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Introduction

In any stud: of the fertilizer industry the phosphate portion must
take 8 predominant place. It was from the phosphate industry that the fertil-
izer industry as we know it today developed. 'I'he indusntry began with the use
vf sulfuric acid to acidulate bones to make phosphorus more availsble and has
evolved into an industry vital to the world's welfave.

Elemental phosphorus was discovered in 1669 by Hennig Brandt of
Hemburg, Germany. As was the case with most chemists of his dsy, he tried to
keep this discovery a secret, but other chemists scon found out how to make
phosphorus and discovered it in many chemical combinations. They also found
that phosphorus is an essential element for every living cell of both plants
and animals.l

Over a hundred yesrs later, Sir Thomas Malthus brought forth his
theory that overpopulation and mass starvation were inevitable. Since that
time we have continued to hear this concept. Dire forebodings, at times, have
bordered on complete defeatism. Yet today, more than a century and a half
leter, the world is feeding its people--in many cases, much better than before.

The Malthusian theory has been proven wrong for several reasons.

New productive lands have been brought into agricultural production, new varie-
ties of crops have been discovered, new methods of cultivation have been
developed, vast acreages have been irrigated, and the use of fertilizers has
prevented our soils from becoming depleted and nonproductive as envisioned by
Malthus.

All of these factors, with fertilizer in the forefront, have combined
to keep food production in developed nations in step with population increases.
In fact, world food production per capits has increased over 1953-57 levels.

In the developing regions, however, per capita food production is decreasing.
The increased pnpulation pressures on the food supplies in these areas challenge
the world fertilizer industry to continue its technological achievements and
further expand its production in order to maintain per capita food production

throughout the world.



‘This paper deals with phosphate fertilizers--an engential part of
any plan to increase world food production. It wlll delve into the short-
rangc supply and demand situation for phosphates snd into some of the probable
short-range trends in the product mix of the phosphate industry. Phosphate

rock, the basis of all phosphate fertillivers, also is discussed.

World Trends in Phosphate Fertilizers

To explore the future demand for phosphatic fertilizer on a world-
wide besis, & look should be teken at past and present trends in the use of
phosphates in the various regions of the world.

In 1955 more than 7.5 million tons ot Py0s was consumed as fertil-
izer. Over 5 million tons of this was used in Western Burope and North America
and over T million tons was used in the more developed areas. Only 400,000 tons
was used in the countries which we designate as developing countries.

Use of Po0s has increased in every ares of the world. On an absolute
basis, the big increase has been in the developed areas. In 1965 these areas
used over 12 million tons of Ps0g--an Increase of almost 5 million tons. It is
significant that almost 1-1/2 million tons of this increase was accomplished
in the countries of Wesiern Burope where agricult .re is most intensive. 1In
‘North' America the total increase during this period wes 1.1 million tons of
P20s5. 1In Eastern Europe the increase amounted to 1.6 million tons.

The developing countries showed an increase of 1.5 million tons in
this 10-year period.3 Table 1 shows the increases that have occurred in Px0s
consumption between 1955 gnd 1965 and the estimated 1970 consumption. Much
hes been made of the percentage increases in Ps0s consumption in the developing
countries--an increase of well over 100 percent. These incresses must be
viewed, however, in terms of abgsolute figures if a supply-demand balance for
future years 1s to be obtained through proper planning.

Many have pointed out that in the period 1960 through 1965 the rate
of increese has been considerably higher than the rate during the previous
5 years. Some hiave suggested that this recent increaned rate of consumption
can be extrapolated indefinitely, or for at least 10 or 15 years. Very few
market analysts, however, are truly expecting such an occurrence. It is possible;
it is to be hoped for; it 1s even quite probable in the short-run. But can we

expect such increases to occur cousistenily over a long period? Have we reached



s "millenntum"” In which worldwide political and economic stability is pufflclent
for a rapid and uninterrupted growth?

Some researchers have contended that most of the recent increase in
fertilizer use in developing nations has been more a function of forelpgn aid
programs than of a truly effective demand. If this is the case, then further
expansion of the fertilizer market in these developing nabions might well depend
upon further expansion of foreign aid programs. Will the developed notions be
able, and willing, to conbtinue increasing these programs involving fertilizercs?
This may well be the most important question in making forecasts of future demand

for fertilizers.

Demand for Phosphatic Fertilizers

Within the past 2 or 3 years we have seen various and sundry estimates

"woost [}

of "requirements for," "need for," and "demand for" fertilizers of all types.
Estimates have varied widely--some apparently based upon straight-line projec-
tions of past trends, others based apon other types of projections. Tremendous
increases in "requirements for" and "need for" fertilizers have been indicated.
These estimates as they were made generally have been bounded by such parameters
and under such assumptions as to make cach of them accurate if taken strictly
within context.

Several estimates have been made of fertilizer "requirements.” These
estimates have assumed that world popnlation will continue to expand et a con-
sistent rate. They are also limiled by the assumption that world population
will "need" so much food bto maintain a minimum diet. One projection of this
type, by Mr. L. J. Carpentier, predicts that by 1970 plent nutrient require-
ments in developing countries alone will be about 4.0 million tons of Pg0s.

Mr. Anthouy E. Cascino of IMC has set a 1980 goal for total world "requirements"

g FAD has quoted a suggested

of over 113 million tons including N, F20s, and Kz20-
"need" of 53 million metric tons by 1970 and 80 million metric tons by 1980.
Extrapolations of 1948-1963 growth rate of world fertilizer consumption, made by
Ewell, indicate that 100 million tons of plant nutrients will be used by 1980,
with 25 million metric tons being P205.7

Many other estimates of "requirements" or '"needs" have been made.
Among the latter are those made by TVA in a study entitled "Estimated World

Fertilizer Production Capacity as Related to Future Needs."8 In this estimate



the world "requivemants" by 1970 will exceed 67 miliion metric tons of plant
nutrients. No breakdown was made on how much of this would be phosphates.

In contrast to this large number of studies of "needs" and "require-
ments" few projections have been made of actual consumption ~f fertilizers by
1970. Dr. Russell Coleman of The OSulphur Institute has made what 15 considered
to be the best appronch to answerlng this question. Of course, Dr. Coleman
also had to make cevtain assumptions as to the stability of the overall polit-
ical and economic picture. His estimntes also Include the thinking of many of
the worldwide leaders of the fertilieer industry. His projections of probable

actual consumption of fertilizer, as indicated in Table 1, fall well below the

" 1"

estimates based on "requirements”" and "needs. They are far above anything the
world hos seen in the past. Tor example, phosphorus will increase almost 50
percent by 1970. These projections indicate consumption of approximately 57
million metric tons of plant nutrients by 1970 as contrasted with the 196k use
of 37 million metric tons. Projected use of phosphate as fertilizer exceeds
18 million metric tons as contrasted with 12.6 million metric tons in 196L.
Also to be noted is the fact that these fipgures exclude Albania, Mainland China,
and the other Communist countries of Asia for which statistics are not available.9
Regardless of the type of estimate used, one thing becomes cleer in
any study of the phosphatic fertilizer market--this market is expanding. It is
growing more rapidly than is the total rate of industrial expansion and it can
be expected to do so for many years. As will be pointed out later, tremendous
expansions in productive capacity for phosphates are already under way. Most
analysts expect that probable expansions in the demand for phosphatic fertil-
izer, along with that for the other plant nutrients, will be of such magnitude
as to prevent a msjor oversupply situation for any extended period of time.
At the same time, che total phosphate industry of the world may operate at less
than full cepacity for short periods as the rapid buiidup of productive
facilities continues.
For the United States, projections of fertilizer use have seen many
different approaches. Each has been based upon different evalustions of our

national policy toward crop production and our economic stability and well-

being. Some have even been based upon predicted weather conditions.
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Lost fall 10 lending figures in the fertilizer industry were asked
to make thelr individual projections of the total U. 5. consumption of N,

P20s, and K50 through 1980.10 Figure 1 is the result of this survey and shows
actual 1964 consumption by reglons and the expected inereases for 1970 and 1980.
Some of these "experts" included the results of a complicabed statistical
analysis; others admitiedly took a "horascback approach.” Without exception,
however, it was the opinion of this panel that P505 econsumption would continue
to increase in all areas of the U. 5., with the largest increases in the East
North Central and West North Central states. The 1970 projections shown on the
chart are straight-line interpolations; however, several members of the panel
expected larger increnses in the period 19065 through 1970 than between 1970 and
1980. They did not indicate how much larger or what percent of the total
increase would occur between now and 1970.

The worldvide demand for phosphate fertillzer can be expected to
increase rapidly between now and 1970. Barring a major catastrophe, there should
be about a 40 percent increase in the total phosphate fertilizer market between
1965 and 1970. A majority of this increased use will occur in the developed
countries where actual consumption will be about equal to needs and capacity will
exist to produce the necessary fertilizers. "Needs" will not be met in the
developing countries.

