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INTRODUCTION 

Since the ASEAN Declaration wan first md,    in 1967, extensive discussions 

and inve8t^,|6  h-ve tak.n olee-,    -n whM. Might be the f,r*i  ,f oconordc 

o >-operati^n Vir* Incesi,,  n.-.L-ysir , the Philippines,  Singapore and Thailand. 

Much of th.^ejulcra work wa:, carrier    ,¿ in the   period <vrch  1?70-July 197? 

by the United N-tions /iSE.*N Tcv„ 

Three specific  forms of c -active effort  have  been reviewed at c-neiderable 

length |    tr.de liber^lizatim, compir.,,nt-rity   -^rceraents ind   'package deals'. 

The  last technique  envisagée the selection    f a   number of industrial projects 

which vruld b, -l.le.cated   ^ngrt the ASEAN countries  in ,n , fficient and equitable 

nanner an-: ¿;,ch of which would .serve the entire /iSEAN market without the 
hindrance of trade harriers. 

To provide a concrete basis for discussion, the U.N. Team crried out 

13  studies on possible  pr^cts auifbL   t . the  package  deal techniaue »nd 

the results ..f these   have boon presentee in the  Team's  Final Reperti 

•Economic Cü-operati^ for .••flEAM«. 

The  following   document,   "Fusibility  Sfrdv   Of   i   tt.«ri,nnl   pL,n  for thr 

fr^lKwiftn °f »mrog^n W Fhoaphntf. ZçrtUlscre in the JtS£,tN Country« 

continues the work of  project definiti,,, and is th, first in-deoth feasibility 

report on a possible  ,vSEAIv Prck"ge ce~i  pr   i,ct.     Th,   r.tu-J.y has been carried 

out by a chr,dcal engineer,  i-.r.  Taylor D-rden,   ^ú    n  industrial econouist, 

Kir. Stephen Herrott,   :-nd wr0 fin-cod under the Special Industrial Services 

of the  United M-tions  Industri 1 Development Organisation. 



SECTION T 

SlMi/dtY AND CONCLUSIONS 

Kork^ forecast 

1. The study begins with tho    . rk<t.    An .;nti:v-te  it oode for 1980/ßl 

•)f the consumption of the   nitrogen ;îno   ohos-f:  Ml    r-cntoxiclo nutrients f.T 

e>Tch of the *iSErvN c untrioe.     The re oults ires 

1980/81 Consumption in tona 
Ç-'MIY 3^o 

Indonesia 540,000 220,000 

Mpl-ysi:. H0,0€0 120,000 

Philippines 172,000 80,000 

Singapore negligible negligible 

Thailand 178,000 136,000 

The aggregate rate  of growth in demand in the twelve years fron the 

end of the 1960'B up t- 19Ö0-&1 will be approxin; tely 10.1 per cent for nitrogen 

and  9.5    per cent for FpO,. 

The total ASEAN consumption in tons of nutrient After c xcluding supplies 

expected to come fromgistincl  rock phosphate, that ie to say the total ASEftN 

effective détend for cherdcal fertilizer nutrient is forecast for 19^0/61 ast 

I F£ 
l,03ß,00€ 4347000 

->• ftmn\ mrt ílmw¿ §\tppfar 

Inf o motion was collected  on all unito at present manufacturing nitre gen 

and nhosphate fertilizers in the A3EAK countries.    ..deling up these quantities plue 

that of tne Indonefinn Pusri II corvpXex, which has now been approved snd financed, 

gl vos total capacity output in the region.    The gap between 1960/81 consumption 

and this total of existing and aesurad additional capacity is the forecast nutrient 

shortfall which equals i 

'iHtf MïM\ nwrtftti in jWftl in \<m 
Z SE 595,000 WT^O 
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3.    Product choice and nlan alternatives 

In order to  eliminate this nutrient shortfall, alternative plans were 

drawn up, all of which arc based on the production of two fertilizers: prilled urea 

and a complex fertilizer with an N P K .analysis of 23-23-9.5.    The  choice of urea 

and a complex fertilizer was nade because: 

a) supplying the farmer with complex fertilizers permits a balanced application 

of nutrients much more easily; 

b) investment costs can be reduced by producing complex fertilizers rather than 

two or more straight (single nutrient) fertilizers; 

c) nixing some straight fertilizers,  e.g.  urea .and triple   superphorrhaU-,  presents 

technical difficulties; 

d) urea and the complex fertilizer chosen in this study each have a high nutrient 

percentage thereby reducing the cost of distribution of each ton of plant food 

with consequently lower prices to the  farmer. 

Three alternative plans were drawn up.   Regional Plan I (R.P.I) has two 

independent complexes, both based on natural gas, both producing urea and the 

complex fertilizer, and with a total capacity matching the ASEAN nutrient shortfall. 

Regional Plan II (R.P.II) has three complexes.   Only one of the complexes has 

phosphoric acid production facilities,  but the same complex produces no ammonia. 

Therefore each complex exports or imports intermediate products to one of the other 

twe complexes.    Total output in terms of nutrient is the same as in R.P.I.    With 

such large tonnages of end-product and intermediate products requiring transport 

in the regional alternatives, we recommend that the regional complexes each be 

located at n large port and each should have its own loading and unloading 

facilities.     The National Plan (N.P.), the third alternative, has two independent 

ccrinlexes.   Both complexes produce urea and the complex fertilizer.    One is 

based on natural gas and the other on naphtha.    Total nutrient capacity is 

sufficient to eliminate the forecast nutrient shortfall in the two largest 

consuming countries in the region. 
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4.    Economic viability of the three alternatives 

The ran in economic indicators  ->f the throe plans are given below: 

R.P.I R.P.II N.P. 

Volume of output       N 597,000 597,000 426,000 
in tens per year       PgO- 370,000 370,000 330,000 

K20 153,000 153,000 140,000 

Annual value of output   ($n) 152                       152                           124 

Total investment  (fai) 211                       214                           174 

Annual operating surplus ($n) 73.4                      71.4 63.7 

Average rate of return en capital 21$                        2% 2% 

Total foreign exchange savings ($m) 1045                     1030 829 

In tenus of all of the economic indicators,  R.P.I and R.F.II arc very 

similar in magnitude.    In terns of volume ^n<' vine of output, total investment 

and total foreign exchange savings, M.P. is approximately 81 per cent of the 

magnitude of the regional plans, whilst the proportional annual operating surplus 

is higher, at 87 per contj and the average rate of return on capital is of 

the same magnitude as the Regional Flans.    The return on capital in all three 

plans is encouragingly high. 

In Section VI of this study we show in detail that in every respect 

R.P.I is either as good as or better than R.P.II, even though the differences 

are not large.    The chief comparison   ude, therefore,  is between Regional Plan I 

and the National Plan. 

Decause N.P. is designed to ncet the consumption requirements of the two 

largest consuming nations in 1980/81, its scale of output is sufficient to reap 

substantial economies of scale of rnanuf icturing.    However, one of the complexes 

is based on naphtha - less efficient than the same process using natural gas - 

and it also has a smller ammonia  capacity thnn the R.P.I complexes.    As a 

result the efficiency of R.F.I is greater than that of M.P. in terms of 

investment costs and operating coats.    But the transport costs incurred in 

the regional solution tell -gainst  it for there are none in Lhe national 

solution. 
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The choice between R.T.I and ¿'.P.  should be based  on the 

cost of finance of the plans using fie  riost Modern of project appraisal 

techniques, discounted cash flow.    In Section VI we  show precisely under 

wh'nt circumstance's which plan is preferable in economic termo. 

The finii result is: 

Cost of plan finance in per cent per 
 mm  

Plan choice 

Below 19/S 

20 - 25% 

Above 2% 

R.P.I preferred 

no difference 

N.P. preferred 

Neither plan viable 



TABLE OF CONTENTS 

Section I 
page 5 

Introduction 

Section I.    Suraaary and conclusions 

Sumrmry and conclusions 

Table of contents 

References 

Note on units of rxasurenent and tine-horizon, 
Abbrevi?tions 

Fagc 1 

Page 5 

Page 7 

Page 9 

Section II.    The effective demand for nitrogen and 
phosphate fertilizers in the ASEAH region 

A. Indonesia 

B. Malaysia 

C. The Philippines 

D. Thailand 

E. ASEAN 

Page 1 

Page 9 

Page 14 

Page 20 

Page 29 

Section IH.    Present and planned supply of fertiliser 
|p frhe ASEAN countries 

Section IV.    Suggestec regional plan,? for co-operation 
in the fertilizer industry 

A. Introduction 

B. Proposed ASEAN regional fertilizer complexes 

C. Process plants 

D. Estimiate of capital requirement for «gional 
fertilizer complexes 

E. Estimated cost of production - regional 
fertilizer complexes 

Page 1 

Page 3 

Page 5 

Page 7 

Page 10 



Section V.    National ffertilizer solution as alternative 
to co-oporfttivu regional fertilizer solution 
to solving 1980 fertilizer abort fall 

Section I 
page 6 

A. Introduction 

B. Proposed national fertilizer complexes 

C. Conroents 

Page 1 

Page 1 

Page 2 

Section VI.    Economic appraisal of the regional 
and national alternatives 

A. The alternatives 

B. Volume    f output 

C. Value of output 

D. "cononic criteria of  viability 

E. Investnent costs, operating costs and 
transport costs 

F. Econondc viability of tho alternatives 

G. Pl\r. selection and the cost of finance 

H. Foreign exchange savings of the alternatives 

I. Bnployrcent generation 

Page 1 

Page 2 

Page U 

Page 5 

Page 7 

Page 12 

Page 16 

Page 17 

Page 19 

Appendix f.    Letter fron the British Phosphate Commissioners 

Appendix B.    Cost of production tables accompanying Sections IV and V. 



Section I 
page 7 

nffEjREHCB 

1. N ti anal Fertilizer Study Indonesia - Oct« .ber 1971 
«grar-und Hydrotechnik   QtibH. 

1. Sunmary, Conclusions and Uocomnendations 
2. Annexe VI - ß->sic Fertilizer Statistics 
3. Annexe V    - The siturti >n of the Indonesian FertAizer Industry 

and Recomendations for Expansion 
annexe Fertilizer Raw Materials 

2. UNIDO Monographs on Industrial Development No. 6 
Fertilizer Industry, New York 1969. 

3. Supply and Deinrmd Prospects for Fertilizers in Developing Countries - 
O.E.CD.  Paris 1968 

k»    Pusri Fertilizer Plant Expansion Feasibility Report - 
John var  der Valk & associates,  New York N.Y. 1969 

5. Suggestions for ASEAN Regional Co-operation in the Nitrogen Fertilizer 
Industry    (ASEAN Industriel Study No. 2 (a)  ) June-July 1972. 

6. Suggestions for ¿iSÍUN Regional Co-operation in the Phosphate Fertilizer 
Industry (,'£E*N Ine;ustrini Study No. 2 (b)  ) June-July 1972 

7. Two Fertilizer Projects Appropriate for Implementation as ASEAN 
Regional Ventures.    ASEAN Industrial Study No. 2 May 1971. 

8. Heraorindun on Future Fertilizer Production in Thailand, H.P.A. Groll 
July 1971. 

9»    Proceedings of the Seninar on Sources of itineral Raw Materials for 
the Fertilizer Industry in Asia and the Fir East - Mineral Resources 
Development Series No. 32, New York N.Y. 1968. 

10. Fertilizer Requirement Study for Seven Countries in South and East Asia 
G. Kemnler, Hanover 1970. 

11. Sectoral Studies» Fertilizer Industry, UNIDO July 1967. 

12. Trends and Prospects of World Fertilizer Production Capacity as 
Related to Future Needs - UNIDO 1967. 

13. The Fertilizer Industry of Indonesia, Nico Kansi^, Second Inter-regional 
Fertilizer Symposium, Kiev, U.S.S.R. - New Delhi, India, October 1971. 

14. The Fertilizer Industry of the Philippines, Bienvenido C. Alip, 
Second Inter-regional Fertilizer Symposium, Kiev, U.S.S.R. - New Delhi, 
India, October 1971. 



Section I 
pago 8 

15. John T. Shields and Robert C. Rny (TVA) and the Technical Working 
Committee of the Presidential fertilizer Coinmission, The Fertilizer 
Industry in the Philippines, Alabama July 1971. 

16. The Fertilizer Industry of Thailand, B. Udomsnkdhi - Second Inter- 
regional Fertilizer Symposium,  Kiev, U.S.3.R. - New Delhi,  India, 
October 1971. 

17. H Report on tht  Thailand Fertilizer Situation .and Potential TVA for 
UBOM, Thailand 1966. 

18. Appraisal Report No. 24 - Fertilizer Situation in Thailand,  Tolgay 
Cavusuglu, ASRCT, Bangkok 1970. 

19. H. G. Mueller, 1971-72 - Fertilizer Situation in Thailand, USOM 1972. 

20. I960 - 1970:    FAO Fertilizers - An Annual Review of World Production, 
Consumption and Prices (Rone 1971). 

21. O.E.CD. 196ß - "Manual of Industrial Project .analysis in Developing 
Countries" Volume 1, Methodology and C-sc Studies. 

22. Cost Comparison of Ocean Shipment of Anhydrous .unmonia and Solid Urea 
V.     Shipment    f Urea - ;jrocnia Solution, Achorn, F.W. and Walkup H.G. 
T.U.A. December 1966. 

23. Wolf Donner "The Marketing of Fertilizer in Thailand" FAO/UNDP/SF, 
Soil Fertility Research Project in Thailand, Working Paper No. U 1970, 
and No. 5 Agricultural Credit in Thailand with spechi reference to 
Fertilizer Use - 1971. 



Section I 
page 9 

NOTE ON UNITS CF INSURE? lBIT AND TEE-HORIZON. ABBREVIATIONS 

NOTE 

Throughout this study the basic units of measurement are metric tons and 

U.S. Dollars.    1980/81 has been oho««ti as the time-horizon for estimated 

consumption and the plan alternatives.    This gives sufficient time for: 

thorough review by the -£E/iN countries of the alternative techniques 

of economic co-operation; taking a decision (if so nade) to go ahead 

with the package deal technique; select.! m of projects; project report; 

colling of tenders r.nd allocation of contracts;  construction of the manufacturing 

complexes. 

Abbreviations 

M3 Cubic meters 

m Metric tons 

ST Short ton 
Kwh Kilowatt hour 

MAP Monoammonium phosphate 

P2°5 Phosphorus pentoxide 

N Nitrogen 
K2° Potassium Oxide 

dll Billion 

m Million 

M Thousand 
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Section II:    The Effective demand tor Nitrogen 

and Phosphate Fertilizers in the ASEAM Countries 

The starting point of  any plan of   production must be the estima- 

tion of  the effective demand for the end-products manufactured.    As we are 

dealing with the feasibility of a regional  plan,  then naturally we examine 

in turn the situation  in each of the ASEAH member countries  in tenis of 

past and present consumption  and the prospects for change  in the future. 

This Section  in which we forecast the effective demand for nitrogen and 

phosphate fertilizers is composed therefore of a series of country studies, 

A.    Indonesia 

1. The available statistics indicate that the import and consump- 

tion of fertilizer nutrients in Indonesia have fluctuated sharply from 

year to year during the 1960s.    Throughout the period there have also 

been very large stocks in the warehouses,  never less than one year's 

sales.    In spite of this it is clear that  there has been í   strong growth 

trend in t'ie consumption of nitrogen from very low base period tonnages, 

whilst the growth rate in the demand for phosphorus pentoxide has been 

rather modest. 

Table II.1 presents the time-series of distribution of the NP 

nutrients by major sector.    Taking the years  1964-65 and  1969-70 as base 

and end-periods,  the annual rate of growth of distribution has been 12.4 

per cent for nitrogen and 4.3 per cent for P2C5'~ 

/Table II.1: 

1/   Throughout this Section we have used as the measure of annual con- 

sumption in the base and end-periods an average taken over three 

years.   We do not do so in this ose because of the abnormally low 

figure for P-0    in 1966.    Here,  a base-period of  1964-66 gives a 

misleadingly hign growth rate because of the misleadingly low base. 
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Table II.1;     Nutrient distribution   in   Indonesia 

by   sector by year  it-,   tons 

Nutrient      Sector 1964 1965 1966 \-X.7 1968 19 ó; 1070 

Food crop 07,600       58,900       61,000       43,000 35,000       155,200       162,100 

Estate 20,300       31,100       34,900       24,200 6,200 16,100 21,300 

Total 105,200       90,000       95,900       57,200       101,200       171,300       133,Ç00 

P 0 
2 5 

Food crop 17,000      27,900      13,800 

Estate 9,100       17,500        6,800 

Total 26,100      45,%00      25,600 

5,400 24,400 36,300 31,000 

3,000 8,100 6,500 13,800 

3,400 32,500 42,800 45,400 

2. No comprehensive nation-wide statistics at present exist  for 

Indonesia,  either on the proportion  of nutrient  going to  specific crops 

or on the relative shares of harvest.-   irtr.  fertilized.    The test esti- 

mates which exist  are the results of  a recent farm survey.    Table II.2 

shows estimated proportionate nutrient cor. sumption. 

Tat le II.2;     Hutrient cof3 mption in Indonesia 

in 1969 by crop/sector in percentages 

Crop/Sector P 0 
2 5 

Bice 

Secondary food crops 

Smallholder cash crops 

Estates 

•0 

15 

8 

17 

38 

15 

12 

35 

Total 100 100 

/Rice 
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Rice   is tlie most   important consumer ar.d the  estates run  second. 

The chief estate  crops are  rubber,  oil   palo,   sugarcane and   tea;   Eor 

secondary food  cropt, maize  and vegetables  arc mere significant.    The 

nutrient  ratio,   as can be seen,   varier, widely  between   trie  four categories, 

In  the  w.aallholder  sector the  predominance of  rice in nutrient consump- 

tion   is established by the much bigger aren   harvested.     In  fact,   for the 

main  foodcrops,   in Java at   least,  there   is   little difference between the 

proportion of  harvested area fertilized:     for rice, maize and vegetables 

it   lies  in the  range 27-30 per cent.    Tobacco,   on the other hand,   is 

64  per cent fertilized, whilst  all other   smallholder cash crops together 

receive a negligible amount  of  fertilizer. 

With  respect  to area-wise cons nipt ion,  the   l%8-70 shares  in 

total  foodcrop NFK consumption by main  region were: 

East Java 36T 

West Java 28fr 

Central Java 2 3% 

Sumatra 11% 

Other  islands 2% 

High distribution costs in the outer islands  is the most  serious con- 

straint to an  increase  in fertilizer demand  in these areas.    Whilst  the 

average distribution nargir.  for Java is Rp.   8,400 per ton,   that for the 

outer  islands  is Rp.  12,900 per ton. 

3. In terras of end-product the foodcrop sector has come to rely 

less and less on  ammonium sulphate,  substituting urea.    Triple super- 

phosphate has become the dominant source of  P?°c-    This standardisation 

has been  largelv determined bv official  policías whi^h subsidize urea 

and T8P on rice and maize,  although  it   is  in  line with the relative 

profitability of different nutrient sources.    As yet  there has been 

little significant development  in the use  of compounds.    The trend over 

time on the estates  is not clear but we do know that there has been 

traditionally  a greater reliance on ammonium svlphate and compounds such 

as nitrophosphate than  in the foodcrop sector.    The Indonesian estate 

sector at present uses about 20,000 tons  per annum of  ground rock phos- 

phate as a VjO-  source.    Table II.3 shows  the  1970 end-product shares  in 

total nutrient  distributed. 
/Table II.3 
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Table II.3»    End-product shares  ot nutrient 

diatributcd  il.  Indonesia Iù 1C70   in   percentage» 

Total 

Food Crop Sector 

100 100 

Estate Sector 

N P  0 
2 5 

N P 0 

Urea 96.0 10.0 

Ammonium Sulphate 1.5 - 61.0 - 

Other .1 straights - - 1.0 - 

Triple superphosphate - 83.0 - 2S.0 

Other P straights - 1.5 - 31.0 

Campo->nd s 2.5 15.5 28.0 <*.• 

100 100 

**• In  1970 the area of cultivated  land   in  Indonesia  totalled 

approximately 18 million hectares.    From Table  II.1 we see  that in the 

same year distribution of the nitrogen and PO    nutrients totalled some 

230,000 tons.    On this basis the average application rate  to  agricultural 

land  in the country  is  12.8 kg.Aa.    This  is  very much lower than the 

rates  in South Korea, Japan and Taiwan,  tie   'ost  intensive fertilizer 

coneamers  in Asia,  whose rates  lie in tiie r ir.j-_  195 to 283 kg./ha.    It   is 

therefore worthwhile to sketch  in what nave  bten sosu of the constraints 

on  expansion   in   fertilizer  demand  in  Indonesia   in the past. 

*• Thc first constraint we begin with  is value-cost  ratios whert 

most of the work has been done on the nitrogen-rice relationship.    Experi- 

ments by the Central Research  Institute of Agriculture which have been 

conducted on the  response rates of paddy to N  show good results when con- 

trols are maintained for all other variables.     The average value-cost 

ratio was 5.5tl.    However,  fertilisation of trost traditional Indonesian 

varieties is not  reeoaraended because of the  likelihood of  lodging,   another 

data source is a recent farm survey of the rice sector which showed that 

/when 
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when other  inputs were allowed  to vary  the rat io of   the values of  the 

incremental  yield!   expect yd by  farmers to additional  nitrogen nutrient 

lay predominantly   in the rangt of  2-4:1  for  high yielding varieties and 

1-3:1  for non-HYV». 

However,   the results  from a survey   of crop-cuttings give a more 

pessimistic  picture.    These bring out not merely the average rate for  a 

crop or region but   also the frequence distribution of the outcomes.    Only 

this measure provides evidence on the risk   element  the famer faces in 

the decision  to   invest  in fertilisers  and associated  inputs.    The data 

suggest that  amongst every 100 farmers  in West and Central Java,  where 

the cuttings were   taken,   about  22 will   find   that the value of the incre- 

mental yield was  actually  lower  than V\a cost  of the ini ut package which 

included the fertiliser;  about  37 will  find  that the value approximately 

equalled the cost;   and only 41  will find a    clearly high value-cost 

ratio, with an average equal  to  Sil.    The last group is the only one to 

have gained from  the Investment.    Low yields  were principally due to 

inadequate water  supply,   insufficient wnux control,  pest  attacks and 

nutrient application to unresponsive plant  varieties. 

The latest evidence fron crop cuttings brings together ione 

of all these points.    The highest viele s come,  not  surprisingly,  fro« 

the HYVs,  but these also have the widest  vield distribution and therefore 

a very appreciable element of risk.    This is due to their greater sensi- 

tivity to non-optimality in other inputs, e.g. pesticides and water.    The 

evidence shows,   then, that auch higher nutrient application rates can  be 

expected in  the future with the spread of HYVs provided the farmer can 

be sure of  getting the right fertilizer at  tue right time,  with assured 

supplies of water and pesticides. 

This raises the problem of the W  seeds.    In the past many 

farmers have been disappointed by them.    This is due to the fact that 

in «any eases they have been using degenerated seed which was less fer- 

tiliser responsive and had a lower incremental yield than local improved 

varieties.    The farmers felt,  however, that the "extension seed" was even 

worse than their own.   At the same time village seed fans have faced e 

very bad marketing situation,  primarily due to the vary poor quality of 

/their 
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tbeir product.    However,   in the last  two years a number of new projects 

have bean  started both  for seed farms and  seed distribution and   improve- 

ments in  the situation  are already apparent  giving much more hope for 

the future. 

• • The second constraint concerns the  extension service.     In the 

paat the  Indonesian extension  service has  suffered from two basic weak- 

nesses!     extension officers have had very   little contact with  the indivi- 

dual farmer and extension has been  largely   limited to the information 

phase - radio, handouts,  lectures and field-days.    This is now frankly 

recognised  and over the  last  18 months the  situation has definitely begun 

to change.    Also there has been an attempt  to  formulate clear work pro- 

gresases and tiïikê during the  last season  showed  it was willing  to pursue 

a »ore flexible policy on the supply of inputs to the farmer. 

1» The third constraint on nttrient demand we wish to mention has 

been that the majority of farmers with one hectare or less of  land have 

been unable to repay or only partlv able to repay credit issued for 

fertiliser purchases.    Of total rural credit extended in Indonesia from 

1M5-66 to  1970 only one fifth was repaid.     Whilst the marginal  value- 

coat ratio for fertiliser application is believed to be relatively high 

on these farms,  the fact remains that a good part of additional production 

is  in practice allocated to the most immediate consumption needs.    The 

new credit policy introduced since 1970 will channel the majority of 

loans to the richer farmers and already repayment rates have improved 

significantly.    However,  it does mean that  the very small farmers are 

unlikely to constitute a growth sector for fertiliser consumption. 

The improved seed supply and extension  service changes mentioned 

above will themselves  improve credit repayment ntes by raising yields, 

and thereby ensure a greater supply of 'recycled'  credit for fertiliser 

purchase. 

