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ABSTRACT

Current world production ot phosphate fertilizers amounts to about 41
million tonnes of P.0. while reported consumption is estimated at about 38 million
tonnes. More than 95% of these phosphate products are chemically processed to
increase their solubllitv. The great majoritv (about 702 of total) of all
fertilizer P, O. is derived from wet-process phosphoric acid. The production of 1
tonne of water-soluble P,0.. derived from wet-process phosphoric acid, results in
the production of abcut S5 tonnes of phosphogvpsum and varving amounts of
contaminated process water. World production of phosphogvpsum amounts to about {530
million tonnes annually. To date. technical and economic constraints have
seriouslv limited the uses for phosphogvpsum: therefore. its management and
disposal. along with disposal of the contaminated process water involved in
phosphoric acid processing., have given rise to an increasing number of
environmental and cost concerns. Estimates described in the paper indicate that
the farm level cost of phosphate fertilizers could increase significantlv if some
of the environmental protection initiatives currently being proposed are
implemented on a broad scale at the major phosphate fertilizer production sites.

Agronomic evidence shows that. except for certain short-season crops grown
in relativelv cool soils. the high water solubilitv of the phosphate fertilizers
currently being produced is not necessarvy for manv crop production svstems. A
moderate level of water solubility in the range of 40%-60% of the total P;0 is
usuallv satisfactorv for most of the world’s important food- and feed-grain crops.
provided the remainder of the P,0, is "available" as measured by traditional
laboratorv test methods.

Although the agronomic potential exists for decreasing the water solubilitv
of most phosphate fertilizers. and thus the consumption of wet-process phosphoric
acid. the farm level cost of P,0. derived trom these less water-soluble sources
continues to be higher than that of P,0, derived from the more water-soluble
phosphoric acid-based products even if the cost of phosphoric acid is significantlv
increased.




1. INTRODUCTION

World agriculture in general. and the chemical fertilizer industrv
specifically, is faced with an increased worldwide awareness of the need to
protect. and in manv cases restore. the global environment. This paper identities
the major environmental issues facing the phosphate sector of the fertilizer
industryv. quantifies the costs for mitigating certain indicated impacts upon the
environment. and suggests policv initiatives that mav be required to ensure that
adequate supplies of phosphate fertilizers continue to be available to sustain
global agricultural productivity.

Production of food and fibre for a world population of approximatelv 3.3
billion. which is increasing 1.8% annuallv. takes place on about 950 million ha ot
cultivated land. of which about 23X is irrigated in some fashion {1.2:. Sustaining
this production depends upon the continuous addition of essential nutrients to the
soil. not only to replace those removed bv the harvested crops but aiso to improve
the fertility of marginal lands. Worldwide annual consumption of the three primarv
nutrients derived from chemical fertilizers ritrogen (N). phosphate (P.0.). and
potash (K20)-- currentlv amounts to about 146 million tonnes (figure I) "3!. On
a regional basis., however. there is a wide disparitv in the use of these three
primary nutrients ranging from a high of about 270 kg/ha in western Europe and
China to a low of about 9 kg/ha in sub-Sahara Africa. Likewise, P,0. consumption
varies quite widelv. from almost 70 kg/ha in western Europe to onlv about 3 ke/ha
in sub-Sahara Africa (table 1) [2.3]. Current annual world phosphate fertilizer
consumption amounts to about 38 million tonnes of P,0. and .s expected to reach
about 43 million tonnes P,0. bv the end of the centurv (3.4°. Figure II shows the
trends in consumption of tho three primarv nutrients since 1970 2,310,

Since about 1840 when German a scientist. Justus von Liebig. first stressed
the importance of replacing mineral elements removed bv crops, the benefits of
nutrients supplied by chemical fertilizers have been clearlv established as a means
for increasing agricultural production |5 to 8°. The recognized need tor
fertilizers in todav's agriculture necessitates the continued need to implement
production and use strategies designed to minimize anv adverse impact upon the
world’s air and water resources.

Nitrogen tertilizers have received the most attention with regard to their
contribution to elevated nitrate levels in some aquifers underlving large areas of
land committed to intensive agricultural preduction. A number of initiatives are
underway to curb the intrusion of nitrogen into the groundwater primarilv in
developed ccuntries where the consumption ot nitrogen fertilizers is relativelyv
high. These initiatives include (1) legislatiorn. including use taxes, to limit the
amount of applied nitrogen and regulate its time of application, (2) improved
application practices, (3) nitrogen product mcdifications to better regulate the
nitrogen release rate according to the crop’s need. and (4) the use of crop
rotations and deep-rooting crops that intercept nitrate moving downward in the soil
profile.
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In contrast to nitrogen. applied phosphate is quite immobile in most soils.
Its intrusion into the groundwater is verv limited [5.7!. Because phosphate reacts
with constituents of the soil. onlv a fraction of the phosphate is utilized bv the
crop to which it was applied. However. because the phosphate is so intimatelv
associated with the topsoil particles, it is more easilv transported to surface
waterwavs through soil erosion [7;.

The great majoritv of the phosphate fertilizers currently used worldwide are
highlv soluble in water. The remainder. though less soluble in water. are still
relatively available to the crop. depending upon a number of soil. crop. and
climatic factors discussed later (figure III).

Most of the highly water soluble phosphate fertilizers are derived from wet
process phosphoric acid. Wet process phosphoric acid is produced by reacting
sulphuric acid with phosphate rock and then separating the resultant dilute
phosphoric acid from unwanted solid reaction products, silica, and other impurities
in the phosphate rock. This solid residue is essentially calcium
sulphate-dihydrate. or gvpsum, commonly referred to as phosphogvpsum.

Other methods for producing water-soluble phosphate fertilizer are also
based on the reaction of acids with phosphate rock. When a limited amount of
sulphuric acid is used, single superphosphate (SSP) is produced. This product.
although relatively low in P,0s, typically 16%-20%, is very soluble and currently
accounts for about 17% of world P,0; consumption. When phosphate rock is treated
with nitric acid. unwanted calcium is most often removed from the reaction liquor
as solid calcium nitrate. which can be further processed into ammonium nitrate
fertilizer and byproduct calcium carbonate. Variations of the nitric acid-type
processes range from almost total calcium removal to yield a very highly
water-soluble phosphate fertilizer to no calcium removal., which yields a less
concentrated and moderately soluble product. Some nitric acid-based processes also
use varying amounts of sulphuric acid and/or phosphoric acid to adjust the
nitrogen-to-phosphorus ratio and the level of water-solubie P in the final product.

The water solubility of a phosphate fertilizer is roughly proportional to the
amount of calcium removed during processing. Most phosphate rock (concentrate)
tvpically contains about 1 tonne of calcium for each tonne of P,0,. Thus, the
production of the more soluble phosphate fertilizers, which are derived from
phesphoric acid, results in the production of about 150 million tonncs of byproduct
phosphogypsum annually on a worldwide basis. This large quantity of phosphogypsum
has given rise to concerns relative to the management and disposal of this solid
material and the associated process water in an environmentally acceptable manner.

In searching for ways to meet the growing need for pnosphate fertilizers in
an economic way, and at the same time address the environmental concerns directed
at the phosphate fertilizer producer and user, this paper raises the following
issues (questions) for discussion and evaluation:

1. Is the current family of highly water-soluble phosphate fertilizers
necessary from an agronomic point of view?

2. What are acceptable phosphate fertilizer water solubilities for the
significant cropping systems in the world’s major agroclimatic zones?
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3. What are the costs associated with responding to the environmental
concerns currentlv directed at the phosphate industrv?

4. What alternative phosphate product options are available and what is
their cost?

5. What are the technical. economic. and policy barriers (constraints) that
weuld have to be overcomz to change current phosphate fertilizer
production and use practices?

2. AGRONOMICS OF PHOSPHATE FERTILIZER USE

The production of the world’s most important food- and feed-grain crops
removes anywhere from about 20 to 60 kg/h of P,0, from the soil for each crop
harvested. Because the crop is usuallv removed and consumed elsewhere, little of
this phosphorus is recvcled back to the soils from which it was taken. Add to this
the phosphorus that is lost through erosion of topsoil or through reactions with
soil components to form compounds that are only slightlv soluble, and one can
quickly appreciate the need for continuously replenishing the soil’s phosphorus
supply through the application of chemical fertilizers. manures. and recycled crop
residues.

2.1. PHOSPHATE FERTILIZER PRODUCT CHARACTERIZATION

For agronomic purposes, phosphate fertilizer products are most often
characterized by (1) solubility, (2) particle size., and (3) the chemical form of
phosphate they contain, for example, monocalcium phosphate or dicalcium phosphate.

The solubility of fertilizer phosphate is measured by a number of laboratory
methods depending upon the country. The differences in indicated solubility depend
largely upon the test method used {9,10.11}.

Particle size is easily measured using test screens. As with solubility test
methods, there are also a number of screen standards and test procedures used {12].
The particular chemical form of the phosphate, or the mix of chemical forms found
in a fertilizer, largely determines the solubility of the product as determinad by
chemical test methods. However, particle si: > can influence the rate at which the
phosphate dissolves when it is applied to the soil.

2.2. BEHAVIOUR OF APPLIED PHOSPHATE FERTILIZERS IN SOIL

Water-soluble phosphates react quite rapidly with soil components after
application to form compounds of lower solubility. In the process, there is some
localized movement of dissolved phosphorus away from the particle or granule site.
Because only a small volume of soil (about 2% of the plough layer) is normally
affected by the applied fertilizer phosphate, placement of phosphate near the seed
is an important management practice used to increase the chances of the young
seedlings absorbing phosphorus when it is most needed.
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nlv about 101-20% ot applied phosphorus tertilizer is faken up bv the coop
to which it was «dpplied. The remainder contvibutes to "build-up” of vesiduad
phosphorus in the soil. even theuch it is transtermed into less seluble torms. In
acid soils. these less soluble forms are primarilv ircen and aluminum phosphates:
in calcareous soils. thev are calcium phosohates ot low solubiiity. Forumzticn ot
such compounds explains whv phosphorus is guite immobile and why so 1ittle 13 taken
up bv the first crop.

