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INTRO, '

Since the ASELN Doclaration ws first md. in 1967, cxtensive discussions
and invest

138 hve token nliec n what right be the form of Cconorde
cHr=operotiin Wt cop Indonesiog, rinloysic, the Milippines, 3ingpore nd Thriland.
Much of the cnl work wis eorried Wb in the perioc v rch 197C=July 1977

by the United N-tions ASEWN Tenr,

Three specific forms of ¢ =wnepstive offort have been reviowed ot crnsidepable *
lengths trede liberalizati ny compleoxntority carcements and 'preckage denls!,
The 1ast techniquc envisnges the scleetion f = nuwaber of industri:l pr-jeets
which wruld b ~lluented vi'nget the ASEAN countries in an « fficicnt and equit.ble
waner one erch o f which would serve the entire ASEAN mirket without the
hindronee of trad: barricree,

To provide ~ conercte basis for discussion, the U.N, Team c-rried sut

13 studics on possible prajiets suit bl + . the prckarge denl techniaue snd

the results (f these have been presented in the Tenn's Finel Reports

" OF J=ODEPR or .. "

continues the work of project definition ~nd {s the first in=denth feasibility
report on a pessible ASELL prekrge el oprojuet.,  The stuly has been cnrried
out by 2 chriic~l engincer, ir. Toyler Dorden, ~nd 0 industrial ceononiist,
Mr, Stophen Merrctt, ~nd wro finirecd under the Speeinl Tndustrisl Scrvices

of the Unitcd M~tions Industri-l Developrent Orgnniz~tion,



SECTION T

Market Forecast

1. The study bogine with the o rkct. An ostinrcte is ovde for 1980/81
of the conswmticon of the nitrogen and nhosoh A8 rentoxdide nutricats for

cach of the uSBEalN cuntrics. The rosults ares

0 ons on in tons
Sountry 3 20
Ind:nesin 540,000 220,000
Mal~ysi- 148,000 120,000
Philippines 172,000 80,000
Singapore ncgligible ncgligibvle
Th~iland 178,000 136,000

The aggregate rate of growth in dennnd in the twelve yenrs from the
cnd of the 1960's up t~ 1980=81 will bc approxin tely 10,1 per cent for nitrogen
nd 9,5 per cent for P205.

The total ASEAN consumption in tons >f nutricnt after ¢ xcluding supplies
expected to come fromgmlnd ruck phosphate, that is to say the total ASEAN
effective demand for cheridcnl fertilizer nuiricnt is forecest for 1980/61 ast

N F,0
1,038,000 zjt,ooo

2. [resent anc Flannce SupDLY

Inforn~tion was collected on all units at prescent manufacturing nitre gen
and nhosphate fertilizers in the .SE\N cohuntrics, ..dding up thesc quantitics plus
that of the Indonesinn Fusri II complex, which has now becen “pproved and financed,
gives total capacity output in thc region. The gap betweon 1980/81 consumption
and this totnl of exsting and assurec additional capacity is the foreenst putrient
shertfall which equalss
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In order to eliminate this nutrient shortfnll, altcrnative plans werc
arawn up, aAll of which arc besed on the production »f two fertilizers: prilled uren
and a cormplex fertilizer with an N P K analysis of 23-23-9,5, The chiice of uren
and a complex fertilizer was made becauses

a) supplying thc farmer with complex fertilizers permite a balanced application
of nutrients rwuch more easily;

b) investient costs can be reduced by producing complex {ertilizers rather than
two or rorc straight (single nutrient) fertilizeors;

¢) nmixing sone strright fertilizers, c.g. ure: and triplc supcrphosphat., presents
technical difficultiecs;

d) urea and the complex fertilizer chosen in this study each have a high nutrient
percentage thireby roducing the cost of distribution of chch ton of plant food
with consequently lower prices to the farmer,

Three altornative plans were drawn up. Regiopal Plap I (R.P.I) has twe

independent complexes, both based on nmatural gas, both producing urea ind the
complex fertilizer, and with a tot~l eapncity atchine the ASEAN nutrient shortfall,
Regional Plan II (R.P.II) has three complexes. Only onc of the complexes has
phosphoric acid production facilities, but the same complex produces no amaonin,
Thercfore each complex exports or imports intermediate products to one of the other
twc complexes., Total output in terms of nutrient is the same as in R,P.I. With
such large tonnages of end-product onc intermediate products requiring transport.
in the regional alternatives, we recommenc that the regional complexes ench be
located at a large port and each should have its own loading and unloading
facilitics. Ihe National Plap (N.P.), the thirc altcrnative, has tw: independent
cciiplexes, Both complexes produce urea and the complex fertilizer. One is

based on natural gas and the other on naphtha, Tot2l nutrient capncity is
sufficient to eliminate the forecast nutrient shortfall in the two l-rgest
ccnsuninr countries in the region.
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L, Economic viability of the threc alternatives

The main econcmic indie~tors »f the threc plans ~re given bcelows:

R.P.I R,P.IT N P.

Volume of output N 597,600 597,000 126,000

in tcns per yeor P205 370,000 370,000 338,000

K20 153,000 153,000 140,000

Annunl valuc of output ($r) 152 152 124

Tot7l investment (§n) 211 A4 174
snnual operating surplus ($m) T34 .4 63.7
average rate of return cn capital pINA 235 25%
Total foreign exchange savings ($m) 1045 1030 829

In terins of nll of the economic indicators, R.P.I ~nd R.F.II are very
similar in magnitude. 1In terms of velume »nd voluc of output, total investrient
and total foreign exchange savings, Y.P, is =pproximetely 81 per cent of the
mgnitude of thc regional plans, whilst the proportional annual operating surplus
is higher, at 87 per cent; and the average rote of return on capitnl ic of
the same magnitude as the Regicnnl Plans. The return on eopital in all three
plans is encourngingly high.

In Section VI of this study wec show in deteil that in every respect
R.P.I is either as good as or better than R.P,II, even though the Jifferences
are not lorge, The chief comparison i:de, thereforc, is between Regionnl Plan I
and the National Plan,

Decause N.P. is designed to mcet the c-nsumption recuirenents of the two
largest consuming naticns in 1980/81, its scale of output is sufficient to reap
substantizl economies of scalc of manuf vcturing. however, one of the complexes
is based on naphtha - less efficient than the s~me process using notural gas -
and it also has a sualler ammonia capecity then the RLP.I complexes, As a
result the efficiency of R.F.I is greater than that of M.P. in terms of
investment costs and oper~ting costs, But the transport coets incurred in
the regional solution tell rgainst it for there are none in Lhe national
solution,
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The chouice between R,FoI ond /,P. should be based -n the
cost of finance of the plans using thic mnst raodern of project ~ppraisal
techniques, discounted cash flow., 1In Scetion VI we show precisely under

what circumstances which plan is preferable in ceconomic terms,

The final result is:

Cost of plan finonce in per cent por Plan choice
apnun
Below 19% R.P.I preferrcd
19% no difference
20 - 25% N.P. preferred

above 25% Neithcr plan viable
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NOTE ON UNITS OF MEASUREMEIT /LMD TIME~HORIZON, ..I'BREVL.TIONS

NOTE

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

U.S. Drllars. 1980/8l1 has been chosen ns the time~horizon for estimated
censumption and the plan alternatives, This gives sufficient time for:

thorough review by the .SEAN countries ¢f the alternative techniqucs

of economic co=operation; taking A decision (if sc made) to go ahead

with thc package denl technique; selcetion of projects; project report;

calling of tenders ond allocation of contracts; construction of the manufacturing
complexes.,

Abbreviations

M3 Cubic meters
Mr Metric tons
ST Short ton
Kwh Kilowatt hour
MAP

Monoammonium phosphate

P20 5 Phosphorus pentoxide
N Nitrogen

l(20 Potassium Oxide

afl Billion

MN Million

M Thousand
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Section IIl: The Effective Jemand for ﬁitrogen

and Phosphate Fertiljzers in_the ASEAN Countries

The starting point of any plan of production muet be the est ima-
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 ASEAI! member countries in terms 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, naver less than one vear's
sales. In spite of this it is clear that there has been ¢ strong growth
trend in the consumption of nitrogen from very low base period tonnages,
whilst the growth rate in the denand for phosphorus pentoxide has been
rather modest.

Table 11.1 presents the time-series of distribution of the NP
nutrients by major sector. Taking the vears 1964-55 and 1969-70 as base
and end-periods, the annual rate of growth of dis;tibution has been 12.4
1

per cent for nitrogen and 4.3 per ceut for chs.

/Table 11.1:

1/ Throughout this Section we have used as the measure of annual con-
sumption in the base and end-periods an averagc taken over threec
vears. We do not do 8o in this case because of the abnormally low
figure for P,O. in 1566. Here, a base-period of 1964-66 gives a

25
misleadingly hign growth ratc because of the misleadingly low base.
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Table 1I,1: MNutrient distriution in Llndonesia

by sector by vear i tons

Sector 1964 1965 1966 1347 1968 1959

Food crop 87,600 58,900 51,000 43,000 35,000 155,200 162,130
Estate 20,300 31,100 34,900 24,200 6,200 16,100 21,300
Total 105,200 90,000 25,900 57,200 101,200 171,300 133,900

Food crop 17,000 27,900 13,800 5,400 24,400 36,300 31,500

Estate 9,100 17,500 6,800 3,000 8,100 6,500 13,800
Total 26,100 45,800 25,600 },400 32,500 42,800 45,400
2. No comprehensive nation-wide statistics at present exist for

Indonesia, either on the proportion of nytrient going to specific crops
or on the relative shares of harvest . 1ren fertilized., The test esti-
mates which exist are the results of a recent farm survey. Table I1.2

shows estimated proportionate nutrier.t coinsumption.

Tarle I1.2: ilutrient cons mption in Indonesia

in 1969 by crop/sector in percentages

Crop/SBector i P205
Rice -0 38
8econdary food crops 15 15
Smallhelder: cash crops 8 12
Estates i7 35
Total 100 100

/Rice
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Rice is the most important consvmer and the estates ruu second.
The chief estate crops are cubber, oil palm, sugarcane and tea; for
secondary food crops, maize and vegctables are mere significant. The
nutrient ratic, as can be seen, variec widelv between tae four categories,
In the .wallholder sector the predominance of rice in nrtrient consump-
tion is establish.d by the much bigger aren harvested. In fact, for the
main foodcrops, in Java at least, there is little diffcrence 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 otner swallholder cash crops together
reccive a negligible amount of fertilizer,

With rcspect to area-wise cons. mption, the 1968-70 shares in

total foodcrop NPK consumption by main region were:

East Java 36™
West Java 28%
Central Java 23%
Sumatra 11%

Other islands 2%

High distribution costs in the outer islands is the most serious con=-
straint to an incrcase in fertilizer damand in these areas, Whilst the
average distributior nmargir for Java is Rp. 8,400 per ton, that for the

outer islands is Rp. 12,900 per ton.

3. In terms of end-product the foodcrop sector has come to rely
less and less on ammonium sulphat., substituting urea. Triple super-
phosphate has bccomc the dowminant source of PZOS' This standardiszation
has been largelv determined bv official policizes whi~h subsidize urca
and T8P on rice and maize, altiaough it is in line with the relative
profitability of different nutrient sourccs. 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 éoﬁpounda such
as nitrophosphate than in the foodcror sector. The Indonesian estate
sector at present uses about 20,000 tons per annum of ground rock phos-

phate as a P sourcc., Table 1I.3 shows the 1970 end-product shares in

205
total nutrient distributed,
/Table 11.3
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Table 11.3: End-produyct sharcs ot nutrient

distributed it Indonesia 12 1979 in percentages

Food Crop Saector Estate Sector

N ?195 N 45295
Urea 96.0 - 10.0 -
Ammonium Sulphate 1.5 - 61.0 -
Othur @ straights - - 1.0 -
Triple superphosphate - 83.0 - 23.0
Other P straights - 1.5 - 3.0
Componds ' 2,5 15.5 28.0 4,0
Total 100 100 100 100
4, In 1970 the area of cultivated land in Indonesia totalled

approximately 18 million hectarcs. From Tatle II.] we see that in the
same vear distribution of the nitrogen and P’ZOS nutrients totalled some
230,000 tons. On this basis the average application rate to agricultural
land in the country is 12.8 kg./ha, This is very much lower than the
rates in South Korea, Japan and Tafjwar, thc oost intensive fertilizer
consumers in Asia, whose rates lie in thc rang. 195 to 283 kg./ha, It is
therefore worthwhile to sketeh in what nave hzen some of the constraints

on expansion in fertilizer demand in Indoncsia in the past,

S. The £ir onstraint we begin with is valuc-cost ratios where
most of the work has been done on the nitrogen-rice relationship. Experi-
ments bv the Central Resecarch Institntc of Agriculture which huve been
conducted on thc response rat.cs of paddy to N show grod rcsults when con-
trols are maintained for all other variables. The average value=cost
ratio was 5.5t1, However, fertilisation of wost traditional Indonesian
varieties is not reeommended because of the likelihood of lodgig. 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 ratio of the values of the
incremental yvicld cxpectud by farmers to additional nitrogen nutrient
lay predominantly in the range of 2-4:1 for high vielding varieties and
1-3:11 for non=-HYVs,

However, the results from a survev of crop-cuttings give a more
pessimistic picture. These bring o:t not mcrely the average rate for a
crop or region but almo the frequenev distribution of the outcomes. Only
this measure prov.des evidencc on the risr clement the farwer faces in
the decision to invest in fertilizers and associated inputs. The data
suggest that anongst every 100 farmers in West and Central Java, where
the cuttings werc taken, abtout 22 will find that the value of the incre-
mental vield was actually lower than thc cost of the input pac:age which
fncluded the fertilizer; about 37 will f£ind that the value approximately
equalled the cost; and only 41 will find a2 clearly high value=cost
ratio, with an average equal to Jil. Thc last group is the only one to
hsve gained from the investment, Low vields were principally due to
inadequatc wator supply, insufficient watur control, pest attacks and
nutrient application to unresponsive plant varieties.

The latest evidence from crop cuttings brings together some

of all these points. The highest vields come, not surprisingly, from

the HYVs, but thcse also have the widest vield distribution and therefore
a very appreciable clement of risk. This is due to their greater sensi-
tivity to non-optimality in other inputs, e.g. pesticides snd water, The
evidence shows, then, that much higher nutricnt application rates can be
expected in the future with the sprcad of HYVs provided the farmer can
be surc of getting the right fertilizer at tue right time, with assured
supglics of water and pesticides.

This raises the problem of thc ¥V seeds. In the past many
fermers have bean disappointed by them. This is due to the fact that
in many cases they have been using degenerat.d seed which was less fer-
tiliser responsive and had a lower incremental vield than local improved
varieties. The farmers felt, however, that the "extension seed” was even
worse than their own., At the same time village seod farwms have faced a
very bad marketing situation, primarily due to the very poor quality of

/their
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their product, However, in the last two years a number of new projects
have been started both for seed farms and sced distribution and improve-
ments in the situation are already apparent giving much more hope for

the future,

6. The gecond constraint concerns the extension service. In the
past the Indonesian extension service has suffered from two basic weak-
nessest extension officers have had very little contact with the indivi-
dual farmer and extension has been largely limited to the information
phass - 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-
grammss and ciMA8 during the last season showed it was willing to pursus

a more flexible policy on the supply of inputs to the farmer.

7. The third constrgint on nutrient 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
1963-66 to 1970 only one fifth was repaid. Whilst the marginal value-
cost ratio for fertilizer 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 crsdit policy introduced since 1970 will channel the majority of
loans to the richer farmers and alrcady repayment rates have improved
significantly. However, it docs mean that the very small farmers are
unliksly to constitute a growth sector for fertiliser consumption.

The improved seed supply and extension service changes mentioned
above will themselves improve credit repavment rates by raising vields,
and thereby ensure a grcater suprly of 'recycled' credit for fertiliser
purchass.

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

/1964=70
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1964-70 growth rate of 12 per cent for ritrogen will be maintained during
the 19708, This irn spite of the fact that the base pericd tonnages arc
now, of coursc, much much higher., ' As the new base we use the average N
consumption of 1969 and 1970; consumption in thcse two years was 142,000
and 166,000 tons reapectivelv.l/ Application of a 12% growth ratc to
this base gives 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 ricc demand coming from the dYVs, It is grown
mainly undcr submerged conditions aud W losses in gaseous form from
nitrates may bc heavv. ! should thercfore be nrovided 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 P205 -
cither on value-cost ratios or on physical rcsponse rates., This is in
part due to the fact that very little xperimental or rescarch work has
been done where on5 was the principal variatle., 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.

Undisnayed by past experiences of unjustified optimism, we
feel surc that during thc 19708 the consumption of P20s will grow at a
markedly fastcr rate than the 4.3 per ceant of 1964«70, In the first
placc therc has been verv recently a clear quickening of interest in
Indoncsia amongst expcrimental workers, cxtension officers and farmcrs.
8ccond, the year=by-year incrcase in nitrogen-application -~ and nitrogen

demand will increase by a factor of 3 in the 19708 - should begin to

/reveal

1/ These are thc best available estimates. They differ from the
distribytion figures for 1969 and 1970 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 P205 (and X.0) deficiencies in the soil as these nutrients too

2
are taken out of the soil by increcased food a d cash crop production., A

related point is that in 1969-70 the N2P20 consumption ratio was 2.7:1,

The optimal ratio for Indonesia is not knozn~but it probably does lie
betwecn 2 and 3 to 1., However, the continued maintenance of a ratio of
this order would not te consistent with a continuation of the 1964-70
experience of the ratio of growth rates of demand for i! and P205 diverging
in the ratio of approximately three-to-one.

Our final reason for expecting an increase in the PZOS growth
rate is that the future is likely to bring with it the production and
marketing of complex fertilizers in Indonesia. The greatlyv 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 2205.

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

5
of the order of 2.5:1., This impliec a demand for P,O_ of some 220,000

tons and an implicit average growth rate from the 136:-70 annual average
consumption, equal to 57,000 tonsl/, 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

erops the information is not yet available.

1/ Different from Table II.1 for the same reasons as stated for nitrogen.
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B. ralaysia

1. ‘Agriculture and forestry cuntinue to-day to be Malavsia's most
important economic sector. Fifty per cent of the countrv's present

12 million populat ion 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 hardwoode and
palm oil, '

In cstimating future nutrient consumption we shall, following
Kemmler's analycis, adopt a product=by-prodict approach for West Malaysia
alone, returning to the needs of Sal.ah and Sarawak in a separate para-
graph. (Kemmler 1970)

2. Rytber. Of West Malaysia's 2.7 nillior 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 nillion hectares of which 1.1 million were in small-holdings and
0.7 million in e¢states. The estates' rubter area is decreasiong 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 kubber Research
Institute of Malaya and private research institutees.

These institutes provide an cxcellent fertiliser advisory
service with cetailed schedules for newly=-planted and mature trces.
Formerly, the main emphasis was laid on phosphorus pentoxide particularly
for establishing a legumsinous cover crop in immature rubber plantations.
At present the recommended average u:?205 nutrient ratio for rubber trees
is 1:1.1 and for a substential part of inland soils nitrogen in fact
outweighs ons in the rstio 1:0.7.