8. In the light of these comments on  past demand constraints and 

current changes  in the situation for the better we feel that the rounded 

/106U-70 
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1964-70 growth rate  of  12  per cent for nitrogen will be maintained during 

the 1970s.     This  in   spite of  the fict  that  the base period  tonnages  arc 

now,  of course, much much higher.    As the new base we use the average N 

consumption of  1969 and 1970; consumption  in  these two years was  142,000 

and 166,000 tons respectively.-      Application of a 12% growth rate to 

this base givc3 estimated N consumption   ir  1980/81 as 540,000 tons. 

Rice will   remain  the  predominant  fertilizer user,  with  perhaps 

as much  as 90 per cent of  rice demand coming from the dYVs.     It   is  grown 

mainly under  submerged conditions and  d  losses  ir. gaseous  form frcxr 

nitrates may be heavy.    N  should therefore bo nrovi.ded in the ammoniacal 

form. 

9. With respect to phosphorus pentoxide we are driven to  specula- 

tion.    There  is little information in  Indonesia on the use of P2°5 " 

either on value-cost  ratios or on physical  response rates.    This  is  in 

part due to the fact that very  little  experimental or research work has 

been done where F30. was the principal  variable.    The lack of data may 

account for the large errors (in an upward direction)  in earlier pro- 

jections of demand for this nutrient,  a rather discouraging precedent 

for the forecaster. 

Undismayed by past experiences of unjustified optimism,  we 

feel  sure that during the  1970s the consumption of P„0   will grow at a 

markedly faster rate than the 4.3 per cent of  1964-70.    In the first 

place there has been verv  recently a clear quickening of  interest   in 

Indonesia amongst experimental workers,   extension officers and farmers. 

Second,  the year-by-year increase in nitrogen-application - and nitrogen 

demand will   increase by a factor of  3  in the  1970s - should begin to 

/reveal 

y   These are the best available estimates.    They differ from the 

distribution figures for 1969 and  1070 in Table II. 1 because of 

year-to-year stock changes and stock run-down caused not by demand 

but by product deterioration. 
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reveal PO    (and K-0) deficiencies  in the  soil  as these nutrients too 

are taken out of the soil by  increased food a d cash crop production.    A 

related point   is that  in 1969-70 the !UP._0    consumption  ratio was 2.7:1. 

The optimal  ratio for Indonesia is not known but  it probably does lie 

between 2  and  3 to I.    However,  the continued maintenance of a ratio of 

this order would not be consistent with a continuation  of the 1964-70 

experience of the ratio of growth  rates of demand  for H and ?^0    diverging 

in the ratio of  approximately three-to-one. 

Our final reason for expecting an  increase in  the P20    growth 

rate is that the future is  likely to bring with  it the production and 

marketing of complex fertilizers  in Indonesia.    The greatlv increased 

availability of NP fertilizers and the ability  to apply both nutrients 

at the same time is certain to raise the farmer's outlays on *2°5* 

We assume that the N:P 0    consumption  ratio in  1980-81 will  be 

of the order of 2.5:1.   This implies a demand for PjO    of some 220,000 

tons and an implicit average growth rate from the 1969-70 annuel average 

consumption,  equal to 57,000 tons-  ,  of  13 per cent. 

Of the 1980 total about one-fifth will be consumed by the 

estates.    We assume ground rock phosphate will provide approximately 

20,000 tons of total nutrient consumed.    For rice the end-product source 

is more or less immaterial,  in the plant biological  sense; for upland 

crops the information is not yet available. 

1/   Different from Table II. 1 for the sarae reasons as stated for nitrogen. 

/B-   Malaysia 
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B.    Malaysia 

1. Agriculture and forestry  continue to-day to  be Malaysia's most 

Important economic   sector.    Fifty   per cent of the countrv's  present 

12 million population work, in  agriculture where approximately  30 per cent 

of gross domestic   product is produce- ,  half of which come  from  rubber 

alone.    In 1970  rubber supplied  34   per cent of total  export  receipts. 

Malaysia is also   the world's  largest   producer of tropical   hardwoods and 

palm oil. 

In  estimating future nutrient consumption we  shall,   following 

Keomler's analysis,   adopt a product-by-prociict approach  for West Malaysia 

alone,  returning  to  the needs of  Sal.ah and Sarawak in a  separate para- 

graph.    (Remmler   1970) 

2. Rubber.     Of Wast Malaysia's 2.7 millior. hectares of  agricul- 

tural   land,  2.2  million  is devoted   to   plantation crops  and 0.5 million 

to food crops,    Rubber dominates  the  plantation sector with a  1968 total 

of  1*8 million hectares of which  1.1 million were in  amali-holdings  and 

0.7 million in estates.    The estates'   rubber area is decreasing  in favour 

of oil palms whilst  the smallholding rubber area is  increasing due to 

encouragement from  government-supported schemes.    To meet   the  serious 

competition from  synthetics the rubber sector is replanting on a consis- 

tent basis with new high-vielding clones developed by the Rubber Research 

Institute of Malaya and private  research institutes. 

These  institutes provide  an excellent fertiliser advisory 

service with detailed schedules  for  newly-planted and mature trees. 

Formerly, the main emphasis was  laid on phosphorus pentoxide particularly 

for establishing  a   leguminous cover crop in immature rubber plantations. 

At present the recoemended average n:F C   nutrient  ratio  for rubber trees 

is  111.I and for  a  substantial part  of inland soils nitrogen  in  fact 

outweighs P,0    in  the ratio 1:0.7. 

Most estate fertiliser programmes are well organised and their 

1969 consumption was already very close to the recommended rate.    The 

future growth rate will therefore be rather low, of the order of five 

/per cent 
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per cent per annum with an unchanged nutrient ratio.    The smallholdings 

rubber area will   increase by about  3 per cent  per annum and  fertilizer 

consumption can  be.  expected  to   increase at  a corresponding rate.    After 

1975 the annual  rate of  growth of  total consumption of nitrogen  and 

PO    will be at  the average,   let us r,ay,   of  the two rates up to   197b. 

1969 consumption  and  the  1975 and   1980 projections are given  in Table 

U.U. 

Table 11.4:    Nutrient consumption on rubber estates and 

melino Id in as  in West ^a lay sia  in 1969.  1975 and 1900 in tons 

Fertilizer consumption  in tons of nutrient 
Total rubber N P 0 

2 5 

Year Billion ha. Estates hofàtÀgs Total Estates hottings Total 

1969 1.79           12,500 9,300 21,300 14,000 10,300 24,800 

1975 1.87            16,700 11,700 23,400 18,800 13,700 32,500 

1980 1.90 ... 35,000 ... ... 40,000 

Armonium sulphate and ammonium nitrate are both widely used. 

Th« usual F 0    form,   in straights or -nixtures,  is ground rock phosphate 

fron Christmas Island.    In fertiliser experiments it has given satisfac- 

tory results under the prevailing climatic and soil conditions.    By 1968 

compounds accounted for about 50 per cent of total consumption  for rubber. 

3. Oil Balm.    Since the early  1950s  the oil pair» acreage has 

increased five-fold to 200,000 hectares in 1969 and is still expanding, 

loth the smallholding sector and the rubber estates have been diversifying 

their output by moving into this crop.    Nutrient requirements for the 

palm for vegetative growth and fruit bunch production are vary high and 

adäquate fertiliser application is essential.    Eight-year old palms can 

in a single year take up from the soil  128 kilogrammes of nitrogen and 

39 kilogrammes of P.O    per hectare.    The Department of Agriculture and 

private research stations have now established a well-organised ferti- 

liser advisory service on the basis of numerous experiments. 

/In Table II.5 
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In Table II.5 the 1969 consumption of fertilizer for oil palm 

production and Temmler1 s projections  for  1975 and   1980  are given.    The 

average growth rate of nitrogen  and P?
cc nutrient consumption over the 

1969-80 period  is 8.1 per cent  and  11.3 per cent  respectively.    Ferti- 

lisers used for oil  palms are  the same as those applied  to'ribber. 

Table II.5:    Nutrient consumption for oil palm 

production on estates  and smallholdings  in 

West Malaysia  in  19b9.  1975 and 1980 

Total oil Application rate Fertilizer consumption 
palm area in kg./ha. in tons 

in ha. N P205 N           P205 

1969 211,000 52 38 11,000 8,000 

1975 332,000 60 60 20,000 20,000 

1980 400,000 65 65 ' 26,000 26,000 

4. Rice.    It is now an objective of Malaysian government policy 

to make the country self-sufficient in rice.   A number of measures have 

been adopted to achieve this  such as a minimum price for paddy, a 30 per 

cent subsidy for fertiliser used on paddy and the introduction of high- 

yielding varieties.    Since 1968 a sister variety of the International 

Rice Research Institute's IK5 known as Bahagia has been introduced and 

it is believed will become the major variety used  in double-cropping 

areas.    The present recommended nutrient application  in kilogrammes/ 

hectare is 67-100 N,  34-45 P,0    and 17-34 K0.    This is estimated to 

give a 4:1 value-cost ratio. 

Table II.6 presents the consumption of nutrient by paddy in 

1969/70 on the single-cropped and double-cropped acreage.    The 1975 

figures are Kemaler's projections of acreage, application rates and con- 

sequent nutrient consumption.    The 1975-1980 growth rates for nitrogen 

and phosphorus are 11.4 per- cent and 12.5 per cent respectively.    End- 

products used are ammonium sulphate, urea, ground rock phosphate and 

compound fertilisers. 

/Table II.6 
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Table II.bi Nutrient consumption for rice production 

in West Malaysia  in  1969/70„   1975 and   1980 

Area planted in  'O00 ha.   Average appli- Consumption 

Ye*r Cr « *    SeCOnd Catlon k«-Aa. in tons Year Crop       crop        crep   Total      N       P o N P O 
2 5 r2 5 

1969/70 Single 255 _ 255 16 16 4¿100 4,100 
Double 101 101 202 30 20 6,100 4 j 000 

1975 Single 162 - 162 16 16 2,600 2,600 
Double 243 243 486 60 40 29,200 19,400 

1980 

 1 " 
50,000 35,000 

5- Pthfr grotf.    This includes cassava,  sweet potatoes, groundnuts, 

mai.«,  green vegetables,  pepper,  sugarcane, coconuts,  pineapples, bananas 

and other fruit.    Pineapples and pepper already receive heavy applications 

but the acreage is small.    If present private enterprise plans for the 

expansion of sugarcane production are realised, this crop could become . 

the largest single nutrient consumer in the "other crops" category.    In 

1969 consumption by "other crops" of nitrogen and P^ stood at 12,000 

ton. and 2,000 tons respectively.    By 1980 this could increase to 27,000 
tons and 9,000 tons respectively. 

6- SllLuftiAiif.    Sarawak and 8abah together cover 60 per cent 

of the territory of the Federation of Malaya.    In terms of agricultural 

area the figure is much lower,  at 36 per cent,    la.t Malaysia takes up 

about  10 per cent of the total fertiliser consumption of the Federation. 

Measured by area cultivated Sarawak's cropping pattern is 

»•inly given over to rubber and rice.    But it is pepper which accounts 

for over half the territory's fertiliser consumption.    Fertiliser end- 

product, used are similar to West Malaysia.    Sabah's main crop, in acreage 

tern, «re rubber, coconut.,  rice and oil palm.   Moat of fertiliser import, 
go to this last crop. 

/In Table II.7 
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In table II.7 Bast Malaysia's 19G8 consumption of nitrogen and 

P-0    are set out with projections for  1975 and  1980. 

Table 11.7:    Nutrient consumption in East Malaysia 

in  1968.   1975 and 1930 

1968 1975 1980 

N >2°S 
N P2°5 

N P 0 
2U5 

Sarawak 3,100        3,200 

Sabah 400 700 

last Malaysia        3,500 3,900 7,000        7,000 10,000 10,000 

7. Table II.8 brings together the nutrient consumption projec- 

tions for each crop and for East Malaysia.    In 1969 the total nutrient 

consumption was 56,000 tons of nitrogen and 46,000 tons of P-0    for the 

Federation of Malaysia as a whoje.    Thus the .implicit growth rate for 

nitrogen and P20    in the period  1969-1980 is 9.2 per cent and 9.1 per 

cent respectively.    P.O. will continue to be supplied in the form of 

ground phosphate rock.    If the percentage of nutrient supplied in rock 

form remains the same as it was at the end of the 1960s,  that  is 85 per 

cent,  then the p
2°5 nutrient requirement in the form of chemical  ferti- 

lisers will be only 18,000 tons out of- the 1980  120,000 tons total. 

Table II.8i    Estimated nutrient consumption in Malaysia in 1980 

Fertiliser consumption  in 1980 in tons 

N 1Ù. 
Rubber 

Oil palm 

Rice 

Other crops 

Bast Malaysia 

Total 

35,000 

26,000 

50,000 

27,000 

10,000 

148,000 

40,000 

26,000 

35,000 

9,000 

10,000 

120,000 

/C.   The Philippines 
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C.    The Philippines 

1. The importance of agriculture to the Philippines is well- 

recognized.    Agriculture and forestry contributed one-third of  gross 

national product  in 1970 and the proportion was actually  increasing in 

the late sixties.    Some sixty per cent of the labour force work  in agri- 

culture.    Four-fifths of total  export earnings come from the sale of 

agricultural products, the most  important of which are copra,  sugar, 

abaca,  pineapples,  forest products,  vegetable oils,  and seeds. 

2. A time-series if nutrient consumption is difficult to construct 

with complete accuracy because of the uncertainty  in year-to-year stock 

changes, the incompleteness of import statistics and the likely double- 

counting of imported materials used for domestic production of compounds. 

It is accepted that the PAO data are the best available and these are 

given in Table II.9. 

Table II. 91    Nutrient coniuwtion in the Philippines 

tor y«if in w 

Year 1962/63 1963/64 1964/65  1965/66  1966/67 1967/68 1968/69     1969/70 

N 48,000    52,000    53,000    58,000    66,000    64,000    63,000    71,000 

P0      25,000    22,000    23,000    25,000    28,000    24,000    45,000     64,000 

8ource:    PAO Annual Fertiliser Review. 

Using the annual average of 1932/63 - 1964/65 as base and 1967/ 

68 - 1969/70 as the end-period,  the rate of growth of nitrogen was very 

modest at 5.3 per cent per annua.    The correr ponding growth rate of 

phosphorus pentoxide was 13.7 per cent, all of the advance being regis- 

tered by the quantum leaps of the last two years of our time-aeries. 

The devaluation of the peso in February 1970 from P 3.90 to 

the dollar to a fUating rate which in 1971 was some P 6.40 meant a 

/severe 
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severe increase  in the price of fertilizers.    Between September 1969  and 

March 1970 end-pròduct prices rose by 41  - 73 per cent (TVA 1971).    As 

a result consumption in  1970/71 and  1971/72 has probably not  increased 

on the 1969/70 figure and may well have fallen back. 

3. In geographic terms nutrient consumption is highly concentrated 

Regional  estimates for 1970 to the nearest percentage point were: 

Southern Tagalog 38 

Western Visayas 23 

Central Luzon 18 

llocos 8 

All other regions 13 

TOTAL 100 

In Southern Tagalog, particularly Batangas and^Cavite provinces, appli- 

cation rates are very heavy compared with the rest of the country. 

Western Visayas is an important sugar-cane producing region.    Central 

Luson has priority rice programmes and is also a sugar producer.    (TVA 

1971) 

4. Consumption is also concentrated in terms of its distribution 

amongst crops.    According to E3FAC -    estimates for 1967,  shown in 

Table 11.10,  sugarcane and rice between them took up more than three- 

quarters of total consumption of each nutrient, nitrogen and *2°5' 

Kamm 1er has suggested that in 1975 these two crops will continue to 

dominate effective demand,  joined by maise;    the three together will 

consume 81 per cent of all nitrogen and 73 per cent of all *2°y   A more 

detailed study of these three crops is therefore justified. 

/Table 11.10 

y   Isso 8t«ndard Fertiliser and Agricultural Cheaicalfl Company.    Since 

these estimates were made Isso has sold its fertiliser business. 
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Table 11.10»     Nutrient consumption   in the Philippines 

by crop  in  1967  and  1975  in  percentages 

1967 1975 

Crop N P 0 
2  5 

N P  O 
2   5 

Sugar-cane 

Rice 

Maize 

All  others 

48 

30 

4 

18 

57 

23 

1 

10 

41 

28 

12 

19 

41 

17 

15 

27 

Total 100 100 100 100 

Source:     1967 ESFAC.     1975 Keratnler. 

5. Sugarcane.    Table 11.11  shows that only 4 per cent of all 

harvested  land is given uver to sugar-cane.    But it consumed 48 per cent 

of all nitrogen in 1967.    Therefore  sugar-cane uses about  27  times more 

nitrogen per hectare than the average for  all other crops.    The ratio of 

P-0    is even higher. 

Table 11.11»     1970 area harvested by major crops 

in the Philippines in  '000 hectares and percentages 

Crop Area harvested  ('000 ha.) % 

«ice 

lviaize 

Coconut 

Sugar-cane 

Banana 

Abaca 

All others 

3,113 

2,420 

i,a:>4 

366 

235 

173 

285 

37 

29 

22 

4 

3 

2 

3 

Total 8,476 100 

Source:     TVA 1971 

/Sugar-cane 
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Sugar-cane acreage has almost  doubled  since the early  fifties 

but  from the beginning of   the sixties yields have  decreased and  the  trend 

rate of ;>rowth  in production  for the  last  two decades has been negligibly 

different from zero.    The Philippines did not  fill   its expert quota  to 

the United States  in  the late sixties  and  its quota was accordingly  cut 

in  1971 by  the U.S. Congress.    The Philippines  special  ambassador  to  the 

United States  predicted  in May 1972  a  further cut when the new quotas 

are established   in 1974. 

With these points  in mind our orojection   for fertilizer demand 

in  1980 takes  the rather conservative ESFÄC estimato  for  1975 raised by 

ten  per cent.     This gives  199.0 consumption  as 52,000  tons of nitrogen  and 

26,000 tons of  P-,0..    A  low estimate   is  strongly confirmed by the  fact 

that  K67  data show that  the average,   recommended  rate  for nitrogen  was 

exceeded by  actual applications whilst  P^O, use was  as high as 83  per cent 

of  the recommended rate. 

nitrogen  is used  to an increasing extent   in the form of   urea 

but many growers  insist on  applying part of  it as ammonium sulphate. 

Other M sources are mono- and di-amr.ionium phosphate which, with NPK  com- 

pounds,  supplies virtually all the P,,0    uptake. 

6. Rice.    As we can  see from Tables ÏI.10 and  11.11 rice  is   the 

second most  important consumer of fertilizer nutrients and the most 

important of all crops, in terms of acreage harvested.    Acreage has 

remained fairly  stable  in recent years.    The remarkable increase  in  out- 

put  since 1966  is mainly due to the successful  introduction of the  new 

HYVs produced by the International Hice ¿esearch  institute and the  Bureau 

of the Plant  Industry.    The acreage under HYv's has  increased from  a negli- 

gible amount  in  1965 to about 30 per cent of the total  in 1968/69. 

In  1968 the Philippines achieved self-sufficiency in rice  pro- 

duction for the first time,  although in  1970 and 1971 there were  large- 

scale imports because of damage to crops by typhoons and the ravaging 

effects of disease on one of the new HYVs.    These set-backs appear  to be 

of a temporary nature and we can expect total production to equal  or be 

very close to total consumption throughout the 1970s.    Possibilities for 

export seem vary limitad. 

/Accordingly 
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Accordingly we expect rice acreage to change little over the 

coming years.     Paddy output may riae at  a rate slightly  above the rate 

of growth of population,   say four per cent  per annum.     Present rates of 

application are definitely below the recommended rates of approximately 

60 kg. nitrogen  and 40 kg.  of P20    per  hectare.    Room for growth in 

fertiliser dewand exists.    Furthermore,   new strains  developed by the  1RHI 

and BPI with a better taste and higher disease resistance may also 

encourage increased acreage  intensità of nutrient use.    On this basis 

the effective demand for nitrogen on  paddy could rise each year by say 

6 per cent and  for P^ at a higher rate.    Nitrogen  consumption in 1980/ 

81 we project to be 50,000 tons against 20,000 tons  of PO, a nutrient 

ratio of 2.5:1. 

7« Majje.    Maize  is the most important food crop in the Philippines 

after rice. Average yields per hectare have been very low. In order to 

meet the growth in demand, but with total acreage little changed, the 

government has been promoting HYVs. The target number of hectares under 

these new varieties has been set at 500,000, which is about one-fifth of 

present total acreage harvested. In 1967 maize accounted for only 4 per 

cent of total nitrogen consumed and 2 per cent of total P.O.. But the 

government's HYV programme, will boost these proportions. 

The Rice and Corn Production Co-ordinating Council's recommen- 

dations are 90 kg. N and 45 kg.    P^ per hectare.     If 90 per cent of 

total fertilUer consumption  in  1980 is on HYVs and   if  these cover the 

planned 500,000 ha., using fertilizer at say 60 per cent of the recommended 

rate then the effective demand  for nutrients  for maize  in  1980/81 will  be 

30,000 tons of N and 15,000 tons of PC. 

8. Other crops.    The most important of these are coconuts, 

pineapples, bananas, vegetables, abaca and tobacco.    Coconuts are the 

Philippines biggest export earner in the form of copra, coconut oil and 

des sic at ed coconut.    Experiment! on fertiliser response rates have begun 

in the last few years and rates of 80 kg. N and 60 kg. PO   por hectare 

have been recommended by the Bureau of Soil«.    Coconut could become a 

very considerable user of fertilizers but a numbar of probi «is such aa 

Aeftd 
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land tenure,   lack of  capital,   small   » .an,  siz^,   etc.   are holding demand 

in check.    1980 consumption nay be of  the order of  5,000 ton» of nitrogen 

and 4,00Q tons of  P2^s*    *1' other crops mav generate a demand in  the 

projection year for  say  35,000 tona of nitrogen  and   15,000 tons of  PO  . 

9. Table I(. 12  brings together  the crop-based  consumption estimates. 

Using 19C7/68 - 1969/70 as base-period,   th¿ rate  of   growth of effective 

demand averaged over  all  products  in  the twelve years up to 1900/81   is 

8.4 per cent for nitrogen and 5.0 per cent for P„0„ . 
2   5 

In terms of  the crop-wise distribution of  nitrogen,  sugarcane's 

share falls from ¡*8f>  in  1967 to 30%  in  1780/81.    On  the other hand  the 

share of maize rises  fro« «3b to  17%.    The same shift   in relative weights 

is even more marked   in the case of P Or.    It is the  relative stagnation 

in the growth of fertiliser demand from the sugarcane  sector which explains 

the slow rate of growth of demand for PjO.. 

Table 11.121    Estimated nutrient consumption 

in the Philippines in 1980/81 by crop in tons 

Estimated 1980/81 consumption 

Crop N % P 0 
2  5 

% 

Sugar-cane 52,000 30 26,000 32 

Rice J, 000 29 20,000 25 

Maize 30,000 17 15/000 19 

Coconut 5,000 3 4,000 5 

Other crops 35,000 21 15,000 19 

Total 172,000 100 80,000 100 

/D.   Th 
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D.    Thailand 

1. Agriculture is far and away the dominant  sector in the economy 

of Thailand in tarais of employment and value of exports.   Three-quarters 

of the labour force work in agriculture and in 1969  74 per cent of the 

country's exports originated in this sector, the most important products 

being rice, rubber, maise and tapioca in that order.    With the rate of 

growth of the Thai population at present exceeding  3 per cent and with 

the largest increases  in foreign exchange earnings projected still to 

coae from primary  products, the agricultural sector can be expected to 

maintain its dominant position throughout the 1970s. 

About 30 different crops are grown in the country of which 40 

are of commercial   importance.    These can be broken down into seven major 

categories: 

Rice 

Grains and forage (maise and sorghum) 

Fibre (jute, kenaf, cotton) 

Oil (caster beans, peanuts,  soya beans;  coconut) 

Fruit and vegetables 

Tree crops (deciduous, citrus, banana, coffee, rubber) 

Others (including tapioca,  sugarcane and tobacco) 

Klee is and always has been the most important crop and some two-thirds 

•f the country's 11 million hectares of cultivated  land are devoted 

to  it.    The major rice cultivation area is the alluvial Central Plain. 

Chemical fertiliser was first imported  into Thailand in the 

early years after the Second World War,  in the form of white ammonium 

sulphate.   This product became the accepted nutrient source amongst 

farmers.   As a result during the early 1950s Thailand was basically a 

nitrogen-using country.    In the late 1950s a gray 16:20:0 compound was 

introduced and also met wide acceptability.   The spread of fertiliser 

usage in the years up to 1960 was very modest and  in that year the country 

consumed a total of only 12,000 tons of nitrogen and phosphorus pentoxide. 