2.3. PHOSPHATE SOLUBILITY NEEDS FOR SELECTED CROPS

Manv factors affect the response ot a crop to water-soluble phaosphores:
however, minimum levels ot water--:olubie phosphorus needed for cer-sin crops an
be estimated. Although this is a subjecrive judgement. the water-solubilizv seidem
needs to be as high as currently found in most commercial phosphate fertilicecrs.
For mest crops. 40%-60% of the total phosphorus in the water-soluble torm is
considered adequate provicded that most of the remainder is "avaiiable” as measured
by conventional laboratory test methods. For short-season vegetable crops. the
water solubilitv should be higher: tor longer season crops. it can be lower. Most
vegetable crops are grown over a fairlv shuot period of rime with root svstems thar
are not well developed. whereas long-season crops are chavacterized hv
well -developed root svstems. Because the phosphorus is gquite immobile in the sail,
a large and vigorous root system is more likelv to intercept and absorb phcsphorns
from the soil.

Irrigated agriculture, which accounts for about 234 (about 240 millicn ha) of
the current world total harvested crop area mav require special fertilizer
materials to tacilitate application. Flooding and overhead sprinkling account tor
the majoritv of irrigated agriculture. with flooding and furrow water application
techniques being the most common., representing about Y0JX of the rotal. Current!v,
drip-tvpe irrigation svstems account for less than 1Z of the total. butr the
application of such svstems is increasing. In general, it the fertilizev is not
applied with the irrigation water. phosphate fertilizer products and application
methods used for upland agriculture are appropriate for irrigated agricuiture.

In summary. from an agronomic point of view. the production of highly
crater-soluble phosphate fertilizers is not necessarv for the ma joritv ot cropping
systems. A more moderatelv water-soluble familv of phosphate fertilizers would be
appropriate in most cases. A more complete discussion ot the factors affecting the
level of phosphate solubility required under specitic crop production svstems cé
be found in a recent IFDC literature review 13},

3. THE PHOSPHATE FERTILIZER INDUSTRY OF TODAY

Today. the world’s phosphate fertilizer industry produces about 41 million
tonnes of P,0, annuallv not including that used tor animal feed supplements (abowut
1.8 million tonnes P,0,) and other industrial purposes (about 2 million ronnes
P,0.). This amount of P,0., is contained in about 140 million tonnes ot fertilizer
products in which about 70% of the P,0. is derived ftrom wet-process phosphoric
acid.




The industre is characterized by (1) the concentration ot raw material
produciion in relativeiv tew countries: (2) integraied processing: (33 extensive
intra- and interregional trade in raw materials aud increasingiv in intermsdiate
and finished products: and (4) excess capacity relative to demand.

3.1. GLOBAL OVERVIEY OF FHOSPHATE FERTILIZER PRODUCTION AND USE

In the last (wo decades. processed phosphate (phospheric acid and finished
products) trade has increased steadilv. whereas phosphate rock concentrate trade
has deciined. Transpert cost savings tor the more concentrated phosphate materials
and economies of scale attribured to the integration of mining and processing have
been the main reasons tor the trend.

3.1.1. Protile ot basic phosphate raw materiacls
s.1.1.1. Phosvhate rock con-entrate

The annual production of 40 miliion tonnes of fertilizer P.,0. reguires the
mining, cf about 630 million tonncs of ore. About 80% of the mined wre is of
sedimeatarv origin while the remainder is ot igneous origin. This ore is processed
into sbour 140 million tcnnes of phosphate rock concentrate having a tvpical P.0.
content of about 314 for the sedimentarv material: the P.0. content of concentrate
derived from some igneous ores mav exceed 36Z. An additional 15-20 million tonnes

of phosphate rock concentrate is used annuallv for nonfertilizer purposes. In
1989, total production of phosphate concentrate amounted to abont 163 million
tonnes ' 1l4;. Although 34 countries currentlv produce phosphate concent. ate. only

tour countries (United States of America., U.S.S.R.. Morocco, and China) acccunt fer
about 75%Z of all production (table 2).

Exports of phosphate rock concentrate account for about 274 of total
deliveries (46.4 million tonres in 1988, 43 .1 million tonnes in 1989). Fourteen
countries exported concentrate in 1988 but Morocco (14.3 million tonnes). the
United States (9.3 million tonnes), and Jordan (5.6 million tonnes) accounted for

1% of export deliveries. Europe (%2%4) and Asia (22%) were the predominant
regional destinations for these exports.

It should be unoted that 1988 is chosen as a reference vear for analysis
because in 1989 the world phosphate trade was disrupted bv a commercial
disagreement which led to 1989 being atypical in the trade of phosphate fertilizer
materials. Following resolution of the commercial differences, a return to the
established trade patterns was again apparent in 1990,

Over the past decade, world exports of phosphate concentrate declined from
about 53 million tonnes to about 46 million tonnes todavy. During this period,
North African (Morocco and Tunisia) and West Asian (Jordan and Israel) producers
emerged as major exporters while exports from the United States declined. This
trend is expected to continue. Overall, it is expected that phosphate concentrate
exports will stagnate or even decline slightly until the end of the century with
Europe.in imports declining by 3-4 million tonnes and Asian imports increasing by
2-3million tonnes over the next decade [1%]. Jordan seems likely to continue its
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steadv growth (8% annuallv) and currentlv is the most competitive exporter to the
growth regions of Asia because of its favourable freight advantages over the United
States and. to a lesser extent. over Morocco.

Currentlv. there is world capacitv for about 200 millicn tonnes of phosphate
concenirate per annum | l6;. This excess capacitv will act as a major constraint
to price increases for phosphate fertilizers.

3.1.1.2. Sulphur

The second ma jor raw material required for phosphate fertilizer production is
sulphur. Annual vorld production of sulphur in all forms has increased from 5/
million tonnes in 1975 to almost 61 million tonnes todav. Almost half (29 million
tonnes) is used for the manufacture of phosphate fertilizers, and an additional 4.3
million tonnes is used for the production of other fertilizers such as ammonium
sulphate. All but 8% of the total production of sulphur/sulphur equivalent is used
to manufacture sulphuric acid.

There have been marked changes in the sources of sulphur production over the
past 15 vears with an increase in the proportion of sulphur reccvered from sour gas
and oil (41% in 1990). This has been accompanied by stagnation or decline in the
percentage of Frasch (mined) sulphur (23%) and sulphur obtained from pvrites (17%)
and other sources (19%). These trends are expected to continue. resulting in some
two-thirds of all sulphur output coming from nonvoluntarv production sources bv
1995 {17!].

Although more than 50 countries produce sulphur. onlv 4 (Canada. United
States, U.S.S.R.. and Poland) account for 60% of world production. Thus, there is
considerable world trade in elemental sulphur. whereas trade in pvrites is limited
to Europe. There is also limited trade in sulphuric acid amounting to 1.5 million
tonnas of sulphur equivalent annuallv.

3.1.2. Protile of wet-process phosphoric acid production

World production of wet-process phosphoric acid was equivalent to 28 .6 million
tonnes of P,0, in 1988. Production declined 5% in 1989. primarily because of the
previously mentioned commercial dispute, but recovered in 1990. Because of freight
advantages, there has been a trend to integrate phosphate mining and processing
operations. Additionally, because sulphur may represent 40% of the cost of
production, phosphoric acid plants are most viable when located near economic
supplies of sulphur/sulphuric acid.

Of 40 producing countries worldwide, only 4 (United States. L.S.S.R., Morocco,
and Tunisia) account for two-thirds of the world production of wet-process
phosphoric acid. About 4.4 million tonnes of P,;0. as phosphoric acid was traded
in 1988. Morocco is the largest exporter with 1./ million tonnes P,0. shipped in
1988, mostly to India and western Furope. The United States, the second largest
exporter, exports about 0.9 million tonnes P,0,, of which about 70% goes to the
U.S.S.R. Within western Euivope, about 0.5 million tonnes P,0. is traded, sourced
primarily from Belgium and Spain.




About 1.9 million tonnes P,0, as phosphoric acid (about 7%) is consumed for
nonfertilizer uses. About 70% of this industrial use occurs in western Europe.
North America. and Japan.

Very little net new procuction of phosphoric acid is expected to come on
stream during the next 5 years because there is a current excess of capacitv.
China is expected to increase its verv small phosphoric acid capacity by about 2
million tonnes over the next 5 years:; this production will be based on the use of
domestic rock. Morocco, Jordan, U.S.S.R.. and Israel are expected to increase
capacity, but this will most likely be offset by declines in capacity in Europe and
Japan. Production in the United States is expected to remain static.

3.1.3. Profile of finished phosphate fertilizer products

Almost 40% of the current annual production of approximatelv 41 million tonnes
P,0; as finished products is in the form of ammonium phosphates (DAP and MAP). and
a further 13% is produced as TSP. This production accounts for approximately 83%
of the phosphoric acid used in fertilizer production. These data for 1988 are
summarized below:

Percent of
Percent of Total Phosphoric
Product Type P,0; Total P,0. Acid Use

(thocusand tonnes)

DAP/MAP 16,235 39.2 62.2
TSP 5.507 13.3 ] 21.1
Phosphor’c acid-based NPKs 4,338 10.5 16.6
Nitric acid-based NPKs 3.879 9.4
SSP 7.083 17.1
Other phosphate fertilizers 2,888 7.0
Direct application phosphate

rock 1.310 3.2
Basic slag 205 0.5
TOTAL® 41,445 100.0 100.0

a. Totals may not add due to rounding.

The regional distribution of finished phosphate fertilizer production for 1988
is shown in table 3. Two-thirds of total production occurred in the United States,
U.S.S.R., China, and Western Europe Production derived from phosphoric acid
varies from around 80% or more in North and Central America, North Africa, and West
and South Asia to around 50%-60% in other regions, except Oceania and China where
phosphoric acid contributes only about 14% and 1% of the P,0,, respectively.
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3.1.4. Trade in tinished ohosphate rertilizer products

Internatioral trade in tfinished phosphate fertilizers is limited primarily to
DAP. TSP. and compound NPKs. Exports of DAP have doubled in the past decade to
around 4.8 million tonnes P.O. annuallv. DAP. containing 18% N and 467 P,Q.. is now
the most internationallv traded phosphate fertilizer.

