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TVA'S INTERNATIONAL FERTILIZER PROGRAMS 

The National Fertilizer Development Center (NFDC), a part of the 

Tennessee Valley Authority (TVA), is located at Muscle Shoals, Alabama. 

into a fertilizer research, development, and
It has been developed 
education center during the past four decades. The Center was established 

to serve the fertilizer needs of the United States. In cooperation with State 

the industry -private and cooperatives-itsuniversties and fertilizer 
programs have included a wide range of fertili,..r actvities throughout the 

United States. Most of the U.S. fertilizers are based on processes developed 

by TVA. 
grew in stature it became recognized not onlyNFDCAs tile 

domestically but also internationally. European nations, Japan, and other 

more developed countries began to utilize this facility and its competence 

to supplement their knowledge in fertilizers. As additional nations became 

involved in the manufacture and use of fertilizers to improve their 

to TVA and visitors to the Muscle Shoals facility
agriculture, requests 

quickly retlected this interest. Figure I indicates the growth rate in foreign
 

visitors in recent years. 
In the early 1960s the NFDC, at the request of the Agency for 

and other international organizations,International Development (AID) 
in the less

began to actively participate 	 in fertilizer-relaled problems 

By extending knowledge and experience
developed countries (LDCs). 

has
gained in domestic programs to the international level, the NFDC 

become the main source of fertilizer knowledge and expertise available to 

the U.S. foreign aid programs. Responding to the piovisions of section 

632(b) of the Foreign Assistance Act of 1961, as amended, the TVA arid 
agreement in which All)AID in November 1965 signed a general 

recognized the unique personnel resources, capabilities, and experience of 
enlist as fully and

the NFDC relevant to fertilizers and sought " . . . to 

effectively as possible, on a partnership basis, the pertinent resources of 

TVA in planning, executing. and evaluating those portions of the foreign 

assistance program in which it had special competence." This work has 

to extent that TVA has organized all
progressed and expanded tile 

International Fertilizer Development Staff to coordinate all international 

work conducted by the NFDC. 
This paper summarizes the work and results of this cooperative effort 

between TVA and AID and other international organizations. This work 
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Statistical Services 

Records on more than 2,000 fcrtilizcr production facilities around 

the world operating, under constructlion, planned, or shut down are kept 

on computcrs at the NFIX'. This provides an up-to-date and easily 

available inventory of fertilizcr production capabilily by product I'r 

countries, regions, or the world. This informatiol is in heavy dem'and by 

planners, financiers, imprKrters, exporters, and others concerned with 

fcrtilizer projections. 
Also on computers is information on ferlilizei consumptiol by 

country- 1956 it the prceset. This includes imports, exports. and 

consumption on a pcr capita and per liectare basis. This informat ion is iuI 

wide dcnand and. alog with this computer facility, is a basic source of 

information for such widely used publications as 
I.l:siimaletd I0,r/id Fertilizcr Prtd(icion ('aluwi .Is Rc' ".I Tl 

iulurt' Needs a biennial publicat ion b> TVA. 

2. lcrtili:crs. n,, Amal rciww tI Worlld 'rodulin. Con

sumptIifn. 'rik' nd an pIblit:atlon b) FAO.antI'cs annual 

3. Regional reviews ut supply and deniud as they iclateio sit)pelic 

coutiries or trade area%. 
The availability of this inlorination piovid s a sound hase I'or 

individual country and regionil studies, iiudiig those listed later In11hs 

publication. 

Training 

Formal courses and on the.job tiainlg ha e- been available at thc 

NIIX' hrlAX" pallicipanlts ,ilcc 1965. Formal courses ollered have 

included: 
I.Fert ili/er 'roduc tion, ,aiketing. and IIe 
2. FlrliliertI e 
3. Fcrtilier Mlahketing 
4. Fcr iliicr Plant 0.,vralol 
5. Fcrtilier Plant Mainttenance 
6. C(rroimi and lnslt1mentation 
7. FRrtilizer Quality 
8. Bulk Blctndinp 
). Iligh-lkvel Manlagelcinl Sclmnar 

Appioximalcly 275 parlicip-ts Iori some 25 developing countries 

have received lobrlal traililng (50 111IY I971 ).I'ven larger mibmr lhave
 

rcceivcd intormlal training and work exal'eluiLc (wee figure I . Ilocigu
 

visitors lim1 the I.1's make up approxiuiaely 4(Y; of ihe total lotrgn
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visitors. They account for about 65% of the total visitor days siice they 

usually stay much longer than do those from the developed countries. 
Two training manuals -Fertilizer Production, AMareting, and Use--A 

landbok fior Short Courses, and Training Manual for FertilizerPlant 

Operalors- have been produced to supplement training at the NFDC. 
on fertilizer advertising andUnder preparation are training manuals 

are designed to encouragefertilizer plant maintenance. These manuals 
training in the LIDCs. Experieuced cadres of training specialists are also 

organize training courses on aavailable from TVA to help plan and 
regional or i,-dividual country basis. The objective is not to conduct such 

to courses but to encourage former participants and others in the LDCs 
cadres are to supplement whereconduct training courses. The TVA 

courses are available to J necessary to assure that useful and high level 
maximum number of participants in the LDCs. 

Three such course:, in fertilizer marketing are scheduled IfOr FY 1972 

in Indonesia, Brazil, and Afghanistan. 

International Hospitality Committee 

Through the excellent and enthusiastic cooperation of the Muscle 

Shoals community, international visitors and training participants have an 

opportunity to visit in private homes ind participate in the social life of 

the community, both urban and rural. Although this is completely 

separate and apart from 'TVA, visitors and participants often comment on 

these opportunities to develop personal friendships as being unique and of 

great value in better understanding the American culture and way of life. 

Special Studies and Surveys 

The NIFIX' staff numbers %ome 250 ,c.icntists and engineers covering 
a broad range of disciplines atrd specialties. IThrough the general agreement 

witlh All) this competence is made available through the Technical 

Assistance Bureau to carry out agieed-ulm studics, surveys, consultations. 
etc.. of importance to the developing world. This same type of service is 

als) available to and periodically utilized by other international orga

nizations such as UNIIX), FAO, World Bank, foundations, and foreign 
governments. 

Mineralogical Characterization of Basic Raw Materials 

TVA researchers have examined and evaluated pIhosphale rocks from 

various sources. including several developing countries (Turkey. Iran, Peru, 
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India, Brazil, Colombia, Morocco, Tunisia, Liberia, Paraguay, and Saudi
Arabia). These evaluations so far have been made priiarily for research 
purposes on ways to characterize phosphate rocks for fertilizer use. 

