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IHVES'IMENT AND PRODUCTION COSTS FOR FERTILIZERS 

Stn\HAR.Y AND CONCLUSIONS 

ThiR 1a the fourth paper 1n a saries of pa~ers on fertilizer costs 

presented hy the World Banlt to the FAO Commission on Fertilizers. The previous 

papers updated the investment cost data fer the principal nitrogenous, phosphate 

and potas~ fertilizers, particularly those which form the basis for the 

fertilizer export market, and they alsc considered the special case of super-

phosphate manufacture. In this fourth pap~r the range of materials considered 

1as t-een extended to include nitrophosphates. Both the investment and 

producc1on cost data have been revie~ed and brought up to date for the main 

fertilizer materials, taking into account inflation in different countri~~ and 

international currency realignments up to mid-1982. Also the effect of energy 
. 

use and costs has been considered in more detail. 

The two main factors in deter1Dining fertilizer costs, the costs of raw 

materials and investment, can vary significantly for different site locations 

and it is important to take these into account when projecUng fertilizer costs 

and prices. Sometimes, raw materials may l.e available cheaply, but this 

advantage can be offset by higher investment costs and lower operating rates, lf 

plants have to be built in remote locations. 

In order to appreciate more fully the factors which influence 

fertilizer costs and enable more ~~a:istic projections of future fertilizer 

prices, cost estimates have been calculated for a range cf conditions and 

different fertilizer .. terials. Bearing in mind that prices of raw materials 

and fertilizers can fluctuate considerably, the main object of the exercise has 

been to provide a '"cost envelope" which can be easily u8ed to assess fertilizer 

investment and production costs for any situation. The comparisons have been 

made using '"realization price"; this i3 the price which would be required to 
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justify new i~vestment for an assu:ied situation and three main variables, 

(feedstock cost, utili2ation rate and capital charge) have been evaluated. It 

is emphasized, however, that ·realization price· as used in this paper is 

basically a total cost figure and does not necessarily reflect futcre fertilizer 

export prices which depend on many other factors not covered in the paper. 

Site Location and Investment Costs: In this study three differect 

scenarios v~re considered in order to represent a wide range of possible site 

locations. Thr first is for a site with available supporting infrastructure. 

Normally this would be in a developed country but it could also occur in a 

developing country which already has a well developed fertilizer industry. The 

second scenario covers a site which has some facilities but where some 

iofrastructure would have to be provided, and the third scenario is a site at a 

remote location without any existing infrastructure. These two latter 

situations are most likely to occur in a developing country. In the case of 

potash, only Canada has been considered, as the prospects for building 

significant new capacity outside of Canada or the USSR are believed to be 

limited. 

Capital Charges and 0perating Rates: In order to assess and compare 

the different scenarios, a capital charge has been used to cover the 

requirements of return on investment, interest payments, ete. A series of 

tables has been prepared to show how r~alization prices vary for diff e~ent 

capital charges and operating rates. 

Rav Materials Costs: Feedstock costs vary considerably from eite to 

site for fertilizers, particularly phosphates, depending on the nature of raw 

material, freight, etc. Although Ctertain typical costs have heen assumed thes~ 

are basically to demonstrate the methodology and for specific cases it will be 

l 
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necessary to adjust th~ data. Tables have been prepared which in the case of 

nitrogen fertilizers relate reallzation prices to gas prices, and in the case of 

phosphate fertilizers to sulphur and phosphate ro~k prices which allov these 

adjustments to be .. de. 

Nitrogen Fertilizers: The study shows that for urea pr.oduction, the 

cost of energy and capital related costs are equally important anu other costs 

are relatively small. Until recently many developed countries had l~th the 

advantage of cheap energy and low investment costs, but this advantage is 

disappearing as natural gas prices in these countries ris~ to the level of fuel 

oil equivalent energy prices, and also as it beco:aes relatively cheayer to 

build, and easier to operate plants in developing countries. Undoubtedly the 

effect of increasing energy prices will eventually favor those countries where 

there is cheap natural gas. 

Phosphate Fertili~: The cost of raw materials is ~uch more 

important than investment costs COlllPared with nitrogen fertilizers, and in some 

cases tt.e coGt of rav aaterials can be as high as 70% of the realization price. 

::aking into account t!iat raw materials tend to be more concentrated in a few 

specific locations than is the case for natural gas and nitrogenous fertilizers, 

this gives producers uf phosphate raw materials an advantage. both with regard 

to the sale of the raw materials and to the local production of phospha:e 

fertilizers. Nev phosphate fertilizer plants, particularly those designed for 

the export business. are therefore most likely to be built near the rock mine 

where r~ck is cheapest or perhaps near a cheap source of sulphur or sulphuric 

acid. 



l I 
i 

4 

Nitrophosphate Fertilizers: Nitrophosphate fertilizers show very 

significant savings in sulphur consumption which 1s bacolling in~reasingly 

important. This main advantage, however, has to be set against higher 

investment costs and ~hen rock is imported, higher relative freight costs. The 

overall advantage of ..;he nitrophospha'-e proc~ss will depend ver1 much on 

specific cases of s~lpbur and freight costs and also the type of fertilizer and 

product mix required. The report gives comparative cost data for nltrophosphate 

and alternative process routes. 

Phosphate Rock: The high investaent costs and investment related 

charges, partic~ldrly for infraytructural facilities, remains the main cost 

compo~eat for phosphate rock production, particularly in developing countries. 

Phosphate rock realization prices vary videly for different locations. However, 

rock prices have not fallen as much as phosphate fertilizers and for some 

locations eT.port prices are &till hlgh enough to attract new investment. This 

is ~articularly so when the freight costs to the major growing markets are 

relatively low. 

Potash: Future potash prices will depend on the cost of producin~ 

potash in Canada and lhe uSSR. TheRe coets are mainly related to investment dnd 

transport and in the r..ase of Canad&, t~ taxes also. Th~re aypears to be no 

constraint on the availability of potash ore, particularly in Canada. 

Taking into account the relationship between raw material costs and 

investment costs ~ the m:>st likely locations for new planta, it is judged that 
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the realization price range to j11stify new fertilizer plants on pew sites would 

have to be as follcws: 

Urea (bagged) 
Phosphoric Acid (as 100% P205) 
Triple Superphosphate (bulk) 
DiammoniUlll Phosphate (bulk) 
PhosphatE Rock (70 BPL) 
Potash (FOB Vancouver) 

Realization .t>rice Range* 
mid-1982 US$/Metric Ton 

260-290 
425-450 
200-220 
300-320 
38- 48 

i.20-130 

* These do not allow for a real increase in Energy costs which would affect 
future production costs. 

Basically, these realization prices represent the export price levels which 

would be sufficient ~o entice new investment from the more favorably situated 

producers, usually those who car. expand on existing developed sites or who have 

significant advantages in raw material costs. 

This situation will prevail so long as there are no constraints in 

meeting an increasing fertilizer demand from these cheap sources. In the event, 

however, that demand outruns the supply capability 0f these locations, prices 

will rise, permitting more costly producers to en~~r the market. In this 

situation, the export prices would t>--~ determinEd by the total cost or 

realization price of the :narginal producers. This could happen particularly in 

the car.e of phosphate fertilizers wherr the mJm1>er of developed sites with raw 

material advantages is limited and where demand considerations may require other 

a•d more expensive producers to e~ter the market. 

Generally, fertilizer prices have fallen considerably in the last two 

years and most of them in real terms are well below the average of their 

historical prices over the past twenty years or so. Prices ~ill have to rise 

v~ry significantly in moat cases to justify new investment. 

l 
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INVES'IMENT AND ?RODUCTION COSTS FOR FERTI~IZERS 

1.0 INTRODUCTIOS AND BASIS FOR COST ESTIMATES 

Investment and p~ociuction costs for fertilizers can vary widely 

dependi~g on site location, cost of raw materials, financial charges OP the 

project, etc., and it is extremely difficult ar.d may be misleading to repres~nt 

such <lata in a single simple generalized form. A:lso, many surveys on fertilizer 

co~ts fail to realize the extent to which the need for, and cost of 

infrastructure can influence fertili%er costs, particularly in developing 

countries. Some major surveys in the past have estimated fertilizer production 

costs based only on battery limit estimates of investment costs provided by 

engineering compar1es, and although such procedure may have advantage on 

occasion from a producer's point of view in evaluating expansion programs on 

existing sites, it must. be appreciated that in the longer term and on an 

aggregated basis, the cost of producing fertilizers must include the cost of the 

associated infrastructure and working capital. 

Another important factor influe~cing the investment at1d production of 

fertilizers is th~ size of the operation. !r. most cases, production costs are 

reduced with increasiug scale but it is important that this comparison must not 

be limited to the plant costs alone but must include total investment cos ts 

!ncluding inf•astructure. Sometimes equipment costs may only amounc to 40% or 

lees of the to~al investment c~st and, in some cases, the disadvantage of 

additional investment cost and operating costs incurred by using cwo large 

rather than one very large unit 111&y be outweighed by the benefit• of flexibility 

and reliability. 

I 
I 
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Operating rate is another very i.mportant factor. - perhaps the most 

important - chat must be taken into account in calcalating production ccsts. 

The fixed charges in many large fertilizer complexes are the DK>st important 

single cost item, and increases in this oecause of low operating efficienci~s 

can soon outweigh advantages in material costs. Although most appraisals of 

iertilizer projects are based on obtainir.g a plant utilization of 90%, 

exper!ence indicates that in many developing countries such high utilizations 

are difficult to obtain, particularly in the early years of operation. 

Est~mates of investment coat aist also include sufficient technical and 

management assistance to ensure that the plant can be started up efficiently and 

achieve the desired utilization within an a~ceptable time period. 

In making compariscns of production costs in different locations, it 

must also be appreciated that many of the cost factors involved are dynamic and 

comparative values might well change over the life of the project. For example, 

although a plant in a developing country may have a low utilization in its early 

years because of inexperienced operators and ~3ck of supporting facilities, 

thes-~ factors normally improve with time and recent exper.ience indicates th2t 

many plan~& in developing countr!.es after a poor start are achieving operating 

rates comparable with rates in developed countries. Also, it seems likely that 

the relative value of some feedstock and energy sourc~s may well change over a 

project's life. The last few years for example have seen some major changes in 

energy costs which have had serious implications on the cost of producing 

nitrogen fertilizers. 

It is important therefore in presenting data on fertilizer costs that 

both the effect of the major factors and the relative effect of change in these 
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factors can be easily seen. The object oZ this report has been to calculate 

both investment and operating costs for a raI&ge of conditions for manufacturing 

fertiliz~r materials. Although the l>est data available on absolute costs have 

been used, as these costs do change constantly, due to i~flation and other 

factors, a major emph&sis has beer. pla~ed on maintaining proper relative costs. 

Also, by providi~g additional information on the effect of the various 

parameters, it is possible to interpolate the data for a specific sit~ation. 

The figures on investment costs presented to the Fertilizer Col!ldlission 

in the previous papers in this series were based on a detailed analysis of World 

Banlt projects, and Jn p~ices and costs prevailing in mid-1980. In mid-1982 

!>ecause of the major changes in relative international currency values and the 

need tc update its figures on fertilizer producti~n costs, the Industry 

DepartmeLt of the World Bank established a new investment data base. 

Discussions were held with several major engineering contractors representing 

different countries on current cost levels and trends. In addition, investmenL 

and production cost data have b~en reviewed for several major ne~ nitrogen and 

phosphate projects. New investment data were obtained on nitrophosphate process 

investment and production costs which are presented in this series for the first 

time. 

Equipment item costs, of course, can still vary widely depending on 

so~rce of manufacture, the desire to get new work, and someti~es on government 

assi~tance, so it is difficult to build up consistent plant costs based on a few 

detailed equipment lists, particularly as cost data are not always presented in 

a readily comparable form. Careful consideration was giveo to the best way to 

build up total inv~stment costs which on previous occasions !lad been mad~ up 
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from the major components of engineering costs estimated for different types of 

locations. In this study the costa are made up by adding together battery limit 

costs of plants plui: offsite requirements plu~ the infrastructure for different 

locatior.s. 

Comparisons of many project costings show that even for fertilizer 

projects based on similar plant and production rates, there are usually 

significant differences in the investment costs depending on site location, 

scope of project, etc. In order to try to categorize the pro1ects into major 

headings, it can be assumed that in general a project will fall roughly into one 

of the following areas: 

~a) A site with existing infrastructure. In these cases, most of the 

supporting facilities will already exist, for exampl~, there will 

be roads, a port, railroad, a social infrastructure that will 

provide people to build and work in the plant, schools, 

hospitals, etc. Equipment can often be provided from local 

sources and can aometimes be 111Aintained using local facilities. 

In this paper, this situation is referred to as a developed site. 

(b) A site with some infrastructure. In this case, there will be 

some fertilizer and social infras~ructure already existing whi~h 

can usefully contribute towards the project but not as much as 

for aue (a). Labor for building the plant will be available 

local!~ and so will some of the materials. Local specialized 

services will be lim.iteocl. Typical countries in this case would 

be Indonesia, Rrazil, India, Pakistan, etc. This is referred to 

later as a developing site. 



(c) A plant in a remote location with no infrastructure such as 

certain Middle East or African countries. In this case, there 

would be no supporting facilities of any 1rort available and all 

roads, pores, railways, civil works amenities, etc., would have 

to be provided as part of the project cost. All equipment will 

have to be imported. Most of the labor to build and operate the 

plant will also have to be brought in froa outside. There would 

be no supporting technical infrastructure. This is referred to 

l3ter as a developing site - remote location. 

In specifying these categories, it is intended that they be used 

basically as a guide. For example, some projects in developing co~ntries with 

developed fertilizer infrastructure might well fall into category (a), for 

example India and Brazil. Similarly, there may be plants in remote locations in 

developed countries which would require ~xtensive and expensive infrastructure, 

for example Australia. In other cases, it might be judged that a particular 

situation may fall between two categories. 

Another important consideration for case (c) is that whereas a first 

plant may be expensive, as it will have to support the initial infrastructure, 

the cost of subsequent facilities may be very much reduced. In some ~ases, such 

as Saudi Arabia for example, the provision of industrial estates which will 

spread the cost of infrastructural facilities over a number of chemical plants, 

including frrtilizer plants, is already having the effect of reducing investment 

costs. Certain site locations which would pre~iously have been classified as 
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"remote" and fallen within category (c) woul~ now more appropriately fall within 

category {b) because of the development of infrastructural facilities. 

Investment costs are all for plants on net-r sites and are on the basis 

of prices prevailing in aid-1982. The average realizatio~ prices which would be 

required to give an acceptable return on investment for a plant contracted in 

1982 and coming on-stream in three or four years time have been calc11lated. In 

order to cover such items as interest payments en loans a.nd return en investment 

and to simplify the calculations, a capital charge has been included as a cost 

component. As the exercise does not cover ~he financing plan or the cash f icw 

situation, interest during construction has noc heen included within the total 

financing required. 

Energy Requirements to Produce Chend.cal Fertilizers 

In order to assess more accurately the effect that en~rgy costs will 

have on future fertilizer production costs, a detai~ed review has been made of 

the energy requirements for new plants. Much ~r. the published information on 

this subject is based on information released by engineering companies estimate 

from battery limit requirements during equilibrium operating conditions. 

Usually under these conditions, energy needs are much lower than they are in 

practice where allowance has to be made also for the cost of operating 

infrastructure or for transient operating cond.itions when a plant is starting up 

or closing down or periods of malfunctioning. 

l 
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In 1980 Tbe Fertilizer Institute (T.F.I.) of the U.S. carried out a 

very useful survey of i~s aembersl which provided the following information on 

~nergy re'luireaents for fortilizer. In order to be consistent with other 

inforaat!on in this paper, T.F.I. inforaation bas beea converted from short to 

metric ton of product. 

Average Requirement per Metric Ton of Product - OOO's BTU's 

Nitrogen Phosphate 
(Urea-46%N)a (TSP-46%P205)b 

Natural Gas 30,552 920 
Elec:tricity 2,331? 2,600 
Fuel Oil 26 730 
Imported S1";ea11 - 6, 152 360 

Total 39,064 4,610 

a/ Based on ammonia plants using centrifugal compressors. 
b/ Total esti~ated energy jncluding rock production and energy 

recovery from sulphuric acid manufacture. 
c/ Based on shaft mining. 