The United States accounts for 60%-/0% of all DAP and MAP exports (about 3
million tonnes P.0.). Morocco. Jordan. and Tunisia follow with approximatelv 102,
74. and 3%. respectivelv. Almost 604 of all ammoniwe phosphates are exported to
Asia: China accounts for around one-third. and India. Iran. and Pakistan together
account for more than 25% of the exports made to Asia. Recent estimates of landed
costs for DAP to the Chinese market indicate comparative advantages from rthe United
States while the North Africa and West Asia cxporters have cost advantages in rthe
South Asia and Western Europe markets 13%.

Exports of TSP. 1.9 miliion tonnes P.0Cs in 1988. have lagged behind that of
DAP. presumablv because TSP has a lower total nutrient content than DAP.
Production of TSP is concentrated in the United States. U.S.S.R.. North Africa. and
West Asia. However. production in the U.S.S.R. is utilized domesticallv. leaving
the United States. Tunisia. Morocco. and Turkev as the major exporters. One-third
of all exports go to western and eastern Europs. and about 157 go to the U.S.S.R.
Another 237 is imported throughout Asia. in:luding China. for use as a straight
phosphate fertilizer.

Trade of compound NPKs amounted to almost 2.3 million tonmes P.,0. in 1988,
Over 40% of this trade was within western Europe. and another 10% was between
eastern Furope and western Europe. Western Europe also accounts for 50%-55% ot all
other exports of P,0. in the form of comnound NPKs.

3.1.4.1. Expected trends in traded phosphate fertilizer products

The concentration of raw material supplies. favourable economics of integrated
processing. and the freight advantages for more concentrated finished products have
led to the current structure of production and trade of phosphate fertilizers.
Growth in total production of finished products, which decreased in annual
percentage terms from 7.8% in the 1960Us to 1.5% in the 1980s, is now expected to
stabilize. With a current overcanacitv of about 2.5 million tonnes P,0. in the
form of finished products (6.5% of world P.0. consumption) and a forecast growth
in demand of only 1%-1.2Z per annum for the next 5-10 vears. further
rationalization within the industry can be expected. As the supplyv/demand balance
comes into equilibrium during the next 5 vears and prices improve. new capacity can
he cxpected and is already being planned in China. North Africa. and West Asia.
The main surplus areas will continue to be the United States and North Africa. The
deficit areas will include East Asia. China. Eastern Europe. and Central and South
America.

3.1.5. Demand for phosphate fertilizers

World consumption of phosphate tertilizers increased from about 10 million
tonnes P,0. in 1960 to 38 million tonnes P,0. in 1988. representing 36% and 26%,




I -

respectivelv. of total fertilizer nutrient (N + P.O. + KJO) consumption. During
the 1960s. all regions exhibited growth in P.O. consumption: srowth averaged /.37
per annum and ranged trom 4.0Z in western Euvope to 20.27 in South Asia. DPuring
rthe 19/0s. the growth rate slowed to 4.4%, but still all regions except Qceani:
maintained a positive growth. During the 1980s. s considerable diversence between
regions occurred in the growth rate of consumption due te climatic and micro- and
macroeconomic policv changes ‘4°. Phosphate fertilizer use decreased in several
regions. including significant declines in the mature markets of North America
(-3.3%). western Europe (-2.14). Oceania (-2.97" . .nd eastern Europe (-U.9%). The
U.S.S.R._ Asia. and sub-Sahara Africa. however. «iperienced more than 6, per annum
growth while Central America grew at almost 5. Because of the disparitv in
regional consumption growth patterns. the regional shares of P.0. consumption
changed markedlv between 1960 and 1988. as shown in figure IV.

2]

Over the next decade. total world consumption is expected to increase bv
12-1.2% per annum to 43.3 million tonnses P.0:. bv the end of the centurv. Rerional
phoesphate fertilizer demand. as forecast bv the World Bank/FAO UNIDO/Industry
Working Group is shown in figure IV. Static or declining consumption is torecast
for the developed market economies. eastern Europe. and the U.S.S.R. Crowth is
confined to the developing countries and socialist Asia: over 73% of the growth is
forecast to occur in South and East Asia including China.

3.1.6. Current phosphate fertilizer manutacturing and rarm-level cost structure

Prices for internationallv traded phosphate fertilizers have fluctuated widelv
over the past few decades but have generallv exhibited a downward trend (Figure V3.
The international prices. shown in Figure V and quoted in current U.S. dollars. de
not fullv reflect the impact of supplv and demand or the cost of raw materials and
processing due tu several distorting factors including:

- A limited number of buvers and scllers.

- Increased government cwnership of the industrv.

- Limited entrv and exit of producers .o and from the industrv.

- Long-term lags in adjustment to achieve commercial equilibrium.

- Imperfect short-term knowledge of market conditions.

- Effects of countertrade and bartering.

- Effects of tariffs. quotas, a. . production and end-user subsidies.
- Impact of fluctuating international treight rates.

The industry is characterized not onlv bv a regional concentration ot raw
material resources. but also over the past decade. bv an increasing concentration
of production within regions under the control ot fewer tirms. Low or negative
profit levels have led to industrv rationalization in the developed market
economies, while the expansion of production in developiny countries and centrallv
planned economies has led to increased public sector ownership of production
resources.

On a new investment basis, the cost of raw materials tor phosphate fertilizers
accounts for 40%Z to 6071 of the "otal production costs. However, for cstablished
plants with lower capital charges. such as those in the United States. raw
materials account for as much as 80% of the total production cost [18!. With these
high raw material cost components., price distortions can be significant where
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government policv initiatives (in the form of subsidized production or lack of
environmental control legislation and enforcement) are designed to generate foreign
exchange for use in other sectors of the economv. Nonsubsidized private sector
production is only able to compete against such price distortions through more
efficient use of capital. raw material cost advantages. and plant operating
efficiencies.

3.1.6.1. Estimated current cost structure assuming new production facilities

Estimates of conventional and alternative phosphate fertilizer production and
farm-gate costs were made by IFDC in 1988. based on new capital investments in
developing country locations [19]. These estimates assumed capital recovery at 12%
annual interest over 15 vears and delivered raw material costs of $135/tonne for
sulphur. $60/tonne for phosphate concentrate., and $145/tonne for ammonia. These
costs. including credits for nitrogen and sulphur where applicable. are summarized
in figure VI. With the exception of direct application phosphate rock. the
estimated farm-gate cost for all processed fertilizers is quite similar, at close
to $700/tonne P.0..

In order to more thoroughlv examine expected regional differences in farm-gate
costs for major phosphate fertilizers, estimates were made based on the above
processing costs, including capital recovery and regional supply and consumption
estimates. using 1988 as a base year. The delivered cost of phosphate rock
concentrate was derived from an estimated domestic production cost of $107.6/tonne
P,0. for all regicns except the United States ($61.5/tonne P,0.), U.S.S.R.
($143/tonne P,0,). North Africa. sub-Sahara Africa. and West Asia ($98.4/tonne
P,0.). and an average export price of $123/tonne P,0, f.o.b. plus estimated
international freight and port-handling costs. Th=z delivered cost for sulphur was
estimated at $135/tonne for all regions, and phosphoric acid production costs and
international freight costs were estimated. Where supplies of finished products
were imported, the landed costs were derived from the estimated production costs
in the region of origin plus freight and handling.

To arrive at the farm-gate cost, the domestic distribution and marketing costs
were assumed to be $30 per tonne of product for all regions except sub-Sahara
Africa, where a value of $80/product tonne was assumed (refer to section 5).
Farm-gate product costs were then expressed per tonne P,0, and credits for nitrogen
or sulphur deducted. where applicable, at $520/tonne for nitrogen and $135/tonne
for sulphur at the farm level. The results are summarized as follows:




Estimated Farm-Level
Region/Country Cost of Phosphate Fertilizer"

(US $/tonne P,0.)

Western Europe 559
Eastern Europe 634
U.S.S.R. 484
North America : 469
Central America 621
South America 580
North Africa 575
Sub-Sahara Africa 844
South Africa 627
West Asia 578
South Asia 633
East Asia (excluding China) 638
China 541
Oceania 702
World Average 582

a. Based on new plant facilities (1988 basis) and current world product mix and
phosphate trade. Values do not include estimated incremental costs for
environmental compliance described in section 5.

Although an attempt was made to incorporate the impact of international
movements of raw materials, intermediates, and finished products and differences
in the cost of phosphate rock among the major exporting regions, the resultant
farm-level costs should be regarded only as indicative values. The results of this
analysis indicate an average current world cost of about $582/tonne P,0, at the
farm gate, with a low of US $469/tonne P,0, in North America and a high of US
$844/tonne P,0; in sub-Sahara Africa. Apart from direct application phosphate
rock, DAP, at an average cost of $551/tonne P,0,, is the least-cost source of
phosphate followed closely by compound NPKs at $573/tonne P,0,. TSP is $630/tonne
P,0,, and SSP is the most expensive source at $682/tonne P,0,. The cost structure
for the various products is described more fully in section 5.

This analysis indicates that the current industry structure and product mix,
based heavily upon wet-process phosphoric acid, is providing the least-cost supply
of phosphate fertilizers on a global basis. The cost advantage of phosphoric acid-
based products produced in existing plants is even more favourable due to lower
capital charges.

3.2. OVERVIEW OF ENVIRONMENTAL REGULATIONS IN THE PHOSPHATE FERTILIZER SECTOR

3.2.1. Summary of environmental regulations

A 1983 survey of member countries by the International Fertilizer Industry
Association (IFA) indicated that "environmental concerns were not regarded as a
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problem in developing countries. where food supplies are often insutticient.
organic manure in short supplv. and fertilizer use in a decline"™ [20!

A similar survey bv IFA in 1989 showed that the situation has changed
markedly: “The environmental movement has become s strong political for<e and is
spreading to some developing countries. whether or not the conditions are
appropriate™ [20].