More than 5W phosphate rocks have been characleri/ed in tie TVA 
laboratories on chemical and mineralogical bases. Although All) ulnds
have been utilized in only a few of these characteria:tins, tiy have
permitted characterization of a number of rocks that ot herwise would not 
have been included. Through these tests and experience. it is now
relatively easy and inexpensive to rapidly identiffy usable rocks and to 
suggest the type of benelfiiation and manuflacluring processes best suited 
for making phosphate fertilizers. Indications as to agronllinic response are 
also possible.
 

Some of the more pronmising such as
rK:ks those from India, Irai. 
and Colombia have been tested further at the NFIX' to determine how 
they can best be henelicialed and processed. 

Research on Tailoring of Ferlilizers for the Tropics 

The NFIX " is constantly won king on new products and fiiocesses for 
the U.S. Icrtilizer industry. Through broad stal experience and contacts in 
ileLDCs, specific frtilii.e needs are identfited and are nOw also 

recognized in this search. 
Major ef'lort at the pic mnt time is ior improved fertilizers ihr paddy

rice. Applied fertilizer, espCei:rlly inirigem. ismuch less effective 1r.der 
extreme cldilons of leaching and volatilization. lt torts to comntrol the 
release of applied ni ogen anid possibly poslrh to more nearly fit the 
needs oflthe rice plant ,ire showing p1roulse. c lcially where ssalef colilll 
is poo)l anid not con in'liv, 

Also, undei padd) cmitdliios. Ihc aailabile piosphomrrs balance is
 
quite different than fo tipland soils. Possibly 
 less sduhle arid cheilic sources i1 phosphalic fertilizers would provide Ire phosphorus needs of
 
rice. Preliminary work indicate% (hat thi trire xilan
is under soil

conditions. Once tIhese conditions 
 are delineated an tie degree of
 
solubility 
 that is acceplable is estahlishied, meconirneridalimois on roducts 
and proceses to m'hake thewe fertilizers will be posible. Ai international 
comunmillee of re,';gnizml scinllsts from Japa,. 1liePlrilipie-,. 1 lrailand.
 
India. (Pol.nri.f'c Pu.arid Iret 'irnicuI 
 States is prv1ivllinr I'ridarce irl Ire 
selection )Ifertili/ers anId illfield leslting of irest materils oil rice irr Motie 
eight to :'11oilllries over a wide range of soil mniid Irrarmagelireri 
conditions. 
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Pov ion of Ipaial Expertis to Bureus and Countries 

Although it is generally felt that TVA's primary role in international 
work is one of providing short-term expertise for wel-defined technical 
problems, longar term specialized assignments havc been filled. 

Between 1966 and 1970, one chemical engineer was assigned as a 

regional consultant on fertilizer%to Latin America. lie was assigned to the 
Organization of American States and worked with government officials, 
industries, and international organizations in the broad field of fertilizer 

priduction and use. lie also functioned as secretary of the fertilizer work 

group of the Inter-Amcrican Committee of the Alliance for Progress. lie 

wrote a series of reports on the organization and status of the fertilizer 
Industries in Latin America. 

An agricultural economist worked with the Technical Assistance 

Bureau during 1969 and 1970 in the capacity of providing technical 

assistance to AID's fertilizer procurement programs. This provided a direct 

tie with the NFDC in problems of fertilizer quality, analysis, bagging, and 

transportation. 
A research chemist with experience in foliar analysis in rubber in 

West Africa is now working with the Rubber Research Institute in Nigeria. 

lie is providing expertisc in the establishment of a soil and plant analysis 

laboratory and in training technicians to operate this laboratory. 

Work With Other Internutori Orpnizations 

USAID also encourages TVA to work with other international 

organizations. To date. this has included work will the FAO, UNIDO, the 
World Bank, the Atomic E-nergy Conmiion, the National Academy of 

Science, the US. Gcological Survey, and with governments includino 
Venezuela, Ecuador, Chile, and Peru. 

Inta, tional Fertilizer Development Staff 

A small International Fertilizer Development Staff (figure 2) has been 
organized by TVA. It is responsible to the Manager ofl the NFDI. Its 
function i6 to marshall the center's best technical expertise and capabilities 
Ior conduct of' agrecd-upon international projects and activities. It 
cooidinatls the projects and activities within TVA and serves as a point of' 
contact between TVA and the sponsoring international agency or 
organi/ation. 

7 



OFFICE OF THE MANAGER
 

Internationd Fertilize Development Staff 
Director-Donald L McCue 
Agronomist-Paul J. StaWlI 
Chemical Engineer-Owen L Livingston [ AdmiitI'rative Services 
Agricultural Economist-John T. Shields 
Training Officer-Robert G. Mueller 

DIVISION OF DIVIDSION OF DIVIDSION OF 
AGRICULTURAL 
DEVELOPMENT E CHEMICAL_DEVELOPMENT CHEMICAL 

OPERATIONS 

Educational andj Administrative Administrative 
Communications Senices Servicesrfevie 

Services 

Agricultural Resource Development Fundamental Research Nitrogen Fertilizer BranchBranc'i Branch Phosphate BranchSoils and Fertilizer Research Branch Applied Research BranchProcess Engineering Ammonia Branchntenance BranchTest and Demonstration Branch Branch 
[Design Branch 

Figure 2. International Staff as Part of Fertilizer Center Organization 



Technica Teams 

Some 50 technical teams have worked in 25 developing countries 

since 1963 (figure 3). More than 60 staff members have participated. On 

occasion, outside specialists were obtained to supplement TVA expertise. 

TVA's multidisciplinary staff is well suited to a broad range of assignments 

and can rapidly respond to requests under the terms of the General 

Agreement with AID. 
Study teams have addressed themselves to a broad range of problems. 

Some were oriented to engineering, others to marketing or agronomy. 

At times, overall studies are required and as many as five specialists make 

up a team. Such a large team might include engineering, geology, 

marketing, agronomy, and communications competence. These studies and 

surveys have served as the hasis of much in-country planning by AID and 

other international organizations in their fertilizer action programs. The 

opportunity for TVA staff members to work firsthand with the problems 

and the people of the developing countries has also contributed to TVA's 

competence in providing information and training applicable to the needs 

of the LDCs. A synopsis of the work of these teams follows: 

COUNTRY STUDIES 

South Korea 

In 1963, a three-man team-- a chemical engineer, a design engineer, 
makingand an agricultural economist spent 8 weeks in South Korea 

estimates of fertilizer consumption and advising on the type, size, and 

location of fertilizer production facilities required to meet expected needs. 