The capability should exist by 1970 in the developing countries as s
whole to produce in the range of Dr. Coleman's projected use. This, however,
does not tell the true story. Future capacity in the developing countries is
planned for very few of thesec countries, while others have nn plans for pro-
duction of any kind. It may be possible to build P05 plants more economically
in some undeveloped countries. However, in others the P>0s5 may be importéd more
economically. It is certain that many of the developing countries will need to
continue importing finished fertilizer products to keep abreast of their
expénding populations if no additional facilities are provided.

What remains is to make rapid adjustments in the developing countries
through an education program that will encourage the use of fertilizers up to
a level approaching needs and thus exceeding the 1970 projected use. The world
fertilizer industry is ready, willing, and able to assist the developing nations
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in meebing their ferlilizer vequivemenbn.,  The supply of fertilizers ean be

made available--effeclive demnnd must be created.

Supply of Phosphatic Ferlilizors

Fram the cverall viewpoint, the supply side of phosphatic fertilizers
appears to b propressing rapidly. Troe, many of Lhe countrics--especially
among, the developing nalions--do not have the enpacily nor planned capacity for
supplying Lhe requived smonunts of phousplmlic materiala.  For some of these, 1t
may be ecconomically nnwise Lo plan for production facililies. Offsetting these
nations where supply is expected to be short,, there are other areas of the
world which have the enpacity and firm plans for additional ecapacity which
should be able to supply Lhe demand {or phosphate fertilizers in the deficit
areas.

Before we look al the produet mix of finished phosphatiec fertilizers,
a8 brief review of the supply picture for phosphate rock is necessary, because
this raw material is the basis of the entire industry.

During the past 10 years world production of phosphate rock has in-
creased at phenomenal rates.  The 19%9-59 averape world production was estimated
st only 3% million motrie tons. By 196h this had grown to approximately 59
million metrie tonn.ll The United States during this period supplied approxi-
mately Lo percent, of the total market; Africa, 2% percent; and Russia, between
16 and 22 percent. In 100h these three areas supplied 89 percent of the world
production of phrsphate rock. Other areas, such as the Pacific Islands, the
Near East, and the Commuinisi{ Far FEast, have supplied the remainder. Table 2
indicates repinnal production of phosphate rock for the past 5 years and
estimated production for 1970.

Various eastimates have been made of the probable demand for phosphate
rock by 1970. These estimates have ranged all the way from 70 to 90 million
metric tons:.12 Even j{ the higher figure of 90 million metric tons is required,
it appears, from our limited survey of the phosphate rock industry, that the
world producers have firm plans to supply this smount of msaterial.

U. S. producers of phosphate rock in 1965 had productive capaclty
approximating 27 million metrie tons. Additional capacity exceeding 10 million
metric tons is under development. ‘This 10 million metric ton {igure does not

include at least one project which has been announced without giving a capacity



figure. Thus, by 1970 the United States alone will nave ecapecliy to produce
almost as much phosphate rock as was used by the entive world in 1960.

Table A is a listing of the U. S. phosphate rock producers, their capacitiés,
and announced future plans.

The nations of North Africa which have ample reserves of phosphste
rock have continually increased productive capacity of these mines for the
past 10 years. Reported plans indicate further expansion, perhaps at an in-
creasing rate. Morocco expects to Increase capacity by st least 1 mlllion tons
per year esch year through 1970. Israel, Jordan, Tunisia, and Senegal have each
announced increases In future production and shipment of phosphate rock to the
world markets. Africa almost certalnly will provide a minimum of 20 million
tons of rock per year by 1970, with a clear possibility of reaching 25 million
tons.

Russia is estimated to have produced 13 million metric tons of phos-
phate rock in 1964. Many reports indicate that a larger proportion of Russia's
total resources is to be devoted to apriculture and it has been reported that
annual production of their Kola rock will reach 14-1/2 million metric tons.
Additional production is planned at Kingissepp and Dzhanatass; thus, Russian
production by 1970 could well reach 25 million metric tons.

In addition to these three major sources of phosphate rock there may
well be other cxpansions by 1970. TFrequently we hear rumors of special study
groups investigating the possibilities of openlng mines in completely new areas
or expanding mines in areas where small amounts of rock are already being pro-
duced. Among these possibhilities for new or increased production are projects
in Australia, Peru, Colombia, Brazil, Spanish Sahara, France, Turkey, Indla, and
China. Most certainly we have overlooked some in this 1list, and it is just as
certain that there are others going on which have not been reported. It is
known that there are phosphatz deposits over much of the earth's surface. Find-
ing phosphate is not a difficult job. Finding phosphate in sufficient quantity
and of avquality that can be used--and in a feaslble location--is a different
story. With the advance of technology in the phosphatic fertilizer industry,
however, it becomes increasingly clear that the world need not fear a shortage
of total phosphate reserves in our lifetime nor 1n the lifetime of our grand-

children. Table 3 gives an indication of the known phosphate rock reserves.
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In a recent study of estimated world fertilizer productive capacity
and ite relationship to future needs, 1t was found thal at the end of 1965 the
world phosphate fertilizer industry had a capaclty to produce almost 18 million
metric tons of P205.8 Planned additions which will probably be in operation
well before 1970 are indicated to be in the range of 9 million metric tons,
excluding targets set by Russia and Mainland China. Tf we incelude these targets,
productive capacity could reach well over 31 million meiric tons of P>0g by 1970.13
Table U shows the actual world production of Ps0g in 1005, estimated capacity in
1965, and total announced capacity by 1970. Of course, a portion of this P>0g
capacity will be required for industrial uses. Currently an estimated 18-20
percent of all phosphorus produced is being used for industrial purposes. This
indicates a probable world industrial use approaching 3 million metric tons of
P505. By 1970 industrial nses will probably increase to something in the range
of 4 to 5 million metric tons of P50s5.  There should be in the range of 26 to 27
million metric tons of Py0s productive capacity available for fertilizer use by
or before 1970. 1"

Much of this capacity will be located far from the area in which it
probably will be used. In many nations--especially among the developing nations--
there will still be shortapes. As long as these shortnpes exist within many
different countries, the world phosphate industry can expect to see additional

planning being done to determine if additional facilities should be installed.

Product Mix of Finished Fertilizer Products

Review of the demand situation has shown the need for large increases
in preduction of finished phosphate fertilizers by 1970. It is also cleer that
sufficient phosphate rock can be nmade available to supply any foreseeable in-
crease in demand during this period of time. The next logical step is to deter--
mine whal types of products will be demanded and what type of plant complex can
be expected. The answers now are not quite as clear. Specific trends have
developed and are developing. TFew of these trends, however, indicate quanti-
tatively the exact place of each component of the world's product mix for

phosphatic fertilizers.



irends in produclion facilities for Lhe United States ara clearaer
than they are for the world in g=2nersl.  However, these trends cannot be taken
as guidelines for Lhe rest of the world because they are brouwght about Ly
economic prassuras of different, raw materials, production facilities, and dis-
tributfon channels. Since the picture on product mix of Tinished phosphatic
fertilizers for the world is not as clesr as that for North fmerica, the major
portion of what we shall cover will be of neeassity related to the United States
and Canada.

During the past 1% years there has been a consistent shift in the U. S.
to use of phosphate in multinutrient and mized fertilizor materials instead of
straight materials for direct application. This trend has been accentuated by
the recent development of the diammoniun phosphate industry and its relation-
ship to bulk blending. We fully expeet this trend to continue during the next
5 years. Tigurc 2 shows the amount of PO being consumed in mixtures and in
straight materials in the United States.

Everyone would like to know how much material has been sold in bulk
versus materials sold as bogged mixed fertilizer. 1In short, what is the growth
rate for bulk blending? While we do not know precisely how much material is
being handled by bulk blenders, the amount of material that is shipped to retail
dealers in bulk form indicates that this growth has been exceptionally rapid, as
shown in Table §. 'This trond can be expected to continue through 1970, at least
in the United States. There is little evidence, however, that this type of
production and distribution pattzrn has any great value in most other countries
of the world--at least, not under present conditions.