A sampling of existing environmental regulations directlv affecting the
phosphate fertilizer industry in selected countries is given in Tables 4 and 5.
These data indicate a great deal of variability in the permitted values and the
basis used for calculation.

In addition to legislation regarding eftluent discharges to the environment.
some countries have established workplace environmental standards. These
standards. expressed as threshold limit values (TLVs). are designed to protect
people who are exposed to toxic and hazardous substances in the workplace tor long
periods of time [21,22].

3.3. PHOSPHATE FERTILIZER MANUFACTURING TECHNOLOGY
3.3.1. Phosphate mining. land reclamation and beneficiation

As indicated earlier, the phosphate industry is characterized by the movement
and processing of large tonnages of overburden. ore. and concentrate. The
phosphate concentrate used to prepare the intermediate and finished products is
derived from naturally occurring phosphate-bearing ore. Tvpically. the naturally
occurring ore contains 152%-30% P,0, comingled with sand. <clav. and other
impurities. Current world phosphate reserves amount to the equivalent of about 12
billion tonnes of marketable concentrate, and the reserve base amounts to more than
30 billion tonnes (table 2) [14].

The great majority of the world’s phosphate ore is obtained using surtace
mining techniques. These mining operations often require the removal and eventual
replacement and reshaping of as much as 5 tonnes of overburden per tonne ot ors.
or several times that amount of material per tonne of recovered P,0.. because not
all the P,0. contained in the mined ore is recovered as a marketable phosphate
concentrate. Depending upon the characteristics of the ore. as much as one-third
of the P,0. can be lost in the process of separating the phosphate from its parent
ore consisting of sand, clay. limestone. and other materials. The separation
(beneficiation) process mav range from a crude dry-screening process to a verv
sophisticated process that may involve washing. wet screening. magnetic separation.
hydraulic separation, centrifugation, flotation, calcination, settling/decantation,.
and drying.

The disposal of phosphatic clay waste is the most troublesome problem taced
in most beneficiation processes. Even after years of settling. these verv fine
particles seldom consolidate to more than 20% solids [23]. Besides requiring a
large land area for settling and storage of this material., careful management of
the recirculated water which is used to transport the clav waste is also required
to avoid contamination of water resources.
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All pliosphate ore contains traces of uranium and its radioactive decav
products (radionuclides) and a number of metals which are being studied in relation
to the health of humans and other animals (table 6 [24.25 and table 7 126.27).

These metallic constituents. most notablv cadmium. have received a great deal
of attention in recent vears. especiallv regarding international trade of phosphate
concentiate containing elevated level s of cadmium. Techniques for removing cadmium
from phosphate concentrate. for example. high-temperature calcination, have been
evialuated and used to 4 limited commercial extent with generallv unsuccessful and

costlv results. Removal of cadmium and other metals to tolerable levels from
phosphoric acid seems to ofter more promise. Such removal techniques. though
currentlv not practiced commerciallv in the fertilizer industrv. invclve

ion-exchange or solvent extraction methods [26.28!.

Study of the ultimate fate of radioactive decav products and potentiallwv
harmful metals in the processing of phosphate ore to finished fertilizer products

is vielding some interesti - observations. For example. the concentration of
radionuclides 1s reportedi aigher in the small particle size fraction (minus 30
lm) of phosphogvpsum ‘2% . whereas in the beneficiation of central Florida

phosphat~ ore. which is n..urallv low in cadmium, about one-third of the cadmium
is removed with the phosphatic clav that is discharged to a disposal site ‘27!.
The fate of certain metals and radioactivity. including their entrv into the food
chain through the soil and plant tissue. continues to receive considerable study
"30.31.32.33.

3.3.1.1. Environmental factors related to phosphate mining. land
reclamation. and beneficiation

Phcsphate mining and beneficiation operations, depending upon a number of
site-specific factors. mav affect the environment to varving degrees in one or more
of the following wavs:

- Topographv changes including the loss of aesthetic value. soil
fertilitv. and soil moisture-holding capacitv.

- Loss of natural plant and wildlife habitat.

- Loss of recreational, historical, and archaeological values.

- Disturbance of shallow aquifers.

- Contamination of surface and groundwater resources caused bv
the intrusion of contaminated water from mine sites and
phosphatic clay and sand tailings disposal sites.

- Depletion of groundwater resources due to extraction of water
used for processing.

- Erosion caused bv wind and water.

- Concentration and/or escape of radionuclides that mav be
harmful to human health.

- Atmospheric contamination due to exhaust fumes and noise from

_ mining/reclamation equipment.

Fortunately. for the most part, the level of environmental degradation caused
by these factors is minimized., and in some cases eliminated, through responsible
and innovative technical management of the mining. reclamation, and beneficiation
operations. In some cases, mined-out sites have been restored to an aesthetic and
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economic level far exceeding that of the original site. It is also important to
note that some unreclaimed mine :zites offer very favourable habitat for wildlife
and natural vegetation that would otherwise be lost if the areas were reclaimed for
agricultural or commercial development.

In some locations it is possible to integrate mine-site reclamation with the
disposal of large quantities of phosphatic clav. sand tailings. and phosphogvpsum
discharged from the ore beneficiation and phosphoric acid units.

Reported costs for reclamation of mined-out land as practised in Florida
(U.S.A.) range from about US $5.000/ha to US $25.000/ha depending upon the site.
desired end use. and the method used to manage the surface water. Restoration to
a mix of wildlife and agricultural uses in the "land and lake" format is among the
most costly. In the example cited for Florida. about 15.000 tonnes of marketable
concentrate (about 4,600 tonnes P,0,) is extracted per hectare. Thus. the cost of
reclamation per tonne of P,0, is in the range of about US $1-$5. with US $1 - $2
being more appropriate for the florida operations.

Because mining and beneficiation will continue to be essential for the
preparation of phosphate fertilizers regardless of the product type. it is expected
that the adoption of environmentally sound mining and land reclamation procedures
will continue to be expanded on a global basi:. A discussion of the environmental
aspects of the Jordanian phosphate industry by Taqieddin [34] is indicative of this
trend. Also, it is expected that more sophisticated operational procedures in all
aspects of mining and beneficiation will be implemented as the higher grade
phosphate ores become depleted and thus necessitate the processing of lower giade
material.

The production of phosphate fertilizers that are less water-soluble may
benefit the mining and beneficiation operations in two ways. First, less
beneficiation may be required. resulting in lower losses of P;,0;. In some cases
it may even be possible to produce phosphoric acid by the direct acidulation of the
ore and avoid beneficiation entirely [35]. Second, the use of lower grade
phosphate ore containing a higher level of impurities, such as magnesium. iron. and
aluminum, will have the net result of increasing the level of phosphate reserves
and increasing the economic life of existing production facilities.

3.3.2. Wet -process phosphoric acid

Phosphoric acid is the major intermediate used to produce phosphate
fertilizer. As previously stated, approximately 70Z of all fertilizer P,0, is
derived directly from wet-proce' 5 phosphoric acid. Most of the balance is derived
from phosphate concentrate that is usually treated with phosphoric or other acids
(sulphuric or nitric acid) to increase its solubility. Additionally, small amounts
of fertilizer-grade phosphates are derived from direct application phosphate rock,
basic slag, thermophosphates, guano, bonemeal, and other minor sources.

Except for a small amount of phosphoric acid prepared from elemental
phosphorus (furnace-grade acid) that may be used to prepare speciality fertilizers
used in irrigation and greenhouse culture, all fertilizer-grade phosphoric acid is
produced through a variety of wet processes in which the phosphate concentrate is
digested in a dilute mixture of phosphoric acid and sulphuric acid.




- 21 -

The digestion process results in a slurre of phosrhoric acid and solid calcium
suiphate. The insoluble calcium sulphat.. formed from the reaction »f calcium
contained in the concentrate and sulphuric acid. is separated from the phosgheric
acid soluticn by filtration. The concentration of the phosphoric acid as it exits
the filter (filter-grade acid) varies from about 27%1-30X P,0. to about 40Z-50% P.0..
depending upon the specific process. The acid mav then be further concentrated and
clarified. depending upon its final use. Likewise. the cilcium sulphate produced
in the digestion step mav be in the hemihvdrate (CASND,.%H:0) or dihvdrate
(CASO,.2H;0) form. depending upon the specific process. In some of the hemihydrate
processes. the calcium sulphate is recrvstallized to the larger and easier to
filter dinvdrate (gvpsum) form before filtration: in others. the calcium is removed
in the hemihvdrate form. The ma jor wet-process phosphoric acid process routes are
well described in the literature {36,37.38!.

In most cases. calcium sulphate (phosphogvpsum) discharged from the filrer is
slurried to a concentration of about 20X with recirculated process water and pumped
to a disposal site. In some cases, the gvpsua is purified and used for
construction or other industrial purposes. In a phosphoric acid plant in Indonesia
and India, for example. the phosphogvpsum is reacted with ammonium carbonate to
form ammonium sulphate fertilizer and purified calcium carbonate that is used in
the production of cement. Although dependent upon an ammonia plant as a source of
ammonia and carbon dioxide. this process effectivelv converts phosphogypsum into
useful byproducts. However. the present-dav economics of this technologv are
questionable. It is important to note. however, that the economic merits of
phosphogvpsum utilization are quite dvnamic and site specific in that thev depend
heavilv upon the alternative costs of disposal on one hand and the cost of sulphur,
cement., and other useful products that can be derived from phosphogvpsum on the
other.

In addition co industrial uses, a relatively small amount of phosphogvpsum is
used as a source of agronomic calcium and sulphur (land plaster). Phosphogvpsum
is especiallv useful as a soil amendment for soils containing high levels of
exchangeable sodium. Thus. phosphogvpsum can often become an integral component
in the reclamation of soils containing elevated levels of exchangeable sodium.