"1he report by this team pointed out that (I) Korean fertilizer use had 

reached a stage where large-scale manufacturing facilities could be justified 

on an economic and a foreign exchange basis, and (2) that urea and 

diammonium phosphate (DAP) better fit the Korean needs, from 

agronomic and economic standpoints, than the low-analysis single super

phosphate which was being consnuered for production in numerous 

the country. In addition to having a muchsmall-scale plants throughout 
higher plant food content, DAP could he blended with urea and potash to 

make needed complete fertilizers. 
Impact F illowing cl)selb tie recommenIdatins. a Jc'rilfi:er plant 

capable ofpnroucing 500,000 m'tric ns (r) ofplant nutrient was built 
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atd successfully operated in Korea. Since that time other piants hav'e been 

built atl Korea is now exporting nitrogen Jertilizers. Fertilizerand lime 

use also icreased rapidly and a s'xcond TVA teamiews requested in 1965. 

The second team made fertilizer estimates for fhe fvriod 1967.71 and 

advised on additional research and demonstration t, forts to increase 

fertilizer use in line with Korea's growing food needs. liese are reported 

in a publication titled Projected FertilizerNeed&oil Kori 1967-71. 

Ipact Projected estimiated consultion ],,r /1;/1 kiws S00,010 lilt 

as conilared with 261.000 tlused inl 1964. Convisunetin' ht' 1970 hJd 

rached neurb, 540,000 ml. Die re-port Im.s been widely a eelted and lst',, 

not only inl Korea but also b'other comntries as all appri'h to jollow di 

estimatingfertilizerneeds and us agreih fcr agnm i ., l ' r.xareh. 

This rellort is also iYonsidered and used as a text on fIrtili:es in Korea. It 

is also credited wit spurritng a rapid increave illthe list'I lilestne. 

which increased from hss Oan /00,000 tons iii 1962 to altist 750.00W 

tons ill1906. 

Morocco 

lany in 1903. a chemical engineer and in economist went to
 

Morocco to advise the governmntil on the deselo uiert of plans t'r a
 

tertilizer conieplex at Sah. Reco muendations were made in ile lechnical
 

aspects of this conpkIx foill sie of planlt to such items as sales
 

orgallizatioll plans, in-service Irailling. the ecoolloIic%of productioll, and
 

estimated market prices Ior the various products.
 

Imepact 77ce plant c l.itnucted ,losehvfollowed the 1.am re(l.m

scendations. ift)hdctioe o] excellent qualitl'1, t'entritedsuperphuoslpalt
 

leate ill1965; diatnnoniusm phoPluatt' pro(luwthila baiwd o n i Purled 

auninotnit started ill196 7. 

Ili19 a.i spent 15 days Il,n grolnist and all extelnsJill specialist 


Morocco hlel)ing to phln ;# clish progtalln to im11prove wheat pr[oduclioni
 

and to agCe upo4n the s LOp of wolk alndir AkIp Ofa Ieaii to 1irke all 

in-depth study. Recogniiing that fhe Mlolocall govelnluell Ws seliolls in 

attempting to inctease its wheat plroduclioi, an1actior plan %4as made with 

fhe goal of fertili/ng up ti 2(O),(XX) heCtarcs (Ia)as conlpared to oily 

about 50,(XX) Ia that had previously beenl leitili/ted. Admimledly, this wais 

all ambitious gFol. 

Impact Lv ihougli there tius initial dlbht av tt tl(Moro talls'
 

ability to carr' out si h at ambilion 1i they atuall,'did Jertili:
pogram. 


ace'onliegto reuI'r CInltd ititi i, e,thane ')it.; of the 2W.000) ha.
 

'The followup t.ill allaglloillist, allC4.olIoiriist, a lilni'cal
 

engineer, and an exteliol specialist spent eight weeks Iill iMocco iII late
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1966 loritulating a ltig-raiijge lerlihici plait toc help .clleviale tile ciwilry % 
whea.t defil This leami pi oduced a iepoe it kld Molrc coa ?ule oJ 
Fertilizer i Agricultunel D'elpnu'ni. It spells out lite lci hli/ei liceds 
aloing with I-colcinuelcdaljolh to impilocve 1)Iodlillh 11 ;list) lecommitencI% 
programs of' re~wxirc anid exleliion, lect ilite, (fistrihiillicc anid euarkelcilp 
systems mid lte level of lertihler piciduclion. Including Specific pliols. 
toc ileet Morocco's demiands. 

Iiat Whe/aat ptciocn has inark.%lbc muirtiui'il il1n cri. it 
/968 Ato~rocco3 whc'/ut pn,ititekion wa.%itsv largestilhiso IfScr' i1'; lar1q(r 
tanu whleni tie progrum, hiegan. iNearlic 3.50,(K)( ha ccit-lical Wtert Jeri:ecl 
in 19(c8. 

7,I11areport has lecen tru,,4ated into~ hir'nch anl Se'rves a.%c le'.thookc 
ii Morocco. The' Peace Corps also used it av a training aml rejereice 
mnanual befim-r it (ittered Ilie itliealpriagruin in Molrt pDII~i. 

Sitice I90(, smlle 25 tWinces have pa llIcipat.eil In I VA ICIcIle 
cotses, Iwo eIgl1t.'el speII itAseek% eCh 0k lug %%itIcl10t wic I VA ICligilleCis
 
at Muscle Shcoals Ito gel %pelllictcaliig in cipecalco l CtllI/ec 14.1111%
 

Iraq 

Ini Oclohe, 1910, IVA %%.i% ieequesled by Ilic lX-cl'celcicl III StaleC 
(not All)) to \enO ls%iic dicnial engiiievis [(i hail hI -saicalc plains .iecd 
lopus).)als suhicitled hI 11cSoivielt 0l110ic 10, a ciltcccgecc IC1lilaiec icciccple\ 

'Flwas to he Ilcaqt hIsII veccccce Intol tile letcliieem iccdutiy I he ceacui 
ulso was fill diccestic ume cito eSll11ile thic 1)114:1111.1I ll rcyeec lii chc111e, 
and evaliuate lite lcimpcls loii cccct .om [liei litollow~d I.4miIltQ 

The teaim lincd thait Ilic piieL lCl1tics kicde l\uilCL .111d l11.LIL a1 
c4ul)ter-plopo"isI 11.11ig file liewt-sl ledIiciloyy liii a Iiiia clcg 
Compcjlex. *Ibey il%,11 icged lii.i ~iplict cc1.11EClIk i tie\11f ce %K cs'le 
mune thlccocllly anid lhcit1 leftclciee 11"L. III i1Cewmmclkhiceidpt-i III 
mlCkedly. 