Liquid fertilizers are expected 1o continue to increase in importance
as a method of fertilizer distribution in North America. Liquid materials and
the numbers of Lliquid plants, as shown in Table 5, have grown steadily even with
the much more rapid growth in bulk blending. Iiquids lend themselves well to
the large fsrm units that are prevaleant in the U. 8. and they can bz easily in-
tegrated into farming systems that are already based around the application of
nitrogen solutions as side dressing. The past problems of low analysis may have
slowed the overall growth of liquids, but it .ppesrs that tzchnology is now
overcoming these problems satisfactorily and we can expect the distribution of

fertilizer in liquid form to grow in importance in the United States. We see
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less growth in the use of liquids on a worldwide basis than in North America
because of the relatively small farm units and the prevalence of well estab-
lished distribution systems built around solid mixed fertilizers. ‘

With the advent of triple superphosphate in the 1940's and diemmonium
phosphate in the late 1950'5 and early 1900's, phosphoric acid has become the
major intermediate product in the U. 5. phosphatic tertilizer industry. Before
the advent of these two products, the fertilizer industry depended upon sulfuric
acid for rock acidulation. However, in order to ¢obtain the higher analysis
fertilizer materials phosphoric acid must be used. TFigure 3 shows the growth
of total phosphorie acid production in the United Stntes and the growth of both
furnace acid and wet-process acid. TFurnace acid shows a relatively slow but
steady increase, mostly because of industrial uses. Wet-process phosphoric
acid has been a much more spectacular growth item and can be expected to grow
even more in the future, as indicated by our estimations of planned production
capability by 1967. Vet-process phosphoric acid producers and plant capacities
are shown In Table B.

The production of normal superphosphate, concentrated superphosphate,
and ammonium phosphates 1s shown in Figure k. ¥or many years normol super-
phosphate has been the brsic carrier of Ps0s in the phosphate industry. The
introduction of concentrated superphosphate and, later, the introduction of ammo-
nium phosphates has brought a drastic change in the product mix of phosphatic
fertilizers. DNormal superphosphate is declining rapidly iun relative importance.
Production of concentrated superphosphate in 1964, on a total P»0s; basis,
exceeded the production of normal superphosphate. By 1965 the production of
ammonium phosphates, in terms of Ps0s5, also exceeded the production of normal
superphosphate. These trends will continue, with concentrated superphosphate
perhaps peaking off and ammonium phosphates increasing rapidly in relative
importance.

The trend toward greater production of ammonium phosphates can be
seen in Table C which lists the present U. S. ammonium phosphate plants and
announced plants due by 1967. As of July 1, 1965, the U. S. had a P>Os capacity,
as ammonium phosphate, of 1,757,000 tons per year. By the end of 1665 or early
in 1966, this had increased over 1 million tons--to 2,761,000 tons. By 1967
capacity will reach 3,384,000 tons per year, an increase of 1,527,000 tons of

P20s5 in less than 3 years. This is almost a 100 prreent inerease in capacity.
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The increapse in productive rapacily for conconlrated suparphosphate
1s not keeping pace with the ammoniun phosphates.  On July 1, 1965, capacity
wvas 1,907,000 tons arnd by 1907 an increase of 527,000 tons 1s expected, bringing
total U. G. rconcentrated superphosphate capacity to 2,574,000 tons of F-05 per
year. Table D in a listing of eoncentrated superphosphate producors.

It is dintoresting to note the magnitude of 1hese projected inceresses
in productive capacity. By LOG7 ammonium phosphate and concintrated superphos-
phate production could account 1or almost 6 million Lons of P.Os. This exceeds
onr present POy production and is above Lhe projected U. 8. drmand for phos-
phates by 1067. Thus, we could meat our demostic requirements with these two
products slone and not produce any oth-r types of phosphatic fertilizer materials.

Canadian produc«rs, as shown in Table E, are planning a product mix
similar to that in the United States. Phosphorice acid capacity and ammor ium
phosphate capacity will more than douhls by 1907, while concontrated superphos-
phate capacity will increase only 15 to 20 percent,,

Today we hear of the possible construction of niltric phosphate plants
in the United States. TBuropean feritilizer firms have long used this production
process, while in the United States wo senerally have not considered it the
most economical or efficirnt process. We now have six plants in *he United
States which use some modified proeess to producs nitric phosphates. Three are
owned by Chevron Chemiecal Company. Othsrs are, the Tennessee Farmors Cooperative
plant at Sheffield, Alsbama; s modifi-d nitric phosphate plant at Escambia
Chemlcal Company in Florida; and a new combination denmonstration fertilizer unit
at TVA which will produce a modified nitric phosphate fertilizer and other gran-
ular fertilizer materials. I the apparert world shortage of sulfur persists
and becomes mcre acute, more altention will be given to the modified processes
which use nitric acid or acids other than sulfuric to produce a Tinished fertil-
izer product. It should be noked that almost all of the so-called modified
processes other than the Odda process still use apprecioble quantities of sulfur
to help increase water solubility of the phosphate. Thus, nitric phosphates

per se are not a full answer to the apparent sulfur shortage.

The World Phosphate Fertilizer Industry

——

Expectations in the product mix for tha world by 1970 are not easy to
delineate. Tt is clear thab the product mix for Lhe United States will be

primarily high-analysis diammonium phosphates, concentrat:d supzrphosphates,
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and other forms of high-analysis and/or multinitrient forbiliser malerinlyg,
Including phosphoric acid, liquid mixed fertilizcrs, and perhaps ammonium poly-
phorphates. In our recent study of the anticipated world production facilities
it became evident that phosphoric acid as s prim2 producl is receiving a great
deal of attention. The producers of nitric phosphates arve thinking in terms of
producing wet-process phosphoric acid.  The producers of Lhormal eleety o furnace
acid are also moving Loward wet-process acid to supply Lhe fertilizer por. on of
their phosphorus requirements. It is true, of course, Lhat some normal supe. -
phosphate plants arc still being constructed or planned for arecas where demand
is small and surplus sulfuric acid is available. In those countries which have
built up s demand for lavge quantities of phosphate fertilizer, however, plans
for construction almost invariably call for the higher analysls materials.

The shift Loward high-analysis materials is shown in Table 6. Normal
superphosphate accounted for 5S4 percent of world P,0; production in 1958, but
it has been declining and i now W7 percent of the total product mix. Concen-
trated superphosphate and basic slag have maintained their pnsitions, but
complex fertilizers have grown in importance from 17 percent in 1958 to 25 per-
cent of world Pz0; production in 1963.

It is interescing to compare the product mix in the United 3tates
(Figure 4) with the world as a whole. Normal superphosphate accounted for 38
percent of U. S. Ps0s production in 1963, while concentrated superphosphate
amounted to 3% percent and ammoniwn phosphates, 28 pevcent. O0Of the 9.3 million
tons of Pz0q produced worldwide as these three products, the relative contri-
bution of each is 55 percent for normsl superphosphate, 15 percent for conrcen-
trated superphosphate, and 29 percent for complex fertilirzers.

Table 7 is a summary, by repgions, of the world cnpacity to produce
wet-process phospnoric acid. Including the United Stakes sand Canada, the world
capacity for phosphoric acid production is now approximately ©L,hL2,000 metric
tons of P05 per year. By 1970 this should approach 1l.% million metric tons.
a 108 percent increase. Capacity will continue to be cente od in the developed
regions; however, the developing countries will increase their share of the
total P0s produced as wet-process phosphoric acid. We wero unable to esvimate
the capacities for ammonium phosphates and concentraced snncpphosphates. A look
at the numbers of plants, however, indicates that ammoniwa oteiphater will Luke a

larger share of the market in the yecars to come.



Tt is difficult Lo pgeneralize on the route Lo be followed in fertil-
izer production, sinece world economic conditions vary widely from one nation
to another. 1In some areas, where raw materials are available for making an-
hydrous ammonia and nitric acid buft none are available to enable sulfuric acid
production, some portion of the fertilizer industry certainly wiltl use a modi-
fied nitric phosphate process of some form.  Only a delailed study of the in-
dividual country and its particular requirements and resources can possibly

give the correct answer as to which is the best route to follow.

World Trade in Phosphate Fertilizers

As previously pointed out, the production of phosphates will continue
to be in those world regions where markets are already established. Production
in these areas will adequately meet requirements, and it appears that surplus
materlals will be available. This brings us to the question of world trade in
phosphate fertilizer.

The United States is a major exporter of phosphate rock, ranking
second to Morocco. Table Q indicates the growth of U. S. phosphate rock exports,
which totaled 0.300,000 short tons in 1964. The United States does not import
appreciable amounts of rock for fertilizer use.

Adequnte supplies of fertilizer materials have heen made available
for domestic consumption by U. -S5. producers; consequently, phosphate imports
intoc the United States have not been of major importance except in the case of
the ammonium phosphates. Imports of these materials reached a peak in the
period 1955-59 when an average of 190,000 tons of material came into this country.
Since that time, imports have steadily declined until in 1964 only 95,000 tons
ol material was imported.

The United States, as indicated in Taeble 8, has become an exporter
of phosphate fertilizers. Normal superphosphate exports in the 1950's aver-
aged 250,000 tons of material per year, but have been declining until recently
an average of only 100,000 tons of material per year is exported. Ammonium
phosphate exports were under 100,000 tons of material per year until the past
3 years when large amounts have been moving into world trade. In 1964 almost

400,000 tons of material went into the world markets.
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Exports of concentrated superphosphate have presented a different
picture. Continuing increases in exports of this product have been seen since
1949. Now, over 600,000 tons of material, or approximetely 15 percent of our
totel producticn, is exported.