Table 11.13 shows the growth of the main  products during the 

period 1961/62 - 1969/70.   The first point to note is the high rate of 

/growth 



Page 11.21 

growth in effective demand for both nutrients from a low base-period 

tonnage.    Taking as base and end periods the three year  averages of 

1962/3 - 1964/5  and   1967/8 -  1969/70 respectively,   th£ annual  rate of 

growth over the  intervening five years was 27 per cent   in the case of 

nitrogen and even higher at  34 per cent  in  the case of P5°s- 

These aggregate growth  rates hide a pronounced  shift  in the 

type of end-product  purchased.    Dividing the products  into two groups, 

low analysis straight fertilisers  (ammonium sulphate,  ammonium nitrate, 

other nitrogen fertilizers,  superphosphate and other phosphate fertilizers) 

and  high analysis and complex fertilisers (urea,  ammonium phosphate and 

other complex fertilizers) we can deduce from Table  11.13 that whilst  in 

1961/62 the relative  shares in total consumption of the  first and second 

gl Dups was 51 per cent and 49 per cent respectively,  by  1967/68,  the last 

year for which we have the product break-down, the relative shares had 

changed to 22 per cent and 78 per cent.    This is effectively symbolised 

by the displacement of ammonium sulphate by ammonium phosphate as the 

No.  1 nutrient provider to Thai agriculture.- 

2. For many years fertiliser use was mostly confined to fruit and 

vegetable cultivation in the Central Plain for the Bangkok market. 

Accurate statistics do not exist on fertilizer use broken down by area 

or by crop.    But it appears that some 60 per cent of total fertilizer 

consumption is taken up within a 100 kilonetre radius of Bangkok.    It was 

/the fruit 

1/   One uncertainty in the data sources is the quantity of urea used in 

agriculture.    Mueller has suggested that as much as 80-90 per cent 

of the urea produced in Thailand or imported goss to industrial uses 

such as glue, mono sodium glutamate and various fermentation processes. 

/"Mueller 1971 J?    If this were true it would tend to diminish the 

rate of growth of consumption of fertiliser nitrogen because urea 

makes up an increasing proportion over time of total nutrient con- 

sumed in Table 11.13} but even with 90 per cent industrial usage the 

rate of growth would not fall below 25 per cent. 
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the fruit and  vegetable growers who  pioneered the use of compounds on  a 

significant   scale.     These  farmers   arc  regarded  us  the most progressive 

of all due to  their  educational   levels  and financial   status.    (Cavuaoglu 

1970).    Complex fertilisers and mixtures have been  preferred because   they 

are less bulky than  straight fertilizers.    They  also combine the NP and 

NPK nutrients  homogeneously enabling farmers to  apply  them more accurately 

and easily than combining  straights.    Vegetables   in  particular are   said 

to show a remarkable response to  fertiliser use.     13s 13t 13 mixtures  are 

widely  used. 

During the  1950s and early  1 -60s there was  widespread  pessimism 

on the likelihood of  rice farmers  using  fertiliser.     Since then  there  has 

been a remarkable change  in the  situation and now  it   is estimated  that 

about one-half of total consumption on N and P?0'   goes on paddy.     In   1970 

Kemmler pointed out that  in the case of a farmer  following the fertiliser 

recommendations of the Department  of Agriculture the value-cost ratio  of 

fertiliser use was as high as 3.3  - 6.7:1.    (Kemmler   1970)   Ammonium 

phosphate has  been particularly popular amongst  rice  farmers. 

Thus rice,   vegetables and fruit, dominate the consumption  of 

fertiliser in Thailand.   After these three the most  important crops- are 

probably tobacco, rubber, maise and sugar-cane. 

3. Wo now look at  the main determinants of  the changes  in  aggregate 

and product-wise consumption described in paragraph 2  above. 

Prices.    Table 11.14 shows tho prices Thai  farmers had to  pay 

in 1965 and 1969 for nine different fertilisers when  purchased on credit. 

The price reductions have been very  large,  in all cases but one they  lie 

in the 14-25 per cent range.   This fall played a major role in the large 

expansion of demand over this four-year period.     (See Table 11.13.)  There 

is no clear correlation between the magnitude of  the fall in price and 

the magnitude of expansion in volume demanded:     for example, the price of 

ammonium sulphate fell more rapidly than that of ammonium phosphate,   but 

as we have seen the volume of ammonium phosphate consumed increased much 

more rapidly  in the second half of the sixties than did asmonium sulphate. 

/Table 11.14 
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Table  II.14:    Fertiliser prices on credit to Thai farmers 

1963-69 in baht per ton 

Product Analysis Price to  fanner 

1969 1965 

1969 price 
Change per nutrient 
1965-69        ton 

Potassium chloride. 0:0:60 2,000 1,510 -24 2,520 

Compound 12:24:12 2,900 2,800 -  4 5,840 

Compound 13:13:21 2,L?00 2,300 -18 4,900 

Urea* *6t0:0 2,800 2,400 -14 5,220 

Compound 14:14:14 3,200 2,400 -25 5,720 

Con pound 13:13:13 3,200 2,600 -18 6,660 

Ammonium phosphate 16:20:0 2,800 2,300 -18 6,400 

Ammonium sulphate 21:0:0 1,700 1,300 -23 6,200 

Superphosphate 0:20:0 1,600 1,360 -15 6,800 

•Cash prices. 

Sources    prices from Cavusoglu 1970. 

Table 11.14 also shows that a correlation exista between price 

per ton of nutrient and the percentage of nutrient in each ton of ferti- 

liser.    The products in the table have been ranked in terms of their 

analysis.   Potassium chloride,   for example,  has the highest analysis and 

the lowest price per nutrient ton.    Superphosphate has the lowest analysis 

and the highest  price per nutrient ton.    The fit is not perfect:    the 

12:24:12 compound,   in particular,  seems to be considerably over-priced. 

It  is not only fertilizer prices which effect consumption, bet 

crop prices too,  because for the farmer the relative price of fertiliser 

and crop plus their agronomic yield relationship is what determines his 

value/cost ratio upon fertiliser application.     Unfortunately we do not 

have time-series data on crop-prices received by the farmer.    But we do 

know that the farmer is price-sensitive.    For example, whilst the area 

devoted to kenaf,  or Thai jute,   increased rapidly in the decade of the 

sixties, present usage of fertiliser is very  low.    One of the reasons 

/cited 
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cited    by Kemmler  Is the price fluctuation  of the crop.     In other cases 

fertilizer use followed by  higher yields has had the result of a fall   in 

price  received  for the crop.    This  is a clear example of  inelastic demand 

for the crop checking expansion  in the derived demand for fertilizer. 

4« Import  policy-    Up to the mid-1960s there were no quantitative 

restrictions on  the import  into Thailand of fertilizers.    A charge of 

approximately  7  per cent of  the c.i.f.  price was  imposed  in transferring 

the product from  steamer to godown to cover a government  ad valorem tax 

and the transportation charges of the government-owned Express Transpor- 

tation Organisation.    /"TVA  1966 ? 

In 1967 Thailand's first chemical fertilizer plant came on- 

stream at Mae Mo near Lampang, producing amaonium sulphate and urea.     It 

is owned by the Chemical Fertiliser Company Limited.   At the end of the 

previous year ammonium sulphate imported from Japan was sold at 1,250 baht 

per ton.   Mae Mo marketed its output at the same price in  1967.    Within 

8 months the price of imported ammonium sulphate had been slashed twice 

by the Japanese to 900 baht, a 28 per cent cut.    This was lower than the 

production cost of the indigenous product.    Furthermore,  profit margins 

and credit terns offered by importers to dealers were more favourable than 
those offered by Chemferco. 

By June 1968 Mae Mo»s unsold stocks exceeded  35,000 tons and 

the factory ceased production.    In the same month the government banned 

the import of ammonium sulphate and urea.    Excess stocks were slowly 

liquidated and production was restarted at the beginning of 1970.   : 

(Cavusoglu 1970)   After the  import ban importers  increased tremendously 

their import of nitrogen fertilizers other than ammonium sulphate and 

urea and in January 1970 the government imposed a ban on other nitrogen 
fertilisers. 

The situation then has been complex.    The appearance of Mae Mo 

led to a fierce price war and considerable price reductions for the farmer 

in 1966-68.    Thereafter, the ammonium sulphate and urea ban led to 

importers switching into other nitrogen products in 1969.    Finally the 

total nitrogen  fertiliser ban in 1970 held back the consumption of all 

/these 
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these products.     This analysis  is confirmed  in  aggregate terras by Table 

ItD where we  see a strong surge in nitrogen consumption up to  1967/68 

which is checked  thereafter.     P20    consumption continues to grow after 

1967/68 but at  a much slower rate. 

The import legislation still  permits Chemferco  itself to  import 

ammonium sulphate and urea.     In Table 11.15 we show the 1971  pricing 

system.    The c.i.f.  to wholesaler price increase  is very high indeed, 

92  per cent and  121  per cent  in the case of ammonium sulphate and urea 

respectively.    These mark-ups alone constitute 40 per cent and 46 per 

cent of the price to the farmer on th¿ respective products. 

Table 11.15:    Post-1969 pricing system for ammonium sulphate 

and ureo in baht per ton 

Ammonium      Price Price 
sulphate    increase       Urea        increase 

FOB Japan 500 - 960 • 

Freight 150 - 150 _ 

CIF Bangkok 650 30% 1,110 16% 

Chemferco price to wholesaler* 1,250 92% 2,450 121% 

Price to farmer 1,500 20% 2,940 20% 

* Domesticali/ produced or imported. 

Source:    Mueller 1971. 

5« Credit.    In 1966 the Thai government launched a project aimed 

at providing credit to farmers for purchasing fertilizer.    Later the 

credit was distributed primarily through agricultural co-operatives. 

This led to co-operatives bulk-purchasing from wholesalers at cheaper 

prices.   About 6-10 per cent of total fertiliser consumption in 1969 was 

financed in this way.    It is of considerable interest to note that in 

that year only 34 per cent of total credit applications were granted. 

The lesson is clear.    Greater availability of credit could lead to a 

vigorous expansion of fertiliser consumption. 

/Confirmation 
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Confirmation can be found for  this  in  the case of tobacco.     The 

Tobacco Monopoly of Thailand ensures the fertilization of almost the 

entire crop by providing credit to the growers. 

However,   the credit  situation  in Thailand at present  is not 

good.     Indeed, Donner has said that it  is on the verge of collapse.    Dis- 

tributors hesitate to establish new dealers because they are not  interested 

in expanding their volume of fertilizer credit and thus acquiring addi- 

tional bad credit risks.    (TVA  1966)   The fanners themselves are deep in 

debt,  an average of  8,000 baht per family  and the average  interest on this 

debt is at a rate of 28 per cent per annum.    (Donner 1971).    Donner 

estimates that present credit needs for fertilizer alone are 500-600 

million baht.    If these views are correct then clearly the continuing 

progress of Thai agriculture depends on resolution of the credit problem. 

6. Enough has been said in the previous paragraphs to demonstrate 

that  it would be quite invalid to estimate consumption  in 1980 on the 

basis of projecting the growth rates of the 1960s.    As we have seen they 

were 27 per cent per annum for nitrogen and 34 per cent per annum for 

P2O5. 

Taking the 1967/68 - 1969/70 annual average  is base, we can 

foresee only a very modest growth in the short-term primarily because o" 

uncertainties in the import position.    However,   if this problem is dealt 

with in a way which is satisfactory to the domestic producer but which 

permits unrestricted entry of imports once again, the situation will be 

most encouraging.    The present c.i.f. - domestic wholesaler mark-up is 

sufficiently high that resolution of the import problem would probably 

permit price cuts for nitrogen of up to 35 per cent to the farmer and 

smaller reductions  in the price of P2°s*    Tnis wil1 brinS about a large, 

once-for-all surge in the demand for both products.    Thereafter the 

growth rate of consumption will  settle down to a somewhat lower but 

steadier rate, the maintenance of which will necessitate the provision 

of an adequate agricultural credit system. 
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The underlying situation, then,  is  excellent.    In terms of cropc, 

one cm foresee that UP compounds will continue to  spread amongst rice 

farmers, with nitrogen supplied in the mnoniuru, not the nitrate form. 

However, Thai rice which is of tno tall Ino lea variety, will never become 

an intensive fertilizer user as it it liable to lodge with heavy nutrient 

application.    Only if there were   a shift into high yielding varieties would 

this  change,    nt present this seems unlikely since the success of the 

country's  export trade in rice is founded on the excellent taste  and cooking 

qualities of the present Indica, grains. 

Maize is likely to  continue  at least its mode3t expansion in 

demand for compounds as exports rise.    Tobacco, of the local not the Virginia 

variety, has first-class export nrospects and is already an NPK user.    The» 

credit system here Ì3 particularly encouraging.    Rubber, too, is a good 

potential user and fertilizer recommendati.ns for it are particularly heavy. 

Fruit and vegetables will .lointain and increase their de:aand for compounds. 

There is a continuing need to educate the farmer whose understanding 

today is based on colour and brand with little knowledge of analysis variation. 

There is a need for improved extension services.    The 1970s will also bring 

a closer understanding of the agronomic yield relationship as   \ result of 

long-tern experiments at present being conducted by the Department of 

agriculture and the UNDP Soil Fertility Programme.    Finally, consumption 

will undoubtedly be encouraged by the fulfilncnt of the present plans for 

irrigation,  flood control and drainage projects. 



7. 

Page  11.29 

Table  II.lo 3«ts out the as3urv:t!   >rowt;,  r-ite f;r nitrogen and 

P?0    up to 1980-81. 

Table  11.16 - Forecast  i-te   >f Growth  of outrient. Consumption 
in Th.ilLint' 1968/69 - 1980/81 in per cent per annum 

Year 

Growth rate   N 

P2o5 

1968/69- 
1972/73 

vmln> 
1974/75 

20'/ 

15/ 

1974/75- 
1980/81 

i2>; 

12^; 

1963/69- 
1980/81 * 

10.9 52 

10.Ö «g 

*   The equivalent   over 12 years of the three component growth rates. 

The equivalent    f the; three component growth rates in the case of 

both nitrogen and FJX is a little- short of 11 pur c.nt per annum.    Projected 
2  5 

consumption in 1980/81 of nitrogen is 178,000 tone, and 136,000 tons of P^. 

Of this total we can speculate that 15 or cent or less w.ill be applied as 

straight fertilizers.    The rost will bo applied in the for    of complex or 

blended fertilizers. 

E.   ASEAN 

Now we h'ive all the infornati n necessary to e stiriate the 1980/81 

nutrient demand for ASEAN as-a whole.    It will be noticed that Singapore has 

so far beon left out of account.    The Singaporean agricultural sector is 

extremely snail in absolute size because of the island's United total area. 

Market gardening and orchid growing are the most important agricultural 

activities with farmers using organic fertilizers such as pig and chicken manure 

and prawn dust.    Chemical fertilizer use is predominantly for the Garden City 

Programme on public parks, gardens, flower beds and s   forth.    Total consumption 

of fertilizer materials is at present Tly about Z»0 tons. 
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In Tabi;.   11.17 we bring together tiie demand forecasts for each 

of the ASEJIN countries. 

T.iBLE 11.17 - Esti.-p.ted Nutrit-nt '".>n sumption in the 
.•••SE-iN  Ountrls  in 19c>0/81 in tons 

Estimated nut ri i.-nt consumption in 1900/ 81 in tons 

Country w A' P2O5 % Po0c   x 
2  5^ 

GHP 

f2 

Indonesia 540,000 52 220,000 40 200,000 46 
Malaysia. 140,000 14 120,000 22 18,000 4 
Philippines 172,000 17 00,00/ 14 80,000 18 

Thailand 178,000 17 136,000 24 136,000 32 

.ISEMUI 1,038,000 IfiTi 556,000 100 434,000 100 

1. Singapore's  consumption ir   -.nt' id 11  c ntinue t    bo  negligible 

2. Excluding ground rock phow-iiaU   (GRP)  -s  " nutriont source,  that is, 
including only manufactured  cho'dc 1  fertilizer s urces of P_0.. 

The tw.   most distinctive   fe" tures of the table arc that Indonesia 

is estimated te be th.   dominant  ftrtili^.r c nsumer of the iiSEAN countries 

in 1980/81.    Second, that in the   sane year i'alaysi- will be the smallest 

consumer,  by a  considerable ;.v<rgin, when ground rock phosphate supplies . re 

exc.'-Uded,  that  is when ^nly   manufactured  chemical fertilizers are counted. 

This is the most appropriate  figure fro;:i the point of view of the renuircments 

for expansion of fertilizer production in the arc1. 

In o-'Ch o-' the  country studies we used base-period consumption estimates 

to calculate- the rate of growth of demand for nitrogen and for phosphor*» 

pentoxidc from all sources,  i.e. including ground rock phosphate supplies, 

using the same base-period data summed for the /.SEAN region as a whole, it c>n 

be calculated that the rate of growth of consumption of nitrogen in the twelve 

years from the  end of the I960»s ur, to 1980/81 will be approximately 10.1 per cent. 

The corresponding figure for P_0- is 9,5  per cent. 



SECTION III 

PRESENT AND PLANNED SUPPLY OF FERTILIZER IN THE ASEAN COUNTRIES 

The existing and plannt d capacity oí the ASEAIM  countries in t< rms of 

plant nutrients, N & F„0    - is sunnarizod in Table III-l.    This Table also 

gives the ostinateci consumption of fertilizers for the yciir i9eu and  Ine 

shortfall between consumption and production for th?t year. 

In considering future capacity, it wns assumed th*t ? 11 existing and 

proposed plants in the ASEAN area would be operated at rated capacity, and 

the 52,000 metric tons of N capacity, as ammonia in the Philippines, would 

be converted to fertilizer use. 

Only the Pusri II project, which has been approved and financed, was 

considered as being assured future production.    The proposed M expansion in 

Malaysia and the completion of the superphosphate plant in Indonesia, are 

very much in doubt, so they are not included.    In any event, the Malaysian 

N expansion would have to be based on imported ammonia which could be supplied 

from regional production. 

The capacity of the fertilizer plants in the ASEAN countries as the 

situation now stands, can only supply 43.3# of the nitrogen and 16.2/' of the 

phosphate requirements of the ASEAN countries in 19ÖG. 

In terms of plant nutrients, additional production facilities should be 

constructed between now and I960 to produce 595,000 metric tons per year 

(2190 metric tons of ammonia per day) of nitrogen, and 368,000 metric tons 

per year (1115 metric tons of TJ). per day) of P^O^ as phosphoric acid, with 

conversion facilities to produce solid straight and compound fertilizers 

in order to satisfy the needs of the ASEAN countries. 

The projected supply-demand relationships clearly indicate that by 19Ö0 

new facilities of adequate size to be economically competitive with imports 

from any part of the world, could be established in the ASEAN area.    This is 

particularly true because of the availability of a most important raw material, 

natural gas, at a low cost in Indonesia.. 
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SECT li-:   IV 

3U5GESTED RBGIC^L PU.V3  .'Oä '>-I.P'VIJ.ï;«!:
!
  I '   .i'Tr! i^lflTLIZE.   I"D''5TRY 

A.    Introduction 

A r vi«, w of previous re¡->ortí> .vxì  c.)nrur'¡ptior.  fi^u-   r'     ;    :'  ri Ili :  re 

in the Asian countries  shows a v rv  inrkV trend  towards tio   uni.   of  ^rnnul'.r 

conpound  fertilizer of M-F and   J-F-K ¿rr.ides. 

Developing countries often establish a nitrogen  industry first,  followed 

by a phosonate industry,  and finally a mixed fortilizi r industry.      ru:ir-  ir 

what is happening in most of the MSEAN countries except the Philippines. 

The above  sequence has disadvantages since   it is likely to make th... installation 

of total industry more   expensive, and it makes it more difficult to  give the 

farmer the balanced fertilizer that he need?. 

Also,   farmers are often illiterate, well-trained advisors  few and 3oil 

analysis laboratories may be lacking.    It would so«.-:a oest t. piovio«.  the farmer 

viith ;,\ixed fertilizers,   conpound ed on  the  basis of   the > est information available 

for the crops and soils of the area,  vritï   due  re g; rd to costs. 

Víhon nitrogen and  phosphate fertilizer facilities arc planned separately, 

problems may arise that  could be avoided by a  mort   integrated approach.    For 

instance, if urea  is chosen for the nitrogen fertilizer and triple 3uoerpho3phatc 

for the phosphorous fertilizer, any attempt to mix  these two materials except 

by special techniques of a. irioniating th«   superphosphate and granulating the 

mixture simultaneously,  results in a wet, sticky raixture that is unusable. 

.»lso, money may be wasted in granulating two materials in separate plants 

when the two could be combined m¿ granulated in P. single plant.     This is very 

true in the case of compound fertilizers containing urea, since  all of the 

concentrating and prilling equipment for the urea plant is eliminated at a 

very large investment savings. 



Section  IV 
F'W:   2 

A matter of  print    importa, i e c iw  the c>st   ..f the  finished fertilizare 

delivered to th-, far'tor.     The   actual .<-anu:' <cturing  costs art   often no more 

thnn half of the final  cost.     Handling, bagging,  transprt,  sto ragt   ano 

distribution costs nviko   up f> iarg*   percentage of the fin.il cost,  ;,nd for 

these reasons an economic evaluation usually favours high analysis  fertilizers. 

Wiils only the GIF cost  ic auee;  in e v .luating, the various schönes in this 

re-port, the  -jbove has  influenced tfv.  thinking in selection of oroducts  and 

processes. 

For the«dîove reasons, the technology of  providing high analysis  |!-F 

and ii-P-K granulated fertilizers or inter: cediate ! re ducts for e.roducing this 

type of fertilizer in v/ell-integr'tec   riants has boon chosen as the basis 

for this report. 

The inclusion of potash in the commune*   fertilisers has only been 

included to the  extent  that the  addition of  potash  to the granulation  plant 

affects the capacity of the plant. 

The production of  nitre-phosphates, produced by the acidulation of phosphate 

rock with nitric acid,  wna considered because of the possible saving on sul- or 

iriports, but has not been included because they are not suitr.ble for Daddy 

rice, there being some danger of spontaneous combustión of nitroohosph-'tcs 

during storage and shipping when they include potr.sium chloride.    There pre 

strong indications that  in the wet fields of warn climates they are inferior 

to the non-nitrate fertilizers, and they aro  a relatively low-grade fertilizer. 

For reasons similar to the above, the production of armonium nitrate has 

not been included in this study. 

Aiiv-onium sulfate,  v/hdle  considered a "!• 's-lxeu"  iVrtiiizer due to  its 

low analysis,  3till  remains a  "tradition fertilizer" for use on nadd;    rice 

although  it is rapidly being replaced by urea.    liore than adequate  supplies of 

by-nroduct ammonium sulfate are available on the world Market ;,t  prices th t 

nake loc.l production uneconomical (l), 

(1)    National Fertilizer Study - Indonesia - Annex V page 1^ 
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In view of the   /ibove,   ui\.   !r's L  on  lirct^d  ."3 the nitropen compound   'for 

both  straight nitrogen fertilizers "md  IK>-  <n ee'o'qinant nitro^m c mor unod 

in compound fertilizers in this study. 

F;>r fertilizer compounds containing  ^J-P and/or ii-P-K nixtures of urea, 

armonium phosphate,  r>nd  potash and mixtures of urea,  triple superphosnhatc, 

ammonia,  and  pot--sh were  considered with thr   former bcinr select:-'  - :•  tho 

optimum to present in the   study because the aiimoniurn phosphate based  corinound 

fertilizer gives th-   highest analysis.    The cost  per unit of plant  food,  bulk, 

ex-factory for monoaiv.ioniun Phosphate based fertilizer is only r,bout $0,10 

higher, "nd the water solubility of the. phosphate content is higher.     The $0.10 

per unit of plant food higher cost of this fertilizer disappears by the time 

bagging, distribution, freight and sales cost arc added to each product,  raking 

the triple superphosphate besed ¡.interini more  expensive to the firmer. 

A very wide variety of N-p and iï-P-K ratios in the con¡K>und fertilizers 

used in the ares exist t »day with Uu  pattern  changing yearly as the  fertilizer 

riarket grows and develops.     It ir, impossible  to e eternine the aver \ge;  grr,dc 

of fertilizers in use  in the   "re"   tod.-:; or what  it will be ei^ht years  hence, 

30 prilled urea and a 23-23-9.5 granul. r fertilizer v/ere selected being ••   c"1 -sc 

representative of the average analysis of   fertilizers  y>roc:ucce! by the.  fertilizer 

complex plants covered in this report. 