Imnpact I'lacclpl. rep'sm that hcar.tci 14-4nigd Iiicnl i /al 
chaleged the ili'c%,1 o'Iti Jernteh:cr wipe% to a iptiotr i1 'lt, lad c/ic 
whicI 1lithil tIred al 141 D mi neat, p'tiii% Ic lap~,mcwci firtm ii 

und~erstood to' be M/Ila/, #r00tr 10iii'ir 

Thailand 

iIn 't9cs. a llc1celoill Icic ild iiiei.n,1)I4lc.',ciismOejcc~c clit 

ia Icijuested I 1icilcd mc.,k c i ciC1hcl Islacii tide a
liii Ill 1u11ey 

thiiiiiuigh elilitiliulcntiali VOtlccledicinessof ct aicd lectlll/ee 11W 
Ilitougl 170. 'lite ilill8Ly ill liing loKal ligicile j% a taw ecculc fig 
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ammnonia production was noted and recommendations were made to use 
SImporied naphtha or imported ammonia. The report ulso spelled out the 

S(ertiier distribution and awkefiig system that would be needed to roach 
the 1970 gas for frruuzer uNe. 

I4mxi-Th Thailnd evpw tm been wikk*- wnd., Sewwl AwWMro 
have boom dbrdft, bwkidl, copies toull isios as all 

futiftew hautr. Steml Arneren cVMWylks hae contacted mormbers 
of the TVA teamn Prakidow Ivforvrulon to be used ho devlkola 
dese1l. prl for jenrrfw pmuduvik and nowketbe facMile& 
Iookwl4oni am tha t or~moretIchIu become !Inw In the 

pcordoenddistdbutim offerihlers InTI.I1m. 

Nigeri 

In 1965, a two-inan team-chemical engineer. and marketint 
speclalist -wa sent to Nigeri to study the fertilizer situation and to 
rocommend fleps needed to ##I Iatilla use more inOine with she need 
of the country. The team was to recommend the type and kind of 
fertwze Industry that would best suit the needs or Nigera. Upon arrival. 
It was evident that the AID mhslon InNigeria. the cantricual teams 
already there, and the Nigeran Government had not been adeuately 
prepared (r this study. As aresult. adetailed %tudywas not pousible.L 	 Coddeabetiwas I ntlinthe u n underwyand n kin; 
arragoinets for pro cotacts. Fir thewe reason not enough 
Infornatio coul be getherod to make the desired detailed 

X, recommendatlons. 
huqmt-Ahkwgh aiepMr %wmade Ito AID. Itwas mot amunsd 

&fdfor 114hew wes not dhis#ebuwsresven abuse owd :Awfiw Me 
cornlser thk #I. afebm llowwsw. It dM*ejmWi both,to AID anrd 
TVA the mad for pvdhowy phaf a the navity for JuN 

I md"*wq of ihermh "41h jiAm"nr berfive smrfb 
aitns As amal, mo1~iwWI A imm now poe to skwApftV~I 	 it5 

In F19 1, TVA speed to nake asull scientio. xpimpesld In 
Mior anly*i tealques In rubbe, mamble for up to Is months to 
owesee thes nstablunet odan ansbs laboratory and to train personnel 
to,operte such a li~ty. To date, must of the equpment has been 
purchased and Installed. The tUaWns or pefnol to make Itauoces. 
however, has not proceede to the ent expected due to inmumnal 
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Turkey 

Late in 1965, TVA was requested to make a fertilize survey for 
Turkey. To assure complete understanding it was agreed to send an 
advance two-man learn to determine the scope of work and makeup of the 
tearn in cooperation with the Turkish Government. Agreement was 
reached and a five-man team economist (member of' th advance team), 
agronomist, chemical engineer experienced in phosphale Iproduction, 
chemical engineer experienced in nitrogen production, and mining 
engineer was sent to Turkey in February of 1966. Membeis of the team 
spent up to 3 months in Turkey. 

Major accomplishnents of the leanm included: (I) A complete 
evaluation of phosphate rock deposits and their feasibility for use in 
making i hospihate fertilizets. This study indicated that pholplhate rock 
from Turkey would cost an equivalent of $65/to; rock could be imported 
for about SI S/ton. (2) A review of fertilizer use by crops, plus an estiimate 
of Ie[filiter needs based on inin in in lood requirements I-or tie next five 
years. This included the types and amounts of lertili/ers required for 
specific crops. (3) A complete economic analysis of tile fcasibility of 
I'teiluet production. T'his study indicated that Iertili,er consunplion had 
reached a stage that would supixnt large.s, :de product ion. Further analysis 
showed where produclion latlilies should be localed and the type of 
maleli IbaIl should be niade. 

IttJout Ilic genhral rt llmittivikladlitits fi thitsIt-ai hale hCen 
Jollusvl in huilditga Jerrili:rrindustrY Jur hIrlcy. (a) I'lans fJir mining 
Ihspiat roc in TsirA v' ha'o h s oti.(thliim(d at a saring of from $4( 
/to $30111it o it A, /htoAi/splalc rot-A will nolt, n'rihmIrountess explortlions 
rt'sult 'r,a lp'llergiude itnJirial ti Iht, Jutur'. (fl) IaPtihiittsare c'ilhir rting 

onstreledor dmmordiI a!l/ch iii Jour planl site%recol'ottelnwlidd. ioruhiwt 
Inix a/ I/ic ha,:esbr.t'ien chatg,' it' soil' excnt lfr'm I/lrot'e 

rE'Imrnret'hIIIl, htotal' lUclti'S art, 1't'-lng imtild as recontii ild. (c) 
Ai t.qrlutctl full lItme pic alist 1mv hrd hv AI. as recomnrten(ded, 
Ihrllghl 'A' help. 1711% i/caltsi has htrn itInittienialin ihicraipitg 
Ioi.al t-rlh::i'rtise It hirAe ai&l Imr/clwnlig Ii' arralge for I'.S. exporls of 
ferltz t) IiaI 'ttin rr. (i1 IlIrtuglh IA '%ritimil'Ainoirs. Jirlii:cr 

ihn/rlaS art- / 'en uw'il it) "sI i/w marAclh for ii Jullte 'la i. (e) 
TI'A has I,'g reu0usIet'd /' it Ili.lith (,cit''ncl itIu llp cr luae 
funumerious ,iris t hah -o ar/fliett nItfloi lIutlr i Oiln wlker. (J) 
Irrili:er 1,1llrurlplhl emltiral"s pi,edrtr Il I hf lIo' . Iy 196)9 Turk'y 

wi alrdm,' usirig I/re aot'ilmni t l Ii' inol ill I V 7fs.tlhdo 

)rumig I'67. thc es momMnr arid th1c t.helmal criiwcr of tile fitt 
learn were le, ried fit '1urkey Iwit. hor #.. nrltatroni, 1 heir piiiy 'll"Ir 
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on these trips was to evaluate proposals by various U.S. companies for 

producing fertilizers in Turkey as compared to importing needed fertil

izers. Recent reductions in world fertilizer costs made the reconsideration 

particularly advisable. This team established that ammonia would have to 

be imported at $35/ton or less to convert to animonium nitrate to 

compete with locally produced ammonia which could be converted to 

urea. Also, locally produced phosphoric acid should cost no more than 

$135/ton of P2Os to compete with imported finished phosphate 

fertilizers. 
The end-of-tour report by an AID fertilizer advisor in Turkey dated 

July 1971 states, "The State Planning Organization adopted almost in toto 
the recommendations of the TVA study, and implemented them inl the 

second S-year plan. In the last 4 years Turkey has invested a total of 

$120 million in fertilizer plants." 