Potash 
(KCI-60%KzO)C 

1,356 
1,063 

1 

2,420 

All energy estimates have been expressed in terms of equivalent fuel 

requirements and electrical ar.~ mechanical power and steam have been co~verted 

into the amount of fuel required to generate them. It is assumed that a new 

major project would use an integrated energy scheme, and as far as economically 

possible all energy saving devices would be incorporated. Nevertheless the 

energy consumptions estimated for each fertilizer are those considered 

reason.ably attainable rather than based on theoretical considerations. In most 

cases it is assumed that a new plant will do signiftcantly better than the 

average figures froa the T.F.I. Survey. Where no other data are available the 

T.F.I. consumption figures hav~ been used. 

1/ Energy Use Surveys CY 1978 The Fertilizer Institute U.S.A. 1980. 
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Realization Prices 

Realizati~n prices have been calculated for a range of capital 

charges, es it i6 appreciated that the level of return on investment perceived 

as satisfactory may vary in different situations. For example, at the present 

time, energy rich countries with surplus funds for investrent may well be 

prepared to accept a lower rate of return than perhaps a co!mlercial companv in 

the U.G. or Europe. The use of a simple annual capital charge ~s~ be used with 

caution as it cannot measu;e the effects of financial leverages, tax advantages, 

project implementation time and many other factors. Obviously a m>re detailed 

financial analysis asing discounted cash flow would need to be made to give a 

fuller appreciation of the viability of a project. However, in order to coniirm 

the validity of using a simple capital charge and assess it against other 

financial yardsticks, an exercise was carried out using the cost data prepared 

for the production of urea in the three locations. 

Capital charges and internal rates of return were compared for similar 

realization prices. The comparison incorporated the assumption that the 

profiles for investment expenditure would be similar for the different site 

locations considered. It was assumed that the plant was built over a three year 

period anQ then took a further three years to build up to a 1 
ilization of 

90%. Allowance was made at the end of the sixteenth year .;t: working 

capital and 10% of the initial plant investment. The differences between the 

capital c-harge .<Uld internal rates of return were relatively small and confirm 

that the capital charge method represents a simple but adequate method of 

asssessing and comparing the different scenarios. In the report, it has been 

assumed that generally a 15% capital charge would represent a satisfactory 

return on the investment. 
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2.0 THE MANUFACTURE OF UREA 

General 

Up to about 1979 more than 70% of the world's anmonia capacity was 

based on natural gas, with about 15% based on naphtha and the remainder from oil 

and several other sources. The energ) crisis of 1979 whi~h resulted in 

disproportionate increases in naphtha prices meant that many plants based on 

naphtha, particularly in Europe and Japan, were no longer competitive and had to 

close down or change to natcral gas. Althou6h serious consideration is now 

being given to coal as a feedstock for nitrogen fertilizer production and some 

new plants will be built using improved coal gasification technology, it seems 

almost certain, and particularly for nitrogen fertilizers, for the export 

market, that natural gas will remain the main feedstock during the next decade 

and beyond. The export prices fer nitrogen fertilizers will therefore depend 

mair.ly on the cost of producing aaaonia and urea in different oarts of the world 

based on natural gas and the basis for the investment and production costs is on 

this premise. It is anticipateJ that urea will remain th~ dominant "finished" 

nitrogen fertilizer in inte~ational trade and that the annual percentage growth 

rate for world urea will be more than three times the growth rate of capacity 

for the produc~ion of other types of finished nitrogen fertilizers. 

Another important factor influencing the investment and producti~n 

costs of urea is the size of the operation. Although utea plants up to 2000 tpd 

have been built, as have 1500 tpd alllllOnia plants, the complex comprising plants 

to produce about 1000 tpd &111110nia and 1700 tpd urea is probably still the most 
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popular combinatio~, although in cases where additional alllllonia is r~quired, the 

aaaonia plant may be sized correspondingly higher. The economies of scale in 

using auch larger ammonia and urea plants at the present time seems rather 

limited although there are, however, advantages in building several large plants 

on one site in order to share infrPstructural costs. 

Site Location 

lltree scenarios have been considered as previously outlined. llte 

first is for a site with existing infrastructure (developed site), the second is 

for a site with some infrastructure (developing site) and the third for a site 

in a remote location without any infrastructure (developing site - remote 

location). 

Investment Costs 

llte following investment costs have been estimated for an ammonia/urea 

complex based on mirJ-1982 US$ million to produce 1,670 tpd urea: 

* 

Battery limit costs_ - developed sit!:! 

Total investlll!nt costs 
Developed site 
Approximate range of costs 

Developing site (some infrastructure) 
Approxim:ite range of custs 

Developing site (remote location) 
Approximate range of costs 

US$ Killion 

140 

231 
200-250 

323 
250-350 

405 
350-450* 

Where a major port or railroad is required this figure could be larger. 

l 
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Fuel and Feedstock Costs 

The cost of natural gas, used both as a fuel and feedstock for alllllonia 

and urea production, is becoming increasingly important in detenaining the 

e~,nomics and location of future nitrogen fertilizer plants. For example, until 

recently, gas has been relatively cheap in some developed sites such as the USA 

and to a lesser extent in Europe, and both of these regions were major exporters 

of nitrogen fertilizers. In calendar year 1981, according to The Fertili7er 

Institute, the aver3ge price of gas to US ammonia producers was still only 

US$2.33 M.M. BTU. 

In considering the scenario for a developed site, it is assumed that 

gas prices will in~rease significantly in the next iew years but, on average, 

will still tend to be lower than equivalent oil energy prices by 1985. A gas 

price of 1982 US$3.0/M.M. BTU has been assumed to be typical of the lower end of 

~he gas price range. It is also assumed, however, that eventually and 

particularly at those developed sites where energy .:.s gas or oil is or will be 

imported, the price of gas to nitrogen fert1lizer plants must also ~ise to an 

equivalent oil energy level. On this basis, an alternative gas price of 

US$5.0/H.M. BTU has also been considered. 

Opportunity costs for ammonia manufacture in many developing areas 

would vary between $1.0 and 2.0 per H.H. BTU. In some cases particularly where 

gas is belng flared and has no apparent alternative immediate use, the 

opportunity cost of the gas is basically that of collection and sweetening which 

would usually be less than $1.0/M.M. BTU. Where gas can be used to produce LNG 

the net-back value of the gas is about $2.0/M.M. BTU depending on location of 

deposit and market. Adjustments in the urea production costs can be made as 

desired by •Jarying gas prices by reference to Annex 2. 
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In a fully integrated energy plant for the production of 8Jllll0nia and 

urea, gas is used to supply total energy such as electricity, steam and fuel, as 

well as feedstock for the production of urea. An analysis of plant performances 

of existing planta in 1980 as well as ta~oretical considerations indicated that 

an average figure of about 35 K.K. BTU of gas per ton of urea produced was a 

reasonable figure to aseume for p~ants being built at that time. 

The Fertilizer Institute Survey indicated that the average energy 

consumption for all plants to produce one metric ton of urea is about 39 

K.K. BTU which is in good agreP.ment with the assumption of 35 H.K. BTU. for a 

new plant in 1980. All significant savings are claimed since then for energy 

savings, in this paper it is assumed that the energy consumption will be 32 

M,K. BTU per aetric ton of bagged urea. If however it is considered more 

appropriate to use 35 MK BTU per metric ton ~f bagged urea it will be necessary 

to add $3 for each dollar in the gas price per HM BTU, to the realization cost 

per ton for urea. 

Other Variable Costs 

Analysis of several projects both in developed and developing 

countries show that in terms of total operating costs, changes in the costs of 

variables other lhan feedstock and fuel are not very significant from one site 

to another. The aain variable costs ai·e for bags wh!ch range from $10-15 per 

ton of product depending on size of bag and epecificatioP. Catalyst and 

cheaicals average about $2-3 per ton of product and boiler and cooling water is 

usually less than $1 par ton. In the comparat1~e costs, the same "other 

variable- cost of $18 per ton of urea has been assumed for all sites and 

although it is appreciated that in developing •'.Ountries generally these costs 

aay be slightly higher than in developed countries, it is not a significant 
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difference. No special additional '1.llowance has been made in the cost of urea 

for electric power as it has been assumed that in all cases power would be 

produced on site from gas and an appropriate allowance has been made in the 

Investment costs for a 20 MW power station and also in the overall gas 

requirements. 

Fixed Costs 

(a) Le.bor and Overheads: These are also found to vary little from 

one site to another. To some extent, the ch~ap cost of local labor in 

developing countries is counteracted by greacer numbers employed and sometimes 

by expensive expatriate labor. In some countries such as India, Pakistan, etc., 

where both skilled and unskilled labor is available, labor costs are likely to 

be cheaper but in cectain Middle East Countries, where most labor is expatriate, 

costs may be higher. In any case, the differences are only likely to amount to 

a few dollars, so it has been assumed that labor and overheads would be the same 

in each case. Labor costs are based on a survey of operating costs for several 

large plants covering operations in both developed and developing countries. 

Overheads to cover administration and supervision have been taken as 150% of 

labor costs. 

(b) Investment Related Charges: Tile operating life of the plant has 

been taken as 12 years (8-1/3% depreciation rate). Annual maintenance material 

costs have been taken as 3% of the total plant investment cost and annual 

insuranr.e costs at 2/3% of total plant investment cost. In some cases i tmay be 

possible to depreciate the infrastructure over a longer period than the plant 

itself, particularly for such items as port and railroad facilities. If this is 

appropriate it would reduce the cost of producing urea on a developing site by 

up to about $10/ton and for developing site at a remote location by up co 

$20/ton. 
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Capital Charge 

In order to cover s~ch items as interest on loans, r~turn on equity, 

etc., a capital charge based on total investaent has been incl~ded. 

Operating Rate 

Host present day ammonia/urea complexes are designed to operate 330 

days per a:uiua. If these plants fail to pert~rm at full design capacity, 

production costs escalate very rapidly. Fixed costs per unit of output vary 

inversely with production ratea. Thus, production costs of urea in plants in 

developing countries where capital costs are higher, are most adversely affected 

by a reduction in the operating rate. 

Production Costs and Realiz~tion Prices 

CoiWparative investment and produ~tion costs and realization prices for 

urea are given in Table l for a range of conditions for four scenarios covered. 

Annex l shows the effect of capital charges and opeLating rates on realization 

price. The effect of gas price iG shown in Annex 2. 

Discussion of the Results 

The results in Table l and Annexes 1 and 2 demonstrate the importarce 

of the three aain variables, feedstock cost, investment cost and operating rate, 

on production costs and realization prices for urea. They also show that the 

cost of producing urea and the realization prices to give acceptable returns on 

investment could vary considerably from site to site and even for each site 

itself depending on the param:!ters assumed. Co~parison between sites shows that 

the adv&ntagea of ~ap natural gas, which may be available in remote locations, 

can soon be outveigho::d by higher investment coats and lower ~perating rates. 

l 
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Realization prices have !-.een calculated using a range of capital 

charges. Generally. however. it is assumed that a project would require at 

least a 15% internal rate of return and. as indicated earlier. this is 

approximately equal to a capital charge of 15% in the cases considered. 

On this basis. therefore. assuming .;n oper2ting rate of 90%, it ia 

juiged that the average realization price for urea for a project contracted in 

1982 and coming on-streaa three or four years later would have to be about 

(1982) US$260-290/ton to give the project an adequate return. The relationship 

between these estimated realization prices and projection of future fertilizer 

prices is one of judgement and has to be asses&,:d carefully in view of the many 

possible variations that can exist for production costs. For example, on a 

developed site with a very favorable gas contract. say $2.5/K.M. BTU, it should 

still possible to sell urea profitably at about $245 per ton. In certain 

developing countries, where gas is very cheap and a plant can be built tv use 

existing infrastructure, the realization price to give an adequate return might 

be as low as $220 per ton. These situations, however, would tend to be the 

exception rather than the rule and it is expected that for most scenarios aad 

certainly the moat important. urea prices will have to fall within the range of 

$260-290 per ton to justify new investment. This assumes that energy prices 

remain constant for a plant coming on-stream in 1985. These prices are based on 

1982 energy costs. Two factors. however, are likely to increase this range in 

real terms. The first will be the trend for gas prices to ammonia plants to 

approach equivalent oil energy values particularly for the developed sites where 

e~ergy has to be iaported. The second factor is for energy costs themselves to 

increase in real teI'll8. To some extent, however, these factors will be offset 

by improved energy efficiencies in am11ania and urea plants. 
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ESTIMATED INVESTHI..:NT AND PRODUCTION COSTS FOR UREA 
(1982 US$/Metric Ton) 

Basis 
Capacity Utilization: 

1,650 tpd bagged product 
90% 

Capacity 330 days/year 

Production: 
544,500 tons urea/year 
490,050 tons/year 

Site Developed Site 

Plant Investment US$ Million 231 
Working Capital US$ Million 18 
Total Investment US$ Million 249 

Raw Materials Gas @ $3.0/M.M. BTU 

Natural Gas including Fuel 
and Gas for Steam and Power 
Generation 96.0 

Other Variable Costs USS/Ton 18.0 

Fixed Costs US$/Ton 70.9 
I 

Production Costs US$/Ton 184.9 

Caeital Charse (15%2 US$/Ton 76.2 

Realization Pri~e US$/Ton 261. 1 
(ex-factory) 

Developed Site Developing Site 
(SomP. Existing 
Infrastructure) 

231 32) 
24 32 

255 355 

Gas @ $5.0/M.M. BTU Gas @ $2.0/M.M. BTU 

160.0 64.0 

18.0 18.0 

70.9 93.3 

248.9 175.3 

78.0 108.6 

326.9 283.9 

Developing Site 
(Remote Location) 

1+05 
38 

443 

Gas @ $1.0/M.M. BTU 

32. 0 

18.0 

113. 2 

163.2 

135.6 

298.8 

N 
...... 

r-:1 

~ 
ts:! 

..... 

_ _J 
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3.0 THE MINING AND BENEFICUTIOM \lF P'.OSPHATE ROCK 

General 

Very little information has been av&ilable in the literature until 

recentiy on cost analysis for the a:lning and beneficiation of phosphate rock. 

Changing trading patterns in the industry have stiur~iated increasing interest 

and several major client studies are being carried out. Rock mining costs, 

however, tend to be very specific so it is difficult to present data of this 

type without disclosing proprietary informatio~. 

To overcome this difficulty, it has been necessary to present the data 

in a generalized model form which allows the reader, accord:f.r.g to his own 

requirements, to interpolate approximate production and investment cost data for 

particular situations. 

In order to build up the cost model, considerable work has been 

carried out in assessing the phosphate mining operations in the following 

countries: USA, Morocco, Tunisia, Togo, Jordan and Senegal, who are the main 

phosphate rock producers and exporters. Insufficient information w~s available 

on phosphate mining in the USSR to include this country as a data source. 

Phosphate Rock Mining 

The method of mining depends on the nature of the deposit but 

appro%i11&tely 80% of world production comes from opencast workings and about 20% 

from underground mining. Opencast mining, which is usually cheaper than 

underground mining, is used exclusively in Florida, for about half the 

production in Morocco, and in Senegal and Togo. Underground mining is 1.1sed in 

Morocco, the WP.stern USA, Tunisia, Jordan, Egypt and some deposits in the USSR. 

The opencast mining operation includes site preparation which is usually carried 

l 
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out with bulldozers. Stripping and mining operations are dont concurrently with 

large el£ctric draglines. Pumping, which involves the transfer of the rock 

matrix to the beneficiation plant as a slurry, can often be an expensive item in 

the mining process. 

With some new mines, the need for handling large amounts of over~urden 

and ore to produce a ton of product will increase, requiring larger and more 

expensive equipment and also higher production costs. 

