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PREFACE 

Interest in fertilizer industry development and regional economic cooperation has high~l

priority with those commissioned to seek alternative solutions 
to tile world food crisis.
in this connection, tire Consultative Group on Food Production and Investment (CGFPI)

requested the International Fertilizer IFD'evelopment Center (IFDC) and the World Bank's

Fertilizer Unit to assess the desirability of cooperation among members of' tile
 
Association of Southeast Asian Nations (ASEAN) in 
 fertilizer industry development.
Methodological and analytical assistance o,' the Developraent Research Center,
International Bank for Reconstruction and Development (IBRD), was sought in order
that the most advanced and comprehensive techniques of fertilizer industry investment 
planning could be employed in meeting the CGFPi request,. 

Thus, this document is a joint product of the IFDC, IBRD, and tile World Bank's
Fertilizer Unit. The essential elements of this paper are drawn from a working documenlt 
drafted by tile IBRD in collaboration with the IFDC and tile Fertilizer Unit. 

Neither this document, nor the study onl which it is based, purports to be an
exhaustive study of' tire subject. It is advanced as a preliminary investigation designed to 
assess tile potential gain to be derived from economic cooperation ill regional fertilizer 
industry development. It does not address intra-country distribution considerations but
focuses onl investment in productive capacity, per so. Extrapolations of' tile results to : 
specific countries in the absence of a regional cooperation framework are not valid.
Likewise, given the time limitation, the results and conclusions presented here should be 
considered ten tative and subject to substantial change with datat refinements. 



CONTENTS 

Swnmary, Conclusions ,and Implications ..................... ......
 
Sunminary and Conclusions . ............... . 5
 
lInplications for Future Work ................................. . 5
 

Introduction ..... ....... . ....... ............ 7
 

Objectives of the Stud, ........................................... 7
 

Methodology and Assumptions Employed in the Study ............. ....... 7
 
Model Considerations .............................................. 8
 
lvestment Requirements, Site Location ind Technical Coefficients ............. 8
 
Estimation of Fertilizer Demand by Region and Market Area .................. 8
 
Current Regional Production Capacity ................................. 10
 
Regional Raw Materials Available for Fertilizer Production ................... 10
 
Product Mix Considerations ......................................... 10
 
Transportation Alternatives and Freight Rates ........................... 12
 
Alternative Situations Specified for Analysis .............................. 12
 

Results and Discussions .......................................... 12
 
Product Process Selection ......................................... 12
 
Capacity Expansion .............................................. 13
 
Trade Flow s .. . ... . ... .. .. .. .. . . .. .. . . . . .. . . . . .. .. .. .. . . .. .. . . 13
 
Implications for the Transportation System ............................. 14
 

Plausibility of R esults ............................................ 14
 

Nitrogen ........................... ........................ 14
 
Phosphate . . . . . .. . . . . . .. . .. . . . . . . . . . . . .. ! . . . . . . . . . . . . . . . . . . .. . 15
 
Potash-Com ments ............................................. 15
 

Bibliography ............................. ................... 19
 

Appendix.................................................20
 



ITAB LES...
 

I Fertilizer Production Capacity, ASEAN Gro'up, 1975 and 1985 ............. 11 
2 ASEAN Fertilizer Study: A 'Sunmary of t1e Miuimnum Cost Solutions, by 

Scenario, i&iMillion Dollais, 1975 ..... ...................... ....... 16 
3 Estimated Ex-Factory Price of Bulk Urea From Selected Points at 0, 10, and 

20% Return on Investment ........... . .......................... 16 
4 Estimated Delivered Price of Bagged Urea From Selected Points to Manila, 

Philippines Warehouse- t:t 0, 10, 20% Return on Investment .................. 17 
5 Estimated Delivered Price of Granular Monoammonium Phosphate From 

Selected Points to Manila in Bagged Form, ASEAN Study, 1975 ............. 17 

FIGURES 

I Possible Sites for Fertilizer Production in ASEAN Countries ................ 9 
2 Estimated Delivered Price (in 1975 Dollars) of Granular Monoalmoniun 

Phosphate to Manila in Bagged Form From Three Locations With 20% Return 
t Investment ............................................... 18 

AB13REVIATIONS 

APO ................................... Asian Productivity Organization
 
ASiAN ............................ Association of Southeast Asian Nations
 
CGIPI .................. Consultative Group on Food Production and Investment
 
DRC ..................................... Development Research Center
 
ESCAP ................ .conomic and Social Commission for Asia and the Pacific
 
FAO ................................... Food and Agriculture Organization
 
IBRD .................. International Batik for Reconstruction and Development
 
IFDC .......................... International Fertilizer Development Center
 
TVA ........................................ Tennessee Valley Authority
 
UNIDO ................... .United Nations Industrial Development Organization
 

'7 ­

> S y 



SUMMARY, CONCLUSIONS, AND IMPLICATIONS 

SUNIIONCLuIONS 1fll regionl al cooperation iiii mi/es total cost, subsalitial 

gains can still be made with limits placed on tile degree of 
cooperation ill order that certain national objectives c6 n be 

.... T--FheIecet ins! Alitv ini h,-world -rtilier marketand- met.. For exaleple.nstead of. hullrcgiwia[.¢ope.at t.., 

0 gr so'ing .l po rtance of ferlili:'r as a straltegc policy menbers of tile A SEAN may agree that each Cott ry 

tool has gcnerated intel st in developing, adequate, should be 75% self-sufficient ill nitrogen blt opell to free 

dependable, antd low-cost feriilier supply alternatives. Of trade for tile remaining market share. To do so wAoulld 

tie alternative th, oncept regional all additional $71 million in total initial ilvestiltelitsolutions. i cf "cost-
orI I p1 Ce IIetattoI1 o e t c 0C po ra ti'.; ,,nd $10 million ill antunal operaling'costs as conipared vilh01 offers 

oppor ion itics fot ustsl.n a! ga 'inIo areas witi key full regional coopeiation. Tiis arrangenent v,,ould still 

fertilizer law nllatewal: and mn e.s" as wkell as tile necessary save SI 12 million ill ilnitial investment j_:,d $8, million 
attitude tow-rds re~i,,na! ite : atient, in1annual opeiating costs over the severely restripied trade 

Tile ASEAN' neet the Aose criteria lCr muttual -ain case. It should be noted that ill all cases the 1-L1axation 
by cooperation ilecause 01: 1) indiUeins supplies of key of tiade restrictions inl order to achieve the econoies 

raw materials Q.1S acid. and pO1entially" of a more efficient organization and allocation of ASIAN(wtat-al ,l'fUic 

Itast s t : rces on the transpol tat ionexploitable p do)Sou (2) near; of resoUlrc',i increases tile dependence 
phosphate rock t.Cuhtaa. \dh.U..;Ind (1hrisltllaS Island): svste:il. 

(3) developed and mnalakets ,apable o, .-. The results indicate that tile optimial prodlct miix for%liwli stupportilng 
ffticiel;t plan si/es: aid (41 the lequired disposition " ' the region is ceprered about urea anid inonoailllionium 

toxvards coope a;oi as demnonsiiated !s the ASh AN phosphate (.'AI). (The dominance of NI AI1 over 

charter itself. This imestilcation ssl; :nade to dentrstrale dianmninlmlUiili ihhipllate IDAI'I is marginal and may 
the ptetial heten't that "'ould accIne tO the lewloii chatiut! whei technical coefficients are ietned through 
throtull a eelaI\ ha lmonlized fertilizer capacity,, wie detailed study.) Additional static pIrodtuci~io cost 
expansio polhc ";' anialvs,2s conmfirli the platsibility of these results and 

To acciuiph.h ili', task a natheniatical programinlinit support the study results which indicate that tile advantage 
model kas eniplo ed o deteritline the imesimlent. of Indonesia ill alllniollia 'i1d tlea prodtclill and of1"the 

ploduction. impo; tln. .nd iralnspo tamion patterns Plilippiies in phosplA pl(oductioll will dolliiate rational 
that mininmize the cs t nelnue tie AS-...\N 1985 leioflal industmy adjustments to tile anlicipatod 1985 
(lcitilZer reqniremen , 1lhis ijised the selection tf'plant supply-delimand siluatiill.
 
sites. plait s /es. ieekJsitcks. fertilizer intemediates and
 
end products. and t appriate ttailsportation paitem,
 
ulldel sarIne d'Coflfo el ta eonolliC C0o)pe atior 

and ii tee;ratin IMPLICATI!b, "IjR I-hTURI:' W(iRK 
This prelimirn.s tuakms ind there sivnificant':catev are 


LC I1OIiiC I be t regionally t
bClell t l i..'!i'.', o1*1 a 

harmonized c'upay cxpatnsii policy. The benefits can Due to tle and f0 :fcial esoulrce limitations, the 
be obtained fim eicicnt utilization of tie revion's aialysis collducled A.''ticand IoM a minium ntimbei 
relatively low.c br py:duct nlltfuuic acid and abundanl of simulated reeIal ,,nmmic integration situations. The 

natural gas applies. caita!i/atil o. the physical aitalysis should he expi' into a dyamic one ill order 
"eo-raphy of the egion, and the ecnoJlomic inioiatotI oft to determin tile optimal tiillg otf iimvestiellt between 
markets ,hich permis exploait, 0f the econmiiies of 1978 and 1985 fIm a larger ntumber of regional econoiic 
size that exist in leritilize production. For example, full integration and trade iclationships. 
regional coomperation a cimpared with severely iestricted It is ,liso importani tI to explore foreign exchange 
culperation "saves- S180 miilim in total initial inveslmenl implications of various programs. Tile countries concerned 
and another S117 million in annual opeiatioil cost. Thoug) may prefer a program which minimizes foreign exchange 

requirenielnts at a somewhat highe total cost thall one 
which offers lower total costs through higher foreign 

IThe ASIAN is cotnposed ot the countries of Indolnesia, Malaysia, exchange requireients. It is, therefore, recomniended that 

the Philippines, Singapore and Thailand. Due to the relatively paraineterization studies should be carried out to examine 
tiflited fertilizer consumtin in Singapore, Singapore was grouped this point. 
with talaysia for study purposes. 
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Increased iegional integration and trade in fertilizer 
places substantial emphasis on transportation linkages.The general indi'itions are that the increased flows 
rcquircd for institution of' a regional harmonized capacity
expansion program offer substantial opportunities for 
gains from cooperation in other sectors. It is recommended 
that investigations be undertaken to determine the invest-

nmcit requirements, costs and bencfits, and potential of 
2t. ~ ~~ fatratv~ ~ ~ ~ ~ ~ yt~rnprain ~ arcnidragmnts.ato l'-,lcratv-risottinsyti115

and" arrangements.' 
Since this analysis focuses on the inter-country distribu-

tion systems in toto, the implications for intra-country
fertilizer distribution systems should be thoroughly investi-
gated. If in-country distribution systems are not, in 
synchronization with a regionally harmonized capacity 

expansion Scheme, most, if not all, of t~ie potential benefits 
from economic cooperation would he lost.

The recently discovered carnallite Ldeposits in Thailand 
offer considerable poteniial for incremsed regiona'con .i. 
tion. The lack of vcrifiable data on the potential 'r corm­
mcercial exploitation of these deposits precludes quantilfviup,
of the probable impact a regioll potash supply would i:w 
on regional fertilizer adjustmCnts It is recommCnded
the economic Feasibiliyof~ ~Ccnmc ~ ~~l~nerto*commiiercialYexploitilil 

del	,josits be thoroughly examined.
The extent of gains to be made from regional co-,rnn
cooperation and integration depends oi the duc-.

which member governments cooperate with oHe ,,

It is recommended that constrainis to regional cool..
 
be investigated and public policymakers iade' :awai- ,

econoinic consecluences ofsuchimpedinienis.
 