Most estate fertilizer programmes are well organized and their
1969 consumption was alreadv very close to the recoonmended rate. The

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

SN
/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 e expected to increase at a corresponding rate, After
1975 the annual rate of growth of total cunsumption of nitrogen and
P205 will be at the average, let us tay, of the two rates up to 1975,
1969 consumption and the 1975 and 1980 projections are given in Tatbtle
II.4.

fatle Il.4: Nutrient consumption on rubber estates and

smgllinoldings in West vialaysia iu 196%Y, 1975 and 1980 in tons

Fertilizer consumption in tons of nutrient
Total rubber N ons
area in

Year million ha. Estates hgiit&Li Total Estates hgial$is Total

1969 1.79 12,50 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 1,50 eee 235,000 ee. 40,000

Amnonium sulphate and ammonium nitrate are both widely used.
The usual FZOS form, in straights or mixtures, is ground rock phosphate
from Christmas Island. In fertilieer cxperiments 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. Oi1 palm. Since the early 19505 the oil palr acreage has
increased five-told to 200,000 hectares in 1969 and is still expanding.
Both the smallholding sector and the rubber estates nave been diversifying
their output by moving into this crop. Nutrient requirements for the

palm for vegetative growth and fruit bunch production are very high and
adequate fertiliser application is essential. Eight-year old palms can

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

39 kilogrammes of P205 per hectare. The Department of Agriculture and
private research stations have now established a well-organized ferti-

lizer advisory service on the basis of numerous experiments.

/In Table 11,5
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In Table II.5 the 1969 consumption of fertilizer for oil palm
production and Lemmler's projections for 1975 and 1980 are given. The
average growth rate of nitrogen and P205 nutrient consumption over the
1969-80 period is 8.1 per cent and 11.3 per cent respectively., Ferti-

lizers nsed for oil palms are the sawe as those applied te rubber.

Table II.5: Nutrient consuuption for oil palw
production on estates and smallholdlhgg in

West Malaysia in 1909, 1975 and 1980

Total oil Application rate Fertilizer consumption
pala area in kg./ha. - in tons
in ha. N PZOS N Pio
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 measurcs 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. 8ince 1968 a sister variety of the International
Rice Research Institute's IRS 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, 3u4-45 P2OS and 17-34 K20. This is estimated to
give a 4:]1 value-cost ratio.

Table 11.6 presents the consumption of nutrient by paddy in
1969/70 on the single-cropped and double-cropped acreage. The 1975
tigures are Kemmler'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 12.3 per cent respectivelv. Bnd-
products used are ammonium sulphate, urea, ground rock phosphate and
compound fertilizers,

/Table 11,6
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Nutrient consumption for rice production

in Wes\L Malaysia in 1969/70, 1975 and 1980

Page 11,12

Area plantad in '000 ha, Average appli-

—_——

Consumption
‘Pirst Second cation kg./ha. in tons

Year Crop crop crop Total N ons N P205
1969/70 8ingle 255 - 255 16 16 4,100 4,100

Double 101 101 202 30 20 6,100 4,000
1975 Siugle 162 - 162 16 16 2,600 2,600

Double 243 243 186 60 Lo - 29,200 19,400
1980 L ] LN lo.. .0 LN ] so.mo 35.000
5.

maise, green vegetableé, pPepper, sugarcane,
and other fruit,

Other crops. This includes cassava, sweet potatoes, groundnuts,

Coconuts, pineapples, bananas
Pineapples and Pepper already receive heavy applications

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

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

the largest single nutrient consumer in the "

1969 consumption by "other crops” of nitrogen and P

tons and 2,000 tons respectively.
tons and 9,000 tons respectively.

6.

of the territory of the Federation of Malaya.
area the figure is much lower, at 36 per cent.

other crops" category, In
20s stood at 12,000
By 1980 this could increase to 27,000

Egot Malgysia. Sarawak and Sabah together cover 60 per cent

In terms of agricultural

Bast Malaysia takes up -
about 10 per cent of the total fertilizer consumption of the Feddration.

. Measured by area cultivated Sarawak's cropping pattern is

mainly given over to rubber and rice,

But it is pepper which accounts

for over half the territory's fertiliser consumption., Fertiliszer end-
products used are similar to West Malaysia. .8abah'

go to this last crop.

8 main crops in acreage
terms are rubber, coconuts, rice and oil palm, Most of fertiliger

/In Table 11,7

imports
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In table 11.7 Bast Malaysia's 1968 consumption of nitrogen and

P205 are set out with projections for 1975 and 1980.

Table I1.7: Nutrient consumption in East Malaysia
in 1968, 1975 and 1980

1968 1575 1980
N P205 N P20s N P205
satawak 3,100 3,200 L so 0 LI ] LN
8abah 400 700 se e see ;o. X

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

7. Table 11,8 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 PZOS for the
Federation of Malaysia as a whole. Thus the jmplicit growth rate for
nitrogen and 9205 in the period 1969-1980 is 9.2 per cent and 9.1 per
cent respectively, PZOS 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 P20s nutrient requirement in the form of chemical ferti-

lizers will be only 18,000 tons out of the 1980 120,000 tons total,

Igble I1.8: Egtimated nutrient consumption in Malaysia in 1980

Fertilizer consumption in 1980 in tons

N P20y

Rubber 35,0600 40,000
0il palm 26,000 26,000
Rice 50, 000 35,000
Other crops ' 27,000 9,000

: - . v

East Malaysia 10,000 10,000
Total 148,000 120,000

/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 (f nutrient consumption i8s difficult to construct
with complete écéuracy 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 FAO data are the best available and these are
given in Table II.9.

T .9: N on in the Ph

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

P,0, 25,000 22,000 23,000 25,000 28,000 24,000 45,000 64,000

Source: PAO Annual Fertiliszser Review.

Using the annual average of 1952/63 - 1964/65 as base and 1967/
68 - 1969/70 as the end-period, the rate of growth of nitrogen was very
nodist at 5..3 per cent pir annum. The corre:}ponding growth rate of'
phosphorus puitéxi.de was 13,7 per cent, all of the advance being regis-
tered by the qujntu leaps of the last two years of our time-series.

The devaluation of the peso in February 1970 from P 3.90 to
the dollar to a fleating rate which in 1971 was somec P 6.40 meant a

/severe
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severe increase in the price of fertilizers. Betwe;n September 1969 and
'Mutch 1970 end-product prices rose by 41 - 73 per cent (TVA 1971). As

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

Region % of nutrient consumcd
S8outhern Tagalog 38
Western Visayas 23
Central Luzon 18
Llocos A 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
Lugon has priority rice programmes and is elso a sugar producer. (TVA
1971)

L, Consumptfion is also concentrated in terms of its distribution

amongst crops. According to ESFAC ¥/

estimates for 1967, shown in

Table 11,10, sugarcane and rice between them took up more than three-
quarters of total con;uuptlon of each nutrient, nitrogen and PZOS.
Kemmler 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 PZO . A wmore

S
detailed study of these three crops is therefore justified.

/Table 1I1.10

1/ Bsso 8tandard Fertiliser and Agrieuitural Chemicals Company. BSince
these estimates were made Bsso has sold its fertilizer business.
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Table 1i.10: HNutrient consumption in the Philippines

by crop in 1367 and 1975 in percentages

1967 1975
Crop N P,0, N PO,
Sugar-cane 48 57 41 L1
Rice 30 23 28 17
Maize : 4 2 12 15
All othere 18 18 19 27
Total 100 100 100 100

Source: 1967 ESFAC. 1975 Kemmler.

5. Sugarcane. Table 1i.11 shows that only 4 per cent of all

harvested land is given over to sugar-cane., But it consumed 48 per cent
of all nitrogen in 1967. Therefore sugar-canc uses about 27 times more
nitrogen per hectare than the average for all other crops. The ratio of

P205 is even higher,

Table I1.11: 1970 area harvested by major crops

ip the Philippines in '0Q0 h¢gtares and percentages

Crop Area harvested ('000 ha.) %
Rice 3,113 37
liaize : 2,420 29
Coconut 1,600 22
Sugar-cane 366 4
Banana 235 3
Abaca 173 2
All others 285 K]
Total 8,476 100

S8ource: TVA 1971

/Bugar-cane
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Sugar-cane acreage has almost doubled since the early fifties
but from the beginning of the sixties yiclds have decreased and the trend
rate of yrowth in production for the last two decades has been negligibly
different from zero. Thc 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 i'.S. Congress. The Philippines special ambassador to the
United States predicted in May 1972 a turther cut when the new quotas
are esatablishced in 1974,

With these points in mind our wvrojection for fertilizer demand
in 1980 takcs the rather conservative ESFAC estimatc for 1975 raised by
ten per cent, This gives 1980 consumption as 52,000 tons of nitrogen and

26,000 tons of P20 A low estimate is strongly confirmed by the fact

that 1957 data sho: that the average reccommended rate for nitrogen was
excecded by actual applications whilst PZOS use was ac high as 83 per cent
of the recommended rate,

litrogen is used to an incrcasing extent in thce form of urea
but many growers insist on applying art of it as ammonium sulphate.
Other il sources are mono- and di~-ammonium phosphate which, with NPK com-

pounds, supplies virtually all the P, G_ uptake.

5
6. Rice. As we can sce from Tablces il.10 and II,11 rice is the
second most important consumer of fertilizcr nutrients and the most
important of all crops. in terms of acréage harvested. - Acreage has
remained fairly stable in recent years. The remarkable intrease in out-
put since 1966 is mainly due to the successful introduction of the new
HYVs produced by the International Kicc «cucarch Institute and the Bureau
of thc Plant Industry. The acreage vnacr tYVs has increased from a negli-
giblc amount in 1965 to about 30 per cent of the total in 1968/69.

In 1968 the Philippines achieved self-sufficienecy in ricc pro-
duction for the first time, although in 1570 and 1971 there were large-
scale imports because of damage to crops bv typhoons and the ravaging
effects of discase on one of the new dYVs, These set-backs appear -to be
of a tcmporary nature and we can expect total production to equal or be
very closc to total consumption throughout the 1970s. Possibilities for
cxport seem very limited.

/Accordingly
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Accordingly we expect rice acreage to change little over the
coming years. Paddy output may rise 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 9205 per hectare. Room for growth in
fertilizer demand exists. Furthermore, new strains developed bv the IRRI
and BPI with a better taste and higher disease resictance may also
encourage increased acreage intensitv of nutrient use. On this basis
the effective demand for nitrogen on paddy could rise each yeat by say
6 per cent and for 2205 at a higher rate. Iiitrogen consumption in 1980/
81 we project to be 50,000 tons against 20,000 tons of P
ratio of 2,5:1.

205’ a nutrient

7. HMajge. Maize is the wost 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 maizc accounted for only 4 per
cent of total nitrogen consumed and 2 per cent of total P205. But the
government's HYV programme. will boost thesc proportions.

The Rice and Corn Production Co-ordinating Council's recommen-
dations are 90 kg. N and 4S5 kg. 1’20s per hectare, If 90 per cent of
total fertiliser 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 1980/8) will. be
30,000 tons of N and 15,000 tons of P205.

8. Other crops. The most important of these are coconuts, -
pineapples, bananas, vegctables, abaca and tobacco. Coconuts are the
Philippines biggest export earner in the form of copra, coconut oil and

dessicated coconut. Experiments on fertilisar response rates have begun

in the last few years and rates of 80 kg. N and 60 kg. ‘P205 per hectare

have been recommended by the Bureau of 8oils. Coconut could become a

very considerable user of fertilizers but a number of problems such as

/land
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land tenure, lack of capital, small raru size, etc, are holding demand
in check. 1980 consumption may be of the order of 5,000 tons of nitrogen
and 4,000 tans of PZOS' All other crops mav generate a demand in the

O

projection year for say 35,000 tons of nitrogen and 15,000 tons of P2 5

9. Table 1{.12 brings togeth-r tie crop-based consumption estimates.
Using 19€7/68 - 1969/70 as base-period, the 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 PZOS'

In terms of the crop-wise distribution of nitrogen, sugarcane’s
share falls fron 4& in 1967 to 30% in 1780/81, On the other hand the
share of maize rises from &% to 17%. The sgme shift in relative weights
is even more marked in the case of P205' 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 ons.

Iable 11,12s Estimpted nutrient consymption
in the Philippines in 1780/81 by crop fn tons

Estimated 1980/81 consumption

-~ 07 — —————
Sugar-canc 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

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

of Thailand in terms 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 increcases in foreign exchange earnings projected still to
come from primary products, the agricultural sector can be expectcd to
maintain its dominant position throughout the 1970s.

About 80 different crops are grown in the country of which 40
are of commercial importance. These can be broken down into seven major

categoriest

Rice

Grains and forage (maise and sorghum)

Fibre ( jute, kenaf, cotton)

0il (caster beans, peanuts, soya ﬁeana; coconut)

Fruit and vegetables '

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

Others (including tapioca, sugarcane and tobacco)

Rice is and always has been the most important crop and some two-thirds
of the country's 11 million hectares of cultivated land are devoted
to it. The major ri.ce cultivation area is the alluvi.al Central Plain.
Chemical fertiliser was first hnported fnto Thailand in the
early years after t'he 'Sccond World War, in the fpm 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 19508 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 I1.13 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
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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, the annual rate of
growth over thé intérvening five years was 27 per cent in the case of
nitrogen and even higher at 34 per cent in the case of PZOS'
These aggregate growth rates hide a pronounced shift in the
type of end-product purchased., Dividing the products into two groups,
low aualysis straight fertilizers (ammonium sulphate, ammonium nitrate,
other nitrogen fertilizers, superphosphate and other phosphate fortilizers)
and high analysis and complex fertilisers (urea, ammonium phosphate and
other complex fertilizers) we can deduvc: from Table II1,13 that whilst in
1961/62 the relative shares in total consumption of the first and second
g. >ups 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.l/

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 fertiliszer
consumption is taken up within a 100 “ilometre radius of Bangkok. It was

/the fruit

1/ One uncertainty in the data sources is the quantity of urca used in
agriculture. Mueller has suggested that as much as 80-90 per cent
of the urea produced in Thailand or imported goes to industrial uscs
such as glue, monosodium glutamate and various fermentation processes.
/Mueller 1971 7 If this were true it would tend to diminish the
rate of growth of consumption of fertiliser nitrogen because urea
makes u.p' an increasing proportion over time of total nutrient con-
suned in Table IX.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 pioncered the use of compounds on a
significant scale. Thesc farmers arc regarded as the mbst' progressive
of all duc to thcir cducational locvels and financial status. (Cavusoglu
1970). Complex fertilizers and mixturcs have been preferred becausc they
are less bulky than straight fertilizers., They also combine the NP and
NPK nutricnts homogeneously enabling farmers to apply them more accurately
and easily than combining straights., Vegctables in particular are said
to show a remarkable response to fertilizer use. 13:13:13 mixtures are
widely used.

During thc 19508 and carly 1760s there was widcspread pessimism
on the likclihood of rice farmers using fertiliger. 8ince then there has
been a remarkable change in the situation and now it is cstimated that
about one-half of total consumption on N and PZOS gocs on paddy. In 1970
Kemmler pointed out that in the case of a farmer following the fertilizer
recomnendations of the Department of Agriculture the value-cost ratio of
fertilizer use was as high as 3.3 - 6,711, (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. We now look at the main determinants of the changes in aggregate
and product-wise consumption described in paragraph 2 abowve.

Prjces. Table I1.14 shows thc prices Thai farmers had to pay
in 1965 and 1969 for nine different fertilizers 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 rolc in the large
expansion of demand over this four-year period. (8ee Table II.13.) There
is no clear correlation between the magnitude of the fall in price and
the magnitude of expansion in volume demanded: for cxample, the price of
ammonium sulphate fell more rapidly than that of ammonium phosphate, but
as we have scen the volume of ammonium phosphate consumed incrcased much
more rapidly in the second half of thc sixties than did ammonium sulphate,

/Table LI.14
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Table I1,14: Fertiliger pricus on credit to Thaj farmers
1965-69 in baht per ton

Product Analysis Price to famer Change :::gn:::i:nt
1965 1969 1965-69 ton
Potassium chloride. . 0:0:60 2,000 1,510 =24 2,520
Compound 12:24312 2,900 2,800 -4 5,840
Compound 13:13:21 2,500 2,300 -18 4,900
Urea* 86:0:0 2,800 2,400 -14 9,220
Compound l4sl414 3,200 2,400 =25 5,720
Compound 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.
Source: prices from Cawsoglu 1970.

Table II.14 also shows that a correlation exists 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 18 not only fertilizer prices which effect consumption, but
crop prices too, because for the farmer the relative price of fertilizer
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 fertiligzer is very low. One of the reasons

/cited




Page 1I,25

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.

L, 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 Organization. /"TVA 1966 7

In 1967 Thailand's first chemical fertilizer plént came on-
stream at Mae Mo near Lampang, producing ammouium 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 terms 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 thc government banned
the import of ammonium sulphate and urea, Excess stocks were alowly
liquidated and production was restarted at the beginning of 1970,
(Cavusoglu 1370) After the import ban importers increased tremendously
their import of nitrogen fertilisers 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. Finaliy the
total nitrogen fertiliser ban in 1970 held back the consumption of all

/these
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these products. This analysis is contirmed in aggregate tcrms by Table
ILD where we sce a strong surge in nitrogen consunption up to 1967/68
which is chec%ed thereafter. 9205 consunption continues to grow after
1967/68 but at a much slower rate, .
The import legislation still permits Chemferco itself to inport
ammonium sulphate and urea. In Table I1.15 we show the 1971 pricing
system, The c.i.f. to wholesaler price incrcase is vefy high indeed,
92 per cent and 121 per cent in the case of ammonium sulphate and urea
respectively, These mark-ups alone constitutc 40 per cent and 46 per

cent of the price to the farmer on the rcspective products.

Table 11,15: Post-1969 pricing system for ammonium sulphatc

and urea in baht per ton

Ammonium  Price Price

sulphate increase Urea increase
FOB Japan 500 - 960 -
Freight | 150 - 150 -
CIF Bangkok 650 ACh 1,110 16%
Chenferco price to wholasaler* 1,250 92% 2,450 121%
Price to fammer 1,500 - 200 2,940 20%

* Domestica.l  produccd or imported.
Source: Mueller 1971,

S. 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 bqlk-purchasing from wholesalers at cheaper
prices. About 6-10 per cent of total fertiliger consumption in 1969 was
£inanced in this way. It is of considcrable interest to note that in
that year only 34 per cent of total credit applications were granted,
The lesson is cleér. Greater availability of credit could lead to a

vigorous expansion of fertilizer consumption.