B.    Proposed ASEAN Regional fertilizer Conplexes 

The proposed solution for providing production facilities to 

supply the ASEAN area with fertilizers (brscd on availability of raw interi-Is 

and consumption patterns)  has resolved into the two plans which follow:- 

1.    ASEAN Regional Plan I 

In Plan No. 1, both nitrogen and phosphate production facilities 

arc integrated into <   fertilizer complex producing prillod urea and granular 

conpound fertilizer. 
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Nitrogen pr^ucti n   i.:   : •••o. .    J:;  I;..   U.>     .;       -  r. ''H '-;.'.;   ;i* c>., r>y. Iníu. nesiin 

natural ffis which results   iti two     1 .-.-•.i  c^, ipUxcr    t ' if ï>- r •;!   locations.     Phosph' t,. 

production ir   -'Ií;O  split  • •nuail;.   *i-tw-"eri i',•.:'  tw<  complexes,     í.K.  i ..LL *í..¡ü 

production units ''t  indicóteJ  r.    aeit'i,¡2 o'prist, the  plant  er, ml xes: 

THDLE IV - 1 

Alimonia Plant 

Urea Plants - 6% solution 

Prills 

Sulfuric Acid Plant 

Phosphoric Acid Plant 

i'Ionon¡.TOoniura Phosphate Plant 

Granulation Plant 

Conple-x JI Complex 31 

950 1250 

950 950 

470 1020 

1500 1500 
r ' r\ 560 

íoao 1080 

2440 2440 

ASEAN Regional Plan I is shown schematically in block flow Di a grin Mo. 1 

2.   ASSAM Regional Firn II 

In Plan No.  II,  nitrogen ^r\à phosphate production arc separated, 

however, the nroduction of granular compound fertilizers is produced in the 

phosphate plant complex and  also in one of the nitrogen plant complexes.    Phosphate 

is shipped as monoaitinoniuia phosphate  (powder)  fron the phosphate  complex to a 

nitrogen plant complex, and a very low-vapour pressure ure-—amr.ionir  solution 

(5psig at 105 degrees F) is shipped from one of the  nitrogen plant complexos to 

the phosphate plant complex where the ammonia is stripped from the solution and 

used to nake nonoatxioniun phosphate.    The reiaaining urea  is concentrated and used 

in combination with solid ure^ to produce granular compound fertilizers.    Nitrogen 

production is again based on the use and availability of cheap Indonesian natural 

g<'<3. 
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The  following product/ .n  unit? wit1, their cecities  c uprise the plr>r>t 

c<: nplexes : 

TABLE IV - 2 Complex JIT Complex SII Complex BII 
Metric Tons Metric Tons Metric Tons 

day day 

AiTunonia Plant 950 1250 — 

Urea Plants 83ft Solution 1020 565 - 

Prills 650 1120 - 

Armonia-Urea Solutions Plant - 1510 - 

Sulfuric Acid Plant - - 3000 

Phosphoric Acid Plant - - 1120 

Monoansnonium Phosphate Plant - 2160 

Granulation Plant 2660 • 2220 

ASEAN Regional Plan II  i E  shown schematically in block flow diagram no.2 

c ?r?9W flirti 

A brief description of the process plant used in the study is 

given below: 

1.    Ammonia Plants  (NH~) 

The ammonia plant is based on a unit utilising high presaure reforming 

of natural gas, or naptha  reforming, desulfurization, C02 removal by M.E.A. 

methanation, compression,  and anraonif synthesis using centrifugal compressors 

and steam turbine. 
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2. Urea Plants  (NH,,)  2CO 

f>)    8313 Solution Plants 

The urea solutions plpnt is based  on a tot»! recycle plant producing 

fin 83';'' sclution of urt"1 which is used in the grvinul-tion plant to produce compound 

fertilizers.    No facilities are provided with this unit for concentrating and 

prilling urea. 

b)   Prilled Urea Fiant3 

The prilled urea plant is based on a  total recycle plant r<nd includes 

•->11 facilities for concentrating and finishing the ure?. Lito a usable fertilizer. 

3. Su¿fu,rjc Acjd, fjaqU (H2
S(V 

The sulfuric acid plants are based on  the burning of elenental sulphur 

to produce sulfuric acid. 

4. Phosphoric Acid Plant (H^) 

The   phosphoric acid plants are based on the reaction of  sulphuric acid 

with phosphate rock to produce phosphoric acid and gypsum (calciur; sulfate 

dihydrate) with the gypsum being separated fron the acid by vacuum filter. 

The resultant acid is concentrated to k5% PjOç  strength for U3e in '.»king 

»no no ammonium phosphate powder.    The plant includes all rock processes facilities 

and gypsum disposal. 

5. Monoammoniun Phosphate Plant    (Powdered)    (11-52-0) 

The monoammonium phosphate plant is b; sed on recent process developments 

where flimonia ia reacted with phosphoric acid  -vt  elevated températures and 

pressures and the product of reaction is sprayed in a tower where the water 

in the solution is flashod and a dry powder is  produced in the process. 
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The average analysis of the inonoaj.;."ioniun d rosoliate powder is:  N-11.C#; 

^2^5~52.0'/.>,  H^O - 6.0$.    Although the moisture content is relatively high, 

the -laterial  is dry in appearance,  can  easily be granulateci with  other 

fertilizer mterials or annoniated to diannoniun phosphate and granulated, 

and has excellent handling, storage,  and shipping qualities.    Capital investment 

for the process  is low. 

6.   Granulation Plants 

The process proposed to be used is based on the TVA amnoniator - 

granulator process using powdered (fine) dry feeds as opposed to the Dorr-Oliver 

slurry process.    This process has the advantage that the "recycle" requirements 

are at least one half of that required by the slurry process, rnaking the 

capital investment  lower in proportion.    Much larger capacity units can also 

be built due to the fact that the capacity of the materials handling equipment 

required for the "recycle" is the Uniting factor.    Feeds to the granulation 

plant wculd be raonoa.inoniun phosphate  (powdered), annonia,  phosphoric acid, 

urea solution and potash.   VJhile a single product analysis of 23-23-9.5 js used 

in this study for cost comparison purposes, the granulation plant  proposed is 

extrenely versatile and depending on the r-.w materials feu to the plant, can 

produce almost any combination of M-P and N-P-K ratios desired,  including 

granular fertilizer containing Magnesium.    Sone examples    f ^ssiblc: N-P and N-P-K 

ratios are:    27-27-0, 19-19-19, 19-48, 12-50 and 22-22-11. 

D*   Estimate of Capital Requirement for Regional Fertilizer Complexes. 

While there are a variety of methods, processes and raw materials which 

can be used in the production of amionia, urea and granular compound fertilizers, 

this study has  evolved to a presentation of those unit operation and raw materials 

which appear to have econonic Justification under the conditions which exist in 

the ASEAN area. 
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The.estintori  investirent cost for the proposed fertiliser plant complexes 

for ASEAN regional plans I ,ind II,  arc  given in Tables IV- 3 & 4. 

A briof explanation of the  items  that • lake up the  investment cost follows: 

1. Battery Limits Plant 

A complete operating unit which when supplied with adequato quantities 

of specified  raw ¡¡ateríais and utilities at its battery Units is cambio of 

producing the products specified at the rated capacity.    Br.ttr:ry*linit investment 

costs were taken from IV - figures 1,  2 & 3, which were prepared fron published 

cost ratio figures referred to under Section I,    which have been adjusted to 

ASEAN conditions. 

2. Offsites 

Offsites are the necessary ancillary and support facilities required to 

keep the battery limit unit3 operating efficiently at rated capacity.    They 

include such items as the power distribution systen, water 3ystens, laboratories, 

shops,  offices,  stean generation,   raw   .aterial and product storage etc. 

3. Spare Parts 

The requirement number and kind of spare parts or complete itens of 

equipment required to place each unit in operation and cover operations for a 

period of two years. 

4»   Start-Up Expenses 

Include all pre-operational expenses including training and schooling 

of personnel,   expatriate start-up personnel and other costs prior to production. 

It also includes expatriate personnel through the first year of operation. 
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5. Interest During Construction 

The interest on borrowed c pitnl for a 30 month ^^i.^n    r...  c-i.^truction 

schedule is assured to be as folliws: 

10?; x 2.5 years - 0.250 

10%' x 2.0 years - 0.200 

20/> x 1.5 years - 0.300 

IO1/ x 1.25 years- 0.125 

20$ x 1.00 years- 0.200 

20# x 0.75 years- 0.150 

10£ x 0.50 years- 0.050 

100^ 1.275 equivalent years 

Interest during construction is 1.275 x 8% of  construction loan, or 10.2£. 

The construction loan includes the delivered and erected cost of all battery 

limit plants, off sites and sp'-rc parts. 

6. Fixed Investment 

The sum of Iton 1 through 5 above. 

7. Working Capital 

Working Capital includes 30 days production of product, 30 dr-ys supply 

of raw materials and 10 d"ys Production of intermediate nroduct. 

8. Total Investment 

The sun of Iteri 6 and 7 above. 

> 
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E.    Estirpataci Cost of Production - Regional Fertilizer Cormlexes 

The f jll-jwinp, is ft brief explanation of the elementa of cost 

that make up the cost of production. 

A sur.tt-.iary of the Estirpateci Cost of Production for ASEAN Regional Plans 

I and II is given in Tables IV - 5,6,7,8 and 9. 

1.   Raw Materials 

a) Natural Gas 

Indonesia has known reserves of natural gas amounting to 72,9 bn 

cubic metres with additional, reserves bein,^ Proven currently.    Th« present price 

being paid for this raw  arterial to produco onnonia, is ab.ut $0.0066 per cubic 

netre.    Additional consumption over and ¿»love th"t presently planned is expected 

to  cause a rise in the cost of gas to about $0.00*» per cubic metre. 

b) Sulfur 

There are no known deposits of sulfur which *re of coranercial value 

at the present tine in the ASEAN area.    There arc large deposits of volcanic 

sulfur on the Island of Negros in the Philippines, but they are not commercially 

attractive at present.    A large se; le venture to produce 2000 tons of sulfur 

fron these ores has been abandoned due to the current sulfur rwrket.    Sulfur is 

expected to be in long supply for an indefinite time in the future.    The 

Philippines also have a considerable supply of Pyrites from which sulfur can 

be made, but the capital investment requirement for a plant to use either 

Pyrites or volcanic ores is twice that of a sulfur-burning plant, and only 

in special cases would the choice of these raw materials be econoniwú... 
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The reported CI.?, prie»    ¡'or sulfur   i:; ¿22.50 t. ¿2/, 50 p*r ton for the 

Philippines fruía the Ncir East, and  ¿30.00 per ton for Indonesia  (source 

unknown).    In view of the f~ct th"t the supply of sulfur will ne plentiful 

for nany years to come  • iid that the proposed consumption for the ASEAN area 

would amount to  about 332,000 ton?, per ye^r,  current or lower prices  for 

sulfur will prevail for the proposed operation. 

Estimated cost of sulfur fn   i the most logical s.-urces delivered to the 

plant, is as fellows: 

Source F.Q.B. Freight Port and T..tal 
*T~ ~ HqRdUM $ S&ÉLÂ 

Canada 15.00 12.50 1.50 29.00 

Hear East 15.00 8.00 1.50 2A.50 

C Phosphate Rock 

There are no knowt. deposits of phosphate rock of commercial value 

located in the ASEAN countries. 

(1)    Paçjftc js^.nds 

The Paracel Islands, .which %re situated approxiantaly six 

hundred miles to tho west of Manila,  contain sone 9,500,000 million tons of 

phosphate rock estimated to average over 20$ PpO,., Fron available analysis, 

the grade could be increased by calcining to 30£ P?0_, but the Cn 0/P20- ratio 

would nake the rock require about 30,i  nore sulfuric acid, making its use 

uneconomical. The deposits area is not being ; lined at the present tine. 
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Christens.  Maura aue! Ocean Islands 

WhiL   then,  arc  -^equate reserves  of phosphate nek on these  inlands 

(82 million tons of about 85;' BPL), with the exception of Maura, nil of this 

phosphate is  under the control of the   British  Phosphate Connissi m who allocate: 

most of the rock te New Zealand and Australi,-'..     However,  sone bagged phosphate- 

dust is seid t'' Ind nusia  and Malaysia.    Naura   is  expected te  continue te sell 

its rock to Mow Zealand and Australia,   plus Japan, 

(2) Australia 

Large deposits  >;f pfnsph^te   roc': have  been recently discovered in 

Australia.    One company,   Broken'l'ili s   Sout'i Ltd.,   is in the procese of developing 

•'  large deposit and expects t> oeg.in t     produce 4,000,000 tons per year of 

phosphate rock in the lat*. 1970's.    V/hat < ffect this will have nn the phosphate 

rock situation in the ASEAN arc.-,  is unknown.    The price of the Australian rock 

vri.ll be competitive with   rock fron other distant areag, 

(3) Israel and Jordan 

Adequate supplies of phosphate rock arc available from these sources, 

however, it is only 67 BPL.    An ocononic analysis of usine thir. rock as opposed 

to 1% BPL Florida rock shows that it i osults in e cost of about $3.0C/MT F205 

as 5A& PpO«; phosphoric acid higher than Florida rock.    Both Israel and Jordan 

rock have •>  high chloride  content which présent» technical problems when 

producing phosphoric acid. 

The following is the esclrnted  cost of phosphate rock delivered to the pianti 

BPL F.O.B.ifc Freight $ Port & Handlinc $ T<**1 $ 
Florida 73 7.00 12.50 2.00 19.50 
Morocco 75 12.50 13.00 2.00 27.50 
Israel/Jordan 67 8.00 7.25 2.00 17.50 
Pacific Islands 85 — — 2.00 15.50 
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D.    Potash 

Thi re are no  known aeposit3 of potash of  cui u.-.u-ci. • ¿ v lu^ in 

the ASEAN countries.    Adequate  supplies of potash nrc  av-ilrblo fro. i the 

fallowing sources at the  estimated delivered prices  shown: 

Source F .O.P. Freight Port and Handling Totr¿ 

Canada 36.00 12.50 2.00 50.50 

Israel 12.25 7.25 2.00 21.50 

An average of these prices was used  in cost calculation. 

UTILITIES 

While in all probability e^ch fertiliser plant complex will generate 

its own power using natural gas, the capital investment ami fuel requirements 

for in-plant power generation were not available, so a  power rate of $0.02 per 

kilowatt hour was used which is believed t    be adequate. 

Steam. Water and Fuel 

Normal consumption rates for each battery lindt plant wer? used. 

Standard unit  costs were  al3o used. 

Catalyst and Che;:dcale 

Nor'nal consumption r^tes and ASEAN ire1. price6 were used to determine 

this expense. 
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Labour 

Operating lrbjur vr-r. calculated en a 4 shift basis "t the rato 

'jf $5.00 per -ian per shift,  rnc! supervisi >n  it the rate of $75.00 per .ijm 
per shift. 

Overhead 

Cnlculr.tod t: be 1% of fixed investment. • 

Taxes and Insurance 

Calculated t    be 1% of fixed investnent. 

Maintenance 

Calculated on the basis   f % of the investment cost of battery limit 

units plus l'i of offsites for all plants except phosphoric acid and granulation, 
where a rate of 7% was used. 

Depreciation 

Calculated on a 12.5 year plant life,  or #.' of fixed investment. 

Interest on Investment 

Calculated at the rate of ft ,,f the total investment. 
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ESTT.^TED  T/MSi E/IT COST olKil.^Y 

rjjGIOrli,;'. FLV.?: ÌI 

Millions  of U.S.  Dollars 

TnOLE   IV-4 

Complex JII 

FL'.NT .;;îX5MI» U?.EA 83/' 'JI.'.E/. Oi.v.NirAR   . TOTAL 
SOL,    .     • Fia.xs •   FFJffll IZEK 

C-l^CTÏY MT/D 950 1020 650 26ÓP 
B.L.  PL.MT 16.6c ,6.40 9.90. 5.67 40.57 
OFFSITES 11.60 • 1.9? 5.94 3.40 22.f?6 
SP..ÎŒ FARTS l.GO 1.00 1.30 0.50 5.10 
START UF EXPESES 2.00 1.00 1.60 0.50 4.6c 
CONSTRUCTION INT. 3.47 1.05 1.91 1.03 7.46 
FIXED IHVESTi-ENT .    . 37-47 11.37 • 20.65 • • 11.10 80.59 
wr-KiNG CAPITAL 1.13 0.9C 1.50 4.00 7.53 
TOTAL INVESTMENT 38.6c 12.27 22.15 15.10 8t.l2 

NOTES 82.3/¿N lOOiuUroa 46.6¡¿N 23-23- •9.5 

Cort^cx S II • 

?h\m AiUQNLi UREA 83/' 
SOL. 

UREA- 
PRILLS 

AREA AJJBNL'.. 

SOLUTION 
TOTAL 

CAFACITY MT/D 
B.L. PLANT 
OFFSITES 
SPARE PARTS 
START UF EXPENSES 
CONSTRUCTION INT. 
FIXED INVESTMENT 
WORKING CAPITAL   . 
TOTAL INVESTMENT 

NOTES 

1250 
21.20 

•12*72 
2.00; 
2¿50 
3.92 

42.34 
1.-50 

43,84 
82.3/ÍN 

565 1120 15IO 
4.75 10.90 0.15 
1.43 6.54 • '   O.06 
0.70 1.3c - 

0.70 1.6o - 

0.77 2.07 0.02 
8.35 22.47 0.23 
O.60 1.20 - 

8.95 23.67 0.23 
1P0;¿ ürcfl 46.6r/N 19-0-37.5 

37.00 
20.75 
4.00 
4.¿0 
6.78 

73.33 
3.30 

76.63 

Complex BII 

PLANT 

CAPACITY MT/D 
B.L. PLANT 
OFFSITES' 
SPARE PARTS 
STüRT UP EXPENSES 
CONSTRUCTION INT. 
FIXED INVESTMENT 
WORKING CAPITAL 
TOTAL INVESTMENT 

SULFURIC PHOSPHORIC MAP GR.JviUL.vTED TOTAL 
rtCîD »CID (PCW) FERTILIZER 

3OOC 1120 2160 2220 
9.72 13.59 •2.7C 6.95 32.96 
3.40 6.8C 0.54 4.17 14.91 
1.00 0.75 0.25 O.60 2.6C 
1.25 0.80 C.30 0.75 3.10 
1.57 2.24 0.39 1.27 5.47 

16.94 24.18 4.18 13.24 59.04 
1.20 ,3.50 I.60 4.00 10.30 

18.14 27.68 5.78 17.74 69.34 
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COKPLSC JI 

V.>RL.DLE COSTS 
Unw Materials 
¡Jntun.l Gas 
Sulfur 
Phosphate ¡lock 
Potash 

°°2 
UtHmee 

Power 
Fuel 
Boiler Feed 

Water 
Cooling Water 
Process Water 
Steam (Net) 

Units    Units Per      £ Per Unit  j^OOt 
MT Per YP. 

m 
MT 
MT 
MT 

Kvih 
Gal 

Other' 

Catalyst & 
Chenicals 

Operating 
Supplies 

TOTAL VARIABLE COST 

DIRECT COST 

Operating Labour 
Direct Supervision 
Maintenance 
Overlie ad 
Taxes & Insurance 
Depreciation 
Interest 

TOTAL DIRECT COST, 

yST OF PRODUCTION 

290 
C.2C70 
G.717C 
0.1535 
0.2930 

123. c 
6 

1.3 
146.C 

1.2 
0.21 A 

0.00ÌÌ8 
24.50. . 
19.50 
36.00 

0.02 
r .10 

0.0670 
r-.C052" 
O.067O 
l.loor 

2109.3 
4O¿0.7 

11270.3 
4597.7 

1977.3 
403.I 

71.3 
615.6 

62. e 
192.4 

135.4 

616.4 

2622H.3 

Per Utdtr    Ç Por    ^CQQ 
[£   •   1er     Mi     Per ÏE 

UT 
II 

r-1- 

2.62 
.5.07 

13.99 
5.71 

2.46 
0.60 

0.09 
0.77 
r .OS 
' .24 

6T.7 

f .760 

128.' 

1.0 
196 

0.70 

r./onfi Ö2G.7 

1.17 

0.77 

32.58 

0.02' 

0.0670 
O.OO52 

397.1 

10.9 
156.2 

1.1000   119.4 

163.6 0.20 
290.0 O.36 

2473.9 3.07 
752.0 r.93 
752.0 0.93 

5964.0 7.42 
6705.3 Ö.33 

17101.5 21.24 

43329.6 53.32 

52.7 

62.0 

1628.5 

34.8 
61.0 

656.1 
234.0 
234.0 

L876.0 
1944.2 

5040.0 

6666.5 

5.34 

2.56 

0.07 
1.02 

0.77 

0.34 

0.40 

10.50 

0.22 
0.39 
4.24 
1.51 
à.51 

12.10 
12.54 

32.51 

43.01 
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SECTION V 

MATIOÏ-I/-.L FERTILIZEíí 30 LOT I ü,   AS  AVrSIWATTVE TO COOPERATIVE 
REGIONAL FERTILIZER SOLUTION TO SO ,'/! HC 1980 FERTILIZE ShORT-FALL 

A.    Introduction 

Due to pi-odictccl cons3uiiption patterns for fertilizers for the 

year 1980, the only logical national solution to providing fertilizer production 

facilities on a national basis, would be to provide production facilities for 

nitrogen and phosphorous in those; countries whoso consumption volume can justify 

an economically sized plant, and for countries whose volurie is below this level, 

to import intermediates and convert them to a finished product, or import 

finished products.    On this basis, the  national solution would be two 

fertilizer complexes, each producing its own nitrogen and phosphorous 

fertilizers in combinations required to satisfy their narket. 

B-    Proposed National Fertiliaer Complexes 

Due to consumption patterns and availability of cheap rr.w ríate rials, 

only two countries can support a i-dninun economically sized fertilizer plant 

complex.    The proposed national complaces are fully integrated,  including 

phosphorous producing units, and are shown in Block Flow Diapran V-l.    They 

consist of the following production units at indicated capacities! 

Ammonia Plant 

Urea Plants 83# Solution 

Prills 

Sulfuric Acid Plant 

Phosphoric Acid Plant 

Monoamraoniuin Phosphate Plant 

Granulation Plant 

Complex JIII 
Metric Tona/Pav 

1000 

1300 

470 

1610 

610 

1150 

2610 

Complex Bill 
Metric Tons/Day 

560 

800 

105 

1100 

410 

790 

1790 
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Page 2 

C.    Comments 

With the exception of the coment n ' ado below, all of the 

information given under Process Fiant,  Est i'ó te  of Cenital Requirements 

and Estií.iñted Cost of Production in Section III in applicable to the 

National Fertilizer Solution, Section V. 

The Estimted Investment liequire^onts for the National Fertilizer 

Solution are given in Table V-2, and the Estimted Cost of Production in 

Table V-3 & U. 

The production of ar.ïoonia in the case of Fertilizer Fiant Conplex Bill 

is based on using naptha at a cost of 22.OC per netric ton in storage at 

the plant.    This see;is a reasonable price to use. since the estimted cost 

of production for straight run naptha for the area is about  : 17.00. 

The detailed cost of production for all  final and intermediate products 

at the various rates of production is given in the Appendix Tables A - l-l£>. 



1-* 

H 

IH 

2 

& 

3   5 

g 
o 
10 
c 
o 

•H 

CM 

I 

CQ 
•-Í 
EH 

t-j o 
o * 

IT\ 
vO 

o 
H 

vQ 
H 

Ni) UN 
H Fl CM 

CM c^ P 3 H 

• 
co 
iA 

m su O •  CM 
O 
H 

o • CM 
en 

o 
H 

c^ rn vü Fl xû 

S 
H 
H 

ä H 

o 
CM ¿5 e 3 • to 

• • ^ 
H 

en 
IT\ 
en 

• 

-4- 
vO 

en 
o • 

en 

>ü LT\ m u ^-•' f"t O m -4 c- -j f-J o o O OS CM H 
es CM H rH H H 

t4 

^ a. 
« 
d 

• 
H 

^J H 
O 
CM 

O 

-4 
CM 

c.. CM o 
en 

» 
C^ 

o 

H o 

CM 
H * H vJ 

o 
rH • 
CM 

• 
CM 

o 
H 

S 
29 r_j 

& c^- y ùS ä 
CM CM 

o 
• 

•') 

o • y o • 
O 
IO 

< 
O 
en • 

7.: o 
"H   -3* vL> 

-Í r-l -4 
H 

Ol vO 
H ^ 

NC o o o (H 3 H CM 
H 

O 

1 

£ 
^ B o H » & £ H* 

Ci 3 C' ^ CM 
-,-t 

vO 

—   M f-4 f •> • 
S 3 vü 

—1 
m <M O o C) r ) 

H 
ü O 

H il ^i H O O o CO '•^ co 

i3 M 
S îJ £> 8 • s. 

vO 
H &< $ 

in 

CJ 

'I -1 
co 
H £ O S -4 

o 

5 -0 on O H «H a o 
» C-î 

H 
o o C1 r-l o CM 

.-3 
O 
r/5 

£d en 
r> to 

8 H 
V!.' 
H 

v' 
CM 

to 

• 3 í¿ 
O • 

o 
o 

o 
o • 

CM 
H • 3 • g C 

Ci 
H 

o CM H H iH CM 
H 

CJ 3 « 
u> H H H H O 

-H 
o d 

tj 
o 

• 
g B & CO 8 

( 1 
ti • 

CM 

• 
O 

CM • S* 3 vu 

3 ÍH H d H i\ on O 
CO 

r-i 
^ 

CO '•'•' rH c< 
CM 

o CO 
CM 

H S3 
• 

H 
H 
M 

(-5 

f-7 
b ci s B % 

fâ i H 
H I en Û o 

H 
IH 

.^ 
*5 >-< Î.K 19 s H «?' " g ¡U 

M 
t-5 ® "1 

è fc u rî 

O M 
E-< a. 

1 

K (-". B M fî M 
& 

^ 

s lu N (-1 H M 

H 

- Ü 

en 

o is 1? fi | 
H 
Ci e n 9 0 

^ 

si 
ft Ú u, O 1    C/J M !>-. l* H ò U CU en «5 H &H H 



•-a 

o 

•j 

M 

S 
Ix, 

U CA 

1 

•3 > 
•T» W 
o •-i 
M Ul 
M 

*3> H 

J 
tJ 
•ri 

ri 

-p 

o 

f-. 

£, 
EH 

O 

co 

•p 

c^ 
CM' 
I 

cilu. 