INTRODUCTION
 

Indications ,le tha 
Nations (,,\Sl,\) ill 
will expmid trad 
.nllllloellenl to nmhetii'e 

this awreentent will be 

thie Assouiation m, Southealst Asill 
soon I01llll,-. an l m ,ll lhatml 	 a 
and, grant p eret.tial t1rad ing 

COIntrics. The celll.l thrust olf 
to icceler:ate the ecommlic growth 

he+region - tllro:+lt td 

ioln. nlid reiollal 


While the above :l1entiuned mareelt.e 


.	 -o , expansim;-coolitoopera-

imlkes lit) speciic
r.trence to t 'rilier naleli als, there is considerable 

illerest by individu;il ASL\ countries Io develop ain 
ideutel . dep al andd, low-,ost tettili/,i supply, Due 

Ihliippil, tlii, t)li hDai'7tll ,oli,. 1. No. 45, Mnia., 

Nolember It). t 9$,. 

to the recent instabilit\ in tile Wo',ld ertilii.er haiktkl-. 
plhCeO I tilhe.. and feltili/zl ploduclioll units have become 
siate. Con.". i0(1ties and inlpot lit pu bilic policy tools. 
Illaddition, tle delmnild Col" teltili/.els is expecled to grow 
sinificantlv ill tle ASEAN. hut current installed capacity, 
toieth ctit Itth- leaitiee pnsin curren tlu nde r way,-­
witegraiOn.,almost certail'lV llltdekluate to 11 lmeetegiolalwill, he 
1, itilizer requilellenlits b1y l985. Given tle region's
indigent iS snpplies of key I*Qifiliz.r raw n.e.ial, (imitiil 

gas, Sultulei acid. ald oteititily explo)itable ItOtliS 
dl-posits) and itearby phosphate rock sources (Australia. 
Naltu. and Christmas Island), there is a suibstanitial 
potential gain to ble derived o)t a1egiotntally htarmoniied 

alplacity expallsion policy. 

01JECTIVES OF THE STUDY
 

Recotizin tlt t investnelll ullst be all inte'ral 
part of .111\ eCOnn~ic inution that evolves. il'such a utin is 
to benefit e.ich oflit- mnbers, the ,eneral objective of' this 
study is to pro\ide t1 assess1llent of belnelits thit would 

' acclue throghLi i iliiilegI cooperation. This Should be 
presented in ai form pol,imakers might coutidel asthe 

1lO~ iletei lii~lmost ettiuent uve'stin 
eisuetiC s ble and secu1le 

nio(dit ies. 
The specific obje, tiv c-

\were to: 
I 	 Review the curient 

prodtlce alld Colsum1ie 

programs to folllow and srill 
of*dtse essential Con-

ivq uired to ac omplish this 

mhlilit\ WaeIt the r<,iu1 to 
t,:mltiler. 

NIETtlODOLOGY ANI) kSSU:AIPTIONS 

Critical to this study x as access to reliable current data 
as well as f.orcasts thiat pedict what i, most likely t 
hlappen within the region in the foreseeable future. Thk 

itfl'ormation was obt ained from a wide ianue of Stll'rCes; 
,muost notable were: Food and Agr- 'ture 

FAO) coiinlmption data: Lc nomic 
Commission for Asia andthe Pacific (ESCAP1) 
materials, plant capacity (operational 

Organiiation 
and Social 
data oi raw 

aid under 

2. Estimate the probaJe t iltili/er colsunlption of the 
region through 1985. 

3. 	Idnlify alteitative strategies memibenimnatllt illioit 
consider inI meeting. ierlilizer requirelmen t sl, cotnsid.l­
inig the raw lnatl1 lial resources off tile region. 

L4. t ost site .l)cteittine la piani (capait1
4,i'in lie~'illleas costh~ 11illd Simit!il 

nu hber. product direction lltllo dtiot, mix, alld 
ltimunlopplies tlows I't each altet it ive strategylde fI tiade 

ideiniiiied in (3) above. 
S. Quantity the investmlellnts r ired and beI .its, (to 

the extelnt possiblei that may aclue tolie legion 

inder the alterltive Sll;taegies considl ed. 

EMPLOYED INTiHE STUI)Y 

cliistructioti), and fettiilizcr requii.,iten:tsTVA-II( thila 
oil production Costs, fez tili/er plall, illc.sss and ilvest­
mlit requirCImntlS, frtilizer forecats, lahied 

coristtlction and site Ioca tion ; 1l1d IIRI) raw material. 
Iloished product, transportation, and itundliiig prices altid/or 
costs. For descriptions of the teclhiiqties ttsed to develop 
the basic data, .tie reade r is rferi'edtIo tile refelen l 

docunen ts. 
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MODEL CONSIDERATIONS 

. 
The success of the study necessitated the determination 

of the investment, production, importation, and transpor, 
tation patterns that minimized thc cost of meeting the 
region's fertilizer requirements. This included the selection 
of plant sites, plant sizes, feedstocks, product mix, and 
most appropriate transportation patterns. 

To achieve 1the simultaneous specification of the 
:optin levels- for. these.-llte!pefdet ... 

cost minimization mathematical programmin model was 
developed and solved b9' electronic computer. The model 
incorporaes fertilizer nutrient regtuirement projections
to 1985 for marketing regions in each country. Tile,, 
fertilizer industry is described by a set of technical 
relations that describe the transformation of all relevant 
raw materials via intermediate products into final fertilizer 
products. The investment and operating costs to be 
incurred to carry out ihese transformations are describedfor a range of possible plant sizes, and taking into account 
ecoulolies of scale/Actual and potential plant sites are, 
stipulated, and ship/itcnt activities are specified that periiit 

raw materials and intermediates to be transported to 

plant sites. Similarly, a set of shipment activities permils 

the transportation of finished products from each 
 plant

site to each niarketing center. When exports and imports 

are considered,.appropriate shipiert activities for these 

arc included. Specific assunptions ard activities are 

elaborated on b to.w. 


INVESTMENT REQUIR- MI-NTS. SITE LOCATION 

AND TECHINICAL COEI-Fi(II:NTS 


Estimates were made of investment reqtirements for 
production processes deemed applicable to the region. 

In addition, sites were selected and 
 additinal costs 

ascribed to those areas either already having a fertilizer 

unit in place or identified from previous work as having 

potential for development (see figure I for site locations).

A stnimary of plant capacity utilization, maximum single-
traini capacity, and investment requiremen s used in tile 

study are summarized in appendix table I .To these invest-
merit costs, location-siue factors (appendix table 2) were 
applied to obtain tie total inrvestment. Location-site 
fIactors cover tire additional infrastructure Suclh as site 

Details of the study and the mrodel can be t'ound in: Alexander 

MNeraus, et it., Regional Ihvesrmenit Planning:wTie case or tire

South-Fast Asian Fertilizer Industry, DRC, IIRD, October 1975

tpreliririnary draft) and Armeatire NI.Choksi, et al. "The Planning

of' Investientr Programs iii tire Fertilizer Ihdustry" in The Planning

of Iivestrien Programs, Vol. Ill, by A. StoLltjesdijk, Washin'ton,

D.C.: I)RC, IfIRD, September 1975 (revised ttraf). 

preparation, construction equipment, civil works, piers 
.and itty, and housing that would be needed to support

the complex. .,.. -, 
Labor was assurmed variable with capacity. Power cosr 

(electricity, steam, etc.) used in productinll cs 
calculh.,tions reflect only the energy costs for gas 
assumed to be available at CacI particular site. (. qjiI
charges for production of utilities were includcd in jii,­
ment related costs. (Investment requirements relci , 
coiiabns-,,iiic, ssu1 pt ions o r in L i) ­nsi-dera'ion s.)- Spec if'c 

ton (nit) of product are shown iin appendix tabl- Y
 

,
 

ESTIMATiON OF FERTILIZER DIEIMAN)
 
BY REGION AND MARKET AREA
 

Numerous forecasts for fertilizer use have 
developed for the region. Several of these differ little :,,:
each other. Estimates made by IBRD, TVA-IFDC,FAO. in particular, had a high degree of simi!arity. It 
felt that whatever variation existed between 
would have little effect on the conclusions reacited. (ow:­
quently, it was decided to use TVA-IFDC data regardin: 
total demand for the region as well as for specific maiketiir, 
zones within countries. 

Denmand projections for 1985 by region ard by contL 
(Singapore is grouped with Malaysia) were made at t\ku" 
levels (low and high) for nitrogen, and one level each tol 
plhosl)hate and potash. An additional level ftor nitro-ci. 
the "recommended level" was projected for Indonesia. 
Fertilizer consumption forecasts to 1985 for eight mnarkl 
regions in Indonesia, three inl the Philippines. two in 
Malaysia, and one in Thailand are summarized in appendix 
table 5. 

Essentially. the "recommended level" refers to that 
'mtount of fertilizer needed to achieve self-sufficiency. 
assuling present population growth rates contirnuc in 
Indonesia througlhr 1985. Ilrall cases, tile "Iligh" deolllmd 
level was used in the study. This was the amount o I'01lc 
izer needed to achieve sel-sulficiellcy in food prodoctlu i
for Malaysia and tle Philippines. in the case of Ihnonidlie Iigh represents 95% sellfs tfficiei cy in rice. 

assumed tlhat Thailand. and not some source outsid ­
region, will meet tire additional food needs of lndw,-, 
arid Singapore; hence a high fertilizer demand am ­
also used for Thailand. 

In general. 1985 nutriert use was eslirnla cd 

2,240,000 nit, 690,000 nit, and 490.000 rm 
 of N. !',,
 
a ind K20. respectively. This represens atll -lppW\Pl0
 
threefold increase ill fertilizer use ill tlre lCc ,\

Indonesia with its poptulation arid size will le rhe pml .
 
corsurer of itrogen ard phosphate; aid Na a i 


because of its expected contiinted heavy emptasi:;,

industrial crops, is forecast to be tile pririte user of ptash
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ASEAN COUNTRIES 14 
',.;..,. Phlippines 

Thailand 

BangkokL 
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0 0( 

"' 
-'"
 
,n sngapore " 
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060 
Indonesia -;da, a ",,
 

k' , 1 n d,n~es 1. .(C,.,s ... :,<1 ( Coy.,,
2 

1. l,!,l,:Sly1
qI'.:i 

F(IHi 
A E . i ,,e 

Fiqtur 1.PUSS t 1; sith's for fer 1 li/er p~rOduct io ,ilASE AN cou rtries 



Wliik it mIaY be argied that lower demand projections "countrics in the ASEAN region, lndonesia and Malaysia 
for nittogen and phosphate may be justified under normal (plus Brunei), have substantial quantiticS of natural gas oncircumstances, the high range ihlf the forecast was used for which to base a nitrogcn ilnIdustry. A plant built ii tile 
purposes of plesontling tile plant investment required for Philippines or mainland Malaysia VOuld I qrtl re narphtha or
tilhe most optmistiC yet attainable demand . .evcls tihefor fiel oil. Where gas was available but limited, a maXtimum
region. Additional. analyses could 1) made usinI ,c 10w . .capacity expansion restriction wa, imposed. 'Fe lower'
(likely attainable) levels, but Would represCnt refinements iPattiral gas price of SO.60/I,000 ft reflects a deposi anmd
beyolld the scope of this preliminary investigation. *. sile not having an opportu nity for ilndustrial usage such :1s 

.R CURRF NT R-GIONAL RODU(TION CAPACITY 
" .. 