/Confirmation
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Confimation can be found for this in the case of tobacco. The
Tobacco Monopoly of Thailand cnsures the fertilization of almost the
entire crop by previding 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 dealcrs because they are not interested
in expanding their volume of fertilizer credit and thus acquiring addi-
tional bad credit risks. (TVA 1966) The fammers 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

pregress of Thai agriculturc 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 secen the)y

werc 27 per cent per annum for nitrogen and 34 per cent per annum for
PZOS’

Taking the 1967/68 - 1969/70 annual average as 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 PZOS' This will bring 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 undcrlying siturtion, then, is exccllent. In tcerms of crops,
one can foresee that NP compounds will eontinue to sproend arongst rice
frrmers, with nitrogen supplied in the mmioniwii, not the nitrate form,
However, Th2i rice which is of tne tall Indicn veriety, will never become
an intensive fertilizer user as it ie liavle to lodge with heavy nutrient
application. Onlv if there werc o shift inte high viclling varietics would
this change. st present this scems unlikely since the success of the
country's cxport tracde in rice is founded on the excellent toste and cooking

qualities of the present Indice gr~ins,

Maize is likely to eontinuc 2t lenst its modest expansion in
dunand for compounds A8 exports risc. Tobnceo, of the loeal not the Virginia
variety, has first-class export orospects and is alre~dy an NPK uscr. The
credit system hcre is porticularly cneournying., Rubber, ton, is & good
potential user and fertilizer recormendati.ns for it are particularly heavy.

Fruit and vegetables will :nintnin and inereasc their deaand for compounds,

Therc is n continuing nced to educate the farmer whose understanding
today is based on colour and brand with little knowledge of an2lysis variation.
There 18 a need for improved extcensi-n scrvices, The 1970s will also bring
» closer understanding of the agronomic yicld relationship os 1 result of
long-term experiments at present becing conducted by the Department of
.griculture and the UNDP Soil Fertility Progrnime. Finally, conswaption
will undoubtedly be encoureged by the fulfilient of the present plans for

irrigntion, fluod contr-l and drn~inage projects,
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Te Table I1.16 sets out the nssuncd srowtl, vate fur nitrogon and
P°OS up to 1980-L1.

Table 11,16 = Forecnst rote of Growth orf Nutrient Conswaption
in Thailand 1968/69 - 1980/€1 in pcr cent per appun

Year 1968/69- 1972/73- 1974/75- 1963/69-
1972/73 197L/75 1980/€1 1960/81 #

Growth rate N 59 20 127 10.7 %

Py0s 7 15, 125 10.8 ¢

* The equivalent sver 12 years of the three component growth rotes.

The equivalent ~f the three conponent growth rates in the case of
both nitrogen and P205 is a little short »f 11 per cont pcr annum.  Projected
consumption in 1980/81 of nitrogen is 178,000 tons, ~nd 136,000 tens of P,0ge
Of this total we can speculate that 15 oor cent or less will be applied as
straight fertilizers., The rost will be npplicd in the for of complex or
blended fertilizers,

Now we have all the informati n necessary to cstinatc the 1980/81
nutrient demand for ASEAN As-a wholc., It will be noticed thet Singapore has
so far becn left out of account. The Singaporean ngricultural sector is
extremely small in absolute size becnuse of the island's linited total aren,
¥rrket gardening and orchid growing are the most important agriculturnl
nctivities with farmers using organic fertilizers such as pig and chicken manure
and prawn dust, Chenical fertilizer use is predominantly for thc Garden City
Programme on public parks, grrdens, flower beds and s forth, Total consumption
of fertilizer materinls is at prescnt orly about 40 tons,




In Table II,17 we bring tepothor the dennnd forcensts for each
5f the M3EaN ciuntrics.

TuaBLE IT,17 - Estisnted Nutrient ©onsusptior in the
386N Countrics in 1990/81 in tons

Estimated nutricnt conswption in 1980/81 in tons

Page 17,30

N l T 7 . , v ."2
Country N i F205 % onsv.x 7
GHP *
Indoncsin 540,000 52 220,000 L 200,000 46
Malaysin 148,000 U 120,000 22 18,000 4
Philippines 172,000 17 80,000 14 80,0 18
Thailrnd 178,000 17 136,000 2, 136,000 32
ASEAN 1,038,000 100 556,00C 100 434,000 100

1. Singrpcre's conswaption ir ~nd will ¢ ntinue t be acgligible

2, Excluding ground rock phos-hate (GRE) ns ~ nutriont scurce, thot is,
including only minufnctured cherde-l fortilizor surces of P005'

The tw. rost distinctive fertures of the table ~re thrt Indonesin
is estimted to be the domdnont fertilis r consumer of the #SEAN countrics
in 1980/81, Sccond, th~t in the s year “laysi~ will be the snnllest
conswier, by 1 considersble nirgin, when ground rock phosphate surplies iire

cxc'uded, thot is when rnly s nufrctured chardcal fertilizers are counted,

This is the nost appropri te figure froim the peint of view of the remuircments

for expansion of fertilizer production in the aren,

In ¢ ch of the country studics we used basceperiod consumption cstimates

to crleulnte the rate of growth of demand for nitrogen and for phosphorus

pentoxide from a1l sources, i.c. including ground rcck phosphatec supplies,

Using the same base-period data summed for the #SEAN rcgion as a wholc, it c-n
be e~leul~ted that the rote of growth of consumption of nitrogen in thc twelve
years from the end of the 1960's un t 1980/81 will be »pproxiartely 10,1 per cent,

The corresnonding figure for P205 is 9,5 ncr cent,




SECITON TII
PRESENT AND PLANNED SUFFLY OF FERTILIZER IN THE ASEAN COUNTRIES

————

The existing and planncd capacity of tuce ASEAL cowitries in terms of
plant nutrients, N & P?O5 - is sumiarized in Table I1I-1, This Table also
gives the cstimated consumntion of fertilizers for the year 1You and ine

shortfall between consunption and production for that year.

In considering future capacity, it was assumed th~t 211 cxisting and
proposed plants in the ASEAN area would be operated at rated capacity, and
the 52,000 metric tons of N capacity, as amroria in the Philippines, would
be converted to fertilizer use,

Only the Pusri JI project, which has becn approved and financed, was
consider.ed as being assured futurc production. The proposed M expension in
Malaysia and the completion of the superphosphate plant in Indonesis, are
very nuch in doubt, so they arc not included. In any event, thc lalaysian
N expansion would have to bec bascd on inported ariionia which could be supplied

fron regicnal production.,

The capacity of the fertilizer plants in the ASEAN countrics as the
situation now stands, can only supply 43.3% of the nitrogen and 16,2/ of the
phosphate requircments of the ASEAN countries in 1980,

In terms of plant nutrients, additional production facilities should be
‘constructed between now and 1980 to produge 595,000 metric tons per year
(2190 metric tons of ammonia per dﬁy) of nitrogen, and 368,000 metric tons
per year (1115 metric tons of P205 per day) of P205 as phosphoric acid, with
conversion facilitics to produce solid straight and compound fertilizers
in order to satisfy the necds of.the ASEAN countries, |

The projected supply=demand relationships clearly indicate that by 1980
new facilities of adequate size to be ecconorically competitive with imports
from any part of the world, could be established in the ASEAN area, This is
particularly true becausc of the availability of a most important raw naterial,
natural gas, at a low cost in Indonesia..
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SECT L IV

SUGGESTED RIGIC oL PLAIG "OR cO=CEUR T 10 000 W TLIZESY T17DUSTRY

ne Introuuction

Arviow of nrovious roports ood concwnption fi-us o 0 7 rtili rg

in the asian countrics shows 2 vore wrk s trond towaras ¢t usce of aranud-r

“conpound feortilizer of M=F and 1=P=K arades,

Div.loping countries often cstiblish a nitrogon industry first, followed
by a phospvhat. industr;, and finailv » mixd fortilizor industry. Tis ic
what is happening in most of the ASEAN countriuvs except the Philiprinces.
The above secquence has discdvantages sinec it is 1ikely to make the installotion
of total industry morc cxpensive, and it makes it more difficult to give the

farmer the balanced fertilizer that he needs,

Also, farmers are often illiturate, well-trained advisors fow and soil
analysis laboratorics may be lacking., It would scioin west to provice the farmer
wvith inixed fertilizers, compoundad on the tasis of the test information available

for the crops and soils of the ares, vwit! duc rogrrd to costs.

When nitrogun and phosrhate fertilizer fhcilitics nre planned senparately,
problcms may arisc that could be avoided b » morce integra*od approach. For
instancc, if urca is chnscn for the nitrogen fertilizer and triple sunerphosphatce
for thc phosphorous fertilizer, any attempt to mix thesc two materials oxcept
by stecial techniques of o rioninting the superphosmhate and eranulatina the

mixture simultancously, recsults in a wet, sticlky mixturc that is unusable,

«180, money may be wasted in granuloting two materials in scpapnte plants
when the two could be combincd and sranulatcd in a single plant., This is very
true in thc case of compound fertilizers containing urea, since all of the
concentrating and prilling equipncnt for the urca plant is eliminatcd =t a

very large investment savings,
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amattor of princ importance ic the cost of the finiched fertilizers
dulivered to the farace.  Tthe actual wanufreturing costs are often no wore
than half of the final cost, Hendling, bagging, trangport, storage anca
distribution coste make up a larg: porcentage of the final cost, ~nl for
thuse reasons an cconomic cvaluation usually favours hish nalysis fertilizers,
Whilz only the CIF cost ic usced in ev.luating the various schermes in this
report, the sbove has influcnced th. thinkine in sclection of nruducts ana

processes,

For thedove rcasons, the technology of oroviding high annlvsis iiep
anc ji=P=K vranulated furtilizers or interedinte vroducts for croducing this
type of fertilizer in well-integroter clarts has been choson as the basis
for this remort. '

The inclusion of potash in the commound tortildizers has only teen
included to the cxtent that thc addition of potash to the gramulntion plont
affects the capreity of the plant,

Th. producticn of nitrophosphates, produced b;~ the neldulation of phosphate
rock with nitric acid, was considercd becausc of the poscible savinag on sul.ar
irports, but has not bcen included because they ~are not suiteblce for paddy
ricc, there being some danger of spontancous combustion ~f nitronhssphotes
during storsge and shipping when they include potasium chloride. There fre
strong indications that in thc wet ficlds of wari climetes they are inferior

to thc nonenitratc rertilizers, and they arc 1 relatively low-arade fertilizer,

For rensons similar to the above, the production of ammoniw. nitrste has

not been included in this study,

iovoniun sulfatc, whilc considered a Wirs=beon® tortilizer due to its
low =nalysis, still remnins a "trrdition fertilizer® for nsc on nadd; rice
although it is ropidly being roplaced by ures, liorc then sdequite supplics of
by=nroduct armmonium sulfetc "re avail~lle on the world twrket »t nrices th't

mke loc..1 production uncconomicenl (1),

(1) National Fertilizer Study - Indonesia - Anncx V page 14
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In view of the svovi, urce s Loon Adreeted s the nitropgon compound for
both straight nitregen fortilizers nd the orodoninant nitromon oo rrior uscad

in compound fertilizers in this study.

For fertilizer compounce containing N=P and/or ileP=K nixturcs ~f urcn,
wnoniun phosporte, rnd potash and mixturces of nrca, triple sunerphesphate,
ammonia, and pot: sh were considered withh the forner boing seloct:? - the
optiinurm to present in the study bechuse the mamoniwn phosphiste based cormnound
fertilizer gives the highest analysis, The cost per unit of plent food, bulk,
ex-factory for monouuionium vhosphate based fertilizer is only nbout $0.10
higher, and the water solubility of the phosphate content is higher. The $0.10
per unit of plant food higher cost of this fertilizer diseppcors by the time
bagzing, distribution, freight and s~les cost arc ndded to cach rroduct, riiking
the triple superphosphate based mtoerial rorce oxpensive to the farncr.,

A very wide variety of HeP snd l=P=K rating in the compound fertilizers
used in the are: cxist today with the potters chenging yenrly ns the fertilizer
rarket grows and devalops, It is impessible to orterrdne the ~vers oo erede
of fertilizors in usce in the =re todrv or whet it will be cight venrs hence,
80 prillec ures rnd a 23=23~9,5 grenul. r fertilizor were selected Loing » ¢7 s
representrtive of the average nnalysis of fortilizers vroduced by the fertilizer

complex plants covered in this report.,

B. Propoged ASEAN Regional “ertilizcr Complexcs

The proposcd soluticn for providing production foeilitics to
supply the ASEAN area with fertilizers (brsed on availability of row intceri-ls

and consumption pattcrns) has resolved into thc two plons which follow: -
1. ASEAN Rcgionn a
In Plan No, 1, both nitrogcn and phosphate producticn facilities

arc integrsted into ¢ fertilizer complex producing prilled urea and granular
compound fertilizer,



Scetion IV
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Nitrogen procuctd o Loovooe s o B oo o oot - el Inde nceiom
naturel gis which resulis in tue 1ot evploxes ot cifter -4 locntions, Pliasmh -t
rroductisn is =lso srlit covaadls eobwon tho twe conploXeSe dae a el wiig

production units »t indicstel coocitice cuoprisc the plant coplxcess

TaDLE TV - 1 Conplex J1 Complex SI

letric tons[dax Mctric tons/de

Armonin Plant 950 1250
Urea Plants = 83% solution 950 950
Prills L70 1020
Sulfuric icid Plant 1500 1500
Phosphoric icid Plant 550 560
ronoaimoniun Phosphate Plant 1080 1080
Granulation Plant 2440 2440

ASFAN Regional Plan I is shown schematically in block flow Diagram No. 1

2, ASEAlN Regional Il-n 11

In Plan No, II, nitrogin ~nd phosphate production arc separated,
however, the oroduction of granulor compound fortilizers is »roduced in the
phosphate plant complex and 21lso in onc of the nitrogen plant complexes. Phosphatc
is shipned es monoanrmoniwa phosphnte (powder) from the phosnhatc co'plex to a
nitrogen plant complex, and » very low-vapour nressurc ure--amionic solution
(5psig at 105 degreces F) is shipped from one of thc nitrogen plant complexes to
the phosphate plant complex where the ammonia is stripped from the solution and
uscd to rake rmonoawrioniurt phosphate, The remeining ures is concentroted and used
in combination with solicd ure~ to produce granular compound fertilizers. Nitrogen
production is agrin based on the use and Availebility of cheap Indonesisn nhtural
g8,
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The following product” nounits wit' their coiprcities ¢ prise the plont

coriplexes

TAELE IV - 2 Complex JIT  Complex SII Complex BII
Metric Tons  Metric Tons Metric Tons
day day day
Ammonia Plant 950 1250 -
Urez Flants 83% Solution 1020 565 -
Prills 650 1120 -
Armonia«Urea Solutions Plant - 1510 -
Sulfuric Acid Plant - - 3000
Phosphoric Acid Plant - - 1120
Honoamnoniwa Phosphate Plant - - 2160
Granulation Plant 2660 - 2220

ASEAN Regional Plan IT ie shcown schematicrlly in bloek flow diagram no.2

C. Procgss Plants

. A brief description of the process plant used in the study is
given below:

1. Amenis Plants (NH,)

The armonia plant is based on a unit utilizing high pressure reforming
of natural gas, or naptha reforming, desulfurization, 002 removal by M,E.A,
methanation, compression, and armonis synthesis using centrifugal compressors

and steam turbirne,
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2, Urea Plants (NH?) 2C0

a) 837 Solution Plants

| The .urea sdlutirans plent is based ~n a total reéycle plant producing
an 83% sclution of ure~ which is used in the granul-ticn plant to proeduce compound
fertilizers, No facilities are provided with this unit for concentrdting and

prilling urea,

b) Prilled Urea Flants

The prilled urea plant is based on & total recycle plant ond includles

n11 facilities for concentr=zting snd finishing the urea intov a2 useble fertilizer,

3. Sulfuric Aeid Plants (H,50))

The sulfuric acid plants are based on the burnin: of elemental sulphur
to produce sulfuric acid.

L. Phosphoric Acid Plapt (H4PO,)

The phosphoric acid plants are based on the reaction of sulphuric acic
with phosphate rock to produce phosvhoric acid and gypsum (caleiw: sulfate
dihydrate) with the gypsum being separated from the acid by vacuum filter,

The resultant acid is concentrated to 45% P205 strength for use in reking
monoarwoniun phosphate powder. The plant includes all rock processes facilities
and ypéwn disposal,

5. Monoammonjiym Phoophate Plant (Powdered) (11-52-0)

The monoarmmonium phosphate plant is bi.sed on recent process deirelopments
where amonia is reacted with phosphoric acid ~t elevated teriperatures ~nd

pressures and the product. of reaction is sprayed in a tower where the wnter

in the solution is flashod and 2 dry powder is produced in the process,
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The average analysic of the monoawmoniwi vhosphate povider iss N-11,0%;
}’205-52.0',3, HQQ - 6,0%. Althousgh the noisture content is relatively high,
the material is dry in appearance, can easily be grinulnted with other
fertilizer raterials or arroniated to diarmoniun rhosphate and granulated,
and has excellent handling, storige, and shipping qualities. Capital investmcnt

for the process is low,

6. Gronulation Plants

The proeess proposed to be used is based on the TVA ammoniator -
granulator process using p;)wdered (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 thot required by the slurry process, making the
capital investnent lower in proportion. Much larger capacity units can also
be built due to the frct that the cazacity of the materials handling equipment
required for the "recycle" is the limiting factor., Feeds to the granulation
plant wculd be sionoa:roniwi phosphate (powdered), armonia, phosphorie ncid,
urea solution and potash, While a single product analysis of 23=23-9,5 is used
in this study for cost comparison purposes, the granulation plant proposed is
extrenely versatile and depending on the r-w rinterials feu to the plant, can
produce almost any combination of NeP and M-P-K retios desired, including
granular fertilizer containing Magnesium, Sone exanples I rossiblc N-P and NeP-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 nethods, processes and raw mnterials which
can be used in the wroduction of arronia, urea and granular compound fertilizors,

this study has evolved to a presentation of those unit oper:ation and raw materials

which appear to have eccnomic justification under the conditions which exist in
the ASEAN area,
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The.estimated investrent eost for the rroposed fertilicer plant corplexos

for ASEAN regional plans I and IT, arc given in Tables IV ‘= 3& 4.

A brinf explanation of the items that 'ake up the investricnt cost follows:

3

1, Battery Limits Plant

A complecte operating unit which when supplicd with adequnte quantitics
of specified raw imaterials and utilitics at its battery 1iiits is capatle of
producing the products specified at the rated capacity. Brttery*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 units operating efficiently nt rated capacity. They
include such items ~s the power distribution sy ster, water systems, laboratories,

shops, offices, stecan gener~tion, raw .aterial and product storage etc,

3. Spare Parts

The requircient nurber and kind of spare parts or complete items of

equipment required to place each unit in operation and cover operations for a

period of two years,

L. Start-Up Expenses

Include all pre-operational expenscs 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 copital for a 30 month dooign oo coictruction
schedule is assumed to be as follows:
105 x 2.5 years - (0,250
10% x 2,0 years = 0,200
207 ¥ 1,5 years = 0,300
10/ 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

1007, 1,275 equivalent years

Interest during construction is 1.275 x 8% of construction loan, or 10.2%,
The constructicn loan includes the dclivered and crected cost of all battery

lindt plants, offsites and sprrc parts,
6. Fixed Investnent
The sum of Item 1 through 5 above,

7. Working Capital

Working Capital ineludes 30 days production of product, 30 deys supply

of raw materials and 10 d»ys ~roduction of intermediate oroduct.