ê\ 
CJ 
rH 

CM 

*-. 
O 

U 

É1 

LA 

¿ë 

f-- 

'-   Cil 

-P 
•H 

•P 
•ri    fi 
ri   c¿ 

3 

P vu 

CM LA cA LA 
H 

i m~i 

so > " 
•-4-vu 

o ,r - te -4 c t^ c, CM H t> LA 
O CA CM CM   CM   ^.. CA 

cv C-- Cv- CM 
H Ov 
C  LA 

CM CM 
CA 

CM  o o -; vi • CM  LA 

-4 •/; C- • •    •    • 
C -C C*- r-i 
CM -.  C,   . 
CM        -4 c; US 

-4 <t vu c; vo 

V. vo o LT\ c   t. 
LA CM c- r— Cv- H 
r-j LA        O Ci 
C.' 

CM vO 

G- LA 

r?v£J 

Cv- 

LA 

CM 

CA C.,   -4 v^.   vO   ^;   CM CA CA 

<f H h C^i m lA vu H CO 
vt; c>^ (^ f> H 4 • --> çA 
H CM -í vO v , CA   ., ^H 

CM vO  t> t> vO 
rH  -4 

I      I     I      I 
CO  C    c  •  CM   w  ;_• 
Í0 '_. Is- LA C>- ••.. 
C   _: vC o vu •.-.• 
C.  v& t    O   :'.   H 

.- c   <-. -.  H 

CA ... v.   ^ c; r- r*- ce 

Ai 

CM CM P 

O  O 

» 

-4 
H 

CA C   CM  C\ 

CAO H 'Q 
CM -T 

o 

CA 
lili 

«.;.> ' E*- CM 
LA ,  -.   ," 

• I       •      «I 
C' '.;.    rH t 

fc" 
-4 o 
CA-4 

C        CM o o c.  ;_. -jt vQ    ÇJv o- 
ILA        Ai CA O vO vO  C   -T     Ai  tv- 

c. 
rH 

CA CM 

C 
VA 
Ai 
lili 

LA CO vu C • •      • • 
LA I o r- l o 
ft H£ ?! 

LA fC CM OV O   LA  LA Ci 

CM   r--l Ai 
LA vQ CM 

vO 
H 

v 
cl' 

C CM Ç 
C          C^- LTN í : 
CJ        <-  Q .   O 

lili-        C;   I  C"   C IH 

O    'Oc. H 

1—4- 

fl    ¿O    I    I     I 
v5     !> H       . rH 

r¡..   H E"1 fei fei J5 'fiTi.^ 62 %rh^i 

^ o 
0^ -Í 

O  r-( 

-41 Cv _i CM   CM  '.V.  LA CO  ,-4 
CALAHOOvDAi Cv- 

•JZ               CO O vO CA 
H rH -4 "O 

H IQ 
(0 H 
o 
o 

• •ß 
!4 j 

-P 
•^ M 

:"J 
^ 
«? 
""' 

CS 

4J 

f-4 x: >c 
Ci 

V) t.) 
CM,H 

O     2 
(1 
X 

O    r,-! 1 'H 
o 

tL, 

10 
1) 

•H 
•P 
•H 

H H 

u 
T.    (.0 ÇO                C 

O                  O                  Ci H O 
o •H^j O          fj .H                  O 

3   U                C 
tQ M 

•p 
cr. 
5*   t*   U 

O    P- 

^       «C  »i            ne ü   (J u ? H P 
•'J*)*) to -' H •H    J   O           01   O 

i». O           C -H §y O     IT.     (t. <í¡ M cl 
r. rr- •*• '     hij ^8 w 3 c     M +3 
^ ^ " P   C ri 'S) & x)       <v -t* M 

fci.1 (0 (/j -H •r-i       c te •;-, -H o « b. 
t-i   ü  cp 

fn           -   «ri    U 
k-P 

se 
+5   4*    O    CJ             Ü Ü O 

t, íí  o -P x:  oí o b 3 H Ü t-l (-!•-'    y (< •J rj   f- IH   O   Cl    ^    S)   In 0) 
5?    U -H    C    0 
o í  :   c  fc -p § 

4J    O 

o a a o EH a 
£ ri F? 

î_ r-.- . 'i c_) p.. CO ù o H Q rH EH  O 



IH 

i* 
Ö o 
ft 

3 -4 

;J-< 1 

-H > 

a 
r-t iX) 
H .1* 

"a H 

•H 

•Tí 
t 

C 

r' 

U 

à 
EH 

C 
c 
rA 

5Í 
LA 

-P 
•H 
C 

*> 

<-'   IH 

*ìf UH 

ON 
I 

CA| 
cv 

IH 

O 
>H 

a] 

8 
CA 

« 
-4 
OA 

-P 

§£ 

in 
O 

•o 

o 
o » 
c 

UH 

5 
c 

01 
HP 

CN t- O  H 

-?  LA OA  LA 

H O CV 0"> 

r> r>- cv so 

o; cv -x> CA 

•   •   •   « 
CM -4- o -o 
CV CV r-i CA 

C  O LA 
-4 o c^co 
ü Ü H  «N 
cv cv o- H 

o 

VA 

4 I 
H 
CA 

I     I 

O 

CN! i   i  i 
cv 

IN 

3 ' ' • 

tibi f. 

-4-¡¿ c_ r>- -4 
CV 

CA 

CO O(^c^CA0i 
CV -iso H H C- Ä 

C  CA H CO O 

>Û UD  CV CA O 
•    •     •    • • 

-4 -4- CAIA H 
LA m LA LA | -H; 
-in      -4 H 
H 

fo 
o o cv 
O vu C' 8 

I   H 

DOC   O 

O O O v_ cv 

CV -4 

o      t*~ cv *>o t-- 
III .   I     .    .    .    . 

co -ÍC^4 
Ç>-    I   CV  LA CV v¿> 
Í0 CA CV 

o cv o c 
c»- LA c- c 
O O vO o 
O C   O   rH ü 

C    I   O ò 

o 
to 
c\ 
H 

o cv tv 

•# 

SSw^ 

LA (A 

O «~\ 
c >-A 
H -4 

o 
rH 
CA 

fv 

tv r- H o o «^ o •    ••••». 
WO-íc c. H cv 
viJ O -4 C- C^- LA sn 
H OJ H \ü vii H * 

CV LA »A 

rA -4     3 
C 

& 

-i 
CO CA CV t^ C^ CV C 
N en (M S S H -í ••••••• . 
^G4HrlCO        CO 

MM       e» 

CV 

er 

O (O vu M^- o O        CA 
o 

H CA CA 

CV 
CA 

O 
LT\ 

NO 

vO VA 
l^ r- 
r^ 
-* LA 
r-\ CA 

CA 

CA 
—•- 

LA 

LA 
CO 
-4" 

H 

O rH 
o ¡X¡ 

a 'tí 
O 

nj -p 

M -.H 

i—' 
* r- 
--H 

o 

o w 
•p o 

.    t¿ •H 

íí 
-P 

U]HU 3 

(H 

-p 

O 
'J 
fe 

-p 

'-) H H 
Jî    Q T-i 
n   3   o 

i~. b, Jú c3 fu 

to oí 
£2 10 

•H o 
H O 

O fc 

cj 
H-5 
en 

(0 

o CJ 

*.$ 
¡ri    P.- 

-P c 
co .H 
P>i-P 

rH ce 
;a ÍH 

•p 

o 
o 

í-Q 

^    g 

»H 

o 

O 
H 
Q 

C 
O 

•H 
Kl 

•H 

O 

o 
'J 

¿ ch « -a 
•H ero 
•P4J O    ¡J 

U    O fc   tn 
O    IH >H    O 

o a ^ o 

?• o 

C +> 
M   íQ 4» 

•H (0 
u¿' o a 

CD »H 

10   ti 'J 

g* 

¡H 
Q 

Ö 
o 

fH 

a 
o 



5 

w8¡ 

i 
> 

3 
! 
s 

5 

I 
2 

ut 

B 

m 

« 

i 

CM 
* USI 

LÜJ 

i 

& 
o 

t- 
1 
3H 

ÏÏ ¿a 
h- o 
SS 

' « "• 
< 

|8Ü 

3 ah 
NI 

is 

55? 
ft.   S   I 

—I— 

S » 

* • ¿ 
« »   W ? 
•• j • n 

T~T 

o 

SS 
22 ©2 

& Ou 

Si ? 

M 

a. 

ïjs's 

¡•X 

-• ç —i—   - 



z 
< 

X 
Z 

Ü 

Ü 
LU 
OC 

a 
2 
O 
ü 
> 
oc 

O 
ac 

z 
< Q 
-i tu 
CL _J 

uj SF oc û. 

Z 
t~   O 
•7 

2 <" 
D   oo 

0©© ®   © 
-jsj.—zz ...     .   —«—•* — 

n 

M 

< 

to 

LU 

ce 
< 

T*    °  < 
1 K   _¡ 

« z 
"Io 
!    -g 

t  ï 
¡    Í co 
i«: 8 

i * ! IL 

2 
C/) 

> 
Z 

8 

0 3)    flO    K      •       K> * 

O' x syvnoa   sn   NI ìN3*USìANI 

o « 



z 
< 

Q. 
V) 

Û. 

II 
Z * 
< m 

o 
Q. < 

2 

3 
iu oc 

CL  OC 

©   0   © 

z 
5 
Z 
oc 
Ü 

n 

I 04 

l_ 
•    •     *     • « TF 

(A 
< 
K 
(0 

8 < 
LU 

« cc 
< 

>• Uu 9 < 
Û 0) t* c K 

9 
UJ 
a. Z 
(A < 

0 z 
o 

-J 
Û. 

en UJ 
« 

i < > I 
A Ì a 

(0 
0. 
< 0 
a X 

OL 

N 0) 
0 
O 

Z 

? 
I 
(0 

• Ui 

• > 
z 

f» — 

• CM 

N >- ft   0) K     9      u) 

Ó Ó   Ó Ó     6     Ó 
o» x SMvnoa sn NI   INSKUSJANI 

ó 
n 
ó 



oc 

< 
* O 
3 ce 

c/> O 

e© 

\ 

« 

IN 

9 

CO 

C 

• IO 

> « 

9   0    r-    «0 IO CO M —    Ott   CO     N       (p 

o o  o   o 
Iß 

o o 

>- 
< 
o 
c 
ai 
0. 

Z 
O 

W 

< 
o. 
< 
o 

«;' 

H- 

< 
Li 

< 
u 

,-J 
Q. 

O 
ü 
< 

u. 
-j 
:: 
co 

co 
O 
O 
t- 
z 
u 

f 
'Ji 
LU 
> 
z 

g 
u. 

g 
pi x  SMvnoa s n  NI   íN3WíSIANI 



SECTION VI 

ECOiiOJ'IG iJPItqSAL 07 TME itEGIO'o-J, A lip IJkTIfO-Lii, .-1 TERN.,T IVES 

A.    The Artir;vtivos 

!• Wt  b.gin thi3 Section with  - brief rv-st-tc .cnt of the altorrrtivos 

which ?rt to bo inprMsod. 

Regi-nal Finn I envisages tvn c.viplexes, 3t and  JIboth   jf which are based on 

n-turai gas.    Doth complexes produce the s.-mc two end-products:  prilled urei 

and ,n compound fertilizer with .-• nutrient anolysis of 23-23-9.5 which f ,r the s*kc 

of brevity is called hereafter Enphosk. 

Regional Plön I| envisages three complexes.    SII is b-sed  on natural gas, 

produces prilled ureo PE its    nly rml-nroduct (th-t is, f r direct use in 

agriculture) but also  exports two prxiucts,  prilled urer   -*nd urea-a.Toni." 

solution tu BII.    BII produces a single c-nd-pr.iduct, Enphosk, usin¿ it3 

imports fron SII;  it also export:-   \onaminoniur. \h jsphat-   t    JII.    Finally, 

JII, based on natural gas, produces two cnei-pr ùuetsi prilled urea, r.nd Enphosk 

using its inports fron BII,    The basic structure   >f inter-complex Inports and 

exports derives freno the fact that only BII produces ph ,3phoric acid -nd only 

SII pnd JII produce ammonia. 

The  National Plan envisages two complexes.    JITI is b^s«.d     \, n, tor 1 ¿ s rad 

produces prilled urca and enphosk for consumption within the nation.    Bill 

is based on naphtha and produces the 3ane end-prxiucts, again for consumption 

within the nation - which is assumed  to be different fron where Jill i H locrted. 

The three alternatives are su med up in Table VI.1. 
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TArLE VI.Is     End-pr xlucte  ~no  inter-c<>npL_x i ip rts '¡ne1 exporte 
if thu rogi -iv 1 "ni rrtii.rrl '-it'Trrtives 

n-n C o.^plex End-Products T:..;-. rts 

R.F.I SI Ur-jn + Eno-hoi-k .. _ 

JI Uro"'. + Enph-.-sk - — 

SII Ure- - llrc-.+Ur- •íi.—-,n--.>?ni^ 
solution 

R.P.II DIT. Enphosk Uro 1+Ure,i-'1J '.rioni'-. 
soluti-'Il 

MVn- ~:v . .;o:lun phonplri 

.TU Uro" •+ Enpl'osk .:ono-"" ,,'ioniun 
phosphate         — 

K.P. JIII Uron 4- Enphosk - - 

BUI Uro.ri 4- Enphosk - — 

Notées    1.     Tuli cletrils  TO given in the flow-s'-.eets of Sccti ns  IV  ^nc! V. 

2. All complexes .-'re bored on n'tur.-.l ¡\;>s except BII vrhich de es net 
produce its own "nnorii'1 eupply, T ' CITI which uses nrphthn. 

3. Inports TKJ exports •'nly with r«. fer neo to intcr-conplex novcr.ionti-, 

B.   Volume of Output 

1. Volume  of output will bo   compared in ter •£ el" onri-producto r>r\0 of 

nutrient.    The ch.tn are  set out in Tables VI.2 'ne VI.3.    Ti: -\ll three alterniti ves 

urea ind Enphosk are the end-products.    In P.ogi nr.l Plins I    ne!  II the total pelurie 

of output of end-products is identical.    Nutrient production totals: 

Mitro gen 597 »000 tons 

Phosphorus pentoxide   370,000 tons 

Potassium oxide 153,000 tons 
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The cliff crone:  is th;<t whilst l,.\\l has tv;,    c  pl'.xos, :i.P.IT has thr< <   with 

•'  l'Tgí-  . v.'-'.Gur<.  of intor-co: ple.x trailing in prilli.-.   uren, mva-areionia  coluti -n 

" nei 7-: -n- <-oru¡oniun ph .sphatc. 

2, AS with R.P.I,  the   Mat?.-nal Pl-.ri  has <-nly two c  :ipkx;.:..     Since the 

Ustionai Pl;.n ir cip.'.bit   n   '-..ctiiig the consumption require ìxntr--. of    rily twr 

nations   (oven though these c   uld bo- the tw-  biegest e n-^Uncrs   <f the   ''òtìA;, 

countries),  its t.tal output ir. narked Lv Iwc.r.    T t'l nutrient,  .output  in >.qual 

to  31 per cent of th''t of the  regional pLms. 

TADLE VI.2:    Volume of output of end-pr.ductn in tho regioni are.: n- ti nal 
alternatives in tons  

End-product in tons 
Plan Coiiplex Urea Enphosk 

R.P.I 

SI 

JI 

333,000 

154,000 

804,000 

804,000 

ToV'l 4C7,000 l,6o8,ooc 

R.P.II 

SII 

BII 

JII 

273,000 

214,000 

730,000 

{578,000 

Total 407,000 1,6>1,000 

N.P. 

JIII 

BITI 

154,000 

34,000 

877,000 

5/1,00e 

Total 188,000 1,468 ¿00 

Notes:  1.    Figures r undec! to the nearest 1000 tons. 

TABLE VI.3»    Volurie of (.utput of nutrient in the  regi nal 
and national alternatives In tona 

Nutrient output in tons' 
Plan !£s. V. 
P..P.I 597,000 

R.P.II 597,000 

N.F. 426, 000 

37n,ooo 

370,0OC 

338,000 

153,000 

153,0(1' 

140,00c 

Total 

1,120,000 

1,120,000 

904,000 

Notes:  1,    Figur. ••  r.'Uiid:-.-! t -. th.e- nearest 1C(;0 t  nc. 



Section VI 

C.    Value of Output 

1. The  \nlun of output is,    f e >urse,  ti a   lultinle    f tho    utput 

volune  ^nd the soiling price,    Durin,-  the   "oursc . f  ^ working t; ur of the 

ASEAN  countries, we  collectée', whatever data war, avilabL    in present c.i.f. 

prices and the direction in which they are likely to ¡nove   in the e .urse of the 

next couple of ye^rs.    The nost ' obvious feature of the present   uarket situation 

is the very tight position of triple superphosphate,    lire" prices after raving 

down for some time, new look ?s if they will harden in the next couple of years. 

2. We believe that the best est mit e of the 1972-75 bulk prices, 

c.i.f.  to ASEAN ports fro: i outside the  region irei 

Bulk urea ¿57 per ton  . 

Bulk TSF *-Ö5 per ton 

Bulk potash $36 per ton 

These prices give the following nutrient prices, equal to the end-products' 

prices divided by their respective percentage nutrient content: 

N ¿122.3 

P2C5 $184.8 

*20 $ .60.0 

We need two  end-product prices, those of urea and Enphoek,    Urea  is given above, 

For Enphos':,  with its 23-23-9.5 analysis, the  price is clculnted by 

Multiplying the volume of each of its nutrients by the prices per ton quoted 

above.    This gives a bulk Enpho3k price, after rounding-up, of 377• 
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Using thes,  tw.   pric,s  and the   .utout v-luno t-kon fr>n Tabic VI.2 

wc can now derivo tlv. valu»    f ' utnut  c.i.f.  at. ASF-iií p rts  in bulk.    Thie 

is given in Tf.ble VI.4. 

TABLE VI.ki    Valu,,  of -utput c.i.f.   at ASICaN ports in bulk of the 
regional wi n'.tional alternatives in millione of dollars 

Plan Vcaluc of output    (im) 

R.P.I 152 

R.P.II 152 

N.P. 124 

N.tet 1.    Rounded t<; the nearest Million dollars. 

Just as with  output volume,  the value of output of Regional Plans 

I and II are the sane.    The output value of the national plan is 82 per cent 

of that of the regional plans. 

D.    Economic Criarla of Viability 

!, In the ec »nonic evaluation of mutually exclusive projects, which 

is the objective of this Section, we" observe that the alternatives generate 

a flow of costs and of benefits  ;vor tine and that the shape of these flows 

differs fron project to project,     'urthemore, it is - fardli-r result in 

project appraisal that for any two projects A and B, the net benefits (benefits 

minus costs) of A exceed those of B in some years, but fall short of those 

of B in other years,    AS we shall see, this is the case with our regional 

and national alternatives. 

Economic evaluation therefore requires a way to compare costs 

and benefits accruing in different time-periods and the technique used is 

that of the rate of interest,  otherwise referred to as the tine-rate of 

discount. 
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2, In th-j last 15 yc-TS gr."t T ^r..ss has been «^ade in specifying 

precisely how the discount r"te er r"teo '.'Vaild bo used  in nr. jeet "n-lys .s 

-nd  " v'-et economic literature --n the subject h-ir. -npo-red.    TIK. t< chniqu-.. 

the economists h v,  fashioned,  .".nei it io, on^  novi used exten?:" "1 y in 

gaveraient "ni 1-rge co-iponie&, is known '.e the colcul-ti n   jf the present 

v lue of  expected earnings or the  discounted cash flew.    - second technique 

very closely related t    it,  is the calculation of the overage rate  of return 

on investment. 

In order to use the present value technique  - ne needs to know, 

nmongst other things, the borrowing rate on ^ll funds borrowed, the alternative 

rate of interest on -11 self-firm, JU,  ^nd the rate to be  earned on ".11- cosh 

flows generated which can be lent out at interest.    In the eso of this 

ASEAN fusibility study we do not hove this inforrvtion • v~il"ble, precisely 

because we '-re it "  stage when the -ethod of finance- of   «p?.cJr.ec deal'  projects 

is not yet agreed. 

3. Therefore,  in this report we us- the soond technique referred to 

above, the average rate of return.    B-sic-lly this technique consists in 

discovering what rate of disc unt when anplied y err by year to the investment 

strean makes its aggregate value equal to that of the discounted strc-n    f_ 

value of output less operoting costs, i.e. the operating surplus. 

Mathematically, find r, the average r"te of return expressed ro 

a. percentage, such that: 

T^   +    Wj " ° (1) 
J 

wheret    It - investment in year t Vt = value: of output in year t 
n • total number of plant years 

from first year of design     Ct - operating and transport costs 
and construction to the in ye"r t 
lr.st year of production 

If we define N, net benefits, as the value of output in any given year loss 
totr.l oats incurred in that ye"r, then 

Nt = Vt - (It + Ct) 

and our equation can be re-written so th vt r,the -ver-ge rate of return is such 
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2. n 

t = 
wt 
U+r)1 

-   0 (2) 

It  fjhiulcl be n-ted tlr.t .c ;sts  and  benefit;, in tnis  c rtext should 

exclude interest ehrlos    n b rr wing ("nd   interest ci med > -n luiding) "S 

it is this rate or these rotes of .borrowing with which the ' ver ge rate of 

return is tv be  cenp-rcd.     (itefcreuic.  21  pp. 122-125).    Furthermore, depreciation 

sh'.'uld "ls>   be  l«.ft.   .ut .thorwis.   wc    re  e. unting tk  cost ef r-pit'l 

equipment  twice over» 

4, Te SU.V. upî the tcehndoae we sh-U use t> ov~lu~te  alternative net 

benefit flows will be the --ver-gt   rate of return.    ..ftor cicalatine the 

average rate of return for cch rroject, we en s--y th^t where this exceeds 

the average r"te of interest at which, capital can be borrowed fron, the s-urces 

financing the project,  the projet is viabl, on ec..n 'Ac grounds.    If a project 

his  ^n average r"te  jf return lower than the average be.rawing r^te, the 

project is not viable.    Where two (or all three) of the alternatives have 

an avenge rate of return exceeding the  -vorige borrowing rate, the one vrith 

the highest discounted cosh flow should be chosen -nd the discount r^te used 

in this calculation should be the average   borrowing rate. 

E.    Investment cost3.  operating costs and transport costs 

1.    Investment costs.    On the basis of Sections IV and V we now bring 

together the cost data in the í\>r¡i.necessary for appraisal of the regional 

and national alternatives.    Table VI.5 shows the investment costs for the 

three alternatives. 
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v..ELS VI.5:    Investment c-sts    1" tir    r», ,TJ ,n- j •>„,] ivti.nal  "lUrn-tives  in ¿n 

Cost  category R.I ,1 k.F.U .\i.F. 

Battery liiaits units 107.74 110.53 r>0.57 

Off sites 59.42 58.:':-2 47.6'y 

SPT.J Parts u.OO 11.!%:• 8.«7 

Start-up exponas -   12.60 12.5C .       10.00 

Working c-'T.-it.il 19.69 21.13 16.77 

T°t'?l " 210.65 214.46 173.90 

Noto:   1.    Excludes   Lnteresl  during c m3truction.    S,.e page 7 

Total investment costs ^f the two  re gi -.nal pl?ns  -re  very similar: 

R.P.II is only 1.8 per cent larger thon R.F.I.     At first gl^acc  this   ,dght appear 

surprising.    -/.re there no economies of serle to be gained by the concentration 

of all production in two c >:.ipL xes rather th->n three?    In fact, examination of 

the flow-sheets shows that this cone entrati-in is   ior^ apparent than real. 

There are 16 chemical plants in U.P.I   me 13  in R.P.II.    The 'nain reason why 

the two-complex plan has nor»; plants than the threi.-cor.plex plan is that the 

latter centres -11  phosphoric acid production in a single location whilst R.I.1 

splits it between the two complexes. 

2» Investment costs of the National Flan are, of course, lower than 

either of the regional plans.    A nor o interesting comparison is to look at the 

investment costì value   >f output ratie  (IVR).    This shows the nu.iber   U" dollars 

of investment required to prVuce each doll-r of .«nnual output.    The figures are: 

R.P.I:    1.386 R.P.II: 1.411 N.P.: 1.405 

The national Fl^n h*s an IVR only 1.4/-' greater than that of R.P.I and 

0.k% smaller than that of R.P.II.    This very small difference in capital costs pur 

unit of output can be explained by the fact that JIII in the National Plan is 

actually slightly largor than JI of R.P.I.    All of the increase in the National 

Plan«s IVR, with respect to R.F.I, derives from the naphtha-based complex Bill 

with its relatively small ammonia unit. 
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3.    Ope-rating cejsta.    Thi.D»-   ar\   SIITI".riz-^.  in Table  VI.6 

TABLE VI.6:  Annual operating costs   ..f the  n en .rval and 
national alternatives in ;r JJQO  

C.jst category 

Raw Materials 

Utilities 

Catalyst,chemicals,  pi. rating 
supplies 

Operating labour .ami direct 
supervision 

Maintenance  labour h naterial3 

General overheads 

Insurance and taxes 

Transport costs 

T .tal' 

R.P.I 

46,756 

0,960 

1,064 

69,479 

íí.r.II 

46,73« 

9,3oe 

1,891 

76,635 

-.1. 