In the export market we can also see the trend toward high-analysis
materials. Concentrated superphosphates and more recently the ammonium phos-
phates arc mcving in larper sud larger quantities, as shown in Table 8. Narmal
superphosphaie exports are declining in importance. We feel that this will
continue and that we may see smmonium phosphates take a larger share of the
market, replucing concentrated superphosphate to some extent. This will depend
in part, coi course, on our domestic demand situation.

The emphasis on foreign aid by the U. 5. government has had a pro-
found effect on phosphate exports. In 1964 concentrated superphnsphate and
emmonium phosphnate shipments to countries receiving AID loans aceounted for'
over 60 percent of the total value of the material that was exported.

World phosphate rock trade is shown in Table 9. Morocco, the United
States, and Tunisia are the leading exporters. Europe and Asia are the leading
importing regions. In 1963 a total of 21 million metric tons of rock moved
into world trade, with over 13 million metric tons going into furope. Over
3 million metric tons went to Asia eand 2.5 million tons moved into Australia
and New Zealand. U. S. rock exports to Canada were over 1,100,000 tons of
meterial. We foresee little change in this pattern except in Oceania where
their sources of rock are rapidly being depleted. I{ the reported reserves found
recently in Australia are not developed, then this region will be importing rock
from other exporting areas.

Examination of regional world trade data shows that Burope 1is the
major exporter of finished phosphate fertilizers, moving 847,000 tons of 120g
in 1963. North America is second, but total Px0s exports are only a third of
the European trade. None of the other regions of the vorld exported more than
68,000 tons of Ps0s in 1963.°

A regional analysis. however, does not present an accurate picture
of the world trade. For exampl-, we estimate that over 55 percent of all Px0sg

"1listed as exports by the European countries is imported by countrie- on the

continent. Contrast this to U. S. datn which indicates that only 15 percent
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moves within the North American continent. Based on "oversens shipments,"
the United States exports almost as much PzO., as the totnl for all counlries
in Weslern Burope.

Tabte 10 indicates Lhe velative importance of the various phosphate
products in world trade. Normal sopoerphosphate and besie slap have declined
in importance. This decline would be even more pronoanced if Lhese doala were

" The higher analysis materinls, concentrated

based on "overseas shipments.
superphosphate and complex fertilizers which include the ammonium phosphates,
are becoming more important. The United States, for example, exports 21most
100 percent of its PO, as hipgh-analysis moterials.  Thi trend is olso
developing in burope and Japan, the other major producers of these materials,
Africa, our wajor rock exporter, has recently shown indications that at least
some small portion of Lhe Lotal Po04 exported will be in Lhe form of the high-
analysis material prodnced at the mine aite, rather than phoasphate rock.

The warld markets for phosphales will be expanding rapidly in the
next few years. Many of the developing natvions ave planning to build nitrogen
plants, but do not have plans atl present for phosphates.  Nitrogen plants can
be built economically anywhere in the world where there is a rource of hydrogen,
water, and fuel. Thosphate plants are more economical when located near a
source of rock or sulfuric acid. 5 more and more nitropen is used, phosphate
will become a limiting tactor in crop production. To obtain higher yields,
phosphate will be demanded. This demand must be met by imports until such

time as economically sized phosphate production units can be built.

Econnmics and the Trends

Some of 1he changes in the product mix have been discussed--the trend
toward wet-procoss acid, thoe trond toward triple superphosphate and dismmonium
phosphate, and the {rend toward liquid fertilizers. The reasons for th:
changes can be explained in part by simple economics.

With move fertilizers being produced at a central location and dis-
tributed over large geopraphic arcas, the "economic distance" of distribution
has been expanded. With this expanslon, it has become necessary that every
advantage of high-analysis fertilizers be exploited. As a result of the long
"economic distances" involved within the United States, the trend in use of

phosphates has been rapidly toward the coneentrated product.
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Prior to the advent of low-cost methods of producing amnonia ond
diammonium phosphate, corcentrated superphosphate held a clear-cut, advantage
over other solid phosphatic tertilizer products.  With the introduction of
diammoniwn phosphinte, together with improved technolopgy Tov ammonia production,
it rapidly became clear thal large economics exist for diasmmoniwn phosphate
versus the production ol concentrated superphosphate and some form of solid
nitrogen. ‘This is shown in Table 11. Conversion factors were furnished by

1
The Sulphur 1nsLiLutﬂ.1) The major point is that under today's pricing systems
it ig more profitable tor a producer 1o base his phosphatic fertilizer capacity
around diammonium phosphate rather than around concentrated superphosphate.
Under many situations extosting today he can well expect double the margin per
ton of PoC., from diamnoniwn phosphate as contrasted to the marpgin available on
concentrated supcerphosphate.  As long as economics favor diammonium phosphate
so decidedly uver concentrated superphosphate, it can only be expected that
the v.coduct mix will continue o ropid shift towsrd multinutrient products at
the expense of straight phosphatic fertilizers.

The same advantuge exists at the buyer level. Table 12 shows a cost
comparison of buying concentrated superphosphate and somz form of solid nitrogen
versus buying the equivalent amount of diammoniwa phosphate.  As indicated, it
is better from the purchaser's side to buy the diammonium phosphate rather than
an equivalent wmount of solid nitrogen and concenirated superphosphate.  From
the sbove analysis it can be concluded that both production economics and dis-
tribution economics are balanced in favor of diammoniwn phosphate as opposed to
equivalent amounts of plant nutrients contained in solid single nutrient fertil-
izer products.

With the worldwide emphasis on expansion of phosphoric acid facilities,
there is the continual comparison of producing electric furnace acid versus
wet-process acid. It is congservatively estimated that wet-process phosphoric
acid, under present economic conditions, is being produced in Florida at a cost
not exceeding 60 cents per unit of PzOs. Under the same conditions, it is es-
timated that electric furnace scid costs a minimun of $1 per unit of P50s. These
estimations ere besed upon the bare production costs and do not include cost

of overhead, administration, sales, storage, shipment, etc.
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Guesbions are roaised continually roparding changivge prices of sul-
tur and eleetrie power snd Lhe resultant, change In basic cconomies ot electric
Tfurnace acid versus wel-proeess acid.  Production of wel-process acid pequires
batwaen 0084 ard .90 fon of sulfur por ton of PoOg.  Thus, an inercase in the
price of sulfur of $20 per ton would Incraase Lhe cosh of Po0q in wel-process
ucld only aboul 1 conts per unit.  Since ib roquives approzimately 6,000 kwh
per ton of P-0. to peoduce olectric furnace acid, o Jdecresne in coct of elec-
Lricity by 2 mills per kwh would decrsase Lha cosl of elietric furnaes acid
only 18 cents per unit of o0, With this type of <conomics facing Lhe two
processeas, 1L nay be expected thaty most of the new capacity for prodnction of
phosphoric acid for fertilizers will be in the form of wed-proeess material.
Statistics on new productive facilitics bear out this point with reference to
both repgular phosphorie aeid and saperphosphorie acid,

Specitic requirements and other reasons may bring olecetric {urnace
acid into the product mix at isolated locations.  Some {irms may have require-
ments for portions of hiph-quality acid which cannot be supplied via the wet-
process roubte, or Lhoy may have availsble phosphate rocl which is not of the
quality necessary Tor nse in wel-process acid preduction.  lndep th oo condi-
tions i1 is possible that additional electric furnace acid may be moae gvailable
for indusbrial uses and. incrementally at least, for ferbilizer wser.

We knew that diguid phosphorice acid costs Lthe buyer al a retail loca-
Llon appreciably mere than solid straight phosphatic material, but Liis has not
deterved Lhe prowbh o1 diguid fertilizers. While phosphorie acdid mer cont more
than egnivalent. sl id phosphates. Lthe nitrogen used in the Yiquid mizo1 fertil-
izer cosdy Leans Lhan nibrogon in solid fertilizers.  This. Lhe end prodiet as a
Thquid mived rorLitbzer may be cqual in Lobtal cosl Lo o Fke ot of plant
nubrients conbained do ol wmnterials. Tn short, they are wsing phosphorie
acid nt .']1' SO0 per it o I's ) nd nil,ruﬁr‘_n al; .'T,l.l‘,() porounit ol § o comperle
with solid plecpnate ab 1035 per unit of PaOq and solid nitrogen at 20,00 per
mite Thiv, howevea o may nolo et Lo the heart, of the troe cconomies of lignid
mixed foviaola e o e the bost of one knowLedge, no compiote study has been
made ol Lhe oo b iention of Lhe Tortilizer on bhe Garomer's field ato the

Lamee vl 080 00 eewdgerds Liguitd wizhures ara gsaid 4o be oced primavlly an starter
] \
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forlilicers and ave being incorporsted into Lhe total 1o production synstem
in a way Lhal eliminates an extra trip over the acreapge planted.  If this is
the case, economics to the former may make him willling to pay more money for

the Liquid mixed materinls.

