60,7

64,6

1/¢ xtpueddy

-ct -

1T°1-1 °o1q®g



Product: Nitric acid

i material:

Location: beveloping site, Remote

AJ

B./

Capacity

Total investment cost

~battery limit
-equipment
-local cost

-off-gites
-equipment
-local cost

Total investment cost

~-licenceknow-how

-engineering

-equipnent

-site preparation,
civil work,erection
at site,other costs

t/d

M3

M3

273

N
|
-

]
N
- -

N O NN W

I SRV R
-

-

21,3

1,7
9,2

9,9

- =W
M Oy Ul =) N WO L
- . v @ -
O N WVVOH

35,1
0,8
2,8

15,3

16,2

1822

101,2
89,5
50,3
39,2
91,7
38,9
52,8

181,2
4,0
14,5
70,7

92,0

1/¢ xTpueddy

-E«ty-

2I°1-1 °1q%y



Product: Ammonium nitrate

Ruvi material:

Locotion: Developed site, \lest-Europa

A/

B./

Capacity

Total investment cost
~-battery limit
-equipment

-loocal cost
~off-sites

-equipment

-local ocost

Total investment cost
~licenceknow-~how

-engineering

-equipnent

-site preparation,
civil work,erection
at site,other costs

t/d

MJ

355

- “w w»
& 2N W Uw

P WU
-

C

10,9
0,2
1,4
5,1

r

4,

591

Vi O w N

6,4

2364

48,7
33,6
23,5
10,1
15,1

6,0

9,1

1/¢ xvpueddy

LT°1-1 o1q%]

_vv-









25
" 1‘”22

| HIH 2

L

L fle

3 = lis

N
O




e ————
R T T IR R R R R EEREEBEES—mme
L

Product: Ammonium nitrate

uw material: »
Location: Developing site,Scugide §
g
&
Capacity t/d 355 591 2364 -
k./ Total investment cost MZ 13,9 20,5 71,8
~battery limit " 8,0 12,8 40,8
-equipment " 5,7 8,4 25,4
~local cost " 2,9 4,4 15,2
-off-8ites " 593 T,7 31,2
-equipment " 2,3 3,2 13,0
-local cost " 3,0 4,5 18,2 '
&
[}
B./ Total investment cost M¥ 13,9 20,5 71,8
-licenceknow-how " 0,3 0,4 1,5
-g¢ngineering " 1,6 1,9 8,2
—-equipnent " G,1 9,3 26,7
~site preparation,
civil work,erection
at site,other costs " 559 8,9 33,4

P1o1-1T e1q-)




Product: Amaonium nitrate

Nuw material:

T ~y 2 . i . .
~9¢nrion: Developin, site, Ileuote

AJ/

B./

Capacity

Total investment cost
-battexry limit
-equipment

~local cost
-cff-gites

-equipment

-local cost

Total investment cast

-licenceknow-how

-engineering
-equipnent

-cite preparation,
civil work,erection
at site,other costa

t/d

'F]

2]

M4

16,2

1,9
6,7

7,3

591

2364

93,2
46,1
25,9
20,2
47,1
19,8
27,3

93,2

2,0
10,3
33,4

1/¢ xtpusddy

GT°1-1 °1Qe}L




Product: Urca
Ruv/ material:

Location: Developed site, cst-idurope

Capacity

A./ Total investment cost
~battery limit
-equipment
-local cost
~off-Bites
-equipment

-local ocost

B,/ Total investment cost
-licence,know-how

-engineering

-equipnent

-site preparation,
civil work,erection

at site,other costs

t/d

M3

M¥

260

el
c
VW O W N oD

NN W

-2 = Cc W
- - -
o =W =

440

ro
W
-

o
= o
- - -

50 >V WVH O

D W NS
»

9,3

1700

69,6
48,0
33,6
14,4
21,6

8,6
13,0

27,4

1/¢ xtpueddy

91°1-1 °1qey




Product: Urea
Ruw material:

TLocotion: Develoving, sitc, Seaside

B./

Capacity

Total investment cost

~battery limit
-equipment
-local cost

-off-sites
-aquipment
~local ocost

Total invesatment cost

-licenosknow-how

—-engineering

—-equipnent

~-site preparation,
civil work,erection

at site,other costs

t/A4

Mg

"
"
1]
"

MJ

"

260

440

b o
H o o O
- - - - -
AV WU h S DW

1700

102,5
57,9
36,3
21,6
44,6
18,6
26,0

102,5
2,1
10,5
41,3

48,6

dd
gy - 1/¢ xTpueddy l

L1°T-1 °19%8]



Product: Urea

Navi material:

Location: Developin, site, Remote

A/

B./

Capacity

Total investment cost

-battery limit
-equipment
-local cost

-off-aites
-equipment
-local ocost

Total investment cost

~licence,know-how

-enpineering

-equipnent

-site preparation,
civil worlk,erection
at site,other costs

t/d

M3

M

260

o

H O W w

- - -

(oo I R e s "

-

)
c

A2l
-

(Noll \\ B @,
- - -
O & UV b

10,6

440

| ot H D W
O 1NN oW,
- - w w w
OO0 & & 3 H WM

&> W O
O o @ WV

16,2

1700 -

133,2
65,8
37,0
28,8
67,4
28,4
39,0

133,2
2,8
13,3
49,3

67,8

|

1/t xtpueddy
- &b - /

gI°T-1 ®1q%L



Yroduct: Sulphuric acid

Raw meterial: sulphua
Locatlion:

Capacity

A./Total investment cost

~battery limit
~ecquilpment
~local cost

-0ofl=-aites
-equipwent
~locz ocost

B./ Tota) inveuiment cost

=licenx,now-how

~enfinecring

-equipeent

-cite pieparation,
civil wori,erection

av site,ciher cosls

Jevelopned cite Developing site

wect-turope Seaside ikemote
t/4 200 200 200
M2 9,7 12,3 14,4
n 6,7 7,7 8,2
" 4,7 5,1 5,2
" 2,0 2,6 3,0
" 3,0 4,6 6,2
" 1’2 1’9 2.6
" 1'8 2'7 3’6
Mg 9,7 12,3 14,4
" 0,2 0,3 0,3
n 1,4 1,8 2,0
1" 4,3 4,9 5,5
n 398 503 6’6

1/¢ xtpueddy

1°e-1 o1q8y

-Og-



Yroduci- Sulphuric acid

Poavr omaterial: sulphur
Location:

Capacity

A./Total investment cogt
-battery limit

~equipment
-local cost
-off-aites
-equipment
-local cost

B./ Total inveatment cosSt
~licence,know-how

-enpineering

~-equipnent

-site preparation,
civil work,erection

at site,other coasts

Developcd cite

west-surope

8,7

Develogsing ©ite

easide ;.o e
600 T 600
28,6 33,5
17,8 18,9
11,9 12,1
5,9 6,8
10,8 14,6
4,5 6,2
6 ’ 3 8 [ 4
28,6 33,5
0,7 0,8
4,1 4,6
11,4 12,9
12,4 15,2

|

1/¢ xrpusddy

2°2-1 oTqulL



Yroduct: Phosohoric wcid /100 .. P205/

"

aw fna"\:el"ial: phosphate rook
Location: NDeveloned sit
Ie)

[$]

Ccveloping site

vect-surop Seaside wemota
Capacity t/d 200 200 200
A./Total investment cost ME 23,8 30,3 35,5
-battery limit " 16,4 18,8 20,1
-equiy.aent " 11,5 12,4 12,7
~local cosat " 4,9 6,4 7,4
-off-sites " Ty4 11,5 15,4
-equipment n 3,0 4,9 6,6
~local cost " 4,4 6,6 8,8
B./ Tutal inveadtment cost s 23,8 30,3 35,5
-licena,know=-how N 0,5 0,6 0,8
-engineering n 4,2 5,0 5,6
-equipnent " 9,8 11,7 12,7
-cite preparstion,
civil work,crection
at 9ite,other cosis " 9,3 13,0 16,4

1/¢ xTpueddy

£°c-1 o1q%}



H;

Froduct: SSP /18% P205/

=3

Location:

Capacity

A./Total investment cost
-battery limit
-equipment
~local cost
-of{-aites
-equipment
-local cost

B./ Total inveatment cost

~licena,know-now

-engineering

-cquipnent

-site precparation,
¢civil work,erection

at site,other costs

aw _mnaterial: pnogphate rock

t/d
M

"

Developed site

Developing site

Jfect—-surope Seaside nemote
500 506— 500
4y4 5,7 6,6
3,0 3,5 3,7
2,1 2,3 2,3
0,9 1,2 1,4
1,4 2,2 2,9
0,6 1,0 1,3
0,8 1,2 1,6
4,4 5,7 6,6
0,1 0,1 0,2
0,6 0,7 0,8
2,0 2,5 2,6
1,7 2,4 3,0

1/¢ xTpueddy

il
)

Pe2-1 °19%L



Product: TSP /46% P2Q5/

waw materdial:

Location: Developed scite Developing site
Jest-surope Seagide lemote
Capacity t/d 500 500 500
A./Total investment cost MP 5,1 6,5 Ty-
-battery limit " 3,5 4,0 4,3
-aguipuent " 2,5 2,7 2,8
~-local cost " 1,0 1,3 1,5
~off-gites L 1,6 2,5 3,3
-equipment " 0,6 1,0 1,3
-local sost n 1,0 1,5 2,0
b./ Total invegtment cost Mg 5,1 6,5 746
~licenaeknow=how ¥ 0,1 0,1 0,2
-engineering " 0,7 0,9 1,0
-equipnent L 2,3 2,7 2,9
-gsite preparation,
civil work,erection
at site,other costis " 2,0 2,8 3,5

S 2-1 e1awl

| o

-vg-



Product: MAP /1l N+ 52% Pzg;/, or DAP /185 N + 46 P205/
rrocduc: 5 . Y

Nuw material:

A/

8./

Tocotion: Developed site, West-curope

Capacity

Total investment cost
-battery limit
—-equipment

~local cost
-off-aites

-aquipment

~local cost

Total inveatment cost

~licenceknow-how

-engineering

—~equipnent

~cite preparation,
civil work,erection
at sito,other coatis

t/d

MJ

NPK /19:19:19/

1/¢ xTpueddy

9°2-1 o1q%y

_Sg_




Appendix 3/1

Table 2-1
Specific ipvestment cogt roduct
Developed sgite peveloping site
West~Europe Seaside Remote
location
Ammonia

Beegdgtock
150 t/d nat.gas 580 T40 860
fuel oil 660 840 980
coal 920 1160 1360
250 t/4 nat.gas 470 598 700
fuel oil 542 687 807
coal 747 950 1108
1000t/d nat.gas 440 776 1010
fuel oil 506 895 1164
coal 703 1242 1615

Nitric acid

273 t/d 158 200 237
455 t/d 157 200 234
1822 t/d 158 279 362

Ammonium pitrate
355 t/d 93 119 138
591 t/d 83 105 124
2364 t/d 62 110 143

Urea

260 t/d 183 232 272
440 t/4 164 209 245

1700 t/d 124 219 285
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Apoendix 3/1 Table 2-2

Specific investment cost g[t[x product

Developed site Developing sgite

West=-Europe Seaside Remote
location

Sulphuris aci

200 t/d 147 186 218

602 t/d 113 143 168
Phosphoric acid

200 t/4d P205 360 459 538

/370 t/d4 tel-quel/

S8E 500 t/a 27 36 41
ISE 500 t/4 32 40 47
ME 375 t/d 68 - -
AP 425 t/d 62 - -
NPK 1040 t/a 39 - -




Appendix ¥/1 - o8- Table 3-1.1

) t coetn
Peysloped sjte Devsloping site
West- Burope Bearide ARemote
location

Urep 260 t/d
Peedstocks natural gas NH nt 29,0 37,0 43,0
Url. wi 15,7 20,0 23,4
Total N 44,17 5740 66,4
fusl oil NH g 33,0 42,0 49,0
Urds ] 15,7 20,0 23,4
Total Mg 48,7 62,0 12,4
coal NH u 46,0 58,0 68,0
Urda o 15,7 20,0 23,4
Total Mg 61,7 7840 91,4

U 0 t/d
Peaistocks natursl gas Wi, ug 39,0 49,6 58,0
Urda - ] 23,8 30,3 3545
Total Mg 62,8 7949 93,5
fuel oil M ] 45,0 57,0 6140
Urda ¢ 23,8 30,3 3545
Total Mg 68,8 87,3 102,5
coal VH, g 62,0 78,8 92,0
Ursa Mg 2,8 30,3 35,5
Total Mg 85,8 109,1 127,5

Urgs 1700 +/4
Peedsoocks natural gas NH - ] 14540 213,5 277,4
Urda w 69,6 102,5 133,2
Total MK 214,6 316,0 4lo,6
fuel oil ¥H g 167,40 246 ,0 320,0
u:&. - ] 69,6 102,5 133,2
Totel M 236,6 48,5 453,2
ooal MH ‘ 232|° MI,S 444.0
UQ‘ wt 69,6 102,5 133,2
Totel 4 3ol,6 444,0 57742
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Appendix 3/1 Table 3-1.2

Total invesptment cost of emmonis-nitric acid-smmonium nitrete complexes

Developed site Devesloping site
Weat- Europe Sellld;oca‘loﬁenotc
Apmonius nitrsse 355 t/d

Peedatock: natursl gss HHB Mg 29,0 7,0 43,0
HNO, M8 14,2 18,0 21,3
A% ug 10,9 13,9 _16,2
Total M8 54,1 68,9 80,5
fuel oil NHB Mg 33,0 42,0 49,0
HHO3 Mg 14,2 18,0 21,3
AN Mg 10,9 13,9 _16,2
Total M8 58,1 73,9 86,5
coal NH, 'Y 46,0 58,0 68,0
HNO,, Mg 14,2 18,0 21,3
v T g 10,5 13,9 16,2
Totsl MBS 71,1 89,9 105,5

bmmonium nivrete 591 t/d
Peedgtook: natursl gas NH 4 ng 39,0 49,6 58,0
HNO3 '] 23,6 30,0 35,1
AN ug 16,2 20,5 24,1
Totel M8 78,8 100,1 117,2
fuel oil NH3 Mg 45,0 57,0 67,0
HNO3 s 23,6 30,0 35,1
AN ' $4 16,2 _20,5 _24,1
Total M8 84,8 107,5 126,2
coal NH3 us 62,0 78,8 92,0
HNO3 ug 23,6 30,0 35,1
AN Mg 16,2 -20,5 24,1
Totel ki 101,8 129,3 151,2

Ammonium nitrease 2364 t/d
Peedetock: netural gsa NH3 Mg 145,0 213,5 277,4
HNO3 M 94,7 139,5 131,2
AN ug 43,7 JL8 93,2
Total N8 288,4 424,3 551,8
fuel oil NHB Mg 167,0 246,0 320,0
HNO, "7 94,7 139,5 181,2
AN %g 43,1 11,8 92,2
Total M8 310,4 457,3 594,4
coal NH3 vg 232,0 341,5 444,C
HNO, Lg 94,7 139,5 181,2
AN ) 43,7 11,8 93,2

Totel uB 375.4 55298 718!‘




Appendix 3/1 Table 32

Total investment costs of phosphate

ccgglueg
Develom Dmlog_i_._ng site

gite Seaside Remote
West-Burope location

SSP_ 500 +/d
H 504 Mg 9,7 12,3 14,4
sép Mg 4,4 557 646
Total Ng 14,1 18,0 21,0
TSP 500 t/d
H,S0, Mg 22,5 28,6 33,5
2P0 ; g 23,8 3093 35,5
e 8 541 645 7,6
Total ¥ 51,4 6544 7646
MAP 375 t/d
B sc4 Mg 22,5 28,6 33,5
D t/d a?o Mg 23,8 30,3 3545
"4 .
MiP * /DaP/ ) ] 8,1 10,3 12.
Total g 54,4 69,2
NPK 1040 t/d_
H, SO ug 22,5 28,6 33,5
nzpoj K 23,8 30,3 35,5
NPK x 12,5 16,¢ 18,6
Total s 58,48 14,9 87,6




Appendix 3/1

- 61 - Table 4-1,1
E-:] C--i 3 ve me . c t - R s ...itl._.l.. _cij_
anrogium pitrates ammonia-urea complexes
S t Armonium-nitrate
Developed site Developing gite
Yest-Europe Seagide Remote
location
Ammonium nitrete
355 t/d
reedstock: nat.gas 462 588 688
fuel oil 496 632 739
coal 608 7638 902
591 t/d
Peedstock: nat.gas 404 513 601
fuel oil 435 551 647
coal 522 663 175
2364 t/d
Feedstock: nat.gas 370 654 849
fuel oil 338 704 314
coal 431 350 1105
Spig/t urea
Urea
260 t[d
Peedstock: nat.gas 520 663 772
fuel oil 566 T21 842
coal 117 907 1063
440 t/d
FPeedstcock: nat.gas 433 551 644
fuel oil 475 602 707
ceal 592 752 879
1700 t[d
Peedstock: nat.gas 383 675 877
fuel oil 422 745 968

coal 538 950 1233




Appendix 3/1 Table 4-1,2

Svecific investment costs of 1 t N in am~onia

- nitric acid - ammonium nitrate, ammonia-urea

complexes
Sp.I.2/t N/y
Raw material: natural gas
Developing site
Seasidelocation Renote
Ammonium nitrate
355 t/d 1729 2024
5391 t/d 1509 1768
2364 t/d 1924 2497
Urea
260 t/d 1441 1678
440 /4 1198 1400

1700 t/d 1467 1907




Appendix 3/1

- 63 -

Specific investment costs of pbosphate complexes

Sp.1.2/t/y
Developed gsite Developirg gite
West«Europe Seagide Remote
location
85 109 127
312 396 4€4
440 558 654
390 494 579
171 262 306




- - Table 1.1
Appendix V1 64 ‘
Product: Aimmonia
Bow material: metural ms
Location: Developed site, West-Europe
Capaoity t/d 152 250 100¢
On-stream factor o 90 90 S0
Production kt/y 50 83 330
Totsl investaant cost M3 29,0 39,0 145
Production cost
Materisls A/t 8,0 8,0 8,0
Chemicals
a./ Total materials g/t 8,0 8,0 8,0
Utilities 3/t
Power " 26, - 2,2
Steam " - - -
BF../demineralized/ " 0,9 0,6 0,6
Cooiing wnter " 10,3 6,0 2,4
o,/ Total utilities 8/t 37,7 6,0 5,2
e,/ Labour 2/t 9,6 5.8 1,5
d,/ Uverhead expenses 2/t 14,4 8,7 2,3
e,/ Total/a+beced/ 2/t 69,7 29,1 17,0
f./ Depreciation 2/t 58,0 47,0 43,93
8./ Maintenance 2/t 17,4 14,1 13,2
h./ Insurance and property
texes $/t 11,6 9,4 8,8
i./ Totul /f+geh/ /% 87,0 70,5 65,9
3./ Totel production cost 8/t
/ e+t 156,7 99,6 82,9
k./ 15% R,0.I, 2/t 47,0 70,5 65,9
1./ Totnl /3+x/ A/t 243,7 170,1 148,8
o./ Peedstock costs 6
1. 3,58 1C kcal 3/t 26,3 29,4 25,2
/natural 2. 5,9 3 /t 44,3 49,6 42,5
gas/ 3.11,8 § g/t 88,5 99,1 85,0
4.17,6 § 8/t 132,90 147,8 126,7
c./ Product value ,/l+m/
et factory gate 1. 2/t 270,0 199,5 174,0
. A/t 288,0 219,7 191,3
3. 2/t 332,2 269,2 233,8
4, g/t 375,7 317,9 275,5
o./ Distribution cost 2/t - - -
p./ Parm-gate price /n+o/ g,¢ _ _ _
2/t
2/t
2/t