42,475 

7,018 

1,522 

1,099 985 1,030 

6,600 6,599 5,381 

2,100 2,007 1,458 

2,100 2,087 1,458 

' - 6,940 - 

60,342 

Jotes. 1.    vhis e rvors  only the cost   ef inter-cor.iplex .i<v,,,ents seo T^le VI .1 
The costs  ••ire based on the  coi?ts of looding arie', unloading and freight 
used in Section IV and on tao tannage::  shown in M.P.II's  flow sh  ot. 

2.    Excludes depreciation and   interest.     Se., page 7. 

With the exception of R.F.II's transport costs for the inter-conplex 

iaovcment of intermediates, the annual operating  cc;sts of the two  rogi.on.al plans 

ore negligibly different.    This was to be expected since thoy ore  base' on the 

sane raw materials,  proeluce the sane end-products,  have "in identical nutrient 

output capacity ,md have a very s ir li Lar level of  investment costs.    Thair nain 

difference, the interdependence of  complexes SII,  BII and JII is reflected in 

the transport costs of $6.94 inillion for the movement of the intermediates, 

urea, urea-arnmonia solution and MAP. 
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4» The,   .vporoting cor.tr.  of th.   >'-'ti:>nal ?]/m .-r-.   i'Wtr t,irn th.ic.     f the. 

Regional Plane,  \v»>ich w.s i ^ vn   ^n, ct e r.i-.c.    it-   uttmrt   io lo-w.r.    o >v;cv<. r, t'ic 

rati    of •.-•periting costs to v-luo    F  output  is 45.7 pr cent for R.I'.I,  but 

4S.7 per cent f--r the National  Han.    This is  in turn  with   . u;   ;.-.\ .. : ue  C     p""ir OI 

lot ween the  plans.    The  a. .i..;nio  pl'.nt in the  ¡>III  conplex  if   srllcr than   those 

of tho regional planr,  this  plus  its us.   of naphtha rotlu r thon natural gap. 

push, s up operating costs,..although the cent  increase is    .ff-set by the  large, 

natura], gas based co-.plex Jill. 

5. Transport costs.    The cost of transoorting the fertilizer end-products within 

the ASEAN sub-region is ..!eterninoci by three  factors: the. location of pr-.nluction, 

the location of the   markets ruiei the  Lading charges and freight rates between 

ASEAN ports for the tonnages uuved.    Wo "do not cVol with the.  calculât i n  of 

transport costs after the f ei L Llizor hns arrivée' l>y ship at  its port of '.iostination. 

This is consistent with our us., of c.i.f. prieto as a basis for the caJ culation 

of the value of output. 

6. This stuej makes no specific rucon.:*'nd-ti ?n -'bout tin   location of the 

C'viplexes in each of the  three   plans.    This  is because ->  regiemal fertilizer olan 

would be only one  of a nuuber   >f projects in an nSEAIJ  'package deal'.    Tiiercfore, 

the optimum location of any single   project must be   judged   in terns of the 

agreement for the whole sot of  projects. 

However,  in this feasibility study it makes little  sense to calculate 

transport costs fe^r all the alternative locational decisions which, from the point 

of view of pure logic, could bo rade.    This is essentially because of the theory 

of combinations.    For example,   in R..P.II the number of alternative locational 

out conos is about 125.^ 

1.    It is the same as the number of different ways in Wiich one could place three 
balls, one black, one white and one red  in 5 boxes, A,T;,C,D and E, where 
the number of balls in any  single, box can vary from 0-3  inclusive. 
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7. What we.  c!\, therefore, is tn use as our estimate of transport costo 

a  single illustrati  n   S thoii   liv<.l  "¡ni.: t    at'ite by whao pr ¡portion th:  ;:V\XìPU:O 

possiti..  level of  transport e st s woild exceed    ur  illustration.    The illustration 

on which T'blc VI.7 is based assumes that in each  of tìu regido;.! piau¿ the 

J and S plants ar-    located in Indonesia and that  in R.I.II the h plant io sited 

in Thailand.    These  are th.; locati.; nal solutions which, fron a  strictly technical 

point of view and  disregarding all the other possible pr \e cts    f a package 

deal,  are the most   efficient. 

TABLE VI. 7:    An illustration of th<   le ved of end-product 
transport costs for the regional r .lutions 

Fertilizer movement      Weight        Leading Freight I/vu'ing Â.        Transport 
ian Prom To 000 tono Cost        Tl-tc $    Freight coats 

pi r ton $ per ton        $000 Jte. 
R.F.I          Indonesia Mr-l-iysi.*         276         3.0           4.97         7.97               2200 

Indonesia Philippines    125         3.0           6.14         9.14               1143 

Indonesia Singapore          37          3.0            2.50          5.50                  204 

Indonesia Thailand         626         3.0           5.94         8.94               5596 

TOTAL 1064                                                                 9143 

R.P.II        Indonesia Malaysia 

Indonesia Philippines 

Indonesia Singapore 

Indonesia Thailand 

Thailand Malaysia 

Thailand Philippines 

Thailand Singapore 

TOTAL 471                                                            3975 

97 3.0 4.97 7.97 1570 

86 3.0 6.14 9.14 736 

15 3.0 2.50 5.50 83 

34 3.0 5.94 8.94 304 

78 3.0 6.05 9.05 706 

39 3.0 6.15 9.15 357 

22 3.0 4.68 7.68 169 
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The totrl transit c -sts of R.F.I    r,  $9.H million rnd in the  est 

of R.P.II they -re $3.98 riilll-n.    The -'iff er-.c   is  aLinrt  entirely  ^counted 

for by the fact that in R.P.II tlv  tranr^ort of f..rtilizer fr n Indonesia 

to Thailand is  reduced by -Laost 600,000 tons hoc;-uso Th:il-n..'¿  c '^plox BU 

supplies Thai  requirements.    Th.-JlP.rv , it will be recalled fron Section II,   is 

forecast to be the  sub-region's largest nutrient consuncr after Indonesia. 

This transport cost advantage  is off-set, h.wcvcr, by th.. cost of intcr-c onplex 

r.tovenent of R.F.II's intermediates, which as w.   saw in the sub-section on 

operating costs above, totalled $6.94 villi•.    Tho net difference between 

the two region/-1 plans, when w... add both sets of transport costs, is only 

$1.78 million, in favour of R.P.I. 

8# As far as the range of transport costa is concerned,  our calculations 

suggest that the nost inefficient location from the print    f view of transporting 

the end-product would  give costs  of &Le> nillion.    Th.re.forc, we c--n say that 

whatever the location of the complexes' in the two regional plans,  the cost 

of transport from the   rianufactun rs t: th,   norts of destination will be 

between %U million - $18 million.    In thx   ^"ti.nal TL-n there  arc no transport 

costs incurred because  -11 of the fertilizer produced is c msuixd internally. 

F.    Economic viability of the alternatives 

1. Wc have now brought together virtually all the information 

necessary to set ou\ the time-strc""i of investment costs, operating c^sts, 

transport costs,  value of output rane' net benefits.    The results are set 

out in Tables VI.8, 9 and 10, on pige 13 of this section.    They require 

a number of comments. 
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TABLE, VI.Öl     CrlcidP.tiGn of tlu. fl-.w of .'.et benefits of K^jirvl Plan I 

 YEAK ,         . 
Costs  '.«Tb-jnefits (fri) 1 2 3 * jt 5* 6-15 

1. Irivastment costs 42.13 147.45 21.07 - 

2. Oper ti;,j, costs - I 2907 57756" T%V- 69.4¡ 

3. Trpnsport costs - - 2,74 7.31 M.23 9.1/: 

4. V"luc of    utpüt '-• -~ 457> l2Ï."é ïy~~ ~\52S~ 
-& 

5.    Mot benefits --42.13 -147.45       - 7.3*  "'    "5T.33 64.0f 7373e' 

ii:;t«_.s. 1.    Ail figurus 'Tu unchanged ov^r the  ¡v ri H.! fron yearo 6-15 inclusiv«. 
2.    Equal t.- (4-(l + 2 + 3)   ) 

TABLE VI.9:    Cr.lcul--.tlon of the flow of not benefits of ucgjonrl Tim II 

  YEAR   

Costs ••«.! ben fits ($ti) 1 2 3 4 5 6-15 1 

1. Investment coots 42.9 150.14 21.44 - - - 

2. Operating costo - - 31.22 " " 63Ï6T' " 70.15 76.64 

5. Transport costs - - 1.19 3.18 3.56 3.98 

4. Value of output — - 45.6 121.6 136.8 152 

5. 
2 

Not bcnci'it.T -   42.9 -   150.14 - 6.25 54.76 63.07 71.38 

Notes. 1,    All flgvu»nr>  unchanged  :-voi- the period from ye irr: 6-15 inclusive 
2.    Equ-1 to  ( k- (1 + 2 -I- 3 ) ) 

TABLE VI.10:  Calculation of the flow of net benefits of the National Plan 

 YEAR  

Costs and benefits (fo) 1 2 3. A '¿ 6-151 

1.    Investment costs 34.78 121.72 17.39 - 

2. Operating costs - - 24.63 50.14 55.24 60.34 

3. Transport costs - - - - - - 

4. Value of  output - - 37.2 99.2 111.6 124 

5. Net benefits' - 34,78 - 121.72 . - 4.82 49.06 56.36 63.66 

Notos, 1,    ."ill figuroa ?n unbhax\ged over the  period from yorrs 6-15 indurivi, 
2.    Equal t-  ( 4 - ( 1 + r» + 3 ) ) . 
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2» The investment tino-otre, ri  is based   ..<n Tabi.. VI.5.     Du  gesta!' "m 

period  is expected t    last 30 M nths anei  theref-.-r«.. terminato a after the first 

six Months of year 3.    Th«.  e'.istributi. ri   >f irvestnent costs ' v- r y< ars 1, 2 aae'. 3 

is set at  20 per cent,   70 per cent .ini1. IO per cent    f the  total respectively. 

The basis fur this is  the t.-bl«.  fron which e ir tructi ,n int-r-st was  calculated 

in Section IV. 

3« The value  of -utput figures,   based on Tibie VI.4,   is set it 30 per 

cent of annual capacity in year 3, when    nly six :ionths is available for 

production.    In years 4 .and 5 we assure  1^0 per cent -nrt '90 per cent of cat-city 

is attained.    Fron ye-rs 6 - 15 we  .assume 100 p^r cent capacity utilization. 

The total number of years of production  is l?À, 

^' Transport  costs of the  end-pr bluets are. based on Table VI,7 multiplied 

by the percentage utilization of capacity. 

5« Op«, rating c  sts wert divided  into two   groups: 

A. Rav/natorials; utilities;  cataly3t, c!iu,iic"ls -mc! operating 
intcr-ceiiplex transport  costs, suppliesj^ 

B. Operating labour and dinget supervision; mintonance labour 
and  nntcrials; general overheads;  insurance and taxes. 

A were assumed to vary directly with capacity utilization; B were assuned td 

be invariant with capacity.    On this basis A + B were  calculated for the 

years 3-5 when the  complexes are assumed tc run below full capacity, 

6» Wt- ^nve already discussed -11 the  constituent elements of net benefits, 

but not the net benefit  seri* s itself.    These figures for each of the plans are 

brought together in Table VI .11. 

TABLE.VI.il:    Net benefit stream of the  rcfflon*! and national alternatives in &m. 

 ..   YEAR •      • 

&2Û 1 S 2 L. S 6-15 

R.P.I -42.13        -U7.45      -7.38 56.33 64.85 73.38 

R.P. II     -42.9        - 150.H      -8.25 54.76 63.07 71.38 

N.F. -34.70       - ia.72       -4.82 49.06 56.36 63.66 
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Table VI.11 gives us our first clear result,    In overy year throughout 

the life of the project the not bonefits of Regional Plan I are greater than 

those of Regional Plan II.    (That is, R.P.I always hAs smaller negative values 

and higher positive values for its nel benefits).     In purely economic terras, 

therefore, R.P.I is definitely preferable to R.P.II. 

Comparing the National Plan with R.P.I we see ï.hat in each of the 

years i - 3 t/    N.P.'s net benefits have a smaller negative value, but that in 

every year 4-15 the N.P.'s net benefits also have a smaller positive value. 

This is precisely what one would expect of two projects of broadly similar 

efficiency but where one is about 00 per cent of the fise of the other. 

In terms of economic viability alone* then, the crucial comparison 

is that between Regional Plan I and the National Plan and it is this which we 

shall examine most carefully.    However, since R.P.II'e net benefits differ 

from those of R.P.I by such small magnitudes, we shall continue to give the 

results for R.P.II as well. 

7. We now present the average rate of return for each alternative using 

the data in Table VI. 11 and equation (2) on page f .   The results a ret 

R.P.I:    24* R.P.II»    23$ N.Pt      25* 

All three rates are very similar and all are high, 

A comment is in order here on why, in terms of the average rate of 

return, the National Plan beats R.P.I by n short head.    Using Tables VI, 4-7 

it can be shown that whilst R.P.I has a value of output 22,5 per cent greater 

than the National Plan, its investment costs are only 21,1 per cent greater 

and its operating costs are only 15.2 per cent greater than N.P,   In these 

terms, then, R.P.I is definitely the winner.   However, R.P.I incurs $9*14 

million a year in transporting its end -product to /«SEAN ports whilst there is 

no such cost in the ease of the National Plan.    It is this alone which pushes 

the K.P. ahead. 
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G, Elan selection and the cost of finance 

1. In sub-section D we said that once the costs of plan finance are 

known, the plan with the highest discounted cash flow should be selected. 

The reason is that the  ranking of pit jects if not necessarily the same by 

the discounted cash flow as by the average rate of return and the former technique 

can be shown to be preferable'.    (Reference 21 pp. 132-135).    It is possible to 

state quite precisely which plan ranks first as a function of different costs of 

finance wher^ the  costs of finance are the same for each plan.    The results 

are given in Table VI.12. 

TADLE IV.12:    Plan choice in relation to cost of finance for 
the regional and national altemativea 

Cost of Finance (% p.a.) Plan Cho|ce 

Below 19 

20 - 25 

Above 25 

Regional Plan I 

No difference 

National Plan • 

Neither Plan 

?Jotes: 1.    This rate of disccunt is known as the comparable rate of return 
at which the discounted cash flow of the two plans are Identical. 

2. The lower rates of interest favour the Regional Flan even though the 

National Plan has the highest average rate of return.    This can be explained using 

the symbols of equation (l) on page 6.    We see that the outlays of each plan are 

its investment cost, It,  and the receipts are its operating surplus, (Vt - Ct). 

Aga'in'using Tables VI.4-7 it can be shown that whilst R.P.I's investment 

outlays are 21.1 per cent higher than N.P., its operating surplus receipts 

are only 15.3 per cent greater.    Low interest rates give a greater weight to 

the operating surplus vis-a-vis investment, because of the discounting effect, 

and therefore mft.ces R.P.I progressively more Attractive as the interest rate 

diminishes. 
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H»    F creigli exchange savings of the alternatives 

!• In this "»ub-ii.-.ctii n w>   ci. culate the t >til foreign oxch-ug-:  outlay 

<f each pl'm,  the gross f<->r<. Lgn exchange savings fr.-,i import suüstit -it L . . ¿vid 

the difference between th... tvr.,  equ"l t •• the  net foreign exchange sa zings. 

We begin with total foreign * xchange   -utlays:  on investment, operating costs 

•".id transport costs.    Table  VI.13 shows the proportion of costs vfcich we 

assume will be dev?tod to imports. 

TABLE VI.13:    Proix»rtion of costs incurred in foreign exchange 

Cost category Proportion in foreign exchange (X) 
Investment costs 8Q 

Naphtha QQ 

Fuel Oil go 

F!->" aphate rock 100 

Sulphur 100 

Potash 100 
Chur.iic.ls -nd catalyst 100 

Operating supplies 50 

Maintenance 

General overheads 
50 

20 
Transport costs 50 

*»11 other costs incurred ?rc assumed to require no foreign exchange. 

Foreign exchange receipts from any c.apit-1 inflow which night help finance 

the plans,  and outlays in foreign exchange   n the consonuent return flow 

of interest a ai  profits are not inclu ed as the s< .urces of project finance 
sre not yet known. 

Using Tables VI.   5 and 13, the total foreign exchange outlays 

required for investment costs,  in millions of dollars, rrci 

R.F.I»    168.52 R.F.II: 171.5« N.F» 139.12 
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TJsinrç the  summaries of  operating costs given  in Sections IV anc1 V 

-.nd Tables VI.6 and 13,  annual foreign exchange- reouirononis for operation at 

ful]  cv.p->city nr,  in ¡rallions of dollars: 

R.Ptli    46.29 R.P.II: 49.91 N.Pi    43.36 

Using Tables VI.7 and 13, annual foreign exchange reciu irniente for 

end-product transport costs pt full capacity -'ire, in ndllions of dollars: 

R.P.I:    4,57 R.F.II:    1.99 N.H    none 

To arrive at the total foreign exchange outlay over the life of the 

plant we add the foreign exchange outlay  m investment costs to the annual foreign 

exchange outlay on operating and transport costs multiplied by the mi"ber of 

ye rs of production (12^) adjuster' by the capacity utilization rate-.    This 

procedure givss the fallowing table in millions of dollars: 

R.P.I:    779 R.F.II:    794 N.Pi    659 

2. Gross foreign exchange savings thr ugh import substitution we equate 

simply to the total value of cut put over the 12* year period of production, 

giving for the three plans, in millions of dollars: 

R.P.I:    1824 R.P.II:' 1824 N.P:    1488 

3. Tr.ble VI.14 brings together these results and shown the net foreign 

exchange savings for e-'ch plan. 

TÀBI£ VI,14:    Net foreign exchange savings of the regionalen«! 
national alternativos in millions of dollars . 

Foreign exchange outlays and savings ($m)          Rj£il                  hhll up- 

value of output                                                          1824                    1824 1488 

Investment, operating & Transport costs           -   779 - 79¿t " ffi 

Net foreign exchange savings:                                  ^Ofr?                    MIO 82^ 

Notes: 1,   Rounded' to the nearest million dollars 
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The difference between the regional plans is very small indeed.    The National 

Plan's savings are 79 per cent of those of R.P.I, very close to its proportionate 

output value, which wc saw in sub-section C was 82 per cent. 

For every unit of foreign exchange currency spent on investaent 

the number of units of foreign exchange saved through the total operating 

surplus equals: 

R.. •"•    7.18 R.P.II: 6.98 N.P: 6.96 

The difference between the alternatives are very small:    the R.P.I ratio is 

only 3.2 per cent greater than the N.P. ratio. 

I.   Employment generation 

1.    Our final remarks concern the ciploynent generated by the three alternatives. 

The number of workers required rrc shown in Table VI.15. 

TABLE VI.15t    Number of workers required for each complex 
in the regional *nd national alternatives 

Complex J Complex S Complex B Total 

R.P.I                   8» 850                             - 1700 

R.P.II                  850 600                               600 2050 

N.P.                     850 -                                  850 1700 

Using these figures and Table VI.5 it can be calculated that the size 

of the investment outlay per job created is: 

R.P.I»    $124,000 R.P.II: $105,000 N.P: $102,000 

Investment outlay per Job created is very high, but it is well recognized 

in all of the developing countries, many of which have severe problems of 

unemployment and under-employment,that the chemical industry is one of 

those industrial branches which are least capable of significant employment 

generation. 
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LETTER FROM THE BRITISH PHOSPHATE COMMISSIONERS 

Twentyfour hours --iter completing our report wc received the following letter 

from the British Phosphate Commissioners: 

THE BRITISH PHOSPHATE COMMISSIONERS 

Managing Agents for THE CHRISTMAS ISLAND PHOSPHATE COMMISSION 

Dear Sir, 

We refer to your letter of 10th April 1972 regarding the feasibility study 

you are carrying out on the production of fertilizer, particularly phosphatic 

fertilizer, for the region covering Indonesia,  Malaysia, Philippines, Thailand 

and Singapore, 

As the situation .stands at present all phosphate rock produced at 

Christmas Island and Ocean Island which is suitable for acidulation is required 

for use in Australia and New Zealand.    However, we do currently supply Malaysia 

and Indonesia with Christmas Island phosphate dust for direct application. 

The chemical composition .and other detf.ils of the two types of storiai sent 

to these areas ares- 

Grade "A" 

Cfì^Cal Range TypM 
Total P205 35.0 - 37.0 36.3 

P205 Sol 2% citric 
add Ö.2 -   9.5 - 

F (fluorine) 1.5 -   2.0 1.1 

CsO Total ¿•o.o 

CnC03 Free 5.5 -   6.5 3.2 

H20 1.0 .9 

Mesh 85$ minus 
100 raesh 

10% minus 
200 mesh 



• 
• 

» • 

t 





1.0  ;uf ta 
'" Ut   *• 

la 
"""^^•1    IHR^^H     M^^H 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU OF STANDARDS 

STANDARD REFERENCE MATERIAL 1010a 
(ANSI and ISO TEST CHART Ni,   2l 
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Chemical Range Typj-caJ, 
Total P205 30.0 - 32.0 30.5 

F205 Sol citric acid 10.0 - 11.0 10.2 

F (fluorine) 0.2A - 0.68 0.3 
CaO Total 16.8 

CaC03 Free 1.2    - 2.3 1.8 

H20 1.0    -1.5 .9 
Mesh 85/0 minus 

100 mesh 
70/» minus 
200 mesh 

The citrate soluble P.O. in a neutral ammonium citrate solution is 205& 
minimum. 

Substantial quantities of the above material (particularly the calcined 

product) would be available in the late 1970's or 1980's. 

We trust the foregoing information will assist you with your study. 

Cognant 

This rock is quoted as costing $12.50 per ton in the World Bank Report, 

Even if only 50?' of requirements would be net with   this rock, it would result 

in a coat saying of about $9.00 per ton of P20. as phosphoric acid.   As a result 

the average rate of return on all 3 alternatives would rise, probably by a couple 

of percentage points. 
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COST Of PRODUCTION TABHJ ACOOMPANYINS SECTIONS IV AND V 



ESTi; L.TED ÀMMCHIA PRODUCTION COST 

CCIÎFLEX B III 

Plant Capacity    184,800 MT/Yr   560       MT/D   330    D/Yr 

Plant Investment MM$ 27.U. 

Working Capital 0.75 

Tot*l 28.16 

VARIABLE COST Units Units/Mr $/Un|t   SS $/MT 

m 0.731 22.00     2,971.6 Naptha 16.08 

WltH 
Power Kwh 5 0.02          18.4 0.10 
Cooling Water M3 255 0.0052     245.8 1.33 
Boiler Food Water M3 1.8 0.0670       22.2 0.12 
Catalyst & Chomicals 110.9 0.60 
Operating Supplies 64.7 0.35 
Total Variable Cost 3,433.6 18.58 
FUS* fflST 

31.2 0.17 

78.0 0.42 

109.2 0.59 

Ubo or 

Operators 6 men/shift 

Supervision   1 man/shift 

Total Labour 

OTHER COSTS 

Overhead 

H"intonanee 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Fixed Cost 

TOTAL PBODUCTION COST 9,333.0 50.49 

274.1 1.48 

795.0 4.30 

274.1 1.48 

2193.0 11.87 
2253.O 12.19 

5,898.4 31.91 



ESTIi-ATED ¡dii£MIk PRODUCTION COST 

Complex S III 

Plant Capacity    257,400 MT/Yr     760 ííT/D     330 D/Yr 

Plant Investment    MM$ 32.74 

Working Capital 0.93 

Total 33.67 

V,iRL,BLE COST 

Raw Material üt 

Natural Gas 

Utilities i 
Power 

Cooling Water 

Boiler Food Water 

Catalyst and Chemicals 

Operating Supplies 

Total Variablo Cost 

Units     Unlta/MT       $/Unlts      $99 $/MT 

1 
Vf 1065 

Kwh 5 
M3 255 
*> 1.8 

0.0O88        2,411.8        9.37 

0.02 25.7 0.10 

0.0052 342.3 1.33 
0.0670 30.9 0.12 

154.4 0.60 

90.1 0.35 
3,055.2 11.87 

FIXED COST; 

Labourt 

0porator8 . 6 mon/shift 

Supervision    1 man/shift 

Total Libour 

OTHER COSTS 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Fixed Cost 

31.2 0.12 

78.0 0.30 

109.2 0.42 

327.4 1.27 

929.0 3.61 

327.4 1.27 

2,619.0 10.17 
2,694.0 10.47 
7,006.0 27.21 

TOTAL PRODUCTION COST 10,061.2     39.08 



ESTIMATED AMMONTA WMnwTTnK r.crw 

Complex J III 

Plant Cnpfvcity   280,500 MT/Yr       85ü IT/D      330    D/Yr 

Plant  Investment     '«M$ 33.90 

Working Copiti 1.00 

Total 34.90 

VARIABLE COST Units      Units/MT       i/Unit jgjg 
Raw Matcri4s8 

untumi Gas ^3 

Utilities: 

Power 

Cooling Vhter 

Boiler Food Water 

Catalyst and Chemicals 

Operating Supplies 

Total Variable Cost 

FIXED COST 

Labour t 

Operators   6 nen/shift 

OTHER COSTS 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Intero at on Investment 

Total Fixed Cost 

TOTAL PRODUCTION COST 

Kwh 5 

255 
M3 1.8 

Supervisors   1 man/shift 7gt0 

Total Labour 

1065 0.0088 2,628.3 9.37 

0.02 20.1 0.10 
0.0052 373.1 1.33 
0.0670 33.7 0.12 

168.3 0.60 
98.2 0.35 

3,329.7 11.87 

31.2 0.11 

0.28 

109.2 0.39 

339.0 1.21 

957.0 3.a 
339.0 1.21 

2,712.0 9.67 

2,792.0 9.95 
7,2*8.2 25.84 

10,577.9       37.71 



ESTIMATED AMMONIA PRODUCTION COST 

Conplcxcs JI & JII 

Plant Capacity 313,500 m fir    950 Î-C/D   330 D/Yr 

Flint Investirent      MM$   37.47 

Working Capital 1.13 

Total 38.60 

VARIABLE COST 

Raw Materials i 

Natural Gas  (l) 

Utilities! 