8. Iotal Investment

The sun of Item 6 and 7 above.
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E. Estimated Cost of Production - Regional Yertilizer Corplexes

The £o1lowing ic a brief cxplonntion of the clements of cost

that make up the cost of production.

A swinry of the Estimated Cost of Production for ASFAll Regional Plane
1 and II is given in Tables TV - 5,6,7,8 and 7.

1. Raw Materials

2) Natural Gas

Indonesis has known réscrves of naturel ges awunting to 72,9 bn
cubic metres with additionnl rescrves beine rroven currentlv, The rresent price
being paid for this row wrterial to produce AmAonia , is nbut $0,006€ per cubic
rmetre., Additional consunption over ~nd atove thnt presently planned is cxpeeted

to cause 1 rise in the cost of gas to about $0.,0088 per cubic nctre.

b) Sulfur

There are no known deposits of sulfur which ~re of cortnercial valuc
at the present time in the ASEAN srca, There Arc 1l~rgc deposits »f vole~nie
sulfur on the Island of Negros in the Philippines, but they are not comrercially
attractive at present. A lorge scile venturc to produce 2000 tons of sulfur
from these ores hns becen nbandoned due to the current sulfur rarket. Sulfur is
expected to be il:l long supply for an indefinite time in the future. The
Philippines nlso have a considernble supply of Pyrites from which sulfur can
be made, but the capitnl investment requirement for o plant to use either
Pyrites or velcanic ores is twice that of a sulfur-burning plant, and only
in special cases would the cholce of thesé raw mrterials be econornieal,
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The peported C.I.7, price or sulfur i ¢22,50 t. 2,50 pr ton for the
Philippines from the Mear Bast, and 530,00 per ton for Indonesia (ssurce
unknown). In view of the f-et thot the supply of sulfur will e plentiful
for rany yerrs to come nd that the proposed conswaption for the ASEAN crea
would amount to about 332,000 tons per yerr, current or lower priccs for

sulfur will prevail for thc proposed operation,

Estimaoted cost of sulfur fr-.i the inost logienl siurces delivered to the

plant, is as fcllowss

gource F,%,B, Freight Port ond Total
Hypdling $ Gest

Canada 15,00 12,50 1.5 29,00

There ~re no know. deprsits of phosphnte rock of commereial vnlue
located in the ASEAN countrics,

(1) Pagific Islends

The Paracel Islands, which are situated approximtely six
hundred miles to the west of Manila, contain sone 9,500,000 million tons of
phcsphate rock estinmnted té average over 20% PZOS' Fron available nnelysis,
205, but the Ca O/P Os ratic
would make the ruck require about 30% more sulfuric acid, raking its use
unecnnomical, The depcsits ares is nut being iidined at the present tire,

the grade could be increased by c~lecining to 30x P
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Christins, Nourr anc Ocean Islinds

Whili therc arce =dequatc rescrvee of phosphate rock on these islands
(82 rilliun tons -f abcut 85° BPL), with thc exccption of Maurn, all of this
phosphate 1s under the contrl of the British Phosphate Corrission who ~llaeatc
mest of the rock te New Zesland ~nid Australin, Howcver, sone bagged phosphatc
dust is scld t Ind nesim and Malaysia, Nourn is expceted to continue te scll

its rock to New Zenland and Austrelia, plus Japan,
(2) Australia

Large deposits of phosphote roer hove becen recently discovered in
Australin., Onc comprny, Broken''itls Soutt Ltd., is in the procese of develeping
7 1rrge deposit and cxpects t Legin t o produce 4,000,000 tons per veor of
phesphate rock in the lata 1970's. Whet ffcct this will have on tho phosphatc
ruck situntion in the ASEAN arer, is unknown., The price of the Austrnlirn rock

will be competitive with rock from other distont oress,

(3) Isracl and Jordan

Adcquate supplics of phasphate rock ~re.~vailrble from thesce sources,
however, it is cnly €7 BPL., An ccon-mic analysis of using thic pock os oprosed
to 73% BPL Florida rock shows thrt it 1<sults in 2 eost of about $3,0C/MT }'205
as 54% P205 phosphoric acid higher than Flarida rock. Both Isriel and Jerdan
rock have © high chloride ccntent which presents technical problems when

producing phosphoric acid,

The following is the csilinted cost of phosphate rock delivered to the plants

BL F.0.B.Y Freight $  Port & Hondling otal &

Florida 73 7.00 12, 2,00 19,50
Moroeco 75 12,50 13,00 2,00 27,50
Isrocl/Jordan &7 8,00 7.25 2,00 17.50

Pacific Islands 85 - - 2.00 15.50
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Do P’x.’tnSh
Therce are n: known deposits of potash of coiwerci 2 v lue in
the ASEAN countries., Adequate supplics of potash arc ~v-ileble fro. the

following sources at the cstiinted delivered prices sh-wns

Sourec F.O.D. Yrcight Port ond hMandling Tal
3 3 $ 3

Canadn 36,00 12,50 2,00 50.50
Isracl 12,25 1,25 2,00 21,50

An average of these prices whs uscd in cost caleulation,

UTILITI

Power

While in all probability each fertilizer plant complex will zenerate
its own pawer using natural gas, thc cnpitel investuent an! fucl requirencnts
for in-plant power gencration were not a2vrilable, so ~ power rate of $0,02 per
kilowatt hour was used which is belicved t- be adequate.,

cam, Water a Fye

Normal consumpticn rates for each battery limit plant were used,
Standard unit costs werc alsc used,

Catalyst apd Cheidcals

Normnl conswiption rates and ASEAN are: prices were used to determine
this expense,
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Lﬂbuu;:

Opornting lobour wes caleul~ted on a 4 shift basis ~t the rate
of $5.00 per "ian per shift, ~nd supervision At the pate of 375,00 per uwan
pcr shift,

Overhcad

Crleulated to be 18 of fixed investrent, -

Taxes _and Insurancc

Caleulated t- be 17 of fixed investrient.

Meintenancc

Caleulated on the basis f 59 of the investinent cost of battery limit

units plus 155 of offsites for all plants cxcept phosphoric aeid and granulation,
where a rate of 7% was used,

Egreciagion

Calecul~ted on n 12,5 year plent lifec, or 8/ of fixed investment.

Interest on ;nvestmeng

Calculated »t the ratc of 8 of the total investnment,
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Millions of U.0. Dullcors

TollE TV=4

TR 235

w MONT.. ME. . GLNUAR TOT\ L
SOL, FRILS - FERTILIZER
C..L.CITY MT/D 95¢ 1020 650 2660
FoL. FLaNT 16,6 €40 3.90 5.67 L, 57
- OFFSITES 11,60 ¢ 1.92 5.9 340 02,86
SP..RE FARTS 1.50 1.00 1.30 0450 5.10
START UF EXPEISES 2,00 1.00 1.6 0450 L 60
CONSTRUCTION INT, 3.47 1.05 1.91 1.03 Tolib
FIXED IMVESTMENT . 37.47 11.37 - 20,65 - 11,10 80459
YOTXING C.FITAL 1.13 0,9C 1.50 400 7.53
TOTAL INVESTHMENT 38,60 12,27 22,15 15.10 88,12
NOTES 82, 3%N 100&Urea L6,6EN  23=23-9,5
Comple I
PLANT . HMONT. URE. 834 iRy AR, A SO TOT L.
‘ ~ SOL, TRILLS ﬁSlOLUT_IlO'I
CaFACITY MT/D 1250 565 1120 1510
B.L. PLANT 21.20 L.75 10.90 0,15 37.0C
OFFSITES 12,72 1.43 £.54 - 006 20,75
SFARE PARTS 2,00 .70 1.30 - L ,QC
ST.RT UF EXPENSES 2,50 rie 1.60 - L&
CONSTRUCTION INT. 3.92 0,77 2,07 0.C2 6,78
FIXED INVESTMENT 42,34 8.35 22,47 0e23 73.33
WORKING CAPITAL 1450 Q6L 1,20 - 3.30
TCTAL INVESTMENT 43,84 8,95 23.67 (1423 76,63
NOTES 82,35N 1074 Urea L6.,6SN  19-0=37,5
Complex BIX _
PLANT SULFURIC PHOSFHONIC ~ MAP GR. NULATED TOTA
_ - #CID oCID (POW) FERTILIZER
CoPACITY MT/D 300C 1120 2160 2220
B,L. PLANT 9,72 13.59 2,7C 6.95 32,96
OFFSITES' 3.40 6.8C 0,54 L.17 14,91
SP.RE F.ARTS 1,00 0.75 0425 0,60 2,60
CONSTRUCTION INT. 1.57 2,24 039 1.27 5047
FIXED INVESTMENT 16,94 24,18 4,18 13.24 59,04
WORKING CAPIT.L 1.20 3,50 1.60 4400 10.3C
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2 Per Unit

COMT LEX JI Units Units Per $200C D tor Urdte o Pep JROOC L Eir

) uT per YIt mo er Undt Ppor hot! v

Pji .

V. R1al
taw | atorinls 3
Hdaturel Gos M 298 G008 2109.3 2,62 607 |+ nes ] 26,7 5.34
Sulfur MT co2ore | 2u.50 Lodta? | 5407 |
Phosphatc ock MT GJTLTC 19450 1127¢.3 | 13.99
Potash MT (.1585% 3,00 L5577 5.71
co,, MT (2930 - - - €760
924 tics
Power Kwh |123.C (\.(}2' 1977.3 2,46 {128, 0.0 | 397.1 2456
Fucl Gal 6 10 L83, 0400
Gouilor Feed 5

Water L 1.3 00670 TL.3 .09 10000670 10.9 0,07
Cooling Water ' M3 148.C r 6052 €15,6 0,77 1196 [0.0052 158,2 L2
Frocess Water M 1,2 01,0670 62,8 r,0e
Stean (lict) MT (o214 1.,1000 1924 r.24 les70 oo 119.4 C.77
other
Crtalyst &

Ch(ﬂﬂiﬁﬂlﬂ 135014 l.l? 5207 00310
Operating

Supplics 616,14, CoTT 62,0 C40
TOTAL VARL.BLE COST 26226,3 32,58 62,5 [1C.5C
DIRECT COPT
Operating Labour 163.8 (1420 34,8 0,22
Direct Supervision 290,0 0.36 €1,0 039
Maintcnance 21&73 .9 3 .07 656 ol 1&.2‘&
Overhcad 752, .93 234.0 1.51
Taxes & Insurance 752,0 1,93 234.0 3.51
Depreciation 5964,,0 7.42 1876,0 |12,10
Interest 6705,.8 8.33 N OLL 2 |12.54
TOTAL DIRECT COST. 17101.5 21,24 504, .0 | 32,51
COST_OF FRODUCTION 43329,6 | 53.82 668,5 |43.C1
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SECTION v

NATTONLL FERTILIZER SGLUTIO. AS ALTTRYATIVE TO COOPTRATIVE
REGIONAL FERTILIZER SCLUTION TO SC .VTHG 1980 FERTILIZTD SHORT=FALL

A. Introduction

Due to predicted conswiption pattnrhs for fertilizere for the
year 1980, the only logical national solutin to providing foertilizer production
facilities on a national basis, would be to providc production facilities for
nitrogen and phosphorous in those¢ countries whose consuription volume can Jjustify
an economically sized plant, and for countries whose volure is below this level,
to impoert intermediatcs and convert them to a finishec product, or inport
finished products. On this basis, thc¢ national soliution would be two
fertilizer complexes, each rroducing its own nitrogen and phosphorous
fertilizers in coubinations required to satisfy their rarket,

Due to consumption patterns and ~vallability of cheap raw naterials,
only two countries can support. a wminiran cconomically sized fertilizer plant
complex, The proposed national complexes are fully integrated, imcluding
phosphorous producing units, and arc shown in Block Flow Diagrar: V=1, They
consist of the following production units at indicated capacities:

Complex JIII Complex BIIX

Metric Tong/Dey Metric Tons/Dey
Ammonia Plant 1000 560
Urea Plants 83% Solution 1300 800
Prills L0 105
Sulfuric Acid Plant 1610 1100
Phosphoric Acid Plant 610 410
Monoarmoniwn Phosphate Plant 1150 790

Granulation Plant 2610 1790




Section V
Page 2

C, OConiicnts

With the excention of the corvients ' ade below, all of the
information given under Process Flant, Fsti atc of Capital Require ients
and Istimated Cost of Froduction in Scetion IIT i5 anplicable to the
National Fortilizer Solution, Section V,

The Estiiwated Invest:ient itequirerents for the National Fertilizer
Solution are given in Table V=2, and the Estimated Cost of Production in
Table V=3 & 4,

The production of amaonia in the case of Fertilizer Tlant Complex BIIT
is based on using naptha at a cost of 22,0C pcr netric ton in storage at
the rlant. This sces a reasonable price to usc since the estimated cost

of production for straisht run nartha for the area is about +17.00,

The detailed cost of nroduction for all final and intermediate products
at the varicus ratcs of production is given in the Appendix Tabics A = lei0,
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SECTICN V1

ECOUONTIC nFPRATISAL OF THE WEGICT.l LD JATICHAL . TERN..TIVES

ae  The Jdtornotives

1. We begin this Seetion with ~ bricf reest tc.ont of the sltorastives

which arc to be arpraiscd,

Regi-nel T'lon I envisages tw conplexes, S snd JIbath € which ~re Lrsed on
n~tural gas, Both complexes produce the soue two cnceprocucts: prilled urcn

rnd o compound fertilizer with » nutricnt snolysis of 23=23=9,5 which f.r the s~ke
of brevity is cnlled herenfter Enphosik.

Regdo an 11 cnvisages three complexes, SIT is hosced on natural £ns,
produces prilled urer es its nly end-product (thet is, fr dircet use in
agriculturc) but elso exports tw: products, rrillcd ures “nd ureses tonis
solution tu BII, BII produces n singlce cnd=procuct, Fnphosk, usirg its

imports from SII; it als. exports ‘wnoeuv.niw. rhosphat. ¢ JII, Finnlly,

JII, brsed on natur:1l gas, produccs two end=pr ductst prilled uren, ond Enphosk
using its imports from BII, The bosic structure .f inter-conmplex inperts and
uxports derives froiw the faet that only RIT procuccs ph.sphoric neid ~nd only
SII ~nd JII produce ~monia,

The Netional Plap envisnges twe complexes, oI is brosed non tor 1 o5 ond

produces prillcd urea ~nd Tnphosk for conswption within the nation., BIII
is based on niphthn and produces the sanc end-pracucts, » goin for consunption
within the netion « which is assumed to be diffcrent fror where JIIT is locrted,

The threc alternatives are sumc? up in Table VIL1,




Tic¢LE V1,1t End=-producte ~n¢ intere=complox ip ~te nnd cxporte
gt rrgd ol oo rnotien=1l ot ectives

Flon Coaplex Encd=Froducts Ty orte D5 S VN
RJFoT 51 Uroen 4+ Erohock - -

J1 Uren + Enphosk - -

SII Urcn - Urce +Uron=mrenin

solution
R.P.II BIT " Enphusk UrewUren=inonin] Honoensooordun phosphrte
sclutin
JIT Uren 4 Bnnbosk Ceno=ononiur
1 phosphnt -

lePo JIII Uren 4+ Enphosk - -

BITI Urcn + Tnphosk - -

Notces 1o, Tull detrils ~re given in the flowescots of Sceti ns IV »nd V,

2. All complexes nre brsed on notural pos exeont BIT which dous not
& !
producc its own ~uori~ cvoply, or ' CITI which usc s n~phtha,

3. Inports »nd cxportz only with rcfer nee te inter-conplex movenente,

B, olume of OQutput

1. Volume of output will be comparcd in toers of end=vroducts oad of
nutrient, The dta are sct out in T-Lles VI,2 ~n VI3, Ti: a1l threc 2lternntives
urea and Enphogk are the end-products. In feginnl Plme I nd IT the total welume
of output of end-pr.cducts is icentieal. Nutricnt productinon totnlse

Nitrogen 597,000 tons
Phosphorus pentoxdde 370,000 tons
Potassiun oxide 153,00C tons




The differenc:

© lerge awccoure of inber-corplex trading in nrillc

“nd eeno=ornoniwt phosphatce,

2,

of vweting the enswirti-n requircints o

uren,

as with R.P.I, the Mt nol Flon hes (nly two ¢ ploxe o,

Wationnl Pleoa 1¢ captble

ur. nereionic

Scetion VI
Prge 3

is thit whilst .0 hes tw ¢ plixes, 1,P.I7 has threo with

solut o n

Sincc the

nly twe

nrtions (even though these ¢ nld be the twe bisgest eonmuers 8 the wokil

comtries), its t:tal cutput is ivrkedly lewer,

to 8l per cent of th t of the regionsl plaas,

TABLE VI, 2:

T. ¢~ 1 nutrient cutput is .qual

Volume of output of c¢nd=pr.ducts in the regicntl »nd notional

altcrmatives in tons

End=product in tons

‘ﬁlnn Conplex Uren Fnphosk
SI 333,000 804,000
R.P.I JI 154,00C 804,000
—_—
Ttrl 427,000 1,608,00C
SI1 273,700 -
R.P.II BII - 730,000
JII 24,000 878,000
Tot\’\-l LB?,OOO 1’6‘\“’}’%
JIIT 154,000 377,000
N.P. BITI 34,000 DLy
Total 188,000 1,468 L0C

-Notess 1. Figures runded to the nenrest 10C0 tons,

TABLE VI3

Volune of cutput of nutricnt in the rogional
and national alternatives in tuns

. . 1
aatrient outout in tons

1n J :
Ilan N P20 5 K?ﬂ | thal
P.F.I 597,000 370,000 153,000 1,120,00C
R.F.II 597,00C 370,00 153,000 1,120,000
N.F. 4L,26,00C 338,000 140 ,00C 24,000
Notess 1, Figur.c rounc:! to the noorest 1C0CC L one,




Scetion VI

F-"-.g(: L‘,
Ce Valuc »f Output
1, The value of cutput is, of coursc, tie wltinlc £ the utput

volune ~nd the sclling price, Durin. the ~ourse . -~ working tour of the
{SEAN cruntrics, we collocted whatover datn was aveilable n prescnt c.ilf,
prices and the direction in which they ~rc likely to move in the < ourse of the
next couple of yerrs. The mest obvisus ferturce of the present aarkcet situnticn
is the very tight positiin of triplc supcrshosphate, Uren prices ~fter risving

down for some time, now look as if they will harden in the next couple of vears,

2, We beliceve that the best estimate of the 1972<75 bulk prices,
celef. to ASEAN ports froi: nutside the region nre: ‘

Bulk urea 57 per ton |
Bulk TSP 85 prr ton
Bulk potash $36 per ton

These prices give the following nutrient prices, equal t: the end=-products:
prices divided by their respective percentage nutrient contents

N $122.3
'P205 $184,.8
'KQC $ 60,0 “ -

We nced twe end=product prices, thosc of urcn nné Enphoek, Urer. is given above,
For Enphos%, with its 23-23-9,5 anclysis, thc pricc is crleul~ted by
multiplying the volwae of cach of its nutrients by the priccs per ton quotcd
~bove, This gives a bulk Enphosk pricc, after rcunding-up, of 877.