About 152 of the world production of wet-process phosphoric acid is traded in
the form of merchant-grade material having a P,0, content of 52%-54% and an
undissolved solids content of less than 1X. The balance is used at the various
production sites for the captive production of phosphate fertilizers. such as DAP.
MAP, TSP, and compound NPKs. Also, as already mentioned, some acid is used to
produce nonfertilizer products such as animal feed supplements. The average P,0.
content of acid used for the captive production of fertilizers at the basic
production sites is usually in the range of about 40%-45%. Also, the undissolved
solids content in this acid may be well above 12 depending upon the product
produced.

3.3.2.1. Environmental factors related to wet-process phosphoric acid
production

Just as the phosphatic clay waste is the bane of most phosphate ore mining and
beneficiation processes. so phosphogypsum and its associated recirculated process
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water are the bane cf the wet-process phosphoric acid industrv. As alreadv
indicet:d. each tenne of P.Oy produced as wet-process phosphoric acid results in
tke praductior of about 5 tornes (drv basis) of phosphogvpsum and often about twice
that amount o7 process water that must be dealt with.

3.3.2.2. Phosphogvpsum

In some cases. the phosphogvpsum is slurried with seawater and discharged to
the sea bevond the low-tide beach. In other cases. it is discharged into rivers
or integrated with mine reclamatior. projects where it is buried in mined-out areas.
In verv limited cases. the gvpsum is processed into ammonium sulphate and calcium
carbonate for use as a fertilizer and cement additive, respectivelv.

The technologv for conversion of phosphogvpsum to sulphuric acid, aggregate,
and other useful products has been relativelv well developed. but its commercial
adoption is constrained primarily for economic reasons. The integration of
wet-process phosphoric acid production with coal-fired electric power production
could result in the almost total utilization of phosphogypsum in the form of
recovered sulphur dioxide for the production of sulphuric acid and lime for the
production of cement {39}. Such integration mav be the kev to improving the
economics of phosphogvpsum utilization: however, the opportunities for economic
integration are often quite limited. Several methods for using phosphogvpsum,
although perhaps currently noneconomic. are well documented in the literature
160,411 . It should be noted. however. that the economics of phosphogypsum
utilization will undoubtedly improve as the costs of alternative phosphogypsum
disposal techniques increase.

For the most part, however, with the exception of a few locations, the
phosphogvpsum is stacked aboveground at disposal sites located near the phosphoric
acid production units. Currentlv. it is estimated that bv the vear 2000 over 1
billion tonnes of phosphogvpsum will be stored in stacks in the S5tate of Florida
(U.S.A.) alone. The central Florida stacks now exceed 400 million tonnes, not
including the north Florida stacks. and are currentlv growing at an annual rate of
about 30 million tonnes; the total annual production of phosphogvpsum worldwide

amounts to about 150 million tonnes. The design and operating criteria for
phosphogvpsum stacks are described by Baretincic in The Fertilizer Institute’s
(TFI) comments to the United States Environmental Protection Agency

(U.S.-EPA).!42].

The closing or decommissioning of existing phosphogvpsum stacks brings about
another set of concerns, particularly because most of the existing stacks were not
designed to accommodate current or proposed closure regulations. According to
recently introduced, or proposed, U.S.-EPA and local regulations, idle or inactive
stacks would have to be dewatered, reshaped. and covered with an impervious
(plastic) membrane and a soil cap to support vegetation. Even if infiltration of
fresh stormwater is eliminated by capping the stack. drainage from the stack mav
coniinue for many years. This drainage must be collected and properly dealt with.
Kleinschmidt, at a recent symposium on phosphogypsum, described manvy of the
practical aspects of stack decommissioning [25].




Replacement of the active phosphogvpsum storage tacilities dccording te

proposed U.S.-EPA regulations is estimated to cost about US §2 billion "437. One
such stack site currentlv under construction in central Florida is reported to cost
in the ovder of US S350 million. This particular stack and process water

storage/cooling pond site is about 160 ha in size and completelv lined with an
impervious svnthetic membrane. Assuming the US $30 million estimate as a base and
an active life of 10 vears. the capital cost alone. not including operation. per
tonne of P.0. manufactured over a lU-vear period would amount to about US $6.0 at
a 14% annual interest rate.

3.3.2.3. Recirculated process water

A more troublesome issue than the phesphogvpsum is the recirculated process
water that is used to slurrv the phosphogvpsum and transport it to the disposal
site. This recirculated process water is also uted to remove heatr and gaseous and
particulate effluents from the wet-process phosphoric acid concentration unit and
the finished producti processing units. The acidic process water. referred to as
process wastewater bv the U.S.-EPA. dissolves and holds in solution a number of
elements originallv contained in the phosphate rock. Also. slippage of phosphoric
acid to the phosphogvpsum during filtration. and the collection of particulate from
other processing units. adds to the water small quantitics of solubilized metallic
ions in addition to compounds of phosphorus. sulphur. and fluorine. Furthermore.
because the process water is recirculated on a closed-loop in an eftort to obtain
a zero-discharge mode of operation. the concentration of these dissolved species
increases quite markedlv with time.

Estimates by the U.S.-EPA indicate that in 1988 the U.S. phosphoric acid
industrv managed about 1.8 billion tonnes of contaminated process watcr. This is
equivalent to an average of 84 million tpv for each of the 21 production facilities
or about 130 tonnes per tonne of P,0. produced. assuming a total annual production
of 14 million tonnes of P,0, in all ftorms including about 10 million tonnes in rhe
torm of wet-process phosphoric acid "297. According to U.S.-EPA. the amount of
contaminated process water managed among the facilities varied widelv from about
13 million tpv to 280 million tpv. Most of this process water is reused in the
process loop:. fresh makeup water, including rainwater. mav amount to onlv about
7-10 tonnes/tonne P,0, produced. The ultimate fate of the managed process water,
thus requiring the 7-10 tonnes/tonne P,0. fresh makeup. includes evaporation. water
of hvdration to form gvpsum, entrained water in the phosphogvpsum stack. seepage
into gruindwater, and. in some cases. permitted discharge to surface waterwavs
after appropriate treatment. Because the overall process water balance is heavilv
influenced bv rainfall. it mav be necessarv to intentionallv discharge water from
the containment site from time to time. In the United States, such discharges must
be trcated to complv with local discharge permit criteria.

Treatment and containment f this contaminated process water are currently the
subjects of major concern among both the regulatorv agencies and the producers.
Proposals put torth by some regulators include the use of impervious liners tor the
gvpsum stacks and process water cooling ponds and the continuous treatment of the
recirculated process water with lime to clevate the pH to at ieast 1.5 to promote
the precipitation of tluorides.
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Although treatment of the recirculated process water mav be technically
feasible. total containment without an intentional discharge is not technicallv
possible in some locations because of gvpsum stack design constraints and
unfavourable rainfall and evaporation balances.

The estimated costs associated with the treatment of process water to comply
with proposed U.S.-EPA regulations are given as an example and summarized in table
8 [441. Besides the capital and operational costs directly related to treatment
(equipment and lime). it is important to note that the loss of precipitated P,0s.
which may amount to about 4% of the total processed P,0., has a major influence on
the net P,0. recoverv for the facilitv. Also. because of the loss of acidity,
additional sulphuric acid must be fed to the digestion process to replace the
acidic process water.

Furthermore. because the recirculated process water is an integral part of the
phosphogyvpsum transport and management system, its treatment may adversely
influence the stacking and drainage properties of the phosphogvpsum. Laboratory
tests indicate that the presence of precipitated metal compounds from the process
water. including silica gel. increases not only the settled volume of the
phosphogypsun but also the moisture retention properties, thus making dewatering
more difficult [457.

The ultimate disposal of the precipitated solids from the process water
presents still another technical/cost concern. Laboratory, as well as limited
commercial, experience indicates that the insoluble compounds resulting from liming
of the recirculated process water to pH 3.5 consolidate to only about 15% solids
after 5 vears, making soil/vegetation capping (reclamation) of such settling ponds
impractical [45].

Additionally, it is important to determine what, if anv, collateral impact the
proposed process water containment and treatment schemes may have on the
performance of the process and final product cost. as well as on the environment
The cost of P,0, production is likely to be increased by process inefficiencies and
increased downtime due to blinding of the filter media and scaling of process
equipment. It is also necessarv to consider the costs associated with transport
and handling of lime and to recognize that the increasd production of lime will
have other effects related to quarrv operations, lime kiln emissions, and the
consumption of energy.

In sumnary, the wet-process phosphoric acid industry may affect the
environment in several ways. The degree of potential impact is very process- and
site-specific as are the definitions and criteria used by the regulators and
general public in assessing the level of impact. The reader is therefore cautioned
not to generalize. The main p ssibilities include the following:

- Disturbance of land used for phosphogypsum and contaminated process water
storage.

- Contamination of water resources caused by the disposal of phosphogypsum
and its associated process water, including acidity, dissolved metals,
and radionuclides.

- Fluorine emissions to the atmosphere from the phosphoric acid process and
process water storage/cooling ponds.
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- Escape of radionuclides that may be harmtful to human health.

- Airborne solid and liquid particulates including those caused bv wind
erosion of phosphogypsum stacks.

- Release of contaminated cooling water. plant site stormwater drainage.
and boiler blowdown residue.

- Release of metals and other residues from the regeneration or disposal cf
spent ratalvst from sulphuric acid production units.

- Release of solvents, oils. and other contaminants from plant maintenance
and workshop activities. :

As with phosphate mining. the potential impact of phosphoric acid processing
can be minimized through skilled technical management of the production facilities.
However, new investments mav be required to more completelv control the long-term
fate of some process wastes.

3.3.3. Finished phosphate fertilizer products

Except for relatively small quantities of basic slag. thermophosphate-tvpe
products., and miscellaneous organic fertilizer products. the current familyv of
finished phosphate fertilizers can be grouped into the following basic categories:
- Direct-application phosphate rock.

- Superphosphates.
-  Ammonium phosphates.
- Nitrophosphates.

A brief discussion of each of the basic product tvpes, including their
techrical advantages and constraints. follows.

3.3.3.1. Direct application phosphate rock technology

The production of direct application phosphate rock (concentrate), of course.
uses the simplest and least-cost process technologv. It is also the basic building
block for other more complex production technologies. For the purposes of this
discussion, a beneficiated phosphate rock concentrate containing 30% P,0. is
assumed. However, beneficiation is not always needed, and thus the P,0, content
of such products can varv widely.