New Products and Processnen

As youw can see by our previous discusaion, we have come a long way
in the phosphate industry in a very short time. The search conbinues, however,
for new and better methods of production and distribution and there is the
constant scarch for new products that carry move and more plant food per ton
of material. Several new products have been found Lhat appenr to have the re-
quirements to becomr mainstays ir the phosphate industry.

Superphosphoric acid is the foremost of these new materials. It is
made either by concentrating wet-process acid or preducing furnace phosphoric acid
to a Pp0s level of 08 to (2 percent or 75 to 79 jercent, depending on the type
of acid used. Beecause of sequestered impurities, the final concentration of
wet-process acid is generally lower than furnace acid. The obvious advantage
of the superacids is the lower freight costs rer unit of Po0e.

Superphosphorice acid could lead Lo a host of new materials. Seques-
tering properties allow it bo carry micronutrients in solution. Higher analysis
liquid fertilizers can be made. A 5h percent PO, granular superphoshate has
been produced hy TVA, using superacid, and finally a 16-58-0 ammonium poly-
phosphate has been developed. This material is highly water-soluble either in
liquid or granular form. Its adaptability to the formulation of clear liquid
fertilizers should make it an important base material in this phase of the
industry.

Urea - nmmoninm phosphate is another multinutrient fertilizer material
that may contribute to the trend toward high analysis. In the production of
this product, the urea-synthesis unit is simplified, all ef{luents are treated
in one operation, and the nced for a urea prilling tower and vacuum evaporator
may be eliminated. Indications are that urea - smmonium phosphates are excel-
lent fertilizer materials, especially for the fertilization of rice paddies.

The dependence on rice of large segments of the world population, especially in
sia, could make this product one of the world's leading phosphate-carrying

materials.
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Major emphasis so far has been placed on N-P compounds. Potassium
metaphosphate, which at the present time 1s being investigated by TVA, Scottish
Agricultural Industries, and the Isrsel Mining Institute, is a high-analysis
material containing, in th: pure form, up to 60 units of P05 and 40 units of
Kz0. The production economics of the material do not appear to be favorable.
There may be cases however where phosphate and potash are located cloce to-
gether and where there is a requirement for 1afge amounts of hydrochloric acid,
a major byproduct of the process, that would make its production feasible.

There will be ofher new products. For example, research workers have
found long chain, slowly soluble pentammonium tripolyphosphate containing
90 percent plant food. The list goes on; and with 1t goes the phosphate industry--

ever changing and ever growing.
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Table 1

WORLD P:0., CONSUMPTION AND ESTIMATE OF USE IN 1970

P-0s Consumption i Percentege Change
Region (Fiscal Year) ’
1959 1960 1965 1670  1955-1060 1960-1965  1965-1970
(Metric Tons of Ps0s) ’
Western Europe 2,884 3,548 4,257 5,185 : 23 20 pare)
Eastern Europe 1,063 1,592 2,672 4,325 ; 50 68 62
North America 2,283 2,560 3,425 4,492 ; 12 34 31l
Oceania 649 733 1,136 1,528 ; 13 55 24
Africa 210 260 373 672 ; oL 43 80
Asila 11 681 1,082 1,498 ; 66 59 38
Latin America 162 224 537 682 ; 38 Lo 27
World Total 1,662 9,598 13,474 18,382 ° 25 40 36
Source:

FAO, Fertilizers: An Annual Review of World Production, Consumption and Trade, 1963,

Italy, 1964, and preliminary estimate for 1905.

Coleman, Russell,

"Projected Use of Plant Nutrients," Changes in Fertilizer

Distribution and Marketing, Tennessee Valley Authority, 1965.




Table 2

WORLD PRODUCTION OF PHOSPHATE ROCK

: Rock Production
Region : 1960 1961 1962 1963 1964 1970
(range)
(Thousand Metric Tons)
North America . 17,938 19,038 19,854 20,331  23,h65 35-40
South America Z 1,073 852 800 509 511 _b
Russia ; 7,000 8,799 10,008 11,003 12,995 20-25
Africa ; 11,216 11,967 12,395 14,045 15,694 20-25
Near East ; 586 643 668 711 618 b
Pacific Islands® : 2,624 2,737 2,652 2,935 3,3bk4 P
Other Areas ; 1,392 1,460 1,700 1,865 2,210 5-10
Total ; 41,829 45,496 48,077 51,399 58,837 80-100

a. Includes Christimas Island.
b. Included in Other Aress.

Source:
Lewis, Richard W., "Phosphate Rock," Minerals Yearbook, U. S. Department of

the Interior, Bureasu of Mines, Washington, D. C., 1G54.

1970 estimates by the authors.



Table 3

WORLD RESERVES OF PHOSPHATE ROCKl

Region Reported Reserves

(Million Metric Tons)

North America 13,7he
South America 1,531
Russia 7,689
Africa L7, 00k
Near East g19
Pacific Islands2 185
Other Areas 681
Total 71,566

1. Includes apatite and all grades of rock.
2. Includes Christmas Island.

Source:
FAO, Fertilizers: An Annual Review of ‘lorld
Production, Consumption and Trade, 1963,
Italy, 196L, United Natilons.

British Sulphur Corporation, A World Survey
of Phousphate Deposils, 2nd edition, London, 1964.




WORLD 1500,

Tabele h

CAPACTTY AHD FERTILIZER PROVISTION A CONGIMET o

Loon AND 170

Sources:

FAO, Preliminary estimates of 1965 production and consumption.

t Fertillzer ¢ P,05 Cnpocity (Fertilzer ond Induotrinl) : Fertilizer
: PoOg : Planned Hlal Plentg : Pa0s
Regl 2y
cuton :  Production ! ~ Mattionn  Ammounced ot : Consumptlor
: 1005° : 1965 Ry 1070 By 1970 Reporting” ¢ 1965°
. : {Thounand Melric Tonn) f
Europe : : .
Northern Furope : 3,535 , h,413 1,068 5,481 2 f 3,372
Southern Europe : 930 . 1,120 606 1,726 1 : 885
Enstern Europe : 1,209 . 1,292 635 1,927 3 : 1,309
Rusela : " 1,ho1 : 915 110 1,025 14 : 1,360
Asia E E E
Western Subcontinent H Lo : 81 305 386 - : T1
Indin ! 146 : ah5 L87 732 - : 150
Middle Subcontinent H 3 : 2 o7 29 - H 23
Eastern Subcontinent H 1 : 29 100 129 H 179
Japan H 593 ¢ 1,017 18 1,035 - : 519
Mainland China ! N. A : 124 - 12h - : N. A,
Pacific Island Countries ! 43 t 6h 222 286 1 ! 137
H ! H
Africa t : !
Egypt B, 46 2 188 - 55
Bouth Africa : 175 . 1h2 122 264 - : 195
Mediterranenn Africa : 162 : b33 ko9 82 - . 70
West North Central ; - . 5 17 82 - . 1L
West South Central 5 - . . - - - . 2
Enst North Central : - . - - - - ; 1
East Bouth Central : 16 . b2 90 132 - ; 31
North America f : f
United Statea : 3,665 T 5,79% 2,924 8,720 5 ' 3,175
Canada H 350 : 536 hg9 1,035 2 H 250
Latin Amerlica H : :
Mexico ! 60,  11h 388 502 1 X 80
Central America . - . k2 - b2 - . L
Caribbean : - ‘ 8 - 8 1 . 85
Brazil . 70 . h 212 286 - . 120
Bouth America-North . 9 145 208 353 2 X 113
South America-South : 13 . 56 78 134 - . gh
Oceanin E ; 3
Oceania & Pacific Ialanda ! 1,128 : 1,058 K3 1,501 1 : 1,138
Total P 13,669, 17,799 9,170 26,969° 35 M K -
a. Preliminsry data, Fiecal Year.
b. Flante for which no capacity data is available.
¢. Targets set by Russias and Mainland China would railse 1970 capacity to 31,341,000 metric tons of P0s.

McCune, D. L., Hignett, T. P., and Douglas, J..R., Jr., "Estimated World Fertilizer Production Capacity

as Related to Future Needs," Tennessee Valley Authority, Muscle Shoals, Alabama, February 1966.