Afghanistan 

An advance team agronomist and economist spent 17 days in 

Afghanistan duting September 1960. Its study indicated that an all-out 

effort would be required to increase fertilizer use t-) pioduce the food 

grains needed. As a result of the report of this team. TVA was requested to 

send another team. 
In late March of 19 7 TVA sent a three-man team agronotist. 

economist, and chemical engineer to Afghanistan to give overall guidance 

to the development of a fertilizer industry in line with present and 

projected fertilizer needs in Afghanistan through 19 i. This will present a 

substantial challenge since Afghanistan's agricultue temains in a rather 

primitive state. 
The followup tean spent about 2 months itl Afghanislan. The report 

was completed and Washington transmitted it to Aflghanistarn. flhis report 

reviews fertilizer use in A'ghanlistan and sugg,?sts research. demonstration, 

and action programs to increase the itc of fertiliers to alleviate the 

growing food defii. Fertilizer projections based On increased emphasis 

programs are made to 1977. Other than tile Russian-financed anillolia

uwea complex in nothern Afglanist m. no additional production facilities 

canl be justified before 1972. when the estitiated fertilizer use will be 

13,000 tom N and 10,0(M) tots P20)5. Due to Afghanistan's inaccessibility 

and high cost of importing, fertilizer production facilities cannot be 

considered on tihe same basis as foi countries having free access to ocean 

shipment. Therefore, it appears that it may be necessary for Afghanistan 

to first build single superphosphate facilities. If an adequate petrochemical 

source of hydrogen is not discovered, electrolytic production of ammonia 
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using hydropower that presently is unused may be the best consideration 
for nitrogen fertilizers. 

Impact - Fertilizer use has increased rapidly. Itis reported that by 
1970 nlitrogel use had reached 15.000 tons 'fttrient.Phosphate use has 
increased much more shwlt with v'irtualli no dependable market heing 
established. 

Afkhanistan recognizes that its major problem is. and for some tite 
will continue to be, one offertilizer distribution and marketing. To help 
oa'ermtn,e this pnblent. a Piw participants have beei sent to the U.S. fi~r 
train.g8 . TI',1 also has been requested to help in conducting a miarketing 
cmurse in Afghanistan early in calendar year I V72. 

Pakistan 

Al advance team consisting of a chemical engineer and allagronomist 
spent 3 weeks in Pakistan during March.Apiil 1967. The major objective of 
the team was to outline the scope of work for a larger study ol fertilizer 
production, distribution, and use in Pakistan. 

The team recommended that a fOllowup ftour-man TVA team spend a 
ImlaxJitli of 2 months in West Pakistan to develop a detailed analysis of 
fertilizer needs and production and marketing posibilities. Because the 
agricultural situation in East Pakistan is so different. the team teco|n. 
mended that two members of the main leamn spend several days in East 
Pakistan to out line the scope for a possible ttlre team to tl'is part ot' the 
countrv. 

Int'l .,lilhough the'- hare been niumerous disc'tu.s'iis about at 
Jolhlwvup teatm none /Wa:.been re-quested. Ti'I has been conitactedabout a 
Jertili:erdealer training program in IPakistan and ha.v firit shed a 1n1mmnthr 
of inforimational items containing guideline fur setting q a good dealer 
training program. 

Venezuela 

)uring the month tof' )eceinbei I0(i. a Ihiec-nan TVA team 
agronomist. clemical engineer, and mining engineer visited Venezuela at 
the request of the histitto Venc/olano de 1etrtoquimica I IVPT1. lie team 
reviewed and made sugges tiois oI thice basic problems concerinug 
fertilizers: (I) phosphate rock mining operations ;itRiecito, I2) chemical 
engineering aspects of a proposf'd I VP fertilizer plant expansion at Nlt on; 
and (3) agronomic aspecl of IVP's fertilier pltogram. 

Impact Follo.ti uo thi.A stud.|* amd m erotis cota,'.%ivith /' 
personnel indicate that significant c'hang'es are being mah in plant dhesmg.m 
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a well as in sales and services programs in line with recommendations in 

the report. 

India 

Since 1965, continuous contact has been maintained with India. 
Eight different groups have been called to India to work on a broad range 
of problems. Annual participation in the Fertiliser Association of India 
seminars has become expected. Major accomplishments include a plan for 
reorganization of the public sector fertilizer organizations to meet the 
needs of the coming decade and to work harmoniously with the private 
sector and cooperatives 

Impact-It is understood that these recommendations were 
Implemented along the lines suggested. 

A team of engineers spent about 3 months workinig with the 
Trombay unit in helping overcome operational and maintenance problems. 
A stepwise plan for altering existing plant and operational procedures was 
drawn up and presented to the Trombay staff. 

Indications are that these alterations are being followed and a much 
improved production record is being attained. 

In 1970, three TVA engineers, specialists in maintenance, corrosion. 
and instrumentation, were contracted to work with FCI and FACT 
production units. As a result, a plant-by-plant evaluation and plan of work 
was established in an attempt to improve production. It was pointed out, 
however, that in many cases other factors, especially power supply 
problems, are overriding limitations which must be overcome before 
production can reach accept ible levels. Also in 1970, a TVA engineer was 
requested to participate in a seminar on corrosion for FACT. As a result of 
these teams a continuing stream of correspondence is received requesting 

advice on in.plant problems. 
India continues to send the major part of participant trainees to TVA 

courses. During 1971 a total of 26 Indians participated in marketing 

courses. Other participants included engineers, quality control officials, 

and high-level management. 

South Vietnam 

A three-man team-chemical engineer. agronomist. and economist

spent about I month in early 1967 in South Vietnam evaluating that 

country's fertilizer Industry. A coal mining and utilization specialist was 

attached to the team to evaluate coal reserves. 
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One of the major objective of the team was to evaluate the teclrical 
and economical feasibility of the proposed fertilizer complex at All lba. 
Generally, Ahe analysis showed th:' in view of tile tremendous investment 
already made, proceeding with the fertilizer complex would he heiter than 
any proposed alternative use of facilities. F~ro m a technical standpoint, 
some facilities might he considered obsolete, yet overall they should be 
capable of satisfactory operation. Anot her factor, and one which the , am 
could not deteimine, was whether the area could be secured and made safe 
for use as an industrial com)lex. The study also made recommendations 
for planning tow.,rd a nitrogen fertili/er complex in the Mekong Delta and 
outlined plant nutrient nccds of the country over tie next several years. 