As indicated earlier, the agronomic performan-~e of phosphate rock is heavily
dependent upon the characteristics of the phosphate rock. soil. crop. and climatic
conditions. In general, phosphate rock will perform best in acidic soils having
low available phosphorus and calcium: its performance is further enhanced if the
soil is warm and moist and if the crop growing season is long.

Perhaps more important than the absolute P,0, content is the observed

effectiveness of the phosphate rock (concentrate) as a fertilizer. This
effectiveness is, in part, dependent upon the origin of the rock and its inherent
ability to dissolve in the soil and become available to the crop. This

characteristic of the rock, generally refarred to as its "reactivity.,” is measured
by a number of laboratory test method: one commonly used method to indicate a
rock’s reactivity is based on the am at of P,0, that can be extracted from a
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sample using a neutral apmonium citrate (NAC) solution "46° . Caution should be
taken when interpreting laboratorv reactivity data beciause the results of the tests
can varv widelv depending upon the solvent used and the test procedure 9.10.11°.
Another criterion. referred to as bioavailabilityv. subiects the fertilizer to a
greenhouse pot test to determine its performance. This test method is used to
correlate chemical test methods «~ith actual crep response.

The reactivitv of a phosphate rock is determined not ounlv bv its geologica
origin and mineral characteristics. but also bv its particle size. Most phosphate
rock materials used for direct application need to be quite tinelv ground.
typically 90X minus 150 lm. The cost of this grindine operation. of course. has
a major influence on the ~ost of production of direct application phosphate rock.
Typical data on the composition., reactivitv, surface area. and grindabilitv of
selected phosphate rock materials are shown in table 9. If the vphosphare
concentrate is sufficientlv reactive and does not have to be finelv ground. as s
likely with such highlv reactive phosphate rock concentrates as Sechura (Peru’,
North Carolina (U.S.A.). and Gafsa (Tunisia) a significant cost advantage is
realized.

Advantages and Constraints

Despite the apparent ma jor advantages of low capital investment and production
costs, the use of direct application phosphate rock technologyv is limited bv (1)
the lack of widespread availability of reactive phosphate rock materials that give
the appropriate agronomic performance: (2) the difficultv of handling finelv ground
material and the possible worker health concerns related to handling dustv
material: (3) limited versatility of use: and (4) increased cost of P.0, deliverv
to the farm gate because the rock has a lower nutrient content than do the more
concentrated processed phosphates such as TSP or DAP. Consequentlv, as praviouslvy
indicated (figure III), onlv about 3.5% of world P,0, consumption is in the form
of direct application phosphate rock.

From an environmental viewpoint, direct application phosphate rock is quite
benign. Except for the impact of mining, the direct application products mav
require less beneficiation and thus generate less waste in the form of contaminated
water, phosphatic clay, or atmospheric discharges as a result of calcination to
remove unwanted carbonates or organic material. However, because of its small
particle size caused by grinding, it is more difficult to handle, and special
precautions must be taken to avoid the impact of airborne dust when it |is
transported, handled, and applied. Alsoc. because the rock is not chemically or
thermally treated, the level of cadmium and other unwanted constituents per tonne
of applied P,0 may be higher than that found in the processed phosphates.

3.3.3.2. Superphosphate-type products technology

The superphosphate family of phosphate fertilizers includes two major
products--SSP and TSP. With SSP, sulphuric acid is reacted with phosphate
concentrate to produce a product usually containing 16%-20% plant-available P,0,
and about 10% sulphur. With TSP, phosphoric acid is used instead. and the product
usually contains 46% available P,0, and cnly a trace of sulphur. These basic
products/processes can be altered to produce enriched superphosphate - basically
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a mixture of SSP and TSP - and some partiallv acidulated phosphate rock (PAPR)
products in which the level of soluble P,0, depends upon the characteristics of the
phcsphate rock and the amount of acid used '91}.

Advantages and Coastraints

The factorv-gate cost of granular SSP and PAPR, on a nutrient basis. is often
quite favourable when compared with that of granular TSP. However. the cost of
delivering an equivalent amount of P.0; to the farm gate in the form of the lower
analvsis SSP and PAPR products usually makes the more concentrated TSP precduct the
most favourable choice. especiallv in the case of imports and when the delivery
distance to the farmer is long. One pcssible disadvantage of TSP. in addition to
its partial (approximately 70%) dependence upon phosphoric acid. is that the
vroduction complex. including sulphuric acid and phosphoric acid is quite costlv
and can remain economical only if operated at a relatively high capacitv
atilization. In contrast, the less costlv SSP and PAPR units are affected less by
a decline in capacitv utilization. Another potential disadvantage of TSP is its
lack of agronomic sulphur content despite the relativelv heavv dependence upon
sulphur in producing the phosphoric acid used in TSP production.

The SSP and TSP technologies have another significant advantage over TSP;
their simplicitv and lower investment requirements make them better suited for
smaller scale operations that may often use locally available phosphate resources
te supplement or replace more costly imported phosphate raw materials or
intermediates such as phosphate concentrate or wet-process phosphoric acid.

with specific reference to environmental impact, the entire familv of
superphosphate products has less adverse impact at the production site than do the
ammonium phosphate products: because a smaller amount of phosphoric acid is
consumed per tonne of marketable P,0,. and in some cases no phosphogvpsum and
contaminated process water are produced. The recoverv of fluorine further enhances
the environmental integritv of these processes, whether the fluorine-based acid is
recvcled to the process as an acid source or is converted into a marketable
bvpreduct.

2.3.2.3. Ammonium phosphate products technologv

DAP (18-46-0) is the most common ammonium phosphate product. However., the
production of MAP with a tvpical analvsis of about 11-52-0 is gaining in importance
in those locations where ammonia is lacking or where. for transport cost reasons,
it is important to maximize the level of P,0, in the product. Also, MAP mav be
preferred over DAP when applied with, or close to, the seed because damage to the
seed bv ammonia is less likely. Another significant ammonium phosphate-based
product, especiallv in parts of Asia, is 16-20-0. This product is basically a
mixture of ammonium phosphate and ammonium sulphate. Unlike DAP or MAP, this
product tvpicallv contains 8%-12% sulphur. All three of these products can be
produced in the basic DAP-tvpe plant provided precautions are taken to cope with
the higher level of equipment corrosion normally encountered with the 16-20-0
product .




Advantages and Constraints

As a source of phosphate. the DAP and MAP products rank verv favorablv with
regard to delivered cost and agronomic effectiveness when compared with other
phosphate product alternatives. Additionally. these products usually exhibit very
good phvsical properties even when mixed with other materials., and they usuallv
store well. The most significant disadvantages of the ammonium phosnhate products
are similar to those cited for TSP. for example. (1) required large capital
investment. (2) heavy dependence upon sulphur (about 1 tonne of S/tonne cf P,0.).
(3) a relativelv rigid specification for phosphate rock for economic procduction of
phosphoric acid, and (4) loss of costly sulphur in the form of phosphogypsum.
Furthermore. because these products depend entirelv upon wet-process phosphoric
acid as the source of P,0,, about 2.5 tonnes of phosphogvpsum is produced for each
tonne of DAP, or the equivalent of about 5 tonnes per tonne of P,0,. Additionally,
the ammonium phosphate process requires ammonia that must either be produced
locally or imported.

Modern fully integrated ammonium phosphate plants producing sulphuric acid and
phosphoric acid are very energy efficient: except for the heat lost from the
phosphoric acid evaporation units, a relatively small amount of waste heat is
discharged into the environment resulting in optimum production costs.
Additionally, small amounts of ammonia. fluorine, and solid particulate are
discharged to the atmosphere. However, these pollutants are quite easy to control
and their impact on the environment is generallv minimal in a well-managed
production facility.

3.3.3.4. Nitrophosphate-based products technology

Nitrophosphate-based technology differs markedly from the previouslv discussed
technologies in that nitric acid is used to digest and solubilize some or all of
the phosphate rock. Therefore, in a true nitrophosphate process, for example, the
Odda process, which originated in Norwav., it is possible to produce a verv soluble
phosphate fertilizer without using sulphur. This characteristic continues to
attract interest, especially during times of sulphur shortages or high sulphur
prices. Continued environmentally related pressures on the wet-process phosphoric
acid industry are expected to focus additional attention on the merits of
nitrophosphate technology.

It is also possible to use sulphuric and/or phosphoric acid or ammonium
phosphate to arrive at variations of the basic nitric acid-type process--the
so-called phosphonitric or mixed acid processes. Such raw material additions are
made to adjust the N/P,0, ratio, react with calcium nitrate, or add agronomic
sulphur to the final product. These techniques add considerable flexibility to the
basic process but increase dependency upon the need for sulphur and, ultimately,
phosphoric acid.

Another variation of nitrophosphate-type processing involves the calcium
precipitation process in which a soluble sulphate, typically ammonium sulphate, is
used to precipitate and remove calcium from the digested liquor (as waste gypsum)
while at the same time adding nitrogen to the mother liquor. In still another
variation, ion exchange techniques are used to remove calcium. The ion exchange
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process has the added advantage of producing chloride-free NPK fertilizers. but the
waste liquor from the ion exchange unit must be treated.

Nitrophosphate-based technologv offers the opportunity to obtain a broad range
of P,0, solubilitv in the products. The P,0, water solubilitv is dependent upon the
amount of calcium removed from the digested slurrv and/or the amount of phosphoric
acid, or its derivatives, used in the process. In the Odda process. essentiallv
all of the calcium can be removed as calcium nitrate bv cooling (refrigeration) the
digested liquor to about 5/C. As a result. the water solubilitv of the final P,0.
product is quite high--approaching 100X. The calcium nitrate is subsequentlv
converted into an ammonium nitrate (AN) or calcium ammonium nitrate (CAN)
coproduct. In contrast. in the phosphonitric or mixed acid processes., none of the
calcium is removed and the water solubilitv of the P,0. is dependent largelv upon
the amount of phosphoric acid (or alternativelv solid ammonium phosphate) added to
the process. In these processes. the water-scluole P,0, mav be as low as 30Z of
the total while the plant-available P,0. usuallv exceeds 9571 of the total.