Beneficiation 

For a good rock which does not require a wet classification, 

beneficiation may involve a simple drying ard grinding operation. More often, 

however, it is necessary to carry out a wet classif:f.cation in order to take out 

the impurities from the matrix. In some cases, when separation of the 

impurities cannot be carried out by simple physical met~ods, it is necessary to 

treat all, or part of the ore with reagents and pass ic through a flotation 

proceRs. For certain Locks, calc!nation is carried out to reduce organic carbon 

or break down the apatite structure to make the ore more amenable to chemical 

processing. Calcination is expensive and is normally used only where there is 

no other alternative to ensure a satisfactory up-grading of the ore. Hasnetic 

separation is often used to relllOve iron-based minerals. 

Beneficiation processe~ are becoming more complex and expensive as ore 

grade~ become lower and less amenable to treatment. The simple dry 

classif icati~n processes are usaally ~ot applicable and flotation is required 

more frequently. The need for washing processes usually places d~mands on water 

supply, waste disposal and water recovery, which increases investment costs. 
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The presence of certain impurities in the rock such as MgO can cause 3erious 

processing problems during the production of phosphoric acid and these 

impurities 1111st be removed as far as possible during beneficiation. 

Investment Costs 

Investment cost~ ~or phosphate rock can vary widely. For a good 

quality rock with simple beneficiation needs and high recovery rates, the 

investment requirements can be below $50/per annual ton of product capacity. 

For a new m.ine at a remote location where all infrastructure has to be provided, 

the cost of investment can rise to more than $200 per annual ton of product 

capacity. Phosphate rock deposits are often locat~d in remote and difficult 

environments requiring new town-sites, power plants, water supply systeiDS and 

other support facilities such as transportation and parts. 

Site Location 

This factor is usually the most important in determining phosphate 

r0ck mining investment costs, as infrastructural costs for mining, particularly 

in remote locations can be very expensive. In estimating the investment costs 

it has been assumed that the size of mine would be 3 million tons of product per 

year and this ma~erial would be exported, thus requiring both port and rail 

facilities if not already available. Two types of rock have been considered; a 

high grade rock requiring a minimum of beneficiation and the other, a low grade 

rock requiring extension beneficiation which increas~s both investment and 

production costs. 

l 
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(a) Developed Site 

Florida falls in this category with a well develope1 phosphate rock 

mining industry. Based on several recent independent studies for new projects, 

the investment costs for mining falls between about $50 and $65 per annual ton 

of capacity, the larger investments would be required for mines in South Florida 

and the lower end of the scale for new mines in Central Florida. In North 

Carolina it is estimated that a new mine for 3 million tons per annum would cost 

about $80 per annual ton capacity. 

Morocco, because of its well-developed industry, is also considered a 

developed site. It is esti~ated that the overall cost of providing new mining 

capacity in Morocco in its current expansion program will be about $50-55 per 

annual ton capacity. It has therefore been assumed that the average investment 

cost for a developed site will be of the order of $58 per annual ton capacity 

for a high quality rock, and for a lower quality rock it will be about $62. 

(b) Developing Site 

This case would require some infrastructure, perhaps extension of port 

and rail facilities. Engineering costs would be rather high and on averagP. it 

is assumed that additional infrastructural costs compared with the develot>ed 

site would be about $100 million for a 3 million ton per year mine. Based on 

these asaumptions, it has been estimated that on a developing site a 3 million 

ton per year mine would cost about $300 million or $100 per annual ton of 

capacity. For ~ lower grade rock the investment cost is assumed to be $105 per 

annual ton of capacity. 
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(c) Developing Site (remote location) 

In this particular case it is aasWlll!d that all infrastructure must be 

provicied, including water supply. Based on projects studied by the World Bank, 

the cost of providing these facilities can be extremely high, in particular when 

the mine is a long way froa the port. For exaaple, a 200 aile railroad coald 

cost $150 million or aore. It has been assumed for the case considered that a 

typical infrastructural cost would he about $250 million and the total mine cost 

would be about $480 aillion, equivalent to $160 per annual too o~ capacity. 

The investment figures for the developing sites are a little lower 

than those assumed in the p~evious papers because of improving infrastructural 

facilities • 

Mining Costs 

The make-up of mining costs can vary significantly from mine to mine 

depending on the type of llining and process used and also on the relative cost 

of labor in different countries. For example, production costs for Florida and 

Morocco rock are currently believed to be similar but the nature of the ore and 

the processing required are different. In presenting the m>del costs, judgement 

has been used in apportioning the various elements of production costs, but 

generally in total it is believed they are repr~sentative of the production 

costs that would be required for nev aines. 

Labor and Overheads 

It is estiaated that the average cost for labor operation and 

maintenance plus overheads will be about $5/ton of product. 
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Energy 

According to The Fertilizer Institute Survey, the average energy 

requirements for the unit operations used in phosphate rock aining in the USA 

are as follows: 

Operation 

Mining and reclamation 

Beneficiation (wet) 

Rock drying 

Energy Required Killion BTU per Metric Ton 

0.29 

0.39 

0.44 

Florida is a relatively high cost energy user compared with many other 

large producers because of th2 relatively lower quality of the crude ore and 

110re extensive benef iciation required. 'nle average energy consumption in the 

USA to produce one metric ton of rock varies from about 0.8 H.K. BTU up to about 

1.6 M.M. BTU with an average of about 1.1 K.M. BTU. In Florida most of this 

energy is required as electric power, in Morocco more than half is required as 

diesel fuel. It is estimated that energy requirements would range between 

$4/ton for a high grade rock to about $8/ton for a low grade quality rock. 

Supplies 

This covers supplies for operating and maintenance including chemicals 

and would vary between $2-3/ton. Flotation agents for ex&mple may cost $1-2/ton 

of rock product. 

Other Costs 

These include handling and storage, laboratory, commercial and 

administration. In all cases a cost of $3.5/ton of product has been included. 

-:-1 
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Transportation 

Phosphate rock prices are usUAlly quoted and compared on an FOB basis 

and transport to the ship froa the mine can be an important part of the cost. 

The loading and transport costs used in the model are !>ased on current transport 

costs which are known to prevail in rock producing countries. 

Discussion of Results 

The results of the model costs are given in Table 2. These show a 

breakdown of production costs and capital charges that might apply to a range of 

phosphate rock lllining pr~jects for differing rock quality and site location. r~ 

these estimates, it is assumed that the cost of rock in the ground is included 

as part of the initial investment costs. As for similar exercises on fertilizer 

costs, they demonstrate the !ar~e influence of investment related costs on the 

required realization price. Even for a high quality rock on a well developed 

site, investment related charges may account for about 40% of the realization 

price whereas in a remote location for a high quality rock, these charges could 

be more than 60% of the realization price. 

It becomes increasingly difficult, therefore, for new mining 

operations to be justified in remote locations that require very expensive 

infrastructural facilities even though there may be large deposits of good 

quality ore. The cost of producing rock in the future will depend mainly on the 

new investment cost per annual ton of capacity, and producers with existing 

infrastructure such as Florida, Morocco and other West African and North African 

countries will retain a major advantage over new producers in expanding their 

production facilities. Taking into account that the quality of rock available 
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for exploitation in the future is likely to deteriorate as the better quality 

reserves are depleted, there will be a trend towards Case B as indicated in the 

model costs. 

Most known rock reserves are in those countries exploiting rock and 

where there is already a ~sis of infrastru~ture and technical knowledge. Even 

so, the estimates indicate a wide range of realization prices for different 

cases required to justify new' investment, for example between $30-50/ton. As 

the lower end of this range represents an optimum situation for which there is 

probably limited scope for major increased capacity, it is more likely that rock 

prices for a new project on a developed site will have to be in the range of 

$38-48/ton to justify new investment. 



ESTIMATED INVESTMENT AND PRODUCTION COSTS FOR PHOSPHATE ROCK 
(1982 US$/Metric Ton) 