Economic analysis showed that considerable savings in fertilizer costs 
could be achieved by imlorting finished high-analy:ds phosphate fertilizer 
rather than ground phosphate rock, as has been done to a considerable 
extent in tile past. The teain also enphasi/ed that South Vie.-tnam's 
long.range plans I'M a fertilitcr industry should irovide for partilepation o ' 
private fertilizer companies. 

inilvic 7"h' .ln I1ita dlant has not been 'onlinuelas Ih aru could 
not be secured. ReminmiencItions onichanges il distribition priu uhri, 
and practices were agre to in rl. / 9IMY and sulkx /Jnage werv'de.luu The 
eConomist inember of Ill tan has been retalh'd s'v'eral tili's to rt'view 
planis andl 1,rgress. lit, spent 3 weeks inl South ieutniam inl Adt 1908 as 
Ikrt o] tis review and iroe afolloiit) the onii,,alDeport spellingt out 
theIrogress to daft, and recot, ,enling. fixture steps ill Iic efjo'rl. 

I Alril 1971 antothler team,,was r.quest(J. This Iean ws s ed to 
review I/hree IptfIxksaJfr /it, coflstrniti if ferti/er p/ants in Vietnam 
and to fuirther advise oi t e tpe of facilities best suilml raider present 
t-optiios in Vietn andI i/ic imtd fertifi. cr situationl illgenleral. 

Uruguay 

uring Februmy-Machh 1967, a chemd l engimcer spent 7 weeks 
studying the /thuguayan leitali/r inaiket, industi , and lxlerillal for 
lanulaltui ig devwlopmi LntThi study was is .'ollahoat ou wilh 'lie 
Inter-Aiierican (' tmlittee (ill the Aluncame hur Iror',s (CIAP). 

lie reporl indica es Ihl addlimja: phiosp ia e pi)ductlion lac iles 
appear warranted il tie iiext few years, to incel fite growing demand for 
fertili/ers. Lxpanmdcd n eds ton nitfnlell aid lotah. howevel. plnohly 
cal he hetter tatslied thlough ilnuptits With a dotitmmt agi ihtultharal 
economyli Iliquay, anid at leastIl Y, t ile hllill ide m.omle derived 

oit pitidukcts bertm. 
einco)ragie agmuiciltuial dtvemslll.alt n and impliove the export pieute. 

flout expont livesock Fieaten use ot mlmicrsuld 
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Peru 

A three-m, n advance team-agronomist, chemical engineer, and 
economist-spent 2 weeks in Peru during June-July 1967, cvaluating a 
proposal for establishing a nitrogen plant in northern Peru. They also 
discussed with the Government of Peru and industry officials the possible 
need for additional studies of Peru's potential for fertilizer manufacturing 
and for developing an effective fertilizer marketing system. 

The team found the urea-amnmonia complex to be adequately 
designed (conventional), to be well located from the standpoint of both 
internal and external markets to fit Peru's needs from the agronomic 
standpoint, and to be justified since Peru already needs about half of its 
production in its internal markets. Questions were raised, however, on the 
internal pricing and on the lack of plans for "seeding" the market so that 
Peru could receive full benefit from this production facility. 

The advance team also pointed out the need for additional efforts in 
the fields of education, demonstrations, and improved marketing. As a 
result, TVA was asked to work with the Peruvian counterparts to draw up 
plans to implemeat programs that will increase fertilizer use and decrease 
the necessity for importing food crops. 

Inpact-Due to TVA 'scomments on pricing and "seeding" efforts, a 
second marketing proposal presenting more realistic internal pricing 
policies andindicatbiga major effort in "seeding"prgrams stus drawn up. 
To assure TVA concurrence in this new pmposal, the TVA tant hader 
ws recalled at the company's expense to review plans with consortium 
representatives. 

During November and December 1967, an agronomist and comnmuni
cations specialist spent 3 weeks in Peru. They visited and interviewed 
fertilizer distributors, sales offices, government education and develop
ment agencies, farmers' associations, and farmers along the Coast and in 
the Sierra. The prcliminary data were summarized at TVA and plans made 
for completing the study. In January, the agronomist and communications 
specialist returned to Peru, accompanied by an economist and a chemical 
engineer. This team spent 6 weeks studying the potential fertilizer market 
and other factors relating to fertilizer distribution and marketing. 

The team found an unattended need for phosphate and potash 
fertilizers, a low level of Litilizer knowledge among dealers. practically no 
fertilizer merchandising program, and a tax structure and distribution 
system hindering expansion of fertilizer use. Recommendations were made 
to start training prtorans, establish bulk bhc,,.!inP plants. beein marketing 
anhydrous annimoia in) certain areas, revise and remove certain taxes, limit 
the geographical area where guano is sold, and alter the method of 
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subsidizing high-cost domestic fertilizer production. The team also made a 
special report to AID/Peru concerning a fertilizer loan designed to increase 
the efiectiveness of fertilizer education and promotion programs and 
rapidly increase fertilizer use. 

hnpact-The report has been published and distributed. Even with 
the changes in govcrmnent, AID indicated that the rc'iort was being used 
and the changes in line with the recommendations had been made. 

Tunisia 

During June and July 1968, a two-man team made a study of the 
Tunisian nitrogen fertilizer situation. A report titled Nitrogenous Fertilizer 
Requirements and Potentia.; fix Local Production is available for 
distribution. This report estimates the nitrogen fertilizer needs for the 
Tunisian wheat program and compares methods for meeting these needs 
through import or by local proluction. The final decision on how to meet 
these needs will depend on the value placed on foreign exchange. 

Saudi Arabia 

During July-August 1968, a two-man team, sponsored by the U.S. 
Geological Survey, made a feasibility study on mining, processing, 
transportation, and marketing of Saudi Arabian rock phcphate. They 
evaluated mining, beneficiation, arid processing of the rock to finished 
fertilizers. The prospects for marketing on the world market in light of 
only limited domestic demand should be the determining factor if this 
project goes forward. This report made to the Saudi Arabian Government 
and the U.S. Geological Survey is being utilized internally and to date no 
outside distribution is possible. 

Indonesia 

In May and June 1968, a joint USAID/TVA team was sent on an 
emergency basis to cvaluate the current needs for fertilizers and the ability 
to receive, store, and distribute fertilizers in Indonesia. This team 
emphasized the need for further help in marketing. 