Advantage. and Constraints

The most often quoted advantages of the true nitrophosphate (0Odda) process
over phosphoric acid-based processes are (1) its complete independence of sulphur.
(2) the abilitv to use lower qualitv phosphate rock. (3) flexibilitv with regard
to water-soluble P,G; in the product. (4) its overall agronomicallv favourable
ratio of N-to-P,0, (2:1) for upland crops when all coproducit AN is utilized either
in the form of AN/CAN or when it is combined with the phosphate into a product such
as 26-13-0, and (5) 1less environmental impact because the production of
phosphogvpsum and its associated process water is avoided. Some of the possible
disadvantages of the process are (1) the production of coproduct AN/CAN is verv
high, amounting to 2 tonnes of N for each tonne of P,0,. This amount of nitrogen
in the nitrate form mav not be appropriate for some crops., for example. flooded
rice; (2) relatively low P,0, content of the product. resulting in a higher
delivered cost per unit of P,0; nutrient: (3) complex process technologv requiring
large-scale operation fto be economic: and (4) the ammonium nitrate-containing
products are not chemicallv compatible with urea, thus mixed storage or blending
in the marketing system must be avoided. Also. because nitrophosphate-tvpe
processing is heavilv dependent upon the use of ammonia and nitric acid. the
collateral impact on the environment caused by these production units must be
considered.

The phosphonitric (mixed acid) technologvy is less capital intensive and
complex than the Odda nitrophosphate process--the level of capital investment and
technology more closely approximates that of DAP--but the process depends upon the
use of some sulphur and phosphoric acid and therefore the production of
phosphogypsum. either directly or indirectly. The mixed acid process. in effect,
combines many advantages of the ammonium phosphate and the Odda nitrophosphate
processes. In those locations where the lower level of P,0, water solubility
obtainable with moderate dependence upon sulphur (phosphoric acid or ammonium
phosphate) is agronomicallv acceptable, this technologyv appears to offer advantages
over the more water-soluble phosphate products such as TSP. DAP, or the Odda-tvpe
nitrophosphates.
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3.3.3.5. Environmental factors related to the production of ftinished
rhosphate products

The environmental impact vesulting from the production of finished phosphate
fertilizer products mav varv widelv depending upon the scale of operation and the
level of process integration. For example. a small superphosphate plant located
far frem the source of phosphate concentrate and acid (sulphuric or phosphoric) mav
very well have a more adverse impact upon the environment. despite its small size.
than a large fullv integrated facilitv. The small. remote facilities often lack
financial resources to achieve the 1level of technical management, process
technologv. and integration of facilities needed to collect and recvcle or market
process wastes and bvproducts. particularlv fluorine-containing wastes. On the
other hand. the large integrated facilities usuallv enjov a higher level of
technical skills and financial resources needed for the proper environmental
management of the facilitv. This higher level of integration also results in the
more efficient use of waste heat (energyv) and thus decreases th=: collateral impact
of fertilizer processing caused by the burning of additional fuel to produce
electricity and steam for the process.

The production of finished phosphate fertilizers mav adverselv affect the

environment in one or more of the following wavs:

- Release of airborne solid and liquid particulates.

- Release to the atmosphere of ammonia, flucrine. nitrogen oxides. carbon
dioxide, and other gaseous compounds.

- Release of metals and other residuec from the regeneration or disposal
of spent catalyst (ammonia. sulphuric acid. and nitric acid production
units).

- Release of carbon and nitrogen oxides (ammonia and nitric acid
production units).

- Release of contaminated cooling water, process water., plant site
stormwater drainage. and boiler blowdown residue.

- Release of solvents. oils. and other contaminants from plant maintenance
and workshop activities,.

The technologv for containing and treating these potential pollutants is well
ceveloped. However. the effective application of the technologies is heavily
dependent upon economics on the one hand and technical/managerial skills and the
level of enforcement of environmental regulations at the plant location on the
other. In manv instances the economic constraints to compliance have resulted in
the closure of facilities. For example, in the United States and Western Europe
alone. more than 300 small to moderately sized plants engaged in the production of
phosphate-based compound NPK fertilizers have closed since the mid-1970s [47]. The
decision to close these plants, of course, involved a number of technical. market,
and economic factors in addition to those directly associated with the environment.

4. THE COST OF ENVIRONMENTAL COMPLIANCE'

To estimate the possible future cost of environmental compliance in the global
phosphate fertilizer sector, a number of assumptions must be made. This is because
there are no uniform legislative compliance criteria, mnor are compliance
technologies uniformly applicable to all facilities due to a large variety of
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site-specific factors. including location of plant. climatic conditions. mine and
plant site geologv and hvdrologv. and population and political pressures coupled
with land-use priorities. In some cases extraordinarv measures are being taken to
suard against anv real or perceived adverse impact that the industrv mav have upon
the environment: in other cases less stringent measures are practiced.

For the purpose of this discussion. a regulatorv/cost scenario is described

to give the reader an impression of the range of costs that could possiblv accrue

- in the global phosphate industrv if the industrv was required to substantiallv

conform to certain environmental protection initiatives currentlv being examined.

In evaluating these costs. it is not practical to assume that the entire global

- phosphate industrv will be equallv affected with respect to the level of compliance

technologyv used. estimated cost. and implementation timeframe. Therefore. the

illustrated technologv and estimated costs should be considered indicative onlv

while still providing useful insight to those charged with formulating policv

initiatives that are compatible with maintaining an ecologicallv sustainable
phosphate fertilizer industry.

With the exception of the United States. the authors found little
environmental compliance cost information available in the public sector relative
to the other major basic phosphate producing countries (U.S.S.R.. Morocco. China.
Jordan. and Tunisia). Therefore. because the U.S. industrv supplies about 357 of
the world’'s basic phosphate materials and considerable informaticn was available
in the public sector, it was selected to illustrate the broad range of compliance
criteria and costs being examined. Information described in this paper was
initially derived from data presented in the Julv 1990 C.S.-EPA Report to Congress
on Special Wastes From Mineral Processing 729!. This U.S.-EPA report, particularlv
Chapter 12, focuses on the environmental management of phosphogvpsum and process
water resulting from the production of wet-process phosphoric acid. The technical
and cost data described in the U.S.-EPA report was further expanded with
information derived from a number of technical and economic evaluations developed
by industry and engineering bodies during the course of preparing public comments
on the U.S.-EPA Report to Congress.

t. The term "environmental compliance.” as used in this discussion., does not
imply that the industrv is currentlv out of compliance with existing
regulations. Instead, the term is used to denote what incremental compliance
costs may accrue if additional regulations are implemented in the future.




The reader is reminded that the environmental issues facing the global
phosphate fertilizer sector are verv dvnamic and subject ton constant review and
change. To illustrate. on Mav 20, 1991. the Administrator of the U.S.-EPA issued
a Final Regulatorv Determination regarding the 20 special wastes (including
phosphogvpsum and process water) addressed in the above-mentioned Julvy 1990
U.S.-EPA Report to Congress. The Administrator has concluded that "the proposed
regulation of the 20 special wastes as set forth in the Julv 1990 U.S.-EPA Report
to Congress on Special Wastes From Mineral Processing is inappropriate.” The
Administrator goes on to sav that "the U.S.-EPA plans to readdress 18 of the wastes
possiblv in a program being developed for mining wastes and to proceed with the
development and promulgation of a program under the Toxic Substances Control Act
that will address the management of the remaining two wastes (phosphegvpsum and
process water) from wet-process phosphoric acid production.”

The regulatorv criteria ultimately applicable to the U.S. industry and the
related costs that mav evolve as a result of this particular action are not known.
Because the majority of the data presented in this discussion paper were developed
prior to the Administrator’s Final Regulatory Determination, the reader is urged
to view the data in this context. However. a range of costs is indicated in those
cases where data were available to reflect a possible less stringent compliance
criteria.

with regard to the global situation; if the same environmental compliance
criteria described in this paper are applied to other locations. it is unlikelv
that the average incremental cost of environmental compliance illustrated for the
United States will change much. In fact. in locations such as the Middle East and
North and West Africa where fresh water is scarce and the majority of the
population depends on surface sources for water. the cost of possibly having to
deal with land disposal of phosphogvpsum and process water as an alternative to sea
disposal mav be higher than the costs indicated for the United Srtates.
Furthermore, it should be noted that the cost of complving with existing or
proposed environmental standards is very site-specific. and it is bevond the scope
of this discussion to attempt to more fully quantifv these costs on a regional or
countrv basis.

It is also important to note that. except for limited opportunities for
industrial integration designed to utilize process wastes. technological
innovations in the phosphate industry seem to offer little scope in the near term
for significantly decreasing the quantity of basic process wastes encountered:
e.g.. phosphatic clay materials. phosphogvpsum. and process water. Thus. the
development and implementation of methods for dealing with these materials to
minimize their impact upon the environment are expected to be expanded on a global
basis.

4.1 ESTIMATED INCREMENTAL COST OF COMPLIANCE

The estimated cost for environmental compliance for the scenario described
herein is expressed as the "incremental cost of compliance” over and above the
current cost of production which, of course, includes existing., but often
unspecified. compliance costs. The estimates assume a U.S. industry aggregate
annual production of 14 million tonnes of P,0, in the form of phosphate concentrate
of which the equivalent of 10 million tonnes of P,0, is converted into wet-process
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phosphoric acid. The difference between phosphate concentrate P.0, and phosphoric
acid P,0, (4 million tonnes) reflects the concentrate used for the domestic
production of TSP. SSP. animal feed supplements, and that sold on the export
market .

The compliance costs for the scenario are grouped into four major categories
which include (1) phosphate mining and land reclamation. (2) phosphogypsum
management. (3) process water management., and (4) finished product processing. A

- discussion of each of these cost categories follows.