Scetin VI
Page 5

Using these tw. priccs and the “uteut volue token from Toble VILZ,
we can now derive the value £ cutnut clilf. ot ASEAN p rts in bulk, Thic
is given in Teblo VIek.

T4BLE VILA:  Voalue of cutput coilf. nt ASuN ports in bulk of the
regional ar notisnel ~lternatives in millions of dullars

Plan Valuc of out utl S
R.P.I 152
R.P.II 152

N.P. 124

Ntes 1. Rounded to the nerrest niillion dollnrs.

Just as with output volunc, the value of sutput of Regionnl Plans
I and II arc the sanc. The cutput value of the national ‘plan is 82 per cent
of that of the regionnl plans,

1, In the econordce cvaluation of mutunlly cxclusive pro jects, which
is the objeetive «f this Section, ‘we obscrve thot the alternatives gencerote

a flow of costs and of benefits sver time and that the shapc of these flows
Jdiffers from projcet to project. ‘urthermore, it is » formili~r result in
project appraisal that for any two projcets i and B, the net benefits (benefits
minus costs) of L cxceed thosc of B in sone yoars, but fall short of those

of B in other years. as we shall sce, this is thc cnse with our regionel

and national alternctives,

Economic evaluation therefore requires a why to compare costs
and benefits nceruing in different timeeperiods ~nd thc tcchnique used is
that of thc mtc of intcrest, otherwise referred to ns thc time-rate of
discount,



Seeti n VI
P".;’,(; 6

24 In the 1ost 15 yeors gr ~t rr-2ross hos boen »nde in specifying
preeisely how the discount rote or rotes ¢hould b ased in rr. ject "n-lys.s
~nd ~ vret ceononie litersture on the sulbjcet hoo ~nperred.  The techniqu.
the cconunists h v frshioned, »md it is one now used cxlonsi=1v in
g.vernnent °nd lerge conmprnics, is known “.o the crlculrtin of the present
v-luc of cxpected c¢ornings or the (isceunted cash flow, . sceond technique
very closcly rel~ted to it, is the c~leulnrtion of the ~vernge roto of return

on investment.

In order tc use the prescnt value toechnigue cne necds b know,
amongst other things, the borrwing rote on 11 funds borrewed, the alternttive
rote of interest on ~11 self-finn 3¢, ~nd the rote to bo ecrned on ndlensh
flows generated which ean be lent out ~t interest. In the cose of this
ASEAN fensibility study we cc not have this informetion veilnble, preciscly
becruse we nre ot ~ stage when the ethod of finnece of 'prckge denl! projects

is not yet agrecd,

3. Thereforc, in this report we nse the sce:nd technique roferred to
above, the average rote of return, Brsic~lly this technique consists in
discove.ing whot rate of discrunt when noplicd verr by vc:-"r'tf: the investrient
strean makes its aggregrte velue cquel to that of the discounted stromm ~F

value of output lcss opernting costs, i.c. the opernting surplus,

Mthemrtienlly, find r, the nver~ge rote of return expressed 08
o percentage, such thats

2" in ]
tmo t.ﬁﬁw + Bes %t_} = 0 Q)

where: It = investrnent in yerr t Vi
n = totnl nuaber of plant yerrs
" fron first ye~r of design Ct = opcrating ~n¢ transport costs
and constructiocn to the in yerr t
1lnst yenr of production :

it

vilue »f output in year t

If we definc N, net bencfits, ~s the valuc of output in any given ye~r lcss
tot:l ostsincurred in that ye-r, then

Nt =Vt - (It + Ct)

and our oquatisn con br re-written so th-t r,the -~veroge rote of return is such



Scetin VI
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thats
2" Nt
t =0 (l+r)t'

It should be noted thet ¢ :sts ~nd benefits in tnis ¢ rtoxt shiould
cxclude interest chrorpges n borr wing ("nd interost cnrned on Lnding) "g
it is this ratc or thoese rotes of bormwing with which the ~ver ge rote of
return is to be eomprred.  (eference 21 pp.l22=125), [Furtheriore, deprecintion
sh-uld ~lsc be loft ut cthorwise we re ¢ unting the cost 7 eopit-l
cquipnent twice over,

L T._sw: ups the technioue we shoil usc t ov-lute ~ltern~tive net
Lenefit flows will be the “ver-go rote of rcturn, «fter colculating the
nvernge rote of return for coch rrojuct, we con sny thot where this cxceeds

the nverage rotc of interest ot which. capitnl can be borrowed fron the smurces
finneing the oro ject, the projet is vinble on ceon ndc grounds, If a proJject
has ~n avertge r~tc »f rcturn lower than the averege borrmwing rote, the
projeet is not viable, Where twe (or 11 three) of the nlternntives have

an ~vernge rate of return excceding the ~vernge borrowin; ratc, the one with
the highest discounted cnsh flow should be chosen -nd the discount rote uscd

in this cnlculation should be the avernge bermowing rote,

E, Investment costs, operating costs ~nd transport costs

1. Inyestucnt costs. On the bosis of Sceticns IV nnd V we now bring
together the cost datn in the fori.necess~ry for approisnl of the regional
and national ~ltermntives. Toble VIL5 shows the investment costs for the

three alternntives,
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1LELE VILS: Investuent ¢ sts £ th rooi nl ond notionnl ~ltornctives in_Jni

Cost etaepory R..I HeFolT Nob,

Buttery limits units 10774 110,53 50457
Offsites 5942 58,52 L7 65
Srore Iorts 11.00 11.,3¢ 8.37
Stirt-ur expenses - 12,80 12,5C . 10.00
Working cnpitnl 17.69 21.13 16,77
Totrl 1 210,65 214 o4 173,90

jot-: 1, Excludecs interest during o nstruction. S.o prge P

Tal investment costs ~f the tws regi-nel plons “rc very similar:
R&P.IT is vuly 1.8 per cent lorger thon RJF.I. 0 first gloace this dght ppenr
surprising, -ure thore no econsmics of serle to be grined by the econcentration
of nll production in two cuplixes rather thon three? In fact, exominction of
the flow=shieets shiows thit this concentrtin is wor- apprrent than recl,
There arc 16 chemicel plants in kR.P.I wid 13 in R.P.II. The wmrin roason why
the two=corplex plan hns more plants thon the threc=complex plan is that the
latter centres ~11 phosphoric ~cid procuction in a single location whilst R0 .1

splits It bctween the twe complexes,

2, Investment costs of the Wational Tlan arc, of coursc, lowcr than
¢ither of the regional plans. i norce intoresting eomprrison is to look at the
investment costs valuc °f utput ratic (IVR)., This shows the nuiber >0 dcllars

of investrent requircd to procuce cach doll~r of ~npual output. The figurcs arc:

R.P.Is 1,386 R.,FP.II: 1,411 M.P.s 1,405

The Motionasl Flan has an IVR only 1,45 grester than thot of RG.P.I and
O.4% smr1llcr than that of R.P.JIT,  This very sin:ll diffcrencc in enpital costs per
unit of output can be explained by the faet thot JIII in the Notional Plan is
actually slightly largcr than JI of R.P.T. Aill of thc increase in the National
Plan's IVR, with respect to R.JF.I, derives fron the nephtha=based complex BIII
with its relativcly small amnonic unit,
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Opur.ting coets. Those arc sumnriz . in T-ble VIL6
TABLE VI,6: /nnual operatiag costs of the rogi pal and
national ~lternntives in & 000

Cost eatcgory KoP.I Rel'6TI Vel's
Ruw natericls L6 ,'756 LE,738 L2,4L75
tilitics 2,90 9,308 7,018
Crtolyst,cheimdienls, “purating

supplics 1,864 1,291 ‘ 1,522
Operating labour and direct !

supcrvision 1,099 985 1,030 '
dnintencnce labour & nmaterinls ¢,600 6,599 5,3¢1 |
General sverheads 2,100 ° 2,087 1,458
Insurecc nd taxcs 2,100 2,087 1,458
Trensport costsl - 6,0 -
T g2 69,479 76,635 63,342

dotes, 1. "his ¢ vere only the cost f inter-complex vwviionts sce Tible VILl
The costs nare bescd en the eosts of loading and unlonding ~nd fredght
ugud in Scetivn IV »nd on tac tonnoges showvm in H,P,II's flow st ct.

2, Excludcs depreciation and interest.  Seo prgc .

With the exeeption of R.F.II's transport costs for the inter-complex
movement of intcamedintes, the innual operating costs of the two regioncl plans
arc negligibly different. This was to be expected sinec thoy are basc! on the
same raw materials, produce the same cnd=products, have "n identienl nutrient
output capreity and have a very sinilar level of investnent costs, Thedr main
differcnce, the intcrdependence of complexes SII, BII and JIT is rcflected in
the transport costs of $6,94 willion for thc moveuent of the intormedintes,

urea, urca=crrwnin soluticn and MAP.
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L The operating costs o the L2l Plan oro Lwer thon those £ the
Ticgional Plone, which vias £ e vwniet & sise it~ bt 5o Lower. dowever, Lac
rotic of perting eosts to velue of wutput is 45.7 porocont for RuaLI, but

L8.7 per cent £or the Netional Plan, This is ir tune with Lo U ¢ newiey
Letween the plans. The aomends plant in the BIIT eorplex ie smtiler than thos.
of thi regionnl plans, this plus its us. »f naphtha rither then notirnl goe
pushes up orerating costs, ~lthough the cost ineronsc is ff-sct by the large,

n~tural gos bascd eonplex JIIT,

5. Iranspert costs. The enst of transmorting the fertilizer ond=procucts within
th. ASEAN sub-rcgion is :lctormined by throe factorss the loention of production,
the loeation of the aarkets =nd the lw*.c'!ing chrrges ~nd freight rates betwoen

ASEAN ports for the tonnages moved, We do not ¢ool with the crleulation of
transport costs after the feitilizor S arrived vy ship at its port of Jdestination,
This is consistent with cur use of c.i.f, prices s 2 basis for the caleul tinn

5f the value of cutput, |

6. This stu’y makus no sncific reestwand-tin ~tout the loention of the
coiplexes in cach of the threc plane. This is becausc » regional fertilizeér plen
would be wnly onc of a nwiber of projects in an WSEAN 'prekage (enl's Thercfore,
the optimurm loeation of ~ny singl. project must Lo judged in tems of the

agreenent, for the whele sct of projects,

However, in this fersibility study it nnkes littlc scnse to enleulate
trinsport costs for all the alternative locaticnal cecisions which, from thce point
of vicew of purc logic, cuuld be made, This is essentially beecause of the theory
uf combinations. For exomple, in R.P.II the nuiber of altcernntive loeational
out corics is about 125,21

1. It is the same as the number of different ways in vhich conc could placc three
balls, one black, snc whitc and onc rod in § boxes, A,il,C,D an! E, where
the number of balls in ~ny singl. box can vory from O = 3 inclusive,




T What we 2, tacrefsre, is to use ns our estimate of tronsport costo

= singlc illustr~ti n of their lovel mwd 60 stite by whnh proportisn the maxirun
possible Tovel of tronoport ¢ sts woauld creeed cur illustrotion,  The illustration
on which 17ble VI,7 is bascd wssumcs that in crich of the regioncd ploas the

J and S plints ~r locnted in Indoncsin and that in RJPWIT the B plent is sitcd
in Thniland, These arc the loeationel soluti-ns which, from a strictly technicnl
neint or view and disrcgarding all the other possible projicts . f » prchnge

de~l, nre the nost cfficient,

T4ABLE VIL7: an illustration of the level of ond-product
transport costs for the regional ¢ lutions

Plan Fertilizer movement  Weight Loading Freight Inading & Tr'mSpuﬁ
‘ From To 000 tons Cost nte $ Froight costs
fB}g‘r per ton $ per ton $000

R.F.I Indonesin  inlnysio 276 3.0 4,97 7.97 2200
Indonesinr  Thillippines 125 3.0 6,14 9.14 1143

Indonesia  Singaporc 3 3,0 2.50 5,50 204,

Indonesis  Th~ilond 626 3.0 5.94 8.9 5596

TOTAL 1064, 9143

R,P.II Indoncsia  Mnlaysia 197 3.0 L,97 7.97 1570
Indonesian Philippincs 86 3.0 6.14 To14 736

Indonesin  Singrnorc 15 3.0 2.50 5.50 83

Inionesia  Thoiland 34 3.0 5.94 8,94 304

Thailand 14ﬁiaysi'x 78 3,0 6,05 9,05 706

Thailand  Philippincs 39 3.0 6,15 '9.15 357

Thailand  Sing~porc 22 3.0 L.68 7.68 169

TOTAL 471 3975
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The £t 1 tronsport ¢ sts of RJ.I -ro $9,14 million nd in the ensc
of RWSLPLIT they nre 33,98 millirn. The MFfopene is aLipet entirely sceountoed
for by thc fact thot in R.P.IT the tranenort of fortilizor £r o Indenesio
t~ Thiiland is roduced by ~lanst 600,000 tons bociuse Th il o te o wplex BII
supplics Thai requirements. Thoilenc, it will bte reerlled from Section 1T, ie
forcenst to be the sub=rcgion's lorgest nutrient consumer ~ftoer Indoncesin,
This transport cost ~cvintige is off-sct, hweover, by the cost ~f intcr=conplcx
rovenent of R.F.II's intoriedintes, which os wo saw in the sub=scction on
operating costs ~bove, totrlled $6,94 willion. Th: nct ciffercnee bitween
the twe regionsl plans, when wo add brth scts of transport costs, is only
$1.78 million, in faveur of R.F.I.

8. ' As far s thc ronge of tronsport costs is concerned, our crleulstions
suggest thrt the nost incfficicnt 1yention from the point f vicw »f tronsperting
the cnd=product would give coste »f §$1¢ 1dlliva. Thereforc, we ¢™n say that
whatever the location of the complcxeé in th: two regionl plons, the cost

of transport from the annufrcturers to th. ports of dectinction will be

between $ million = $1¢ sdllion, In the ¥-tionnl Tl:n there ~rc no transport

costs incurrcd bocause ~11 5f the fertilizer produced is conswwd internally.

¢ nlterntdves
1. We have now brodght together virturlly 1l the information

necessary to sct out the tiric=strcrm of investient costs, operating costs,
transport costs, wvalue of output and net benefits. The results ~re sct
out in Tables VI.8, 9 and 10, >n page 13 of this scetion. They require

a number of comments,
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TABLE VI.8s Crlowlotion of the £1.w of et benefits of Logionel Plan 1

YEAlt N 3
Costs :a¢ bonofits () 1 2 3 L 5 6=15"
1. TInvestment costs L2.,13 14745 21.07 - - -
2. Opcrtinz costs - - 22,17 57,96 63,72 GGG I
3. Trepsport costs - - 2.-"7—2,. 7oL 3e2 730
L. Vvoluo of utput - - i5.6 " TTi01.6 VETTTTTES T
5. Wet benefite 42,13 L7045 = 7.38 56,33 BLJ5° R
W:tese 1o ALl figures sro unchangod over the pericd fron yeors 6=15 inclusive

2, Equrl to (k=(1+ 2+ 3) )

TiBLE VIL9s  Ceoleul~tion of the £1l.ow of net bonefits of licgionel Plon I1

YEAR y
Costs ~nd ben fits (§m) 1 2 3 ) 5 6=15 1
1. Investiient costs 42,9 150,14 A4 - - -
2, Operating costs - - 31,22 63.06 70.15 7604
3. Transport costs - - 1.19 3,18 3,58 3,93
Lo Valuc of output - - 156 12,6 1388 152
5. N benctita® - 42,9 - 150,14 - 825 5476 63,07 71.38

Notes, 1, 411 figums~rc unchanged wver the period from yerrs 6=15 inclusive
2, Bqurl t¢ (4=(1 42+ 3))

TABLE VIL.10¢ Crleulatizn of the flow of net bencfits of the N-tional Plan
1
Costs and benefits (§n) 1 2 3 b 5 6=15"

l, Investnent costs 34,78 121,72 17.39 - - -
2, Operating costs - - 24,63 5014 55424 ‘6:)-:3.1:
3. Tronsport costs - - - - - -
he Vilue of mtput - - 37,2 99,2 111.6 174
5, Net.bencfits? -8 -1272 . - L.82 49.06 - 56,36 63,66

Notes, 1, 11 figures °r¢ unchanged over the px;ri-w‘.' fron },ro.".rs €«)5 inelncive,
2, Bjual t- (4=-(1+243)) , . .
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2, The investient timcestroom is bascd .n Tobl. VIL5, The gestot n
period is cxpected to lnst 30 runths ~nd thorofo.re torminnteos after the first

six :xonths of poar 3, The distribution o f irvestnent costs v r voars 1, 2 2 3
is sct at 20 pur cent, 70 per cont and 10 per coent o f the totnl rusbnctiv{‘ly.

The bnsis for this is the tobl. fron which o e tructi n intor.-st was cileculated
in Sceti.nm IV, |

'3. The value »f cutput. fi,311rcs, Eascd on Table VIlh, is set 2t 30 por
‘cent of nnnul cepreity in year 3, when niy 8ix ‘wnths is ~vnileble for
production, In yeurs 4 and 5 we assune €0 per cont nd 90 per cont of cureity
is nttnined. Froriyerrs 6 = 15 we nssume 100 pur cunt erprcity utilization,
The total nwmber of yoars of production is 121,

L Transnort costs of the cndeproducts arc based sn Table VI,7 =nultiplicd
by the percentage utilization of copreity,

5e Op.riting ¢ sts were divided into twoe griups¢

fe Raw mnterials; utilitics; ctrlyst, chunierls and operating
inter-cunplex transport costs, ~ sunplics;

B, Opcrating labour and direct supcrvision; mintenanec labour
and mtericdls; gener:t owverhendsy insuranec and taxes,

A were ~ssuicd to vary direetly with capreity utilizeticn;y B were assurcd td
be invariant with capacity. On this basis .\ + B were calculatod for the

yeers 3 « 5 when the complexes ore assumed t¢ run below full cpreity,

6. We hove nlrercy discussed 11 the constitucnt elements of net benofits R
but not thc net benefit serics itself, Thesc figurcs for cach of thc plans arc
brought togother in Table VILLL. '

" TABLE. VI.I1: Net bencfit stream of the rc,g-;oha; and pational alternatives in $m.

i YEAR
Bl 3 2 3 & 5 6 =15
R op oI -lu? 013 -1&7. lo5 "7 038 56033 6’6085 73 038
R, IT =42,9 = 150,14  -8,25 54,76 63,07 71,38

NJF. 34,78 - 121,72 -4,82 49,06 56436 63.66
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Table VI.11l gives us our first clear result, In overy year throughout
the 1life of the project thc net bonefits of Regional Plan I are greater than
those of Regional Plan II, (That is, R,P,I nlways has smller negative values
and higher positive values for its nelL benefits). In purely economic terms,
therefore, R,P.I is cefinitely preferable to R,P.II.