In September 1969, an agronoiist and an economist returned to 
Indonesia to consult with the Indonesian Government and All) on 
distribution and marketing problems. The report from this study entitled 
Fertilizer Distribution in Indonesia 1969 points out the need for il e 
coordination in importation and sales efforts, the need for better 
inventory and sales records, and the need for a much more aggressive sales 
effort as short-run solutions. 

20 



It further recommends that the marketing division should consider a 
complete reorganization of its staffing and sales effort to make it more 
efficient and better able to handle the anticipated large increases in sales to 
a more diversified group of farmers. 

In February 1970, the team was recalled to Indonesia to further 
expedite the recommcnded reorganizatiop. Two reports, A Followup 
Study on Indonesian Fertilizer Distribution Problems and A Reorgani
zation and Marketing Program fir P. N. Pertani were published. They 
noted the changes being made and outlined additional changes that would 
be beneficial to the fertilizer industry of Indonesia. Special eniphasis was 
given to the dire need for training in marketing and for a full-time 
management and marketing specialist to help implement the suggested 
changes. 

In September 1971, TVA was contracted to conduct the first in a 
series of fertilizer marketing training courses starting with high-level 
management. TVA was also requested to supply the m3nagement and 
marketing specialist. This specialist is a part of the training teai and 
expects to start a two-year assignment in Indonesia in early 1972. 

Iran 

In late 1968, a chemical engineer spent 4 weeks in Iran evaluating the 
technical and economic prospects for utilization of Iranian phosphate ore 
for fertilizer production. A report. entitled Prospects for Utilization of 
Iranian (Shemshak) Phosphate Ore fir the Proluction of Fertilizers, was 
issued. This evaluation points out the problems of using the common 
sulfuric acid acidulation on this rock, but suggests that the production of 
normal superphosphate or nitric phosphates is a possibility. Advantages of 
such a complex would include: closer proximity to present market, the use 
of Iranian raw materials, low foreign exchange outlay arid provision of 
work for 600-800 people in an area iresently depressed due to decline in 
coal mining. The disadvantages would be: low analysis material: low water 
solubility of phosphates, which might not be desirable for the high pli 
soils of Iran; and conpetition from the huge nitrogen plants in southern 
Iran that use very cheap raw materials. This project was funded b) the 
United Nations hid ust,i.l Development Organization. 

Impact As a result of this study tie United Nations contracted with 
TVA to conduct "bench tests on phosphate rock to determine its 
suitability for manuifacture of nitro-phosphatw fertilizer: conditions of 
calcination, degree of grinding. conditions for acidulation with nitric and 
sulfuric acid. rates and efficiency of filtration and washing, exploratory 
ammoniationand granulation tests." These tests have been completed and 
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a publication, "Report of Bench-Scale Studies of Nitric-Sulfuric A cidu
lotion Process for Use of Iranian (Shemshak) Phosphate Ore", has been 
submitted to the U.N. 

Chile 

In May 1969, a two-man team spent 2 weeks in Chile considering a 
proposal for a study team from TVA to advise on the best method of 
supplying Chile's fertilizer needs over the next decade. Both local 
production and importation are to be considered. It was agreed that TVA 
could make such a study but only after demand figures were furnished by 
the Banco del Estado from a study being conducted tinder contract with 
A. T. Kearney Company. 

In January 1970, drafts of the Kearney study were furnished to TVA 
and the Corpowacion de Fomento of Chile requested that TVA make this 
supply study and relate it to the needs and the production potential of the 
other Andean ccuntries. This study was made in late 1970 and a report, 
FertilizerSupply Study for Chile, has been presented to CORFO. 

Bolivia 

In June 1969, a two-man team spent a week in Bolivia advising on a 
fertilizer loan and agiecing upon a scope of work, timing, and staffing 
needs for an in-depth study of the Bolivian fertilizer situation as further 
backup of an anticipated AID fertilizer loan. 

The second team--an agronomist, an economist, communications 
specialist, and a chemical engineer--spent about 2 months, September and 
October, in Bolivia collecting data and information for this study. Due to 
political problems in Bolivia it was necessary that the team leave Bolivia 
prior to completing the study. Through correspondence, adequate infor
mat ion has been received and the report, A Fertilizer Program for Bolivia, 
was issued in June 1970. 

Ecuador 

i,June 1969. two engineers were made available to work in Ecuador 
with a fertilizer production facility based on TVA design that was having 
trouble in reaching design capacity and producing high quality fertilizers. 
These engineers worked directly in the plant and were able to suggest 
design changes to work out the problems and train operators so that the 
plant could operate as designed. 
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Colombia 

In June 1969, an economist and an engineer spent 4 weeks in 

Colombia helping to establish fertilizer use goals and identifying problems 

in fertilizer production facilities and blending plants th:it were preventing 

manufacture of high-qulity fertilizers at reasonable cost. In February 

1970, two engineers returned to Colombia to further consult and advise on 

design changes, maintenance, and operation of these plants to make them 

more efficient. Their report, Engineering Evluatirn ofSelected Fertilizer 

Production Facilities in Colombia, provides both short and long-term 

suggestions for improving the production from 	these plants. As a result, 
has contacted TVA forFertilizantes Colombianos S.A. (FERTICOL) 

this work. The first effort will be forfurther assistance in carrying out 
FERTICOL to send two or three engineers to TVA to work on redesign 

and to contact equipment and construction firms to effect these changes. 

Brazil 

In late 1969, a three-man team spent 4 weeks in Brazil considering 

the possibility of making an overall marketing and distribution study. 

While in Brazil it was discovered that ANDA (the National Association of 

Fertilizer Manufacturers) had proposed a similar study to be financed by 

Brazilian funds. The team recommended that every opportunity should be 

given for this study to be made by this Brazilian effort. TVA agreed to 

advise and consult to help make this study more effective. ANDA has been 

working closely with the International Fertilizer Development Staff of 

TVA in planning this study. In November i970 a two-man team -an 

engineer and an economist was sent to Brazil to review this study, which 

has been delayed as a result ol contracting difficulties. Through ANDA, 

Brazil has requested that a I-week course in fertilizer marketing he 

conducted for high-level ma nagement prsonnel during November 1971. 

Paraguay 

In January 1970, a two-man t am spent 10 days in Paraguay helping 

to justify and write a loan paper for $1.5 million to cover fertilizer imports 

for 1971 and to agree upon a scope of work, timing, and staffing of an 

overall study of the fertilizer situation in Paraguay. It was agreed that TVA 

would consider making such a study during Set tember-November 1970 

and that it would require three men for a period up to 3 months to 

complete this study. The suggest iou was made that the North Carolina Soil 

Fertility Project be brought into this study and possibly furnish the 
agronomic expertise as needed. 
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This study was made in September-October 1970 by a team 
composed of three TVA staff members, an agronomist from North 
Carolina Slate University, and ageologist from the U.S. Geological Survey.
The team also looked into both phosphate rock and limestone deposits in 
Paraguay. The result of this work is reported in a publication entitled 
Lime, Fertilizer, and AgricultumlPotential in Paraguay. 