Basis - 3.0 Million Tons/Year Product [Dry Basis] 
Rock A - High grade. High recovery and low processing requirements. 
Rock B - Low grade. Low recovery and high processing requirements. 

~~~~~~~~~~~~~~~~~~-.--~~-~~~~~~~~~~~~~~~~~~~~~-,~~~~~~-~~~~~~~~~~~~~---. 

Site Developed Site 

New Site: 
Rock Type Rock A Rock B 

Mine Investment US$ Annual Ton I 58.0 
Working Capital US$ Annual Ton 3.0 
Total Investment US$ Annual Ton ""6'1:0" 

62.0 
4.0 

66.0 

0perating Costs: 

Labor and Overheads 
Energy (Electricity & Fuel) 
Chemicals and Supplies 
Other Costs 

Sub-Total 

Depreciation (5%) 

Total Production Costs 

Transport and Loaaing 

Total 

15% Capital Charge 

Realization Price: 
At 15% Capital Charge 

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

5.0 
4.0 
2.0 
3.5 

14:5 

2.9 

17.4 

4.0 

21.4 

9.1 

30.5 

7.0 
8.0 
3.0 
3.5 

21.5 

3. 1 

24.6 

4.0 

28.6 

9.9 

38.5 I 

Developing Site 

New Site: Some Infrastructure 
Rock A Rock B 

100.0 
3.0 

l03.0 

5.0 
4.0 
2.0 
3.5 

14.5 

5.0 

19.5 

5.5 

25.0 

15.4 

40.4 

105.0 
4.0 

109.0 

7.0 
8.0 
3.0 
3.5 

21.5 

5.2 

26.7 

5.5 

32.2 

16.3 

48.5 I 

Developing Site 
·-

New Site: Remote Location 
Rock A Rock IS 

160.0 
3.0 

163.0 

5.0 
4.0 
2.0 
3.5 

14.5 

8.0 

22.5 

7.0 

29.5 

24.4 

53.9 

167.0 
4.0 

171.0 

7 .o 
8.0 
3.0 
3.5 

2T.5 

8.3 

29.8 

7.0 

36.8 

25.6 

62.4 

I ~ 0 

I 
t-l 

~ 
11 r.; 
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4.0 THE MANUFACTURE OF PHOSPHATE FEllTILIZERS 

A. PHOSPHORIC A~ID BASED FERTILIZERS 

General 

The cost of producing phosphatic intermediates and phosphate 

fertilizers are dependent mainly on the cost of raw 11aterials such as phosphate 

rock and sulphur. Plant investment and utilization of plant are also very 

important in detenaining production costs, particularly on remote sites in 

developing countries where infrastructure requirements can be very expensive. 

'nle estimation of both investment and operating costs for phosphate 

fertilizers is more difficult than in the case for nitrogenous fertilizers 

because of the wide v3riation in the coat and quality of phosphate rock, both of 

which, affect investment and operating costs. However, the production cost 

information is produced as far as possible in a parameterized form which shows 

the effect of the main variables. Also, several different cases for the 

production of phosphate fertilizers have been considered to show the effect that 

site location can have on production costs. 

Basis for Coat Comparisons 

Phc :phoric acid, triple superphosphate and aaaonium phosphates are 

made in wany placeG throughout the world, although in the last few years there 

has been a strong trend to manufacture phosphatic intermediat~s at, or near, the 

source of the phosphate rock aine. 'nlere are two main advantages of this: 

firstly, that significant savings in freight can i:>e derived from shipping a 

concentrated iertilizer intermediate or product rather than phosphate rock, and 

secondly, it allows the utilization of lover grade rocks. In many cases, 

effluent disposal ia also easier and less costly. 'nlese rocks, which would have 
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relatively low export market value can be converted into high grade prcduct at 

the mine site, in large plants specially designed to deal with d single type of 

lower grade feed. The uae of wet-grinding in the phosphoric acid plants 

situated near the aine also results in reduced operating copts. An analysis of 

new plants that have recently been built or are planned within the next fiv~ 

years, indicates that the majority of these ~lants will be rock producing sites 

and that the average size of new plants is between 500-1,200 tpd P205. 

In the cost basis therefore, it is assumed that the most likely place 

for a new phosphoric acid plant would be at a rock producing site and based on 

both economic and technical considerations, the capacity of the plant would be 

l ,000 tpd P205, although this could be in the form of two lines each of 500 

tpd. One general exception to this situation would be at a site where rock is 

imported but where by-product sulphuric acid is available cheaply frvm a 

smelting operation or perhaps where cheap pyrites is available. 

ThrP.e different scenarios have been considered: 

(aj Phos?hate fertilizer plant in developed site: This would a~ply mainly 

to new phosphoric acid plants built in the USA (Florida), Europe or North Africa 

(Morocco and Tunisia), and where there is existing infrastructure which can be 

used for the production, storage and transport of phosphate fertilizers. For 

example, it assumes existing port and rail facilities and the availability of 

fresh water for process and cooling, and also an existing source of power. 

(b) Phosphate fertilizer plant on site where there is some infrastructure: 

It is assumed in this case that local labor would be available to hetlp with 

plant construction and that there would be some port and rail facilities, 
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although these would h.:lve to be extended for the new plant. It also assumes 

availability of fresh water, but an allowance has been made to increase 

availability of power. 

(c) Phosphate fertilizer plant in remote location with no infrastructure: 

The most likely case is an inland desert area where all transport facilities 

such as rail, road, conveyer, and ports (or jetty) at the coast, would have to 

be provided. There would be no local labor to assist with construction and all 

amenities such as housing, etc., would have to be provided. The provision of 

fresh water and power could be a major cost. 

Investment Costs 

Investment costs for a 1,000 tpd phosphoric acid plant and 

corresponding sulphuric acid plant have been estimated on the same basis as for 

nitrogen fertilizers in developed and developing countries. Once ag~in, cost 

estimates prepared for appraisals of several World Bank projects have been used 

as well as information received from industry and ~ngineering companies. All of 

this data were received and updated in 1982. In the case of triple 

superphosphate plants, it is assumed that a 50 tph granulation plant is erected 

on the same site as the phosphoric acid plant so that the investment costs for 

TSP are mainly the plant costs with some associated equipment plus storage. 

A 50 tph diammonium phosphate plant has also been assumed. Generally 

granulation plants which make TJP can also make OAP, although it is necessary to 

provide equipment for the ammoniation reaction, ammonia scrubbing and aaaonia 

storage. It is assumed in this case that anhydrous ammonia will be imported and 

stored in a 15,000 ton atmospheric storage tank at low temperatures. 
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Working Capital 

In the C38C of phosphoric acid, the working capital has been 

calculated on the basis of 4 days' rock stock (on the basis that the plant is 

near the rock mine), 40 days' sulphur stock and phosphoric acid equivalent to 40 

days' sales at cost. For TSP, working capital requirements have been taken as 4 

days' stock cf rock, 10 days' stock of phosphoric acid and 40 days' sales of TSP 

at cost. For DAP, working capital requirements have been taken as 10 days' 

stock of phosphoric acid, 30 days' stock of ammonia and 40 days' sales of OAP at 

cost. 

Feedstock Costs 

Phosphate rock and sulphur are the two main raw materials used for the 

production of phosphoric acid, and phosphatic fertilizers although sulphuric 

acid produced from smelter gases or pyrite& can be used as an alternative to 

elemental sulphur. Raw material costs normally account for about 60-70% of the 

production costs. 

Phosphate Rock 

For most producers, phosphate rock represents the largest cost item. 

However, phosphate rock quality varies significantly from source to source and 

these differences in quality can have a major impact on both productioP costs 

and investment requirements. All phosphate rock containa impurities which 

usually have adverse effects upon their use in the phosphate industry. For 

example, iron, aluainiua and aagnesiua can cause troublesome sludge for.nation, 

fluorine tends to cause liquid and gaseous effluent proble .. , chlorine serious 

corrosion, carbonates excessive sulphuric acid consumption and, in conjunction 
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with organic matter, foaming problems. In addition to the chemical composition 

of a rock, its physical condition, hardness, porosity, etc., also affect its 

suitability for phosphoric acid manufacture. 

Although phosphate rock is generally sold according to its P205 

content, the other factors mentioned above lllllSt also be taken into account in 

asses~~tlg overall rock costs. Generally, however, only the best quality high 

grade rocks are exported to produce phosphoric acid and triple superphosphate 

and it is becoming increasingly more co1111Don for low grade phosphates to be 

processed at their source. In these cases, a lower value is attributed to the 

rock, although normally due to the lower quality, additional investment costs 

are required. In the cost data in Table 3, it was assumed that rock would cost 

$35 per ton. Although rock proiuction costs will vary widely for new phosphate 

rock projects, it was felt that this price would be a ~ypical average 

realization price for a new mine for a reasonable quality rock on a developing 

site as indicated in Table 2. It is assumed in this case that the phosphoric 

acid plant would be adjacent to the mine. 

Sulphur 

Sulphur is shipped in bulk either as a liquid melt or as a solid 

powder or flake. As such, it is relatively pure material of constant q~ality 

and offers no major processing problems. Sulphur is burned to produce sulphuric 

acid which is subsequently reacted with phosphat~ rock to produce phosphoric 

acid. During the production of sulphuric acid, heat is generated which is used 

to produce steam and electricity which can be credited to the process. 
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In the costings, the price of sulphur at plant hlis been taken as $160 

per ton. CIF sulphur prices reached these levels in 1980/81 although these 

prices ha•e fallen well below this level in 1982 due to very low freight rates 

and a depressed phosphate market. When the phosphate market recovers it is 

predicted that sulphur prices will also firm-up again to their 1980 levels. 

Adjustments to realization prices, however, can be aade for any particular 

sulphur price using the factor below Ta~les 3, 4 and 5. The quantity of 

sulphuric acid required to acidulate phosphate rock varies according to rock 

composition and process efficiency. In the following costs, an overall 

efficiency for the sulphuric acid plant of 98% has been taken and for the 

phosphoric acid plant based on rock, an '!fficiency of 95% has been assumed. 

Specific sulphuric acid consumption per ton of Pz05 may vary from about 2.4 to 

3.0 depending on grade of rock. In this caoe, a 68/6~ BPL rock is considered 

with a ~onsumption of 2.9 tons of sulphuric acid per ton of P205. 

Ammonia 

Diammonium phosphate is of ten one of the main phosphatic fertilizer 

products from a phosphate fertilizer ~omplex, but as there are few areas where 

the feed materials for ammonia and phosphoric acid manufacture occur together, 

it is usual to import ammonia to the phosphoric acid site. Ammonia is shipped 

as an anhydrous liquid and for storage above about 2,000 tons, it is normal to 

use refrigerated non-pressure storage. 

The price of anhydrous amDOnia has varied wide!y over the last few 

years but the average FOB price today is at a very low level and 1111ch lower than 

that required to justify new investment. Long-term equilibrium prices for 
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alllllonia will probably rise well above Lhese levels as energy prices increase in 

real terms. This is very much higher than present p~ic~s which do not reflect 

the true cost of energy. Aaaonia prices are likely to rise significantly in the 

future to reflect increasing energy prices and in some cases couln be well ~hove 

$200/ton. The effe~t of varying ammonia prices on DAP realization prices can ~ 

calculated from the factor below Table 4. In the costings exercise, $200 per 

ton at the plant has been assumed for ammonia in the base case. 

In the process. an alllllOnia efficiency of 97% is assumed. The 

ammoniation of phosphoric 4cid usually causes some reversion of water soluble 

P205 to insoluble P205. To cover this factor and other losses, a P205 

effic~ency of 98% has been assumed in the manufacture of DAP. 

Other Variable Costs 

Other variable costs are not a majot cost item and variation from one 

aite to another, either as itelll5 or in aggregate, with the exception of gypsum 

disposal which is referred to later, does not significantly affect the total 

prociuction cost. Other variables are mainly water, electricity, steam and 

chemicals. 

Energy Costs 

Phosphoric Acid 

Although the average energy requirement per ton of P205 in the liSA, 

according to The Fertilizer Institute Survey in 1980 is about 9 M.M. BTU, some 

I 
I 
I 
l 
I 
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plants in the USh do much better as can be seen from the lower interquartile TFI 

figures given below: 

Operation Energy Required Killion BTU per Metric Ton P205 

Filter Grade Acid 

Concentration to 
Merchant Grade 

Energy Recovered 

Net Energy Required 

2.5 

4.4 

-5.7 

1.2 

In the cost estimates it is assumed that the energy consumption for new plants 

should not be in excess of about 2.0 K.M. BTU which at present oil-eqnivalent 

energy prices of $5.0 per ~.K. BTU would result in an energy cost in $10 per ton 

of P205 ~hen starting with wet rock and sulphur. 

Triple Superphosphate 

The main energy costs for TSP production are for electricity for the 

granulation and drying plant and gas or fuel oil to dry the product. According 

to The Fertilizer Institute Survey, about 1.6 M.M. BTU are required p~r metric 

ton TSP with an interquartile range of about 1.2-3.0 M.M. BTU. For a new plant 

it has been assumed that it should be possible to reduce this to about 1.2 M.M. 

BTU equivalent to an energy cost of $6.0 of which about one-third would be 

required for electricity and the remainder as gas or oil for drying. 

Diammonium Phosphate 

The energy requirements for granular diammonium phosphate are similar 

to those for granular triple superphosphate except that less energy is required 

for the drying process because part of the heat of ammoniation can be used for 
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this purpose. The average energy use to produce one metric ton of OAP in the 

rFI Survey is on average 1.1 M.M. BTU of which about half would~ required as 

electricity and the other as ga~ OL oil for drying. An energy cost of $5 has 

been assumed. 

Gypsum Disposal 

No extra costs have been taken into account to remove the by-product 

gypsum (S tons CaS04H20 per ton of P205). It is assumed that the investment 

includes equipment (pipelines, etc.) for gypsum disposal. The disposal of 

gypsum from phosphoric acid plants is becoming an increasing problem 

particularly in develooed sites, however, and in many cases today, permission to 

dump gypsum into estuaries cannot be obtained and gypsum disposal costs can run 

as high as $20 per ton of P205. 

lluorine Recovery 

The regulations on fluorine emission in the USA and Europe (two large 

P205 producing a~eas) are becoming more severe and are expected to affect the 

economies of phosphoric acid production in these areas in the future. In this 

paper, it is assumed that fluorine recovery will not cause major additional 

ph0sphoric acid costs. 

Uranium Re~overy 

In some phosphoric acid plants, uranium is recovered as "yello~ cake" 

from the weak acid before concentration. The uranium content of phosphate rock 

varies ccnsiderably from deposit to deposit, and as the practice of uranium 

L~Cuv~:y is still fairly limited and is not generally an overriding economic 

factor in phosphoric acid production, it has not been included in this cost 

data. 

l 
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Fixed Costs 

Labor and Overheads: Th~ cost of labor and overheads for producing sulphuric and 

phosphoric acid should not vary greatly from site to site or even 

over a range of phosphoric acid plant capacity. To some extent, the cheap cost 

of local labor in developing countries is counteracted by greater numbers 

employed and someti.mes by expensive expatriate labor. Generally, however, the 

cost in developing coun:~ies should be a little less than developed countries 

but not significantly so. 

Investment Related Costs: Depreciation has been assumed to ~ straight line over 

12 }ears. An allowance of 2/3% of total plant investment per year has also been 

made for insurance. Maintenance materials have been assumed to cost 3% of plant 

investment per year. 

Capital Charge 

Realization prices have been calculated for a range of ~apital 

charges. This capital charge would be necessary to cover interest on loans a.~d 

give an adequate return on the equity investment. 

Operating Rates 

Phosphoric acid plants are much more flexible with regard to output 

than nitrogenous fertilizers and are usually capable of a much larger turn down 

ratio. They are also usually capable of operating quite satisfactorily above 

design capacity although with some sacrifice of 111Ateriala efficiency. 

Phosph~ric acid plant capacity can also vary a great deal with different 

qualities of phosphate rock, so producers may compensate to some extent for 

market constrained situations by processing lower grade and hence, lower cost 

rocks at reduced outputs. 
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Comparative lnvestllent and Production Costs and Realization Prices 

Cost data for phosphoric acid for various assumed locations are given 

in Table 3. The cost data for TSP are given in Table 4 and for DAP in Table 5. 

In the calculations for TSP and DAP, it has been assumed in one case that 

phosphoric acid would be transferred at the same site to a TSP or DAP plant and 

the transfer price is based on the capital chargt of 10% retunt on 

investment from the phosphoric acid plant and a 90% operating rate. This is on 

the assumption that inter-unit transfers may be ~~de on more favorable 

conditions than export sales. In the other case, a capital charge of 15% has 

been assumed. It has also been assum~d in the calculations that rock would be 

$35 per ton and sulphur $160 per ton, but adjustments can easily be made to the 

production costs and realization prices for differing rock and sulphur prices as 

indicated previously. 

Discussion of Results 

The cost of producing phosphate fertilizers varies significantly from 

site to site depending on investment costs and scale of operation. The most 

important cost component and one which is becoming more and more important is 

the cost of raw materials. In some cases feedstock costs can bP. as ~uch as 80% 

of the direct production costs and 60-70% of the realization price. Freight is 

also a very important item particularly when both sulphur and phosphate rock 

have to be imported. 

Because of these factors there is a strong trend for phosphate 

fertilizers to be produced in integrated units near the mine as this offers 

advantages in both freight and operating costs. 

l 
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In order to demonstrate these advantages, total delivered production 

costs have been calculated for phosphate fertilizers based in one case on 

vertically integrated production and in the other case on illported phosptate 

rock. The results are shown in Figure 1. 

In the case of the integrated producer it is assumed tilat the rock 

does not need to be dried and this together with savings in loading costs is 

equivalent to about $5/ton of rock. Roughly there is a 50% savings in overall 

freight costs when importing finished product rather than rock (asauaing that 

sulphur freight is co111110n to both cases}. 

In practice the savings are likely to be greater than indicated if 

account is taken of the two-tier price structure of phosphate rock to domestic 

and export plants and also that a lower grade of rock is usually used in the 

integraced production. 

Based on the assumptions made in estimating produ~tion costs, the most 

likely range of realization prices to justify future investments will be as 

follows: 

Phosphoric Acid $425-450/ton 

Triple Snperphosphate $200-220/ton 

Diammonium Phosphate $300-320/ton 

These estimates do not take into accovnt any allowances for an 

increase in energy in real terms. One important point to make, however, in 

assessing realization prices for phosphate fertilizers for different scenarios 

is the relatively large difference in these prices. The ranges given above 

refer to the more favorable locations, su~h as an existing developed site, as 

these will obviously be the lllOSt likely to encourage r.ew investment but, at the 
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same time, it is recogni~ed that there may be conatraints to meeting adequate 

supply in the future from these locations. In this event, export prices are 

1110re likely to be decided by the rea~ization prices necessary to encourage 

marginal producers into the mark.et. Certainly in the short-term the excess 

supply of phoaphate fertilizers will depress prices and discourage r£w investors 

but this situation ia expected to change after 1985/86. 
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ESTIMATED INVESTMENT AND PIWDUC.TION COSTS FOR PHOSPHORIC ACID 
(1982 US$/Metric Ton) 

Basis 
Capacity Utilization: 
Capacity 

Production 

Site 

i,ooo tpd (100% r2o
5

) 
907. 
330 days/year 
330,000 ton~/year P

2
o

5 297,000 tons/year 

Plant Investment US$ Million 
Working Capital US$ Milli0n 
Total investment US$ Mlllion 

Raw Materials US$/Ton 

Rock Phosphate (3.4 tons at $35/ton) 
Sulphur (0.976 tons at ~160/ton) 

Other Variable Costs US$/Ton 

Fixed Costs US$/Ton 

Production Costs US$/To~ 

Capital Charge (15%) US$/To~ 

Realization Price US$/Ton (ex-factory) 

Developed Site 

132 
21 

153 

119.0 
156.8 

15.0 

66.8 

3.57.6 

77.4 

435.0 
======:: 

Developing Site 
(Some Jo:xisting 
Infrastructure) 

210 
23 

233 

119.0 
156.8 

15.0 

98.3 

389. l 

117 .6 

506.7 --
For each $1.00/ton increase in rock costs, ~roduction costs increase by US$3.4/ton P2o5 . 

I 

I 

For each $1.00/ton increase in sulphur costs, production costs increase by US$0.98/ton P2o5 • 

Developing Site 
(Remote Location) 

282 
25 

307 

119.0 
156.8 

15.0 

127.4 

418.2 

155. l 

573.3 -

I 
~ 
~ 

H 

~ r-• 
!Tl 

I,,,) 

_ _J 



ES1IHATED INVESTMENT AND PRODUCTION COSTS FOR GRANULAR TRIPLE SUPERPHOSPHATE 
(1982 US$/Ton) 

Basis 
Capacity Utilization: 

l.?OO tpd bulk product (46% P2o5) 
90. 

Capacity 

Production 

330 days/year 
396,000 tons/year GTSP 
356,400 tons/year GTSP 

Site Developed Site 

Plant Investment US$ Million 39 
Working Capital US$ Million 11 
Total Investment US$ Million 50 

Raw Materials US$/Ton (a) (b) 

rhosphate Rock (0.44 tons at $35/ton) 15.4 15.4 
Phosphoric Acid - 0.34 tons 139.l 147.9 

Other Variable Costs US$/Ton 7.0 7 .o 

Fixed Costs US$/Ton 15.8 15.8 

Production Cost US$/Ton 177.3 186. l 

Ca2ital Char~e ~15%) US$/Ton 21.0 2l.0 
, 

Reali~ation Price US$/Ton 198.3 207.1 

Developing Site 
(Some Existing 
Infrastructure) 

45 
12 
57 

(a) (b) 

15.4 15.4 
159.0 172.3 

7.0 7.0 

18.0 18.0 

199.4 212.7 

24.0 24.0 

223.4 236.7 

Oeveloping Site 
(Remote Location) 

48 
14 
62 

(a) (b) 

15.4 15.4 
177.3 194. 9 

7 .o 7.0 

19.0 19.0 

218.7 236. 3 

26 .1 26.l 

244.8 262.4 
= - = ==-- = ==-

(a) Based on phosphate rock at US$35/ton and sulphur at US$160/ton and capita~. chnrge of lO:Y.. 
(b) Based on phosphate rock at US$35/ton and sulpl1ur at US$160/ton and capital charge of 15%. 

For each $1.00/ton increase in rock costs, production costs increase by US$1.60/ton TSP. 
For each $1.00/ton increas~ in sulpl1ur costs, production costs increase by US$0.33/ton TSP. 

"' V1 

lrl 
~ 

1: 

_J 



ESTIMATED INVESTMENT AND PRODUCTION COSTS FOR DIAMMONIUM PHOSPHATE 
(1982 US$/Metric Ton) 

Basis 
Capacity Utilization: 
Capacity 

Production 
----

l,200 tpd bulk product (18-46-0) 
90% 
330 days/year 
396,000 tons/year DAP 
356,400 tons/year DAP 

Site Developed Site 

Plant Investment US$ Million 47 
Working Capital US$ Million 15 
Total Investment US$ Million 62 

Raw Haterialp US$/Ton (a) (b) 

Phosphoric Acid - 0.47 tons P2o5 192. 3 204.4 
Ammonia - 0.225 NH

3 
45.0 45.0 

Cther Variable Costs US$/Ton 7 .o 7.0 

Fixed Costs US$/Ton 18.7 18.7 

Pr~duction Costs US$/To~ 263.0 275.l 

CaEital Charge 15% US$/Ton 26. l 26. 1 

Realization Price US$/Ton 289 .1 301. 2 ----- === 

Developing Site 
(Some Existing 
Infrastructure) 

53 
17 
70 

(a) (b) 

219.7 238.1 
45.0 45.0 

7 .o 7.0 

20.7 20.7 

292.4 310.8 

29.4 29.4 

321.8 340.2 _.....,. 
~ 

{a) Based on phosphate rock at US$35/ton and sulphur at US$160/ton and capital charge of 10%. 
(b) Based on phosphate rock at US$35/ton and sulphur at US$160/ton and capital charge of 15%. 

For each $1.00/ton increase in rock costs, production costs increase by US$1.60/ton OAP. 
For each $1.00/ton increase in sulphur costs, production costs increase by US$0.46/ton DAP. 
For each $1.00/ton increase in aDU11onia costs, production costs increase by US$0.225/ton OAP. 

Developing Site 
(Remote Location) 

56 
19 
75 

(a) (b) 

245.l 269.5 
45.0 45.0 

7 .o 7 .o 

21. 7 21. 7 

318.8 343.2 

3L8 31.8 

350.6 375.0 
-====-== .....,.,_.. 

--
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~ 
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~ 
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~ 
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FIGURE 1 

Comparison of Total Costs of Phosphate Fertilizers from 
Integrated and Non-Integrated Projects 
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B. NITROPHOSPHATE FERTILIZERS 

General 

The term "nitrophosphate" is used to describe processes and products 

where nitric acid is used to acidulate phosphate rock. Most of today's 

fertilizer processes use sulphuric acid to produce phosphate fertilizers and 

nitrophosphate processes are used mainly in Eastern and Western Europe and to 

some extent in India, Pakistan and China. One of the main advantages of the 