Power 

Co.oling Water 

Boiler Ft.ed Water 

Ca.talyst and Chemicals 

Operating Supplies 

Total Variable Cost 

W 

Kwh 

v? 

t3       Units/iT $/Unit m. $/MT 

1065 0.0088 2,937.5 9.37 

5 0.02 31.4 0.10 

255 0.0052 417.0 1.33 
1.8 0.0670 37.6 0.12 

188.1 0.60 

109.7 0.35 

3,271.3 11.87 

Labour: 

Operators. 6 men/3hift 

Supervision 1 mm/shift 

Total Labour 

OTHER POSTS 

Overhead 

MajLntenan.ee 

Tapcee and, Insurance 

Depreciation 

Interest on Investirent 

Total Fix,od Cost 

31.2 0.10 

78.0 0.25 

109.2 0.35 

374.7 1.20 

1,050.0 3.35 

374.7 1.20 

3,000.0 9.57 
3,100.0 9.89 

8,008.6 25.56 

TOTAL PRODUCTION POST 11,729.9     37.43 



ESTIMATED AMMONIA PRODUCTIOiI COST 

Complexes SI & S II 

Plint C-^acity 412,500 m/Yr 

Pl'.nt  Investment í.¡?v 42.34 

Working Capital 1.50 

Total 43.64 

1250 tfT/D    330 D/Yr 

VARIABLE COST 

Raw Materials: 

Nf.turni GAS 
Ut Ulti est 

Povi r 

Cooling Water 

Boiler Fr;ed Water 

Crtnlyst- and Chemienls • 

Operating Supplies 

Total Variable Cost 

Units     Units/Mr       $/Unit 

3 1065 0.0088 M 

Kwh 

M3 

5 

255 

1.8 

0.02 

O.OO52 

0.0670 

ÍU¡r 

3,865.1       9.37 

41.3 

548.6 

49.5 

247.5 

144.4 

4,896.4 

0.10 

1.33 

0.12 

0.60 

0.35 

11.87 

FIXED COST 

J£bou£t 

Operators    6 men/shift 

Supervision   1 man/shift 

Tot.-'l Labour 

31.2       0.08 

78.0       0.19 

109.2       0.27 

OTHER COSTS 

Overhead' 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest" on Investnent 

Tot"l Fixed Cost 

423.4 1.03 

1,190.0 2.88 

423.4 1.03 

3,390.0 8.22 

3,510.0 8.51 

9,046.0 21.94 

TOTAL PRODUCTION COST 13,942.4     33.81 



ESTIMATED UREA PRODunTTOM nrwr 

(PRILLS) 

Complex B ITT 

Flint Cecity   34,650 ¡!T/Yr   105 I-tl'/D    330 D/Yr 

Plr.r.t  Investncnt        Mi> 1,93 

Working Capital ,11 

Total 2,04 

V-BLuMf COST un^     UnltsAtr       $/Uhlt MJQ 

Raw :-htci»l.i¡at *""**• 

Urr.i 

Utilities, 

Power 

Cooling Water 

Steam 

Operating- Supplies 

Total Variable Co3t 

FIXED COST 

Labour: 

Operators-1 man/shift 

Supe rvisien 

Total Libour 

OTHER COSTS 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on Investnent 

Totnl Rixed Cost 

TOTAL PRODUÇTTfti msj 

MS 

m l 39.96 1,384.6        39.96 

Kwh   •     25 

3.5 0.10 

1,308.1        40.06 

5.2 0.15 

5.2 0.15 

19.3 0.56 
39.0 1.13 
19.3 0.56 
15.0 0.43 
15.0 0.43 

112.8 3.25 

1,500.9     43.31 



tfr 0.57 
OT 0.76 

Kwh 125 
tt* 49.6 

m 0.70 

ESTIMATED UREA FRüDUCTIOfl COST 

(PRILLS) 

Complex J I 

Plnnt Capacity   155,100 r.T/Yr    470 NT/D     330 dftr 

Plant Inventaient      MMjj 12.83 

Offhitcs 0.50 

Total 13.33 

VARIABLE COST Units      Units/MT       $/Unit WW $/OT 

Raw I «it criai s t 

Ammonia m 0.57     37.43    3,309.8  21.34 
co2 
Utilities: 

Power 

Cooling Wat^r 

Steam 

Operating Supplies 

Total Vu liable Coat 

Lflbourt 

Operators      5 men/shift 26.0 0.17 

Supervision    i nian/shift 39,0 0.25 

Total Labour' 65.0 0.42 

OTHER COSTS 

Overhead 

Mnintenancc 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Fixed Cost 

TOTAL PRODUCTION COST 6,669.9       43.01 

0.02 387.8 2.50 
0,0052 40.3 0.26 

1.10 119.4 0.77 
31.0 .20 

3,888.3 25.07 

128.3 0.83 
360.0 2.32 

128.3 0.83 
1,030.0 6.64 
1,070.0 6.90 

2,781.6 17.94 



Mr   . 0.c7 

MT 0.76 

Kwh 125 
M3 49.6 

MI 0.70 

ESTIMATED UREA PRODUCTION COST 

(Prills) 

Complex J   II 

Fiant Capacity 214,500 MT/Yr    650 IfT/D   330 D/Yr 

Fiant Investment        Mi 16.24 

Cffsitcs 0.90 

Total 17.14 

VARIABLE COST Units      Units/MT       $/Unit ^9r $/MT 

Raw .Materials:   • 

Armonia MT    .      0.c7 36.40 4,450.9 20.75 
co2 

Power 

Cooling Water 

Stcàn 

Opt fating Supplies 

Total Variable Cost 

FIXED COST 

Labour: 

Operators 5 men/shift 

Supervision | nan/shift 

Total Labour 

WW CT? 
Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Fixed Cost 

TOTAL PRODUCTION COST 8,724.9 40.6a 

0.02 536.3 2.50 

0.0052 55.8 0.26 

1.100 165.2 0.77 

42.9 0.20 

5,251.1 24.48 

26.0 0.12 

39.0 0.18 

65.0 0.30 

162.4 0.76 

414.0 1.93 

162.4 0.76 

1,299,.0 6.06 

1,371.0 6.39 

3,473.8 16.20 



ESTIMATED UREA PRODUCTION COST 

(PRILLS) 

Conpl ox S I 

Pl;>nt Opacity 333, 300 rtf/Yr   1010 iT/D    330 D/Yr 

Fl^nt  Invest'wnt MMJS 20.83 

'•forking Cnpit.-'l 1.10 . 

TotPl 21.93 

VARIABLE COST Units Unita/MT $/Unit m Ì/HT 

Rriw Materials: 

Ainmonia irr .57 33.81 6,422.7 19.27 

cc2 . m .76 

Utilities: . 

Power Kwh 125 0.02 833.3. 2.50 

Cooling Water M* 49.6 O.Ou52 86.7 0.26 

Stenm m 0.70 1.10 256.6 0.77 

Operating Supplies 66.7 0.20 

Total Variable Cost 7,666.0 23.00 

FIXED COST 

¿¿baur.: 

Operators    5 men/shift 

Supervision    * man/shift 

Total Labour 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation' 

Interest on investment 

Total Fixed Cost 

26.0 0.08 

39.0 0.12 

65.0 0.20 

208.3 0.63 

560.0 1.68 

208.3 0.63 

1,670.0 5.01 

1,750,0 15.*5 

4,461.6 13.40 

TOTAL PRODUCTION COST 12,127.6       36.40 



SSTIfliTSD 'JR¿,> PRODUCTION COST 

(Prills) 

Complex S II 

11 

Fiant Capacity 369,600 MTAr 

Plant Investment   MM?; 22.47 

Offsites 1.20 

Total 23.67 

1120 Î-ÎT/D   330 D/Yr 

VARIABLE COST Units unit s An ifc/Uhit t/Tf ft/MT 
Raw '.late ri als: 

Annionia MT 0.57 33.01 7,122.2 19.27 
co2 m 0.76 

Utilities! 

Power Kwh 125 0.02 924.0 2.50 
Cooling Water M3 49.6 0.0052 96,1 0.26 
Steam MT 0.70 1.100 284.6 0.77 
Operating Supplies 73.9 0.20 
Total Variable Cost 8,500.0 23.00 

FIXED COSTS 

Labour: 

Operators    5 men/shift 26.0 0.07 
Supervision    ¿ man/shift 39.0 0.11 
Total Labour 65.0 0.16 

OTHER COSTS 

Ovarhend   . 224.7 0.61 
Maintenance 610.0 1.65 
Taxes, and .Insurance 224.7 0.61 
Depreciation' 1,798.0 4.86 
Interewt on Investment 1,894.0 5.12 
Totnl Fixed Cost 4,816.4 13.03 

TOTAL PRODUCTION COST 13,317.2 36.03 



12 

SSTLMATED UREA PRODUCTION 

(FFILLS) 

Complex S III 

^GST 

Plant Capacity 452,100 MT/Yr    1370 MT/D 

Plant  Investment >M$   24.51 

Working Capital 1.30 

Total 25.81 

330 D/Yr 

VARIABLE COST 

Ammonia 

co2 

Utilities! 

Power 

Cooling Water 

Sttam 

Operating Supplies 

Total Variable Costs 

Units     Units/HT       ¿/Unit &9B Um 

wr •    0.57 
MT 0.76 

Kwh 125 
MJ 49.6 
WT 0.70 

39.08 10,072.8      22.28 

0.020 1,130.3 2.50 

0.0052 117.5 0.26 

1.100 348.1 0.77 

90.4 0.20 

11,759.1 26.01 

rap cero 
Labour; 

Operators 5 men/shift 

Supervision ì man/shift 

Total Labour 

OTHER COSTS 

Overhead 

Maintenance 
Taxes and Insurance 

Depreciation 

Interest on Investment 

Totfl Fixed Cost 

26.0 0.06 

39.0 0.09 

65.0 0.15 

245.1 0.54 
656.0 1.45 

245.1 0.54 
1,961.0 4.34 
2,065.0 4.57 
5,237.2 11.59 

TOTM, PRODUCTION COST 16,996.3     37.60 



I; 

Mr • 0.57 

irr 0.76 

Kwh 100 
M3   ' 49.6 

MT 0.7 

ESTIi-XED UREA PRODUCTION COST 

(83% 30L.) 

Complex S II 

Plant Capacity   106,450 OT/Yr     565 MT/D   330 D/¥r 

PUnt  Investment      MM$ 835 

Off&ites 60 

Tot.il 805 

VARIABLE COST Units      Units/1 H'        ft/Unit Ì999 ¿,/MT 

Raw Materials; 

Armoni-. WT   "       0.57 33.81 3,592.9       19.27 
co2 

Power 

Cooling Water 

Steam 

Operating Supplies 

Total Variable Cost 

mW OOP 
Labouri 

Operators 5 ^en/shift 

Supervision 1 man/shift 

Total  Lrbcur 

Wiffi TOS 
Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on Investirent 

Total Fixed Cost 

TOTAL PRODUCTION COST 6,044.5        32.42 

0.02 372.9 2.00 

0.0052 48.5 0.26 

1.10 143.6 0.77 
18.6 0.10 

4,176.5 22.40 

26.0 0.14 
39.0 0.21 

65.0 0.35 

83.5 0.45 
252.0 1.35 

83.5 0.45 
668.0 3.5« 
716.0 3.84 

1,868.0 10.02 



14 

ESTILATEB UREA PRODUCTION COST 

(835? SOL.) 

Complex J I 

Plant Cape city    313,500 MT/Yr      950 MT/D    330 D/Yr 

Plant Investment IIM$ 10.94 

Working Capitili 0.86 

Total 11.80 

VARIABLE COST Units     Units/iff       ¿/Unit ffi$ $/MT 

Raw Materials: 

Ammonia MT 0.57 37.43 6,690.1       21.34 
C02 • MT   •       0.76 

Utilities! 

Power Kwh 1.00 

Cooling Water M^ 49,6 

Steam 1ÍT 0.7 

Operating Supplies 

Totcl Variatile Cost 

rm OffT ' 

Operators    5 men/shift 

Supervision    X nun/shift 

Total Labour 

OTHER COSTS 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on'Investment 

Total Fixed Cost 

TOTAL PRODUCTION COST 10,095.2       32.19 

0.02 627.0 2.00 

0.0052 81.5 0.26 

1.100 241.4 0.77 

31.4 0.1C 

7,671.4 24.47 

26.0 o.oc 
39.0 0.12 

65.0 0.2C 

109.4 0.35 

320.0 1.02 

109.4 0.35 

860.0 2.80 

940.0 3.00 

2,423.8 7.72 



15 

ESTI/ATED 'JREA PRODUCTION COST - S  • 
(835É SOL.) 

Complex 5 I 

Plant Capacity     313.50 ifi/ïr      950 rtT/D     330 D/Yr 
Plant Investment    MM& 10.% 

Working Capital 0.86 

Total 11.80 

VARIABLE COST Units     Units/Iff        S/Unlt Ì9B 

Antmonia MT .57 33.81 6,041.1      19.27 
co2 MT .76 

Power .     Kwh        100                   0.02               677.0 2.00 

Cooling Water    . .     V?       JU9.6                     0.0052             81.5 0.26 
stcam  . MT         0.7                     1.10              241.4 0.77 
Operating Suplios 31.4 Q.IO 

Total Variable Cost 7,022.4 22,140 

FIXED COST 

Labour: 

Operators   5 men/shift 26.0        0.06 

Supervision    ' man/shift 39.0        0.12 

Total Labour 65.0        0.20 

OTHra COSTS 

Overhead 109.4 0.35 

Maintenance 320.0 1,02 

Taxes and Insurance 109.4 0.35 

Depreciation 880.0 2.80 

Interest on Invqatmont 940.0 3.00 

Total Fixod Costi 2,423.8 7.72 

TOTAL PRODUCTION COST _   .9,446.2    .  30.12 



16 

ESTIWT5P URS,'. PRODUCTION COST 

(83'¿ SO^.) 

Cor.clex B III 

Fiant  C"p"city 330,OOC MT/Yr      1000 i'T/D    330 D/Yr 

FLint   Invustrxnt rfl<-.    12.00 

Working C-pital 0.90 

Tot .il 12.98 

VARIABLE COST 

Riw Materials; 

AiîBTionl'i 

co2 

Utilities: 

Power 

Cooling Water 

Stem 

Operating Supplies 

Total Varinblu Cost 

FIXED COST 

Labors 
Operators 5 nen/shift 

Supervision ¿ wan/shift 

Total Laboufc 

Overhead 

Kiintenancc- 

Taxée and Insurance 

Depreciation 

Interest on Investment 

Total Fixed Cost 

Units      Units/MT       ¿/Unit 

50.49 Mr 0.57 

fir 0.76 

Kwh 100 

¿> 49.6 

Iff 0.70 

9,494.1 

ÈÙS. 

28.77 

0.020 660.0 2.00 

0.0052 85.8 0.26 

1.1000 254.1 0.77 

33.0 0.10 

10,527.0 31.90 

26.0 0.08 

39.0 0.12 

65.0 0.20 

120.8 0.37 

346.0 1.05 

120.8 0.37 

966.0 2.92 

1,038.0 3.15 

2,656.6 e.o6 

TPTAJ, ffiopVÇTIOK ffftT 13,183,6 39.96 



17 

ESTIMATED UREA PRODUCTION COST 

(83%' SOL.) 

Complex JII 

Plant C i na city 336,600 MT/Yr    1010 MT/D   330 D/Yr 

Fiant Investment MM$ 11.37 

Offsitcs 0.90 

Total 12.27 

VARIABLE COST Units 

iff 

Units/Mr 

0.57 

¿/Unit 
Raw Materials: 

Alimonia 36.40 
co2 MT .0.76 

Utilités: 
Power Kwh 100 0.02 
Cooling Water I43 49.6 
S te an MT "0.7 1.10 
Operating Supplies 

Total Varirble Cost 

fTOpCX3ST 

Laboyr.: 

Ope retore 5 non/shift 

Sunèrvision'j man/shift 

Total Labour 

OTHpF: COSTS 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on'Investment 

Tot.il Fixed*Cost 

TOTAL PRODUCTION COST 

6,984.4 

ME. 

20.75 

673.2 2.00 

37.5 0.26 

259.2 0.77 

33.7 0.10 

8,030.0 23.88 

26.0 0.08 

39.0 C.12 

65.0 0.20 

113.7 0.34 

339.C 1.01 

113.7 0.34 

910.0 2.70 

982,0 2.91 

2,523.4 7.50 

10,561.4        31.38 



18 

ESTIMATED UKEA PRODUCTION COST 

(83¡¿ SOL) 

Cor.tplcx J III 

Plant Capacity 392,700 MT/Yr     1190 MT/D     330 D/Yr 

Ptant Investment MMv    12.45 

Working Capital 1,00 

Tot-1 13#45 

VARIALE COST 

Raw Materials! 
Units Units/Iff t/Uf|it m MS. 

ijnmpnia Mr • 0.57 37.71 8,439.1 21.49 
co2 Mr 0.76 
Uti^tics: 

Power 

Cooling W^ter 
Kwh 

IP 
100 

49.6 
0.020 

0.0052 
785.4 
102.1 

2,00 

0.26 
Steam 

Opomtinp; Supplies 

Totft1 Variable Co3t 

MT 0.70 1.1000 302.4 

39.3 

9,668.3 

0.77 
0.10 

24.62 

FJXEp, COST 

',t)OUri 

Operators 5 men/shift 

Supervision  '\ nrn/3hift 

Total Lb our 

OTHER COSTS 

Overhead 

Maintenance   * 

Trxes and Insurance 

Dépréciation" 

Interest on Investment 

Tctnl Fixod Coat 

26.0 0.07 

39.0 0.10 

65.0 0.17 

124.5 0.32 

371.0 0.94 

124.5 0.32 

996.0 2.54 
1,076.0 2.74 
2,757.0 7.03 

TOTAL PRODUCTION COST 
12,425.3       31.65 



19 

ESTIMATED UREA-AlfllONIA SOLUTIONS FRODUCTION COST 

Complex S II 

Plant Capacity 498,300 MT/Yr    1510 MT/D    330 D/ir 

Fiant Investment íMf, 0.232 

Working C pit ni 

Total Investment 0.232 

V/JIABLE COST Unita      Units^J       $/Unit 1999 

Raw Materials t 

Ammoni.'1 

Uro« Solution 33Í 

Utilities» 

Power. 

Wnter. 

Operating Supplico 

Total Variable Cost 

DIRECT COST 

Labour» 

Operating   2 men/shift 

Supervision   X/U nwn/shift 

Total Labour 

Overhead 

Maintenance 

Taxes nnd Insurance 

De pro e ir. t ion 

Interest on investment 

Total. Direct Cost 

TOTAL PRODUCTION COST 9,375.7      16.82 

m .0.19 33.81 3,199.1 6.42 

m 0.375 32.42 6,059.3 12.16 

Kwii 4 0.020 4C.0 0.08 

Ir1 . .394 0.0670 15.0 

19.0 

9,332.4 

0.03 

0.04 

18,73 

10.4 0.020 

19.5 0.040 

29.9 0.060 

2.3 0.005 
5.0 0.100 

2.3 0.005 

1.9 0.005 

1.9 0.005 

43.3 0.09 



20 

ESTIMATED SULFURIC AC TD PRODUCTION COST - R 

Complex B III 

Plant Capacity 363,000 liT/Yr 

Plant Invcstnunt MMV   8.51 

Working Capital 0.45 

Tct.-l 3.96 

1100 I1T/D      330 D/Yr 

VARIABLE COST 

Rw l-rtcrfo|s» 

Sulfur 

Utilities» 

Power 

Boiler Feed Water 

Cooling Water 

Export Stean- 

Total Variable Costs 

mw Aw 
Labourt 

Operating   3 nen/shift 

Supervision ¿ ¡van/shift 

Total- Lribour- 

OTHER COSTS 

Overhead 

Maintenance 

Taxes- and Insurance 

Depreciation 

Interest on »Investment 

Total Fixed Cost 

M¿   mu/m     $ unit       Hfli $/MT 

IIT 0.337 

Kwh 

:»P 
Mr 

3 
1.3 

32,9 

1.U 

24.50 2,998.4 8.26 

0.020 21.8 0.06 
0.0670 32.7 0.09 
0.0052 61.7 0.17 
1.1000 453.8 (1.25) 

2,660.8 7.33 

15.6 0.04 
39.0 0.11 

54.8 0.15 

85.1 0.23 
260.0 0.72 

85.1 0.23 
681.0 1.88 

717.0 1.98 

1,883.0 5.19 

TOTAL raoDUCTTry cnsT 
4,543.8      12.52 



21 

ESTIMATED SULFURIC ACID PRODUCTION COST - S 

Complex JI à SI 

Plant Capacity 495,000 MT/Yr      1500 ?fT/D   330 D/Yr 
Plant Invostnent MM$    9.82 

Working Capital 0.60 

Total 10.42 

VARIABLE COST 

Usw iiatcrials: 

Sulfur 

Utilities: 

Power 

Boiler Feed Water 

Cooling Water 

Export Steam 

Total Variable Coats 

Units     Units/frfr       & Unit        Ì99? 

MT 

Kwh 

M3 

0.337 

3 

1.3 

32.9 

1.14 

$/MT 

24.50 4,088.7       8.?6 

0.02 29.7 0.06 

0.067 44.6 0.09 
0.0052 84.2 0.17 
1.10 618.8 1.25 

3,628.4       7.33 

FKKD COST 

Labourt 

Operators   3 men/shift 

Supervision'  '  man/shift 
Total Labour 

COj 

Overhead 

Maintenance. 