L

8/¢

Appeclix 3/1 - 65 - Table 5-1.2
Froduct: Urea
k-w material: netural gug
Location: Developed site, Weat-Europe
Capacity t/d 260 440 1700
On-8¢resm factor % 90 90 90
Production kt/y 86 145 560
Tats? inveatm:nt coat 'V 15,7 23,8 69,6
Production cost
Materiels 2/t
co, - - -
a./ Total materiasls g/t - - -
ytilitiog $/
Powvrer " 4,5 4,2 3,9
Steam " 13,8 13,5 12,6
BP../demineralized/ " - - v
Cooling water " 1,4 1,4 1,2
Steau credit - - - 0,8
b./ Totel utilities 2/t 19,7 19,1 16,9
¢c./ Labour 2/t 3,5 2,1 0,5
d./ Uvarhead expenses 2/t 5,3 3,2 0,8
e./ Total/s+b+c+d/ 8/t 28,5 24,4 18,2
f./ Depreciation B/t 18,3 16,4 12,4
g./ Maintenance 2/t 5,5 4,9 3,7
h./ Insurance and property
texes #/t 3,7 3,3 2,5
1./ Total /f+g+h/ 3/t 27,5 24,6 18,6
Jo/ Total production cost %
7 e+1/ 8/ 56,0 49,0 36,8
k./ 15% R.O.I. B/t 27,5 24,6 18,6
1./ Total /Jex/ r7% 83,5 73,6 55,4
m./ Feedstock costs -
1, A/t 153,9 113,7 99,1
JNH./ 2. A/t 164,2 125,2 109,0
3 3. 2/t 169 ,4 153,4 133,2
4, g/t 214,2 181,2 157,0
n./ Product value /l+m/
at factory pgate 1. 2/t 237,4 187,3 154,5
2. 4/t 247,7 198,8 164,14
3. 2/t 272,9 227,0 188,6
3. 8/t 297,7 254,8 212,4
o./ Distribution cost B8/t - - -
p./ Pars-gate price /n+o/ g, - - -
2/t
g/t
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Appendiz 31 Table 5-1.3
Froduct: Bitris asid
Raw material: natursl ges
Location: Daveloped aite, West-Europe
Capaocity t/d 273 455 1822
On-stream factor % 90 90 90
Production kt/y 90 150 600
Total investment cost Mg 14,2 23,6 94,7
Production cost
Materials 2/t
Platins 1,7 1,7 1,7
a,/ Total wmaterials /% 1,7 1,7 1,7
Utilities #t
Power " 0,4 0,4 0,4
Ste7m / " - - =
BPY/demineralized " - - -
Cooling water n 2,2 2,2 2,2
BMW 0,1 0,1 0,1
Steem oredit - 6,0 - 6,0 - 6,0
b./ Total utilities 2/t - 3,3 - 3,3 - 3,3
¢,/ Labour 3/t 1,6 1.0 0,3
4,/ Uverhead expenses 2/t 2,4 1,5 0,5
e,/ Total/a+bec+d/ 3/t 2,4 0,9 - 0,8
./ Depreciation 741 15,8 15,7 15,8
g./ Mgintenance 3/t 4,7 4,7 4,7
h./ Insurance and property
taxes B/t 3,2 3,2 3,2
i./ Total /f+g+th/ 3/t 23,7 23,6 23,7
J./ Total 3r2327t10n cost g,y 2,1 24,5 22,9
k./ 15% R.0.1. 8/t 23,7 23,7 23,7
1./ Total /J+k/ 2/t 49,8 48,2 46,6
m./ Feedstock costs by
. 8/t 75,6 55,9 48,7
/ N/ 2. ﬁ;: 806 61,5 53.5
3. 8/t 93,0 75,4 65,4
4. 105,2 89,0 77,1
n./ Product value /l+a/
at factory gate 1. ﬁ;: 125,4 104,1 95,3
2. B3 130,4 109,7 100,1
3. 40t 142,8 123,6 112,0
1. 155,0 137,2 123,7
o./ Distribution cost /¢ - - -

p./ Farm-gate price /n+o/ g/

2/t
B/t
5/t




ippendix 3/1 == Table 5-1.4

Product: Ammonium nitrate

Raw material: natursl ges

Location: Developed elte, West-Europe
Capacity t/d 355 591 2364
Opn-stream factor % 90 9C 30
Production kt/y 117 195 780
Total investment cost '} 10,9 16,2 48,7
Production cost
Materiale 2/t
1ime 0,8 0,8 0,8
coaiing sgent 0,6 0,6 0,6
anti-coating eagent 1,0 i,0 1,0
P 0,8 0,8 0,8
a./ Total materials 2/t 3,2 3,2 3,2
Utilities B/t
n 0,7 0,7 0,7
Stoen . 3,6 3.6 3,6
BFvi/demineralized/ " - - -
Cooling weter " 0,8 0,8 0.8
b,/ Total utilities g/t 5,1 5,1 5,1
o./ Labour 2/t 2,1 1,2 0,3
d./ Uverhead expenses g8/t 3,2 3,0 0,5
e./ Total/a+b+o+d/ s/t 13,6 12,5 9,1
t./ Depreciation B/t 9,3 3,3 6,2
g./ Maintenance 2/t 2,3 2,5 1,9
h,.,/ Insurance and property
taxes £/t 1,9 1,7 1,2
i./ Totel /f+g+h/ B/t 14,0 12,5 5,3
J«/ Total 7r:3z7tion coat g/y 27,6 25,0 18, 4
k./ 15% R.O.I. 2/t 14,0 12,0 9,3
1,/ Total /3j+k/ 8/t 41,6 37,5 27,7
m./ Feedstock costs NHy HNO3  NH3  HNOj «H3  HNOj
1. %/t 5574 9673 40,9 7979 3576 73,2
2. 4/t 59,0 100, 1 45,0 84,2 39,2 76,9
3. /v 68,1 109,7 55,2 94,9 47,9 86,0
s, B/t 77,0 119,0 65,2 105,4 56,5 95,0
n./ Product value /l+m/
at fectory gete 1, 4/t 193,3 1583,3 136,5
2. At 200,7 166,7 143,8
3. B/t 219,4 187,6 161,6
4. £/t 237, 6 208,1 179,2
0./ Distribution cost B/t - - -

p./ FParm-gate price /n+o/ 4/t




-—— -

Appendix /1 - o8 - Table 5-1.5
rroduct:  Ammonia
1w _material: nasturul gus
Locntion: pevclopiny site, Seaside
Capacity t/d 150 250 1000
On-stream factor % 90 90 75
Production kt/y 50 83 275
Total investment cost Mg 37 49,6 213,5
Production cost
Materials £/t
Chemicals 8,0 8,0 8,0
a./ Total materisals g/t 8,0 8,0 8,0
Utilities 8/
Power " 26,5 - 2,2
Steanm " - - -
BP../deamineralized/ " 0,9 9,6 0,6
Cooling woter " 10,3 6,0 2,4
b,/ Totsl utilities B/t 37,7 6.6 5,2
c./ Labour 2/t 5,1 3,1 0,9
4,/ Uvernead expenses g/t 12,8 7,8 2,3
e./ Total/a+b+c+d/ 2/t 63,6 25,5 16,4
f./ Depreciation B/t 74,0 59,8 77,6
g./ Maintenancs 8/t 29,6 23,9 31,0
h./ Insurance and property
texes B/t 22,2 17,9 23,3
i./ Total /f+g+h/ 2/t 125,8 101,6 131,9
J./ Total production cost
/ e+i/ B/t 189,4 127,1 148,3
k./ 15% R.O.I. g/t 111,0 89,7 116,4
1./ Total /3+k/ FI43 300,4 216,8 264,7
e,/ Feedataqck cpat
T PYH ka1 1.4, 13,5 15,1 13,0
/natural 3,5 § » 2.2/t 26,3 29,4 25,2
8‘)688/ 1;-3 g " 2.z/c 43.2 49,6 42,5
’ " -4/t 8
Koo /ke/ 2/ 25 99,1 85,0
n./ Product value /ls+m/ 4/
at fuctory gate 1. t 313,5 231,9 217,17
2. At 326,17 246,2 289,9
3. ¥ 344,6 266, 4 307,2
4, 388,9 315,9 349,17
0./ Distribution cost 8/t - - -

p./ Farm-gate price /n+o/ 4/t

2/t
2/t
2/t




-

Appendix 31
Froduct: Urea
New matericl: natural a8

Locaticn: Developing site, Seaside

- 09 -

Table 5-1.6

Capacity t/d 260 440 1700
On-stream factor % 90 90 75
Production kt/y 86 145 468
Total investament cost 'F 4 20,0 30,0 102,5
Production cost
Materisls 8/t
co, -
a./ Total materials g/t - - -
Utilities B/t
Pomer . 4,5 4,2 3,9
Steam 13,8 1 .
BF.!/demineralized/ " o 2'5 13'
Cooling water " 1.4 1,4 1,2
Steam oredit " - - - 0,8
b./ Total utilities 2/ 19,7 19,1 16,9
0./ Labour g/t 1,9 1,1 9,3
d./ Uverhead sxpensaes B/t 4,8 2,8 0,8
e./ Total/a+bs+c+d/ 2/ 26,4 23,0 18,0
f./ Deprociation 2/t 23,3 20,9 21,9
g./ Maintenance g/t 9,3 8,4 8,8
h./ Insurance and property
texes $/t 7,0 6,3 6,6
i./ Total /f+g+h/ B/t 39,6 35,6 37,3
J./ Total production cost
7 e+t B/t 66,0 58,6 55,3
k./ 15% R,0.I. 2/t 35,0 31,4 32,9
1./ Totnl /Jik/ ‘/t 101,0 90,0 83,2
m./ Feedatock coete
1. /. 178,17 132,2 158,5
/NH3/ 2. B/t 186,2 140,13 165,5
3. 8/t 196,4 151,9 175,3
A, 3/t 221,6 180,1 199,3
n./ Product value /l+am/
at factory gate 1. £/t 279,7 222,2 246,17
2. #/¢ 287,2 230,31 253,17
3. 8/t 297,4 241,9 263,5
4, B/t 322,6 270,1 287,5
o./ Distribution cost B/t 15,0 15,0 60,0
p./ Farm-gate price /ns+o/1, 8/t 294,7 237,2 306,7
2. g/t 302,2 245,3 313,7
3. 8/t 312,4 256, 323,5
4. 4/% 337,6 285,1 347,5




Appandix 3/1
Product: Nitric acid
Raw material: natursl gas

Location: Developing eite, Seaside

Tadle 5-1.7

Capacity t/d 272 4 18
On-atream factor % ;O 38 i§
Production kt/y 30 150 500
Total investment cost Mg 18,0 30,0 139,5
Production cost
Materials g/t 1,7 1,7 2,7
a,/ Total wmateriale g/t 1,7 1,7 1,7
Utilities 8/t
Power " 0,4 0,4 0,4
Steem " - - -
BPW/demineralized/ " - - -
Cooling water " 2,2 2,2 2,2
BFW 0,1 0,1 0,1
Steam credit - 6,0 - 6,0 - 6,0
b,/ Totsl utilities 2/t - 3,3 - 3,3 - 3,3
¢,/ Lavour g2/t 0,9 0,5 0,2
d./ Uverhead expenses 2/t 2,3 1,3 0,5
e./ Total/a+b+c+d/ g/t 1,6 0,2 - 0,9
f./ Depreclation g/+ 20,0 20,0 27,9
g./ Maintenance 2/t 8,0 8,0 11,2
h./ Ineurance and property
taxeno 3/t 6'0 610 8l4
i./ Total /f+gt+h/ &/t 34,0 34,0 47,5
Jj./ Total production cost
] e+i/ 2/t 35,6 34,2 46,6
k./ 15% R.0.I. 2/t 30,0 30,0 41,9
1./ Total /3+k/ g/t 65,6 64,2 88,5
m,/ Fesdatock costs
1. 2/t 87,3 65,0 77,9
2, #/t 91,5 68,9 81,3
/NH5/ 3. 4t 96,5 74,6 86,1
4y 108, 9 88,5 98,0
n.,/ Product value /l+m/
8t Jdactory gete 1. t;t 153,4 129,2 166,4
2, B/t 157,1 133,1 169,8
3. A/t 162]1 138,8 174,6
4, B/t 174,5 152,7 186,5
o./ Diatribution cost 8/t - - -
p./ Farm-gate price /n+o/ 4/t
£/t - - -
2/t




Appendiz V1 =71 - Table 5-1.8

Product: Ammoniums nitrate

Rew materisl: natural ges
Location: peveloping site, Sesside
Capacity t/d 355 591 2364
On-stream factor % 90 90 15
Producticn kt/y 117 155 650
Totel investment cost ME 13,9 20,5 71,8
Production cost
Materials B/t o
- 0 0
cl:é:hng egent 0:2 022 012
snti-coating agent 1,0 1,0 1,0
g0 0.8 0,8 0,8
a./ Total materiale &/t 3,2 3,2 3,2
Utilities 3/t
" 0, 0 0
Seess : 3 i X
BFW/demineralized/ " - - -
Cooling water " 0,8 0,8 0,8
b./ Total utilities 2/t 5,1 5,1 5.1
o./ Ladbour g/t 1,1 0,7 0,2
4./ Uverhead expenses B/t 2,8 1,8 0,8
e./ Total/a+bs+c+d/ B/t 12,2 10,8 9,3
t./ Depreciation g/t 11,9 10,5 11,0
g./ Maintenance g/t 4,8 4,2 4,4
h./ Insurance and property
taxes £/t 3,6 3,2 3,3
i./ Total /f+g+h/ 2/% 20,3 17,9 18,7
j./ Total 5r3327t10n cost 4,y 32,5 28,7 28,0
k./ 156 R,0.1I. g/t 17,9 15,8 16,5
1./ Total /3+k/ 2/t 50,4 44,5 44,5
m./ Feedstock costs NH;  HNO3 FH, HRO3 KH3  HNO3
1. B/t 64;3 117,8 47,5 99,2 57,0 127,8
2. R/t 67,0 120.7 50,5 102,2 59,5 130,4
3. &/t 70.6 124,5 54,6 106,6 63,1 134,1
a, B/t 79,7 134,0 64,8 117,3 71,8 143,2
n./ Product value /l+m/
1 1. B/t 232,5 191,2 229,3
at fectory gete 2. 2/t 238.1 1972 234,14
3. &/t 245,5 205,7 241,17
4. g2/t 2€4,1 226,6 259,5
0./ Distribution cost 3/¢ 15,0 15,0 60,0
p./ Parm-gate price /n+o/ g/ 243.5 206,2 289, 3
2/t 293,1 212,2 294,4
2/t 260,5 220,17 301,17
g/t 279,1 241,6 319,5




Table 5-1.9

Appendixz 3/1 - 72 -
I'roluct: Ammonia
F-w material: natural gas
L287tion:  Developing site, Remcts
N 1000
Capacity t/d 150 250
On-stream factor % 90 90 75
Production kt/y 59 83 275
Total investment cost M3 43,0 58,0 277,4
Production cost
Matarials A/t
Chemicals 8,0 8,0 8,0
a./ Total materialse 8/t 8,0 8,0 8,0
Utilities 2/t
Porrer " 26, - 2,2
Stecn " - - -
BP../demineralized/ " 0,9 0,6 0,6
Cooling woter " 10,3 6,0 2,4
b./ Total utilities 2/t 37,7 6,46 5,2
c./ Labour 3/t 5,1 3,1 0,9
d./ Uverhead expenses g/t 12,8 7,8 2,3
e,/ Total/a+bsc+d/ g/t 63,6 25,5 16,4
f./ Depreciation 2/t 86,0 69,9 100,9
g./ Maintenance B/t 34,4 28,0 40,4
h./ Insurance and property
P trxes #/t 25,8 21,0 30,3
1./ Total /f+gth/ g/t 146,2 118,9 171,6
. d
jo/ Total yr2+27tion coet g4 209,8 144,4 168,0
k./ 15% R.O.I. 2/t 129,0 104,9 151,4
1./ Totnl /J)+k/ 1/t 330,8 249,3 339,4
m./ Feedstock cosats
1,86 @ 106kcal 1. 8/t 13,5 15,1 13,0
/natural 3,5 § " 2. 8/t 26,3 29,4 25,2
gas 5.9 ’ n 3. ﬂ/t 44'2 49.6 4?!5
8500 kenl/11,8 Z " 4, 8/t 84,5 99,1 85,0
/&
n./ Product value /l+m/
at factory gate 1. 8/t 352,2 264 ,4 352,4
2. B/t 365,1 273,17 364,6
3. g/t 323,0 293,9 381,9
4, B/t 427,3 348,4 424,4
o./ Distribution cost 2/ - - -
p./ Farm-gate price /n+o/ g, _ _ _
2/t
2/t
£/t




Appendix 3/1

Product:

Urea

Raw material: natural s8s

Location: Developing site, Rewois

- 73 -

Table 5-1l.lo

440 1700
Capacity t/d 260
On-stream factor o 90 e 412
Production kt/y 86 145
2
Total investment cost M3 23,4 3545 133,
Production cost
Materiels £/t
002
s,/ Total waterials 8/t - - r
Utiljties $/t
Power " 4,5 4,2 3,9
Steanm " 1318 13!5 12 '6
BF../demineralized/ " < - -
Cqoling waoter " 1,4 1,4 1,2
Steam Credit " - - - 0,8
b,/ Totel utilities B/t 19,7 19,1 16,9
e./ Labour g/t 1,9 1,1 0,3
d,/ Uverhead expenses 2/t 4,8 2,8 0,8
e./ Total/a+bec+d/ 2/t 26,4 23,0 18,0
f./ Depraciation B/¢ 21,2 24,5 28,5
g./ Maintenance 3/t 10,9 9,8 11,4
h./ lneurance and property
texes B/t 8,2 T,4 8,6
i,/ Total /f#g&h/ 2/t 46’3 41’7 48,5
j./ Total production cost .
/ e+i/ &/ 72,7 64,7 66,5
k./ 15% R,0.I. 3/t 40,8 36,8 42,8
1./ Totnl /J+k/ VYA 113,5 101,5 109,3
m./ Feedstock cosete s/
1, t 200,8 150,17 201,0
/iy / 2. B/t 20811 158.9 20811
3. g/t 218,3 170,4 217,9
4, B¢ 243,6 198,6€ 242,1
n./ Product value /lea/ 4/
at factory gate 1, 314,3 252,2 310,3
V2 3216 260, 4 317,4
3. 3/t 331,8 271,9 327,2
4, B/t 357,1 300,1 351,4
v./ Dietribution cost B/t 15,0 15,0 60.0
1
p-/ FParm-gate price /n+o/}, 3/t 329,3 267,2 370,3
2. 2/t 336,6 275,4 377,4
3. 8/¢ 346,8 286,9 3817,2
4, 3/t 372,1 315,1 411,4




Appendix 31 - 74 - Table 5-1.11
Product: Nitric ecid
naw materiasi: pnaiursi ges
Location: peveloping eite, Remcte
Capaocity t/d 273 455 1822
On-stream factor % 90 90 75
Production kt/y 90 150 500
Total investment cost M3 21,3 35,1 181,2
Production cost
Materials 2/t
Pletina 1,7 1,7 1,7
a,/ Total materials 2/t 1,7 1,7 1,7
Utilites 2/t
Power " 0,4 0,4 0,4
Stean " - - -
BPW/deeireralized/ " - -, ~
ggpling water " 2-i g-i g.%
Steaa credit - 2:0 - 6:0 - 6:0
b,/ Total utilities B/t - 3,3 - 3,3 - 3,3
6./ uabour 2/t 0,9 0,5 0,2
4,/ Uverhead expenses B/t 2,3 1,3 0,5
e./ Total/a+bec+d/ B/t 1,6 0,2 - 0,9
f./ Depreciation 2/ 23,7 22,4 36,2
g./ Maintenance g/t 9,5 9,4 14,5
h./ Insurance and property
taxes &/t 7,1 7,0 10,9
i./ Total /f+g+h/ 2/t 40,3 39,8 61,6
J./ Total 7rgg§7tion cost g,y 41,9 40,0 60,7
k./ 1% R.O.I. 74 35,6 35,1 54,3
1./ Total /j+k/ B/¢ 77,5 75,1 115,0
m./ Peedstock costs
/ 1. #/t 98,6 74,0 98,8
/RH3 2. 8/t 102,2 78,0 102,2
3., &/t 107,2 83,7 107,0
4, B/t 119,6 97,6 118,9
n./ Product value /l+z/
at factory gste 1. &/t 176,1 149,1 213,8
2. 8/t 179,% 153,1 217,2
3, B/t 184,7 158,8 222,0
4. B/t 197,1 172,7 233,9
o./ Distribution cost 2/t - - -

p./ Parm-gate price /n:o/ g/

g/t
B/t




Appendix 31 -5 - Toble 5-1.12
Froduct: Ammonium nitrste
Raw materisl: netursl ges
Location: Developing site, Remote
Capacity t/a 355 591 2364
On-etream factor % 90 90 75
Production kt/y 117 195 650
Total investment cost 4 16,2 24,1 93,2
Production coset
Materiale 2/t
Iime ™ ~ 0.2 0,8 0.2
t ] 0.9 0
:ggliggagfgg agent ?:0 1,0 1:0
MgO 0,8 0,8 c,8
a,/ Total materiala 2/t 3,2 3,2 3,2
Utilities 5/t
Power n 0,7 0,7 0,7
Steam " 3,6 3,6 3,6
EPW/decineralized/ " - - -
Cooling water " 0,3 0,8 0,8
b./ Total utilities 2/t 5,1 5,1 5.1
o./ Labour 2/t 1,1 0,7 0,2
d./ Uverhead expenses g/t 2,8 1,8 0,8
e./ Total/a+bsc+d/ 2/t 12,2 10,8 9,3
t./ Depreciation g/t 13,8 12,4 14,3
g./ Maintenance 2/t 549 5,0 5,7
h./ Insurance and property
tnxes #/t 4,1 3,7 4,3
1./ Total /f+g+h/ g/t 23,4 21,1 24,)
m
j./ Total 7rgf:;tion coet  g/¢ 35,6 31,9 33,6
k./ 19% R.0.I. g/t 20,7 18,6 21,5
1,/ Total /3+x/ 2/¢ 56,3 50,5 55,1
./ Pesdotock costs NH HKO NH HRO NH HNO3
=/ Fe ° . g/t 7202 13502 sa22 11405 7223 164,2
5. &/t 74,8 138,0 57,2 117,6 74,8 166,8
3. 2/t 78,5 141,8 61,3 122,0 78,4 170,5
+. #/t 87,6 151,4 71,4 132,6 87,1 179,6
n./ Product value /l+a/
et factory gate 1. &/t 263,7 219,2 291,6
2., Mt 23, 225.2 296,7
s A 276, 222 304,0
3, ¥/t 295,3 254,5 321,8
0./ Distribution coet /¢ 15,0 15,0 60,0
p./ Parm-gate price /nof{ 2/t 278,7 234,2 351,6
2. B/t 284,1 240,3 356,7
3. 2/t 291,6 243.8 364,0
4., B/t 310,3 269,5 381,8




Appendix 31 - 76 -

Product: Ammonis
ff~w material: fuel o1l

L e ATiXa

Develoved gite, West-gurope

Tadle 5-1.13

Capacity t/d 150 250 100¢
Un-stream factor % 90 90 %
Production kt/y 50 83 330
Total investment cost ME 33,0 45,0 167,0
Production cost
Haterials 3/t 8,0 8,0 8,0
Chemicels
a./ Total materiale 2/t 8,0 8,0 8,0 i
Utilities 2/t
Power n 27,0 - 2,4
Steam " - by =
BF.//demineralized/ " 1,0 1,0 1,0
Cecoling woter " 11,0 6,4 3,2
b,/ Total utilities 2/t 39,0 7,4 6,6
0./ Labour 3/t 12,0 7'2 1.8
d./ Uverhead expenses 2/t 18,0 10,8 2,7
e./ Total/a+bsc+d/ g8/¢ 77,0 33,4 19,1
f./ Depreciation 2/t 66,0 54,2 50,6
g./ Maintenance 2/t 19,8 16,3 15,2
h./ Insursnce and property
texes 2/t 13,2 10,8 10,1
1./ Total /f+g+h/ 2/t 99,0 81,3 75,9
j./ Total production ccaet
7 s/ 8/t 176,0 114,7 95,0
k./ 15% R,0.I. 2/% 99,0 81,3 75,9
1./ Totnl /Jsk/ i/t 275,0 196,0 170,9
m./ Feedstock cogts
/Puel 15 $/106 kecal 1, £/t 117,0 130,5 123,6
0il/ 18 E/10° koal 2, ;;: 140,4 156,6 148,313
2/t
n./ Product value /l+w/
at factory gete 1, g/t 392,0 326,5 394,5
2. 2/t 415,4 352,6 19,2
B/t
g/t
0./ Distribution cost 8/t - - -

p./ Parm-gste price /n+o/ g/t




Appendix 31 -77 - Table S5-1.14
Froduct:  yres
F-w anterizl: fuel oil

L2ention: naveloned site, West-Europe

Capacity t/d 260 440 1700
Un-stresm factor % 90 90 90
Production kt/y 86 145 560
Total investment cost Mg 15,7 23,8 §9,6
Production cost
Materials 4/t
002 - - -
a./ Total materials 2/t - - -
Utilities 2/t
Power " 4,5 4,2 3,9
Steam " 13,8 13,5 12,6
BF../demineralized/ " - - -
Cooling waoter " 1,4 1,4 1,2
Steam Credit " - - -0,8
b./ Totel utilities g/t 19,7 19,1 16,9
c./ Labour B/t 3,5 2,1 0,5
d./ Uverhead expanses B/t 5,3 3,2 0,8
e./ Total/as+b+cs+d/ B/t 28,5 24,4 18,2
f./ Depreciation B/% 18,3 16,4 12,4
g./ Maintenance £/t 545 4,9 3,7
h./ Insurance and property
texes £/t 3,7 3,3 2,5
i./ Total /f+g+h/ g/t 27,5 24,6 18,6
j«/ Totsel production cost
] e+i/ 2/% 56,0 49,0 36,8
K./ 15% R.O.I. 2/t 27,5 24,6 18,6
1./ Totnl /Jsx/ 2/t 83,5 73,6 55,4
m,/ Feedstock coste
/H 3/ 1, B/t 223,4 186,1 167,8
2, B/t 236,8 201,0 181,9
2/t
B/
n./ Product value /l+m/ 1. 4t 3069 250,17 223.2
. J
at fuctory gote 2. 2/t 320,3 274,6 237,3
g/t
2/t
o./ Distribution cost 2/¢ _ _ _
p./ Farm-gate price /n+o/ g,y
3/t - - -
2/t
8/t