Philippines 

During March and April 1971, a TVA economist and an agronomist 
spent 7 weeks in the Philippines in ajoint effort with a Technical Working
Committee of the Presidential Fertilizer Commission. The objective of this 
study was to provide the Philippine Government with alternatives for 
further development of its fertilizer industry and to advise on ways to 
improve distribution and use. A report, The Fertilizer Industry in the 
Philippbies, was issued in July 1971 on parts of this work. 

Kenya 

A TVA agronomist-chemical engineer team spent 4 weeks in Kenya
during November 1970 making a preliminary survey of the fertilize. 
situation and relating it to other East African Community countries. A 
report entitled Preliminary Survey of the Kenya Fertilizer Industry
includes estimates of fertilizer use in Kenya and neighboring countries and 
presents some alternatives for Kenya in establishing its fertilizer industry.
The report further spells o'it the objectives and scope of work should this 
study be continued. Kenya has expressed interest in additional work. 

INTERNATIONAL RELATED STUDIES 

Country Studies 

* I. Korea Mixed PlantFertilizer for Korea: Project Evaluation. 1963. 
2. Projected Fertilizer Needs for Korea, 1967-71. 1965. 
3. Morocco-Role of Fertilizer in Agricultural Development. 1967. 
4. Report on the Development of the Turkish Fertilizer Industry. 1966.

* 5. A Report on the Thailand Fertilizer Situation and Potential. 1966. 
* 6. Survey of Fertilizer Use in Nigeria An Evaluation of Potential 

Demand and Methods of Supply. 1965. 

*Not available. 
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* 7. The Role of Fertilizer in the Agricultural Development of 

Afghanistan. 1968. 
8. 	Tunisia-Nitrogen Fertilizer Needs, Alternatives to Meet Needs. 

1968. 
* 9. The Report of the Fertiliser Study Team- India. 1968.
 

*10. The Trombay Unit of the Fertiliser Corporation of India, Ltd. 1967.
 
*11. Uruguay's Fertilizer Supply and Need. 1967.
 
*12. South Vietnam-An Evaluation of the Fertilizer Industry. 1967.
 

13. 	 Peru's Fertilizer Distribution and Marketing System. 1968. 
14. 	 Phosphate Deposits in the Sirhan-Turaif Area of Saudi-Arabia 

Mining-Processing, Transportation-Marketing, Feasibility Study. 
1968. 

*15. Prospects for Utilization of Iranian (Shemshak) Phosphate Ore for 

Fertilizer Production. 1969. 
16. 	 Fertilizer Distribution in Indonesia- 1969. 

*17. 	 Report of TVA Technical Team's Visit to Instituto Venezolano de 

Petroquimica, November 29-December I1, 1966. 
18. A Fertilizer Program for Bolivia. 1970. 

"19. 1970 Follow-up on Indonesia Fertilizer Supply/Demand Situation. 
20. 	 Engineering Evaluation o? Selected Fertilizer Production Facilities in 

Colombia. 1970. 
21. 	 A Reorganization and Marketing Program for P. N. Pertani 

(Indonesia). 1970. 
*22. Fertilizer Supply Study for Chile, 1971. 

23. 	 Lime, Fertilizer, and Agricultural Potential in Paraguay. 1971. 
24. 	 The Fertilizer Industry in the Philippines. 197 1. 
25. 	 South Vietnam's Fertilizer Situation and Alternatives for 

Production. 1971. 

Others 

I. 	Estimated World Fertilizer Production Capacity as Related to Future 
Needs. 1966. 1968. 1970. 

*2. Seminar for Latin American Feililizer Executives Proceedings. 1967. 

3. 	 Imnportano of Water Solubility of Phosphorus Fertilizers. 1966. 
4. 	 Economic Evaluation of Producing Mixed Fertilizers in India by 

Ammoniation of Triple Superphosphate vs Ammonialing Phosphoric 
Acid to Diammonim Phosphate. 1966. 

5. 	 Ocean Shipment of Anhydrous Ammonia vs Urea-Ammonia 
Solution. 1966. 

6. 	 Economic and Technical iEvaluation of Overseas Shipment and 
Utilization of Elemental Phosphorus for Fertilizer Production. 1968. 
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7. Economic Evaluation of OvCsCaS Shipment and Utilization of 
Phosphoric Acid fOr |erlilizer Prllucion. 1968. 

8. 	Characteristics olf Itie Woild Fcifilicr Industrmy Pliosphatic 
Ferlilizers. 1968. 

9. EconoIic Colilparisoii f Overseas Malniilactile and Iinporialita iol 
Anhydrous Aniioiia. 19(9. 

10. 	Technical and Economic Ihaluali o fFertilie, tInelinedidles for 
Use by Developing Countries. 1970. 

* 1, TVA's International Fertilier ifflort. 1969. 

12. 	TVA's International Feriilizer hlograis. 1970. 1971.
 
13. 	Producinig Granular Fertilizers. 1970.
 
14. 	 Design of lquipmentito Piodice Phosphoric Acid 110111 Elemental 

Phosphorus. 1970. 
15. 	 Iligh-Yielding (Cereal% ald Fcrtili/er I)eniid. 1970. 
16. Directory of U.S. Port Facilities foli po 1970.litilig Feriimi.ei 
17. 	ProspectusIfor Training Courses. 
18. 	Taining Manual Fertilimem Production, Mirkelinig. anld 1 I)70. 
19. Training Manual for ieililiter Plant Opeiahis. 1970. 

*20. Comparison of Urea Processes. 1970. 
*21 . Recent Advances in Fertili/er Technolhogy. 1970. 

22. 	 iuture Prospects lof ileiiilal Pliosphlnhn u and i[uice Acid. 1970. 
23. 	 Urea Techlillogy: A ('illcal Review. 1970. 
24. 	Techiolegy and I-coioniics of Complex Feililih odtdiction. 1970. 
25. 	 A Case Study off the Feasibility oSill hpilig hulk Ilica. Fetfiliier 

Under Tropical Conditions. 1971. 
26. 	 Nutrition oflMai/e. 1971. 
27. 	The Feasibility of Shipping liilk herllli/ier Mater1,i Ito I)cvelopiing 

Countries. 1971. 
28. 	 Economics fitSulfuric Acid Ploduiclion. 1971 
29. 	 Irii e)rVenienl in -tlicieicy lt Ilandling ll-jgaI emIilicm. 1971. 
30. Nu rition ot Rice. 1971. 
31. 	 Changes inthe World I-etiliei Miarkel and !:11(cl on Ili (!-NI0
 

Count ries.
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