nitrophosphate pror.ess is that it does not require sulphur and when sulphur 

prices are relatively h~gh, which is the case at the present time, there is 

always a renewed interest in th£ nitrophosphate route. 

Although the process has been used for many years, particularly in 

Europe where it was developed, its mor~ general use has been constrained in the 

past by its relatively low product analysis and degree of water solubility. 

Recent advances in technology have largely overcome these limitations and there 

are situations where nitrophosphate processes offer a potential economic 

advantage over alternative processes. A feature of the basic process which in 

some cases could be a disadvantage is the fact that the overall rr~trient ratio 

in the products from a nitrophosphate process is about 2:1, N to Pz05. The 

process is therefore more likely to find favor in those areas where there is a 

strong demand for nitrogen. Generally the process would not be particularly 

~uitable as a ~thod of exporting pr~cessed phosphate unless a country possessed 

both indigenous resources of both rock and natural gas for a111Donia production. 

The most likely situation for a nitrophosphate process to compete 

economically with a sulphuric acid based process would be for a country with a 

relatively large fertilizer use, preferably with a cheap domestic source of 

ammonia, where ammonium nitrate is the preferred form of nitrogen fertilizer and 

where there is a seasonally uniform demand for a relatively high N:PzOs 

fertilizer usage. 
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'nle aain purpose of the exercise in this paper is to assess the 

economics of producing nitrophosphate materials and also to compare them against 

alternative methods of producing equivalent quantities of fertilizer nutrients. 

The assessment is very difficult, however, as it is not possible to chose a 

comparison which will apply under all conditions of production, composition, 

plant capacity, etc. as will be discussed later. 

Most previous comparisons have been based on a l:l, N:P205 ratio 

nitrophosphate with prilled ammonium nitrate as a concomitant product and this 

ratio and prod~ct mix has been use~ also in this case. A 1,000 tpd auaonia 

plant has been assumed as the basis for both cases. This would provide for 

either a large economic sized urea plant or nitrophosphate plant. Carbon 

dioxide, a by-product of allllDOnium production, is required for both urea and 

nitrophosphate production. 

The two cases compared are outlined below. 

Case A - Nitrophosphate Process 

Ammonia plant 1,000 tpd based on natural gas for fuel and feedstock. 

Nitric acid plant, nitrophosphate plant and prilled ammonium nitrate plant with 

annual capacity of 554,400 of NP, 22-22-0 and 412,500 tons of (33.5%N) prilled 

a11110nium nitrate. Phosphate rock of 68% BPL either imported or produced 

locally. It is assumed that the plant is designed to produce a water-soluble 

phosphate component of 80-85% which wculd he roughly equivalent in phosphate 

agronomic availability to the quality of TSP currently traded. 

Case B - Sulphu~ic Acid Route for Processed Phosphate 

Amaonia plant 1,000 tpd based on natural gas for fuel and feedstcck. 

Urea plant 1,670 tpd. In this case it is assumed that TSP is either purchased 

or produced independently. The cost of TSP is based on the production cost3 

outlined in Section 4 plus the cost of freight and bagging in order to compare 

on a similar basis. 
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Nitrophosphate Process 

There are severnl different nitrophosphate processes currently in use 

but they are all essentially based on solubilizing phospnate rock with nitric 

acid and then relllOving calciua nitrate usually by deep-cooling, crystallization 

and filtration. The degree of calcium nitrate removed determines the ultimate 

water-solubility of the phosphate component. The mother liquor is neutrG!!zed 

•ith ammonia, concentrated and then either pril!ed or granulated to give a 

N/Pz05 compound. 

The calcium nitrate by-product can be either used in the production of 

ammonium nitrate or can be converted to calcium a11111onium nitrate. In this 

comparison it is assU111ed that prilled amaonium nitrate is produced from the 

calcium nitrate using carbon dioxide by-product from the amaonia plant. More 

detailed descriptions of the process are available in the technical literature. 

Basis for Assessment 

In order to compensate for the difference in nutrient content in the 

products, the cost comparison is based upon the cost of one ton of Pz05 in the 

prodJct. The cost of producing one ton of Pz05 by the nitrophosphate rcute is 

compared with the cost of either producing or importing one ton of Pz05 in the 

form of granular TSP. To compare TSP with the nitrophosphate product 

it is also necessary to i~clude the cost of bagging and bags for TSP. The 

realizatfon prices for TSP calculated in this report, plus freight (if any) plus 

the cost ~>f bagging has been used as a basis for comparison against the 

nitrophosphate process. It is assumed that the realization price of one ton of 

the nitrogen nutrient from the nitrophosphate process would be equivalent to the 

cost of one ton of nitrogen as urea produced at the same location. 
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in section 1 of this report have been used to value one ton of nitrogen nutrient 

produced either as an N/P205 base or as prilled ammonium aitrate in the 

nitrophosphate complex. 

The basis for comparison is a l,OOu tpd amaonia plant but there is a 

slight but insignificant difference in the products from the two routes due to 

small differences in processes, yields, etc. The relative economics of 

phosphate from the sulphuric acid route and nitrophosphate products depend also 

on the relative costs of freight and sulphur and the effect of these two items 

has also to be included in the assessment. 

Investment Costs 

The investment costs have been esti11ated as for the other fertilizer 

materials considered in this report for different types of locations and a 

summary is given in Ta~le 6. The investment cost of a nitrophosphate complex is 

generally higher than that required for the sulphuric acid route and the extra 

capital charges incurred have therefore to be set against the savings in 

sulphur. The investment costs for the aJ11110nia plant and related infrastructure 

wou!d be coamon to both process routes considered. 

Fuel and Feedstock r..osts 

Very little data have been published on the fuel and energy costs for 

nitrophosphate processes although it is relatively easy to calculate theoretical 

requirements. Usually however ther~ is a significant differer..ce bet;,reen 

theoretical and actual usages and allowance baa been r.ade for this in estimating 

production costs. However most of the energy consuaption ia required for 

a..onia production. The nitr!c acid plant 1a exothermal with net energy 

recovery. 
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The total energy required to produce l ton of 22:22:0 aud concomitent 

0.75 tons of by-product ammoniwa nitrate has been estimated at about 31 M.M. BTU 

which is almost the saue as producing an equivalent amount of nitrogen as urea. 

Taking into account th~ relatively small energy requirement for TSP in an 

integrated phosphate oroject there appears to be little difference bet•een the 

total energy required to produce fertilizers by the nitrophosphate route and the 

sulphcric acid route. About 3.32 tons of rock are required per ton of P205 in 

nitrophosphate processes assuming 68 BPL rock. The cost of this rock has been 

taken as $35/ton exclusive of freight. 

Other Variable Costs 

The main items under this heading are bags, chemicals, catalysts and 

water, as all energy cc,sts ar•? acc~unted for elsewhere. Generally in terms of 

tons of product, the variabie costs by the nitrophosphate route and the 

sulphuric acid route are similar but as the nitrophosphate products are less 

concentrated, the other variable costs per ton of nutrient are a little higher 

in the case of nitrophosphate processes. 

Fixed Costs 

In order to compare thP two process routes on the same basis, similar 

assumptions have been made for (a) labor and overheads, (b) investment related 

charges, and (c) capital charges as have been made for urea and TSP and these 

are described elsewhere in the paper. 

Investment and Prod\tction Costs for Nitrophosphate Pr·ocesses 

Comparative investment and production costs and reali:5ation pri~es are 

given in Table 6 and J.nnex 13 for a range of conditions at different plant 

locations. Nitrophosphate processes normally produce two products; an N/P205 

base and a straight nitrogen product. In this case the two products are 22:22:0 
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production costs have been calculated on thih basi& for the purpose of comparing 

with other process routes. 

Discussions of Results 

The comparative cost for nitrophosphate and other process routes are 

given in Figure 2. Basically. the graphs compare the price of obtaining one ton 

of P205 from a nitrophosphate process with one ton of P205 produced as triple 

superphosphate. It relat~s the elfect of sulphur prices for TSP production and 

the freight cost of both rock and TSP in the comparative costings. 

The graphs indicate that generally within the current and anticipated 

range of sulphur and freight prices the nitrophosphate process appears to show 

an economic benefit when compdred with the alternative route. It is appreciated 

that had the comparison been made with diammonium phosphate rather than TSP the 

a~parent benefit would have been greater. 

The choice of nitrophosphate process however will depend mainly on its 

suitability as a product and its agronomic efficacy. For example in Egypt where 

there i~ both natural gas and phosphate rock available and where "nitrate" 

nitrogen is highly regarded, nitrophosphate processes would appear particularly 

suitable. The nitrophosphate process would also appear to be suitable for use 

in other countries with large fertilizer usages such as India, Indonesia, China 

and the USSR. 

In the case of India it is estimated that on present day CIF sulphur 

prices and freight rates of rock from Jordan, the nitrophosphate route could 

show a benefit of about $30/ton of P205 on an ex-factcry basis in India compared 

with imported TSP. 
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However, in making this comparison two other factors should be taken 

into account. The first is that no benefit was assumed for the possibility of 

using wet--rock for phosphoric acid in TSP production which could reduce the cost 

of one ton of P205 from TSP by about $8/ton. 

The other factor is that the overall nitrophosphate product and 

ammonium nitrate product analysis will be about 15% lower than that for a 

corresponding quantity of nutrients provided as urea and TSP and this will 

increase the cost of storage and distribution before the fertilizer reaches the 

fa1::ier. In India for example it is estimated that this would be equivalent to 

increased costs of about $3 per ton of product or about $6 per ton of Pz05. 

Even so, the nitrophosphate process offers some inherent economic 

benefits provided that the product mix and the nature of the product can be 

easily integrated into a country's fertilizer secto=. If the price of sulphur 

remains relatively high, as seems likely, these benefits will remain. 
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ESTIMATED INVESTMENT AND PRODUCTION COSTS FOR NITROPHOSPHATE AND AMMONIUM NITRATE 
(1982 US$/Ton) 

Basis: 
Capacity 
Capacity 

1000 Tons/Day Ammonia Plant with downstream nitrophosphate plant complex to match 
Utilization: 90% 

330 days/year 
554,400 tons/year 
412,500 tons/year 

Production 
966,900 tons/year 
498,960 tons/year 
371,250 tons/year 
870,210 tons/year 

Site 

Plant Investment US$ Million 
Working Capital US$ Million 
Total Investment US$ Million 

Raw Materials 

Natural Gas Price US$/H.H. BTU 
Natural Gas Cost US$/Ton Product 
Phosphate Rock US$/Ton Product 

Other Variable Costs US$/Ton 

Fixed Costs US$/Ton 

Production Costs US$/Ton 

Caeital Charge (15%) US$/Ton 

Realization Price US$/Ton l) 

I (bagged ex-fac~~ry) 

22:22:0 (bagged, prilled NP Compound) 
33.5:0:0 (bagged, prilled Ammonium Nitrate) 
total products average analysis 26.9:12.6:0 
22:22:0 (bagged, prilled NP Compound) 
33.5:0:0 (bagged, prilled Ammonium Nitrate) 
total products average analysis 26.9:12.6:0 

Developed Site Developed Site Developing Site 
(Some Existing 
Infrastructure) 

354 354 463 
26 32 47 

380 386 510 

3.0 5.0 2.0 
53.0 88.3 35.3 
14.6 14.6 14.6 

18.2 18.2 18.2 

59. l 59. l 74.2 

144.9 180.2 142.3 

65.4 66.6 87.9 

210.3 246.8 230.0 
= = 

l) R~fers to the average cost of one equivalent ton of product - analysis 26.9:12.6;0 

Developing Si 
(Remote Locati 

555 
59 

614 

1.0 
17.7 
14.6 

18.2 

86.9 

137.4 

105.6 

243.0 
= 
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F!CUP.E 2 

Comparative Total Costs of Producing one Ton of P2o 5 by Triple· 
Superphosphate and Nitrophosphate Routes Including Freight · I 

160} 
140 Sulphur Price 

120 USS/Ton CIF 

100 

Triple Superphosphate Route' 

Nitroph05phate Route 

J. 
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S.O THE KIHL.~G AND BEHEFICIATION OF POTASH 

General 

The supply capability of potash in 1982 was approximately as follows: 

Killion Tons % 

Eastern Europe 12.0 43.6 

North America 9.0 32.7 

Western Europe 5.5 20.0 

Others 1.0 3.7 

World Total 27.5 100.0 

Most new potash capacity is expected to be developed in Eastern Europe (mainly 

the USSR) and in North America {mainly Canada). 

Information on the investment and production costs for potash is not 

so readily available as for other fertilizers particularly for non-North 

American sources. However, the development of the large potash deposits in 

Saskatchewan, Canada where conditions are generally uniform and the unit cost 

data much better defined, represents the most reliable source of cost data on 

potash. As a significant part of new capacity collling on-stream in the future 

will be in Canada, the costs there will be important in determining future 

potash prices. It is also generally accepted that the production costs in 

Canada where mines are large and modern and the potash seams rich and regular 

are probably the lowest in the world. This location has therefore been used as 

the basis for estiaating investment and production costs. 

Investment Costs 

Cost estiaates are based on a mine in Canada using underground dry 

mining with conventional flotation and crystallizer scavenger circuits for 

~neficiation. Aa potaab aining costs and prices are often given in terms of 

short tons, the coat inforaation has been calculated for both short tons (2,000 



58 

lbs) and metric tons (2,205 lbs). The capacity of the aine is assumed to be 1.5 

million short tons of product per annua. ':he invest~nt costs reflect the 

complete facilities to produLe fertilizer grade material. 'nle mine costs 

include continuous miners and haulage equipment, underground crushing, ore and 

service shafts and hoisting facilities. The surface plant also includes 

offices, laboratories, maintenance and product storage buildings. Although 

direct operating costs are relatively low in Canada, investment costs are 

relatively high because of the depth of the deposit, the need for tubbing and 

the r~ther difficult climatic conditions. 

I tea 

Plant production {short tons ~er year} 
Shafts 
Product quality 
Feed quality 
Rates of concentration 
Recovery 

!tea 
Mine Shafts with Hoisting Equipment 

Mining Equipment 
Sul-total 

Surf ace Plant 

Total Investment Cost 

Energy Costs 

Specif lea t ion 

1,500,000 
2 at 3,000 ft.. 
95% lCCl 
26% Kio 
2.7 
90% 

Investment Cost USS Million 
93 
52 

145 

226 

371 

The average energy consumption for potash by shaft mining in the U.S., 

according to The Fertilizer Institute Survey is: 

Energy Required Million BTU per Metric Ton Product 

Gas Electricity Total 

1.36 1.06 2.42 

l 
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These figures are higher than those rep0rted for Canada but this is due to the 

fact that the U.S. figures contain some plants with high energy usages. In 

Canada most new plants will use physical rather than theraal methods of 

beneficiating potash and will therEfore require less energy on average. It has 

been assuaed therefore that the energy usage per metric ton of potash product 

ex-1aine is 1.7 K.K. BTU. At $3.0 per K.K. BTU (the present cost of gas in 

Canada) this energy would cost about $5. 

Direct 0perating Costs 

Direct operating costs include all direct lab~r. supervisory and 

office personnel, administrative expenses, utilities, operating supplies and 

maintenance. 

Kine 

Plant 

Item 

Labor and Personnel 
Kate rials 
Energy 
Other expendables 
Subtotal: lline 

Labor and Personnel 
Kate rials 
Energy 
Other expendables 
Subtotal: lline 

Total 

Start-up Co•ts 

Canada - Cost USS 

Short Ton 

4.4 
3.6 
1.7 
0.6 

10.3 

4.2 
3.6 
2.8 
0.9 

TI:5 

21.8 

Metric Ton 

4.8 
4.0 
1.8 
0.7 

11.3 

4.6 
4.0 
3.1 
1.0 

12.7 

24.0 

The estillates of plant costs c.ontain a component for start-up to cover 

the contractor's costs during the comaissioning of the plant. In view of 

existing experience in Canada on well-proven processes and ores, it is believed 

that start-up costs would be llinimal. However, an allowance of three 1110nths 

direct operating coata baa been allowed for start-up expenses. 

l 
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Contingency Allovance 

A contingency allowance of 10% to cover physical and price 

contingencies has been taken aa appropriate. 

Interest During Construction 

No direct allowance has been made in the capital costs for interest 

during construction. 

Depreciation 

Depreciation has been taken as 20 years (5%) as an average for both 

the beneficiation plant and mine. Allowance for higher or lower depreciation 

over 30 years (3-1/3%) would reduce the r~alization price using 20 years 

depreciation by about $6/metric ton. 

Capital Charge 

In order to establis~1 an ex-works realization price, it has been 

assumed that a commercial company investing in a new mine in Canada would 

require at least 15% pre-tax return on its equity to cover interest charges and 

provide adequate profit to justify the project. 

Realization Price 

The realization price calculated in Table 7 is an ex-works price 

exclusive of transport costs and taxes. Based on present costs, it would be 

necessary to add about $24.5/short ton transport to Vancouver plus $3.5/short 

ton loading. 

Discussion of Results 

Host of the new capacity for potash will be developed in the USSR and 

Canada and will be by the dry mining of sylvinite ore. Little is kn~wn of the 

economics of mining potash in the USSR, and it is assumed in this exercise that, 

to a large extent, future prices for potash will be determined by the cost of 

mining in Canada and also transport costs in moving the potash tfl a suitable 

l 
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port for export. The results in Table 7 indicate that the investment cost of a 

new mine and related facilities in Canada ¥ill be about US$285 per annual metric 

ton of capacity based on mid-1982 dollars. In order to achieve an acceptable 

return on investment, the ex-works price of patash on ~uch a project would 

probably have co be about $83/metric ton or about $113/metric ton FOB from 

Vancouver. It should ~ noted, however, that this price is exclusive of both 

Provincial and Federal taxes. The tax situation is complex as it depends on 

several factors including plant output, profitability, etc. It seems likely 

that with the changes in provincial government in S&skatchewan there may in time 

be revisions to the present taxation system on potash production. 

Based on the current situation, however, to cover the base tax a 

figure of $11/per metric ton of product has been added to the realization price. 

The FOB price Vancouver to justify the investment would then have to 

be about $124/metric ton of product. 

l 
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ESTIMATED INVESTMENT AND PRODUCTION COSTS FOR POTASH 

(1982 US$) 

Site 

Capacity stpy 
Capacity metric tpy 

Mine and Plant Investment US$ Million 

Working Capital US Million 

Total Investment US Million 

Operating Cost - Hine 
- Refinery 

Subtotal 

Depreciation (5%) 
Insurance and Local Taxes (1%) 

Subtotal 

Total Production Costs 

(a) Capital Charge (15%) 

Estiill3ted Realization Price 
Ex-Works at 15% Capital Charge 

(b) Capital Charge (10%) 

Estimated Realization Price 
Ex-Works at 10% Capital Ch~rge 

Transport and Loading 

(c) Estimated FOB Realization Price 
with Capital Charge of 15% 

(d) Estimated FOB Realization Price 
with Capital Charge of 10% 

Canada 

1, 500, 000 
1,364,000 

371 

15 

386 

Short Ton 

10. 3 
11.5 

21.8 

12. 3 
2.5 

14. 8 

36.6 

38.5 

75.1 

25.7 

62.3 

28.0 

103.l 

90.3 

Metric Ton 

11.3 
12.7 

24.0 

13.5 
2.8 

16.3 

40.3 

42.3 

82.6 

28.3 

68.6 

30.8 

113. 4 

99.4 

l 



!STIHATED lHVESTHl~T AHO PROOUCTIOH COSTS FOR URF.A 

llEALlZATtOH rlttCES VERSUS CAPITAL CllARCES 

!982 US$/H!TRIC TON 

Cap•cHy bah 544,500 Tona/Y .. r 
--

Devoloplng Sit• Developing SB• 
Stu Developed SH• Developed Site (SoM exhtlna lnfuatructure) (llomoto Location) 

rl~nt lnvest .. nt LIS$ Hllllon 2ll 211 )2) 405 
"'"ktna Captul US$ Htll1on II 24 )2 l8 
r.,,.i Invest .. nt US$ IU111<>n 249 255 ill 44) 

t .. u Prtce US$/H.H. IT\I ).0 5.0 2.0 1.0 

~•• Coat usi/Ton Product 96 160 64 l2 

Other Yarlable Coat1 US$/Toa Product 11 18 11 II 

Utlllzatton Rate l 100 90 ao 10 60 100 90 80 10 60 100 911 ao 10 60 100 90 ao 7) ''3 

Fixed Co1t1 USS/Ton 6).9 70.9 19,9 91.4 '06.5 63.9 70.9 19.9 91.4 106.5 84.0 9),j 105.0 120.0 140.0 101.9 113. 2 127 .4 145. 7 169.1 

C.•pttal Chuse USS/Toa I 51 22.9 25.4 21.5 32.7 38.1 23.4 26.0 29.3 )).5 39.0 32.11 36. 2 40.7 46.6 54.l 40.7 45.2 ~0.1 51.1 67.1 ' 101 0.1 so.a 51.0 65.l 76. 2 46.8 sz.o 58.6 66.9 71.0 6.).2 72.4 11.4 9). 2 108,6 81.4 90.4 101.6 116. 2 IJS.6 .. 
Ul 61. 7 76.2 u.5 91.1 114,J 70.2 78.0 81.9 100.5 11'/.0 91.1 101.6 ll2, I 1)9.I ~62.9 122.1 135.6 152.4 174.l 20),, 
201 91 ·' 101.6 114.0 130.1 152.4 9).6 104.0 111. 2 ll4.0 156.0 130.4 144.1 lb~ •• 186.4 217 .2 162.1 110.8 l02.2 2)2.4 211.2 
251 114.5 121.0 142.1 16l.5 190.5 111.0 IJO,O 146.5 167.5 195.0 161.0 lll.O 20),5 2)),0 211.5 203.S 226.0 254.0 290.S llt.O 

Re•lla•tlon Prtce USS/Toa 
with c•ptcal cMra•• 
uf 51 zoo.a 210.) 222.4 238.1 251.6 265.l 274.9 211.2 - 302.9 l2J.5 198.5 211. 5 227. 7 248.6 276.) 192.6 208.4 228.2 2H.I 217 .6 

IOI 221. 7 215.7 H0.9 vo.a 296.7 288.7 300.9 )16.5 ))6.4 )62.5 231.1 247.7 268.4 295. 2 ))0.6 233.) 2Sl.6 219.0 ll l.t lSS.4 
Ul 246.6 261. l 219.4 JOJ.S ))4.8 ll 2. I 326.9 345.8 369,9 401. 5 26). 7 28).9 309, I 341, 8 )84.9 274.0 298.8 129.I )70.0 421.2 
201 269.5 286.5 )07.9 ))6.2 l1l.9 llS.5 3S2.9 l7S. I 401.4 440.S 296.l 320.1 349.1 388.4 4)9. 2 314. 7 344.0 ]80.6 421. I 491.0 
25% 292.4 )11.9 ))6.4 361.9 411.0 JS8. 9 )711. 9 404.4 U6,9 479.S 328.9 3S6.l 190.S 4lS.O 49l.S 355.4 )89.2 4)1.4 Ub.2 H•.1 
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ANNEX 2 

UREA REALIZATION PRICES - VARIATION WITH GAS PRICES 

1982 U$$/METRIC TON 

90% ~tilization; 15% Capita: Charge 
Capacity 544,400 Tons/Year Bagged Urea 
Production: 490,050 Tons/Year Bagged Urea 

Gas Price Developed Developing Site Developing Site 
US$/M.M.BTU Site (Some Infras~ructure) (Remote Location) 

0.5 181 236 283 

1.0 197 252 299 

1.5 213 268 '.jl5 

2.0 229 284 331 

2.5 245 300 347 

3.0 261 316 363 

3.5 277 332 379 

4.0 293 348 395 

4.5 309 364 411 

5.0 325 380 427 

5.5 341 396 443 

6.0 357 412 459 

6.5 373 428 475 

;r.o 389 44i. 491 

:T.5 405 460 507 

8.0 421 476 523 
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ES.TIKATEO INVEST!1t:NT A)jD PRODUCTION COSTS m• PllClSPllORIC, ACID 

at:Al.IZATIUN PKIClS Yt:RSUS CArlTAI. CllAMGt:S 

1982 US$/Kt:TMIC TOH 

Capacity laala 330,000 Tona/Yaar r 2o 5 

Dovaloplna SIU Doveloplna 11•• 
llt• Developed lh• (lo .. a1latln1 lnfraatructura) (leOIOta Location) 

Plant l11va1tMnt USt/NUUon 1)2 210 212 
Vorklna C:.pllal US./Kllllon 21 2J 25 
To1~1 lnve11 .. nt US$/IUlll011 m ill 30'f 

a.v llalarla la 

Pho1phaU lock (l.40 Tona I US$)5/Too) 119.0 119.0 119.0 
s .. 1 phur (O. 91 Tona I US$160/Toll) 156.1 u~.8 U6.8 

Ocher Variable Coate USS/Ton 1).0 1~.o IS.O 

Uttl.ta.1icJon l•t• I 100 90 80 70 60 100 90 80 70 60 JOO 90 80 70 

fhod Coau US$/ton 60.1 .... U.I IS.9 100.2 H.l 98.3 110.6 126.4 147.4 114.6 127 .4 i41. 3 163.b 

Capital et..ra• US$/Ton I u 2).2 u.a ~9.0 31.1 38.6 35.J 39.2 U,I S0,4 se.a 46.S SI. 7 SI. I ~6.4 

101 46.4 51.6 58.0 f.~.2 71. 2 70.6 7ft. 4 18.2 100.8 117.f. 93.0 103.4 116. 2 132 .8 
IU 69.6 77.4 C7.0 99.3 llS.8 105.9 117 .6 132.3 Ul.2 176,4 139.5 IS5. I 174.] 199.2 
ZOI u.1 101.2 116.0 IU.4 154 .4 141. 2 U6.I 176.4 201.6 2l5.2 186.0 206.1 232.4 265.6 
UI 116.0 129.0 145.0 165.S 19J.O 176.5 196.0 220.5 252.0 294.0 232.S 258.5 290. 5 312 .o 

lullaatlon ,rice USf/tOD 
Vlth capital cbaraaa 
of Sl 374.1 lll.4 394,9 409.8 •29.6 414.6 421.l 4U.S \67 .6 497.0 451 •• 469.9 492 .2 521.0 

IOI 197. l 409.2 421.9 442.9 468.2 40.9 467.5 489.6 511.0 ~ss.o 498.4 521.6 HO.J 587 .4 
Ul U0.5 435.0 452.9 476.0 506.8 , 485.2 506.1 !rll. 7 568.4 614.61 544.9 573. 3 608.4 6Sl.I 
201 443. 7 460.1 461.9 509.I 545.4 520.5 50.9 571.1 611.1 673.4 591.4 625.0 666.~ n.>.2 
2)1 466.9 4a6.6 SI0.9 542.2 584.0 555.8 SU.I 621.9 669.2 732.2 611.9 676.7 724 ,6 786.6 

6v 

191. I 

77. ~ 
IH.O 
232. 5 
310.0 
317.: 

H9.4 
6)6.9 
714. 4 
191.9 
869.4 
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Pl•nt Inveat11ent 
llorklng Capital 
Total Invest..,nt 

Sulphur 

60 

65 

70 

1S 

80 

as 
90 

9S 

100 

105 

110 

115 

120 

125 

no 
1)5 

140 

145 

uo 
U5 

160 

165 
170 

lU 

180 

US$ I 32 Mll llon 
US$ 21 Mll liun 
US$ I H Mll 11on 

10 

252 

257 

2b2 

267 

272 

276 

281 

286 

291 

296 

)QI 

306 

311 

316 

321 

32~ 

))0 

335 

340 

lU 

350 

355 

360 

36~ 

370 

15 

269 

274 

279 

284 

289 

29) 

298 

303 

308 

)l) 

318 

323 

)28 

33) 

)38 

342 

347 

352 

357 

362 

367 

372 

377 

382 

)87 

20 

286 

291 

296 

30i 

)06 

310 

315 

320 

)25 

330 

335 

340 

345 

350 

lS5 

359 

)64 

369 

374 

379 

384 

)89 

394 

399 

404 