Appendix Y1 Table 5-1.15

Product: Nitric scid
b Aav materisl: fuel oll

Location: reveloped eite, West-Europe

Capacity t/d 3 3
On-stream factor % 2;6 43(5) t gg
Production kt/y 90 150 600
Total investment cost ux 14,2 23,€ 94,7
Production cost
Materials 2/t 1,7 1,7 1,7
a./ Totel materialse g/t 1,7 1,7 1,7
Utilities Z/t
Power " 0,4 0,4 0,4
Steam v - - -
BPW/demineralized/ " - - -
Cooling water " 2,2 2,2 2,2
BFW 0,1 0,1 0,1
Steam credit - 6,0 - 6,0 - 6,0
b./ Total utilities £/t - 3,3 - 3,3 - 3,3
¢./ Labour /¢ 1,6 1,0 0.3
d./ Uverhead expensas g/t 2,4 1,5 0,5
e,/ Total/a+bec+d/ 8/t 2,4 0,9 - 0,8
r./ Depreciation 2/t 15,8 15,7 15,8
g./ Maintenance 8/t 4,7 4,7 4,7
h./ Insurance and property
tnxes 3/t 3,2 3,2 3,2
1./ Total /f+g+h/ »/t 23,7 23,6 23,7
j./ Total 7rgg§?tion cost g/¢ 26,1 24,5 22,9
k./ 15% R,0.1. 2/% 23,7 23,7 23,7
1./ Total /)+%/ 3/t 49,8 48,2 46,6
m,/ Peedstock costs
/NH}/ 1, 2/t 109,8 91,4 82,4
2. i/t 116,3 98,7 39,3
g/t
2/t
n./ Product value /l+a/
st fectory gate 1. B/t 159,6 139,6 129,0
2, &t 166,1 146,9 135,9
3/t
2/t
o./ Distribution cost 2/t - - -

p./ Parm-gates price /n+o/ 3/t




o
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Appendiz 31 Table 5-1.16
Product: Ammoniox nitrste
Raw materiasl: fusl oil
Location: peveloped site, West-Europe
Capaoity t/4 355 591 2364
On-streaa factor % 90 90 30
Production kt/y 117 195 780
Total investment cost " 10,9 16,2 48,7
Production cos?t
Materiels 2/t
Time - 0.8 0.8 0.8
coating a§ent R ?-6 0,6 0,6
=g&1-coat ng egen 0:8 6:8 6:8
a./ Total materiale B/t 3,2 3,2 3,2
Utilities 2/t
Power " 0,7 0,7 0,
Steam w 3,6 3,6 s
BFW/deminerslized/ " - - -
Cooling water » 0,8 0,8 0,8
b./ Total utilities B/t 5.1 5.1 5.1
0./ Labour B/t 2,1 1,2 0,3
d./ Cverhead axpenses 2/t 3,2 3,0 0,5
e./ Total/a+bsc+d/ 2/t 13,6 12,5 9,1
f./ Depreciation 2/t 9,3 8,3 6,2
g./ Maintenance 2/t 2,8 2,5 1,9
h./ Insurasnce and property
taxes 3/t 1,9 1,7 1,2
1./ Total /f+g+h/ 2/% 14,0 12,5 9,3
./ Total production cost
3.1 ? e+l 2/t 27,6 25,0 18,4 \
k./ 19% R.,0.1. 2/+ 14,0 12,5 9,3
1./ Totel /J+x/ 2/t 41,6 37,5 27,7
m./ Peedstock coste NH HNQy HH3 HNOy NH3  HNOj

1. 8/t  BoJ4 1226 66,9 1072 60,3 99,1

2. g;: 85.2 127.6 72,2 112,8 65,4 104,4

g/¢

/ n./ Product value /l+m/
st factory gete %- 2/t 244,6 211,6 187,1

8/t 2 ]
5 254,48 22,5 97.5

8/t

0./ Distribution cost 2/t - - -

p./ Parm-gate price /n+o/  gs4
B/t

LYA
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Yroduct: Ammonia Table 5-1.17
Eow mnterial: fuel oil
Locotion: peveloping: site, Seaside
Capacity t/d 150 250 1000
On-stream factor % 90 90 15
Production kt/y 50 83 S
Total investment cost L+ 42,0 57,0 246,0
Production cost
Mate-ials B/t
Chemicals " 8,0 6,0 8,0
a./ Total materials g/t 8,0 8,0 8,0
Utilities 2/t
Pover " 27,0 - 2,4
Steam " - - -
B¥..//demineralized; " 1,0 1,0 1,0
Cooling water " 11,0 6,4 3,2
b,/ Total utilities 2/t 39,0 7,4 6,6
c./ Labour 2/t 6,4 3,9 1,2
d./ Uverheed expenses g/t 16,0 9,8 3,0
e,/ Total/a+b+ec+d/ g2/¢ 69,4 29,1 18,8
f./ Depreciastion B/t 84,0 68,7 89,5
g./ Maintenance g/t 33,6 27,5 35,8
h./ Ineurance and property
texes B/t 25,2 20,6 26,9
i./ Total /f+g+h/ 2/t 142,8 116,8 152,2
3./ Totel production cost g,¢
/ e+1/ 212,2 145,9 17,0
k./ 15 R.0.I. g/t 126,0 103,1 134,3
1./ Totnl /J+k/ FIA 338,2 249,0 305,3
a./ FoedutOﬁ;/fo ts g/t 93.6 108.4
1? 0b kenl 1. J 04 99,9
/fuel ’ ’ '
oilf 1B ¥/ " 2, g;: 117,0 130,5 123,
B/t
n./ Product value /l+n/
at factory gote 1. 8/t 431,8 353,4 404,2
. B/t 455,2 379,5 428,9
g/t
B/t
0./ Dietribution cost 3/t - - _
p./ Farm-gate price /n+o/ g,4 - - -
g/t
2/t
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1.18
Proluct: Urea Table >
Raw =iterial: fuyel oil
LSShiisn: Develosping . fiT, Scocide
Capacity t/d 260 440 1700
On-stream faotor % 90 90 75
Production kt/y 86 145 468
Total inveestment cost M3 20,0 30,3 102,5
Production cost
Materiale A/t
co, - - -
a./ Total materiale g/t - - -
Utilitdes 8/t
Power " 4,5 4,2 3,9
Steam " 13,8 13,5 12,6
BPW/demineralized/ " - - -
Cooling weter " 1,4 1,4 1,2
Steam credit " - - - 8,8
b,/ Total utilities 2/t 19,7 19,1 16,9
o,/ Labour g2/t 1,9 1,1 0,3
d./ Uverhead expenses 2/t 4,8 2,8 0,8
e./ Total/a:bsc+d/ 8/t 26,4 23,0 18,0
f./ Deprociation g/t 23,3 20,9 21,9
g./ Maintenance g/t 9,3 8,4 8,8
h./ Ineurance and property
texea B/t 7,0 6,2 6,6
i./ Total /f+g+h/ g/t 39,6 35,6 37,3
j./ Total produotion cost £/t
/ e+i/ 66,0 58,6 55,3
k./ 15% R,0.1I, 2/¢ 35,0 31,4 32,9
1./ Totnl /)k/ 7/t 101,0 90,0 88,2
./ Feedstock costs
® ‘l ; 1. 2/t 246,1 201,4 230,4
/NHy 2. B/t 25935 2163 2445
2/t
B/t
n./ Product value /l+m/
at factory gate 1. B/t 347,1 291,4 18,6
2. B/t 360,5 306,3 332,71
B/t
2/t
o,/ Distribution cost /¢ 15,0 15,0 60,0
p./ Farm-gate price /n+o/1. #/t 362,1 306,4 378,6
2. g;: 375,5 1, 392,7

i/t
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Appendix 3/1 Table 5-1.19
Product: Ritric acid
Rnw material: fuel oil
Location: peveloping site, Sesaide
Capacity t/d 273 255 1822
Un-strsam factor % 90 90 75
Projuction kt/y 90 150 500
Total inveetment cost g 18,0 30,0 139,5
Production cost
Materials 2/t
Pletins 1,7 1,7 1,7
a./ Total materials g/t 1,7 1,7 1,7
Utilitges 5/t
Power " 0,4 0,4 0,4
Steam " - -
BPYW/demineralized/ " - - -
Cooling wnter " 2,2 2,2 2,2
BFW 2,1 0,1 0,1
Steam credit 0 6,0 - 6,0
b./ Total utilities g2/t 3,3 3,2 - 3,3
oc./ Ladbour B/t 0,9 0,5 n,2
d./ Uverheed expenses B/t 2,3 1,3 0,5
e./ Total/a+bec+d/ 2/t 1,6 0,2 - 0,9
r./ Depreciation 2/t 20,0 20,0 27,9
g./ Maintenance 2/t 8,0 8,0 11,2
h./ Insurance and property
taxes 3/t 6,0 6,0 8,4
1./ Total /f+g+h/ 2/t 34,0 34,0 47,5
j«/ Total 7r2227t10n cost g4 35,6 14,2 46,6
k./ 15% R.,O,I. 2/t 30,0 30,0 41,9
1./ Total /j+k/ g/t 69,6 64,2 88,5
m,/ Feedstock costs 3/
1. t 120,9 99,0 113,2
/Ry 2. Bt 127.5 106.3 12001
2/t
2/t
n./ Product value /l+am/ 4/t . ¢ L7
1 186,5 163,2 20
t facs ate . ’ ’ .
at factory & 2. 193,1 170,5 208, 6
A4
o./ Distribution cost 3/t - - -
p./ Parm-gate prics /n+o/ g, - _
F YA
2/t

4/t




Appendix 3/1 - 33 - Table 5-1.20
Product: Ammonium nitrets
linw_material: fuel oil
Location: Developing site, Seaside
Capacity t/d 6
OUn-8tream factor % 333 523 237;
Production kt/y 117 195 650
Total investment cost M3 13,9 20,5 71,8
Production cost
Materials B/t
1{me - 0,8 0,8 0,8
coating egent ?,6 0,6 c,6
nil-caking agent ¢} 1 1
gd 8 o8 0.8 018 018
a./ Total materials 8/t 3,2 3,2 3,2
Utilities 8/t
Power " 0,7 0,7 0,7
Steam " 3,6 3,6 3,6
BPW, demineralized/ " - - -
Cooling water " 0,8 c,8 0,8
b./ Total utilities B/t 5,1 5,1 5,1
o,/ Labour 2/t 1,1 0,7 0,2
d./ Uverhead expenres 2/t 2,8 1,8 0,5
e./ Total/a+b+c+d/ 2/t 12,2 10,8 9,0
./ Depreciation 2/t 11,9 10,5 11,0
g./ Uaintenance g/t 4,8 4,2 4,4
h./ Ineurance and propert
/ P axes 8/t 3,6 3,2 3,3
i./ Total /f+g+h/ 2/t 20,3 17,9 18,7
j./ Total production cosat
/ e+i/ 2/t 32,5 28,7 27,7
k./ 15% R.0.I. 8/t 17,9 15,8 16,5 )
1./ Total /3+¥/ 2/t 50,4 44,5 44,2
m./ Feedstock coete NH3  HNO3  RHj HNO3 NH3 HRO3
1. B/t 88,5 143,2 72,4 125,3 82,9 154,9
2, ;f/,: 93,3 148,3 77,8 130,y 87,3 160,2
/
2/t
n./ Product value /l+m/
at factory gnte 1, 2/t 282,1 242,2 282,0
2. B/t 232,0 253,2 292,3
2/t
B/t
0./ Distribution cost B/ 15,0 15,0 60,0
p./ Parm-gate price /n+o/j g, 282,1 242,2 282,0
2.%3_ 292,0 253,2 292,3
B/




A 5z Y1 - 84 - Table 5-1.21
¥roduct: Ammonia
R~w material: fuel oil

Location: Developing site, Reitote

Caracity t/d4 150 150 1000
On-atream factor % 30 90 75
Production kt/y 50 83 275
Total investment cost ') 49,0 67,0 220,0
Production cost
Materials 2/t
Chemicals 8,0 8,0 8,0
a,/ Total materiale g/t 8,0 8,90 8,0
Utilities 8/t
Power » 27,0 - 2,4
Steam " - - -
BP.!/deminerslized/ " 1,0 1,0 1,0
Cooling water " 1,0 6,4 3,2
b./ Total utilitiesn 2/t 39,0 7,4 6,6
o./ Labour 2/t 647 3,9 1,2
d,/ Uverhead expensesn B/t 16,0 9,8 3,0
e./ Total/a+b+c+d/ 2/t 69,4 29,1 18,8
f./ Deprociation 2/t 98,0 80,7 116. 4
g./ Maintenance B/t 39,2 32,5 46.6
h./ Ineurance and property ’
toxes 8/t 29,4 24,2 34,9
i./ Total /f+g+h/ /¢ 165,6 137,2 197,9
3./ Total producticn oost 8/t
/ e+i/ 236,0 166,3 216,7
k./ 15. R.,0.I. 2/t 147,0 121,0 174,6
1./ Totnal /J)+k/ 7/t 233,0 207,3 391,3
n7/ Pafustock cos by
fug 12 #/10° koel 1,2/t 99,6 104,4 98,9
o1/ 153 r 2.8/¢ 11750 130,5 123,6
g/t
n./ Product value /l+a/ 4/
at factory gate 1. t 476,6 191,7 490,2
2. gf: 500,0 317,8 514.9
2/t
o./ Dimtribution cost 2/t - - _

p./ Farm-gate prios /n+o/ 8/t

8/t
g/t
8/t




Appendiz 3/1 -85 - Table 5-1.22
roduct: Urea
R-w materizl: fuel oil
Lscrtion: Developing site. Remote
Capacity t/d 26
On-stream factor %0 98 438 ]7g§
Production kt/y a6 145 468
Total investment cost Mg 23,4 35,5 133,2
Production ccst
Materiale F.Y44
002 - - -
a./ Total materials 2/t - - -
Utilities 3/t
Power " 4,5 4,2
Steam " 13,8 13,5 1272
BF.!/demineralized/ " - - -
Cooling water " 1,4
Steam eredit - 1.4 - é:g
b./ Total utilitiea 8/t 19,7 19,1 16,9
¢./ Labour £/t 1,9 1,1 0,3
d,/ Uverhead expenses 2/t 4,8 2,8 0,8
e,/ Total/a+bice+d/ 8/t 26,4 23,0 18,0
f./ Depreciation 2/t 27,2 24,5 28,5
g./ Maintenance 2/t 10,9 9,8 11,4
h./ Ineurance and property -
taxes 8/t 8,2 Ted 8,6
i./ Total /f+g+h/ 2/t 46,3 41,7 48,5
j./ Total production cost
/ e+i/ 3/t 72,7 64,7 66,5
k./ 15% R,0.I. /¢ 40,8 36,8 42,8
1./ Totnl /J+k/ 7/t 113,5 101,5 109,13
m./ Feedstcck coats
. B/t 271,6 223,3 279,4
/NHB/ 2. 2/t 284 ,0 238,2 293,5
g/t
8/t
n./ Product value /l+m/
at factory gate 1. #/¢ 305,1 324,8 388,7
. B/t 393,5 339,17 402,8
2/t
2/t
o./ Distribution cost 2/% 15,0 15,0 60,0
p./ Farm-gate price /n+o/3, g/ 400,1 339,8 448,71
2. g;t 413,5 354,7 462,8
t

8/t
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Appendix Y1 Table 5-1.23
Product: Nitrio scid
itaw_materisi: fuel oil
Locetion: Developing site, Remote
Capacity t/d 273 4c5 1822
On~-stream factor % 90 90 75
Production kt/y 90 150 500
Total investment cost Mg
Production cost 21,3 35,1 181,2
Materiale 3/t
Piatina 1,7 1,7 1,7
a./ Totel materials g/t 1,7 1,7 1,7
Utilities 2/t
Power " 0,4 0,4 0,4
Steam " - - -
BFY/demineralized/ " - - -
Cooling water " 2,2 2,2 2,2
BPW 8,1 8,1 8,1
Steem credit - 56,0 - 6,0 - 6,0
b./ Total utilities g/t - 3,3 - 3,3 - 3,3
0./ Lebour 2/t 0,9 0,5 0,2
d./ Uverhead sxpenses g/t 2,3 1,3 0,5
e./ Total/a+bsc+d/ B/ 1,6 0,2 -0,9
?./ Depreciation £/t 23,7 23,4 36,2
g./ Maintenance 8/t 9,5 9,4 14,5
h./ Insurance and property
taxes $/t 7,1 7,0 10,9
1./ Total /f+g+h/ /% 40,3 39,8 61,6
J./ Total 7r2327tion cost g/; 41,9 40,0 60,7 \
k./ 15% R.0.1I. 2/t 35,6 35,1 54,3
1./ Total /3+k/ 2/% 77,5 75,1 115,0
m./ Feedstock coats
1. &/t 133,4 109,7 137,2
/NH3/ 2, 552 140,0 117,0 144,2
B8/t
L./ Product value /l+m/
at factory gate 1. g;: 210,9 184,8 252,3
2, £/t 217,5 192,1 259,2
£/t
o./ Distribution cost 2/t - - -

p./ Parm-gate price /n+o/ 2/t
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Appendix /1 Table 5-1.24
Product: Amsmoniua nitrate
Raw material: fuel oil
Locax103: poyyjoping site, Remote
Cepacity t/d 355 591 2364
On-stream factor % 90 90 75
Production kt/y 117 195 650
Total investment cost Mz 16,2 24,1 93,2
Production coset
Materials B/t
lime 0,8 0,2 0,2
gg?ligga%fggtagent 9:8 g:g g:g
MEQ 0,8 2 s
a,/ Total materials 2/t 3,2 3,2 3,2
Utilities 4/t
Power " 0,7 0,7 0,
Steam " 3,6 3,6 3,6
BF#W/demineralized/ " - - -
Cooling water " 0,8 0,8 0,8
b./ Total utilities 8/ 5,1 5,1 5,1
¢./ Labour £/t 1,1 0,7 0,2
d./ Uverhesd expenses 2/t 2,8 1,8 0,5
e,/ Total/a+bec+d/ 8/t 12,2 10,8 q,0
f./ Depreclation 2/t 13,8 12,4 14,3
g./ Maintenance 2/t 545 5,0 5,7
h./ Inesurance and pr:g;gﬁy g/t 4,1 3,7 4,3
i./ Total /f+g+h/ 2/t 23,4 21,1 24,3
j./ Total ?r:gggtiou cost  g/¢ 35,6 31,9 33,3
k./ 15% R,0.I. g2/t 20,7 18,6 21,5
1./ Total /3j+k/ 2/t 56,3 50,5 54,8
T F - * NH HNO, NH; HNO, NH,  HNO
m./ Feedstook costs ) . 97)7 16200 8023 1418 104,5 1938
2, g;: 102,5 167,0 85,6 147,5 105,6 199,1
g/t
n./ Product value /l+m/
at factory gete 1. #/¢ 375,6 321,1 382,7
2. /¢ 385,5 332,0 393,2
£/t
8/t
o./ Distribution cost 2/t 15,0 15,0 60,0
p./ FParm—gate price /nqo/l. 3/t 316,0 272,6 349,1
2/t
2. 3/t 325,8 283,6 359,5
L/t




prmde<y1
Froduct:  ammonia

R~w _~nterizl: .oa1

Location: peveloped site, Vest-Europe

- B8 -

Tadle 5-1.25

Capacity t/d 150 250 1000
On-stream factor e 90 30 90
Production kt/y 50 83 330
Total inveetment cost M3 46,0 62,0 232,0
Froduction cost
Meterialg £/t
Chemicals 8,0 8,0 8,0
a./ Total wmateriels g/t 8,0 8,0 8,0
Utilities 2/t
Pover " 33,0 - 3,0
Steam " - - -
BPW/demineralized/ " 1,8 1,5 1,5
Cooling water " 16,0 6,9 3,4
b./ Total utilities 2/t 50,8 98,4 7,9
¢./ Labour 3/t 18,0 10,6 2,9
d,/ Overhead expenses 2/t 21,0 16,2 4,4
e,/ Total/a:bsc+d/ g2/t 103,8 43,4 23,2
f./ Depreciation B/t 92,0 74,7 70,3
g./ Maintenance 2/t 27,6 22,4 21,1
h./ Insurance and property
trxes 3/t 18,4 15,0 14,1
i./ Total /f+g+h/ 2/t 138,0 112,1 105,5
j./ Totel production cost
/ e+if B/t 241,8 155,5 128,7
k./ 15% R.0.I. g/t 138,0 112,1 105,5
1./ Totnl /)ix/ Y74% 379,8 267,6 234,2
m./ Feadstock contg
/ooal/ 6,8 $/10°kcal 1. g;: 81,6 87,0 70,0
13,68 2. £/t 163,2 174,0 140,1
22,78 3. 471 272,4 290,6 233,8
n./ Product value /l+m/
at factory gente 1, #/t 461,4 354 ,6 304,2
2. #/¢ 543,0 441 ,6 374,3
3. 8/t 652,2 558,2 468,0
B/t
0./ Distribution cost 3/t - - -
p./ Farm-gate price /n+o/ g,¢ _ _ _
2/t
2/t
B/
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Appendix 31 Table 51,26
Froduct: Ures
R~w material: coal
Locntion: Developed site, West-Europe
Capacity t/d
On-streaa fector % 238 4;8 1738
Production kt/y 86 145 560
Total investment cost ] 15,7 23,8 69,6
Production cost
Materials 4/t
a./ Total wmaterisls g/t
Utilities £/t
gg:er " 14-3 4,2 3,9
Stepom " 3,
BP../demineralized/ " - 13'5 13'6
Cooling wate "
Steam gregitr 1'4 1'4 g'g
= 1]
b./ Totsl utilities 2/t 19,7 19,1 16,9
¢,/ Ladbour /¢ 3,5 2,1 Q,5
d,/ Uverhead axpenses g/t 5,3 3,2 0,8
e./ Total/a+bic+d/ 8/t 28,5 24,4 18,2
f./ Deprociation £/t 18,3 16,4 12,4
g./ Maintenance g/t 5,5 4,9 3,7
h./ Insurance and property
trxes £/t 3,7 3,3 2,5
1./ Total /f+gs+h/ g/t “1,5 24,6 18,5
j./ Total production cost i/t
/ esi/ 56,0 49,0 36,8
k./ 15% R.O.I. 2/t 27,5 24,6 18,6
1./ Totnl /)ix/ 7/t 83,5 73,6 55.4
m./ Feedstock costs by
1. t 263,0 202,1 173,44
/oy / 2, At 303,5 21,7 213,4
3. 8/t 3712,0 318,2 266,8
B8/¢
n,/ Froduct value /le+m/
at factory gate 1. B/t 346,5 215,71 228,8
2. g;t 393,0 325,3 268,8
3. ¢ 455,5 391,8 322,2
i/t
0./ Distribution cost /% - - -