The curren (1975) )OdLuctive capacity and tle likely 
198.5 status of these facilities are sumnarized in table !. 
Plats operating by 1970 or before were assuned to have 
:a 15-year life and thus were considered closed by 1985. 
SBy 1985: 91% of tie 1975 installed ammonia-nitrogen 

.	 capacity of Indonesia will remain, including the startup 
of PUSRI Ill at Palenibatng in 1977 and at Gresik the heavy 
oil based plant produciug urea and ammnititi sulfate. Tile 
combined capacity of nitrogen of' 177,000 il/year now 
irlstalled and operatitg ill Malaysia. ThailaInd. aiid tile 
i'hilippines WaS phased out. Of a total regional ammlonia-
nitrogen capacitv in 1975 otf734.000 it. only 508.000 It 
(69w) will be operating, all of this based in Indonesia. 
Tie eistilig nit rogen ca pacitv available for 1985 will 
prinlarily produce tire, witlh a mimor amount as anilltonitiil 
sulfate. 

The ctull'ent phosphoric acid capacity of 79.000 int 
P12s/year in the Philippines w,<s assumed to be'phased 

tll by 1985: plauts for TSP. SSP. and complex fertilizers 
were also phased offi 

Currently ill Indoniesit:a. nl ntlltia-tilea coMtple.\ at 
aI'lenbang at 271,000 tlt N/year !,' utider coistrucltion. 

A similar size plat, or perhaps slightly larger. ic. eporled 
to lie tinder consideration (altltuglt it was not inluIhded ill 
tile iniOLel as "firtnly plautCd cipacity'" is f this date), 
Additionall,. tile so-called "floatinig fertiili,me plait at
Santan K litaman'" w:is iot Ctilsideled as "'plati aidnt 
tilder const'UCtioltto." The l'hilippines is low comdUtlitng 
feasibility studies aillallllolliia-urea cott)lex atd plios-
pitate coinplex. NeithIer of' these was c tisidered "firmt and 
tinder clltlrct ioll .-

Thailand is brintging on-steatn a fertilizei plant with 
atedc ptleacily of 100,000 nit/year Of 18-22-0 based oil 

ill)rtC(d iierltilediahts. rli capatcily was ti0t ilCluded. 
Exclision of ttis capacity should riot affect restits and 
'-preseits downsireiil fIacililies that shittld be iiclttded 

Ill 'xmellsio'is of Ihe rteselit StltdV. 

RI (.IuJNAL RAW MATERIALS AVAIL;AIBLE* 
FOR FEIIRTILIZI.R PROI)LCTION 

Nit rogen 	Feedstock 

1'ased on iiimodemin technology, natural gas is tlie preferred 
feedslick for the production of aiioni ia wImen coinparetd 
with mIaplitlia, Itel oil, coal, or electrolysis. Only two 

liquefied natural gas (LNG) or steelniakingyFor pp rs 
u th study, gas was assumed to have a hIeating. value
I.0O0CBtu/ft, free of impurities and avyilablc jollic J-."! 
batteiy limits at 600 psig; act nal gas con1,,positionlS bM 
indii'ldual sites were not available. Fuel oil CouIld 
imported to all locations to produce ammonia at an .
 
price. Appendix tables 6 and 7 summarize nat u ­
availabilities arid prices and prices of' otle' raw nt­
b site location as emploved in the study. 

Phosphate Raw Materials 

The ASEjAN region has very limited phtsllhFti:.

materials. Generally, tie phosplhate rock anid sulft, i:,-..
 
raw materials for phosphate production, must be itpo: 
at all locations. except in Toledo City atid Potro l'uiFi 
At these sites considerable low cost byproduct sul fFliF 
acid is available frotmtcopper sttelfing (appendi\ tabItle 
Prices used for sulfur anid rock we\'e S6OF'Illl atid S01Fim. 
respectively ; byproduct sulft ic ''icid was cottsldc tod 
available at SIO/nit. Tile restraint availability o, acid 
was relaxed for selected phases. of ti analysis, siice the 
potential exists for additional coptper snocltit,, capacity 
to be huilt itilte Philippines. 'To ee a perspective OF te 
sutlfuric 	 acid lqtlallttly:'or phosphtatejprodticlion. 1..4) lilt 
.)f 100%" sulfuric acid ill r'odtce l.0 it Of p tIShIorIc 
acid. Therefore. at l'.Iro Poit. 2501000 lilt ul acid 
(atnount 	 to.be available by 1977) islequal to 167.7 s5 lit 
of phosplhoric acid ,or about 9 1.060 ititrve Of P() 
(275 tnt/day). At Toledo ;Cii, alb , tit I107.{00 tti've;ir

"ofP-,O (about 600 lIoAL1.y) cotd bebprodu IF1n1rced 
the stilft'ric acid that 'will be availatbl:t t lthat site by Io77. 

'F 

Pot ash Raw Mateti als ij 

The Onl' known poteintial po:Ishm ra.lw Illatetial ill the 
tceit is a iewly discovered cariallil deposit in Th dil,~d 
('artialite is a IotasSiiiiIl clloride-liagilesiunii chtlotide ,IIt 
aind tecllologyn is available for ,'ecoverillg tle scpaiatlc 
salts. The extelit of the caniallite 71eserves is not known ,iF 

this title. I 

PRODIUCT MIX CONSIDERATIONS 

For a \':iety of tecliical and cinllut tio lial 
consideralions, litiits were placed oi lie alterniative types
of production processes (tirea, MAP, DAP. etc.) and grades 

hsie region) 
incorporated into the inodel represeintation of the regional 
fertilizer industry. Imports to satisfy regional demand \\ tc 

of itnported (from ot t le imatirials 
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limited to tiple supcrphosphate (TSP), diammonjum intermediatc product and 'final product flows between

Wpliosphate (DAP), and potassium chloride. Th' prodCtion appropriate poilts are as.Sucd to be bulk shipments.
 

process ailternatives employed in the model included: Appropriate adjustnents were made in 
 plant investments' amonia (natt ral gas .and tue oil based Units) urea; ad operating costs to reflect Final product bagging

iami0niui1 Stulfate (prime and byproduct); granular nh0no- rcquirements The only regional ;intermediate pr0duLt

iammonium phosphate; dimmonium phosphate; single shipping alternatives considered were ammnona aInd
 
S:per1iO:1hosphat(SP51); itriple superphosphate (rsP) phosphoric a'id T6 reflect storage and handlng cost
 
amnmonium polyphosphate (APP); ured amnimuln of ammonia nd phosphoric acid, a charge of SIO and $5
 
phosphate (UAiP); plhosphoric acid; and sulftlric acid. was added, respectively, to the base schedules.
 

.Tie. ceIIicaL. analysis..-prod oct ix-xconsiderationsJand l +.shiiping-rate schedulesu tifized were-based-v.'-­
appropriate import are in previotis -p.ics.. presented appendix IFI)/DRC (IBRD) world fertilizer stud%.
 
table 9. r, appropriate adjustments. Tle schedules employ1d


Nitrate-based fertilizers were eliminated because trends as follows:
 
of tihe region indicate a pronounced movemenit tovairds a. bulk final products: Cost, S/nit = 4.6 + (.0012"

irea and almtoniul sulfate. For this phase of the study, miles) .. " 

tileproduction oF'complex NPK products by granulation b. anmonia: Cost, S/nt = 2.7 + (.0029 x rniii) + 1o
 
Or bulk blending was not considered If desirable, c, phosphoric acid: Cost, S/nt =3.6 + (.0035 x
 
additioal studies could be conducted which consider + 5
 
a wider range of finai product mixes and downstream
 
processes including relatively new materials (it) tile region),
 
such as: granular urea; powdered inonoanmn on iui..
 
phosphate; ammnium phosphales (MAP or DAP) by new ALTERNATIVE SITUATIONS SPECIFIED
 

.process technology not incorporated here; mixed fertilizers -.. FOR ANALYSIS 
1by granulation. blending or as liquids; and imiroved, 

ef iciency materials (nitrogen :iiid phosphate). Such 
extensions were lc,,ont the scope of thiswork. In order to measure the effects of (1) varying degrees 

of regional cooperation, and (2) variotus raw material 
constraints on efficient use of the region's fertilizer 

TRANSPORTATION ALTIERNATIV ES production resotrces. six l fferen, situations o 1.1I 
AND FREIGHT RATES were specified. The situations \were defined for the 

degree of regional cooperation as speciFIed bV Var ii1 .
Given that tlie basic objective of' this investigation was to amounts of indigenous N or P production, simulatioll 

evaluate alternative fertilizer capacity expansion strategies, of' plant construction at the Jatibaranu site, and by 
aid ill consideration of the physical geography of ile study product sulfuric acid availability. Each sittioaton .is
 
area, it was recognized that inter-counitry transport of raw specified and designated as Scenario A tirough [ is:
 

mateials, intermediates, and flfished Iproducts would be sumnmarized in tie table below and used tl roti li 1
 
doliliantconsiderations. 'Thus, all raw material, thlie eMNai iid6 l this study. 

Secnario Identification 	 A B1 )2 

Self-stifficieicy (maximtm Slipply of raw materials) None 75% N 75% N None 757/ N 100" N and P,().,

Sulfuric acid ex-snelting Unlimited Unlimited Limited Liiiited Limited Limited
 
Production at Jatibarang 	 No No No No Yes No 

RESULTS AND DISCUSSIONS 

PRODUCT PROCESS SELECTION 	 analysis and relatively high prodIction cost pe ui , " 
nttrient. Monoammonum phosphate was selected , : 
diamimonitu ihosphate because for a givN plant si/''

For all scenarios, urea was preferred over aimonitni and investment, the former results in ta higher operatin 

snllite: allollilitn sulfate was rejected because of its low rate (preneutralizer-rotary drum process). In addition, I
 

J 
L +J : ', ":+:- : + *.:;+'.;+.:.V'r -+++-P 	 "+ -.. ....