"1ka (



Table 5

DISTRIBUTION OF BUIK AND LIQUID FERTILIZERS

TO RETATIL DEALERS

Number of Number of

Fiscal Bulk Fertilizers Bulk Blend Liquid Fertillzer Liquid Mix

Yeara Mixtures and Materials Plonts Mixtures Plants

(ithousand Tons) (Thousand Tons)

1954 1,830 N.A. 28 N.A.
1955 N.A. N.A. N.A. N.A.
1956 N.A. N.A. N. A. 111
1957 N.A. N.A. 25 196
1958 N.A. N.A. N.A. 260
1659 2,7he 201 L6k 335
1960 3,309 Ly N.A. 390
1961 3,8b7 736 587 538
1962 N.A. 908 N.A. 556
1963 5,563 1,326 796 617
1964 N.A. 1,536 872 717
1965 N.A. 2,551 N. A. N.A.

a. Plant numbers on calendar year basis.

Source:

Scholl, W., U. S. Deportment of Agriculture, personal communication:

Commercial Fertilizer Year Book, annual, 1956-196k,

Company, Atlanta, Georgia.

Tennessee Valley Authority.

Keim, Myron M., "Basic Economics of Bulk Blending,"

Field engineering reports.

Brown Publishing

Changes in Fertilizer

Distribution and Marketing, Tennessee Valley Authority, 1965.




Table 6

RELATIVE CONTRIBUTION OF PHOGPIATE PRODUCTS
T0_WORLD PROLUCTION

Fiscal , Noimal Concentrated Basic Complex
Year : Superphosphate Superphosphate Slag Pertilizers
: (Percent of Total)

1958 . sk 13 16 17

1959 53 14 15 18

1960 52 13 16 19

1961 50 | 14 15 21

1962 49 1k 1k 23

1963 . 48 13 B 25

1964 . b7 14 13 26

1. Includes complex fertilizers, ammonium phcsphates, other phosphatic
fertilizers, and organics.

Sources:

FAO, Fertilizers: An Annual Review of World Production, Consumption
and Trade, 19064, Ttaly, 1965.




Taple 7

L1}

STTMATED WORLD WET-PROCESS PHOSPHORIC ACID CAPACITY
AND ANOUNCED FUTURE CAPACITY EY 1¢7C

; Wet-Process Fhosphoric £cid . Phcsphizte Proauctcs

; Announced i Ccneentreted

. Future Totzl Plenned Plents , . Superphosphsie

Region . Capacity Capacity Cepacity Not Repcrted Plants
1965 By 1970 By 1970 Present ruture< . Present ruiure®
(tetric Tons Ps0s)
Western Burope . 1,k43,000 1,412,000 2,855,000 L 11 30 z =7 7
Ezstern Europe3 : N. A. 380,000 380,000 2 ] E 2 2 - 2
Africe : 270,000 531,000 801,000 - 3 : L 7 1 c
Near East . 17,000 11%,000 131,000 - 1. 1 2 - -
L : :

Far East : 359,000 479,000 838,000 - o . L 1 26 g
Oceania o 96,000 57,000 153,000 - - .2 2 - 1
Lstin America . 77,000 433,000 510,000 - z . 2 6 - 1
Herth America’ . 3,180,000 2,518,000 5,698,000 - 5 . 1¢ 10 3E 32
Tetal . 5,442,000 5,92k ,000 11, 36€,000 6 oG . 6k 32 oz sk
1. Not repcrted tc avoid disclosing coniidential information, or capzcity unannouncea.

Tetsl mey not agree with plants not reported in Table 4. Datz in Teable L includes only
plants for which no data is sveilable.

Includes expansions.

Does not include Russia.

Does not include Mainland China.

. From Tzbles B, C, D, and E.

v Fw



Table 8

U. 5. EXPORTS OF PHOSPHATE FERTTLIZERD

Cal. f Normal Concentrated Ammonium
Year ; Superphosphate Superphosphate Phosphates
: (Tons of Material)
1950 f 237,940 33,729 169,5k45
1955 ; 285,333 129,512 8k, 907
1960 ; 153,200 313,763 107,371
1961 f 17,758 377,743 77,503
1962 f 129,839 495,331 120,537
1963 87,513 586,600 185,282
196k : 192,881 600,015 361,116
1965 % ¢ 97,284 506,432 319,652

a. Preliminary data.

Source:
U. S. Burcau of the Census, U. S. Exports of Domestic and Foreign
Merchandise, Report No. FT 410, U. S. Department of Commerce,
Washington, D. C.




PHOSPHATE ROCK EXPORTS FOR SELECTED COUNTRIES®

Tuble 9

Country 1961 1962 1963 1964P
(Thoussnd Metric Tons)

Algeria 381 Lot 339 N.A.
Morocco 7,622 8,015 8,516 10,116
Tunisis 1,718 1,793 1,961 2,216
United Arab

Republic ko1 168 W42 N. A.
Senegal 341 342 455 829
Togo 57 199 b6 778
Jordan 1392 373 368 627
Isreel 123 82 157 180
Ocean Islands 2,953 2,725 3,023 N.A.
United States h,189 4,310 h,683 5,719

a. Calendar year.
b. Preliminsry dats.

Source:

Internationsl Superphosphate Manufacturers' Association,
London, 1961-196k4.

"Phosphate Rock Statistics,"

British Sulphur Corporatlon, "Phosphorus and Potassium,"
bimonthly Issues, 1965.

Lewis, Richard D., "Phosphate Rock,"

U. S. Department of the Interior, Buresu of Mines,

Washington, D. C., 196.4.

Minerals Yearbook,




Toble 10

RELATIVE IMI'OKR'PANCE QF PHOSPHATE FERTILTZERS
IN WORLD 'TRADE

Fiscal Normal Concentrated Bosie Complex
Yenr Superphosphate Superphosphate Slapg Fertilizers
(Percent of Totnl)
1958 20 26 38 16
1959 19 25 36 20
1960 20 22 37 2l
1961 20 26 29 25
1962 18 29 28 25
1963 16 o7 30 T
1904 14 30 28 28

1. Includes ammonium phosphates, other complex fertilizers, organics,
and other phosphatic materiels.

Source:
FAO, Fertilizers: An Annual Review of World Production, Consumption

and Trade, 190h, Italy, 19065.




Toble 11

ECONOMICH O PRODUCTION

CONCENTRATED SUPERPHOSPHATE V3.

DIAMMONIUM PHOSPHATE

Concentrated

Diammonium

Raw Materials Price Superphosphate Phusphete
Units Cost Units Cost
Phosphoric Acid (5h% Ps0s) (tdn) $33. 707 648 $21.80 87 $29.30
Phosphuate Rock (ton) 8.33 . 393 3.28 - -
Anhydrous Ammoni (ton) 35.00 - - .23 8.05
Power (kwh) .007 7.0 .05 20.00 L 14
Fuel 0il (gal.) .06 3.0 .18 3.00 .18
Total Rew Material $25. 31 $37.67
Other Direct Cost 1.10 1.28
Indirect Cost 1.65 2.0l
Total Manufacturing Cost $28.06 $40.96
Estimated Sales Value® $56.00 $81.00
Estimated Markup for Sales,
Overhead, Other Cost, and Profits $27. 94 $40.04

a. Estimaoted cost of 62 cents per unit Ps0s.
b. Published prices, spring 1966.



Table 12

COS'' COMPARISON AT THE RETAIL LEVEL

CONCENTRATED SUPERPHOSPHATE V5. DIAMMONIUM PHOSPHATE

1 Total
Tong Price Cost

Dismmonium Phosphate (18-46-0) Equivalent
Concentrated Superphosphate (0-46-0) 1.00 $56.00 $56.00
Urea (46-0-0) .39 92.00 36.00
Total $92.00
Dlammonium Phosphate (18-46-0) 1.00 $81.00 $81.00
Cost Advantage $11.00

1. Spring 1966 prices.



FIGURE —1

P,Os CONSUMPTION IN THE UNITED STATES
1964—1970—1980
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MILLION TONS OF P,0Op

FIGURE—2

P,05 CONSUMPTION
DIRECT APPLICATION MATERIALS AND MIXTURES
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FIGURE—3

PHOSPHORIC ACID PRODUCTION
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MILLION TONS OF P,0,

FIGURE— 4

PRODUCTION OF PHOSPHATE PRODUCTS
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Tolid A

PIOSPHATE HOCI MEWES TH YHE UNETED WOATRY,

PLANNED FXUAGTONS,  A0D W 0 i TTIRvVETD I MERT
(Junuary 1, 1966)