L W 2 g

Parm-gate price /neo/ g,¢
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Appenaiz 3/1 Table 5-1.27
Product: Nitric scid
Raw _mnterial: coal
Location: peveloped site, West-Europe
Capacity t/d 273 455 1822
On-stream factor % 90 90 0
Production kt/y 90 150 600
Total investment cost Mg 14,2 23,6 94,7
Production cost
Matsrials 2/t
Plstine 1,7 1,7 1,7
8./ Total materials 2/t 1,7 1,7 1,7
Utilities 2/t
Power " 0,4 0,4 0,4
Steam " - - -
BF¥/demineralized/ " - - -
Coolirg water " 2,2 2,2 2,2
BP4 0,1 0,1 0,1
Sieam credit - 6,0 - 6,0 - 6,0
b./ Total utilities 2/t - 3,3 - 3,3 = 3,3
c./ Labour 2/t 1,6 1,0 0,3
d./ Uverhead axpenses £/t 2,4 1,5 0,5
e,/ Total/a+b+c+d/ 2/t 2,4 0,9 -0,8
f./ Depreciation 2/t 15,8 15,7 15,8
g./ Maintenance g/t 4,7 4,7 4,7
h,./ Ineurance and property
toxes &/t 3,2 3,2 3,2
1./ Total /f+g+h/ g/t 23,7 23,6 23,7
j./ Total production cost
7 e+i/ 8/t 26,1 24,5 22,9
k./ 15% R,0.I. 2/t 23,7 23,7 23,7
1./ Total /J+k/ /% 49,8 48,2 46,6
m./ Peedstock coste
. s;e 129,2 99,3 85,2
/RH 2 LA 152,0 123,6 104,8
y 3 E/e 1826 156,3 131,0
A/
n./ Pretet value /l+m/
at factory gete 1. 8/t 179,0 147,5 121,8
. B/t 201,8 171,8 1;1.2
. B/t 232,4 204,5 177,
£/t
0./ Distribution cost g/t - - -
p./ Parm-gate price /n+o/ g/ _ _ _
8/t
2/t
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Appendix 3/1 Tadle 5-1.28

Product: Ammonium niirete

N madawmd
e

Location: ©peveloped site, West-Europe

Capacity t/d 355 591 2364
On-stream factor % 90 90 30
Froduction kt/y 117 195 780
Total investment cost Mg 10,9 16,2 48,7
Production cost
Materials 2/t
lime ~ 0,8 o.g 0,8
Sﬁiilgﬁkiﬁg“ﬁgen‘ 9:8 ?; 9:8
Mg 0,8 0.8 0,8
a./ Total materiale 2/t 3,2 3,2 3,2
Utilities 8/t
Power " 0,7 0,7 0,7
Steam " 3,6 3,6 3,6
BPW/demineralized/ " . - -
Conling water " 0,8 0,8 0,8
b./ Total utilfties 2/t 5,1 5,1 S, 1
°|/ Labour 2/t 2,1 1.2 0g3
' d./ Uverhead expenses B/t 3,2 3,0 0,5
e,/ Total/a+bec+d/ B/t 13,6 12,5 9,1
f./ Depreciation B/t 9,3 8,3 6,2
g./ Meaintenance 2/t 2,8 2,5 1,9
h./ Ineurance and nroperty
taoxes #/t 1,9 1,7 1,2
\ 1./ Total /f+g+h/ B/t 14,0 12,5 9,3
j./ Total production cost
] e+i/ 2/t 27,6 25,0 18,4
k./ 15% R,0.1, 2/t 14,0 12,5 9,3
1./ Total /j+k/ B/ 41,6 37,5 27,7
n,/ Feedstock costs NH4 HNO3  RHy HNO3 NHq HNO,
1. 3/t 94,6 1;;.4 72,7  113,3 62,4 101,2
2, 2/t 11,3  155,0 90,5 131,9 74,7 116,3
3. g;: 133,7 178,5 114,4 157,1 95,9 136,4
n./ Product value /l+m/
st fevtory gate 1. B/t 273,6 223,5 191,3
2. B/t 307,9 259,9 218,7
3. #/¢ 353,8 309,0 260,0
8/t
o./ Distribution cost 2/t - - -

p./ Farm-gate price /n+o/ gz,¢ - - -




nmcﬁlxjyl
Eryluct:  ammonis
Ram ~terial: cosl

1rention: newalas
— e CAE g

ing site, Seasside

Table 5-1.29

Capacity t/4 150 250 1000
On-stream factor o 90 90 15
Production kt/y S0 83 275
Total investment cost V4 58,0 78,8 341,5
Production cost
Haterials Chemicals 2/t 8,0 8,0 8,0
a./ Total materialse B/t 8,0 8,0 8,0
Utilities £/t
Porer " 33,0 - 3,0
Steaa " - - -
BP¥/demineralized/ " 1,8 1,5 1,5
Cooling water " 16,0 6,9 3,4
d./ Total utilities 2/t 50,8 3,4 7,9
c./ Labour 2/t 9,6 5,8 1,9
d./ Uverhead expenses 2/t 24,0 14,5 4,8
* e./ Total/a+brc+d/ g/t 92,4 36,7 22,6
f./ Depreciation /¢ 116 94,9 124,2
g./ Maintenanc~ g/t 46,4 38,0 49,7
h./ Insurance and prorerty
texes &/t 34,6 28,5 37,3
i./ Total /fsg+h/ /¢ 197,2 161,4 211,2
A 3./ Total production cost 4,4
/ e+i/ 2489,6 198,1 233,8
k./ 15% R.O.I. 2/t 174,0 142,4 186,3
1./ Totnl /ik/ o 463,6 340,5 420,1
m./ Feedetock costs
4,6 $/106kcel 1, 8/t 55,2 58,9 47,4
fcoal/ 9,1 § = 2. B/t 109,2 114,5 93,7
13,6 3 » 3. &/t 163,2 174,1 140,1
2/t
n./ Product value /l+m/
at factory gate 1. 8/t 518,8 399,4 467,5
2, B/t 572,8 455,0 512,8
3. B/t 626,8 514,6 560,2
. £/t
i
o./ Distribution cost 8/t - - -
p./ Perm-gate price /n+o/ g,
2/t - - -
2/t
£/t
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Appendix 3/1
fryivet: Urea
i-w mmterials coal

L2€7tica: Developing site, Seaside

Tabdble S-1l.30

Capacity t/d 260 440 1700
Un-atream factor % 90 90 75
Production kt/y 86 145 468
Total investment cost | 20,0 30,3 10z2,5
Production cost
Materiale 8/t
a./ Total materials 2/t - - -
Utilittes 8/t
Porer " 4,5 4,2 3,9
Steom " 13,8 13,5 12,6
BP../demineralized/ " 1"4 i 4 I 2
(‘3 oelaimn%re ter z =! - 0',8
b./ Totel utilities g/t 19,7 19,1 16,9
c./ Labour 8/t 1,9 1,1 0,3
d./ Uverhead expenses 2/t A,8 2,8 0,8
e./ Total/a:bscsd/ 8/t 26,4 23,0 18,0
f./ Depreciation g/t 23,3 20,9 21,9
g./ Maintenanecs 2/t 9,3 8,4 3,8
h,/ Insurance snd property
tzxcs 2/t 7,0 6,3 6,6
1./ Total /f+g+h/ g/t 29,6 35,6 37,3
j./ Totel production cost
] esi/ B/t 66, 50,6 55,3
k./ 15% R.0.1. £/t 35.0 31,4 32,9
1./ Totnl /Jsk/ £/4 101,0 90,0 88,2
m./ Feedstock costs
1. 2/t 295,7 227,17 266,5
/NH3/ 2. 2/t 326,5 259,4 292,
3. 2/t 57,3 293,13 319.3
#/¢
n./ Product value /l+a/
et factory gate 1. £/t 96,7 317,7 354,7
2, 2/t 427,5 349,4 301,1
3. B/t 458,3 383,3 407,5
£/t
o./ Distribution cost 8/t 15,0 15,0 60,0
p./ Para-gate prics /n+o/y g/¢ 21,7 332,7 414,7
2. B/t 442,2 364 ,4 441,1
3. %: 473,3 392,3 467,5
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Appendix 3/1 Tuble 5-1.31
Product: Niiric sold
Raw materisl: cosl
Lormtinn: nocoVoctns ~lta Camalda
—_—— pVeTEAUpALD Davvy wUSTLLL
Capaocity t/d 273 455 1822
On-stream factor % 90 90 15
Production kt/y 90 150 500
Total investaent cost ' 18,0 30,0 139,5
Production cost
Materials /t
Platine 1,7 1,7 1,7
a./ Totel materiale g/t 1,7 1,7 1,7
Utilities 2/t
Power " 0,4 0,4 0,4
Stean " - = -
BFW/deminerslized/ " = - =
Cooling water " 242 2,2 2,2
BPW 0,1 0,1 0,1
Steam credit - 6,0 - 6,0 - 6,0
b,/ Total utilities 2/t - 3,3 - 3,3 - 3,3
¢,/ Labour 2/t 0,9 0,5 0,2
d./ Uverhead expenses g/t 2,3 1,) 0,5
e,/ Total/a+b+c+d/ 2/t 1,6 0,2 - 0,9
f./ Depreciation B/t 20,0 20,0 27,9
g./ Maintenance g/t 8,0 8,0 11,2
h./ Insurance and property
toxes 2/t 6,0 6,0 8,4
1./ Total /f+g+h/ 2/t 34,0 34,0 47,5
J./ Total yr:fggtion cost g,¢ 35,6 34,2 46,6
k./ 19% R,0.1. 2/t 30,0 30,0 41,9
1./ Totel /3j+k/ £/t 65,6 64,2 88,5
m./ FPesdetock coste
o £/t 145,3 111,8 130,9
/NHJ/ 2. 2/t 160,4 127,4 143,9
3. 2/t 175,5 144 O 156,9
8/
n,/ Product value /l+m/
st factory gate 1. 2/t 210,9 176,0 219,4
2. &/t 226,0 191,6 232,4
3. 8/t 241,1 208,2 245,4
8/t
o./ Distribution cost 2/t - - -

p./ Parm-gate price /n+o/ 2/t




Appendix 3/1 Table 5-1.32
Product: Ammonium nitrete
naw_material: zcel
Location: peveloping site, Seasside
Capacity t/d 355 591 2364
On-stream factor % 90 90 75
Production xt/y 117 195 650
Total investment cost Mg 13,9 20,5 71,8
Production cost
ﬁ?‘esiglg 2/t 0,5 %-2 3'2
costing agent ?'O 3 3
:261-c§k1 g egent 0:8 0:8 0:3
a,/ Total wmateriale 2/t 3,2 3,2 3,2
Utilities 2/t
Power " 0,7 0,7 0,7
Steam " 3|6 3'6 3.6
BFti/demineralized/ " - - -
Cooling water n o, ' 0,8
b./ Total utilities g/t 5,1 5.1 51
¢,/ Labour 8/t 1,1 0,7 0,2
d./ Uverhead expenses 8/t 2,8 1,8 0,5
e,/ Total/a+b+c+d/ 2/t 12,2 10,8 9,0
f./ Depreciation B/t 11,9 10,5 11,0
g./ Maintenance 2/t 4,8 4,2 4,4
h./ Insurance ané property
taxes B/t 3,6 3,2 3,3
i./ Total /f+g+h/ g/t 20,3 17,9 18,7
J T d
3./ Total ?rg+§7tion cost g,y 32,5 28,7 2.7
k./ 15% R,0.I. 2/t 17,9 15,8 16,5
1./ Total /3j+k/ g2/ 50,4 44,5 44,2
m./ Peedstook costs %H HNO NH HXO NH H
1. #/t 106?1 %%32 gg?g i};?i 92?8 18825
. A/t 117 10 178
2. 3/t 128’5 1852 105)5 160,0 114, 128:2
2/t
n./ Product value /l+m/ ,
at factory gute 1. g;: 318,8 261;6 308,5
2. 341,4 284,9 28,0
7R 324:1 10,0 347:5
2/t
0./ Distribution cost 3t 15,0 18,0 60,0
p./ Parm-gate price /n+o/ g, 333,8 276,6 368,5
2/t g b,4 299,9 388,0
B/t 9,1 325,0 407,5




Appendiz V1 - 96 - Trble 5-1.33
Product:  Amenia
h~w material: coal
Laocntion: Developins: site, Remote
Capacity t/d 150 250 1000
Un-stream factor % 90 90 75
Production kt/y 50 83 2715
Total investmcnt cost |+ 68,0 92,0 444,0
Production cost
Materials s/t
Chemicals 8,0 8,0 8,0
s./ Total wmateriale 3/t 8,0 8,0 8,0
Utilities 8/t
Power " 33,0 - 3,0
Stean " - - -
BP.!/demineralized/ " 1,8 1,5 1,5
Cooling woter " 16,0 6,9 3,4
b./ Totel utilities 2/t 50,8 8,4 7.9
./ Labour 2/t 9,6 5,8 1,9
d./ Uverhead expenses B3/t 24,0 14,5 4,8
e,/ Total/a+bscsd/ 8/t 9:1,4 36,7 22,6
f./ Depreciation 2/t 13¢,0 110,8 161,5
g./ Maintenance B/t 54,4 44,3 64,6
h./ Ineurance and property
texesn 2/t 40,8 35,2 48,5
1./ Total /f+g+h/ /¢ 231,2 168,3 274 ,6
. t
j./ Total 3rgg:7 fon coat g, 323,6 225.,0 297,2
k./ 15% R,0.I. 2/t 204,0 166,2 242,31
1./ Totnl /Jix/ ’/t 527,6 391,2 539,5
m./ Feedstock cosjs
4,6 $/10%cal 1. ¥/t 55,2 58,9 47,4
fooal/ 9,1 & 2, A/t 109,2 116,5 93,7
1,6 3. g;g 163,2 174,1 140,1
n./ Product value /l+m/
at factory gate 1. 8/t 582,8 450,1 586,9
2. B8/¢ 636,8 507,7 633,2
3. B/t 690,8 565,3 679,6
2/t
0./ Distribution cost B3/% - -

p./ Parm-gate price /n+o/ gz,

2/t
2/t
8/%




Appandix Y1 Table 5-1.34
Product: Urea
Kow: materinl: coal
uncation: Developing site, Remote
Capa.ity t/d 260 44¢C
On-atream factor % 90 ;o 1732
Production kt/y 86 145 468
Total investment coet LH] 23,4 35,5 133,2
Production cost
Materials 3/t
a,/ Total materiale g/t - - -
Utilities 2/t
Power " 4,5 4,2
Steam - 13,8 13.5 1278
BF#/demineralized/ - 2! '
Cooling water " 1
Steam credit " 114 2'4 - 6:5
b,/ Total utilities 2/t 19,7 19,1 16,9
¢,/ Labour 2/t 1,9 1,1 0,3
d,/ OUverhead expenses 2/t 4,8 2,8 0.8
1]
e./ Total/a+bsc+d/ B/t 26,4 23,0 18,0
2
f./ Depreciation B/t 27,2 24,5 28,5
g./ Maintenance /¢ 10,9 9,8 11,4
h./ Ineurance and property
texes B/t 8,2 7,4 8,6
1./ Totsl /f+g+h/ 2/t 46,3 41,7 48,5
3./ Totsl production cost g,
Ry / 72,7 64,7 66,5
k./ 15% R.O,I. /¢ 40,8 36,0 42.8
1./ Totnl /Jik/ r/e 113,5 101,5 109,13
m,/ Feedstock costs 1. g/t 332,2 ¢
. 256,6 4
/N1 / 2, 3/t 363.0 28914 320:3
3. g;: 393,8 322,2 387,4
n./ P{oduct value /l+m/
at factory gate 1. ¥/t 445,7 358,1 A43,8
2. g;: 476,5 390,9 470,2
3. 3t 507,3 423,7 496,7
0./ Distribution cost B/¢ 15,0 15,0 60,0
o P te price /n+o/.
p./ Farm-gate p L. B 460,7 373,1 503,8
2. 37t 491,5 405,9 530,2
3. g/t 522,3 438,7 556,7




>

Appendix /1

Product: Nitric scid
Rnw material: cosl

Location: Daveloping elte, Hemoie

- g3 -

Table 5-1.3%

Capacity t/4 273 455 1822
Un-stream factor % 90 30 75
Production kt/y 90 150 500
Total investment cost w3 21,3 35.1 181,2
Production cost
Materials 2/t
Platine 1,7 1.7 1,7
a./ Total mataeriale 2/t 1,7 L7 1,7
Utilities ”
Power " 0,4 0,4 0,4
Steam " - - -
BF¥/deminerclized/ " - - -
Cooling water " 2,2 2.2 2,2
BMW n 0,1 C,1 0,1
Steam credit " - 6,0 - 6,0 - 6,0
b./ Total utilities 2/t - 3,3 - 3,3 -3,3
0./ Labour S/t 0'9 015 0.2
d,/ Uverhead expenses B/t 2,3 1,3 0,5
e./ Total/a+b+o+d/ B8/t 1,6 0,2 - 0,9
f./ Depreciation 2/t 23,7 23,4 36,2
g./ Maintenance £/t 9,2 9,4 14,5
h./ Insurance and pr:g;::y 4/t 7.1 17,0 10,9
i./ Totel /f+g+h/ 2/t 40,3 39,8 61,6
J-/ Total production coset
/ e+i/ 8/t 41,9 40,0 60,7
k./ 15% R,0,I. 2/t 35,6 35,1 54,3
1,/ Total /3+Xx/ 2/t 77,5 75,1 115,0
®./ Peedstock costs
1. &/t 163,2 126,0 164,3
/NHy/ 2, B/t 17e,3 142,2 177,3
3, B/t 193,4 158, 3 190,3
2/t
n,/ Prcduot value /l:m/
at factory gate 1. 8/t 240,7 201,1 279,
. B/t 255,8 217,3 292,
3. B/t 270,9 233,4 305,3
g/t
o./ Dis:ribution cost g/t - - -
p./ Farm-gate price /n+o/ 2/t - _ _
2/t
2/t




Appendix V1 -9 - Table 5-1.36

Product: Ammonium nitrste
Raw material: coa’
Location: Developing site, Remote

Capacity t/d 355 351 2364
On-stream factor % 90 90 75
Production kt/y 117 195 656
Total investment cost M3 16,2 24,1 93,2
Produotion cost
Materials /¢
lime 0,8 0,8 0,8
8901196, 96853, 1 g;@ ?;§ 9.8
g0 ' 0, 0,8
a./ Total materials 2/t 3,2 3,2 3,2
Utilities 3/t
Power " 0,7 0,7 0,7
Steam " 3'6 3.6 3.6
BFW/demineralized/ " - - -
Cooling water " 0,8 0,8 0,8
b./ Total utilities g/t 5,1 5,1 5,1
0./ Labour g/t 1,1 0,7 0,2
d./ Uverhead expenses 8/t 2,8 1,8 0,5
e./ Total/a+bsc+d/ 8/t 12,2 10,8 9,0
f./ Depreciation 2/t 13,8 12,4 14,3
g./ Maintenance g/t 5,5 5,0 5,7
h./ Insurance and property
taxea &/t 4,1 3,7 4,3
{ i./ Total /f+g+h/ g/t 23,4 21,1 24,3
j./ Total prgf;;tion cost  g,¢ 35,6 31,9 33,3
k./ 15% R.0.I1, 2/t 20,7 13,6 21,5
1./ Totsl /J)+k/ 2/t 56,3 50,9 54,8
NH HNU NH N
w./ Peedstock costs L. 119?5 184?9 gz?i g 0?4 lgg? 22235
2. B/t 130,5 296,5 104, 122.9 129.g 224.5
3. B/t 131.6 208,1 115,9 179,3 139,3 234,5
#/t
n./ Product value /l+m/
st fectory gate 1. 2/t 360,7 2972 389,6
. g;: 383,3 321,5 409,1
3. N 406,0 345,7 428,6
0./ Diastribution cost 8/t 15,0 15,0 60,0
p./ Farm—gste price /n+o/1. 8/t 375,7 312'2 449,6
2. #/¢ 398,31 37645 ’
3. g;t 321.0 360.7 ieg,%
t