' '-.+-.- ''- :-,' ', + ,::, +.+U + .,t+l
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enerey is needed (th1us lower cost) to dry monoammoniun 	 Barrkok and Toledo City to satisfy Thai and Philippine 
nitrogen requirements. There is no chage in the phosphatephosphate: inladdition, it can be dried at a higher 

temperatue than DAP. The optinal product mix was the ptoduction program. With byproduct sulfuric acid 

samile in all scearios, but the actual quantities produced limitations and tile liocally produced N requireniti75% 

and locations varied. imposed (Scenario C). Toledo City's sulfuric acid capacity 

is expanded via imported sulfur and phosphoric acid 

capacities are reduced at Gresik and Bangkok (appendix 

CAPACITY EXPANSION Itables II and 12). 
*•The 'forcing-i" of ai amionia-turea complex (Scenario 

In general 7rexa E)atlhr Jatibarang; West Java,-site rcesuts in a reduction­. -fiii(ili.",iicti6ris~edniedthe 

total atniiual cost and total investment requirements while in antmon ia capacity conustructed at Balikpanal and NIAP 

increasing 'the dependence or? th transportation system (and corresponding sulfuric and phosphoric acid adjust­

illordei to achlieve the "Colonies acc;sible throughl a 'tnnts) expansions at Gresik and Bangkok at the expense 

more efficient orgari ,?tion and allocation -Of ASEAN ofToledo .titv (appendix table 14). 

resources (table examination results The most expensive "apacity expansion program is2). 	 Cursory of tile 
reveals the regional.comparative advattae of Indonesia 	 incurred when each cotInt ry utust supply both N and Pl205 

from donestic plants and no shipments of intermiediatesand the Philippives in tihe production of nitrooen .and 
phospliatic materials, respectively. While selective or finished materials occur--i.e., Scenario F (appendix 

inposition le t riits to economic integration of the table 15), 

recional fcrtit:.cr industry or domestic raw materials
produces devt:,l i -,flo1n this patteri, the impact of 

* 	 re at. ly iirexpeKe Sulfuric acid from Philippine smelting TRADE FLOWS
 

operations and Indmesian natural e-,asdominate rational
 
regional fertil/er industry adjusiretets to the expected Given the nature of the solution procedure, the 

1985 d--and .ttimaiio. This preliminary analysis indicates minimization of total cost with the simulltaneous 

firt in ordc! ! moo,.085 requirements, the ASEAN considertion of investment, import, production, and 

relion \ ill fidve o imlpou: ol make capacity additions transportation factors, tie resulting raw intermediate and 

oP2.693.000 wt year of ammonia. 4.123.000 rt/year final product flows are essential features of airy regional 

of urea. I.2-'W .)00 t ear of phosphoric acid. and cooperation scheme. 
i aOuniotuliril interestS1,022,000 ini e.t " phosphates. This In the of brevity and clarity, this paper will 

corresponds to 2.099.440 rut of N and 690,012 int of only examine the prodttct flows of Scenarios A, C,and 
P.O. Dependi,'- onitiledegree of regional economic E. since D and B are minor variations of A and C, and F, 

integratio. this capacity expansion would require an by definition, precludes shipments. Consistent with the 

investment ranine il l 1.370 millioni to S1 .553 million. full regional cooperation arid unlimited byprodtct sulfuric 

Under full reiu nalicooperation. nitrogen requireilents acid capacity expansion solutions (Scenario A) discussed 
are met by animionia and urea expansions at tile earlier, Indonesia is the exporter of aninonia and urea andPalembang 
and Balikpapan sites. With unlimited byproduct sulfuric the Philippines are the suppliers of phosphate mnaterials. 
acid, Poro Point and Toledo City sites capture all Balikpapan supplies the antilmonia to the Poro Point and 
phosphoric acid and phosphatic final materials (MAP with Toledo City MAP plants (appendix tables 16 and 23). 
Balikpapan atinionia) (Scenario A). With limitations on Palcubang supplies urea to the North and South Sumatra 
byproduct sulfuric acid to currently planned expaisio-ts markets and the West Java urea market is shared between 
but with full regional cooperation (Scenario D), sulfuric Palenbang (the doniinant supplier) and Balikpapan. Inl 

acid (from imported sulfur), phosphoric acid, and Final all other deiiand regions, Balikpapan is the dominant 

product (MAP) capacities are added at Gresik and supplier of nitrogen (appendix figure 2). 
Bangkok (appendix tables 10 and 13). Front the phosphate standpoint, Toledo City is the 

Imposition of a constraint on regional cooperation dominant supplier except to North and South Sumatra, 
which requires that 75% of each country's nitrogen require- Northern Philippines, and Thailand, where the supply is 

ment must be produced locally (Scenario B)changes the dominated by the Poro Point plant. 
Lapacity expansion program substantially with attendant As with capacity expansion, institution of a constraint 
increases in regional fertilizer industry investment. In that 75% of the N requirement mutst be locally produced 
compalison with Scenarios A and D discussed above, the and the placement of limits on the supply of sulfur have 

Palembang. I expansions are retained, but Balikpapan pronounced effects on trade flows., Palembang continues 
capacity is "]ramatic, lly curtalef'. This capacity is offset to supply North and South Sumatra and captures all or 

by niUal gas-ba.ed aninonia/'rea units being erected at West and Central Java and a portion of East Java from 

, 	 /1 

>3 _____ 	 .I.. 

http:gas-ba.ed
http:fcrtit:.cr


Balikpapan, but in turn relinquishes all of West Malaysia 
to the Kuantan site and most of the Thailand market 
to Bangkok and Kuantan sites. Balikpapan capacity is
reduced by one-half with the Toledo City expansion
capturing the Northern and Central Philippines demand 
regions from Balikpapan (appendix tables 18 and 24).
Due to rigid enforcenent of the "75% rule," and the small
existing plant at Gresik, an optimal solution indicates 
that Toledo City should ship approximately 22,000 nit 
of ammo.ia... .p . Gresik.-Very. small .-reductions-year to 
in the "75% rule" or sulfuric acid limitations would result 
in reallocation of the market share to an Indonesian 
ammonia plant, probably Balikpapan. From the phosphate
point of view, the Toledo City site continues to dominate 
though capacity is essentially halved. The Gresik capacity 
secures its market volume in East and Central Java and a 
portion of the West Java market from the Toledo Cityfacility. The Bangkok capacity is gained at the expense of 
both Poro Point and Toledo City. Aside from the 
reductions in capacity size at Poro Point and Toledo City,
Poro Point's South Sumatra market is captured by the 

Toledo City site (see also appendix figures 2-6).


Forcing-in of an ammonia plant at the 
 Jatibarang site 
while observing the "75% rule" on nitrogen and limitationson sulfuric acid availability results in a trade'flow pattern
similar to Scenario C. Jatibarang ammonia expansion is at 
the expense of Balikpapan which in turn results in 
Jatibarang urea market growth in Central Java at Palembang 
expense, but with Palembang demonstrating its site 
advantages by recapturing this volume from Baiikpapan in 
East Java. On the phosphate side, both Gresik and Bangkok
experience slight increases in capacity at the expense of 
Toledo City (see appendix tables 20 and 25 and appendix 
figures 3-7). 

to quantify some of these implicit flows in order to gain 
some insight into the magnitude of the logistics problem
to be encountered. From a raw materials standpoint.
phosphate rock appea 's to be the most demanding.
Assuming shipments of 25,000 tons/ship, Poro Point 
and Toledo City facilities would require 31 and 62 shit 
loads annually under Scenario A. At the Toledo City
facility, this will mean a turn-around time of less th,
five days on each ship or approximately a contiwui,'
uninterrupted -unloading-rate -6f ts00 'oi: .. 
While systems to handle such quantities arc coln,
careful planning will be required to ensure that ao'e,

handling, and storage capacity 
 is available wI~",
 
system 
 hits peak levels. Though phosphate rock
 
to be most demanding, consideration must hc ,t%
 
raw material and intermediate product hantL,
 
storage problems, most notably ammonia. The

requirements of Scenario A for 
 the Poro Poi'i 
Toledo City plants will require approxim:ia t
 
shipments of 10,000 tons 
 each. While not ,-.

demanding requirements, they do offer 
 Subsiiiaii 
opportunity for identifying additional ecniwc.: 
that may be capttured through product movetoei 
coordination.
 

The greatest stress is placed on the 
 transpontation
 
system by the shipment of final product under Scenario A.
 
For example, Balikpapan shipments of 2,833,000 
 totns pt 
year would require 405 vessels of 7.000 tons each and a
loading rate of approximately 1.1 ships per day. The sea 
transport requirements of distributing the phosphale
materials are not as large but these would requite
approximately 138 loads of 7,000 tois each. In total. 543 
hauls would be required to facilitate the trade that %,oultd 
be generated. 

While this exercise on the transportation iinphic:;tio,,
is not denitive, nor does it estimate the at tendant mkct-IMPLICATIONS FOR TIlE TRANSPORTATION SYSTLM niments that implementationi of any regional trade li!o!:im 
would necessitate, it doesWhile the results serve to emphasize that capaclf.presented have had implied effects expansion plans cannot be made in isolation froni phyii,: ,on the transportation system, it is helpful at this point distribution considerations. 

PLAUSIBILITY OF RESULTS 

As presented, the results did not include product the region and at likely competitive sites outside the iccproduction costs in tabular form, as these were calculated 
and 

would provide at least a partial answer to this question.employed internally by the model. Therefore, it was 
not possible to determine whether capacity and sitelocation decisions were marginal or could easily be justified NITROGEN
against competition from outside the region. It was feltthat an inspection of static production costs of ammonia, Production 
urea, and nionoanmmonium phosphate at key sites within 

costs were estimated for the production ,
animonia-urea from natural gas and fuel oil at Paletubang 
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Toledo City, ; nd the Persian Gulf. It was felt that with low-
cost gas, the Persian Gulf isa potential nitrogen supplier to 
the region in 1085. Manila was selected as the receiving 
point for the product: urea is shipped in balk and bagged at 
the port. Internal handling and distributic' costs were 
added to obtain a C.I.F. warehouse price for 50 kg bagged 
urea. Production costs and prices are expressed in 1975 
dollars. The freight rates pres nted in appendix table 27 for 
shipment _of bulk product from selected ports to Manila 
were calculated on the same schedule as used in the model, 

Plant investments used in calculation of production cost 
at the various locations are ,.ive n in appendix table 28. 
Investment is in 1975 prices kifll no escalation included 
(instantaneous erection) and approximates values used in 
the model. Production cost for ammonia at Palembang 
and the Persian Gulf was eqlual when oas at Persian Gulf 
was S.50/1,000 ft. but about SI4'mt less in the Gulf 
with S.10 gas. Ammonia was shalgtly higher at Balikpapan 
when compared with Palemban,, because of additional 
infrastructure required. Production cost for amnmonia was 
highest at Toledo City due to the liigh feedstock cost. 
Essentially the same iclationship was true when ammonia 
at each location was cOnverted to urea, bulk basis. 

The ex-factorv prices ibr bulk urea at each location at 
0-, 10-. and 20-percent ret urn on investment are presented 
in table 3. 

In order to determine delivered p-ices for hagged urea 
certain handlin. f'reihht and distribution costs were 
synthesized (table 4). The comparison reveals that 
Palembang could provide urea at a slightly lower price 
to Manila when compared with Balikpapan at the same 
ROI. Urea. based on fuel oil. proved to be more 
expensive titan that made from natural gas, and does not 
begin to compete with other urea sources, even at no ROI. 
It appears that the Persian Gulf could compete in the region 
by pricing gas at 5.251.000 ft' or below. The assumed 
C.I.F. price of S200/nt used in the model appears to be 
indicative of Persian Gulf material moving ino the region, 
Thus. the study results in terms of nitrogen appear to be 
plausible. 

PHOSPHATE 

Similar type calculations were made for phosphorus 
to determine how granular monoammonium phosphate 
produced in the region would compete with MAP from 
Florida and/or Morocco. Byproduct sulfuric acid was 
assumed available at Toledo City; in Florida and Morocco 
sulfuric acid was produced from elemental sulfur. Table 5 
summarizes MAP production costs with the levels of sulfur 
and rock prices for Philippine, Florida, and Moroccan sites; 
ex-factory price includes a 20-percent return on investment. 
Toledo City has a cost advantage due to the byproduct 

f;i
 

sulfuric acid and represents the lowest ex-factory price 
for MAP except for that produced in Florida using S30 
rock and sulfur. Figure 2 can be used to estimate the 
delivered price of granular MAP to Manila at other levels 
of rock and sulfur cost. The data clearly demonstrate the 
advantage of byproduct sulfuric acid for Toledo City. It 
can be concluded that with a 20-percent return on invest­
lent, MAP will be expensive when delivered to the region. 