Plunneq
) Prenent Additional
Company Location Copucity Capacity
{Chort Tono of Meteriol/Yr. )
Floridna
Auericnn Cysnamld Company Ovange Purk, Fla. 1,900,000 -
Gldney, Fla. :
Bredley, Fla. - N.A.
Armour Agricultural Chemicel Company Armour, Fla. 1,500,000 -
Luke Hancock, Fla.
Porden Chemienl Compuny
(Smith-Douglans Compony) Tencroc, Fla. 850,000 -
Coutlnental 011 Compuny
(Anerican Agricultura) Chemteal Co.) Palmetto, Fla.) 3,000,000 -
Boyetts, Fla. )
¥W. R. QGraco & Compuny bunny Leke, Fla. 1,550,000 -
International Minerals & Chemical Co. Achan, Fla. ) 6,000,000 .
tiornlyn, Fla.)
Burtow, Fla. - 2,000,000
Kerr-MeGee, Incorporated rowater, Fla. - 1,500,000
Occidental Agricultural Corporation White Gpringa, Fle. 1,500,000 1,500,000
Bocony Mobil Oi1 Company
(vV-C Chemical Company) Clear Springe, Fla.
Home lund, Fla. 2,850,000 2,850,000
“ence Rver, Fla,
Bwift & Company Wutoon, FKle. ; 1,550,000 -
Bilver City, fla.
Tutul 20,700,000 28,550,000
North Caroline
Texan Gulf Gulphur Corporation lee Crevk, No C. 90,000 3,000,000
Tennenoce
Armour Agricultural Chemical Co. Colwabia, Tenn. 90,000 -
Hooker Chemlcnl Company Columbla, Tenn. 750,000 -
Monsanto Compeny Columbin, Tvnn. 1,000,000 -
Preanell Phonphata Colwnbia, Tenn. 700,000
Socony Mabil Ot Company
(V-C Chemicnl Company) Mt. Pleasant, Tenn. 200,000 -
Btauffor Chemical Company
(Victor Chemienl Company) Mt. Plewnant, Tenn. 600,000 -
Tennvonee Vualley Authority Knob Creek, Tenn.) 200,000 -
Frunklin, Tenn. -
Totnl 3,5h0,000 3,540,000

Western Stutes
Consolidnted Mining & Bmelting Co.

(Montana Phosphate Producto Co.) Garrison, Mont. ; 1,050,000 -
Phillipeburg, Mont.

El Puso Notural Gus Company Georgetown, Idsho 400,000 -

Mouaanto, Company Bollard, Idaho 500,000 -

Georye Relyca QGarrison, Mont. 100,000 -

J. H. 8lmplot Compeny Fort Holl, Idaho 1,600,000 -

Bode Bpringn, Idaho

Btouffer Chemical Company

(San Francisco Chemicael Co.) ot 8pringn, Iduho; 200,000 -
Montpelier, Iduho
Cherokee, Utah 600,000 -
Vernal, Utah
leefe, Wyoming 300,000 -
(Victor Chemical Compony) Melrvae, Mont. 600,000 -
Tutnl 55 350,000 9,350,000
Titnl Announced Copocitly 29,680,000 40,530,000

a. Bouwed on publiched announcementn and corrvenpondence with industry.
Correctionn or additionn would be appreciated by the authors.
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W= PIOCEE PIOSPIORIE ACID PLATES THCPIME UNED STAT- 5,
[ PALIRE,

A0, R AL UnECh o
O TLAIRED 1071

“Liriney 1y Ty

Planned
Cngaectly A itionnd Cagatily
July 1, 1ee?  ToG 100 T TGT

(ivionatug Bhort Tons of B0L/1r )

Coanpeaniy loention

Allled Chemlenl Qounpany Ennt t, Louls, 111, 50 - - -
tetuwne, Toulofona - - - 100
NHorth Claymont, bel, 39 - - -
Auocrlean Cyannuld Company Wevwoter, Fla. 200 - - -
Amerienn Potnsh aund Chewlenl Cos Prows, Culifurnie 5 - - -
Arkln Chemjcenl Company Hlelena, Arknnons - N.A. - -
Armour Agricultural Chewleal Co. Jurtow, Flortda 85 - - -
Ft. Meade, Floridu 190 - - -
Borden Chemlend Cumpnny Port Mumnteo, Fla. - - 76 -
(smith-Douglnoy Cnm)nny) fAtrentor, Illinois 13 - - -
Texno City, Texas Lo - - -
Punker litll Compuny Kellogy, Idaho 33 N.A. - -
Centranl Fhoaphatea, Tue, Plant City, Fla. - 200 - -
Citien ervice 011 Company
{Tennenaee Corporation) Twnpa, Florida 3ho N.A. - -
Conotal Chumlcal Compnny Pancagoula, Mios, s 90 - -
Connuniers Cooperative Asvoclation Lakeland, Florida - 200 - -
(Farmera Chemtenl Co.) Joplin, Missouri 53 - - -
Continental 011 Company
(Amerfenn Agricwdtural Chemical Co.) Plerce, Florldn - 200 - -
Deg Plainea Chemirnl Company Morris, Illinoin 50 - - -
£1 Mno Notural Gus Co. Boda Bprings, Idaho - 110 - -
W. R. Grace and Company Joplin, Mispouri 33 - -
Ridgewood, Fla, 165 - 100
Hooker Chemical Co.
(hHational Phosphate Corp.) Maraeilleo, I11. 110 - - -
Taft, Iouislana 200 - - -
Internationnl Minerala & Chemical Co. Bonnie, Florlda koo - - -
National Dinst{llers and Chemical Co. Tuscola, 111, 30 - - -
New Jersey Zine Corporation Depue, I11. - - 125 -
Nipak, Inc. Tuloa, Oklahoma 30 - - -
Northweut Coop.Mitls, Inc. Pinc Bend, Minn. Lo - - -
Occlidental Agricultural Corp. White Springn, Fla. - - 175 -
(Beat Fertilizer Co.) Lathrop, Cal. 20 - - -
0lin Mathleoon Chemical Co. Jolict, Illinoin 125 o - -
Muondena, Texas 123 210 - -
Phillipn Chemicnl Company TMunadena, Texas 60 - - -
Phonphate Chenicala, Inc. Houaton, Texnp - 100 - -
¥. 8. Royster Quano Co. Mulberry, Fla. 30 - - -
J. R. Bimplot Company Pucatello, Idaho 120 120 - -
Bocony Mobil Oll Comjmny
{(v-C Chemical Comjany) Nichola, Florida 150 H.A. - -
Btauffer Chemical Compuny
(Wentern Phonphaten, Inc.) Garfield, Utah 50 50 - 100
gwift & Cowpany Agricola, Florida 90 - - -
Texas Oulf Sulfur Corp. 1ee Creek, N. C. - - 350 -
Valley Nitrogen Producers, Inc. Helm, California 60 - - -
Weatern Btates Chemlcal Company Dominguez, Cal. 12 - - -
Total Announced Capacity 3,097 4,254 5,080 5,280

a. Daned on publlshed announcements and correapondence with induntry.
Correctlony or additionn would be appreciated Ly the authors.

b, Baned on S5 0.4 content of phouphoric acld, Cajacity mny fnclude
mlnor yunntlitles of miperpheaphorie acld prodv od uning stune facilitiea,

¢, Will replace exinting facilitics.



Tuble C

DTAMMONIUM PHOSPHATE TTANYS 10 UK UNITED (SPRTES,

PLAN EXTFRUETTONS AT Tl PR e Toi it Jon

Ol PLAGD Y 10T
“Juhunry 1, 19i0)

Cupany

locution

Plunned
Cupucity Mdltionnl Cupucity
July 1, 1965 1935 190G 1567

AFC, Inc,

AMlied Chewlenl Compuny
Anicxleun Cyurwuuld Compuny
Arizonu Agrochemical Cupany
Arkla Chewleal Compuny

Arsour Agricuivwral Chemleal Co,

Borden Chewlcul Cowpany

Buuker 111l Comiuny
Central Phosphates, Ine.
Chevron Chemleel Cowpuny

Cltico Servlce 04l Cowpuny
(Tennesoee Corpuration)
Couutnl Chewleul Compuny
Coloraudo Fucl & Tron Company
Courumers Couperatlve Ausn,
{Farwers Chewmleal Co.)
Contlinentul 0i1 Cowpnny
(Amcrican Agricultural Chewleal Co,)
Domiruce Fertiltzer Cowpany
El Pueo Nalurel Gus Company
Ford Motor Conmpuny
W. R, Grace & Company

Hooker Chemicel Compuny
(National Phoujhate Corp.)

Internutional Minerals & Chemiosl Co,
Knlser Steel Corporation

Monsanto Compary

Hational Distillers & Chemieal Co.
New Jerscy Zinc Corp,

Nipuk, Inc.

Northwent Cocp.Mille, Inc.
Occldentnl Agricultural Corp.
{Beat Fertilizer Company)

0lin Mathleson Chemical Company

Phosphate Chemlenlws, Ine.
Shell Chemieal Company
J. R. Simplot Company
Bocony Mobil 011 Cempany
(V-C Chemical Co.)
Stauffer Chemierl Cetmpany
{Weatern Phoaphates)
Busquchanna Corporation
Bwift & Compnny
Tenneasce Farwera Ason.
Tennesuvce Valley Authority
Texas Gulf Bulfur Co.
United Chemicnl Corp,
Valley Nitrogen Producers, Inc.