Comparing the National Plan with R.P.I we see that in cach of the
years L = 3 /. N,P.'s net benefits have a gmaller pcgntive value, but that in
every year 4 = 15 the N.P.'s net benefits also have a gmaller pogitive value,
Thie is precisely what onc would expect of two projects of broadly similar
efficiency but wherc onc is about 80 per cent of the gize 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 examinc moe¢t carcfully. However, since R.P.II's net benefits dif fer
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 ¥. The results ares

R.P.I: 2% R.P.IIs 23% N.P:  25%
All three rates are very similar and all are high,

L comment is in order here on why, in tems of the average rate of
return, the Naticnal Plan beats R,P.I by » short head. Using Tables VI, 4=7
it cnn be shown .tl'iat' 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 sperating costs are only 15.2 per cert 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 ASEAN ports whilst there is
no such cost in the case of the National Plan., It is this alone which pushes
the N.P. nhead,
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G. Blan_scleetion ond the cost of financc

1, In sub=scction D we said thet once the costs of plan financc are
known, thc plan with the highest discounted cash flow should be selected.

The reason is that the rankdng of pr jects is not necessarily the sime by

the discounted cash flow as by the average ratc of return and the former tcehnique
can be shown to be prcferable, (Reference 21 pp. 132-135). It is possible to
state quite precisely which plan ranks first as n function of Jdifferent costs of
finance wher~ the costs of finance arc the samc for each plan., The results

are given in Table VI.12, -

TABLE IV,12: Plan choice in relation to c.ost of finence for
i the regional and national altecrnatives

Cost o e a Plan Chojce
Below 19 . Regional Plan I
191 N¢ difference
20 - 25 National Plan -
Above 25 Neither Plan

Notes: 1. This rete of disccunt is known as the comparabple rate of return
at which the discounted cash flow of the two plans are idemtical.

2. The lower rates of interest favour the Regional Fla;l even though the
National Plan has the highest average rate of return, This can be explained using
the symbols of equation (1) on page 6. We see that the outlays of each plan cre
its investment cost, It, wnd the receipts are its operating surplus, (Vt - Ct).
Agdiin-'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 grerter. lLow interest rates gi\'re a greater weight to

the operating surplus vis-a-vis investmerii, because of the discounting effect,

and thérefore ma.ces R,P.I prosressively more .attractive as tt;e.interest rate
diminishee. " |
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He Ioreign oxchange savings of the alterntives
1. In this sub=soctiin w c~lculate the ttal forcign exch-ng —utlay

£ cach plan, the gross fordign exchange savings froi inport sucstitatic o and
the difference between the tw, equ-1 t: the net forvign cxeh~nge snvings,
We begin with total £oreign ¢ xchonge mtlayss on invcstmcn.t, apernting c.sts
“ad transport costs, Toble VIL13 shows the proporticn of costs which wo
asswiac will be devoted to imports,

TABLE VIJ13: Pro

of costs incurred in forcign cxcha

Cost category Troportion in foreign cxchinge (&)

Investment costs 80
Naphth~ 8c
Fucl 0Oil 80
Fli sphate rock 100
Sulphur 100
Potash ' 100
Chianicrls ~nd eatalyst 100
Opcrating supplies 50
M~intenancc 50
Genernl overheads 20
Transport costs 50

a1l other costs incurrcd ~re ~ssumed to require no foreign exchonge,
Foreign exchange receipts fron any capit-1 inflow which might hclp finance
the plens, and outlays in foreign cxchnange oy tHe conscauent return flow
of interest ~nl profits arc not inclu <& =3 the scurces of pro ject finanec
are not yet known, -

Using Tobles VI. § and 13, the totnl forcign exchnnge outlays

rcquired for investuent costs, in millions of dollars, rres

R.P.Is 168.52 RJ.II: 171,58 N.P: 139,12
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Using the swamarics of operrting costs piwven in Scctions IV ~nd V
~nd Tables VIWG aad 13, ~nnu-l foreign exchanpe reauirenents for operntiosn At
full czpacity nre, in inillions of dollarss

R.JPsIs 46,29 R.F.II: 49,91 NJP:  43.36

Using Tables VI.7 »n¢ 13, annunl foreipgn cxchrnge reauiraacnts for
end=product transport costs at full crpacity nre, in millions of dollnrs:

RoPoIg ln57 R.P.II: 1.99 W none

“Te, arrive nt the total foreign exchange outlay over the lifc of the
plant we add the foreign exchange nutlyy on investment costs to the ~nnurl fereign
exchange outlty on oper:ting ~nd transport costs multiplicd oy the nutber of
ye'rs of production (123) adjusted by the copacity utilization rate. This
procedure gives the frllowing table in millions of dollarss

2. Gross foreign exchange savings thr ugh import substitution we equate
simply to the total value of cutput over the 123 year perind of production,
giving for the threc plans, in millions of dollarss

RJP.I: 1824 R.JP.II: 1824 N.P: 1488

3. Teble VI.14 brings together thesc results and shows the net foreign
exchange savings for c>ch plan,

TABLE VI,1l4t Net foreign exchange savings of the regionalland

Q alternatives ops_of dolla
Foreign exchange outlaye and savings ($m) ReP.I R,P.II NePy
Value of output 1824 1824 1,488
Investment, operating & Transport costs - 113 = 194 - 659
&

Net fo e _8° 8t 1049 200
Notes: 1, Rounded t. the nearcst rdllion dollars ‘




Scetion VI
Page 19

The differencc between the regional plens is very smnll indeed, The Nationel

Plan's savings are 79 per cont of ti.ose of R,P,I, verv closec to its proportionate
output value, which wc saw in sub-section C was 82 per cent. <

For cvery unit of foreign exchange currency spent on invedment
the number of units of foreign cxchnnge s~rved throuph the total operating
surplus equals:

Re. . ¢ 7.18 R.,P.II: 6,98 N.P: 6,96

The difference between the ~lternatives are very small: the R,P.I ratio is
only 3.2 per cent greater than the N.P. ratio,

I, Employment generation

l. Our final remarks concern the caployrent gencrated by the three alternatives,
The nunber of workers roequired ~rc shown in Table VI,15, !

TABLE VI.15¢ Number of workers required for ench complex

e re and national alternative
Complex J Complex S Complex B Tota)
R.P.I 8% 850 - 1700
R.P.II 850 600 600 2050
N.P. 850 - 850 1700

Using these figures ~nd Table VI.5 it can be calculated that the size
of the investment outlay per job created iss

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 ~fter completing our report wc received the following letter
fron the British Phosphate Commissioners:

© -
By

THE BRITISH PHOSPHATE COMMISSIONERS -

Mnﬁaging ngents for THE CHRISTNAS ISLAND PHOSPHATE COMMISSION
Decar Sir, '

We refer to your letter of 10th April 1972 regircing the feasibility study
you are carrying out on the production of fertilizcr, particularly phosphatic
fertilizer, for the region covering Indonesia, Malaysia, Philippines, Thailand
and Singapore,

As the situation .stands at present all phosphate rock procuced at
Christmaes Island and Ocean Island which is suitable for acidulation is required
for use in ~ustralia nnd New Zealand, However, we do currently supply Malaysia
and Incdonesia with Christmas Island phosphate dust for direct applicntion,

The chemical composition and other detiils of the two types of material sent
to these areas arese

Q:gge NA"

Chemical : Benge Typical
Total P205 35.0 = 37,0 36,3
P205 Scl 2% citric

acld 8.2 = 9.5 ' -
F (fluorine) 1,5 = 2.0 1.1
Ca0 Total L0 0
CaCcO3 Free 5.5 = 6.5 3.2
H20 1.0 9
Mesh 85% minus 70% minus

100 mesh 200 mesh
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MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS
STANDARD REFERENCE MATERIAL 1010a
tANSI and ISO TEST CHART N., 2




a=Phos Gprade (Caleined Produc

Chemical Bapge Iypical
Total P205 30.0 - 32,0 30.5
F205 Sol citric acid 10.0 = 11,0 10,2
F (fluorine) 0.24 = 0,68 0.3
Ca0 Total 16.8
CaC03 Free 1.2 « 2,3 1.8
H20 1.0 =1.5 9

Mesh 85% minus 707 minus
100 mesh 200 mesh

The citrate soluble on5 in a neutral nmmonium citrate solution is 20%
minimum,

Substantial quantities of the above matcrial (particularly the calcined
product) would be available in the late 1970's or 1980's,

We trust the foregoing information will assist you with yowr study.

Soment:

This rock is quoted s costing $12.50 per ton in the World Bank Report,
Even if only 50% of requirements would be met with this rock, it would result
in a cost saving of about $9.00 per ton of P205 as phosphoric acid, As a result
the average ratc of return on all 3 alternntives wculd rise, probably by a couple
of percentige points,
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Plant Capacity 184,800  MT/Yr 560

Plant Invcstment
Working Capital
Total

ARIABLE COST

Raw Materials

Naptha

Ydlitics

Power

Cooling Water

boiler Feed Water
Catalyst & Chomicals
Opcrating Supplies
Total Variable Cost

EIXSD Q08T

labowr
Opcrators 6 men/shift

Supervision 1 man/shift
Total Labour

QIR COSTS

Overhead

Mrintenance

Taxcs and Insurance
Deprociation

Intcrest on Investment
Total Fixed Cost

ICTAL FRODUCTION COST

TL L.T

MM$

AMMCWIA PRODUCTION COST
CCiP B III

MT/D 330 D/Yr
27.11

0.75
- 28,16

Units Units/MT  $/Unit w

Kwh
M3

0.731 22,00 2,971.6
5 0.02 18.4

255 0.0052  25.8
1.8 0.0670 22,2
110.9

64.7

3,433.6

31.2
78.0
1%.2

27,1
795.0
274.1
2193.0
2253.0
5,898.4

9,332.0

T

16,08

0.10
1.33
0.12
0.60
0.35
18,58

0.17
O.42
0.59

1.48
4.30
1.48
11.87
12.19
31.91

50 .49




ESTILATED [.i4:ONIA PRODUCTION COST
Complex S III

Flant Capacity 257,400 MT/Yr 780 MT/D 330 D/Yr
Plant Investment ™MMJ 32,74

Working Cupital 0.93

Total 33.67

VARL.BLE COS Units its $/Units
Raw Matcrialss

Natural Gas w 1065 0.0088
Wilitics:

Powcr Kwh 5 0.02
Cooling Water W 255 0.0052
Boiler Food Water 1 1.8 0.0670

Catalyst and Chcmicals
Opcrating Supplics
Tatal Variablo Cost

ERED COST

labour:

Oporators . 6 mcn/shift
Supcrvision 1 man/shift
Tatal Libour

QIHER COSTS

Overhead

Maintcnance

Taxes and Insurance
Depreciation

Interest on Investment
Total Fixed Cost

JQTAL PRODUCTION COST

P

2,411.8

25.7
342,53
30.9
154.4
90.1
3,055.2

3.2
78.0
109.2

327.4
929.0
327.4
2,619.0
2,694.0
7,006.0

10,061.2

9.37

0.10
1.33
0.12
0.60
0.35
1.87

0.12
0.30
0.42

1.27
3.61
1.27
10.17
10.47
27.21

39.08




ESTIMATED AMMONIA PRODUCTION COST

Plant Copucity 280,500 MT/Yr
Plant Investioent  MM3$ 33.90

Working Capital

Totﬂl SA-%

VARIABLE COST

Row &tcrig S

Natural Gas
Utilitics:

Powcr

Cooling Watcr

boilcr Feed Watcr
Catalyst and Chemicals
Operating Supplics
Total Variablc Cost

EDXED CosT
Laboyrs

Opcrators 6 ren/shift
Supcrvisors 1 man/shift
Total Lobour

CIHER COSTS

Ovcerhcad

Maintcenance

Taxcs and Insurance
Deprcciation

Intcerest on Investment
Total Fixed Cost

AL _PRODUC COST

850 1'T/D

Complex J IIT

330 D/Yr

Units Units/MT $/Unit

W

Kwh

1
1w

1065

255
1.8

0.0088

0,02
0,0052
0.0670

8w

2,628,3

28,1
3731
33.7
168.3
%.2
3,329,7

31.2
78.0
109.2

339.0
957.0
339.0
2,72.0
2,792.0
7,248.2

10,577.9

9.37

0.10
1.33
0.12
0,60
0.35
11,87

0.1l
0,28
0.39

1.2
3.4
1.2
9.67
9495
25.8,

37.711




ESTIMATED AMMONIA PRODUCTION COST
Complexecs JI & Jil

Plant Cpreity 313,500 MT/Yr 950 M°/D 330 D/Yr

FPlant Investinont
YWorking Crpital
Total

MMS  37.47
1.13
38.60

VARIAELE COST
kow Materinlss

Natural Gns (.1)

Utdditicss

Power

Cooling Woter

Bollcr Feed Watcr
Catalyst :nd Chemienls
Opernting Supplics
Tot~1 Variable Cost

F COST

Labour:

Opcrotors 6 men/shift
Supervision 1 mn/shift
Totnl Labour

OLIER 00STS

Overhead |

Maintcnance

Taxes and Insuronce
Deprcci~tion

Interest on Investment
Total Fixed Cost

TQTAL FRODUCTION COST

Units  Units/MT $/Unit
M 1065 0.0088
Kvh 5 0.02

Y 255 0.0052
e 1.8 0.0670

e
2,937.5

3l.4
417.0
37.6
las.l
109.7
3,271.3

31.2
78,0
109,2

3,7
1,050.0
374.7
3,000,0
3,100,0
8,008,6

11,729.9

som

9.37

0.10
1.33
0.12
0.60
0.35
11.87

0.10
0.25
C.35

1,20
3.35
1.2
9.57
9.89
25.56

37.43



TOTICATED AMMONIA PRODUCTICL COST

Plant Conacity
Pl nt Tnvestuent forent
Working Capitul

Totnl

VARIABLE C@I
Raw Matcrials:

N~tural Ges
Utiliticss

Powpr

Cvoling Water

Boiler Fred Water
Crtalyst' and Chemicals -
Operating Supplics
Total Variable Cost

Operators 6 men/shift
Supervision 1 man/shift
Tot»1 Labour

OTHER COSTS
Overhend:

Mrintenance

Taxes and Insurance
Depreciation
Intcrest: on Investinent
Tot~1 Fixed Cost

TOTAL PRODUCTION COST

412,500 MT/Yr

l‘r‘(/: 03“
1.50
L3.84

Complexes SI & S 11

1250 MT/D 330 D/fYr

Units Units[MT $/Unit
B 1065 0.0088
Kwh 5 0.02

W 255 0.0052
M 1.8 0,0670

s

3,865.1

Ao

4.3

548.6
L9.5
247.5
144.4
4,896.4

31,2
78.0
109.2

L23 .4
1,190,0
L23 .4
3,390.0
3,510,0
9,046 ,0

13,942.4

9.37

0.10
1.33
0.12
0,60
0.35
11.87

0.08
0.19
0.27

1,03
2,88
1,03
8.22
8.51
2.9

- 33.81



Flant Copoeity 34,650 HI/Yr 105 Mi/D 330 D/Yr
MY 1,93

Plort Investrment
Working C-pital
Totnl

VaRL.BLE COST

Raw Matepialss
Uren
Wilitics:
Power

Cooling Water
Stean

Operating. Supplics
Total Varinble Cost

EIXED CcOST
lekours -

Opcrators: 1 man/shift

Supcrvisien
Tot2l Labour

OTHER _COSTS
Overhead -
Maintenanee

Taxes and.Insurance
Depreciation -

IRt crest on Investment

Tot 21 Rixed Cost

TOTAL P

ESTIMATED URE'. PRODUCTION COST

Conplex B III

.ll
2,04

Units Units/MI §B(Un;t

108

1,384.6

3.5
1,388.1

5.2

5.2

19.3
39.0
19.3
15.0
15.0
112.8

1,500.9

$0

37.96

0,10
40,06

0.15

0.15

0.56
1,13
0.56
0.43
0.43
3.25

43.31



ESTIMALED UREA PRODUCTION COST

(FRILLS)

Complex J I
Plant Capacity 155,100 HT/Yr 470 MT/D 330 D/Yr
Plant Inveotment M) 12.83

Offnitcs 0.50

Total 13.33

VARIABLE COST Units  Units/MT
Raw Iaterialss

Ammonia ' MT 0.57

co, | MT 0,76

Ut FI-H

Power Kwh 125
Cooling Watcr M3 49.6
Stcam MT 0,70

Opcrating Supplics
Total Variatlc Ceost

EIXED COST

Iabours

Opcrators 5 men/shift
Supcrvision 1 man/shift
Total Labour

OTHIR COSTS
Ovcrhead

Maintenance

Taxes and Insurance
Depreciation
Intcrest on Investment
Total Fixed Cost

TOTAL FRODUCTION COST

§z Unit w

37.43 3,309.8

0,02 387.8
9.0052 40,3
1,10 119.4
31.0

3,888,3

26.0

39.0
65.0

128.3
360.0
128,3
1,030.0
1,070.0
2,781.6

6,669,9

0T

21.34

2,50
6.2!6
0.77
«20
25.07

0.17
0.25
0.42

0.83
2,32
0.83
6.64
6,90
17.94

43,01



ESTTHATED UREA PRODUCTION COST
(Prills)

Complex J 11

Flant Copreity 214,500 MT/Yr 650 MT/D 330 D/Yr
Flant Investment MM, 16,24

Cffsites 0.90

Total 17.14

VARIABLE COST Units Units/MF  $/umit 18X g
Raw . Materialss . .