Apperdix Y1 - 100 - Table $-2.1
roduct: Sulphuric acid

R~w material: sgulphur
Location: Developed site, West-Europe

Capacity t/d 200 600
On-stream factor % 30 53C
Production kt/y 66 200
Total investment cost L} 9,7 22,5
Production cost
Materialae £/t
a./ Total materialse 2/t -
t
g l‘li'ti'eg S/t 1'5 1.5
Power " - 18,0 -18,0
Ste7m / "
BF.!/deaineralized "
Cooling water " 0,7 2,7
b./ Total utilities 3/t -15,8 -15,8
00/ Labour S/t 306 1'5
d,/ Uverhead expenses B3/t 5,4 2,3
e./ Total/a+b+c+d/ 2/t - 6,8 - 12,0
f./ Depreciation 2/t 14,7 11,3
g./ Maintenance g/t 4,4 3,4
h./ Insurance and property
texes B/t 3,0 2,2
i./ Total /f+g+h/ B/t 22,1 16,9
J./ Total production cost
] e+1/ 2/t 15,3 4,9
K./ 15% R,0.I. 2/t 22,1 16,9
1./ Total /J+k/ 7/t 37,4 21,8
m./ Feedstock costs
sulphur 90 g/t g/t 29,7 29,7
2/t
g8/t
2/t
n./ Product value /l+m/
et factory gate 2/t 67,1 51,5
/%
£/t
2/t
o./ Distribution cost g/t - -

p./ Farm-gate price /n+o/ g, - -




Appendix 3/ - 101 - Table 5-2.2

Product: Sulphuric ecid

Row mterial: eulphur
Locntion: Developin; site, Sesside

A~ 600
Capacity t/d 2ce
On-atream factor % 90 L
Production kt/y 66 200
Total investment cost w3 12,3 28,6
Production cost
Meterials £/t
a./ Total materisls 2/t
Utilities B/t
Power " 1,5
Steam " -18:0 -lé'g
BF../demineralized/ " '
Cooling water " 0,7 0,7
b,/ Total utilitiea g/t -15,8 -15,8
¢./ Labour 8/t 0,2 0,2
d,/ Uverneed expenses 2/t 0,5 0,5
e./ Total/a+bsced/ 8/t -15,1 -15,1
f./ Depreciation 2/t 9,5 14,3
g./ Haintenanoe g/t 7,5 5,7
h./ Insurance and property
texes B/t 5,6 4,3
1./ Total /f+g+h/ B/t 22,6 24,3
j«/ Total produoction cost -
] ext/ 2/t 7,5 9,2
k./ 15% R,0.I, 2/t 28,0 21,5
1./ Total /J+k/ VA 35,5 30,7
m./ Feedstock costs
sulphur 100 g/t g;: 33,0 33,0
2/t
B8/t
n./ Product value /l+m/
at factory gate g;: 68,5 63,7
2/t
2/t
0./ Distribution cost 8/t - -

p./ Farm-gate price /n+o/ 8/t - -




Appendix 3/1 - 102 - Table 5-2.3
['raduct: Sulphuric scid

Linw material: sulphur
Locntion: Developing site, Remote

Capacity t/d 200 600
On-mtresm factor s~ o 90
Production kt/y 66 200
Total investment cost w3 14,4 33,5
Production cost
Materi.ls 2/t
a,/ Total materiale 2/t - -
Utiiities 3/t
Pover " 1,5 1,5
Steam " -18,0 -18,0
BP../demineralized/ "
Cooling waoter " C,7 0,7
b./ Total utilities 2/t ~15,8 -15,8
o./ Labour 2/t 0,2 0,2
d./ Uverhead sxpenses B/t 0,5 0,5
e,/ Total/a:bs+c+d/ g/t -15,1 -15,1
f./ Deprociation 2/t 21,8 16,8
g./ Maintenance 2/t 8,7 6,7
h./ Insurance and property
texes B/t 6,5 5,0
1,/ Total /f+g+h/ B/t 37,0 28,5
j./ Total production cost g/t
/ e+i/ 21,9 13,4
k./ 15% R.0.I. g2/t 32,7 25,1
1./ Totnl /J)+x/ 1/t 54,6 J8,5
m,/ Fee 8tock_co
i phas 18071 8/t 33,0 33,0
2/t
2/t
2/t
n./ Product value /l+a/
at factory gate £/t 87,6 71,5
2/t
B/t
2/t
o./ Distribution cost B/t - -

p./ Farm-gate price /n+o/ 3/t
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Appendix 31 Tadble 5-2.4
{ Product: Phosphoric acid
haw mnterial: phosphate rock
Location- Developed site . Developing site
wegi-urope venglqae Remote
Capacity t/4 20C /T,0 70 tal- 1
On-stresm factor % 90 /Tabs/ I / et/
Production kt/y 66 /P205/ 122,1 /tel-quel/
Total investment cost |+ 4 2,8 30,3 35,5
Production cost
Matsrials g/t
sulphuric acid 151,9 187.9 210,9
a./ Total materiale 2/t 151,9 187,72 210,9
Gtilitiee £/t
Power " 3'5 3'5 3.5
Steam " 36.1 36,1 36,1
BP¥/demineralized/ "
Cooling weter "
Proceas water " 0,1 0,1l 0,1
t./ Total utilities 2/t 39,7 39,7 39,7
0‘/ Labour S/t 7:3 3'9 3|9
[ 4./ Uverhead expenses B/t 11,0 9,8 9,8
e./ Total/a+b+c+d/ 2/t 209,9 241,3 264,3
f./ Depreciation g2/t 36,1 45,9 53,8
g./ Maintenance 2/t 10,0 18,3 21,5
h./ Insurance and property
texes B/t T2 13,8 16,2
i,/ Totel /f+g+h/ B/t 54,1 78,0 91,5
j./ Total preduction coat
J e+t/ 2/t 264,0 319,3 355,8 W
k./ 15% R.0.I, 3/t 54,1 68,9 80,7
1./ Total /j+kx/ g8/t 318,1 3608,2 436,5
m./ Peedstock coets
phosphate rock 1.15g/t &/t - 49,2 49,2
2.308/t /¢ - 98,4 98,4
3.508/t &/t 164,0 164,0 164,0
4.708/¢ B/t 229,6
n./ Product value /l+m/
at factory gote 1. g/t - 437,4 485,7
2. g/t - 486,6 534,¢
3. g/t 42,1 552,2 600,5
3. 8/t 547,1 - -
0./ Distribution cost B8/t - - -

p./ Ferm-gate price /n+o/ g/4




Appendix 3/1 - 104 - Table 5-2.5
c

Product SSP /13% P»05/
Tiaw materinl phosphate gOZK
cation Developed -~ite Developi aite
= 7ﬂesg—surope/ Seaside Remote
Capacity t/d 500 500 500
Un-stregm factor % 20
Produciion vr/¥ 160
Total investment cost M3 4,4 5,7 6,6
Production cost
Haterisls g/t 24,2 24,7 31,5
a,/ Total materials /% 24,2 24,7 31,5
Utilities 2/t 0,2 0,2 0,2
Forer "
Ctenm "
BF../demineralized/ "
Cooling water "
b./ Totoi utilities 2/t 0,2 0,2 0,2
Co/ 1abour S/t 1'8 1.0 1'0
d./ Uverhead sxpenses g/t 2,7 2,5 2,5
e./ Total/a:bscsd/ g/t 28,9 23,4 35,2
f./ Deprecciation 2/t 2,8 3,6 4,1
g./ Maintenance g/t 0,3 1,4 1,7
h./ Insurance ond property
trxoo B/t 0,5 1,1 1,2
1./ Total /f+g+h/ g/t 4,1 6,1 7,0
j./ Total 7r3327t10n cost g4 13,0 34,5 42,2
ko/ 14 R.0.T, K741 4,1 5,3 6,2 |
1./ Total /j+k/ 2/t 37,1 39,3 48,4
m./ Feedstock cosats
phosphate rock 1. 158/t %/t - 3,7 8,7
2. 308/t B/t - 17,4 17,4
3. 508/ £/t 29,0 29,0 29,0
4. 708/% B/t 40,6 - -
n./ Product value /l+m/
st fectory gate 1, LA - 48,5 57,1
2. £/t - 27.2 85,3
i, 2/t 66,1 8,8 7.4
4. 2/t 77,7 - -
o./ Distribution cost 2/t - 15,0 15,0

p./ Farm-gate price /n+o/ 8/t - 72.1




Appendix 3/1
roduct TSP /46% P05/
oy _materinl phosphste rock

- 1cy -

Tatle 5-2.6

2 Developed cite 2£¥§£22i25_%i£2¥
Leention est--urope/ Senside demote
Capacity t/a 500 500 500
Un-etream frctor % 90
Production ki/y ido
Total investment cost 1+ 5,1 6,5 7,6
Production cogt

Materiels 2/t
a./ Total materials B/t
utilities 1/t
Power "
Stenm " 0,2 0,2 0,2
BFPf/demineralized/ "
Cooling water "
b./ Totnl utilities g/t 0,2 0,2 0,2
¢,/ Labour 2/t 1,9 1,0 1,0
d./ Uverhead expenses g/t 2,9 2,5 2,5
e./ To*al/a:bsced/ 3/t 5,0 3,7 3,7
f./ Deprcciation g/t 3,2 4,1 4,8
g./ Maintenance 3/ 1,0 1,6 1,9
h,/ Insurance and property
taxeas 8/t 0,6 1,2 1,
1./ Total /f+g+h/ g/t 4,8 6,9 8,
j./ Total 7rggz7tion cost g/4 9.8 10,6 11,8
./ 15% N.0.T. 74" 4,8 6,1 7,1
1,/ Totnl /[j+k/ 8/t 16,4 16,7 18,9
Phosph -ock H3P04 Fhoeph.roCk d3FU4 Phosph.rock H4PO
. k t P
m./ Fesdotock SOE) . 158/% g4 - 143,7 6,2 169,1%
2. 308/% g/¢ - 165,4 12,3 131,9
3., 508/t &/t 20,5 163,9 187,7 20,5 204,2
4. 708/% 8/t 28,7 186, 2 - - M
n./ Product value /l+m/
at rsctory gate 1. #/t - 171,6 190,2
. g/t - 194,4 213,1
3. 2/t 200,8 224,9 243,6
4. 2/t 231,3 - -
0./ Dietribution cost 8/t - 15,0 15,0
p./ Ferm-gate price /n+o/y £/t _ 186,6 205, 2
2. B/t 209, 4 228,
3. g;: 239,9 258,

4.




Appendir Y1 - 106 - Tabdle 2.7

Praluct: MAP /12% N + 52% P205
Raw matcriasl:
Location: Developed site, West-Europe

Sapscity s/a 37
Un-stresm factor % 90
Production kt/y 120
Total investment cost g 8,1
Production coet
Haterials i/t
a./ Total wmaterials 2/%
Utilities /¢
Porer " 0,9
Steas " 0,4
BP\/demineralized/ "
Cooling wate~ "
Puel 3,0
b,/ Total utilities 2/t 4,3
e,/ Labour 2/t 2,5
d,/ Overhead expenses 2/t 3,8
e./ Tetal/a+bsc+d/ 2/t 10,6
f./ Depreciation 2/t 6,8
g./ Maintenance 2/t 2,0
h./ Insurance and property
texes B/t 1,4
i./ Total /f+g+h/ 2/t 10,2
j./ Total production cost
/ esi/ 2/ 20,8
k./ 15% R.O.I. £/t 10,2
1./ Total /Js+k/ #/t 31,0
m./ Peedatog{ .conts
smmonia 1/ £/t 31,4
phoaphoric acid 2/t 255,5
2/t
8/t
n./ Proguct value /1+m/
gofactory gate F YA 317,9
2/t
g/t
2/t
o./ Distribution cost B3/¢ -

p./ Parm-gate price /ns+o/ g,¢ -
2/t
g/t
B8/t

1/

With the lowest ammonia cout and the lowest price of phosphate rook
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Appendix 31 Table 5-2.8

vealuct: DAP /18% N + 46% P205/
F-w aaterial:

iocntion: Developed site, West-Europe

Capacity t/d 425
Oon-stream factor %o 90
Production kt/y 130
Total investaent cost g 8,1
Production _conat
Materials £/t -
a,/ Total materials B/t -
Utilities 2/t
Pover " 0.9
Steam " 0,3
BF../demineralized/ " -
Cooling weter "
Fuel 1,5
b,/ Totei utilities g/t 2,7
6./ Labour 2/t 2,3
d./ Uverhead axpenses 8/t 3,5 |
e./ Total/a+bsc+d/ B/t 8,5 |
f./ Depreciation 3/t 6,2
g./ Maintenance 2/t 1,9
h./ Insurance and property
texeas  #/t 1,2
i./ Total /fs+g+h/ B/t 9,3
J«/ Total production cost ’
J esi/ /% 17,8 |
k./ 15% R.0.I. g/t 3,3
1./ Total /Js+k/ 4/t 27,1
m./ Feadstock costs
ammonia 2/t 47,3
aqulphu.ic acid 2/t 2,1
phosphoric acid 2/t 226,1
g/t
n./ Product value /l+m/ 4/
t fact t t 2
at fnctory gate 3/t 302,6
2/t
g/t
0./ Dietribution cost 3/t -

p./ Farm-gate price /nso/ g,¢ - 1
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Locntion: Developed site, West-Europe
Capaoity t/d 1040
un-stream fsctor P 3G
Production kt/y 320
Total investment cost M2 12,5
Production caost
Materials 2/t -
s,/ Total materials 2/t -
Utilitdes 8/t
Power " 11
Steam " 1,5
BP../demineralized/ " -
C te " -
ﬁﬁ%fng woter 2.0
b,/ Total utilities 2/t 4,9
¢./ Labour 2/t 1,1
d./ Uverhead expenses 2/t 1,7
e./ Total/a+bsc+d/ 8/t 7,7
f./ Deprecilation 2/t s
g./ Maintenance g/t 1,2
h./ Inseurance and property
toxes &/t 0,8
i./ Total /f+g+h/ 2/t 5,9
j./ Total production cost
) / esi/ /¢ 13,6
k./ 15% R.0.I, i/t 5,9
1./ Totnl /Yex/ 7/t 19,5
m./ Peedstock costs
phosphoric acid 2/t 92,6
urea /¢ 41,7
amnonia 2/t 17,5
petash B/t 22,4
n./ Product value /l+m/
at factory gate 2/t 193,7
B/t
2/t
B/t
o./ Distribution cost 2/¢ -
p./ Farm-gate price /n+o/ 8/t -




Product value at factory ggte

B/t
Raw material Ammonia Urea Amnonjum nitrate
naturel gas Capacity Capacity Capacity
B/ Goal 150 t/d 250 t/d 1looo t/d 260 t/d 440 t/d 1700 t/a 355 t/a 591 t/d 2364 t/d
Hoa‘b-mma
1./ - - - - - - - - - -
2./ 345 270 200 174 237 187 155 193 158 137
3./ 549 288 220 191 248 199 164 Za0 167 144
4./ 11,8 332 269 234 273 2217 189 219 188 162
5./ 17,6 376 318 2176 296 55 212 238 208 179
Seasidg location
1./ 1,8 314 232 278 280 222 247 233 191 229
2./ 3,5 327 246 290 287 230 254 238 197 234
3./ 549 345 266 307 297 242 264 246 206 242
4./ 11,8 389 316 350 323 270 288 264 227 260
Sef - - - - - - - - - -
Remote location
1./ 1,8 352 264 352 314 252 3lo 264 219 292
2./ 3,5 365 279 365 322 260 317 269 225 297
3./ 549 383 299 382 332 272 327 277 234 304
4./ 11,8 427 348 424 357 300 351 295 255 322

5./ - - - - - - - - - -

1/¢ rrrweddy

- 60T -

T*T°1-9 o1qe]




Value of 1 t N at factory gate

Urc a Ammonium nitrate

Raw material:

natural gas capacilty

capecity

1/¢ xTpueddy

260 t/d 440 t/d 1700 t/4 355 t/d 591 t/d 2364 t/d
Seagide location
1,/ 1,8 #/Gcal 609 483 537 685 562 674
2e/ 395 " 624 500 552 700 579 688
| 3./ 5,9 " 616 526 574 724 606 712
4.,/ 11,8 " 702 587 626 776 668 765
Rcmote location
1.,/ 1,8 $/Geal 633 548 674 776 644 859
2./ 3,5 " 700 565 689 791 662 874
3./ 5,9 " 722 591 711 815 688 894
4./ 11,8 " 776 652 763 868 750 947

- OT1 -

2°1°1-9 OTq®EL



Progg‘ct vjatlue at facto;x gate

1/¢ TTPweddy

- 11T -

v

Raw material Ammonia Urea Ammonium nitrate

fuel oil Capacity Capacity Capacity

A/ Gcal 150 t/d 250 t/d 1looo t/d 260 t/d Ado t/d 1Too t/d 355 t/d 591 t/d 2364 t/d

West-Burope

1./ 12 - - - - - - - - -
2./ 15 393 327 295 307 260 223 245 212 187
3/ 18 415 353 319 320 275 237 254 223 198
Seasidg location

1./ 12 432 353 404 347 291 319 282 242 282
2./ 15 455 380 429 360 306 333 292 253 292
3./ 18 - - - - - - - - -
Remote locgtion

1./ 12 4717 392 490 385 325 389 316 273 349
2./ 15 500 418 515 398 340 403 326 284 360

3./ 18 - -

19 oTqwl



B )

]
Product value at factory gate g.
B/ %
Raw material Ammonia Urea Ammonium nitrate
coal Capacity Capacity Capacity
#/Gcal 150 t/d 250 t/d looo t/d 260 t/d 440 t/d 1700 t/d 355 t/d 791 t/d 2364 t/d
est~-Europe
1./ 4,6 - - - - - - - - -
2./ 6,8 461 355 304 347 276 229 274 224 191
3./ 9,1 - - - - - - - - - |
4./ 13,6 543 440 374 393 325 269 308 260 219 —
5./ 22,1 652 558 468 455 392 322 354 309 260 o
Seaside location !
1./ 4,6 519 400 468 397 318 355 319 262 309
2./ 6,8 - - - - - - - - -
3./ 9,1 573 455 514 428 349 382 341 285 328
4./ 13,6 627 515 560 458 383 408 364 3lo 348
5./ 22,1 - - - - - - - - -
g
Remote location «';'
1./ 4,6 583 450 587 446 358 444 361 297 360 T
2./ 6,8 - - - - - - - - - E:
3./ 9,1 637 508 633 476 391 470 383 322 409

4./ 13,6 691 565 680 507 424 496 406 346 429
5./ 22,1 - - - -
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Product value 8t factory gate

Develcped site Developing site
Wwest - Europe Sesgide location Remote
B/ B/t g/t
Sulphuric scid 200 t/4
aulphur 90 8/t 67,1 - -
100 B/t - 68,5 87,6
600 t/d
sulphur 90 B/% 51,5 - -
100 g/¢ - 62,7 71,5
Phosphoric acid 200 t/d /9205/ t/100%/  t,54%/ t/100:/  t/54%/  t/100%/ t/54%/
P205 PZOS PZOS P205 P205 P205
phosphete rock 1./ 15 $/¢ - - 437,4 236,2 435,7 262,3
2./ 30 B/t - - 436,6 262,8 534,9 288,8
3./ 50 B/¢ 482,1 260,3 552,2 293,2 600,5 324,3
4./ 70 B/t 547,7 295,8 - - - -
§SP 00 t/d
/13% P50 5,/
phosphate rock 1./ 15 £/t - - 48,5 57,1
2./ 30 8/¢ - - 57,2 65,8
3./ 50 8/% 66,1 68,3 77,4
4./ 70 &/¢ 17,17 - -
TSP 500 t/d ‘
/46% PZOS/
phoephate rock 1./ 15 B/¢ - 171,6 190,2
2./ 30 g/¢ - 194,4 213,1
3./ 50 B8/% 200,8 224,9 243,6
4./ 70 8/¢ 231,3 - -
we 375 +/d
/18% N, 52 % 9205/ 317,9 - -
DAP 25 /4
/18 % N, 52% Py0c/ 302,6 - -
NPK 1040 t/4

/19:19:19/ 193,7 - -
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Table 7-1.1
=) ] (o.]:]
3/t
P r oduc ¢t
Urea Ammonium nitrate
Raw meterial c 8 p ac 1 t y c 8 p a c¢c i t y
260 t/a 440 t/d 1700 t/d 355 t/4 591 t/4 2364 t/a
cagide Jocation

ls 1.8 §/Gcal 294,7 2371,2 306,7 247,5 206,2 289,3
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, 11,8 " 337,6 285,1 347,5 279,1 241,6 319,5
Remote location

l. 1.8 §/Gcal 329,3 267,2 370, 3 278,17 234,2 351,6
2. 3.5 " 336,6 275,4 377,4 284,1 240,3 356,7
3. 5.9 " 346,8 286,9 387,2 291,6 248,8 364,0
4, 11.8 " 372,1 315,1 411,4 310,3 269,5 381,8
1. 12 §/Geal 362,1 306,4 378,6 297,1 257,2 342,0
2. 15 " 375,5 321,3 392,7 307,0 263,2 352,3
Remote tion
1. 12 $/Gecal 400,1 339,8 448,7 331,0 287,6 409,1
2. 15 $Geal 413,5 354,17 462,8 340,8 298,6 419,5
Coal

Seaside Jocation

1. 4.6 $/Geal 411,7 332,7 414,7 333,8 276,6 368,5
2. 9.1 " 442,2 364,4 441,1 356,4 299,9 388,0
3. 13.6 " 473,3 398,3 467,5 379,1 325,0C 407,5
Remote location

1. 4.6 $/Gcal 460,7 373,1 503,8 375,7 312,2 449,6
2. 9.1 " 49),5 405,9 530,2 398,3 336,5 469,1

3. 13.b " 522,3 438,7 556,7 42i,0 360,7 438,6




Raw material:
natural gas

I'arm

te prices of 1 t N

Lo

Ur e a

capacilty

Ammonium nitrate

capacilty

260 t/d 440 t/d 1700 t/d 355 t/d 591 t/d 2364 t/d

Seaside location

1./ 1,8 g/Geal 641 516 667 723 606 851

2./ 3,5 " 657 533 682 744 624 866

3./ 5,9 " 679 558 703 766 649 837

4,/11,8 " 134 620 755 821 T1L 940
Remote location

1./ 1,8 &/Gcal 716 181 805 820 639 1034

2./ 3,5 " 732 599 820 836 707 1049

3¢/ 5,9 " 754 624 842 858 732 1070

4,/1,8 " 809 685 894 913 793 1123

g
8

3
<
-

2°1-L e1qel

- 611 -




- 116 -
Appendix 3/1 Table 7-2

Farm-gate grices

AN

Developing site
‘Seaside Remote

location

SSP /500 t/d/

phosph. Tock

1. 15 B/t 63,5 72,1

2. 30 B/t 1242 80,8

3. 50 B/t 83,8 92,4

4e To Bft - -
TSP /500 t/d/

phosph, rock

1. 15 R/t 186,6 205,2

2. 3o pft 209,4 228,1

3 50 ﬁ/t 239,9 258,6

4. To B/t - -
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Appendix 3/2 - Brief introduction to the use oi malhicma ic asmin

Al aT e e w——
LiCL pPIGFTQmLing

This aprendix tries to give a short examination

on the use of some computer-zided matrecatical metnods

of decision making. No theoretical knowledge of these

methods is expected from the reader. This brief insgec-
tion attempts to infroduce the topic especialy from a
practical approach. As the theoretical results and
rractical facilities now provide a rather wide scale

of sophisticated techniques, the exaaznle to te given

below should not be corsidered characteristic to any

real problem neither in its content nor in i%s technique,

it should be taken only as arn introductory excercise.
In spite of this it may Zive some inspect tc the prco-

lems of matheraticzl progracming.