Taxes and Insurance 

Depreciation 

Interest on-Investment 

Total Fixed Cost 

TOTAL PHODUCTIOIi COST 

15.6 0.03 
39.0 0.08 

54.6 0.11 

96.4 0.19 
290.0 0.59 

96.4 0.19 
790.0 1.60 

.830.0 1.66 

2,157.6 4.36 

5,786.0 11.69 



ESTIMATED SULFURIC ACID PRODUCTION COST 

Conplex J III 

22 

Pl.-ynt Capacity      620.400 MT/Yr   1880 MT/D 

Plant Investment        MM$   12.98 

Working Capital 0.75 

Tot.-a 13.73 

330 D/Yr 

VARIABLE COST Units W^M i Unit m S/MT 

Raw Materials» 

Sulfur MT 0.337 24.50 5,124.5 8.26 

Utiliticai 

Power Kwh 3 0,020 37.2 o.o6 
Boiler Peed W.~ter M3 

1.3 0.0670 55.8 0.09 

Cooling Water M3  ' 32.9 0.0052 105.4 0.17 

Stein (export) MT 1.14 1.100 775.5 (1.25) 

Total Variable Costs 9,547.4 7#.33 

mm m 
Labours 

Operating 3 men/shift 15.6 0.03 

Supervision £ man/shift 39.0 0.06 

Total Labour 54.6 0.09 

OTHER COSTS 

Overhead . 129.8 0.21 

Maintenance 389.0 0.63 

T-txes and Insurance 129.8 0.21 

Depreciation 1,038.0 1.67 

Interest vn Investment 1,098.0 1.79 

Total Fixed Cost 2,839.2 4.60 

TOTAL PRODUCTION COST 7,386.6 11.93 



ESTIMATED SJJJURIC ACID PRODUCTION COST 

Complex 5 II 

23 

Plant Capacity 990,000 MT/ïr 

Plant Investment i-M$    16.94 

Working Capit-û 1.20 

Total 18.14 

3000 MT/D      33C) DAr 

VARIABLE COST 

Raw Materials i 

Sulfur 

Utilitiest 

Power 

Boiltr Teed Writer 

Cooling Water 

Export SteaV 

Total Variable Cost 

FIXED COST   * 

Labouri 

Operating 3 aen/1 shift 

Supervision f man/shift 

Total Labour 

OTHER COSTS 

Overhead 

Maintenance' 

Taxes and Insurance 

Depreciation 

Interest on-Investiront 

Total Fixed Cost 

Units     Units/iff 

Iff .337 

Kwh 3 
M3 

1.3 
MJ 

32.9 
MT 1.14 

Î Unit fiflL ¿/Iff 

24.50 3,177.4 8.26 

0.020 59.4 0.06 

0.067 89.2 0.09 
0.0052 168,4 0.17 
1.10 1,237.5 (1.25) 

7,256.9 7.33 

15.6 0.02 

39.0 0.04 
54.6 0.06 

169.4 0.17 
520.0 0.53 

169.4 0.17 

1,291.0 1.30 

1,451.0 1.47 

3,655.4 3.70 

TOTAL PRODUCTION COST 10,912.3     11.03 



ESTIMATED PHOSPHORIC ACID PRODUCTION COST 

(45:-' P2O5) 

Conni-.x B III 

Ih 

Plant Capacity 135,3CO t-TC/Yr 

Plant Investment MM$    11.50 

Working C-pital 1.30 

Totf.l 12.80 

410 MT/D 330 D/Yr 

VARIABLE COST Ml Unit/MT $ Unit $m ym 
Ravf Materiali 

Sulfuric Acid KT 2.68 12.52 4,539.3 33.55 

Phosphate Rock MT 3.13 19.50 8,258.7 61.04 

Ut4]4^us» 

Power Kwh 160 0.020 433.0 3.20 

Stea^ MT 2.68 1.100 399.1 2.95 

Water Cooling M3 82.0 0.0052 55.5 0.41 

Water Process M3 5.0 0.0670 46.0 0.34 

Operating Supplies 230.0 1.70 

Total Variable Cost 13,961.6 103.19 

mw COST 

Labour: 

Operators   4 rten/shift 

Supervision. \ i.ian/shift 

Total Labour 

OTHER COSTS- 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Fixed Cost 

21.8 0.16 

39.0 0.29 

60.8 0.45 

115.0 0.85 

463.0 3.42 

115.0 0.85 

920.0 6.80 

1,024.0 7.57 

2,697.8 19.94 

TOTAL PRODUCTION COST 16,659.4      123.13 
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ESTIMATED PHOSPHORIC ACID PRODUCTION COST 

(455¿ P2 05) 

Complex JI & SI 

Plant Capacity   184,800 MT/Yr 

Pl^.nt Investment      ¡4M$ 14.30 

Working Capital I.75 

Total 16.05 

VARIABLE COST 

Raw Materia 1 

Sulfuric Acid 

Phosphate Rock 

Power 

Steam 

Water Cooling 

Water Process 

Operating Supplies 

Total Variable Coat 

FIXED COST 

¿£boj|r,t 

Operators 4- men/shift 

Supervision ' \  man/shift 

Total Lsbour 

OTHER COSTS 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Fixed Cost 

560 m/D   330 DAr 

m. Unit/MT Ì »4t m &/HT 

MT    . 2.68 11.69 5,789.8 31.33 
Mr  . 3.13 19.50 U,278.3 61.03 

Kwh 160 0.02 591.3 3.20 
MT 

M3   " 
2.68 1.10 545.6 2.95 

82.0 0.0052 75.8 0.41 
M3 5.0 0.067 62.8 

314.2 

18,657.8 

0.34 
1.70 

100.95 

21.8 0.12 

39.0 0.21 

60.8 0.33 

143.0 0.77 
580.0 3.14 
143.0 0.77 

1,140.0 6.18 

1,280.0 6.93 
3,346.8 18.12 

TOTAL PRODUCTION COST 22,004.6     118.70 
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ESTIMATED PHOSPHORIC *CID PRODUCTION COST 

(U5% P2Ö5) 

Complex JIII 

Plnnt Capacity       231,000 MT/Yr 

Pl-nt  Investment      MM$   15.90 

Offsitos Working Capitel 2.20 

Total 18.10 

m^m COST 
Raw Materials 1 

Sulfuric Acid 

Phosphate Rock 

Utilitiest 

Power 

Steam 

Water Cooling 

Water Process 

Operßting Supplies 

Total Variable Cost 

700 MT/D     330 DAr 

Unite MiM $ Unit 
1000 

&/Yr tuo. 

HT 2.68 11.93 7,305.1 31.97 

m  . 3.13 19.50 14,100.2 61.04 

Kwh 160 0.020 739.2 3.20 

m 2.68 1.100 681.5 2.95 

¿  • 82.0 0.0052 94.7 0.41 

y? 5.0 0.0670 78.5 

392.7 

23,471.9 

0.34 
1.70 

101.61 

FffiSp COST 

Labour 1 
Operntors 4 rsen/shift 
Supervision f raan/shift 
Total Labour 

OTHER COST 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest ¿n Investment 

Total Fixed Cost 

21.8 
39.0 
60.8 

0.09 
0.17 
0.26 

159.0 0.69 
631.0 2.73 
159.0 0.69 

1,272.0 5.51 
1,448.0 6.27 
3,729.8 16.15 

TOTiiL PRODUCTION COST 27,201.7    117.76 
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ESTIMATED PHOSPHORIC ACID PRODUCTION COST 

Complex B II 

PUnt Capacity 369,600 WT/Yr 

Plant Investment IH$    24.18 

Offsitcs 3,50 

Total 27.68 

1120 ÍÍT/D     330 D/ïr 

Raw Mataríaist 

Sulphuric Acid 

Phosphate Rock 

Mittle ' 
Power 

Steam 

Cooling Wator 

Process Water 

Operating Supplies 

Total Variable Cost 

FIXED COST 

0 perators   '6 men/shift 

Supervision ' £ man/shift 

Total Labour 

mm m 
Overhefld 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Fixed Cost 

TOTAl PBODUfftlOM fit»T 

Ml      Unit/MT $ Unit USE 
MT 

m 

Kwh 

MT 

IP 

2.68 

3.13 

160 

2.68 

82.0 

5.0 

U.03 

19.50 

0.02 

1.10 

0.0052 

0.067 

10,925.4 
22,560.4 

1,182.7 

1,090.3 

151.5 

125.7 

628.3 

36,664.3 

&/MT 

29.56 

61.04 

3.20 

2.95 
0.41 

0.34 
1.70 

99.20 

31.2 0.08 
39.0 0.11 
70.2 0.19 

241.8 0.65 
1,019.0 2.76 

241.8 0.65 
1,934.0 5.23 
2,214.0 5.99 
5,720.8 15.47 

42,385.1 1Í4.67 
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WWW iwrcotiorcwt PHOSPHATE fPCWDEREDl PRODUCTIOM nnar 

(11-52-0) 

Plant Capacity 

Plant Investirent 

Working Capital 
Tot .-il 

260,700 MT/Yr 

HMO      2.15 

0.60 

2.75 

790 MT/D     330 D/Yr 

Mt£      tfait/MT VUnit Ì2S S/KT 

Phosphoric Acid 
Ammonia 

Utilities 

Power 

Operating Supplies 

Total Varicble Cost 

FIXED COST 

l£Ècjr.t 

Operators   3 men/shift 

Supervision    ¿ man/shift 
Total Labour 

OTHBt COSTS 

Overhead 

Mfiirfte nance* 

Tpxes and Insurance 

Depreciation 

Interest on* Investment 
Total Fixed" Cost 

MT 0.520 123.13 16,692.6 64.03 
m 0.133 50.49 1,751.9 6.72 

Kwh '2 0.20 10.4 
52.1 

18,507.0 

0.04 
0.20 

70.99 

11.6 0.06 

39.0 0.15 
54.6 o.a 

21.5 0;08 

100.0 0.38 

21.5 o.oe 
172,0 0.66 

220,0 0.84 
589.6 2.25 

TOTAL PRODUCTIF «HT 
19,096.6       73.24 
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ESTIMATED [¿ONOAMHDNIUM PHOSPHATE (POWDERED) PRODUCTION COST - J 

(11-52-0) 

Plant Capacity      356,400 MT/Yr       1080 MT/D      330 D/Yr 

Plant Investment IM$ 2.46 

Offsitos .80 

Tot«-.l 3.26 

VARIABLE COST                                       Units Unit/MT ft/Unit tfS |M 

Rnyj Materials» 

Phosphoric »icid                                   MT. 0.52 119.07 22,064.7 61.91 

Ammonir    . .                     MT. 0.133 37.43 1,774.9       4.9S 

"tttttt»f 
Power Kwh 2 0.02 14.3       0.4. 

Operating.Supplies 71.3   0.20 

Total Varlebl*; Cost 23,925.2      67.13 

Lebourt 

Operators 

Supervision 

Total Labour 

OTHER COSTS 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Intere3t on Investment 

Totr.l Fixed Cost 

TOTAL FR0DUCTI01Î COST 24,609.0     69.05 

15.6 0.04 
39.0 0.11 

54.6 0.15 

24.6 0.07 

120.0 0.34 

24.6 0.07 

200.0 0.56 

260.0 0.73 
683.8 1.92 
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ESTIMATED M0NOAi-¿«KIUM PHOSPHATE (POWDERED)  PRODUCTION COST - S 

(11-52-0) 

Complex S I 

Plant Capacity 356,400 ÎÎT/Yr   1080 -T/D   330 D/Yr 

Plnnt  Investment MMJ. 2.^6 

Offs it cs .80 

Tota 3.26 

VARIABLE COST 

Raw Materials: 

Phosphuric Acid 

Armonia -. S 

- J 

Utilities t 

Power 

Operating Supplies 

Total Variable Cost 

Units unit/i rr $/Unit m */m 

:*r 0.52 119.07 22,064.7 61.91 

Mr. 0.133 33.81 

37.43 

1,603.8 4.50 

Kwh 2 0.02 14.3 

71.3 

23,754.1 

0.04 
0.20 

66.65 

FIXED COST 

Labour: 

Operators    3 nen/shift 

Supervision    ] man/shift 

Total Labour 

OTHER COSTS 

Overhead 

Maintenance 

Taxes and. Insurance 

Depreciation 

Interest on Investment 

Total Fixed Cost 

15.6 0.04 

39.0 0.11 

54.6 0.15 

24.6 0.07 

120.0 0.34 

24.6 0,07 

200.0 0.56 

260.0 0.73 
683.8 1.92 

TOTAL PRODUCTIOH COST 24,437.9     68.57 
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Units     Unlt/MT $/Unit 

MP 

Kwh 

0.52 

0.133 

117.76 

37.71 

0.020 

ESTIMHTED t-DNOAMMQIJIUM PHOSPHATE (POWDERED) PRODUCTION COST 

(11-52-0) 

Complex J III 

Plant Opacity    A45,5O0MTAr    1350 Mr/D   330 D/Yr 

Plant Investment     MM$ 2.84 

Working Capital 1.00 

Total 3.g4 

VARIABLE COST 

Raw Materias! 

Phosphoric Acid 

Ammonia 

Utilities* . 

Power 

Operating Supplies 

Total Variable Cost 

FIXEE. COST   . 

Labourt 

Operators   3 mei/shift 

Supervisors \ aian/3hift 

Total. Labour 

OTHER COSTS 

Overhead 
Maintenance 
Taxée and Insurance 
Depreciation. 
Interest on Investment 
Total'Fixed Cort 

TOTAL PRODUCTION COST 

$/MT 

27,282.4 61.24 

2,236.4 5.02 

17.8 0.04 

89.1 0.20 

29,625.7 66.50 

15.6 • 0.04 

39.0 0.09- 
54.6 0.13 

28.4 
150,0 
28.4 

227.0 
307.0 
795.4 

0.06 
0.34 
0.06 
0.51 
0.69 
1.79 

30,421.1     68.29 
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ESTIMATED MDKP/JMONIUM HiOSPHATE  (POWDERED) PRODUCTION COST 

(11-52-0) 

Complex B III 

Plant Capacity     712,800 MT/Yr     2160 MT/D     330 D/Yr 

Pl-.nt  Investment     MM£ 4.18 

Offaites 1.60 

Total 5.7Ö 

VARIABLE COST 

Raw Materials* 

Phosphoric, ¿.cid 

/v-Miaonia 

Ut Ulti ost 

Powpr 

Operating Supplies 

Total Vr.rir.blr Cost 

Units Üßit/Mr Í/W m • C/MT 

MT O.520 114.67 42,504.2 59.63 
MT 0.133 41.81 3,963.1 5.56 

Kwh 2 0.02 28.5 

142.6 

46,638.4 

0.04 

0.20 

65.43 

FIXED COST 

Labour« 

Operators 4 men/shift 

Supervision | roan/shift 

Total Labour 

OTHER COSTi 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Fixed Cost 

TOTAL PRODUCTION COST 

20.8 0.03 
39.0 0.05 
59.8 0.08 

41.8 0,06 

240.0 0.34 
41.8 0.06 

334.0 0.47 
462.0 0.65 

1,179.4 1.66 

47,617.8 67.09 



ESTIMATED GRANULAR FERTILIZE; PRODUCTION  CC6T 

(23-23-9.5) 

GoiiDlcx B III 

33 

PL-,nt Capacity 

Tint Investment 

Working Capital 

Total 

590,7')C irr/Yr 

MM$     9.03 

2.70 

11.73 

1790 MT/D 330 D/Yr 

V4IUÁ¿LE COST 

frw Materialst 

Triple Superphosphate 

Mono /uinoniun Phosphate 

Urea 

Anrnoni'- 

Potnsh 

Power 

Ste\>r. 

Fuel 

Operating Supplies 

Tot^l Variable Cost 

FIXED COST 

Labouft 
Operators   12 ncn/shift 
Supervision.  1 i.mn/shift 
Total Labour 

WIR CWT9 
Overhead 

tointenance 

Tnxes and Insurance 

Depreciation 

Interest on Investment 

Totil Variable Cyst 

MÌ3       Ur^t/HT        ¿/Unit 

MT 0.442 

MT 0.3895 

MT 0.1565 

Kwh 43 

m        0.03 

Gnlo        6 

73.24 
39.96 

36.00 

0.020 

1.100 

0.100 

M 

19,120.9 

9,191.3 

3,372.9 

508.0 

17.7 

354.4 

88,6 

32,653.8 

62.4 
78.0 

140.4 

117.3 

356.0 

117.3 

722.0 

938.0 

2,391.0 

MS. 

32,37 

15.56 

5.71 

0.86 

0.03 

0.60 

0.15 

55.28 

0.11 
0.13 
0.24 

0.20 

0.60 

.0.20 

1.21 

1.59 

4.04 

TOTAL COST OF PBCDUCTTOM 35,044.8       59.32 
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ESTIMATED C-ÍU"UL.at FERILIZER PRODUCTION COST 

(23-23-915) 

Complex B II 

PLint Capacity 732,600 UT/Yr      2220 MT/D     330 D/Yr 

Fiant Inveafcunt i IMO 13.74 

Offsites A .00 

T;tnl 17.74 

VARIUIUL COST 

Raw interini s : 

Triple Superphosphate 

Mono.d:u7ioriium Phosphate 

Urea - solid 

urea Sol. 

Fotash 

Utilities: 

Power 

St e «ri 

Fuel 

Operating Supplie? 

Tot 1 Variable  Cost 

FIXED COS" 

Labcurt 
Operators 12 men/shift 
Supervision 1 man/shift 
Total Labour. 

Other costst 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation' 

Interest on Investirent 

Total V.riabl.. Cost 

Units  Unlt/MT   $/Unit m 
ITT 0.442 67.09 21,721.6 29.65 

m 0.1337 47.97 4,696,0 6.41 

- 0.2558 40.12 7,516.5 10.26 

MT 0.1535 36.00 4,183.1 5.71 

Kwh 50 0.02 732.6 1.00 

MT 0.53 1.10 424.9 0.58 

Gals 6 0.10 439.6 

109.9 

39,824.2 

62.4 
78.0 

140.4 

137.4 

528.0 

137.4 

1,099.0 

1,419.0 

3,461.2 

0.60 

0.15 

54.36 

0,09 
0.11 
0.20 

0.19 

0.72 

0.19 

1.50 

1.94 

4.74 

TCT.iL COST OF PRODUCTION 43,285.4     59.10 
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ESTIMATED aRANUIAR FERTILIZER PRODUCTION COST 

(23-23-9.5) 

Complex J I 

Plant Capacity   805,200 MT/Y<-      2440 1IT/D   33C D/Yr 

Plant Invest• nt MM$ 10.96 

Working Capital 3.70 

Total 1^.66 

VARIABLE COST 

Re M   ¿Interials; 

Trinic Superphosphate 
HonoAinmonium Phosphate 
Urea 
Ammonia 
Potash 

Utilities» 

Power 

Steam 

Fuiil 

Operating Supplies 

Total Variable Cost 

Unit a      Unit/MT Ja/Hnit 

m 0.4420 
HT' 0.3895 

MT 0.1585 

Kvrti 43 

MT 0.03 

Gas 6 

69.05 
32.19 

36.0 

MS. 

24,574.7     30.52 
10,097.2     12.54 

4,597.7       5.71 

0.2 692.5 0.86 

1.100 24.2 0.03 

0.10 483.1 0.6O 

120.8 0.15 

40,590.2 50.41 

FIXED COST 

Labour1 

Operators 
Supervision 
Total Labour 

OTHER COSTS 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Variable Cost 

62.4 
78.0 

140.4 

0.08 
0.10 
0.18 

109.6 0.14 

410.0 0.51 

109.6 0.14 

800.0 0.99 

1,170.0 1.44 

2,739.6 3.40 

TOTAL COST OF PMDllCTtty 43,329.6     53.82 
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ESTIMATED '.JRAiiULAK '."¡LBTILIZER INDUCTION CÚST 

(23-23-9.5) 

Complex S I 

Pirat Capacity 005,200 MT/Yr    2440 MT/D   330 D/Yr 

Plant Investment MM$   10.96 

Working Cipital 3,70 

Total 14.66 

V*ftWq? COST Uuüs      Unit/KT $/Unit èffi $Ag 
Raw Materials« 

Triple Superphosphate 
KonoAranonium Phosphate MT 0.442 68.57 24,397.6     30.30 
J• , MI" 0.3895 30.12 9,445.0     11.73 
Ammonia 
Potash MT 0.15S5 36.00 4,597.7       5.71 
"titties« 

Power 

Steam 

Fuel 

Operating Supplies 

Total Variable Costs 

FIXED COST 

Labour 1 

Operators   12 men/shift 
Supervision    1 man/shift 

Total Labour 1¥U       0#lß 

OTHER COSTS 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on Investncnt 

Total Variable Cost 

TOTAL COST OF  PKMICTTnp 

Kwh 43 
MT 0.03 
Gals 6 

0.02 692.5 0.86 

1.10 24.2 0.03 
0.10 483.1 O.60 

120.8 0.15 

39,760.9 49.38 

62.4 
78.0 

0.08 
0.10 

109.6 0.14 
410.0 0.51 
109.6 0.14 
800.0 0.99 

1,170.0 1.45 
2,739.6 3.41 

42,500.5 52.79 
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ESTIMATED GRitilULJ FERTILIZER PROD'iCTION COST 

(23-23-915) 

Complex J II 

FL.nt Capacity       877,800 MT/Yr 

Plant Investment        MM$ 11.10 

2660 m/U     330 D/Yr 

Offsites 4.00 

Total 15.10 

VARIAI E COST Units UNIT/WT $/Unit m MS 
Rn w Materials» 

Tripli. Superphosphate 
Mono. Jiunoni urn Phosphate 
Urea 
ijnmonia 
Potash 

• 
m 0.442 

0.3895 

0.1585 

79.03 
36.03 

36.00 

30,661.6 
12,315.5 

5,012.2 

34.93 
14.03 

5.71 

UVlUUc« 
Power 
Steam 
Fuel 
Operating Supplies 

Kwh 
m . 
Gnls 

43 
0.03 

6 

0.02 
1.10 
0.10 

754.9 
26.3 

526.7 
131.9 

0.36 
0.03 
0.60 
0.15 

Total Vari.Tble Cost 49,419.1 56.31 

FIXED COST 

Labour: 
Op-r-'tors    12 men/shift 

Supervision*   1 man/shift 

Total Labour 

62.4       0.07 

78.0       0.09 

140.4       0.16 

OTTO COST? 

Overheads 

Maintenance* 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Variable Coat 

111.0 0.13 

431.0 0.49 

111.0 0.13 

888.0 1.01 

1,208.0 1.38 

2,889.4 3.30 

TOT^L COST OF PRODUCTION 53,505.3     59.61 
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E3TIÜ.TED CRAU'ULOR FERTILIZER i RODuCTION COST 

(23-23-9.5) 

Complex J-III 

Plant  Cnnncity      I,Clrf,40C MT/ïr      30*0 MT/D      330 D/Yr 

Plant Investirent 

Working Capital 

Total 

VARIABIE COST 

Raw  Materiellst 

Triplu Superphosphate 
Mono.kmmoniupi Phosphate 
Urc 
• Jimonia 
Potash 

Utilities: ' 

Power 

Sten m 

Fuel 

Operating Supplies 

Total Varir.bL. Cost 

fTOTO 
Lnbourx 

Opcr-'itors 

Supervision 

Total Labour 

Ovi.rhcid 

Mi inte nan ce 

Taxes and Insurance 

Depreciation 

Int. rest on Investment 

Total V^ri?ble Cost 

m$ 12.54 

4.60 

17.14 

folts     unit/Iff 

Mi- 

Kwh 

irr 

Gals 

0.442 
0.3895 

0.1585 

43 

0.03 

6 

¿/Unit 

68.29 
31.65 

36.00 

30,735.3     30.18 
12,556.9     12.33 

5,815.1       5.71 

0.020 875.8 6.86 
1.100 30.6 0.03 
0.100 611.0 0.60 

152.8 0.15 

50,777.5 49.86 

62.4 0.06 

78.0 0.08 

140.4 0.14 

125.4 0.13 
479.0 0.47 

125.4 0.13 
1,003.0 0.98 
1,371.0 1.34 
3,244.2 3.19 

TCT..L COST QF PRODUCTION 
54,021.7     53.05 



ESTIMATED COST OF TRANSPORTED FERTILIZER MATERIALS 

Complex B II & J II 

39 

Cost of Frilled Urc..*J  - 5 

Cost of Loading Urea 

Freight S to B 

Cost of Unloading nt B 

Cost Bulk Ure?\ in Plant - B 

Cost Ure- .-Timoni   Solution 

Cost of   loading 

Freight S to B 

Coat Unloading nt B 

Cost Uren Solution in Plnnt B 

Cost /ton NIL    - (6.42/18.58 x 22.99)/0.19 

Cost/ton Urea   - (12.16/18.50 x 22.99)/0.37.5 

Co3t of Mf\p-B 

Coat of Lending 

Cost of Freight 

Cost of Unloading 

Cost in Pl/vnt - J 

36.03 

3.00 

5.94 
3.00 

47.97 

1?.82 

1.50 

1.17 

.!•& 
22.99 

41.81 

40.12 

67.09 

3.00 

5.94 

3.00 

79.03 
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'IT 

ESTIMATED TRIPLE SUPERPHOSPHATE (RUN OF PILE) PRODUCTION COST 

(0-46-0) 

Plant Capacity     297,000 KT/Yr    900 HT/D      330 D/Yr 

Plant Investment MM$ 1,752 

Working Capital 3,200 

Total ^952 

VARIABLE CCST ' Units      Unit/MT $/Unit 

Raw Materials i 

Phosphate Rock, %% P205 MT 0.412 19.50 2,?84.9       8.03 

Phosphoric Acid, 54* P205 MT 0.345 123.13        12,616.5     42.48 
Utilitiest 

Power *wh 3 0.02 17.8       0.06 
Total Variable Cost 15,019.2      50.57 

FIXED COST 

Labour» 

Operators 

Supervision ' ' ' 

Total Labour ' 

OTHER COSTS    • 

Overhead 

Maintenance    ' 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Fixed Cost 

TOTAL PRQDUCTIOM COST 

15.8 0.05 

19.5 0.07 

35.1 0.12 

17.5 0.06 

43.1 0.15 

17.5 0.06 

140.0 0.47 
396.0 1.33 
649.2 2.19 

15,668.4 52.76 



ESTIMATED GRANULAR FERTILIZER PRODUCTION COST 

(20-20-8.5) 

m 

Plant Capacity   679,800 WT/Yr 

Plant Investment    MM$ 9,446 

Ofi'sitos 3,500 

2060 WT/D     330 û/Yv 

Total 12 ,946 

V¿. PABLE COST 

Raw  Mutt rials i 

Triple Superphosphate 

MonoAmmoniun Phosph?1 to 

Urea 

Armonia 

Potash 

UtllitiGDÍ 

Power 
Steam 
Fuel 
Total Variable Cost 

FIXED COST 

Units UnitArr $/Unit A $/trr 

Mr 0.435 52.76 15,601.4 22.95 

in 0.3765 30.12 7,706.9 11.34 
i-rr 0.0300 33.81 686.6 1;01 
m 0.1415 36.00 3,460.2 5.09 

Kwh 

Gals 

43 
0.03 
6 

0.02 584.6 
20.4 

407.9 
28,470.0 

0.86 
0.03 
0.60 

U.88 

Operators 
Supervision 
Total Labour 

OTHER COSTS 

Overhead 

Maintenance 

Taxes and Insurance 

Depreciation 

Interest on Investment 

Total Variable Coat 

20.8 
58.5 
79.3 

0.03 
0.09 
0.12 

94.5 0.14 
383.0 0.56 

94.5 0.14 

771.7 1.14 

1,035.7 1.53 
2,458.7 3.63 

TOTAL COST OF PRODUCT^ 30,928.7     45.51 
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