Arronin . 0.7 36,40 L,450.9 2.75
CO2 MT 16

Utilitjess -

Powdr ' : Kwh = 125 0,02 536.3 2,50
Cooling Wntér W 19,6 12,0052 55,8 0.26
Stcim ' MT 0.70 1.100 165.2 0.77
Opefating Supplies 42,9 0,20
Totnl Variable Cost 5,251.1 2, .48
FIXED COST

labour:

Op:rotors 5 men/shift 26.0 0.12
Supcrvision.% nan/shift 39.0 0.18
Total Labour 65,0 - 0.30
OTHER COSTS

Ovcrhead 162.4 0,76
Mni;mten:mce' 414.0 1,93
Trxes and Iﬁsyrmce 162.4 0.76
Depreciation 1,299.0 6.06
Intcrest on' Investment 1,3N1.0 6.39
Tct.al Fixed Cost 3,473.8 16.20

OTAL FPRODUCTION 1 8,724.9 L0.68



Plant Copoeity
Flant Investoiont
Viorking Copitnrl
Totnl

VARIABLE COST

Raw Moterialss
Ammonia

002

Utilitiess

Power

Cooling Water
Stc;;m .
Opefating Supplies
Total Variabl:c Cost

FIXED COST

abour:

Opcrators 5 men/shift
Supervision ! man/shift
Total Labour

QIHER COSTS

Overhead

Maintenance

Taxes and Insur~ncc
Depreciation’

Interest on investment
Total Fixed Cost

TOTAL PROPUCTICH COST

Units  Units/MI

T . 57
MT 76
Kwh 125

MB hq . 6
M 0,70

ESTIMATED UREA PRODUCTION COST
(PRILLS)
Conmplex 5 1
333, 300 »T/Yr 1010 iT/D 330 D/Yr

VM5 20,83

junte S99

33.8 6,422,7

0,02 833.3
0,0U52 86,7

1.10 256.6
66.7
7,666.0

26.0
39-0
65.0

28,3
560.0
208.3
1,670.0
1,750,0
Ly 4462,6

12,127.6

T

19,27

2.50
0.26
0.7
0.20
23,00

0.08
0.12
0.20

0.63
1.68
0.63
5.01
15.25
13.40

36,40



Flant Crpacity 369,600 MT/Yr
MY 22,47

Plant Investicnt
Of fsites
Total

YARIABLE COST

Raw _fatcrialse
funonin

CO2

Utiliticss

Power

Coq}ing Watcr
3tcam ‘
Opernting Supplics
Topsl Variablc.Cost

FIXED COSTS

Labour:

Operators 5 men/shift
Supervision % man/shift
Total Lﬂbo:ur

OTHER COSTS

Ovarhend

Myintenance

Taxcs 2nd .Insurance
Depreci-tion

Interest an Investment
Totrl Fixed Cost

TOTAL PRODUCTION COST

SSTIMATED JRE,L PRODUCTICN COST

11°0 MT/D

(Prills)
Complex S 11

330 D/Yr

Units Units/MT  3/Unit
T 0.57 33,81
ML . 0.76

Kwh 125 0.02
¥ 4946 0.0052
MT 0.70 1.100

bt

7,122,2

924.,0

9%.1
84,6
73.9
8,500.8

26,0
39.0
65.0

224,17
610,0
224,17
1,798.0
1,894.0
4,816.4

. 13,317.2

gpT

13,27

2,50
0426
0.77
0.20
23 .OO

0,07
0.11
0.1€

0,61
1.65
0.61
L.86
5.12
13.03

36,03
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_ESTIMATED UREA PRODUCTION "CST
(FRILLS)
Complex S III
Plent Capasity 452,100 MT/Yr 1370 #T/D 330 D/¥r
Plant Investricnt MM 24.51
Working Capital 1,30
Total 25.81
VARIABLE COST Upits Units/MT  J/unit  399F o
how Matoerialss
Amonia MT 0.57 39,08 10,072.8 22,28
co, MT 0.76
Utjliticss |
Power Kwh 125 0.020 1,130.3  2.50 |
Cooling Water W 49.6 0.0052 117.5 0.2
Steam M 0.70 1.100 W81 0.77
Operating Supplics .4 0.20
Total Variable Costs 11,759.1  2¢.01 {
ED(ED COSTS
Labours
Ovurators § nen/shift 26,0 0,06
Supervision A man/shift 39.0  0.09
Total Labour 65.0  0.15
ER COSTS
Overhead 245.1 0.54
Maintenance 656 .0 1.45
Taxes and Insurance 25.1 0.5,
Depreciation 1,961.0 L34

Interest on Investment

Totel Fixed Cost

T07AL PRODUCTION GOST

2,065.0  4.57
5,237.2 11.59

16,996.3  37.60




ESTIALED UREA PRODUCTION COST
(83% s0L.,)
Complex S 11

Plant Capacity 186,450 ¥T/Yr 565 MT/D 330 D/¥r
Plint Investment  MM3 835

Offoites 60

Total 895

VARIABLE COST Units Units/T  §/Unit
Raw Materials:

Armoni~a ‘ MI 0.57 33.8

co, MT 0,76

Bilitics:

Power Kwh 100 0.02

Cooling Water W 49.6 00052
Steam MT 0.7 1.10

Opcrating Supplics
Total Variable Cost

EIXED cosT

Labours

Operators 5 nen/shift
Supervision 1 man/shift
Total Lrbour

Oferhcad '
Maintenance

Téxcs and'Insurance
Dépreciation

Iﬂtcrest 5n Investinent
Total Fixed Cost

o2 Y,

35592.9 19,27

372.9 2,00
8.5 0,26
U3.6 0.7
18,6 0.10

Ly176,5 22,40

26.0 0.14
39.0 0.2
65,0 0.35
83.5 0.45
252,0 1.35
83.5 0445
668.0 3.58
716.0 3.8,

1,868,0 10,02

6,0L4,5 32,42



ESTIIATED UREA PRODICTION COST
(33% soL,)
Complex J 1

Plant Capecity 313,500 MT/Yr 950 T/D 330 D/Yr

Plant Investment IM$ 10,94

Working Capital C.86

Total 11.80

VARIABLE COST Units Units/M S/t 399
Raw Metorialss o
Ammonia MT 0.57 37.43 6,690.1
002' ) ’ MT - 0.76

Jtiliticss )

Powcr Kwh 1,00 0,02 627.,0
Cooling Watcr ¥ 1496 0.0052 81,5
Stecam Mr 0.7 1,100 241 .4
Opcroting Supplice ' 31.4
Tot2l VariabBlc Cost 7,671 .4
EDIED CGST

Jaboyr!

Operators 5 mcn/shift 26.0
Supcrvision } mon/shift 39.0
Tatal Labour 65,0
QRER CONTS

Ovcrhead 109.4
Maintenance 320.0
Tax¢és and Insurance 109.4
Depreciation 880,0
Intirest on’ Investment -940,0
Total Fixed Cost 2,423,8

IQTAL ERODUCTION COST

10,095,2

14

2A.34

2,00
0.26
0.77
0.1C
2447

0,00
0.12
C.2C

0.35
1,02
0.35
2,80
3.00
7.72

32.19




ESTIVATED JREA PHODUCTION COST = S -

(83% soL,)
Gomplex 5 1

Plant Capacity 313,50 JAT/Yr 950 “T/D 330 D/Yr
Plant Investment MK 10,94

Working Capital 0.86

Total 11,80

Baw tatcrialss

Ammonia , . Mr 57 33.81 6,04)..1
CO2 MT .76

Yilitics:

Power | . Kwh 100 0.0z 677.0
Cooling Watcr . CM 19,6 0.0052 81,5
Stcam . . MT 07 1,10 2.5
Operating Supplics 31.4
Total \ariablc Cost 7,022,.4
EIXED COBT

Labour:

Opcratqrs 5 ucn/shift 26,0
Supcrvision ' man/shift 39.0
Total Labour . 65.0
QIHER COBTS

Ovcrhegd , 109.4
Maintcnance ) 320.0
Taxes and Inesurance 109.4
Dcppeciation | 880.0
Intcrest on Invgstment 940.0
Total Fixed Cost, . 2,423.8

IOTAL ERODUCTION COGT . 9kib2

2,00
0,26
0.77
0,10
22,40

0,08
0.12
0.20

0.35
1,02
0.35
2,80
3,00
7.72

30,12



Flant Crpreity  330,00C MT/Yr

Flont Investmont oMo
Workines C-pital
Tot al

VARIABLE COST
Raw Matcrials:
Anmonin
CO2

ticss
Power .
Cooling Water
Sternm
Op:rating Supplics
Total Varinble Cost

EIXED COPT

Labour:
Operators 5 men/shift

Supcrvision } man/shift
Tot2l Laboub

OTHER COSTS
Overhead

M~ int enance

T~xeg and Insurancc
Deprieciation.

Intepcst on Investnent
Total Fixed Cost

10TAL PRODUCTION GST

ESTIMATED URE4 PRODUCTION COST
(83% SOL,)

Conplcx B II1

1000 §7T/D  33C D/Yr

Uits Upits/MT  s/unit 399

Mr

Kwh

MT

0,57 50«49 9,494.1
0.76

100 0.020 660.0
49.6 0,0052 85.8
0.70 1.1000 254.1
33,0

10,527,0

26,0
39.0
65.0

120.8
346.0
120.8
966.0
1,038,0
2)656.6

13,183.6

16

g

28,77

2,00
0.26
0.77
0.10
31,90

0.08
0.12
0420

0.37
1.05
0,37
2,92
315
€,06

39.96
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ESTIMATED UREA I}'RODU.C'I.‘ION COST
(83% soL,)
Co_mglcx JII

Plant Capacity 336,600 MT/Yr 1010 MT/D 330 D/¥r
Flant Tnvestrent MMS 11,37

Offsites 0,90

Totnl 12,27

VARLABLE COST Units Units/MT  $/Unit ﬁ /1
Raw Matcriolss | | |

Awmonin _ MT 0,57 36,40 6,98L .4 20,75
co, Mr 0,76

Utilitics:

Power Kwh 100 0.02 673.2 2,00
Cooling Watcr ' 2 49,6 87.5 0.26
Steam ' ' MT 0.7 1.10 2592 0,77
Op.rating Supplies 33.7 0.30
Total Varicble Cost 8,038,0 23,88
EIXED COST

Laboyrs

Opecr-tors 5 men/shift 26,0 0,08
Suncrvision'} man/shift 39,0 C.12
Total Labour 65.0 0,20
Ovcrhead 113.7 0.34
Mnintenance’ 339,0 1.01
Taxes and Insurance 113.7 0.34
Depreciation 910.0 2,70
Intcrest on'Investment 982,0 2,0
Total Fixed'Cost 2,523 .4 7,50

1oL UCTICH COST 10,561.4 31.38




ESTIM.TED URE.. FRODUCTION COST
M
(83» SOL)

Complex J III

Flant Capacity 392,700 MT/Yr 1190 MT/D 330 D/Yr
Piant Investrent MM 12,45

Working Capital 1,00

Tot~1 13,45

VARI.WBLE 0OST | Units  Units/IT  $/Upit
Raw Matcpjals:

Armpnda MT . 0,57 37.Nn
co, MT - 0,76

Utilitics:

Power Kwh 100 0,020
Cooling Water ‘ M 49,6 0,0052

Steflm ’ MT ’ 0.70 1 .lOCD
Operating Sutplics )
Total Varinble Cost

FIXED COST
Lobours

Operators 5 men/shift
Supervision '} rpn/shift
Total L bour

OTHER COSTS

Overhend

Mrintenance -

Trxes and Insurance
Depreciation:

Intérest on Investment
Total Fixed Cost

TOTAL PRODUCTION COST

18

9 g

8,439.1 21,49

785.4 2,00

102,1 0.26
302,4 0.77
39.3 0.10

9’668.3 2“.62

26,0 0,07
39.0 0.10
65,0 0,17
124,5 0,32

n.o 0494
124.5 0,32
996.0 2.54
1,076,0 2,7,
2,757.0 7.03

12,425.3 = 31,65



ESTIMATED UREA-ATONI SOLUTIONS FICDUCTION COST

Plant Capacity 498,300 MT/Yr
Flant Investment iM§ 0,232
Working C-pitnl -
Total Investrient 0,232

V/RIABLE CCST

Raw Matcrialss
Amnmond o

Urcs Solution 93%
Utiliticss

Power

Water

Opcrating Supplics
Total Varinble Cost

DIRECT COST

Loboyr

Operating 2 men/shift
Supervision /4 nan/shift
Total Labour .
Overhead

Mhintenancc

Taxes and Insursncc
Deprecintion

Intercst on Investment
Total, Dircct Cost

W

Complex S 11

1510 “T/D 330 D/ir

uit KB

33.81 3,199.1
32.42 6,059.3

0.020 LC O

0,0670 15.0
19,0
9,332.4

0.4

19.5
29.9
2.3
5.0
2.3
1.9
1.9
L3.3

9,375.7

;(MT

642
12.16

0.08
0.03
0.04
18,73

0.020
0.040
0,060
0.005
0,100
0,005
0.005
0.005
0,09

18,82




ESTIMATED SULFURIC ACID FRODUCTION COST - B

Complex B II1T

Plant Capacity 303,000 MI/Yr 1100 ¥T/D 330 D/Yr
Flant Investient MM, 8,51

Working Crpital 0.45

Tot~l 8,96

V.ELABLE COST Units Units/MT  $ Unit
Baw bi-terdals:

Sulrur : T 0.337 24,450
vtilitics:

Power : Kwh 3 0.020
Boilcr Feed Wator w13 0.0670
Cooling Water Y 32,9 0.0052
Export Stean MT 1.14 1,1000

Totql V-oriable Costs

EIXED COST

Labour!

Operating 3 -en/shift
Supervision 4 man/shift
Total Labour

QHER QOSTS -
Overhead .
Maintenance

Taxes- and Insurance
Depreciation

Intcrest on Investnent
Totnl Fixed Cost

UCTIO

2%

2,998.4

2,8
32.7
61,7
453.8
2,660.,8

15.6
39.0
54.8

85.1
260,0
85.1
681,0
n7.0
1,883,0

Ly543.8

20

8,26

0.06
0,09
0.17
(1.25)
7.33

0.04
0.1l1
0.15

0.23
0,72
0.23
1.88
1,98
5.9

12,52




ESTIMNATED SULFURIC ACID PRODUCTION COST - S
Complex JI & SI

Plant Caprcity 495,000 MT/Yr 1500 MT/D 330 D/Yr
Plant Inv.stnent MG 9,82

Workding C=pital 0.60

Total 10.42

VARIABLE COST Units Units/MT ¢ Unit
Raw liatcrialss

Sulfur ' ) Mr 04337 24,50
Utiliticss

Power Kwh 3 0,02
Boilcr Feed Water | W 1.3 0.067
Cooling Watcr ‘ M 32,9 0,0052

Export Steam MT© 1.4 1.10
Total Variable Costs '

FIXED COST

Laboyr:

Opurators 3 men/shift

Supcrvision” ! man/shift

Total Labour

QTHER COSTS

Overhead

Maintcnance.

Taxcs and Insurance
Depreciation

Interest on.Investment
Total Fixed. Cost

AL PRODUCTION C

PR

L,088,7

29,7

Ly 6
8,2
618,8
3,628,

15.6
39.0
546

96k
290.0
9.4
790.0
1830.,0
2,157.6

5,786,0

21

8426

0,06
0,09
Q.17
1,25
7.33

0.03
0,08
0.11

0.19
0.59
0.19
1,60
1.68
L.36

11,69




ESTIMATED SULFURIC ..CID PRODUCTIC COST

Couplex J III

Plant Capacity 620,400 MT/Yr 1880 MT/D 330 D/Yr

Plant Invcstnent MMS
Workkng Cepitnl
Total

V alt AIAB C ST

Raw Materinlss
Sulfur

Utilitics:

Power |

Boil.l.cr Fcéd Water
Cooling W,ﬁter

Stcam (cxi)ort)

Total Varinble Costs

EIXED COST

Lebour:

Ope mting' 3 men/shift
Supcrvision 4 man/shift
Total Lebour

OTHER COSTS

Overhead .

Maintenance

Txes and Insurance
Depreciation

Interest on Invec ment
Total Rixed Cost

TOTAL FRODUCTION COST

12,98
075
13,73

MT 0.337 24,50
Kwh 3 0,020
w2 1.3 0.0670
T 32,9 040052
M 1.4 1,100

bR

5,124.5

37.2
55.8
105.4
7755
9,547 4

15.6
39.0
54 46

129.8
389,0
129.8
1,038.0
1,098.0
2,839,2

7’386 .6

22

© 8,26

0,06
0.09
0417
(1,25)
7.33

0.03
O.%
0.09

C.d
0.63
0.21
1,67
1.79
L .60

11,93
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ESTIMATED SULFURIC ACID PRODUCTION COST
Complex & IT

Flant Capacity  v90,0C0 iT/¥r 3000 MT/D 330 D/Yr
Plant Investiment M3 16,94

Working Capit-l 1,20

Total 18.14

VARLABLE COST Units UnitsMT  gunit IR sam
Eaw ifaterialss

Sulfur T 337 24.50 8,177.4 8.26
Utilitiess '

Fowcr S - Kwh 3 0.0 59.4 0,06
Boiler feed Water ¥ 13 0.067 89,2 0,09
Cooling Water W 32,9 0.0052 168,4 0,17
Export Stead ' MT 1.14 1.10 1,237.5 (1.25)
Total Variable Cost | 7:256.9  7.33
EIXED cosT

Laboyrs ‘
Operating 3 inen/l shift 15,6 0.02
Supervision * man/shift 39.0 0.04
Total Labour 54,6 0,06
QIHER COSTS

Overhend 169.4  0.17
Maintenance ’ 520,0  0.53
Taxes and Insurance 169.4 0,17
Depreciation 1,291,0 1,30
Interest on-Investment 1,451.0 ' 1.47

Total Fixed Cost 3,655, 3,70

1 { 10,912,3 11,03




ESTIMATED PIOSFiCRIC ACID PRCDUCTICM COST
(451 P,0)
Cormrl:.x B III

Flant Capacity 135,300 MT/Yr 410 MT/D 330 D/Yr
Plant Investrcnt MMS 11,50

Working Crpital 1,30

Totrl 12,80

V.RILi.BLE COST Unit  Unit/MT $ Unit
Raw Materinlss

Sulfuric .cid MT 2,68 12,52
Phosphntc Rock MT 3.13 19,50
Ut c8! _

Power . | Keh 160 0,020
Stean ‘ _ MI 2.68 1,100
Water Cooling ¥ 82,0 (40052
Watcer Process M3 5.0 0.0670

Operating Supplies
Total Variable Cost

ELEED COST

Labous'

Operators 4 ren/shift
Supervision, ! 1an/shift
Total Lebour

QIHER COSTS

Overhead

Mrintenance

Taxes and Insurance
Depreciation

Intcrest on Investrent
Total Fixed Cost

ICTAL PRODUCTION COOT

30}

L’ 539.3
8,258.7

433.0
399.1
5545
46,0
.230.0

13,961.6

2.8

39.0
60,8

115.0
63,0
115.0
920.0
1,024.0
2,697.8

16,659.4

20

g

33.55
61,04

3.2
2,95
0.41
Ce34
1.70
103.19

0.16
0.29
Q.k5

0.85
3.42
0.85
6.0
7.57
19.94

123,13




ESTIMATED PHOSPHORIC ACID PRODUCTION COST

(L5% P, 05)
omplc & SI

Plant Capacity 184,800 MT/Yr 560 MT/D 330 D/Yr
Plent Investment M 14.30
Working Capital 1.75
Total 16,05

YARIABLE C0ST - wasr  guge 9
Baw Matoriales

Sulfuric Acid - . 11,69 5,789.8
Phosphatc Roek - 19.50 11,278,3
Wiliticss

Power . _ 0.02 591.3
Stcam ‘ _ 1.10 54546

Water Cooling . . 0,0052 75.8
Water Proccss _ 0.067 62,8
Operating Supplics | 3142
Total Variable Cost 18,657.8

EIXED COBT

laboyrs

Operators 4 men/shift
Supervision '} man/shift
Total Leshour

QIHER COSTS

O\re!:head .
Maintenance

Taxes and Insurance
Dep::eciat:loq

Interest on Investment
Total Fixed Cost

TOTAL PRODUCTION COST




EST iy

Plant Capacity

Total

\ 03
Rew Mateopisles
Sulfuric .ieid -
Phesphete Rock

Utllitics:

Power

Stenm

Watcr Cooling
Water Process
Operating Sunplics
Total Varicble Cost

EIXED COST

Lobours
Operators {4 men/shift
Supervision } man/shift

Total L-bour
'HER COST
Overhead
Mrintenance
Taxes nnd Insurance
Deprecintion
Intercst on Investment
Total Fixod Cost

PRODUCT ION

P

231,000 MT/Yr
Plont Investment MM$ 15,90
Offsites Working Copitel 2,20

18,10

P

C ACID PRODU
(L5% P2°5)
Co €
700 MT/D 330 D/¥r
1000
MT 2.68 11.93 7,385.1
MT 3.13 19.50  14,100.2
kb 160 0,020 739.2
MT 2.68 1,100 681.5
M - 82,0 00052 9,7
v 5,0 0,0670 78,5
.392,7
23,,NM,.9
2,8
39,0
60,8
159.0
631.0
.159,0
1,272.0
1’“0800
3,729.8

27,201.7

F-7h
31,97
61.0L

3.2
2,95
Okl
0.34
1.70
101,61

0.09
0.17

0,69
2,73
0.69
5.51
6.27
16.15

117.76




Plant Capacity 369,600 MI/Yr 1120 MI/D 330 D/tr
Plant Investment MM 24,18
Offsites 3.50

27.68

Raw Materials: : | e
Sulphuric icid MT 2,68 1,03 10,925,4 29,56
Phosphate Rock MT 3.13 19.50 22,560,4 . 61,04
Utidities: '

Power - ' Kwh 160 0,02 1,182,7 3.2
Stcam MT 1.10 1,090,3

Cooling Wator ‘ e 0,0052 151,5
Process Weter e 0,067 125.7
Operating Supplies 628,3
Total Variable Cost 36,664.,3

M
laboyr:

O perators 6 menshift 31,2 0,08
Supervieion '  man/shift 39.0 o.,11
Total Labour 70,2 0,19
Overhead 21,8 0.65
Maintenance 1,019,0 2,76
Taxes and Insurance 21,8 0,65
Dopreciation 1,934.0  5.23
Interest on Investment 2,24,0 5,99
Total Fixed Cost 5,720,8 15,47

TOTAL PRODUCTION QBT 42,385.1 114,67




(11-52-0)

Plant Capacity 260,700 MI/Yr

Plant Investiient MM
Working Cnpital
Total

. Qar
Phos'phoric aclid
Armmonia
Rilities:

Power '

Operating Supplies
Total Varizble Cost
EIXED Q08T .