In thle study, thle DAP price .to.the region was S250 C.I.F. 
or S390.6/mt of plant nutrient. Estimated production cost 
of MAP (11-54-0) at Toledo City was S209.4/nmt or 
S132.2vn o pnS ar calculations fvr 
girantlar DAP indicate a slightly higher cost as compared 
with MAP. Therefore, based on tile specific assumptions 
used ill the study, the selection of MAP over DAP is 
rational. In either case, it appears Toledo City and Poro 
Point should utilize its byproduct sulfuric acid for tile 
production of phosphates. It can be concluded that the 
data used ill this study are relative and a phosphate industry 
established in the Philippines should be able to compete 
within the region against outside sources. 

POTASH-COMM ENTS 

As mentioned previously, Thailand has some potential 
for providing potash to the region from carnallite deposits. 
It was beyond the scope of this paper to investigate the 
economics and technical feasibility of exploiting the 
deposit. In fact, little data could be found concerning 
the deposit. Carnallite is a salt consisting of potassium and 
magnesium chloride (KCI[MgCI-6t-O). Based on the lack 
of data, it appears that a detailed research project, from 
fundamental through pilot plant level, would be required 
to assess the potential of Thailand carnallite ore. One 
intriguing possibility ii, the thermal decomposition into 
potassium chloride with the byproduct hydrochloric acid 
and magnesium ustLd for processing of phosphate rock 
into fertilizer. 

The mldel was not expanded to consider investment 
and capacity needs related to potash. These alternatives 
could not be incorporated into the model because of 
dat', and time limitations. 

Even so, /,potassium demand within the region is 
substantial and investment requirements to develop the 
deposits in Thailand could represent a significant 
component of any regional program. To illustrate this 
potential, demand for muriate of potash (.0-0-60) in the 
region is estimated to be about 816,000 mt in 1985. Of 
this, approximately 50 percent (400,000 mt) is forecast 
to be needed by Malaysia, and more than 95 percent of 
that in Western Malaysia. 

The remaining 416,000 mt is divided equally among 
Thailand, the Philippines, and Indonesia. Assuming all the 



Table 2. ASEAN Fertilizer Study: A Summary of the Minimum Cost Solutions, by Scenario, in Million Dollars, 1975 

Scenario Identification A B C D E F 

Self sufficiency (minimum domestic 100% Nsupply of raw materials) none 75% N 75% N none 75% N 100% PRO 5Sulfuric acid ex-smelting unlimited unlimited limited limitedlimited limitd"Production at Jatibarang no no no no yes 110Annual investment charges' 191 203 213 211200 216
Imports .,a) final. products ..... --49.49 .---. 49.... 49 -4..9...........4
b) raw materials 119 177 144202 202Domestic raw materials and by-products 79 75 64 68 75Operating costs 199 209 213 202 214Sea transport 34 25 3022 19 . 

Total Annual Cost 671 738 763 693 772 

Total Investment 1,370 1,441 1,4411,517 1,503 1.553alncluding working capital.
This item refers to potash requirements, and represents the sdes in the region of product from the proposed potash development in Tha, 

Table 3. Estimated Ex.Factory Pricea of Bulk Urea from Selected Points at 0, 10, and 20/r,Return on n'estnient
 
Location: % ROl Palembang Balikpapan Toledo City Persian Gulf
 on urea Natural gas 6 $0.60 Natural as' S0.60 Fuel oil(' S85 Gas6,(S.10 Gas _S.25 Gas (a S.50
 
%ROionammonia 0 10 20 0 10 0
20 10 20 0 10 20 0 10 20 0 10 20 

........ ...................... /m t........................ ....
 
Palembamg 0 81 102 124
 
$0.60 gas 10 95 1l7 139
 

20 109 132 155 

Balikpapan 0 84 107 :129
$0.60 gas 10 12299 146
 

20 114 138 163
 

Toledo City 0 133 162 191 
Fuel oil 10 150 179209 
at $85 20 166 196 227
 

Persian Gulf 0 71 93 116
$0.10 gas 10 86 109 132 

20 
 100 124 148
 

Persian Gulf 0 75 97 120$0.25 gas 10 89 113 136
20 ) 105 129 152 

Persian Gulf 0 81 104 127$0.50 gas 10 104 120 143
20 
 Ill 135 160
 

aEstiniated as 1975 dollars. 
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Table 4. Esitnated Delivered Price a of Bagged Urea Fropi-Selected Points 

to Manila, Philippines Warehouse at 0, 10, 20%Re.dea on Investment 

Location' % RO Palembangc Balikpapand Toledo City Persian Gulft 

on urea Natural gas (WS0.60 Natural gas @i SO.60 Fuel oil (,"585 Gas @5.10 Gas 0 S.25 Gas S.50 

20 0 10 20 0 10 20 0 10 20 0 10 20%ROi on ammoniu 0 10 20 0 10 
...... ........................S/nt................................
 

Palembang 
$0.60 gas 

.
 

Balikpapan 

SO.60 gas 

Toledo City 
Fuel oil 

at $85 

Persian Gulf 
SO.10 gas 

Persian Gulf 
SO.25 gas 

Persian Gulf 
SO.50 gas 


0 140 162 183 
10 155 177 199 
20 169.-192 2l351....8. 

0 143 166 189 
10 158 182 205 
20 173 198 222 

0 192 221 249 

10 208 238 267 
20 224 254 285 

0 135 158 180 
10 150 173 196 
20 165 188212 

139 162 184 
10 
0 

154 177 200 
20 169 193 217 

145 168 1910 
168 184 207
 

20 

10 


175 200 224
 

aEstimated as 1975 dollars.
 
bPrice includes a fixed charge of sales and administrative expense, S1S; factory to port freighi, S5; loading bulk, $2; discharge bulk, S2;
 

bags, $9; freight to warehouse. $20 plus variable ocean freight cost depending on distance. Fixed charge = $53. 
dPalembang to Manila total S59.8 1/mi. 

Balikpapan to Manila total =S59.39!mt. 
Toledo City to Manila total = S8.15/mt. 
Persian Gulf to Manila total = S64.16/!mt. 

Table 5. Estimated Delivered Pricea of Granular Monoammonium Phosphate From Selected Points 

to Manila in Bagged Form, ASEAN Study, 1975 

Tolkdo Cityc Florida d Morocco 

Byproduct sulfuric 
Sulfur, S/nit acid at S10/mt 30 70 70 30 30 70 70 30 
Rock, S/nit 50 30 70 30 70 30 70 30 70 
Ex.factory price at 20% ROI. S/nit 234 221 333 247 307 243 355 269 329 
Fixed charge,b S/mot 58.2 70.9 70.9 70.9 70.9 67.6 67.6 67.6 67.6 
Delivered price, S/mt CIF 

warehouse, Manila 292.2 291.9 403.9 3179 377.9 310.6 422.6 336.6 396.6 
S/mt nutrient (11-54-0) 449.5 449.1 621.4 489.1 581.4 477.8 650.2 517.8 610,2 

aln 1975 dollars. 
bFixed charge consists of: sales and administrative expense, S15; freight factory to port, S5; bulk loading, S2; bulk discharge, S2; bags, $9; 

inland freight to warehouse, $20 plus a variable ocean freight cost; subtotal =$53. 
dToledo City to Manila = $5.15/mt 

Florida to Manila = $17.86/mt. 
eMorocco to Manila = $14.60/mt. 
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potash, for the-;i'.gion will conic fronv Thai deposits and 
the Thai component does not move by ship, approximately 
97 shiploadof 7,000 mt each would leave ,Bangkok 
annually, or about one ship every four days. 

The exact distribution points for potash could not be 
established in this study because the model did not include 
NPK production activity (blended or granulated) with 
potash used as straight material. Such decisions can only
be made when more information is available about 
distribution costs and specific market requirements 
within eoach country. Future studies should .address... 
these issues. 

In addition. investigations need to be made in 
determining whether the carnallite deposits ii Thailand 
can be developed if an annual market or' SO0.000 int of 
product is reasonably assured by 1985. 
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Appv,,dix Table 1. 	Summary of Alternative Process Characteristics and Estimated Investment Requirenents,
 
ASEAN Study, 1975
 

:s Ammonia
Pro,:es- Nat.gas 	 aa Ammonium Sulfuric Phosphoric
Fuel oil Urea Sulfate Acid Acid 
 MAP DAPb APPb SSPb TSPb 

(Prime) 

Capacity, mt/day 1100 1100 1800 700 1400 1000 1000 1000 1000 2000 1400 
(maximum per single­
train) 

Capacity, Utiliza­
tion, % 89 89 89 100 100 100 125 100 100 100 100 

Plant Investment, 
S/M11 86.0 112.2 48.1 10.7 24.0 29.0 15.3 15.3 14.6 24.5 23.0 

aAs prilied urea.
 

bAs granular products.
 

CAll costs 
in 1975 dollars includes battery limits, auxiliary and support facilities, spare parts, training, 
startup, 15-day ammonia and acid storage, 45-day bulk storage and 20-day 	bag storage; location-site factor
 
applied to each investment.
 



.... Appendix Tabl 2. Coastal-Fertilizer Sites and Selected Site Characteristics,.
 
ASEAN Study, 1975 Tons Ship
 

Port capacity
 

Developed facilities that could Location a
 
Location Grassroots Yes/No enter port Site-Factor
 

Atjeh (North Sumatra) D Yes 20,000 1.17
 
D Yes 7,000 1.17
Palembang (South Sumatra) 


Jatibarang (West Java) G No 10,000 1.21
 
Will be D* Yes* 40,000 1.21
Merak (West Java) 


G No 12,000 1.23
Gresik (East Java) 

No 40,000 1.24
Balikpapan (Borneo) G 


Santan (Borneo) Floating 40,000 1.35
 

Brunei (EaSt Malaysia) D Yes 30,000 1.20
 

Port Dixon (West Malaysia) D Yes 18,000 1.20
 
uantan (West Malaysia) G Uncertain 7,000 1.22
 
Iligan City (South Philippines) D Yes 30,000 1.18
 
Toledo City (Central Philippines) D Yes 20,000 1.17
 
Limay (North Philippines) D Yes 30,000 1.17
 
Poro Point (North Philippines) G Yes** z 30,000 1.22
 

Bangkok (Thailand) D Yes 40,000 1.17
 

aFactor used to increase plant investment for infrastructure items at each location
 

as based on ammonia-urea complex. For Palembang 1.17 equals $26.5 MM composed of site
 
preparation, $8 MM; construction equipment, $5 MM; miscellaneous equipment, $7 MM;
 
jetty and pier, $5 mm; and additional housing,S$.5 MM.
 

*As a result of the development of Krakatau Steel Complex.

**Partially developed because of the Copper Industry.
 

2J 



V
) 

1
"
 

-
0
 

a
00
0
 

C
 O

 

' 
C

; 
C

; M
 

oo 
­

0
0
 

i 
A

9
D

0
 

0, 
M0 

t.0n) 
co 

* 
.. 

* 
o
C

 
nV

 
J 

m
 

-)'.000) 
m -- A1 -. 