Ccminz to a decision among geveral rossiblz so0-
lutions is always a difficult matter, Azen3 tTne re-
asons of this at the firs%t place thz troubles of
gathering information in its most genreral sense should be
mentioned. Inforration means not only tre necessary

technico-economic data to the given problem, it invol-

ves the knowledze of the svecial, local conditioas,

the expectations or wishes of the various zrouss and

orzans.
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Respectively, in an investment decision maxinz it

is always irevitable to adjust the various view-

soints and interests. For this purpose tne elabora’-

ing of realistic, treatable model to the probtlem

may give much help. Along this process the conflic-
ting interests may be more objectively expressed thro-
ugh a zodel and the results drawn from it can be more
easily regarded by the participants as reasonable
consequences to be taken into consideration.

Some very characteristic problems of ecenomic amat-
hematical ocdelling are shown below, /Tre viewrzoint
of this listing is the necessary special mathematical-

computational treatment/:

1. Schedulinz of produetion and sales

Any producing unit may have the problem to find
the Test structure of production irn tre test
timing ari physical settling. Tae word "hest"
seans either a technical or an economic ob-
jective,

2. Transvortation problems

Having a table of distances between possible

8ites special methods are available for the

finding of the least total transportation cost.
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3, The fix charge problems of productions, sales, etc.

If one can not adnit 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

YWith investment problems often several questions
similar to 1.-3. should be solved simultaneously.
From the former parts of this study one can under-
gtand the several logical assumptions connected to
problems of this kind. In addition, the goals them-
selves may be rather comlex. Here only just some
possible separatz goals are mentioned /there are so-~
re methods of taking more of them into considerat-
jon at the same time/:

- maximum of profits,

- minimum of costs,

- paxioum of employment

- maximum of the balance of bard currency, etc.

Namely in connection with the modelling of satisfy-

ing fertilizer demamis it may be useful to take the




- 120 -

Appendix 3/2

following aspects into consideration. There are
several possible ways to meet some demand ard, 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 ang, 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 srall
sacrifice /e. g. a little higher investment/ would
result a far higher orofit.

The problem may be drafted in the following form:
what are the possible ways of meeting the demands

and their fulfilment most econozically, in other
words finding the variants that yjield suppnsing near-
1y equivalent expenditures /such as investment, encr-
gies, labtour etc./ +he highes: sum of profit?

The question, however, may be given this way,too:
which variant would satisfy the objective at the low-
est possible expenditure /investment and produc’ion/?
Nne characteristic type tends to find the most
economical product structure of a given unit /con-

sidering market conditions/ and to distribute the

end product at the lowest possible cost namely with this
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present topic - to satisfy the fertilizer demands of
a given country, territory, farm etc. most economi-
cally.

In such a case, production and investment va-
riants may coce from the following:
- the sort of the fertilizer and its raw material,
- its amount,
~ the size,
- the technology,
- the site of the plant /plants/ to be established,

- the level of satisfying the demand etc.

It should be supposed that the demand might be fulfil-
led via buying /importing/ or by produttion; the plant
to be established may have a size just to meet the

local demands, but in pricnciple /if motivated by

narket and other conditions/ it might also provide other

gelling /e. g. for export/.

The described system is called a multivariable
aupply model; in order to provide data for it, na-
turally certain local conditions and technological

data must be known, such as the available:

sorts and quantities of raw materials,

infrastructure,

financial resources,

labour, etc.
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The above indicated /and other possible/ factors
determine, 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,
Wwithir this, naturally, every factor may note se-
veral variants. The computer programme is able tc
handle all of them simultaneously, and to select,
based on the data of the given variants, the sclu-
tion which is most apt to the objective function.
The drawing up cf the objective function is always
a task of the persons performing the examiration and
22y be, on the basis of the different aspec®s, rat-
her different.
As for an example which solution gives the lowest
cests, the highest sum of profit, or
requires the least labour, erergy, infrastructure,
/depending on the bottle-necks/, etc.?
Thus, the examination or series of esxaminations ma-
de as mentioned gives an answer to the question that
which of the possible productions, investments and

foreign trade activities /as variants/ are to be

performed, in a given reriod, ir order to meet a
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certain demand or requirement; what should be their si-
ze and proporticn that 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 prograame ).
Should, for some reason, the solution found by

the computer programme (e.g., for meeting a dermand)
require further examination, there is no problem in
rerforming this additional calculation. The numerical
data and the cbjective functions of the mcdel may

be varied if necessary but introducing new variables
or constrzintsinto the system does nct cause any tech-
nical obstacle either. Cne of the basic aivantzges

of

this analysing method is that new series of cal-
culations may be quickly performed with rather comp-
lex problenms,too.

The other advantage is that sensibility analyses
may be accomplishe, too. These show the effect of
the modifying of the most important econcmic data
/costs, prices, etc./ and constraints on the ob-
jective function ard the optimum programme.

Naturally models are always less or more simpli-

fied images of reality and somewhat subjective in
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the sense that both the possibilities and the restraints
together with their data basis may be disputed, never-
theless subjectivily is mostly limited to this area
only. In connection with the compilation of a model

the importance of the knowledge and gkill of the lo-

cal experts of the developing country ¢annot be emp-
hasized enough. While most of the technical-econoymic
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 forminz 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 the mcdel and not

to the real problem. For this reason it is neces-

sary to analyse the results with critics knowirg

that there were several factors that were not con-
sidered at all, or if they were limitations of model-
making perhaps they 4id not 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 ccurse of decision-
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making. It ought to have an active role in it. Cnly
this way a model provide useful replies to the given

questions, or may be new asvects for further invest-

igations,

Tirst 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 lixke
the non-linear, the stochastic programming, etc. are
shown with some practical remarks.

Let us assume that a country /a bdbranch of indust-
ry, a firm, etc./ has the following problem:

which is the relatively best way of satisfying a

minimal home supply of a product "A" supposed that

this should cause the maximal increase for if this
is not possible the least decrease/ in the balance
of hard currency /given e.g. in million TS #/?

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 specific 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 cf this manpower can not
exceed an upper limit /given in persons/.
The per unit costs and incomes of the home produc-
tions and the foreign tiade activities in the given
nard currency /million US g/ are known as well.

A mathematical programming model generally has
three basic elements., 1. the activities, 2. the

obiective function, and 3. the constraints.

The activities are the unknown variables of the prob-
lem. The set of these activities is often called
the programme. /The term "mathematical progranming"
refers to this trying to make distinction from the
other everyday meanings of the word "nrogramming" and
of the term "computer programming", which is the way
of teaching an electronic computer/.

In this example these are only four activities
/real great rroblems may have geveral thousands of

them/:

s
]

home production of"A",

e
"

exportation of "A",
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X

2 inportation of "A",
7

X

exportation of "B",

4
The task is to find the best of all the feasible
solutions, the optimal ore. The optimum criterion

is always formed in an objective function in mathe-

matical programming. Supposed that a unit of an
activity causes the following changes in the ba-

lance of hard currency /in million US #/:

¥y eeeeee=9 /the cost of producting "A"/

Xy eeeee=l12 /tre incoze from the extorting of "A"/

X. veeee=1d /the cost of imgorting "aA"/

3

X, +eses+ 8 /the inccme from the exporting of "3"/

1
Yow the objective function will have <he following
form:
y = 9x1 + 12x2 - lix3 + £X,.

The optimua /here this mears the maxizur/ of y
is to be founded.

Having no restrictions in coanection with the
activities, the value of y might be unlimited. The
system of these limitations /ziven in the mathamati-

cal form/ are called the constraints of the problem.

This example is supposed to have three constraints:

1. The total consumption of "B" /the use to "A" de-
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pending on x, and the exportation 14/ should not

1

exceed a supposed given quantity /here, e.g.:20/.

0.4 tons of "B" is needed to produce a unit of "A":

P4

0.4x1 + x4 £ 20
Let the total available manpower be limited /e.g.
370/. Let the following number of persons be requ-

ired to run a unit of an activity:

xl ® 0 % 0" 0 10
x2 ® 08 068 0 ¢ 0 2

o 08 00 0 0 l
X3

X occ-o.o.l}

4
Supposed that the required manpower is properti-
onal to the scale of any activity the following

constraint may be written:

L
10:1 + 2x2 + lx3 +13x4 £ 370

The minimal home supply of "A" should reach a
supposed given value /here: 40/. This may be
statisfied either through home production or

foreign trade. Mixed solutions are aiso allowed:

- <
xl x2 + x3 40

The problem now is comlete. There are several
methods known which are proper for solving this

problem, One of the best known of these ia 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 difficult {o 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 awilable at all the
computer centres.

/Real problems with much greater sizes technical-

ly are not executable in a manual way./

Any methed of linear programming results the

optimal solution to the given problem:

X, = 18.421,
X, = 0

X5 = 21,579,
x4 = 12,632

This optimal programme with the values of the
unknown variables substituted into the equation
of the objective function /y/ results the follow-

ing.

y = -9 x 18.421 + 12 x 0 - 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 question,too:

1., constraint ...... + 1.842,
2. constraint ...... 0.474,

3. constraint ...... -14.474

Obviously the bottle-neck the problem is the mi-

nimum home supply of "A" /the 3rd constraint/

Insisting on a unit increase of this home supply
would cause more than 14 million US Z plus expen-
diture while on the other hand a unit surplus of
the raw material "B" could improve the balance with
nearly two million dollars.

Sven from this very small example one can feél
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 fore;:n trade are quite independent of the
turnover. The scale of economy of the investments is
not linear either.

These problems may be treated properly through

various methods of nonlinear programming. Problems

with logical 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
treatment. The differeme methods of nonlinear program-
ming try fo find optimal solutions to these probleus
but these methods are much more troublesome, more

expensive regarding their oractical utilization.

Different solutions may be needed from an even
more complicated approach to these gquestions if one
assumes that neither the inputs inor the outputs of

the models are fixed /deterministic/ values. Allowing

the constants of a model to be probability variables,

that is supposing that they are also unsure values

with certain mathematical characteristics a stoachas-

tic model to the problem may be worked out.

Though probably the nonlinear and stoachstic models
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give the most aprropriate description of the real
circumstances, the modelling and especially the mathe-
ratical-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 scme works dealing with
these problems in details are mentioned in Referende.
In the framework of an appendix it is impoesible
touch all the problems conrected to the whole topic.
The purpose was only to give some methodolcgical
introduction. A basic problem was not mentioned yet,
that the well organized cooperation of the sgpecial

technical, economic and computer experts gives the

clue to the application of any of these metnods. Only
assuming this teamwork it ma~ be guaranteed that the
excenseg of a comgputer aided mathematical troject

return through the more objective, more realistic de-

cisions coming from the variants that one cou"d have

not known without these modern facilities.




- 133 -
Appendix 3/2

References

(1) Ar-ow, K.J. - Hurwicz, L. - Uzawa, H.:

Studies in Linear and Nonlinear Programming.

Stantord Univ. Press, Stanford 1958.

(2) Avriel, M. - Rijckaert, M. J. - Wilde, D. J.

Optimization and Design.
rentica-Hall, Englewood Cliffs 1973.
(3) Beveridge, 5.S.G. - Schechter, R. S.:
Optimization: Theory and Practice.
McGraw-dill, 1970.
(4) Dantzig, G.B.:
Linear Programming and Extensions.
Princeton Univ. Press, Princeton 1963,
(5) Kiinzi, H.P. - Krelle, W.:
Nicktlineare Programmierung.

Springer, Berlin 1962,

(eds.):




- 134 -

Appendix 4/1 - Fertilizer consumption in developing countries in 1076/77 - 1960/81

N - CONSUMPTION Table 1/1

1000 t N Category I /less than 1000 t/
1976 /77 1981/82
Name Total From Total Total From Total Notice
u AN u AN
1. AFRICA
North-West Africa - -
West Africa
Benin Cab: II. 0,58 0,4
Gambia 0,2 Cat: II.
Guinea 0,6 0,5
Guinea Bissau g,1 Cat: II.
Mauritania a,5 Cat: II.
Niger a,56 0,4 Cat: II.
Sierra Leone 0,53 0,12 Cat: II.
Togo 0,95 0,12 Cat: II.
Central Africa
Congo 0,12 0,15
Eq. Guinea 0,1 0,11
Gabon 0,38 0,8
tEast and Southern Africa
Botswana Cat: II. 0,6
Burundi c,47 0,z 0,3
Djibouti 0,5 0,852
Lesotho ag,3 0,5
Rwanda 0,16 o,1
Uganda 0,96 a,3 0,5

Remarks to all the tables in Appendix 4/1:

1 -~ Congumption in 1980/81
Source: FAO Fertilizer Yearbook, 1931.

2 - Data from papers prepared for UNIDO Seminar, Lahore, November 1982.
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N-CONSUMPTION, 10CC t N
Category I
1976/717 1981/82
Name Total From Total Total From Totsl Notice
U AN u AN
2. LATIN AMERICA
Central America
Belize 0,3 0,12 0,5
Caribbean
Bahamas 0,53 0,5
St. Kitts-Nevis a,3 0,4
St. Lucia Cat: II. 0,8
South America
Fr. Guiana - 0,2
Paraquay 0,5 Cat: II.
3. NEAR EAST
N.E. Africa - -
N.E. Asia
Kuwait - 0,282
Oman 0,13 1,0
latar 0,3 0,84
U.A. Emirates 1,0 Cat: II.
Vemen PDR 0,8 0,8 Cat: II.
4. FAR EAST
South Asia
ghutan 0,1 0,1
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N-CONSUMPTIUN, 1000 t N

Category I
1976/77 1981/82
Name Total From Total Total From Total Notice
U AN ] AN

East and South-East Asia
Kampuchea DM 0,1 Cat: III.
Laos 0,1 Cat: II.
5. OCEANIA
Fr. Polynesia 0,2 0,4
New Caledonia 0,17 0,5

Samoa 0,01 0,15
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N-CONSUMPTION

1000 t N
Category Il /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 0,13
Guinea Bissau Cat: I. 1,2
Liberia 4,3 3,5 2,0l
Mali 4,5 5,7
Mauritania Cat: I. 1,22
Niger Cat: I. 1,7
Senegal Cat: III. 6,3
Sierra 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
Cameraoon 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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N-CONSUMPTION, 1000 t N
Category 11

1976/77 1981/82
Name Total From Total Total From Total Notice
u AN ] AN
East and Southern Africa
Madagascar 3,9 3,3 3,5
Mauritius 8,8 9,5 1,1
Mozambique 6,7 Cat: I1I.
Reunion 4,1 5,3
Somalia ces 1,32
Swaziland 1,0 8,5
2. LATIN AMERICA
Central America - -
Caribbean
Barbados 1,9 2,0
Dominica 1,6 1,0
Guadeloupe 3,4 0,43 G,07 3,3 g,02
Haiti 3,0
Jamaica 7,3 Cat: III.
Martinique 3,6 9,16 ,03 4,3 2,9
St. Lucia 1,6 Cat: I.
St. Vincent 2,1 2,4
South America
Bolivia 1,3 2,7
Guyana 6,0 9,3 1.8
Paraguay 6,1 2,3 0,77
Suriname 3,4 5,4

Trinidad a. Tobago 4,5 2,8 0,39
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N-CONSUMPTION, 1000 t N
Cateqory II

1976/77 1981/82
Name Total From Total Total From Total Notice
U AN U AN
3. NEAR EAST
N.E. Africa - -
N.E. Agia
Cyprus 6,3 9,0 1,3 2,0
Jordan 4,0 2,92
Saudi-Arabia 6,4 Cat: IV.
U.A. Emirates Cat: I. 2,62 0,7
Yemen AR 3,4 Cat: III.
Yemen PDR Cat:I. 1,7
4. FAR EAST
South Asia - -
East and South Asia
Laos Cat: I. 4,0
Mongolia 4,4 7,5
Singapure Cat: I. 2,0

5. OCEANIA

Fiji 9,0 Cat: III.










LT
1= s
‘ 1] 22
= |z
25 flos e




- 140 -

Appenrdix 4/1 Table 1/3

N-CONSUMPTTION

1000 t N
Category IIT /10-40/
1976/77 1981/82
Name Total From Total Total From Total Notice
U AN u AN
1. 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 Cat: II. 22,7
East and Southern Africa
tthiopia 11,0 16,0
Kenya 22,4 1,7 3,5 33,9 2/ 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
Nicaraqgua 22,9 39,0
Panama 11,0 13,9
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Table 1/3 /cont./
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N-CONSUMPTION, 1000 t N
Category I11
1976/77 1981/82
Name Total From Total Total From Total Notice
U AN U AN
Caribbean
Dominican Rep. 35,0 31,4
Jamaica Cat: II. 10,2 1,7
South Ameri-a
Argentina 39,2 Cat: IV.
Eruador Cat: IV. 34,8
Uruguay 17,9 5,4 20,4
3. NEAR EAST
N.E. Africa
Libya 13,1 30,5
N.E. Asia
Afghanistan 30,6 25,8 25,6
Cyprus 15,0 Cat: II.
Iraq 35,0 Cat: IV.
Lebanon 17,7 16,9
Yemen AR Cet: II. 10,6
4. FAR EAST
South Asia
Nepal 10,7 6,3 17,4 12,3
fast and South-East Asia
Kampuctiea DM Cat: I. 10,5
5. OCEANIA
Fiji Cat: II. 12,8
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N_-CONSUMPTION

1000 t N
Category IV /40-70/
1976/77 1981/82
Name Total From Total Total From Total Notice
u AN U AN
1. AFRICA
North-West Africa
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
£l Salvadecr Cat: V. 66,5 2,5
Guatemala 49,9 52,5
Caribbean - -
South America
Argentina Cat: III. 51,2
Chile 48,7 9,7 48,2 22,1

Zcuador 49,5 Cat: III.




5. OCEANIA -

Appendix 4/1 - 143 =~ Table 1/4 /cont./
N-CONSUMPTION, 10G0 t N
Cateqory IV
1976/77 1581/82
r .
Name Total From Total Total fFrom Total Notice
U AN U AN
3. NEAR EAST
N.E. Africa - -
N.E. Asia
Iraq Cat: III. 63,6 9,9
Saudi Arabia Cat: II. 41,3
Syria 48,1 Cat: V.
4. FAR EAST
South Asia
Sri Larka 52,3 31,4 Cat: V.
East and South-tast Asia
Burma 42,9 42,9 Cat: VI.




Appendix 4/1 -144 - Table 1/5

1000 t N

Category V /70-100/

1976/77 1981.82

Name Total From Total Total

u AN J AN

From Total Notice

1. AFRICA

North-West Airica

Morocco 82,2 31,1

West Africa

Nigeria Cat: III. 96,7

Central Africa - -

fast and Southern Africa - -

2. LATIN AMERICA

Central America

£l Salvadcr 77,1 Cat: IV.
Caribbean - -

South America

Venezuela 74,3 69,6 32,5 0,°

3. NEAR EAST

N.E. Africa - -
Sudan 30,0 74,5
N.E. Asia

Syria Cat: IV. 83,1 15,9 56,0
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Appendix 4/1 Table 1i/5 /cont./

N-CONSUMPTION, 1000 t N

Categozy V
1976/77 1981/82
Name Total fFrom Total Total From Total Notice
] AN U AN

4. FAR EAST
South Asia
Sri Lanka Cat: IV. 88,9 67,5
East and South-East Asia
Malaysia 90,0 Cat: VI.

5. OCEANIA - -
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Appzndix /1 Tat le 1/6

N-CONSUMPTION
1000 t N

Category VI /100-200/

1976/77 1981/82

Name from Total From Total Notice

Total

Total
u AN U AN

1. AFRICA

North-West Africa - -

West Africa - -

Central Africa - -

East and Scuthern Africa

Zimbabwe Cat: IV. 106,7 36,5 69,9

2. LATIN AMERICA

Central America - -

Caribbean

Cuba 187,2 Cat: VII.

South America

Colombia 142,7 90,9 7,5 135,3
Peru 100,3 57,4 26,5 160,6

3.NEAR EAST
N.E. Africa - -
N.E. Asia - -
4, FAR EAST

South Asia

Bangladesh 167,8 165,48 Cet: VII.
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N-CONSUMPTION, 1000 t N
Catagory VI
1976/77 1981/82
Name Total From Total Total from Total Notice
u AN U AN
Last and Soutih-East Asia
Burma Cat: IV. 110,0 110,0
Malaysia Cat: V. 127,92 2/ Total:
139; U: 35,9
' Prilippines 172,2 103,9 Cat: VII.
Thailand 136,3 162,0
Viet Nam Cat: VII. 199,7

5. OCEANIA - -
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Anpendix 4.1 Table 1/7
N-CGOCNSUMPTION

1000 t N

Category VII ‘Over 200/

1976,77 1981,82

b - & 1 ‘ l ] C
Name fotal From Total Total From Toata Notice

u AN Y AN

1. AFRICA

North-West Africa - -

West Africa - -

Centrai Africa - -

East and Sauthern Africa

2. LATIN AMERICA

Central America

Mexico 832,4 1111,7 403,98 46,8
Caribbean

Cuba Cat: VI. 307,1

South America

Brazil 496,3 104,0 75,3 667,71

3. NEAR ZAST
N.E. Afriza

Eqgypt 427,7 113,5 252 9 585,0

N.E. Asia

Tran 220,53 187,7 4,2 386,%
Turkey 590, 7 776,4
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N-CONSUMPTION, 1000 t N
Category ViI
1976/77 1981 /82
Name iotal From Total Total from Total Notice
u AN U AN
4, FAR EAST
South Asia
Bangladesh Cat: VI. 250,9  238,6
India 2351,7 1720,0 178,3 3881,7 3083,0 119,2
Pakistan 554,0 397,0 22,1 832,6 607,0 72,4
East and South-East Asia
China 4755,0 11528,0
Indonesia 351,2 997.,1 329,6
Korea DPR 385,8 564,1
Korea Rep 361,3 243,1 431,8 235,3
Philippines Cat: VI. 209,9
Viet Nam 241,5 Cat: VI,

5. OCEANIA - -
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Table 2/1
Pols -CONSUMPTION
1000 t P20s
Categery I /less than 1000 t/
1976/77 1981/82
Name Total From Total Total From Total Notice
SSP TSP sSSP TSP
1. AFRICA
North-West Africa - -
West Africa
Benin 0,35 0,21
Niger 0,53 0,48 0,007 Cat: II.
Sierra Leaone 0,53 Cat: II.
Cuinea a,3 Cat: II.
Mauritania
Central Africa
Centr. Arr., Rep. 0,2 0,03
Congo 0,1 Gg,19
Gabon a,2 g,14
Fast and Southern Africa
Botswana 1,0 0,8
Bufundi 0,04 0,02 0,4
Madagascar 0,83 0,62 Cat: II.
RAwanda 0.08 0,1
iJganda 0,43 0,1
Somalia
2. LATIN AMERICA
Central America
Belize 0,6 0,56
Caribbean
Bahamas 0,53 0,4
Dominica Cat: II. 0,7
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Table

2/1 /cont./
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FpG5-CONSUMPTION, 100C P20
Category I
. 1976/77 1981/82
Name Total From Total Total From Total Notice
SspP TSP SSP TSP
Haiti o,l Cat: II.
St. Kitts-Nevis 0,5 0,7
St. Lucia a,8 0,1
St. Vincent 0,4 g,5
South America
Paraguay , Cat: II.
Trinidad a. Tobago 0,27 0,65
Suriname 0,66 0,3
3. NEAR EAST
N.E. Africa - -
Sudan
N.E. Asia
Oman 0,1 0,3 2/ 1981:
0,16
U.A. Emirates 0,1 0,97 0,06
Yemen AR 0,08 0,9
Yemen PDR 0,07 0,07 0,08 0,08
4. FAR EAST
South Asia - -
East and South-fast Asia
Kampuchea Di cee Cat: II.
Singapure 1,0 0,5
Laos
5. OCEANIA
Fr. Polynesia 0,07 0,3
New Caledonia 0,06 0,02

Samoa
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P0s -CONSUMPTION

1000 t P20s
Category II /1-10/
1976/77 1981/82
Name Total From Total Total From Total Notice
SSP TSP sSSP TSP

1. AFRICA

North-West Africa - -

West Africa

Gamblia 1,4 2,8 1,3

Ghana 5,2 8,0

Guinea Cat: 1. 1,2

Ivory Coast 6,3 Cat: III.