Lakours

Operators 3 men/shift

Supervision 3 man/shift
Total Labour

JHR CETS

Overhead

Mritenance

Texes and Pnsurance
Depreciation

Interest on Investment
Total Fixed Cost
1081 PRODUCTION COST

2,15
0460
2,75

1

790 MI/D 330 D/Yr.

Mr
MT

Kwh

0,520 123,13 16,692.6
0.133 50,49 1,751.9

‘2 0.20 10.4

52,1
18,507.0

15.6
39.0
5446

2.5
100,0
A,.5
172,0
220,0
589,6

19,096,6

s

64.03

6,72

0.04
0420
70.99

0,15
0.21

- 0,08

0.38
0,08
0,66
0,84
2,25

7.24



ESTINATED .ONCAMMONIUM PHOSPHATE (POWDERED) PRODUCTION COST - J
(11-52-0)

Complex J 1

Plant Capacity 356,400 MT/Yr

P1lint Invcestaent
Offsitcs
Tot:1l

VARIABLE COST

aw aterioalss
Phosphoric ncid
Ammonie .
Utdlitdcet
Powcr
Opcrating. Supplics
Total Variabl. Cost

EIXED COBT
Lebours
Opcrators

Supcrvision
Total Lobour

QLHER CQBTS

Overhcad

Maintcnance

Taxes and. Insurancc
Deprociation

Interest on Investment
Totnl Fixed Cost

Ol COS

1P 2,46

.80
3.26

1080 NT/D

33

Kwh

330 D/Yr

0.52
0,133

q-U

119.07
37.43

PR

22,06L..7
1,774.9

1.3
- M3
23,925.2

15,6 -

39.0
5446

24,6
120.0
24,6
200,0
260,0
683.8

24,6090

29

61.91
L9

Ceks.
0.20

67.13

0,04
0.11
0.15

0.07
0.34
0,07
0.56
0.73
1,92

69,05



ESTLLATED MONOAs

Plant Capacity 356,400 MI/Yr 1080 ~T/D 330 D/Yr
Plant Invcstment MM 2,46

Offsitces
Total

VARIABLE COST
Raw Materials:
Phosphuric 2cid
Ammonia -, S

-Jd
Yilitices
Power
Operating. Supplics
Total Variatlc Cost

EDED COST

fobour

Opcerators 3 noen/shift
Supervision ! man/shift
Total Labour

JIER _COSIS

Overhcad

Maintenance

Taxes and. Insurance
Deprcciation

Interest on Investment
Total Fixed Cost

o7 UCTION

JUM PHOSPHATL

Com

Upits Unit/MT

oT
MT.

Kwh

OWDERED) PRODUCTION COST - S
(11-52-0)

cx S 1

0.52
0.133

$/Unit
119.07
33.81
37.43

0.02

72 S VI

22,064 47
1,603.8

14.3
N3
23)75‘0.1

15.6
39.0
5446

24,6
120,0
24,6
200,0
260,0
€83.8

24,4379

61,91
L.50

0.04
0.20
66.65

0.04
0.1
0.15

0.07
0.34
0.07
0.56
0.73
1.92

68.57



at

ESTIMATED MONOAMMONIUM £HOSPHATE, (POWDERED! PRODUCTION COST

(11-52-0)
Complex J III

Plant Cepacity 445,500MI/Yr 1350 MI/D 330 D/Yr
Plant Investm.nt MM$ 2,84

Working Capital 1,00

Total 3.84 .

VARIABLE COST Units  Unit/MT $/Unit &'22 $pm

Raw Matcrials: .

Phosphoric Acid Mr 0.52 117,76 27,282., 61,2,
Armmonia | _ MT 0.133 37.1 2,236.4, 5,02
Btilitiess . .

Powcer Kwh 2 0,020 17.8 0.04
Opcra‘t.ing Supplius , . 89,1 0.2
Total Variable Cost 29,625.7 66,50
EIXED COST

Labour

Operators 3 mc/shift 15.6 . 0,04
Supervisors 3 man/shift 39.0 ° 0.09
Total. Labour. 54.6 0,13
CTHER COBTS -

Ovcerhead 28.L, 0,06
Mzintenance 150,0 0.34
Taxee and Insurance 8.4, 0,06
Depreeiation. 227.0 0.51
Intercst on Invcstment 307.0 0.69
Total Fixed Cort 795.4  1.79
IQTAL.F RODUQZION COST 30,421.1 68,29



ESTIMATED MONO/MMONIUM !HOSPHATE (FOWDERED) PRODUCTION COST

(11-52-0)
Complex B III

Plont Crpacity 712,800 MT/Yr 2160 NT/D 330 D/r
Flont Investmert  MMO 4,18
Offsites 1.60
Total 5.78

ViRL.BLE COST unitMT  /unit IR ¥ILN
Raw Materinlss . .

Phosphoric, icid 0.5 134,67 42,504,2
arutonia 0.133 41,81 3,963,1
Utilitiess

Power 0.02 28,5

Opeprnting Sunplies 142,6
Total Varinble Cost 4,6,638,4

F OST

e
Opcrators 4 men/shift
Supervision ! man/shift
Total Labour

CLHER COSTs

Overhead - 4.8
Maintenance 24,0,0
Taxes and Insurance Ln.8
Depreciation 334.0
Intcrest on Investment 462,0
Total Fixed Ccst 1,179.4

TOTAL PRODUCTION COST 47,617,.8




33

_EEI'LL-IA!@ GRANULAR FLRTILIZEL PRODUCT ION CUST
(23-23'9‘0 5)
Conplex B 111

Plant Capacity 590,7'C ifT/Yr 1790 MT/D 330 D/Yr
P1-nt Investment MG 9,03 '
Working Capital 2,70
Total 11.73
AIE GO hite  Wat/ir  gume PR sam

fw M"._t‘e;;alsz

Triplc Superphosphatc

ilono .vmonium Phosphate Mr O.442 73,24 19,120,9 32,37
Urca ' Mr 0.3895 39.96 9,191,3 15.56
hmmonin '

Potash : Mr ).1585 36,00 3,372,9 5.1
Yilitices

Powep ‘ Kwh 43 0,020 508,0 0.86
Steam ' ‘ MT 0.03 1.100 17,7 0,03
Fuel © Gals 6 0.100 35k 0,60
Operiting Supplies . 88,6 0.15
Tot~1 Variable Cost 32,653.8 55.28
EIXED COST

Sprtiors 12 nen/shift 624 0.1
Supervision. 1 un/shift 78,0 0.13
Total Libour 1404 0.24
QLIER COSTS |
Overhead 17.3 0.20
Mrintenance 36,0 0,60
Taxes and Insurance 117,3 .0.20
Deprecintion 72,0 1.21
Interest on Investment 938,0 1.59
Total Varinble Cost 2,910 4.0k

PRODU 35,0448 59.32



ESTIMATED GR.uwUL.qt FERILIZER PRODUCTIOM COST

Plant Capacity 732,600 MT/ir
Flant Invesent MG 13,74
Offsites L .00
Total 17.7

VARLLGLE COST

Raw _itntcrinlss

Triple Supcrvhospbate
Moneo.aunondum Phos nhate
Urea - solid

Urea.Sol. |

Potagh

Utiliticss

Power

Stcajm

F‘uel.

Oper;ating Su.pplics
Tot:"l Variab:le Cost
FIXED COST

Labcup:

Opcrators 12 men/shift

Supervision 1 man/shift
Total Lebour.

her costsst
Overhead
M~intenance *
Taxes and Insurance
Deprceiation
Interest on Tnvestaient
Total V.riabl. Cost

TCTaL CUST CF PRODUCTION

(23-23-915)
Complex B 11

2220 MT/D 330 D/Yr

Units UnitAT  $/unit  EOFP 8/iT

T Oehls2 67,09 22,70.6 29.65
M 0.1337 47.97 L,696.0 6.4
- 0.2558 40,12 7,516.5 10,26
MT 0.1525 36,00 4,183,1 5,71
Kwh 50 0,02 732.6 1,00
MT 0.53 1,10 42,9 0,58
Gals 6 0.10 439.6  0.60

109.9  0.15

39,824,2 54,36

62,4, 0,09
78.0 o.11
104 0,20
1374 0.9
528.0 W72
137.4  0.19

1,099.0 1.50
1,49.0 1.9
3,461,2 L7

L3,285., 59,10



ESTINMATED FRANULAR FERTILIZER PRODUCTION COST

(23-23-9 . 5)
Complex J I

Plant Capacity 805,200 MT/Yv 2440 MT/D 33C D/Yr

Plant Investroent MM 10.96

Working Copital 3,70

Total 14.66
VARIABLE COST Units
Re ¢ satcerials:

Trirlc Supcerphosphate

MonoAmmontum Phosphate MI
Urca : : MT -
Ammonia

Potash : MT
Utiliticss

Fower Kwh
Steom MT
Fuael : G:ls

Operating Supplics
Total Vartable Cost

FIXED COST
Lgbours

Op crators
Supcrvision
Total Labour

QTHER COSTS

Overhend
Maintenance

Taxcs and Insurancc
Dcpreciatibn

Intcrest on Investment
Total Variable Cost

. o o

Unit/MT

O.4420
0.3895

0.1585

'r.':- Cy it w .

69.05 24,574.7
32,19 10,097.2

36.0 Ly537.7

(a2 692.5
1,100 2,2
0,10 43,1
1120,¢8

40,590,2

62,4
78.0
140.4

109.6
410.0
109,6
800,0
1,170.0
2,739.6

43,329,6

30452
12,54

5.7

0.86
0,03
0,60
0.5
5C.41

0,08
0.10
0.18

0.1
0.51
0.14
0,99
l.44
3.40

53.82



ESTUIATED :RAIULAR "LRTILIZER RODUCTICH COST

(23-23-9.5

Complex S I

Plont Capacity 205,200 MT/Yr 2440 MT/D 1320 D/Yr

Plant Investiacnt MM 10,96

vorking Cpital 3.7C

Total 14.66

VARIABLE COST Upits Upit/tm  P/upit  A09R
Raw iatcrialss

Triplc Supcrphosphatc

MonoArmonium Phosphatc MT O.hli2 68,57 2L,397.6
Urca S M 0.3895 30.12 954450
Ammonia

Potash . MT 0.1585 26.00 L,597.7
Wiliticss |
Powcr | Kwh 43 0,02 692,5
Steam MT 0.03 1.10 2.2
Fucl Gale 6 0.10 1831
Opérating.Supplics 120.8
Toﬁal Variable Costs 39,760,9
EIXED CO8T

laboyr:

Opcrators 12 men/shift 62,4 .
Supcrvision 1 man/shift 78.0
Total Labour 140.4
QIHER COSTS

Overhcad 109.6
Maintcnance 410,0
Taxcs and Insurance 109,6
Depreciation . 800,0
Intcrest on Investnent 1,170,0
Total Variablc Cost 2,739.6
TCTAL COST CF PRODUCTIQN 42,5005

i g‘lrr

30.30
11.73

5.711

0.86
0.03
0.60
0.15
49.38

0,08
0,10

0,18

0.14
0651
0,14
0.97
1.45
3.4

52,79



ESTIMATED GRaijUL..R FERTILIZER FROD!UCTION COST

(23=23-915)
Complex J II

Fl.nt Capacity 877,800 MT/Yr 2660 MI/D 330 D/Yr
Flant Invcestient MM$ 11.10

Offsites 4,00
Total 15.10
VARIABLE COST Units  UNIT/MT

Raw Mrtorialss
Tripl. Supcrphosphatc

Mono.mmonium Phosrhatc : MT O by
Urca . ' MD 0.3895
wmmonia

Potash ' : MT 0.1585
Uti ¢S

Power : Kwh L3
Steam MT . 0.03
Fucl Grls 6

Opcernting Supplics
Total Variable Cost

FIXED COST

Lobour:

Op.rtors 12 men/shift
Supcrvisionr 1 man/shift
Total Lnbour

OTHER COSTS

Overheads

Mrintcnance:

Taxes and Insurance
Dcpreeciation

Intircet on Investient
Total Variable Cost

WL C OF PRO N

ﬁ[Unit

79.C3
36.03

36.00
0.02

1.10
0.10

0o

30,661.6
12,315.5

5,012,2

7549
26,3

526,7
131.9

49,419.1

62.4
78.0
140.4

111,0
431.0
111.0
888.0
1,208.0
2,889.4

53,505.3

37

34.93
14.03

5.71

0.86
0.03
0.60
0.15
56,31

0.07
0.09
0.16

0.13
049
0.13
1.00
1.38
3.30

59.61




ESTI L.TED GRiu!ULaR FERTILIZER i RODLCTION COST

Flont Camneity 1,018,400 MT/Yr
M 12,54

Plant Invostiant
Working Copital
Total

VARIABLE COST

Raw Materi-lss

Triplc Supcrrhosphate
Mono.immoniun Phosphitc

Upen
«~mmonia
Potash

Utiliticss

Powcr

Steam

Fuecl

Opcrating Supplics
Total Variobl. Cost
EDXED COST

Laboyr:

épcr:ﬂors
Supurvision’

Tota! Labour

QUIER COSTS
Overhaad
Maintcnance

Taxcs and Insuranec
Depreciation

Intircst on Investmont

Total Variablc Cost

by + CO O P U

(23=23-9,5)

Complcx J=IIT
3080 MT/D 330 D/Yr
nits Unit/AT g‘“[Unit
MT O lds2 68,29
Mr 0.3895 31.65
HT 0.1585 36,00
Kwh L3 0,020
WT 0,03 1,100
Gﬂla 6 nolm

3090 $0
30,7353 30.18
12,556,9 12.33
5,815.1  5.71
875.8 6.86
0.6 0,03
611.0 0.60
1528  0.15
50,777.5  49.86
624 0.06
78,0 0.08
W04 0.14
125.,  0.13
K79.0 047
125olo 0013
1,003.0 0.98
1,3M1.0 1.34
3,244,2 3.19

54,02,7

53.05



IMAT ST OF TRANSPORTED FPERTILIZER MATERIALS

Cost of Friiled Urc: =5
Cost of Londing Urea
Freight S to B

Cost of Unlonding at B
Cost Bulk Urea in Flant - B

Cost Urcs .omondi~ Solution
Cost of loading '
Freight S to B

Cost Unloading at B

Complex B IT & J 11

Cost Uren Solution in Plamt B

Cost /ton NH3 = (6,42/18,58 x 22,99)/0.19 =
Cost/ton Uren = (12,16/18,58 x 22,99)/0.37.5 -

Cost of MapeB

Cost of loading
Cost of Freight
Cost of Unlonding
Cost in Plamt -« J

36,03
2.00
5.9

L7.9
1e,82
1,50
1.17

22,99

.8
40.12
67.09
3.00
5.94

79.03




ESTINATED TRIPLE SUPERPHCSPHATE (RUN OF PILE) PRODUCTICHN COST

(0-46-0)

Plant Capacity 297,000 MT/Yr 700 ¥T/D 320 D/Yr

Flant Inv:stincnt M 1,752

Working Capital 3,200

Total L9352

v , CCST Units UnitMT  $/Unit
Bew latorialss

Phosphatc Rock, 34L% P,05 MT 0.412 19,50
Phosphoric Acid, 54% P,05 MT 04345 123.13
Utiliticss

Power ' Kwh 3 0,02

Total Variablc Cost

laboyrs
Operators
Supcrvision
Total Labour °

QLHER COSTS

Overhead

Maintenarce

Taxcs and Instrancc
Dcpreeiation -
Interest on Invostment
Total Fixed Cost

TOTAL FRODUCT ION COST

e

2,784.9
12,616.5

17.8

15,019.2

15.8
19.5
35.1

17.5
43,1
17.5
140.0
39.0
649,2

ST

8.03
L2.48

0,06
50.57

0.05
0,07
0.12

0.06
0.15
0.06
0.47
1.33
2,19

15,668.4 52,76



ESTIMATED GRANULAR FERTILIZERL PRODUCTION COST

Plant Capacity 679,800 MT/Yr
Plant Investment MM$ 9,446

Offsitee 3,500
Total 12,946
¥ JLADLE COST

Ray fdat! rialss

Triple Supcrphosphatc
tonoAnmonium Phosphrtc
Urca

Ammonia

Potash

QRilitico:

Powcr

Stean

Fucl

Total Variable Cost

ELXED COST
labours

Operators
Supcrvision
Total Labour

QIHER COBTD

Overhead

Maintcnance

Taxes and Insurance
Deprcciation
Intcrest on Investment
Tetal Variablc Cost

TOTAL COST OF PRODUCTION

2060 MT/D

(20-20-8,5)

Upits Unit/MT

Mr 04435
MT 0.3765
MT 0.0300
MT 0.1415
Kwh L3
T 0.03
Gals 6

330 b/Yr

ﬁZUnit

52,76
N2
33.8
36,00

0.02

8%

r

15,601.4
7,708.7

686,6
3,460,2

2
Lo7.

28,“700

20,
8.,
9

~wn
W ®

W5
383.0
.5
T7L.7
1,035.7

2,‘&5807

30,928,7

0.03
0.09
0,12

0.14
0456
0.14
1.14
1.53
3.63

L5.51