C
o

i 

L
€

" 
.r-1 

.
-

-,.-' 

•--
-

i--
)inO

u-
or-

--. 
L

O
I 

"---0U
m

u-
""-~ 

'I 

.o 
04-

0 
0

0
 

0%) 
V

) 
E
 

a
J
 

.-. 
•
0
 

>
 

0
 

C
-

I
.

t '
 

C
'
r
 

00 
,
U
.
 

D
 

-
LO

 
O
I
.C

A
 

C
0
 
r
,
 

O
,
 

­
-
,
 

kD
 

0 
-

C
 

m
 

= 
4 

(0 
0 

r-. 
*
, ---

0 
0)"S.."t) 

E
 

" 
0

9
 

­

-
.

" 
~
C
m
 

co 
C
 

.1 
L

O
 

0 
3: 

c 
04-c 

u-

V
) 

r-
.

4
­

"a 
V

) 
m
 

D
 

>0 
0
 

4
-

ro-0-I 
C

4-
>,A

) 

C

t 
4,-). 

. 
.\ 

C
) 

S­
.-

~
~

~
~

~
~

 
~ (a4..'r 

L
 

C
 

\ 
) 

m
~ 

L
U

 
EC

; 
: 

C
 

a
;

m
-

, 
-

.-
o 

0 
0 

t ci /) ., 
1 

>. 
u= 

" 
0 

m
9 

€..0 
.. 

4
J
 

u 
0 

4-. ) 
., 

.
-

m
0 

U 
C

D
 

m
-L

 
r-)i

S-N
 

0
u

) 
C

.) 
5.. 

0
 

"
 

I
 

:
 

U
 0 

.
 

,
 

o 
0

 
(0 

a
 

E
 

LO
 

4-' 
M

) 
r 

-
C

, 
9
-

' 
C

l) 
IA

 
0n 

L
A

 
3 

c 
0) 

C
 

Lu
o

~ 
K

r 
C

m
-,
 

cu
 

-
.O

 
"

I 
4
.J

~

 

w
 

C
) 

CD-
.m

' 
(D

 
u

. 
L
A

O
 

C
) 

a 

4
-

--
-L 

C
O

 
*D

 
C

M
 

4-
a 

4-
04/ 

4
} 

S
.. 

: 

0 
0 

4 
C

 
If 

> 
0 

r-. 
LA

 
..r-' 

.oor-
.

0 
0 

C
"'J 

-
0
-

.-
t~

L
) 

< 
ac'ic00 

)to
 

4-' 
C

:)'. 
m

 
s. 

a, 

Lii 
0 

"
 

0
-

000) 
-
.I
 

I
s
 

4-) 
C

O
 

L
A

C
) 

%
D

 
4-) 

m
oo

4 
m

C
 

X
 

-0
43 

m
 

0
 

,* 
IL

 
0 

=
>

/..J 
l 

. 
.. =

I 
. 

V
U

 
'U

 
4JA

0
.9

-
0
0
 

C
t 

.G
-t' 

L 
-5. 

C
 

) 
0 

(A
 

4
­

2
.0

1
1
 

4 
-

C
) 4 

'U-)~ 
to0 

4.)~
~

 
Jl--C

 
E

 
4
 

0(~+
4 

-i 
4-) 

to.
to

. 
4-. 

<L
 

c 
.. 

0 
C

at 
U

 
I

4.) 
0'O

 
*C

U
 

( 
C

 
0 

C
")~

~
~

S
 

L
A

 
~ 

U
 

~ 
' 

O
J
-

0 
.J 

C
i( 

4A
 

.L
 

4­
-

)4
)S

 
tu) 

S-
K

r 
4-

4A
 

'U
 

(a 
0 

-
E

a 
X

0'U
 

-0 
C

D
*. 

9 
M

 
o9 

L 
u

V
V

0 
C

01 
A

 
0 

'.a
) 

0
4

. 
+

J C
-l 

~ 
4-). 

U
C

 
0

J
10 

.0 
J 

4J0. 
.0 

I)0 
2
 

4e-.-
4

-4
 

0 
a.--

X
 

E
 

~0) 
S

 

C
a. 

E
.'X

4
J
. 

0 
to 

L
D

 
D

 
U0-( 

4 
-) 4 

, -) 
4.) 

40
-. 

:3 
~ 

E
 

0 
D

 
V

)E
 

E
 

0 
) 

o
 

r 'U
W

0
)~

. W
 

U
, 

(A
. 

' 
0'I.J

-
_

j 
914.l-

.. 
2

4
.' 

J
4
 
4
J
 

S-
: 

=-
E

-0 
' m

3 
LA 

-
00 

'U
 

0S
-

C
) 

4
J
 

2 
-0

"a' 
o%

. 
*-

-
+4.L

)
0. 

0
0
-

4. ) 
0 

0 
L 

0 
4-) 

4-' 
X

9 *-l 
4J 

-
-

M
---i. M

3 
0a 

-' 
'n 

k 
V

' 
n 

--
S-

L
U

 
0J 

I 
E

U
o

o* 
.

1-)4
F-

-I4
J

) 
C

 
caC

 
to. 

m
S1... 

L
>-r 

00. 
O

 
0 

­
:I 

E
 

C
3.E

 
'U

3
x 

'n 
0)L 

a 
S~. 

4-
.IL 

. 
0s 

C
)* 

D
 

t-' 
c0 

0 
Co

 
. 

o 
0 

4 
u0) 

I M
-. C711-'U

 
' 

0O
 

U
 l 

0n 
CL) 

C
 L 

E
A

 
4-J 

S. -0 
X

 
4 . 

0
. 

0 
0. 

4-) 
r 

2) 
-- L

 
0 

9
 

0 0
0

U
)(D

4
J

.. 
00)> 

C0n 
t 

%
J 

0 
0 

0 
4-) 

-
(a 

--
.0 

0. 
=. 

on 
M

 
=1 

0 
(a= 

0 
0 

0 
4) 

(0 
(0 

(C
 

t 
m
i
 

L
I 

) u
 

uI 
A

 
L

iw 
-j 

Li. 
0
D

 
0
. 

U
 

M
3JiL

 
"0 

(V
 

4
-

0) 
M

0 
*-

"~
.

C
t ~ 

I-x~ 
u

 
(101(. 

U
Ii...J3 

'-.0
 

0 

22 



in ASEAN countries a 
N;utrient Consumvtion,1965-1974,ndix Table4. Fer'i11 izr 

N'Arogen (N) 

Thaia1.d Indonesia 

1965 16 79 
1966 1S 84 
1967 35 110 
1968 52 U 105 
1969 51 '- 198 
1970 49 106 
1971 43 202 
1972- E2 196 
1973, 2 347 
197-- 7C 350 

Phosphate 2_
 

1965 10 14 
1966 11 8 
1967,, 24 28 
1968' 36 13 
1969 38 66 
1970 a5 63 
1971 24 29 
1972 43 23 
197" 56 67 
19744 45 85 

Potash (K
 

1965" 5 3 
1966 5 2 
1967 8 4 
1968 13 6 
1969 10 7 
1970 11 8 
1971 15 6 
1972 23 5 
1973 42 30 

1974 40 40 


Source: IBRD, TVA/IFDC, FAO
 
asingapore is grouped with Malaysia.
 

,
 

Philipines 

m nut~ients 

53 
58 
66 
64 

63 

101, 
119 
122 

115 

146 


23 

25 

28 

24 

45 

64 

44 

50 

39 

45 


13 

30 

13 

30 

40 

38 
38 

37 

39 

45 


ASEAJ 

Malaysia Total' 
-

180' ­
40 200 
4Z 255' 
42 263 
43 355 
52 308 
66 430
 
67 447
 
81 605
 
113 679
 

5 52
 
7 51
 
7 87
 
7 s0
 

17 166
 
17 189
 
23 120
 
12 128
 
26 188
 
37 212
 

15 36 
16 53 
29 54 
33 82 
30 87 
56 113 
76 135 
75 140 

100 211
 
112 237
 

bpreliminary data obtained directly by IFDC personnel.
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Appendix Table 5. Alternative Fertilizer Nutrient Demand Projection, ASEAN Group, 197/-


Nu trient_ ... 


Country.. Area 


Indonesia 	 North Sumatra 


South Sumatra 


West Java 


Central Java 


East Java 


Borneo 


Celebes 


Lesser Sunda Islands 


INDONESIA TOTAL 


Malaysiaa West Malaysia 


East Malaysia 


MALAYSIA TOTAL 


Philippines North Philippines 


Central Philippines 


South Philippines 


PHILIPPINES TOTAL 


THAILAND TOTAL 


ASEAN TOTAL 


alncludes Singapore.
 

Low 


-


68 


34 


187 


212 


297 


9 


26 


17 


850 


130 


20 


200 


152 


76 


152 


380 


130 


1,560 


.
 

High 

96 


48 


264 


300 


420 


12 


36 


24 


1,200 


225 


25 


250 


212 


106 


212 


530 


260 


2,240 


. P2
 

Recommended
 

1,000 mt/year---.-.--­
128 22
 

64 11
 

352 73
 

400 73
 

560 93
 

16 3
 

48 9
 

32 6
 

1,600 290
 

(225) 63 216
 

- (25) 7 2
 

(250) 70 240
 

(212) 68 36
 

(106) 34 1C;
 

(212) 68 36,
 

(530) 170 9c,
 

(260) 160 20
 

2,640 690 49C,
 

24 



Appendix Table 6. 	Natural Gas Supplies for Nitrogen Fertilizer Production,
 
ASEAN Region, 1975 n o €
 ..................................
Ammon ia.-Po tenti al ,......
 

Total proved and a . If 25% of reserves
 
probable eserves Productiog Gas flareg are used - No . of
 
billion M Million M Million M 1000 mt NH3iday
 

Country January 1, 1975 Per Year Per Year Plants
 

Indonesia 	 425 4,551 10,177 19.6
 

Philippines
 

Thailand 28 	 1.3
 

Malaysia & Bruneid 623 	 144 3,172 28.8
 

aFrom International Petroleum Encyclopedia 1975, p. 296
 

b"First Estimates of Global Flaring of Natural Gas," Rotty, R. M. Atmospheric
 

Environment 8, pp. 681-86, 1974.
 

CAbout 1,090 M" gas/ton ammonia; reserves of 5.4 x 10 N3 for 1000 mt/day for 15 years.
 

Mainly Brunei.
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Appendix Table 7. Raw Material Availabilities and Cost by Site Location, ASEAN Study. 1975
 

Location Natural Gas or Othera 

Available Price Limitation 
$/1000 SCF (Equivalent 

net NH3 day) 

Atjeh 
Palembang 

Yes 
Yes 

1.60 
.60 

2000 
1000 

Jatibarang 
Merak 
Gresik 

Yes 
Yes 
No 

1.60 
1.60 
-

500 
500 
-I 

Balikpapan 
Santan 

Yes 
Yes 

.60 

.60 
No Limit 
No Limit 

Brunei 
Port Dixon 

Yes 
No 

1.60 
-

No Limit 

Kuantan Yes 1.60 No Limit 
Illigan City
Toledo CityLimay 
Poro Point 

No 
oNo 
No 

-
--I 
-I 

BoI 
Bangkok to 

I = Imported; NI = Not Imported 

Sulfur Phosphste Potashc Sulfurice 
Elemental 

@$60 C.I.F. 
Rock 

@$50 C.I.F. @$60 C.I.F. 
Acid Byproduct 

@S1O/mt 

I I I NI 
I 1 I NI 
I I I NI 
I I I NI 

I I NI 
I I I NI 
I I I NI 
I 
I 

I 
I 

I 
I 

NI 
NI 

I I I NI 
I I I NI 

I 
I 

I 
I 

540,000 t/yr. avail. 
NI 

I 
I 
I 

d 
I 

250,000 t/yr. avail. 
NI 

aFuel oil could be imported to all locations at S85/mt, C.I.F.
 
bRock at 32% P205 and 47% CaO.
 

clmported as KCl.
 
dThailand has deposits of carnallite which may be exploited in the future, it is assumed to be competitive
 
with imported KCI.
 
eAt sulfuric acid locations, it will not be :mported but produced from imported elbnental sulfur; two locations
 
in Philippines have byproduct sulfuric acid available from copper smelters. 
A potential exists forexpansion of copper smelters thus making more byproduct sulfuric acik available. 