Totul Announced Cnpactly

Fdloon, Cullforutia
Gelomr, Loulsiunn
Brewoter, Florlda
Clundler, Arizona
Helena, Arkansuu
Bartow, Florldu
Cherokee, Alubuwun
Purt Munatee, Fla.
Streator, Illivois
Texun Clty, Texan
Kellogyg, Tdaho
Plunt City, Florida
Ft. Madison, Towa

Kennewlek, Wushington

Richmwond, Culifornia

Tuwpa, Florlda
Puscugouln, Mioo,
Pueblo, Colorudo
Lakeland, Florida
Jopliln, Misoouri

Plerce, Florlda
long Beach, Cal.
Boda 8prings, Idaho
Dearborn, Michigan
Henry, Illinois
Joplin, Missouri
Iidgewood, Fla,

Marseilleo, 111,
Tuf't, Loulslana
Bomnle, Fla,
Fontann, Cal,
Iluling, Ilouiniana
Dauville, [lllnols
Depue, Illinole
Kerena, Texas
Twlsa, Oklahoma
Pine Bend, Minn.
White Springs, Fla.
Iathrop, Cal,
Plainview, Texan
Jollet, Illinoin
Panudena, Texns
liounton, Texno
Plttaburg, Cnl.
Pocatello, Idaho

Nichola, Fla,

Garfiecld, Utah
Riverton, Wyoming
Agricola, Fla.
Sheffleld, Alabama
Muoscle 8hoals, Ala.
lec Creek, N. C.
Dothan, Alabeana
Helm, Cnlifornia

{thousand Short Tonw of - PL05/Yr. )

H.A. - - -
- - - 48
0 92 - -
18 - - -
- N.A. - -
15 - - -
5 - -
- - 8s -
6 - - -
25 - - -
- 23 - -
- N. A, - -
-0 - - -
-C - - -
~° - - -
100 60 - -
223\: - : :
- 100 - -
50 - - -
- % - -
15 - - -
- 93 - -
100 - - -
- - - NDA .
20 - - -
ko - 92 -
76 - - -
154 - - -
230 - - -
15 - - -
- 120 - -
15 - - .
- - 124 -
50 - - -
35 - - -
ko - - -
- - 115
10 - - -
- 9 - -
8o 92 - -
210 105 -
- 150 - -
50 5 - -
35 Nu Ao - -
60 - - -
10 10 - 20
- - - N.A.
ks - - -
«c - - -
150 - - -
- - 100 -
- - - 39
11 48 - -
1,757 2,761 3,217 3,384

a8, Based on publiphed announcements and correspondence with lndustry,

Correctionn and additlons would be appreciated by the authors.
b. Diarmonium phonphnte 21-53-0 annlyosis,

¢, Nirie phosphate proceso.



Tuble R

HIOSTUATE 1 TTLZRR 1TTANTY 1T CATIADA,

PTAMIED T K.I‘I\N..I()I‘ll AU A TTARNT VIHAsn (()H.’l’llﬂl(']‘mu

ol FLAUNED T T
(Joonmry 1,7 196007

Comjpiny

Plnnned
Copneity Aditionn] Cnpnnlty
loeation July 1, 1965 1005 9006 0T

Border Fertilizer Company

Brunavlck Fert)lizer Corporalion Itd,
Conndlan Inductrien Lid,

Consolldated Mining & Cmelting Co.

Dow Chemleal Company
Electric Reduction of Cannda [id.

Multi-Minerals Ttd,

Horthweat Nitro-Chrmicala Ltd.
Sherritt Gordon Minecg ILtd.

J. Re Simplot Company

Bt. Lawrcnece Fertjlizers Ltd.
Western Cooperntlive Fertillzers Ltd.

Total Announced Capncity

Canadian Industrien ILitd.

Cyannmuid of Cannda ILtd.

Electric Reductlon of Canada Ltd.
8t. Lawrence Fertilizera Ltd.

Total Announced Cnpacity

Border Frrtllizer Compnny
Brunswlck Fertilfzer Corp. Ltd,
Canadian Induatrien Ttd.

Consolldnted Mining & Smelting Co.

Cyanamid of Canndn Itd.

Northvent Nitro-Chemlcnln Ltd,
Bherritt Gordon Minen Iid.

J. R. 3implot Company

St. Inwrence Fertilizero Ltd.
Western Cooperatlive Ferhllizers Ltd.

Total Announced Cnpaclty

(Thounnnd Short Tons of PL05/7r.)

Moophorie Acld

Transconn, Manitoba 18 - - -
Belledune, Hoew Brunawick . - - 300
nrnin, Ontarlo - - 65 -
Kimberly, Britich columbia 120 - - -
Trnil, Britloh Columbin 120 - - -
fiarnla, Onlnrio 10¢ - - -
Fort Mnltland, Ontarto 100 - - N.A.
Buck Ingham, Quebee -b - - -
Sudbury, Ontario ac - - -
Medlelne lat, Alberta 38 10 - -
Fort Snnkatchewnn, Sank. - b - -
Brandon, Hanltoba - - 85 -
Valleyfield, Quecbec - - 53 -
Calgnry, Alberta - 36 - -
Lo8 ho8 701 1,001
Concentrated Superphoophate
Beloeil, Queben 63 - - -
Welland, Ontarin 68 - - -
Fort Mailland, Owntario 50 - - N.A.
Valleyfleld, Quebee - - 32 -
161 181 13 213
Ammonium FMhosphaten
Trannsconn, Minitoba 37 - - -
Belledune, New Brunawick - - - 313
Inmbton, Quebee - - N.A. -
Sarnin, Ontario - - 6h -
Kimberly, Pritish Columbin T9 - - -
Reglun, Sankatchewan - L6 - -
Trail, British Columbia 115 - - -
Welland, Ontlnrio 35 - - -
Medleine Hint, Albertn 55 - - -
Fort Snnkatchewnn, Alberta - 58 - -
Rrandon, Manitoba - - 105 -
Valleyfield, Quebec - 35 - -
Cnlgary, Alborta - 8h - -
321 5Ll 713 1,026

a, Dared on published announcements.

b. TFurmaece netd plant,

Correctlons or additiona
would be appreelntied by the authora.
Two elemantal. phonphnrun furnaces with

20,000 tonn/yenr eamcity are loented nt Varennes, Quehec,

c. Pllnl plant.
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Table D

CONGENTRATED SUIMRPHUOSTHAT PLARTG TH IUE UNTIED STATESD,

PLALNID BXPANGIONSG, AU HEW PLANTD UGIDER CONGTTICTION

OR VLALNED 1Y 1967
(Jonunvy 1, 19066)

Planned
Capuc ity Additionnl Capacity
Company Lacnt ton July 1, 1965 19065 1906 1967
{Thousand Short Tonn of P,0s/¥r.)
American Cynnamid Company Brewater, Fla, 180 - - -
Armour Agricultural Chemical Company Ft. Meade, Fla, 113 - - -
Borden Chemlienl Compnny Port Manatee, Fla, - - 83 -
Centrnl Thonpbnten, Tne. Plant City, Fla. - N.A. - -
Citien Service 0Ll Company
(Tennensce Corporation) Tampn, Fla. 383 - - -
c
Constal Chemical. Company Pnocagouln, Mles. 135 - - -
Consumers Cooperative Asnoclation Lakeland, Fln, - 36 - -
Cont.lnental 011 Company
(American Agriculturnl Chemical Co.) Plerce, Fla. - 180 - -
c
El Pnso Natural Gas Company Georgetown, Idaho 90 - - -
W. R. Grace & Company Joplin, Misaouri 32 - - -
Ridgewood, Fla. 203 - - -
Internationnl Minerals and Chemical Cn. Bonnie, Fla. 203 - - -
Kerr-MeGee Incorporated
(Baugh Chemical Compnny) Baltimore, Md. N.A. - - -
Occldental Agrlcultural Corporation White Springs, Fla. - - 68 -
Pnillips Chemical Company Pngndena, Texas hSc - - -
F. 8. Royster Guano Company Mulberry, Fla. 32 - - -
J. R, Simplot Company Pocatello, Idaho 162 - - -
Socony Mobil 01l Company
(V-C Chemical Co.) Nichols, Fla. 180 N.A. - -
Stauffer Chemical Company
(Western Phosphates, Inc.) Garfleld, Utah Ls - - ks
Swift and Company Agricola, Fla, 17 - - -
Tennessee Valley Authority Muscle Shosls, Ala. 27d - - -
Texas Gulf Sulfur Company Iee Creek, N. C. - - 115 -
Total Announced Capacity 1,907 2,123 2,389 2,434

a. Bascd on published announcements and correspondence with industry.

Corrections or additions would be appreciated by the authors.

b, Based on U5% P,0s content.
¢. Idle facilities.
d. High-analysis Sh% P,0s material.
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