Liberia 1,2 2,4

Mali 4,z 3,9

Niger Cat: I. 1,7

Senegal Cat: III. 8,0

Sierra Leone Cat: I. 1,3 0,04

Togo 1,1 1,3 c,05 0,17

Upper Volta 2,2 2,2

Central Africa

Angola 0,6% 4,8 +/ it is
always nore
than 1,0
except 1in
1976

Cameroon 2,2 9,0

Chad 2,0 1,0

laire 5,2 5,2 2,5 2,5

Easc and Southern Africa

Lesctho 1,0 4,0

Madagascar Cat: I. 1,4

Malawi 3,2 0,06 0,09 7,1
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P205-CONSUMPTION, 1000 t P20s
Category Il
1976/77 1981/82
Name Total From Total Total From Total Notice

SSP TSP SSp TSP
Mauritius 2,3 0,2 0,7 2,9 0,11 0,9
Mozambique 2,9 Cat: III.
Reunion 3,7 5,0
Swaziland 1,5 5,7
Tanzania Cat: III. 8,5
2. LATIN AMERICA
Central America
Honduras 9,0 4,2
Nicareagua Cat: III. 7,5
Panama 4,2 6,3
Caribbean
Barbados 1,2 1,0
Dominica 1,3 Cat: I.
Guadeloupe 3,3 o,13 3,2
Haiti Cat: I. 1,4
Jamaica 1,3 2,9
Martinique 5,1 a,1 2,7
South America
Bolivia 1,5 3,5
Guyana 2,7 3,9
Paraguay Cat: I. 4,9 0,1 0,8
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Table

2/2 /cont./

P20.-CONSUMPTION, 100C t P,0s

Cateqory 1!

19746/71 1981/82
Name Total From Total Total From Total Notice
SSP TSP SSP TSP

3. NEAR EAST

N.E. Africa - -

N.E. Asia

Cyprus 10,0 795

Iraq 8,0 Cat: III.

Jordan 3,2 3,3

Lebanon Cat: 8,0

Saudi Arabia g,5* Cat: III. +/ it is
always more
than 1,0
except in
197¢

4, FAR EAST

South Asia

Nepal 2,8 4,0 0,04

East and South-East Asia

Burma 6,7 6,7 Cat: IV.

Kampuchea DM Cat: 7,5

Mongolia 2,6 6,1

S. OCEANIA

Fiji 1,4 1,4 3,3 3,3

Papua New Guinea 0,7* 2,3 +/ it is
always more
than 1,0
except in

1976
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Table

Po0c ~CONSUMPTION

2/3

1000 t Po0s
Cateqory III /10-40/
1976/77 1981/82
Name Total From Total Total from Total
SSP TSP SSP TSP
1. AFRICA
North-West Africa
Tunesia 26,9 Cat: IV.
West Africa
Ivory Coast Cat: 11,5
Nigeria 30,0 Cat: V.
Senegal 16,4 Cat: II.
Central Africa - -
East and Southern Africa
Ethiopia 16,z 30,0
Kenya 27,3 6,3 36,02 2,8 3,7
Mozambique Cat: 15,0
Tanzania 11,0 5,6 Cat: II.
Zambia 17,9 21,1
2. LATIN AMERICA
Central America
Costa Rica 10,4 12,0
€1 Salvador 16,4 20,1
Guatemala 26,7 27,8
Nicaragua 14,0 Cat: II.
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F205-CONSUMFTION, 1000 t P205
Category III
1976/77 1981/82
Name Total From Total Total From Total

SSP TSP SsP TSP

Caribbean

Dominican Rep 21,4 11,0

South America

Argentina 34,8 46,0

Ecuador 13,3 15,7

Peru 17,0 1,6 3,3 18,3 1,6 7,2

3. NEAR EAST

N.E. Africa

Libya 26,6 Cat: IV.

N.E. Asia

Afghanistan 13,6 1,1 11,1

Iraq Cat: II. 13,1

Lebanon 12,0 cat: II.

Saudi Arabia Cat: II. 23,6

Syria 20,5 20,5 Cat: IV.

4. FAR EAST

South Asia

Sri Lanka 14,5 29,9 17,3

East and South-East Asia

Viet Nam Cat: V. 28,2

5. OCEANIA
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Appendix 4/1

Table

P0s -CONSUMPTION

2/4

1000 t P20s
Category IV /40-70/
1976/77 1981/82
Name Total From Total Total From Total Notice

5SP TSP S5P TSP
1. AFRICA
North-West Africa
Tunisia Cat: III. 49,1
West Africa - -
Central Africa - -
fast and Southern Africa
Zimbabwe 43,0 45,4 31,3 14,1
2. LATIN AMERICA
Central America - -
Caribbean
Cuba 52,5 Cat: V.
South America
Chile 59,1 2,9 37,2 52,6 35,6
Colombia 68,9 Cat: V.
Uruguay 52,1 9,9 1,7 39,7
Venezuela 46,8 45,8 2,2
3. NEAR EAST
N.E. Africa
Egypt 66,4 56,4 Cat: VI.
Libya Cat: III. 45,0
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Appendix 4/1

Table 2/4 /cont./

P205-CONSUMPTION, 1000 t P20s
Cateqory IV

1976/77 1981/82
Name Total fFrom Total Total rrom Total Notice
SSP TSP SSP TSP
N.E. Asia
Syria Cat: III. 46,4 42,2
4. FAR EAST
South Asia
Bangladesh 61,1 61,1 Cat: VI.
tEast and South-East Asia
Burma Cat: II. 45,0 45,0
Malaysia 67,7 Cat: V.
Philippines 40,0 51,2

5. OCEANIA -
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Appendix 4/1

P,0c -CONSUMPT IUN

Table

2/5

3. NEAR EAST

N.E. Africa -

N.E. Asia -

1000 t P20s
Category V /70-100/
1976/177 1981/82
Name Total From Total Total fFrom Total Notice
SSP TSP SSP TSP
1. AFRICA
North-West Africa
Algeria 85,0 92,3
Morocco 72,4 78,8
West Africa
Nigeria Cat: III. 79,5
Central Africa - -
East and Southern Africa - -
2. LATIN AMERICA
Central America - -
Caribbean
Cuba Cat: IV. 80,1
South America
Colombia Cat: IV. 75,9
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Table 2/5 /cont./

PG5-CONSUMPTICN, 1000 ¢ Palg
Category V
_ 1976/77 1981/82
Name Total From Total Total From Total Notice
sSSP TSP SSP TSP
4. FAR EAST
South Asia - -
East and South-East Asia
Malaysia Cat: IV. 98,6 2,3
Thailand 80,3 Cat: VI.
Viet Nam 95,0 Cat: III.

5. OCEANIA




Appendix 4/1

P2>Oc - CONSUMP i 1T 0N
2Ys

1000 t P20s

Category VI

Table 2/6

fover 100/

1976/77 1981/82
; 1
Name Total From Total Total From Total

sSSP TSP SsP TSP
1. AFRICA
North-West Africa - -
West Africa - -
Central Africa - -
East and Southern Africa - -
2. LATIN AMERICA
Central America
Mexico 235,9 58,0 69,8 384,2 73,3 87,0
Caribbean - -
South America
Brazil 1308,3 262,0 471,7 1312,7
3. NEAR EAST
N.E. Africa
Egypt Cat: IV. 110,0 110,0
N.E. Asia
Iran 1€1,5 289,4
Turkey 521,9 495,3
4., FAR EAST
South Asia
Bangladesh Cat: IV. 119,4 95,9
India 649,5 139,2 0,9 1172,1 187,0 20,9

0,7 225,5 19,4

Pakistan 117,9 13,6
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F205-CONSUMPTION, 1000 t P20s

Category VI
1976/77 1981/82
Name Total fFrom Total Total From Total Notice
SSP TSP SSP TSP
tast and South-fast Asia
China 1491,0 2931,3
Indonesia 111,4 320,4 296,2
Korea DPR 127,0 130,0
Korea Rep 142,1 14,1 137,8 2,2
Thailand Cat: V. 126,2

5. OCEANIA - -
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Appendix 4/1

K20 -CONSUMFTION

1000 t Ka0
Cateqgory I /less than 1000 t/
Name 1976/77 1981/82 Notice
1. AFRICA
North-West Africa - -
West Africa
Gambia a,9 0,5
Guinea 0,4 Cat: II.
Guinea Bissau 0,1 0,04l
Liberia 0,4 0,7
Niger 0,07 0,431
Mauritania .ee 0,2l
Sierra Leone 0,22 0,73
Togo G,8 0,96
Upper Volta J,4 Cat: II.
Central Africa
Angola 0,5 Cat: II.
Centr. Afr. Rep. 0,2 0,03
Congo Cat: II. 0,2
Gabon 0,3 0,6
East and Southern Africa
Burundi - 0,03 0,4
Djibouti 0,7 Cat: II.
Ethiopia een 0,2l
Kenya 0,4 0,7
Mozambique Cat: II. g,9
Rwanda 0,08 0,1

Uganda 0,26 cen
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K20-CONSUMPTION, 1000 t K,0

Category I

Name 1976/77 1981/82 Notice
2. LATIN AMERICA
Central America
Belize eee 0,4
Caribbean
Bahamas 0,5 g,3
Haiti 0,1 Cat: II.
St. Lucia 0,8 0,1
St. Vincent 0,1 1,0
South America
Bolivia 0,1 0,7
fr. Guyana - 0,2
Paraquay 0,2 Cat: II.
Suriname 0,2 0,3
3. NEAR EAST
N.E. Africa
Sudan - 0,2
N.E. Asia
Afghanistan - 0,1
Iraq .o 0,1
Jordan 0,8 Cat: II.
Kuwait - 0,1
Oman 0,2 ag,3
Saudi Arabia 0,16 Cat: II.
Syria 0,96 Cat: II.
U.A. Emirates - 0,33
Yemen AR o 0,6

Yemen PDR 0,05
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3/1 /cont./

- 165 = jable

K,0-CONSUMPTION, 1000 t K,0

Category I
Name 1976/77 1981/82 Nutice

4. FAR EAST

South Asia

Nepal Cat: II. 0,6

£at and South-East Asia - -

5. OCEANIA

Fr. Polynesia 0,2 0,3

New-Caledonia g,01 0,06

Samoa

6,15
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Table

KoO-CONSUMPTION

3/2

1000 t K20
Cateqgory IT /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
Camerocn 6,9 Cat: III.
Chad 3,1 1,6
Congo 2,5 Cat: I.
laire 1,3 2,6
East 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
Cwaziland 2,4 5,2
Tanzania 6,4 3,1
Zambia 6,1 6,7
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Appendix 4/1 Table 3/2 /cont./
Category II /1-10/
Name 1976/77 1981/82 Notice
2. LATIN AMERICA
Central America
£l Salvador 8,7 1,8
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
Argetina 4,2 5,3
Guyana 1,8 4,7
Paraguay Cat: I. 2,1
Trinidad a. Tobago 2,7 3,1
Uruguay 4,0 3,5
3. NEAR EAST
N.E. Africa
Egypt 2,8 Cat: III.
Libya 3,7 2,7




Appendix 4/1 - 1538 ~ Table 3/2 /cont./
K20-CONSUMPTION, 1000 t Kp0
Category II

Name 1976/77 1381,/82 Notice

N.E. Asia

Cyprus 3,1 1,4

Iran 2,7

Jordan Cat: 1. 1,0

Lebanon 2,4 Cat: III.

Saudi-Arabia Cat: I. 2,3

Syria Cat: I. 4,1

4. FAR EAST

South Asia
Nepal 1,4 Cat: I.
Pakistan 2,4 Cat: III.

tast and South-East Asia

Burma 1,5 Cat: III.
Kampuchea DM oo 1,0
Singapure 1,0 2,2

5. QCEANIA

Fiji 2,2 2,7

Papua New Guinea 1,8 2,4
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Table

3/3

K20 -CUNSUMPTION
1000 t K20
Cateqgory III /10-40/
Name 1976/77 1981/82 Notice
1. AFRICA
North-West Africa
Algeria 30,0 33,4
Morocco 32,2 40,3
West Africa
Ivory Cozst 19,0 29,0
Nigeria 14,0 37,0
Senegal 12,7 10,0
Central Africa
Camercon Cat: II. 10,2
East and Southern Africa
Mauritius 10,3 Cat: II.
Zimbabue 18,9 30,4
2. LATIN AMERICA
Central America
Costa Rica 16,8 17,0
Guatemala 17,9 18,5
Honduras Cat: II. 10,1
Nicaragua 11,0 13,8
Panama Cat: II. 10,0
Caribbean
Dominican Rep 19,4 15,8
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Table

3/3 /cont./

K,C-CONSUMPTION, 1000 t K20
Category III

Name 1976/77 1981/82 Notice
South America
Chile 3,2 11,0
Colombia 34,5 Cat: IV.
Ecuador 18,6 18,1
Peru 11,6 12,8
Venezuela 39,9 30,3
3. NEAR EAST
N.E. Africa
Eqypt Cat: II. 12,9
N.E. Asia
Lebanon Cat: II. 10,3
Turkey 28,9 22,0
4., FAR EAST
South Asia
Bangladesh 14,5 28,1
Pakistan Cat: II. 21,8
Sri Lanka 28,5 Cat: IV.
tast and South-East Asia
Burma Cat: II. 11,0
Indonesia 30,0 Cat: VI.
Korea DPR 37,7 Cat: V.
Thailand 20,5 35,6
Viet Nam 34,2 22,1

5. OCEANIA
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K20 -CONSUMPTION

1000 t K20

Table

3/4.

Category IV /40-70/

Name

1976/71

1981/82 Notice

1. AFRICA

North-West Africa

West Africa

Central Africa

East and Southern Africa

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

East and South-East Asia

Philippines

5. OCEANIA

54,0

Cat: III.

Cat: III.

51,5

65,1

70,0

47,0

60,7
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Appendix 4/1 Table 3/5

K0 - CONSUMPTIGN
1000 t K0

Category V /70-100/

Name 1576/717 1981/82 Notice

1. AFRICA

North-West Africa - -

West Africa - -

Central Africa - -

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 DPR Cat: III. 92,0

5. OCEANIA
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K0 -CONSUMPTION

|
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Table 3:6

1000 t K2U
Cateqory VI /over 100/

Name 1976 77 198182 Notice
1. AFRICA
North-West Africa - -
West Africa - -
Central Africa - -
East and Southern Africa - -
2. LATIN AMERICA
Central America - -
Caribbean
Cuba 115,9 213,6
South America
Brazil 721,5 766,6
3. NEAR EAST
N.E. Africa - -
N.E. Asla - -
4, FAR East
South Asia
India 377,3 670,4
Fast and South-East Asia
China 174,0 681,1
Indonesia Cat: III. 136,2
Korea Rep 139,8 199,1
Malaysia 141,1 173,6

5. OCEANIA




Table 1
Countries according to their annual consumption of fertilizers

Consumption Nitronenuus Phasphate Potassium
rates, tonnes 1980/81 1986/87 11980/81 1986/87 1980/81 1986/87
of nutrient No %  No % % No % No % %  No %  No % %
Up to 10.000 40 43 29 31 -12 S50 54 42 46 -8 62 67 56 61 -6
10.000-308.000 16 17 18 20 +3 12 13 15 16 43 14 15 15 16 +1
30.000-60.000 9 10 12 13 +3 11 12 12 13 +1 7 8 9 10 +2
60.000-100.000 8 9 8 8 0 ) ! 8 9 42 4 4 5 5 4+l
Dver 100.000 19 21 25 27 +6 13 14 15 16 +2 5 6 7 8 +2
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Table 2
Countries accoiding to their per hectare consumption of fertilizers

Consumption Nitrogenous Phosphate Potassium
rates, tonnes 1980/81 1986/87% 1980/81 1986/87% 1980/81 1986/87%
of nutrient No % No % % No % No % % No % No % %
Up to 10.000 47 51 43 47 -4 59 64 49 53 11 74 80 72 78 -2
10.000-30.000 28 30 20 22 -8 30 33 28 30 -3 13 13 13 14 +}
30.000-60.000 10 19 18 20 +9 2 2 11 12 +10 3 4 5 5 +1
Over 60.000 7 8 11 11 +3 1 1 4 5 +4 2 3 2 3 0

x/ Consumption of nutrient per hectare has been calculated dividing the forecasted demand in 1986/87

by arable and permanent crop area in 19680/81.

Z/v x1puaddy
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iv A/ . Raw matarial natentiecl in Mahla 1
P, T = D=Ll aL poTonTiaL LN A= 1 -

developing countries

Production of natural gas and reserves in the

developing countries

lO9 cum
Production Reserves
Couuntry a.,/ c./
1982 1982
1. AFRICA
North-West Africa
Algeria 23,46 3150
Morocco 0,10 14
Tunisia 0,44 122
West Africa
Nigeria 1,94 918
Central Africa
Angola 0,24 42
Cameroon 126
congo 76
Cabon 0,14 14
Zaire 1

Fast and Southera Africa

Tanzania - 6
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Appendix 4/3 Table 1 /cont?d/
logcu m
Production Reserves
Country a./ c./
1982 1982

Central America

Mexico 43’89 2148

South America

Argentina 10,94 714
Bolivia 2,79 160
Brazil 3,02 66
Chile 5,05 70
Colombia 2,96 130
Ecuador 0,05 116
Peru 0,95 34
Venezuela 14,93 1532
Trinidad and Tobago 2,41 312
3. NEAR EAST

N.E. Africa

Egypt 2,45 203

Libya 4,34 609
a./

Sudan 1

NoEo Asia

Afghanistan 4,49 548'/
Bahrain 5,07 223
Iran 10,80 13.667
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Table 1 /cont?d/

Q
10" cum
Production Reserves
Country a./ co/
1982 1682
Iraq 0,65 816
Kuwait 3,79 847
Oman 2,14 76
Qa.ta.r 3, 64 1756
Saudi-Arabia 16,73 3313
Syria 0,24 36
Turkey 0,10 l5e'/
U.A. Emirates 13,44b'/ 810
4, FAR EAST
South Asia
b./
Bangladesh 1,03 198
India 2,31 411
Pakistan 8,93 525
East and South-East Asia
Burma 0,48 5
China 10,31 844
Indonesia 16,11 838
Malaysia and Brunei 10,74 1155

Thajiland

312
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Appendix 4/3 Table 1 /cont?d/

a./ Unless indicated otherwise data taken from International
Petroleum Encyclopedia 1983, Peunwell Publishing Co.,
Box 1260, Tulsa, Oklahoma 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 l. January 1981. Petroleum Economist,
August 1981.

e./ Statistics Review 1983, Fnergy Economics Research Lid,
60 May 1983. pp. 4"5.
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Table 2

Crude o0il production, reserves and refining

capacities in the developing countries

106 t
Production Reserves Refining
capacity
Country a a a
1982 1982 1982
1. AFRICA
North-West Africa
Algeria 37,50 850 4,6
Morocco 0,01 smal1°® 3,7
Tunisia 5,30 167 1,7
West Africa
Gambia exploration
under constr
Ghana 0,08 small 1,3
Guinea available®
Ivery Coast 0,45 10 4,5
Mali discoveryc
Mauritania discoveries
probableC
Nigeria 66,20 1508 13,0
Senegal 100 0,9
Sierra I,eone 0,5
Central Africa
Angola 6,10 147 1,6
Cameroon 5,45 48 2,2
Chad 20 small planed®
congo 4,35 140
Gabon 6,50 41 1,0
Zaire 1,10 13 0,9
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Table 2 /cont?d/
100 ¢

Production Reserves Refining

capacity
Country a a o
1982 1982 1982
Fast and Southern Africa
Ethiopia unidentified® 0,7
Kenya 4,0
Madagascar shale 0,8
available
Mozambique 0,8
Somalia available®
Tanzania 0,9
Zambia 1,2
Zimbabwe available®
2. TATIN AMERICA
Costa Rica 0,8
El Salvador 0,8
Guatemala 0,32 4,0 0,8
Honduras 0,7
Mexi co 136,7 4347 64,5
Nicaraqua 0,7
Panama explorationc 5,0
caribbean
Barbados 0,03 small 0,2
Cuba O,36b'/
Dominican Rep 2,4
Jamaica 1,8
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Appendix 4/3 Table 2 /cont?d/
10°

Production Reserves Refining

capacity
country a a a
1982 1982 1982
South America
Argentina 24,15 233 33,8
Bolivia 1,20 16 3,0
Brazil 12,60 158 61,0
Chile 2,05 68 7,0
Colombia 7,00 48 10,7
Ecuador 10,75 126 4,0
Paraguay 0,4
Peru 9,90 75 8’4
Uruguay 2,3
Venezuela 91,30 1935 64,2
Trinidad a. Tobago 9,10 52 18,8
3+ NEAR EAST
N.E. Africa
Egypt 33,35 300 17,0
Libya 56,35 1935 6,5
Sudan 36 1,2
N.E. Asia
Bahrain 2,25 18 12,5
Iran 94,80 4978 26,5
Iraq 45,70 3690 8,4
Kuwait 33,75 5780 31,2
Lebanon 2,6
Oman 16,40 246 2,3
Qatar 17,00 308 0,59

Saudi-Arabia 324,20 14616 35,3
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Appendix 4/3 Table 2 /cont?d/

106 +
PRy 1 4

Production Reserves Refining

capacity
Country a a a
1982 1982 1982
Syria 8,75 137 11,4
Turkey 2,25 25 23,4
U.A. Emirates 62,35 2912 6,8
Yemen PDR naphtha and 8,9
refinery
gases o
available
4. FAR EAST
Bangladesh 1,6
India 19,20 307 37,6
Pakistan 0,60 18 6,7
Bast and South-East Asia
Burma 1,50 3 1,3
China 101,00 1754 100,0
Indonesia 67,05 860 17,1
Korea Rep 37,7
Malaysia~-Brunei-
-Singapore 23,05 141 8,8
Philippines 0,35 3 14,3
Thailand 0,30 9 8,8

a - Unless indicated otherwise data taken from International
Petroleum Encyclopedia 1983, Pennwell Publishing Co;
Box 1260, Tulsa, Oklahoma 7410l.

b - Petroleum Economist, January 1983.