Appendix Table 8. Raw f,;aterials for Phosohate Production, ASEAN Reiioni, 1C.7 

COUNTRY PihOSPHAT RIOC __ 

111emen ta 

SULIFP11) 

Pi ' 

POTASH 

Total Prov. . 

Probable Reser. 
(17i1lion-1,P 

Av,. An. 
Grade Prod. 

O OOit(FS IO0mt 
Reserves 

n~l. mt 
f;r.ad L 

ATn. 
Prod. Peserves 

rAl. T-t 

An. 
r;rade Prod. 

S I01)0 mt 
Reserves 

ml . mt 
Grade 

K20 

An. 
Prod. 

1000 Mt 

Indonesia 1 15.5 30 10 20 1.0 - Some 9.4 -

Malaysia + Brunei .I 10-30 - - - - - -

Philippines 0.8 17-31 1 20 25 - 60 2.5-48.0 - -

Thailand Small 16-18 - - - - Some up to 16.9 -



Appendix Table 9. Chemical Analvsis of Final Product, Intermediate, and Import Alternatve's, 
Import Restrictions and Prices ASEAN Study, 1975
 

Product or Intermediate 
 Chemical Pnalysis, wt. 
 Import Pricea t,:
 

N P,0~ K,)0 

Ammonia 82 00 * 
Urea 46 0 0 200 
Ammonium sulfate 20 0 0 * 
Monoammonium phosphate 11 54 0 
Diarmonium phosphate 18 46 0 250 
Single superphosphate 0 20 0 * 
Triple superphosphate 0 46 0 175 
Ammonium polyphosphate 11 57 C * 
Urea-ammoniui;i polyphosphate 28 28 0 * 
Potassium chloride 0 0 60 60 
Phosphoric acid (54:) 0 54 0 * 
Sulfuric acid (100,.) 0 0 0 . 

a1985 prices in constant 1975 dollars. 

*Imports from outside the region were not possible for these products.
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Appendix Table 10. Scenario A: Capacity Expansion Characteristics. ASEAN Countries, 1985
 

Location Plant Type Size (t/d) 
Investment 
(mil. US$) 

Site cost 
(mil. US$) 

Total cost 
(mil. US$) 

Palembang Urea 2,794 74.6 

Ammonia (gas) 

Sub-total 

1,678 131.0 

205.6 34.9 240.5 

Balikpapan Urea 

Ammonia (gas) 

Sub-total 

9,699 

6,483 

258.9 

499.2 

758.1 181.9 940.0 

TOTAL INDONESIA 963.7 216.8 1180.5 

Poro Point Ammonium phosphate 1,032 16.7
 

Phosphoric acid 1,278 37.1
 

Sub-total 53.8 11.8 65.6
 

Toledo City Ammonium phosphate 2,065 31.6
 

Phosphoric acid 2,555 74.1
 

Sub-total 105.7 18.0 123.7
 

TOTAL PHILIPPINES 159.5 29.8 189.3
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Appendix Table 11. Scenario B: Cap_acity__xpansion Characteristics ASEAN Countries, 1985
 

Location Plant Type Size (t/d) 
Investment 
(mil. USS) 

Site cost 
(mil. USS) 

Total cost 
(mi.!v:, 

Palembang Urea 

Ammonia 

2,794 

1,673 

74.6 

131.0 

Sub-total 205.6 34.9 

Balikpapan Urea 

Ammonia 

Sub-total 

TOTAL INDOESIA 

(gas) 

4,798 

2,984 

123.1 

233.3 

361.4 

567.0 

86.7 

121.6 

44S." 

68. 

Kuantan Urea 

Ammonia 

TOTAL PALAYSIA 

(gas) 

1,800 

1,080 

48.1 

35.3 

133.a 29.3 162.7 

Poro Point 

Sub-total 

Ammonium phosphate 

Phosphoric acid 

1,032 

1,278 

16.7 

37.1 

53.3 11.3 65.6 

Toledo City 

Sub-total 

Urea 

Ammonium phosphate 

Phosphoric acid 

Ammonia (fuel oil) 

1,800 

2,065 

2,555 

1,629 

48.1 

31.6 

76.1 

166.1 

319.9 54.4 374.3 

TOTAL PHILIPPIkiES 373.7 66.2 439.9' 

Bangkok 

TOTAL THAILAND 

Urea 

Ammonia (fuel oil) 

1,161 

697 

36.9 

90.8 

127.7 21.7 149.4 

30 



'Appendix Table 12. Scenario C: Capacity Expansion Characteristics, ASEAN Countries, 1985
 

Location PlnITpPlant Type 

Palembang Urea 
Ammonia (gas) 

Sub-total 

Gresik Ammonium phosphate 
Sulfuric acid 
Phosphoric acid 

Sub-total 

Balikpapan Urea 
Ammonia (gas) 

Sub-total 

TOTAL INDOtESIA 

Kuantan 	 Urea 

Ammonia (gas) 


TOTAL MALAYSIA 


Poro Point 	 Amrmonium phosphate 


Phosphoric acid 


Sub-total 


Toledo City 	 Ammonium phosphate 

Phosphoric acid 

Sulfuric acid 

Urea 

Ammonia (fuel oil) 


Sub-total 


TOTAL PHILIPPINES 


Bangkok 	 Ammonium phosphate 

Phosphoric acid 

Sulfuric acid 

Urea 

Ammonia (fuel oil) 


TOTAL THAILAND 


Size (t/d) 


2,794 

1,675 


808 

1,217 

1,000 


4,809 

2,885 


1,709 

1,080 


411 


508 


1,070 

1,325 


338 

2,070 

1,629 


808 

1,000 

1,490 

1,018 


780 


Invq ',ent(mis' /US$) 


74.6
 
131.0
 

205.6 


13.2
 
21.9
 
29.0
 

64.1 


128.4
 
225.7
 

354.1 


623.8 


46.5
 
78.0
 

774-7-


8.9
 

19.7
 

28.6 


16.4
 
38.4
 
12.2
 
55.3
 

166.2
 

288.5 


317.1' 


13.2
 
29.0
 
28.6
 
34.4
 
95.2
 

200.4 


,_Site- cost Total cost(mil. US$) (mil. US$)
 

34.9 240.5
 

14.7 	 78.8
 

85.0 439.1
 

134.6 	 758.4
 

27.4 151.9
 

6.3 34.9
 

49.0 337.5
 

55.3 372.4
 

34.1 234.5
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Appendix Table 13. .Scenario D: 

Location Plant Type 

Palembang Urea 

Ammonia (gas) 

Sub-total 

Gresik 	 Ammonium phosphate 


Sulfuric acid 


Phosphoric acid 


Sub-total 


Balikpapan 	 Urea 


Ammonia (gas) 

Sub-total 


TOTAL INDOIESIA 


Poro Point 	 Ammonium phosphate 

Phosphoric acid 

Sub-total 


Toledo City 	 Amrionium phosphate 

Phosphoric acid 

Sub-total 


TOTAL PHILIPPINES 


Bangkok 	 Ammonium phosphate 

Sulfuric acid 

Phosphoric acid 

TOTAL THAILAND 


Cap.acityjEpa-nsion Chat~r cterjstics, ASEAtN Countries, 1985 

Size (t/d) 


2,794 


1,678 


907 


1,400 


1,123 


9,699 


6,383 


411 


509 


888 

1,093 


892 


1,645 


1,104 


Investment 

(mil. US$) 


74.6
 

131.0
 

205.6 


14.2
 

23.9
 

32.6
 

70.7 


253.9
 

499.2
 

758.1 


1,034.4 


8.9 

19.7
 

28.6 


14.1
 

31.8
 

45.9 


74.5 


14.1
 

28.1
 

32.0
 

74.2 


Site cost 
(mil. USS) 

Total 
(il. 

io-t 

34.9 S 

16.2 36. 

181.9 

233.0 

940.0 

1,267.4 

5.7 34.3 

7.8 

13.5 

53.7 

83.0 

12.6 86.8 
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Appendix Table 14, Scenario E: Capacity Expansion Characteristic_.ASEAN CDuntries, 1985
 

Location Plant Type Size (t/d) 


Palembang 	 Urea 2,794 

Ammonia (gas) 1,678 


Sub-total 


Jatibarang 	 Urea 1,833 

Ammonia (gas) 1l00 


Sub-total 


Gresik 	 Ammonium phosphate 907 

Sulfuric acid 1,400 

Phosphoric acid 1,123 


Sub-total 


Balikpapan Urea * 2,977 
i' Ammonia gas) 1,786 

Sub-total 


7
TOTAL INDONESIA 


Kuantan 	 Urea 1,800 


Ammonia (gas) 1,080 


TOTAL MALAYSIA 


Poro Point 	 Ammonium phosphate 411 

Phosphoric acid 509 


Sub-total 


Toledo City 	 Urea 2,100 

Ammonium phosphate 888. 

Phosphoric acid 1,098, 

Ammonia (fuel oil) 1,629 


Sub-total 


TOTAL PHILIPPINES 


Bangkok 	 Urea 989 

Ammonium phosphate 892 

Sulfuric acid 1,645 

Phosphoric acid 1,104 

Ammonia (fuel oil). 781 


TOTAL THAILAND 


Investment 

(Mil. US$) 


74.6
 
131.6
 

206.2 


48.9
 
86.0
 

134.9 


14.2
 
23.9.
 