~~~~----.-~~------------------------------.................... .., ............... ,~ 
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303 

308 

313 

318 

323 

32i 

332 

337 

342 

347 

352 

3S7 

362 

367 

372 

376 

381 

386 

391 

396 

401 

406 

411 

416 

421 

30 

320 

325 

330 

33!1 

340 

344 

349 

h4 

359 

3(4 

369 

371, 

379 

384 

389 

393 

398 

403 

408 

413 

418 

423 

428 

433 

438 

n:1::osToct--rii'ici-:s niilliEvii01·rn s nE 

35 

337 

342 

347 

352 

357 

361 

366 

371 

376 

381 

386 

391 

396 

401 

406 

410 

415 

420 

425 

430 

U5 

440 

44S 

450 

455 

(1982 US$/Hetrlc Ton) 

40 

354 

359 

364 

369 

374 

378 

383 

388 

393 

398 

403 

408 

413 

41/l 

423 

427 

432 

437 

442 

447 

452 

457 

462 

467 

472 

45 

371 

376 

381 

386 

390 

395 

400 

1,0~ 

410 

415 

420 

425 

430 

435 

440 

404 

449 

454 

459 

;64 

469 

474 

479 

484 

489 

50 

388 

393 

398 

403 

407 

412 

417 

.;:i2 

427 

432 

437 

442 

447 

452 

457 

461 

466 

471 

476 

481 

486 

491 

496 

501 

506 

55 

40!> 

410 

415 

420 

424 

429 

434 

439 

444 

449 

454 

459 

464 

468 

474 

':;d 

483 

488 

493 

498 

501 

508 

Sil 

518 

523 

60 

422 

427 

432 

437 

441 

446 

451 

456 

461 

466 

471 

476 

481 

486 

491 

495 

500 

505 

510 

!115 

520 

525 

530 

535 

540 

65 

439 

444 

449 

454 

458 

463 

468 

473 

1.78 

483 

488 

493 

498 

503 

508 

512 

517 

522 

527 

!132 

537 

542 

547 

552 

557 

Capacity Baste 330,000 Tons/Year P20S 
Cnpacity Utilization 90% 

70 

4~6 

461 

466 

471 

475 

480 

485 

491) 

495 

500 

505 

510 

515 

520 

525 

529 

534 

539 

544 

549 

554 

559 

564 

569 

574 

75 

473 

478 

483 

488 

492 

497 

502 

507 

512 

517 

522 

527 

532 

537 
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546 

551 

556 

561 

566 

S7l 

H6 

581 

586 

59i 

80 

490 

495 

500 

505 

509 

514 

519 

524 

529 

534 

539 

5~4 

549 

554 

5S9 

563 

568 

573 

578 

583 

588 

593 

598 

603 

608 

as 

507 

512 

517 

522 

526 

Sll 

536 

541 

546 

551 

556 

561 

566 

571 

576 

580 

585 

590 

595 

600 

605 

610 

615 

620 

625 

90 

524 

529 

534 

539 

543 

548 

HJ 

558 

563 

568 

573 

578 

58] 

588 

5~J 

597 

602 

607 

612 

617 

622 

627 

632 

637 
642 

9~> 

54. 

541i 

5S. 

55h 

56:. 