¢ - Fertilizers in developing countries, potential for
setting up mini-fertilizer plants, Draft III/July 1982/
E.Z. Unido.
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Appendix /3 Table 3

Coalagproduction and reserves in the

developing countries

10° ¢

Production Known Additional Total

Country 1981 economic
c d d d
l. AFRICA
North-West africa
Morocco 0,059 ) 90 40 /1979/
West Africa
Benin lignite®*/
Nigeria 0,014 338 24 362 /1979/
Sierra Leone lignite °
Mali 3 3 /1979/
Central Africa
Angola 38b'<
Camercon 50°°/
. b./
7aire 1180
East ard Southern Africa
Botswana 0,032 SOOb'/
Ethiopia 1 1 /1966/
Madagascar 5/1971/ -~ 400>/
"2 5wl 500/
wzambique 0,038 100 200 400 /1969/
Tanzania 250°*
Zambia 0,042 228b'/
Zimbabwe 0,231 965/1977/
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Appendix 4/3 Table 3 /cont?d/
10° ¢

Production Knowm Additional Total

Country 1981 economi ¢
c d d d
2. LATIN AMERICA
Central America
Honduras 21/1979/
Mexico 480 500 980/1979/
Caribbean
Haiti 13 27 40/1979/
South America
Argentina 0,042 150 9750 9900/1978/
Brazil 0,474 1320 12770 14090/1978/
Chile 0,062 1150 4135 5385/1979/
Colombia A8 790 838/1979/
Ecuador 36 36/1979/
Peru 100
/1979/
Venezuela 0,004 17 4300 4317/1979/
3. NEAR EAST
E:Eo Asia
Jemen 1 v 1
Turkey 1,467 3923 280 4203/1978/
4./ FAR EAST
South Asia
Bangladesh 3 3/1979/

India 10,756 1869 281 2150/1978/
Pakistan 0,133 646,/1972/ .
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Production Known Additional Total

Country 1981  ecomomic
c d d d

5. EAST and SOUTH-FAST ASIA
Burma - 80/1975/ - --
China T 40500 T
Indonesia 0,040 661 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.

h./ Source: Fertilizers in developing countries; potential for
setting up mini-fertilizerplants,
Draft ITII. /July 1982/ E.Z. UNIDO

¢./ Monthly Bulletin of Statistics, Vol. XXXVIT N° 8, Aug. 1983.
United Nations, New York.

d./ 1980 YTearbook of World Fnergy Statistics, United Nations,
New York, 1981,
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Table 4

Production of phosphate rock and reserves in the

developing countries

Productiona Total reserves
Country 103tP205 106t/$1>205/
1982 c d f

1. AFRICA
North-West Africa

Algeria 294 1000/30%%/  525/324/ 1200

Morocco 5680 40000/30%%/ 42000

Tunisia 1213 1300/30%/ 710 1500
West Africa

Benin 30/284/

Liberia 1,5/284/

Mali 20/30%/ 5

Mauritania 5/23-32%/

Niger small

Nigeria not fully

estimated
Segenal 351 3200/304%/  337/25-28%/
Togo 739 300/304%/ 130

Upper Volta

Central Africa

Angola
Centr.Afr.Rep.
Congo

Zaire

East and Southern
Alrica =

Burundi
Malawi
Tanzania
Uganda
Zimbabwe

4/21-31%/  34/29%/

120/30%%/  100/10-32%/
6,6/25%/
uwnidentified

83/15%/ 83

150/3-22%/
1,25/15%/
10/27-38%/ 10/20%/
200 220/13%/
42 20/304°/ 37
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Appendix 4/3 Table 4 /cont?d/
Production Togal reserves
3
Country 10° % P,05 10 t /% P205/
1982 c d T

2. LATIN AMEKICA

Central Americg

e
Mexico 125 1140/30% /
Nicaragua found

caribbean - - - -

South America

Argentina low grade
Brazil 946 1745/3044%/ 1600
Chile 4/308°/
Colombia 4 600/30%°%/
Peru 9 6100/30%°/ 1502
Venezuela 40/30%°/ 20
3. MNEAR EAST
N.E. Africa
Ecypt 197 2800/30%°/ 1350 4700
N.E. ASia
Iran 130/30%%/
Iraq 80 660/20%°/
Jordan 1273° 1000/15-30%/
Lebanon small /17-31%/
Saudi-Arabia 1000 /3042 /
Syria 592 800/304°%/ 980

Turkey 8 300/30%°/
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Table 4 /cont?d/

Production Total reserves
Country 103 ¢ P50 10° ¢ /4 P05/
1982 c d f
South Asia
Tndia 175 140/17,5%/ 55
Pakistan 12/20-37%/
Sri Lanka 5 300/30%/
East and South-East
Asia
China 3125 30000/15%/
Korea DPR 160 88/12,5%/
Mongolia 1000/20-22¢%/ 400
Thailand findings
Viet Nam 175 500/ 3045/

a - Phosphate 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.
/Data calculated from tel-quel weight, assuming 30% P205/

¢ - Pertilizer Manual
Development and Transfer

of Technology Series No.l12., UNIDO

d - Fertilizers in developing countries; potential for setting

up minifertilizer plants.
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e - Tonnage and grade stated in terms of equivalent quantity
of marketable phosphate rock of 30% P,0g 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

Productior in 1981/82

Country 1000 t K,0

China 24,4 /FAO estimate/

Chile 26,6

Ccongo /the mine were closed down in

1977 due %o a floading/

Reservesb b
Country 106 % Plans
Algeria limited no
congo redevelop the operation at the closed mine;
30 /carnallite/ no
Ethiopia 60 /KQO/ start 1983-89
Libya 0,65 /K,0/ no
Morocco 200 /carnallite/
40 /sylvinite/
Tunisia 24 /K,0/ projected capacity by
1986
140 000 tpa KC1
China 200 /Xc1/ current capacity about

20 000 tpa K503
projected capacity-
~expansion:
in the first phases
200 CQ0 tpa
in the second phases
l,O.lo6 tpa
/late in the 19808/
India n.a. Studies
Iran 60 /K,0/ N.a.
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Appendix 4/3

Table 5 /cont?d/

Reserveéb b
Country 106 % Plans
Jordan 2000 /K,0/ initial capacity:
240 000 tpa KC1
total capacity /by 1985/:
1,2.106 tpa
Pakistan large no
Thailand large pro jected capacity by
1990: 7.10° tpa Kcl
Brazil 525 /aylvinite/ pro jected capacity by
6350 /carnallite/ 1984: 500 000 tpa KCl;
doubled by 1990
Chile N.ae current capacity about
24 000 tpa K-0
Mexico n.a. projected capacity by
1984: 80 000 tpa KCl;
doubled by 1990
Peru Nelos pro jected initial

a - FAQ Statistics

capacity by 1930:
100 000 - 200 000 tpe
KCl

b - "The situation of the potash industry in the developins

countries® by Fernand C. Angulo,
Lahore, Pakistan 1982

n.a. - not available

INIDO: presented ut
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Appendix 4/3 Table 6
Production of Sulphur in-all-forms and

reserves in the developing countries
in 1981

1000 t S/5 equivalent

Brimstone Pyrites Other Total Reserves

. N . forms b, c
. 50tal from wich ’
Country sul phur
recovered

1. AFRICA
N-rth-West Africa

Algeria® 15 15 - - 15 0
Morocco® - - 38 - 38 0

Central Africa

Angola - - - - - +

7aire® - - - 30 30

East and Southern

Africa

Ethiopia - - - - -
Kenya - - - - -
Madegascar - - - - -
Malawi - - - - -
Tanzania - - - - -
zambial - - - 80 -

7imbabwe” - - 25 5 30

O O O O O +

2. LATIN AMERICA

Central America

Costa Rica - - - - - +
Guatemala - - - - -
Mexicod 1971 - - 105 1896 +0

+
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Appendix 4/3 Table 6 /cont’d/
Brimstone Pyrites Other Total Reserves
. forms b, c
total from wich '
Country sulphur
recovered
caribbean
Bahamas™ 5 5 - - -
cuba® 8 8 2 - 10
South America
Argentina® 5,8 5,8 - - 5,8 40
Bolivia® 11,0 - - - 11,0 +0
Brazil® 150,0 150, 0 - - 150,0 0
chiled 75 e - 32 107,0
Colombia® 16,8 16,8 - - 16,8 +0
Ecuador® 14,0 10 - - 14,0 +
Peru 20 20 - - 20 +0
Trinidad and
Tobago® 12,8 12,8 - - 12,8
Uruguaya 2,0 2,0 - - 2,0
Venezuela 90,0d 68,3° - - 90,0d +0
3. NFAR EAST
NeEe Africa
Egypt> 20,0 20,0 - - 20,0 +
Iibya? 16,0 16,0 - - 16,0
N.E. Asia
Afghanistan® - - - - - +
Bahrain® 36 36 - - 36
cyprus® - - 20 - 20 0
Iran” 150 100 - - 150

Iraqd 200 e - - 200 +



Appendix 4/3 Table 6 /cont’d/
Brimstone Pyrites Other Total Reserves
total from wich forms b,c

Country

sulphur
recovered
Jordan® - - - - - +
. d e d
Kuwait 118 116,8 - - 118
Saudi-Arabia® 671,6 671,6 - - 671,6 0
syria® 8,0 8,0 - - 8,0
Turkey™ 30,0 cee 24,0 65,0 119,0  +0
4, FAR EAST
South Asia
Indial 5 cee 20 80 105 +0
Nepal - - - - - 0
pakistan® small - - 15 15 +
East and South-
-Fast Asia
Burma - - - - - 0
Chinal 200 - 2100 75 2375
Indonesia®  small - - - - +0
Korea DPR™ - - 255 10 265
Korea Rep. 362 9,9° small1? 542 90 0
Philippinesd - - 37 - 37 +0
Singaporea 25 25 - - 25
Thailand - - - - - +0

a - Bureau of mines minerals yearbook, 1981. US Department of
the Interior

b - Mineralnile reszurszll promiislenno razvitilh kapitaliszticseszkih
i rajzvivajuscsihszja sztran 1978. Moszkva, 1979. Szo juzgeolfond,
444 Pe
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Appendix 4/3 Table 6 /cont’d/

¢ - Opportunities for the establishment of mini fertilizer
plants in the developing countries. Sectorial Studies
Branch, UNIDO 1983.

d - Preliminary Sulphur and Sulphuric Acid Statistics 1982,
May 1983, pp. 1-2.
The British Sulpur Corporation Limited, London.

e — 0il and Gas Jourmal, 8 August 1983, pp. 114-118.

Brimstone: includes Prasch,native and byproducts based on
petrolevm and naturalgas.

Other formss When data of sulphur recovered are available
it includes byproducts based on coal and

metallurgy;

When data of sulphur recovered are not avail-
able it includes byproducts based on coal,
metallurgy, petroleum and natural gas.

Reserves: + - Sulphur
0 - Pyrite
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Appendix 4/3 Table 7

Raw materials potential for fertilizer production

in developing countries studied

/1983/

Natural Crude Coal, lignite Phosphate Potash

Country gas 0il hydropotential rock

l. AFRICA

North-West Africa
Algeria + + - + -
Morocco + + + + +
Tunisia + + - + +

West Africa
Benin - - + + -
GCambia - +/?/ - - -
Ghana - + - - -
Guinea - /?/ - - -
Ivory Coast - + - - -
Mali - +/?/ + +/?/ -
Mauritania - +/2/ - - -
Niger - - - + -
Nigeria + + + + -
Senegal - + - + -
Sierre Leone - /?/ + - -
Togo - - - + -

Central Africa

Angola + + + + -
Cameroon + + + - -
Centr. Afr. Rep. - - - + -
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Appendix 4/3 Table 7 /cont'd/

Natural Crude Coal, lignite ©Phosphate Potash

Country gas 0il hydropotential rock

Chad - +/?/ - - -
Congo + + - + +
Gabon + + - - -
Zeire + + + + -

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 /contsd/

Natural Crude Coal, lignite Phosphate Potash

Country gas 0il hydropotential rock

Caribbean
Cuba - +/?/ - - -
Dominican Rep. - /?/ - - -
Haiti - - + - -
Jamaica - /?/ - - -

South America

Argentina + + + +/?/ -
Bolivia + + - +/2/ -
Brazil + + + + +
Chile + + + - +
Colombia + + + + -
Ecuador + + 4 - -
Paraguay - /?/ - - +
Peru + + + + +
Trinidad and Tobago + + - - -
Uruguay - /?/ - - -
Venezuela + + + + -

3. NEAR EAST

N.E. Afrl ca
Egypt + + - + -
Libya + + - - -
Sudan + + - - -

N.E. Asia
Afghanistan + - - + -
Iran + + - - +
Iraq + + - + +
Jordan - - - + +

Lebanon - /?/ - - -
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Appendix 4/3 Table 7 /cont'd/

Natural Crude Coal, lignite 7Phosphate Potash

Country gas 0il hydropotential rock

Saudi-Arabia + + - +/?/ -
Syria + + - + -
Turkey + + + +/?/ -
Yemen PDR + +/?/ + - -

4. FAR EAST

South Asia
Bangladesh + /?/ + - -
India + + + + -
Pakistan + + + - +
Sri Lanka - - - + -

East and South-Fast Asia
Burma + + + - -
China + + + + +
Indonesia + + + + -
Korea DPR - - + + -
Korea Rep. - /?/ + - -
Malaysia + + + - -
Philippines + + + - -
Thailand + + + + +
Viet Nam - - + -

Number of

countriess 81 39 48 40 41 16

+ ¢ avallable

- : not avallable

+/?/ : may be available

/?/: no oll reserves ldentified,
refining capacity may be
avallable
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potentiul users of mini N rertilizer plunts

/demand versus mini-plunts capacitvies in countries identitied

Tatle 1

aa potential users of mini rertilizer plante/ 1000 tpy N
1930 2000
g?g?fé{gn%ga Demand Balance g%tg%ngﬁgi é%ga Demand sulance
1, Africa 524 499,38 + 24,2 1264 910,1 + 393,9
North-iiest Africa - -
West Arrica 176 130,0 - 4,0 472 399,0 + 13,0
Ghana - 15,0 40 34,0
Ivory Coast 40 25,0 30 30,0
Mali - 9,0 40 15.0
Nigeria 136 120,0 272 210,0
Senegal - 11,0 40 b0, 0
Central Africa 160 47,2 +112,8 230 7745 + 202,5
Angola 40 12,3 80 25,0
Cameroon 40 23,0 30 39,0
Congo 40 3,2 40 7,0
Gatbon - 0,3 40 0,5
Zaire 40 3,7 40 6,0
kEast and Southern
Africa 138 272,6 - 84,6 512 433,06 + 73,4
Burundi 40 0,9 40 2,3
Ethiopla 40 35,0 80 64,0
Madagascar - 5,9 40 15,0
Malawi 40 28,3 80 40,3
Zambia - 72,5 136 128,0
Zimbhabwe 63 130,0 136 184,0
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Table L/conttay/

1990 2000
capacity of Demand Balance Total CGEHCi‘ya Demand Balance
mini-plantsa of mini-plants
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
Mex.ico 136 1366,0 272 1890,0
Panama 40 21,0 80 45,0
Carribean 204 449,0 - 245,0 408 666,0 - 258,0
Cuba 136 392,0 272 581,0
Dominian Rep. 68 57,0 136 85,0 !
N
South America 556 1882,5 =1326,5 1452 3772,0 -2320,0 8
Argentina 80 75,0 160 120,0 |
Brazil 204 13vu,0 544 2844,0
Chile 68 99,0 204 162,0
Colombia 68 195,0 272 300,0
Equador 136 66,9 272 120,0
Peru 68 147,0 204 226,0
3. Near East 420 1950,0 -1530,0 1152 2765,0 ~-1631,0
N.E.Africa 108 904,0 - 796,0 284 13w ,0 ~1016,0
Bgypt 68 823,0 204 1120,0
Sudan 40 81,0 80 180,0
N.E. Asia 312 1046,0 - 734,0 868 1483,0 - 615,0
Afghanistan 40 36,0 120 83,0
Turkey 272 1010,0 748 140u,0
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Appendix 4/4. Table 1l/cont'd/
1990 2000
Capacity of Demand Balance Total capacity Demand Balance
mini-plants @ of mini-planta®
4. Far Bast 3160 25172,0 -22012,0 8176 40362,0 -32186,0

South Asia 856 7442,0 -6586,0 2392 15106,0 -12714,0
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 2400,0

East and South-East !

Asgila 2304 17730,0 ~15426,0 5784 25256,0 -19472,0 o
Burma 136 143,0 272 237,0 S
China 1040 14231,0 2400 19923,0 !
Indonesia 340 1370,0 884 2100,0
Korea DPR 40 776,0 120 850,0
Malaysia 136 230,0 476 346,0
Philippines 340 350,0 816 600,0
Thailand 136 250,0 340 480,0
Yiet Nam 136 380,0 476 720,0

a - unit capacity: 40 000 tpy N for 150tpd NH3
68 000 tpy N for 250Utpd NH3



Appendix 4/4 _ _ TPable 2
Poteptigl users of mlnl_gzgs fertilizer plants
/demand versus mini plants' cupacities in countries identified as potential
users_gf mini fertilizer plants/ 1000 tgf P205
Country 1990 2000 '
Capacity of Demand Balance Total capacity Demand Balance
mini-plants® of mini-plante®
Africa 203 262,.6 -59,6 522 509,0 +13 0
North-Wesat Africa - - - - - -
West Africa 58 99,4 -41,4 174 155,2 +18,8
Mall 29 5,3 29 10,2
Niger - 1,8 29 2,3
Nigeria 29 90,0 87 140,0
Upper Volta - 2,3 29 2,7
Central Africa 29 11,1 +17,9 87 17,8 +69,2
Angola - 7,2 29 11,0
Centr.Afr.Rep. 29 1,1 29 2,3
Zaire - 2,8 2 4,5
East and Southern
Africa 116 152,1 -36,1 261 336,0 -75,0
Burundi - 0,9 29 2,3
Kenya - 3¢,0 29 90,0
Malawi - 9,0 29 25,0
Tansania 29 18,0 29 39,0
Uganda 29 1,2 29 3,7
Zambia 29 30,0 29 61,0
Zimbabwe 29 57,0 87 115,0

- y02 -
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Table 2/cont'd/

—— ——

——

1990 2000
Country - —_—— —_ —_ —_ ———
Capacity of Demand Balance l'otal capacity Demand Balance
mini-plants @ of mini-plantg®
2. Latin America 290 2087,0 -1797,0 696 3556,0 -2860,0
Central America 29 42,0 - 13,0 58 71,0 - 13,0
Guatemala 29 42,0 58 71,0
Caribbean 29 118,0 - 89,0 87 190,0 - 103,0
Cuba 29 118,0 817 190,0 ,
South America 232 1927,0 -1695,0 551 3295,0 =2744,0 s
Argentina 29 66,0 87 107,0 ‘:‘
Brazil 58 1600 ,0 145 2740,0
Chile 58 115,0 116 188,0
Colombia 58 120,0 145 192,0
Equador 29 26,0 58 68,0
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
Turkey 29 713,0 87 1217,0
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Table 2/cornt'd/

————

2000

1990
Countr —
Y Capacity of Demand Balance Total capacity Demand Balance
mini-plants & of mini-plantg®
4, Par East 609 7192,0 -6583,0 1653 12244,0 -10591,0
South Asia 145 2580,0 -2435,0 435 4830,0 - 439%,0
Irdia 87 2180,0 261 4110,0
Pakistan 58 400,0 174 720,0
BEast and South-
~-East Asia 464 4612,0 -4148,0 1218 T7414,0 - 6196,0 .
China 290 3812,0 754 6100,0 N
Indonesia 58 410,0 174 580,0 &
[ Korea DPR 29 190,0 87 250,0 '
Viet Nam 87 200,0 203 484,0

a - unit capacity:

29 000 tpy P205
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For the guidance of our publications programme in order to assist in our
publication activities, we would appreciate your compieiing the guesticamairc
below and returning it to UNIDO, Division for Industrial Studies, P.0. Box
300, A-1400 Vienna, Austria

QUESTIONNATIRE

Mini-Fertilizer Plant Projects, Appendices

(please check appropriate box)
yes no

~
~
\|

(1) Were the data contained in the study useful? 1

|

~

\I
I~

~

(2) Was the analysis sound?

Ny
~
~
\I

(3) Was the information provided new?

~
-
~
\I

(4) Did you agree with the conclusion?

NL

(5) Did you find the recommendations sound?

NENL

(6) Were the format and style easy to read?

I~

(7) Do you wish to be put on our documents

mailing list? 1:7 1:7
If yes, please specify
subjects of interest
(8) Do you wish to receive che latest list /7 7

of documents prepared by the Division
for Industrial Studies?

{9) Any other comments?

Name :
(in capitals) teevesesnensesssancas ceisaceennas

Institution:
(please give full adress) ceeisrerenseeaan Cesreeacesarenanan

Date: cecceaccsscssersssesces s ascecs v o
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