32.6
 

70.7 


79.5
 
139.7
 

219.2 


631.0 


48.1
 

85.3
 

.133.4 

8.9
 
19.7
 

28.6 


56.1
 
14.1
 
31;8
 

166.2
 

268.2 


296.8 


26.5
 
14.1
 
28.1
 
32.0
 
95.3
 

196.0 


Site cost 

(mil. USS) 


34.9 


p8.3 


16.2 


52.6 


132.0 


29.3 


5.7 


45.6 


51.3 


33.3 


Total cost
 
(rail. US$)
 

241.1
 

163.2
 

86.9
 

271.8
 

763.0
 

162.7
 

34.3
 

313.8
 

348.1
 

229.3
 

, .< , 
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Appendix Table 
15. Scenario F: Capacity Expansion Characteristics, ASEAN Countries, 1985
 

Location Plant Type 

Palembang Urea 
Ammonia (gas) 

Sub-total 

Gresik Ammonium phosphate 

Sulfuric acid 

Phosphoric acid 


Sub-total 


Balikpapan Urea 

Ammonia (gas) 


Sub-total 


TOTAL INDONESIA 


Kuantan 	 Urea 

Ammonia (gas) 

Ammonium phosphate 

Sulfuric acid 

Phosphoric acid 


TOTAL MALAYSIA 


imay Urea 

Ammonia (fuel oil) 


Sub-total 


Toledo City 	 Urea' 

Ammonia (fuel oil)

Ammonia phosphate 

Phosphoric acid 


Sub-total 


TOTAL PHILIPPINES 


Bangkok 	 Urea 

Ammonia (fuel oil) 

Ammonium phosphate 

Sulfuric acid 

Phosphoric acid 


TOTAL THAILAND 


Size (t/d) 


2,794 

1,678 


1,302 

2,128 

1,611 


2,627 

1,756 


1,739 

1,110 


314 

579 

389 


1,833 

1,100 


1,800 

1,252 


796 

947 


1,678 

1,158 


718 

1,324 

889 


Investment 


(Mil. USS) 


74.6
 
131.0 


205.6 


101.8
 
36.4
 
46.7
 

184.9 


70.1
 
137.3
 

207.4 


597.9 


47.0
 
86.8
 
7.9
 

14.9
 
17.4
 

174.0 


48.9
 
86.0
 

134.9 


48.1
 
97.9
 
13.1
 
28.0
 

187.1 


322.0 


45.9
 
90.5
 
12.3
 
23.1
 
26.9
 

198.7 


Site cost 

(Mil. USS) 

_ 

34.9 

Total cost 

(mil. USS) 

240.5 

42.5 227.4 

49.8 

127.2 

257.2 

725.1 

38.3 212.3 

29.7 164.6 

31.8 

61.5 

218.9 

383.5 

33.8 232.5
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Appendix Table 16. Scen ,-io A: Total Production (Exitin, IIA Added Capacity) of Final and
St err~ed iate Products, ASEAN Coun tr i e; , thO J'u etrnd tons)tc 

Final Products Ph-o-s-p-h-o-ri-c.. . . It .rd i .... . a, 
1 - fur i c 

Source Urea MAP . Acid Ai in id [0 Ai vionia Acid 
Atjeh 

Palembang 1,650.0 990.0 

Jatibarang 

Merak 

Gresik 56.3 33.7 
Balikpapan 2,857.8 1,910.2 

Santan 

Kuantan 

Port Dickson 

Brunei
 

Limay
 

Poro Point 
 425.9 421.7
 
Toledo City 851.9 843.3
 

Iligan City
 

Bangkok
 

TOTAL 4,564.1 1,277.8 1,265.0 2,900.2 33.7
 

1Fuel oil-based ammonia.
 



Appendix Table 17. 
 Scenario B: Total Production (Existing Plus Added Capacity) of Final 
and
 
Intermediate Products, ASEAN Countries, 1935 
(thousand metric tons)
 

Final Products 
 Intermediates
Phosphoric Sul furic 
Source Urea MAP Acid Ammonia FO Ammonia Acid 

Atjeh 

Palembang 1,650.0 990.0 

Jatibarang 

Merak 
Gresik 56.3 33.7 
Balikpapan 1,413.7 879.4 

Santan 
Kuantan 530.4 318.2 
Port Dickson 

Brunei 

Limay 

Poro Point 425.9 421.7 
Toledo City 530.4 851.9 843.3 480.0 
Iligan City 

Bangkok 383.3 _____ 230.0 

TOTAL 4,564.1 1,277.8 1,265.0 2,187.6 743.7 



Appendix Table 18. 

Source 

Atjeh 

Pal embany 

Jatibarang
 

Merak 

Gresik 

Balikpapan 


Santan
 

Kuantan 


Port Dickson
 

Brunei
 

Li may 

Poro Point 


Toledo City 


Iligan City
 

Bangkok 


TOTAL 


Sceiar i o C: T1tal plroduction ( Lix istinn! Pi Added Capac i ty) of Final and
 
['itt it i a to-Poduct,, A-;rAN m itt.r -'(,-n*u o oirnv it ton -- ­.'> 

Sina I Productst, t.;,(] I,) 

......- - - - - - - - osphor ic Sul furic 

Urea MAI" .... Ac id Allrno i,"( i A ,.i.mon1a Ac id 

990.01,650.0 

491.756.3 333.3 330.0 	 62.5 

850.3
1,417.2 


318.2
530.4 


169.5 167.8
 

480.0 	 111.4
610.2 441.6 437.2 


230.0 	 491.7
300.0 	 333.3 330.0 


1,094.8
4,564.1 1,277.7 1,265.0 2,158.5 772.5 




Appendix Table 19. 
 Scenario D: Total Production (Existing Plus Added Capacity) of Final and

Intermediate Products, ASEAN Countries, 1985 (thousand metric tons)
 

Final Products 
 Intermediates
 
Source Urea MAP 

Phosphoric 
Acid Ammonie FO Ammonia 

Sul furic 
Acid 

Atjeh 
Palembang 1,650.0 

990.0 
Jatibarang 

Merak 
Gresik 56.3 374.2 370.5 62.5 552.0 
Balikpapan 2,857.8 1,880.9 

Santan 

Kuantan 

Port Dickson 

Brunei 

Limay 
Poro Point 169.5 167.8 
Toledo City 366.1 362.4 

Iligan City 
Bangkok 368.0 364.3 

542.8 
TOTAL 4,564.1 1,277.8 1,265.0 2,870.9 62.5 1,094.8 



Appendix Table 20. 


Source 


Atjeh 

Pal embang 

Jatibarang 


Merak
 

Gresik 


Balikpapan 


Santan
 

Kuantan 


Port Dickson
 

Brunei
 

Limay
 

Poro Point 


Toledo City 


Iligan City
 

Bangkok 


TOTAL 


Scen.atrio_F.: Total Production (Existinq Pls Addetd ;ipacity) of Final and
 
iiit-ermwe-d i a Pout ASEAN ounftries, 19,,i (tnsiooric-tons 

Fin al- Products -in termed i ates 
Phosphoric Sulfuric 

Urea MA_ _ Acid Ammon ia FO Anunonia Acid 

1,650.0 990.0 

540.2 324.1
 

56.3 374.2 370.5 62.5 552.0
 

877.2 526.3
 

530.4 318.2
 

169.5 167.8
 

618.7 366.1 
 362.4 .480.0
 

291.3 368.0 364.3 230.0 
 542.8
 

4,564.1 1,277.8 l,-65.0 2,158.6 772.5 1,094.8
 



Appendix Table 21. Estimated Supply Requirements of Domestic Materials by Specified Plant Locations for
 
Scenarios A, C, and E, ASEAN Countries, 1985
 

Scenario 

Natural 
A 

Sulfuric Natural 
C 

Sulfuric Natural 
E 

Sulfuric 

Source 
gas 

mscf 
acid--Il,000 
metric tons 

gas 
mscf 

acid--I,000 
metric tons 

gas 
mscf 

acid--I,000 
metric tons 

Atjeh 
Palembang 34,353.0 34,353.0 34,353.0 
Jatibararng 11,246.5 

Merak 

Gresik 

Balikpapan 66,285.1 29,505.8 18,263.6 

Santan 

Kuantan 11,042.0 11,042.0 
Port Dickson 

Brunei 

Limay 
Poro Point 628.3 250.0 250.0 
Toledo City 1,256.6 540.0 540.0 

Iligan City 

Bangkok 

TOTAL 100,638.1 1,384.9 74,900.8 790.0 74,905.1 790.0 
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Appendix Table 23. 
 Estimated Finished Product Shipments from Active Plant Locations 
to Specified Demand Regions,
Scenario A, ASEAN Countries
 

Active Oriqins
Urea (1,000metric ons
Demand Region Palembang Gresik Balikp an Total 
MAP (1,000 metric tons)
Poro Point Toledo City Total
North Sumatra 
 198.4 
 190.4 
 43.0
South Sumatra 43.0
99.2 


99.2 
 21.5
West Java 21.5
396.8 
 145.0 
 541.8 
 134.3
Central Java 134.3
 
620.1 
 620.1 


E,.;t >wva 134.3 134.3
 
56.3 
 315.7 
 872.0 
 171.9 
 171.9
LErneo 


24.8 
 24.8 
 5.4
Suldwasi 5.4
 
74.4 
 74.4 
 16.1 
 16.1
Lesser Sunda Islands 

49.6 
 49.6 


West Malaysia 10.7 10.7
461.2 
 461.2 
 116.7
East Malaysia 116.7
 
51.2 
 51.2 


Northern Philippines 13.0 13.0
 
430.8 430.8 125.9
Central Philippines 125.9
 
215.4 
 215.4 


South Philippines 63.0 63.0
 
430.8 
 430.8 
 125.9
Thailand 125.9
494.4 


_ 494.4 235.6
_ 

60.7 296.3
 
TOTAL 
 1,650.0 56.3 
 2,857.8 4,564.1 426.0 
 852.0 1,278.0
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Appendix Table 26. Estimated Interplant Shipments of mmonia in 1,000 Metric
 
Tons of Material by Origin and Destination for Scenarios A,
 
C, and E, ASEAN Countries, T9-5
 

Scenario
 

A C E 

Active.Origin
Desti nation 
(Plant Location) Balikpapan Toledo City Toledo City 

atibarang
 
Me ra k
 

C.,esi k 21.7 27.9 

al i lkpapan 

Santan 

Kuantan 

Port Dickson 

.)runei 

Lim,ay 

Poro Point 65.2 25.9 25.9 

Toledo City 130.4 

Iligan City 

Bangkok 

TOTAL 195.6 47.6 53.8
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Appendix Table 27. Selected Shippinq Distances and Freight Rates, ASEAN Study, 1975 

Basis: Bulk Cost, $/ton = $4.60 + (.00125 X N miles)a 

From To Distanceb, l miles Freight, S/ton 

Basra, Iraq (Pers. Gulf) Manila 5,246 11.16 
Kenai, Alaska Manila 5,244 11.16 
Yokohama, Japan Manila 1,758 6.80 
Balikpapan Manila 1,435 6.39 
Palembang Manila 1,764 6.81 
Toledo City Manila 441 5.15 
Tampa, Florida Manila 10,608 17.8E 
Melilla, Morocco Manila 7,964 14.60 
Aqaba, Jordan Manila 6,167 12.30 

aFormula used internally in the model 
for freight cost for bulk granular product such as
 
urea or monoammonium phosphate.
 
bSource, Marine Distance and Speed Table, Edward 1W.
Sweetman Company, few York, Third
 
Printing, March, 1970.
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Appendix Table 28. Plant Investwent Reciuireents and Fstiitaf,d r'roduft:inr Cost of pullk Urea. From an Ammonia
Urea Corplcex in Selected Loca tioens , ASFA 'tudy, 11075 

..asis: 1000 mt/day ammonia and 1667 it/day urea,,-eYini at 89. capaity utilization 

Location: P e bal_12ban_. !1i klpan Toledo City Persian Gulf 

Gas cost, S/1000 SCF 0.60 0.60 - 0.10 0.25 0.50Fuel oil, S/mt -5 _ _
Location-site factor 
 1.17 1.24 
 1.17 1.24
Ammonia plant investment, $M1 
 96.595 102.374 125.073 102.374

Urea plant investment, SM 58.266 61.752 
 58.266 61.752

Total (no working capital), SMM 154.861 164.126 
 183.339 164.126
 

Ammonia production cost, S/mt 85.7 
 89.1 165.6 71.4 76.7 85.6
Urea production cost, S/mt 
 80.5 83.8 
 133.5 71.0 74.9 81.2
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