56~i 

57(1 

5/!t 

580 

58!• 

59(1 

59!• 

600 

60!· 

6 ICI 

614 

61~ 

624 

629 

6~ 

6~ 

64~ 

64U 

654 

6Sg 

I
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~ 
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~ 
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Pl•nt lnve•t•ent: US$210 Hilliun 
Working Capital : US$ 21 Killion 
Total lnve~l•cnt: US$233 Killion 

Sulphur 

60 

. 6S 

10 

n 
80 

as 
90 

95 

100 

105 

110 

115 

120 

12S 

llO 

135 

140 

145 

150 

lH 

160 

165 

170 

175 

180 

10 

324 

329 
))) 

338 

341 

348 

35) 

158 

36) 

368 

373 

318 

382 

387 

392 

397 

402 

407 

412 

417 

422 

427 

431 

436 

441 

15 

341 

346 
350 

355 

360 

365 

370 

37!i 

3~0 

385 

390 

395 

399 

404 

409 

414 

419 

424 

429 

414 

439 

444 

448 

45) 

458 

20 

358 

363 
367 

372 

377 

382 

387 

392 

397 

402 

407 

412 

416 

421 

426 

431 

436 

441 

446 

451 

456 

461 

466 

470 

475 

VARlATlON lN PllOSPllOlllC ACID Rt:Al.IZATION l'RICES WITH OU'FERENT 
n:EoSTOCK PK!CES t"OR Dl:VF.l.Ol'ING SITI:: 
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3H 

380 
384 

389 

394 

399 

404 

409 

414 

419 

424 

A29 

433 

438 

443 

448 

453 

458 

463 

468 

473 

478 

482 

487 

492 

30 

392 

397 
401 

406 

411 

416 

421 

426 

431 

436 

41, 1 

446 

450 

455 

460 

465 

470 

475 

480 

485 

490 

495 

499 

504 

509 

35 

409 

414 
418 

423 

428 

433 

438 

443 

448 

453 

458 

463 

467 

472 

477 

482 

487 

492 

497 

502 

507 

517 

516 

521 

526 

(l<Jl!l US$/tl~tr1~ 1'on) 

40 

426 

431 
435 

440 

445 

450 

455 

460 

465 

470 

475 

480 

484 

489 

04 
499 

504 

509 

514 

519 

524 

528 

5)3 

5311 

543 

45 

443 

448 
452 

457 

462 

467 

472 

477 

482 

487 

492 

497 

501 

506 

Sil 

516 

521 

526 

531 

536 

541 

546 

550 

555 

560 

50 

460 

465 
469 

474 

479 

484 

489 

494 

499 

504 

509 

514 

518 

523 

528 

533 

538 

543 

548 

5S3 

558 

563 

567 

572 

577 

55 

477 

482 
486 

491 

496 

501 

506 

511 

516 

521 

526 

531 

535 

540 

545 

550 

555 

560 

565 

570 

575 

580 

584 

589 

59~ 

60 

494 

499 
503 

508 

513 

518 

523 

528 

533 

538 

543 

548 

552 

551 

5~2 

567 

572 

577 

582 

587 

552 

597 

601 

606 

611 

Capacity Basis JJO,OOC Tonti/Year r 2o5 Capacity Utilization 90% 

65 

Sii 

516 
520 

525 

530 

535 

540 

545 

550 

555 

560 

565 

569 

574 

579 

584 

589 

594 

599 

604 

609 

614 

618 

623 

628 

70 

528 

5ll 
537 

542 

547 

552 

557 

562 

567 

572 

577 

582 

586 

591 

596 

601 

606 

611 

616 

621 

626 

631 

635 

640 

645 

75 

545 

550 
554 

559 

564 

569 

574 

579 

584 

589 

594 

599 

603 

608' 

613 

618 

G2J 

628 

633 

638 

641 

648 

652 

657 

61>2 

80 

562 

567 
571 

576 

581 

586 

591 

596 

601 

606 

611 

616 

620 

6H 

630 

635 

640 

645 

650 

6SS 

660 

665 

669 

674 

679 

8) 

579 

~84 

588 

593 

598 

603 

608 

613 

618 

623 

628 

633 

637 

642 

647 

'>52 

6~7 

662 

667 

672 

677 

682 

686 

691 

696 

90 

5116 

601 
605 

610 

615 

620 

625 

630 

635 

640 

6H 

650 

654 

659 

664 

669 

674 

679 

684 

689 

694 

699 

703 

708 

713 

'H 

61) 

618 
622 

627 

6)2 

637 

642 

64 7 

652 

657 

662 

667 

671 

676 

681 

686 

691 

696 

70 I 

706 

711 

716 

720 

125 

730 
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ESTlKATf:D INVES111EHT AND PRODUCTION COSTS . .-OR GRANUl.AR TRlPl.E SUP1'RPllOSPHAn: 

REALIZATION PIUCES VERSUS CAPITAL CHARGES 

1982 US$/HETRIC TOH 

Capacity Basia 396,000 Tons/Year 

Developing Sita Developing Sit1t 
Site Devdoped Site (So11e existing Infrastructure) (Re110te Location) 

Plant lnve•tmoent USS/Million l9 45 48 
Workin& Capital US$/Hillion II 12 14 
Total lnveataent US$/Hillion 50 T7 62 

llav Hateriala USS/Ton 

Phoaphate lock (0.44 Tona I US$35/Ton) U.4 15.4 15.4 
11Pnoaphor1c Acid - 0.34 Tona 147.9 172.3 194.9 

Other Variable Co1t1 US$/Ton 7.0 1.0 7.0 

Utilization Rate % 100 90 80 70 60 100 90 8~ 70 60 100 90 80 70 
. 

I 
Fixed Co1t1 US$/Ton 14.3 IS.8 17.9 20.4 23.8 16.2 18.0 20.2 23.I 27.0 17. l 19.0 21.4 24.4 

Capitd Chars• US$/Ton I 51 6.J 7.0 7.9 9.0 10.5 7.2 8.0 9.0 10.J 12.0 7.8 8.7 9,7 11. l 
101 12.6 14.0 15.8 18.0 21.0 14.4 16.0 18.0 Z0.6 24.0 15.6 17.4 19.4 22.2 
151 18.9 2l.O 2J.7 27 .o 31.5 21.6 24.0 . 27.0 30.9 36.0 23.4 26.1 29.l )), 3 
201 H.2 28.0 31.6 36.0 42.0 28.8 32.0 36.0 41.2 48.0 31. 2 34. 8 38.8 44.4 
251 Jl.5 35.0 39,5 45.0 52.5 36.0 40.0 45.0 51. 5 60.0 39.0 43. 5 48.5 55.5 

I llealization Price US$/Ton 
with capital chars•• ·-of 5% 191.1- 193.l 196. l . 199.7 204.6 218 .1 220.7 223.9 228. l 233.7 242.2 245.0 248.4 252.8 

101 197.4 200.1 204.0 208.7 215.1 225.3 228.7 232.9 238.4 245.7 250.0 253.7 258. l 263.9 
151 203.7 207.1 21 l.9 211.1 225.6 232.5 236.7 241. 9 248.7 257. 7 257.8 262.4 267.8 27S.O 
201 210.0 214.l H9.I 226.7 236.1 239.7 244.7 250.9 259.0 269.7 265.6 271. I 217.5 286.1 
25% 216.3 221. l 227.7 235.7 246.6 246.9 252.7 259.9 269.3 281. 7 273.4 279.8 287. 2 297.2 

' 
l) laaad on realization price for phoaphoric acid for variou1 aitaa at 15% capital charae fro• Annex 3. 

I 

60 

28.~ 

1).0 
26.0 
)9.0 
52.0 
65.0 

258.8 
211.1 . 
284.8 
297.8 
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Plant lnveataent 
\lorkln1 Capital 
Total lnv~ataocnt 

6S 

10 

7S 

80 

as 
90 

9S 

100 

105 

:10 

115 

120 

us 
no 
us 
140 

10 

ISO 

us 
160 

16S 

170 

IU 

180 

US$l9 Hil Uon 
US$ II HU Hon 
US$SO Hil lton 

10 

llb 

137 

119 

141 

142 

144 

146 

147 

149 

ISi 

lS2 

154 

156 

157 

159 

160 

162 

164 

16S 

161 

169 

110 

172 

174 

15 

144 

145 

14 7 

149 

ISO 

152 

154 

155 

lS7 

159 

160 

1112 

164 

16S 

161 

168 

170 

172 

113 

175 

177 

118 

1110 

182 

20 

152 

153 

155 

157 

158 

160 

162 

163 

165 

167 

168 

170 

111 

113 

l1S 

176 

178 

180 

181 

183 

18S 

186 

188 

190 

25 

160 

161 

163 

16S 

166 

168 

170 

171 

113 

175 

176 

178 

180 

181 

183 

184 

186 

188 

189 

191 

193 

194 

196 

198 

30 

168 

169 

171 

173 

174 

176 

178 

179 

181 

183 

184 

186 

188 

189 

191 

192 

194 

196 

191 

199 

201 

202 

204 

206 

VARIATION JN TRIPLE SUPERl'llOSl'llATE PRICES WJTll DJFFF.RF.NT 
n:1:0STOCI( r1uc~s t'OR Ot:VHOI'[[) SITE 

35 

176 

117 

179 

181 

182 

184 

186 

187 

189 

191 

192 

194 

196 

197 

199 

200 

202 

204 

205 

207 

209 

210 

212 

214 

40 

184 

185 

187 

189 

190 

192 

194 

195 

197 

199 

200 

202 

204 

205 

207 

208 

210 

212 

213 

215 

217 

218 

220 

222 

45 

192 

193 

195 

197 

198 

200 

21l2 

203 

205 

207 

208 

210 

212 

213 

21S 

216 

218 

220 

221 

223 

225 

226 

228 

230 

(1982 US$/Mctric Ton) 

50 

200 

201 

203 

205 

206 

208 

2i0 

211 

213 

215 

216 

218 

220 

221 

223 

224 

226 

2211 

229 

231 

233 

234 

236 

238 

55 

208 

209 

211 

213 

214 

216 

218 

219 

221 

223 

224 

226 

:.128 

229 

231 

232 

234 

236 

237 

239 

241 

242 

244 

246 

60 

216 

217 

219 

221 

222 

224 

226 

227 

229 

231 

232 

234 

236 

237 

'239 

240 

242 

244 

245 

247 

249 

250 

252 

254 

65 

224 

225 

227 

229 

230 

232 

234 

235 

231 

239 

240 

242 

244 

245 

247 

248 

250 

252 

253 

255 

257 

258 

260 

262 

70 

232 

233 

215 

237 

238 

240 

242 

243 

245 

241 

248 

250 

252 

253 

255 

256 

258 

260 

261 

263 

265 

266 

268 

270 

75 

240 

241 

243 

245 

246 

248 

150 

251 

2S3 

255 

256 

258 

260 

261 

263 

264 

266 

268 

269 

271 

273 

274 

2 l6 

278 

Ba,io 396,000 Tona/Year 
Capacity Utilization 90% 

80 

248 

249 

251 

253 

254 

256 

258 

259 

261 

263 

264 

266 

268 

269 

211 

272 

274 

276 

277 

279 

281 

282 

284 

286 

es 

256 

257 

259 

261 

262 

264 

266 

267 

269 

271 

272 

274 

276 

277 

279 

2ci0 

282 

284 

285 

287 

289 

290 

292 

294 

90 

264 

261 

267 

269 

270 

272 

274 

275 

277 

279 

280 

2112 

283 

285 

287 

~88 

290 

292 

293 

295 

297 

298 

300 

302 

95 

272 

211 

275 

277 

278 

280 

282 

281 

28~ 

287 

288 

290 

292 

293 

295 

296 

29P 

JOO 

301 

303 

305 

306 

308 

310 

I
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Plant ln•e•t..,nt 
Worktn& Capital 
Total lnveatiaent 

US$45 Hlllu>n 
US$12 Hlllion 
US$!'17 Htllton 

lock US$/Ton 

Sulphur US$/Ton 

60 

u 
70 

75 

80 

es 
90 

95 

100 

lOS 
110 

I IS 

120 

125 

no 
llS 

140 

10 

ISO 

!SS 

160 

16) 

170 

175 

180 

10 

,64 

165 

167 

169 

170 

172 

114 

175 

177 

179 

180 

182 

18] 

185 

181 

188 

190 

192 

191 

195 

197 

198 

200 

202 

20] 

15 

172 

17) 

175 

171 

178 

180 

182 

183 

185 

187 

188 

190 

191 

193 

195 

196 

198 

200 

201 

20) 

205 

206 

208 

210 

211 

20 

180 

181 

18) 

185 

186 

188 

190 

191 

191 

194 

196 

198 

199 

201 

20l 

204 

206 

208 

209 

211 

21) 

214 

216 

218 

219 

25 

188 

189 

191 

19) 

194 

196 

198 

199 

201 

20) 

204 

206 

207 

209 

211 

212 

214 

216 

217 

219 

221 

222 

224 

226 

227 

)0 

196 

197 

199 

201 

202 

204 

206 

201 

209 

211 

212 

214 

216 

217 

219 

220 

222 

224 

225 

227 

229 

210 

232 

214 

215 

VARIATION IN TR!l'l.E SUHRPllOSPllATE PRICES WlTll DIHERENT 
-·fl:.t-:DSTOCK PIUCl::S !'Oii nt:v1::1.or111r. SlTE 

n 

204 

205 

207 

209 

210 

212 

214 

215 

211 
219 

220 

222 
221 

225 

227 

228 

230 

2)2 

2ll 

235 

237 

218 

240 

242 

243 

40 

212 

213 

215 

211 

218 

220 

222 

221 

225 
227 

228 

230 

231 

233 

235 

236 

238 

240 

241 

24l 

245 

246 

246 

250 

2H 

(I '.It!:: US$/Hctric Ton) 

4S 

220 

221 

221 

225 

226 

228 

230 

231 

231 

235 

236 

230 

239 

241 

243 

244 

246 

248 

249 

251 

253 

254 

256 

258 

259 

5() 

228 

229 

231 

2ll 
234 

236 

238 

239 

241 
24) 

244 

246 
247 

249 

251 

252 

254 

256 

257 

259 

261 

262 

264 

266 

267 

55 

236 

237 

239 

24 l 

242 

244 

246 

247 

249 
251 

252 

254 

255 

257 

259 

260 

262 

264 

265 

267 

269 

270 

272 

274 

275 

60 

244 

24l 

247 

249 
250 

252 

254 

255 

257 

259 

260 

262 

263 

265 

267 

268 

270 

272 

271 

275 

277 

278 

280 

282 

263 

65 

252 

253 

255 

257 

258 

260 

262 

263 

265 

267 

268 

270 

271 

273 

275 

276 

278 

280 

281 

283 

285 

2116 

288 

290 

291 

70 

260 

261 

26) 

265 

266 

268 

270 

271 

273 

274 

276 

278 

279 

281 

2a1 

284 

286 

288 

2119 

291 

293 

294 

296 

298 

299 

7S 

268 

269 

271 

273 

274 

276 

278 

279 

281 

283 

284 
286 

287 

289 

291 

292 

294 

296 

297 
299 

301 

302 

304 

306 

307 

Buh 39·6,000 Tona/Ynr 
Capacity Utili~ation 90% 

80 

276 

277 

279 

281 

282 

284 

286 

287 

28'.I 

291 

292 

294 

296 

297 

299 

JOO 

302 

304 

30~ 

307 

309 

310 

312 

314 

315 

8S 

284 

28S 

287 

2119 

290 

292 

294 

295 

297 

299 

300 

302 

30) 

305 

307 

308 

310 

312 

313 

31S 

317 

318 

320 

322 

323 

90 

292 

293 

29S 

297 

298 

300 

302 

103 

305 

307 

308 

310 

311 

311 

315 

:ll6 

318 

320 

321 

323 

325 

326 

328 

330 

'.ll I 

9S 

JOO 

301 

303 

305 

306 

108 

JIO 

312 

llJ 

314 

316 

318 

319 

321 

323 

324 

326 

328 

329 

331 

333 

334 

336 

338 

319 
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ESTIMATED JNVESlllENT AND Pl:ODUCTION COSTS FOR GRANULAR DIAHHONJUH PHOSPHATE 

U:AJ.lZATION PUCKS VKltSUS CAPITAL CllARCl!8 

1982 llS$/HETRIC TOH 

C•p•clty B••i• 396,000 Ton•/Ye•r 

Develo111na Slte Developin" Site 
Slte Developed Site (so .. exi•tina Infra1tructure) (Re110te Location) 

Plant Jnveat.ent US$/H1111on 47 5) 56 
Workln1 C~pltal US$/Mllllon lS 17 19 
Total Inve1t.ent US$/H1111on 62 To Ts 

lew Keterlal• US$/Ton 

Pho•phoric Acid - 0.47 Ton• r2o5 204.4 238.1 269.S 

~nla - 0.22S Ton• HH3 o.o 4!i.O 45.0 

Other Varieble Coat• US$/Ton 7.0 1.0 1.0 

·- -..J .... 
Utillaetion a.te Z 100 90 80 10 60 100 90 80 ·10 60 100 90 80 10 60 

Fixed Coat• US$/ton 16.8 18.1 21.0 24.0 28.0 18.6 20.7 23.2 26.6 31.0 19.5 21. 7 24.4 27.9 32.S 

Capital Ch•rae US$/Ton t 5% 7.8 8.1 9.7 l l. I 13.0 8.8 9.8 11.0 U.6 14.7 9.5 10.6 11.9 13.6 15.8 
lOZ lS.6 17.4 19.4 22.2 26.0 17.6 19.6 22.0 25.2 29.4 19.0 21. 2 23.8 27.2 31.6 
HZ 23.4 26.I 29. I 33.3 34.0 26.4 29.4 33.0 37.8 44.1 28.5 31.8 35.7 40.8 47.4 
20% 31.2 34.8 38.8 44.4 52.0 35.2 39.2 44.0 50.4 58.8 38.0 42.4 47.6 54.4 6).2 
25% 39.0 43.5 48.5 55.5 65.0 44.0 49.0 55.0 63.0 13.5 41. s 53.0 59.5 68.0 19.0 

Realt&alton Price US$/Ton 
at varlau1 c'pltai 
charae• 5% 281.0 283.8 281.1 291.5 297.4 317.5 320.6 324.] 329.3 JJS.8 350.S JSJ.8 157.8 J6J.O :169.8 

10% 288.8 292.5 296.8 302.6 310.4 326.3 330.4 3H.3 341.9 350. 5 360.0 364 .4 )69. 7 )76.6 :185.6 
15% 296.6 301.2 306.5 316.7 323.4 335. I 340.2 346.3 354.5 365.2 169.5 375.0 381.6 190.2 1.01 .4 
20% 304.4 309.9 316.2 324.8 336.4 343.9 350.1 3H.~ 367. I 379.9 )79.0 385.6 191.S 403.8 t 17. 2 
25% 312. 2 318.6 )25.9 335.9 349.4 352.7 359.8 368.3 379.7 394.6 388.S 396.2 405.4 417. 4 ~ )),0 
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Pl•nt lnveat..,nt 
llorlr.ina C.iplt•l 
Tot•l Investment 

Sulphur 

6S 

10 

1S 

80 

u 
90 

95 

100 

IOS 

110 

llS 

120 

12S 

1)0 

llS 

140 

10 

ISO 

!SS 

160 

16S 

I 7 I 

11S 

180 

US$47 HU Hon 
US$ I 5 Hil llon 
US$62 Million 

217 

220 

222 

224 

221 

229 

2)1 

234 

2)6 

2)8 

240 

243 

20 

247 

2SO 

2S2 

254 

2S1 

2S9 

261 

26) 

266 

268 

210 

IS 

22S 

228 

2)0 

2)2 

2JS 

2l7 

2)9 

242 

244 

246 

248 

2SI 

2H 

2H 

2S8 

260 

262 

26S 

267 

269 

271 

274 

276 

278 

20 

2ll 

2)6 

2)8 

240 

243 

20 

247 

250 

2S2 

254 
256 

2S9 

261 

26) 

266 

268 

270 

21l 

27S 

217 

279 

282 

284 

286 

VARIATION IN Dl/llltlUNlutl PllOSPllATt: PRICt:S lllTlt OIHt:Rt:HT 
Ht:DSTOCI( I'll! tt:s nl!_I_ nt:vt:l.~·w s 1"fv. 

2S 

241 

244 

246 

248 

2SI 

2Sl 

255 

2S8 

260 

262 

264 

261 

269 

211 

274 

276 

278 

281 

283 

285 

287 

290 

292 

294 

)0 

249 

2S2 

254 

256 

259 

261 
26) 

266 

268 

270 

272 

27S 

271 

279 

282 

28/t 

286 

289 

291 

29) 

295 

298 

JOO 

302 

(19112 US$/llutr1c Toni 

)5 

257 

260 

262 

264 

267 

269 

271 

274 

216 

278 

280 

28) 

285 

287 

290 

292 

294 

297 

299 

301 

JOl 

306 

308 

310 

40 

265 

268 

270 

272 

27S 

217 

279 

282 

284 

286 

288 

291 

29) 

295 
298 

300 

)02 

305 

307 

309 

311 

314 

316 

)18 

4S 

273 

276 

278 

280 

211:\ 

285 

287 

290 

292 

294 

296 

299 

301 

)01 

)06 

)08 

310 

313 

315 

317 

319 

322 

324 

326 

50 

281 

284 

286 

288 

291 

29) 

295 

298 

300 

302 

304 

307 

309 

311 

314 

H6 

318 

321 

32) 

325 

327 

llO 

332 

334 

55 

289 

292 

294 

296 

299 

301 

303 

306 

308 

310 

312 

31S 

317 

119 

324 

321t 

326 

329 

331 

lll 

335 

338 

340 

142 

60 

297 

)00 

302 

304 

307 

3ol9 

311 

314 

316 

318 

320 

l23 

325 

327 

~30 

332 

334 

337 

ll9 

341 

343 

146 

348 

350 

65 

)05 

308 

310 

312 

315 

317 

319 

321 

324 

326 

328 

)31 

)ll 

)35 

338 

34n 

)42 

345 

347 

349 

351 

354 

356 

358 

Capacity Baaia 396,000 Tona/Year 
Capacity Utilization 90% 

70 

Jll 

316 

318 

l20 

323 

325 

J27 

3)0 

lll 

134 

336 

339 

341 

341 

346 

348 

150 

353 

355 

JS7 

359 

362 

3o4 

366 

75 

321 

324 

326 

328 

130 
)j) 

335 

338 

340 

342 

344 

347 

149 

JSl 

354 

356 

358 

361 

363 

365 

367 

370 

372 

374 

80 

129 

332 

334 

336 

319 

341 

343 

346 

348 

350 
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3~S 

3S7 

360 

362 

364 

366 

369 

371 

371 

375 

378 

380 

382 

as 

317 

340 

342 

344 

347 

149 

HI 

354 

356 

353 

360 

363 

365 

367 

370 

372 

374 

377 

379 

381 

38) 

386 

388 

390 

90 

3"5 

348 

no 
JS2 

355 

357 

35') 

362 

JU 

366 

168 

371 

171 

375 

378 

380 

3112 

384 

387 

]89 

391 

394 

396 

J'l8 

'15 

lll 

113 

319 

JIB 

]110 

).)3 

3~5 

367 

372 

l 74 

176 

179 

181 

383 

386 

l88 

190 

)93 

395 

397 

399 

402 

404 

406 

...., 
N 

~ ::i 
~ 
0 

_ _J 
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Plant lnve•tment 
Work tn1 Capital 
Total lnve•tment 

Sulphur 

6S 

70 

75 

80 

8S 

90 

9S 

100 

105 

110 

115 

120 

125 

llO 

1)5 

140 

lU 

uo 
lSS 

160 

165 

170 

17S 

180 

US$Sl HU lion 
US$17 Hllllon 
US$70 Htllion 

256 

259 

261 

26) 

266 

268 

270 

21l 

275 

277 

279 

282 

284 

286 

289 

291 

293 

296 

298 

300 

302 

305 

307 

309 

IS 

264 

267 

269 

271 

274 

276 

278 

281 

28) 

285 

287 

290 

292 

294 

297 

299 

301 

304 

306 

308 

)1() 

313 

315 

317 

20 

272 

275 

277 

279 

282 

284 

286 

289 

291 

291 

295 

298 

300 

302 

305 

307 

309 

312 

314 

316 

JIB 
321 

l23 

325 

25 

280 

293 

285 

287 

290 

292 

294 

297 

299 

301 

303 

306 

308 

310 

313 

315 

317 

320 

322 

324 

326 

329 

331 

3H 

VARIATION IN t.IAtlHONIUl1 PllOSPllATE PR!Ct:s WITH DIHl!.kENT 
FEl:'.DSTOC~ PklCES FOR DJ::VJ::l.OPING S!Tt: 

30 

288 

291 

293 

295 

298 

300 

302 

305 

307 

309 

311 

314 

316 

318 

321 

323 

325 

328 

330 

332 

334 

337 

339 

341 

35 

296 

299 

301 

JOl 
306 

308 

310 

313 

315 

317 

319 

322 

324 

326 

329 

331 

333 

336 

))8 

340 

342 

345 

347 

349 

(1982 US$/Motric ron) 

40 

304 

307 

309 

311 

314 

316 

318 

321 

323 

325 

32 7 

330 

332 

334 

337 

339 

341 

344 

346 

348 

350 

353 

355 

357 

4S 

312 

315 

317 

319 

322 

324 

326 

329 

3)1 

333 

335 

336 

340 

342 

345 

347 

349 

352 

354 

356 

358 

361 

361 

365 

so 

320 

323 

325 

327 

330 

332 

334 

337 

339 

341 

343 

346 

348 

350 

n1 

355 

357 

360 

362 

364 

366 

369 

371 

373 

55 

328 

331 

333 

335 

338 

340 

342 

345 

34 7 

349 

351 

354 

356 

358 

361 

363 

365 

368 

370 

372 

374 

377 

379 

3111 

60 

336 

339 

341 

343 

346 

l48 

350 

353 

355 

357 

359 

362 

364 

366 

369 

371 

373 

376 

378 

)80 

3112 

3115 

387 

389 

65 

344 

347 

31,~ 

357 

354 

356 

358 

361 

363 

365 

'.l67 

370 

372 

374 

377 

179 

381 

384 

386 

388 

390 

393 

395 

397 

Cnpacity Basia 396,000 Tona/Year 
Capacity Utilization 90% 

70 

352 

355 

357 

359 

362 

364 

)66 

l69 

371 

373 

375 

378 

380 

382 

36~ 

3117 

389 

392 

394 

3% 

3911 

401 

401 

405 

75 

360 

36'.\ 

365 

367 

370 

372 

374 

377 

379 

361 

383 

3116 

388 

390 

393 

395 

39? 

400 

402 

404 

406 

409 

ldl 

413 

80 

368 

371 

373 

375 

378 

380 

382 

3115 

387 

3119 

391 

394 

396 

398 

401 

403 

405 

408 

410 

412 

414 

417 

419 

421 

85 

376 

J79 

381 

383 

386 

388 

390 

391 

395 

397 

391J 

402 

404 

406 

409 

411 

413 

416 

418 

4rn 
422 

425 

427 

429 

90 

384 

387 

389 

391 

394 

396 

398 

401 

403 

405 

407 

410 

412 

414 

417 

419 

421 

424 

426 

428 

410 

4)3 

4 35 

437 

95 

392 

395 

397 

399 

402 

404 

406 

409 

4 11 

4 I l 

4 15 

418 

420 

02 

425 

07 

09 
432 

434 

436 

O!I 

(41 

143 

145 

I ~ ~ 1; 

~ 
w 

_J 



Sll• 

Plant lnveat..,nt US$/K1111on 
Y~rkln& Capitol US$/Hllllon 
T~t•I lnv11t..,nt US$/Hllllon 

Cu Price US$/lU111on ITU 

Cu Coll US$/T"" Pro<l .. ~t 

Phoapt..u lock Colt US$/Ton Product 

Oth.:r Yjrl•ble Co111 

Ul l 1 l&on Ion bte I 100 90 

fl .. d c.>ou US$/T~n Prod .. ct 51. 2 59.1 
/ 

t•pltal Ch•••• USS/Toft t 51 19.6 21.1 
IOI )9. 2 4).6 

/ ISi sa.a 65.4 
201 11.4 11.2 
251 91.0 109.0 

&e1ll1atloa Prlceo US$/Ton 
ol ••rloY• c•tll•I 
~l\.ar1•• 5l u•.• 16'. 1 

IOI 111.2 IH.5 
ISi 191.I 210. l 
201 211.4 232.1 
251 Jll.O Ul.9 

!'.SlllUTED IHVES'll1EH1' AND PRODUCTION COSTS FOM HITROPllDSPllt.TE ~D t.MllONIUH HITll/\Tf. 

llt:Al.l lo\TIUH r~ ICl:S HR SUS CM'ITo\I. CllllRl:~s 1982 

19S2 US$/HETlllC TOM 

C•p•clty •••I• - SS4,400 Ton1/Ye•r 22:22:0 
412,SOO Ton•/Ye•r ll.S:O:O 
966,900 Ton•/Y•ar 26.9:12.6 

Av1r1~1 1naly1l1 of product/ton I• 26.9:12.6 

Puvo I op Ing 51 te Oavol.ipln~ SIU 
O..volopod Sit,. Developed Site (So:>e ul1tlng lnCrDltructure) (RolMlU Loc•t Ion) 

H4 JS4 46) SSS 
26 )2 47 S9 

TIO )86 Tili m 
).0 S.D 2.0 1.0 

n.o H.J )5.) 17. 7 

14.6 14.6 14.6 U.6 

11.2 11.2 18.2 18. 2 

80 70 60 100 90 10 JO 60 100 90 80 JD 60 100 90 RO 70 

66. 5 76.0 ee. 1 5). 2 S9. I 66.! J6.0 88.7 66.1 74. 2 13.~ 95.4 111.l 11. 2 16.9 97. 7 111. 1 

24.5 21.0 )2. J 20.(J 22.2 2S.O 28.6 )),) 26.4 29.3 )l.O )7. 7 44.0 ll. 7 lS. 2 )9.6 H.2 
49.0 st.a B.4 40.0 H.4 so.a S7.2 66.6 52.I 58.6 66.0 15.4 111.0 61.4 70.4 19. 2 90.6 
1).5 14.0 98.1 60.0 66.6 n.o \5.1 99.9 79.2 17.9 99,0 1 ll. I 132.0 9S.I 105.6 I II.I 1)5.9 
91.0 112.0 IJO.I 80.0 88.8 100.0 114 .4 1)).2 105.6 117.2 1)2.0 150.I 1'16,0 IU.I 140.1 151.4 181. 2 

122.5 140.0 161.5 100.0 111.0 125.0 14).0 166.5 112.0 146.5 165.0 181.5 220.0 151. s 176.1 191.0 226. s 

n•.• IH.I 20J.2 194.l 202.4 212.6 22S.1 241. I 16~.) .. 171.6 114.6 210.2 22).4 160,4 172. 5 117.8 207.4 
201.l 211.8 219.9 214.l 224.6 2ll .6 254.) 216.4 187. 1 200.9 217.6 2)8.9 267. 4 192.1 201.1 227. 4 Hl.• 
22s.1 145.1 272.6 2)4.) 246.1 262.6 282.9 )09.1 214. I 2)(1.2 2S0.2 2711.6 l 11. 4 221.1 243.0 267.0 297 ,I 
2SO.) 21l.I lOS.l 254.) 269.0 217.6 311. 5 )4J.0 240.5 2S9.5 211.6 )14.) lH.4 zss.s 271. 2 )06.6 l4l.O 
214.I 101.1 ))8.0 274.) 291. 2 ll 2.6 340.1 176.l 267.0 211.1 111>.6 )S2.0 199.4 211.2 113.4 346.2 381.2 

60 

·-
110. l 

S2. ft 
105.6 
IS8.6 
211. 2 
264.0 

2)1.6 
286.4 
)19. 2 
192.0 
444.1 

/! 

~ 
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