. 4.1.1 Phosphate Mining and Land Reclamation

In many locations. particularly outside of the United States. reclamation of
mined-out phosphate lands is not widely practiced. In the United States about
75.000 ha of land has been disturbed over the vears bv phosphate mining in Florida.
Tennessee. North Carolina. and the western states, particularly Idaho and Wyoming
r48).

In the United States reclamation of mined-out areas has been practiced since
the mid-1970s. Since that time. land reclamation has generally occurred on an
as-mined basis. However. much of the approximately 35,000 ha of land mined prior
to the mid-1970s, mostly in Florida. has not been reclaimed. In Florida all lands
mined since July 1, 1975, must be reclaimed.

As indicated earlier, the cost of reclamation varies widely depending upon the
site and desired end use of the land (from about US $5.000/ha to US $25.000/ha).
For the purpose of this discussion. an incremental compliance cost of US $4/tonne
P,0, is assumed as a global average taking into account existing mined-out sites
in Africa, the Middle East, and elsewhere that mav require reclamation. However,
in the United States, a reclamation cost of about US $1/tonne P,0. to US $2/tonne
P,0, seems more appropriate and this cost, for the most part. is already included
in the cost of production and therefore should not be viewed as an additional cost.

Additionally. it is important to note that changes in land use priorities can
have a significant effect on the cost of phosphate mining. For example, national
and local regulations dealing with encroachment of mining operations on propertv
boundaries, streams, and other land features can significantly decrease the minable
reserve base and thus adversely affect the overall economics of the mining
operation. Thus, the quantity of reserves indicated in Table 2 could be
significantly less than stated. Because the additional costs that may be
attributed to land use priorities are quite variable from one location to another,
it is not possible to assign a meaningful value for the purposes of this
discussion.

4.1.2 Phosphogvpsum Management
4.1.2.1 Active Stacks and Containment Sites

In the worst case, some phosphogypsum could be defined as a hazardous waste
according to certain U.S. criteria. In such a case, the new phosphogypsum disposal
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site for such a material would resemble a pond much like those used tor the storage
and disposal of phosphatic clav waste from the phosphate ore beneficiation process:
the traditional elevated stack would not be allowed and. of course. a much greater
land area would be required. The impoundment-tvpe configuration would be designed
to facilitate future closing and capping in accordance with a U.S. hazardous waste
regulatorv scenario. The disposal sites would have to be constructed to facilitate
collection and total containment of contaminated process water and leachate. Such
containment would require that the phosphogvpsum disposal site meet specific design
and management criteria. including the installation of two lavers of an impermeable -
synthetic liner in addition to specific criteria for soii preparation and process
water removal and containment.

In the July 1990 Report to Congress. the U.S.-EPA estimated that phosphogvpsum
produced bv 11 of the 21 U.S. phosphoric-acid production facilities could be
classified as a hazardous waste primarily because of its radionuclide and heavv
metal content [29:. U.S.-EPA further estimated that an investment of about US
$3.64 billion would be required for the construction of the 11 phosphogvpsum
disposal sites according to the above criteria {29;.

Using the US $3.64 billion as a base and assuming that the 11 production
facilities produce a total of 6 million tonnes of P,0, annually in the form of
wet-process phosphoric acid, the estimated incremental compliance cost per tonne
P,0., for capital charges alone would be about US $9¢ acccrding to U.S.-EPA
estimates. or about US $54 if the cost is prorated across the entire industrv to
reflect the average impact on the U.S. production cost.

For the same 11 affected facilities, U.S.-EPA estimates indicate 1 teotal
annual cost of about US $685 million, including operating and capitali charges [29.
Again, assuming an annual production of 6 million tonnes of P,0.. a cost of about
US $114/tonne P,0, is indicated (US $90/tonne capital plus US $24%/tonne operating).
If this cost (capital and operating) is prorated across the entire industrv. the
average cost per tonne of P,0, would be about US $68. Subsequent to the U.S.-EPA
July 1990 Report to Congress. the estimated cost for this hazardous waste
regulatory scenario was adjusted downv ird in the order of 50% bv the U.S.-EPA.

According to U.S.-EPA, some of the U.S. phosphoric-acid production facilities
would fall under less costlv phosphogvpsum management practices according to an
alternative "special waste" classification being evaluated bv the U.S.-EPA. In
these cases, conventional stacking would be allowed: also. the need for impermeable
liners and other operational or post-operational practices would be determined on
a plant-by-plant basis. The cost for managing the phosphogvpsum according to the
special waste criteria is estimated by U.S.-EPA at about US $28 to US $36/tonne

P,0, depending upon the site-specific management criteria [29]. As with the more
rigorous criteria, capital charges account for the majoritv (about 80%) of this
cost .

Using the U.S.-EPA cost estimates as described in the July 1990 Report to
Congress and assuming that 60%Z of the U.S. phosphogypsum tell under the most costly
U.S.-EPA hazardous waste criteria, and the remainder fell under the less rigorous
special waste criteria. the industry average incremental compliance cost for
phosphogyvpsum management would amount to about US $80/tonne P,0., produced as
wet -process phosphoric acid. Of course, this industrv average value could be
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considerablvy less depending upon the regulatorv criteria that is ultimatelv adopted
in view ot the Mav 199) ruling of the U.S.-EPA Administrator.

To help place these estimated on-site waste management costs into perspective.
it is interesting tc¢ ncte (though academic) that tipoing fees for hazardous waste
landtilis in the United States average US $192/tonne of disposed material not
including transportation and state local taxes '49.30°. For ordinarv residential
waste (garbage) or "special waste™ that meets the residential waste criteria. the
landfill cost sverages about US $30/torne of material not including transportation
and taxes.

Closed Stacks

Compliance with certain phosphogvpsum stack closure scenarios being analvzed
would call for the closing of about 30 active stacks and 34 inactive stacks in the
United States. The cost of closing these stacks is estimated at US $1.3 billion
(average of about US $20 million per stack). not including the cost for long-term
monitoring and maintenance '43’. Again. using 10 million tonnes of phospheric acid
P.0. production/vear as a base and a 20-vear capital recoverv period at an annual
interest rate of 14%. this closure cost would amount to an incremental compliance
cost for capital charges alone of about US $20/tonne phosphoric acid P,0. produced
by the entire U.S. industrv over s 20-vear period. Extrapolation of one recent
actual closure cost experience and a reported current estimate bv a major U.S.
producer. however. indicate that the cost of stack closure is quite variable and
mav be significantlv less than the average value of US $20 million per stack.
Values in the range of about US $5.5 to US $18 million per stack are indicated.

4.1.3 Process Warer Management

As previouslv discussed. the recirculited process water associated with the
production of wet-process phosphoric acid represents a major potential
environmental compliance cost it such water would require frreatment with lime to
ad just the pH to a minimum value of 3.5. Estimates made bv the U.S.-EPA for the
U.S. wet-process phosphoric acid industrv indicate an incremental compliance cost
for process water treatment and management in the order of US $22/tonne P,0,
produced 29!,

Detiiled estimates. however., made by an enginecering firm on behalf of TF!
indicate a much higher additional cost for compliance: about US $70/tonne P,0, as
shown in Table 8 (44}, The large difference between the U.S_ -EPA and the
TFI-commissioned enginecring estimates is attributed to differences in
interpretation of the signitficance of a number of operational cost factors: for
example, because some process water is normallv returned to the phosphate rock
digester. and treatment of this water with lime would result in a loss of acidityv
in the digestion/reaction section that would have to be replaced with additional
sul furic acid; the level of dissolved calcium would also be higher, thus requiring,
more sulfuric acid; a lower plant capacity is also expected due to lower filtration
rates: and lower capacitv utilization due to increased chemical scaling (fouling
of process cquipment would be expected (44,
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It is important to note that treatment of recirculated process water with lime
to maintain the prescribed pll is not commercially practiced. Therefore, such a
practice may incur other costs that have not been identified. for example, the
extra cost of phosphogypsum disposal caused by the adverse impact that the treated
water may have upon the phosphogvpsum stacking and drainage (dewatering)
characteristics as reported by Ardaman [45].

46.1.4 Finished Product Processing

Because this portion of the overall phosphate manufacturing complex is largely
independent from the phosphoric acid process loop. no significant additional cost
attributed to environmental compliance is likely to be incurred in these units.

4.1.5 Summary of Incremental Cost of Environmental Compliance

According to the foregoing discussion. the following estimated range of
incremental costs for envitvonmental compliance is indicated for the major
components. The total cost, of course, will depend upon the number of components
that are ultimately included in the regulatory criteria.

Estimated Incremental
Compliance Cost

US $/tonne P,0, as
Compliance Component Wet-Process Phosphoric Acid

Phosphate mining and land reclamation® us $1-$§5
Phosphogypsum management
Active stacks US $6-$80
Closed stacks Us $5-$§20
Process water management Us $20-870
Finished product processing No change

Applicable to all phosphate fertilizers; all other costs directly applicable
to the production of wet-process phosphoric acid only.

The large variability in estimated compliance costs for the indicated
components is due to a number of site-specific technical and regulatory factors,
variations in the assumed capital recovery period, and the lack of a broad base of
actual cost experience relative to the scenario exarined.

According to an engineering study performed for TFI, the U.S. industry average
cost of production for merchant-grade wet-process phosphoric acid (52%-54% P,0, and
1% or less suspended solids) in 1989 was US $308/tonne P,0, f.o.b. plant site: the
average cost of production for acid having less than merchant-grade specifications
was about US $250/tonne P,0, [44]. This lower value does not include certain
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concentration and clarification costs nor does it include interest and sales and
administration charges that are normallv associated with the marketing of
merchant -grade product.

From this it can be seen that in current dollars the indicated environmental
compliance costs could increase the f.o.b. cost of merchant-grade phosphoric acid
anywhere from about 11X (US $308 + US $34) to about 57X (US S$308 + US $175).
depending upon the level of compliance cost incurred. In the case of the lower

- grade acid normally used within the complex for the production of TSP and DAP. the
cost per tonne of P,0, would be increased in the order of about 14X (US $250 + US
$34) to about 70X (US $250 + US S175).

Using the above estimated incremental environmental compliance cost range as

a base, the following f.o.b. factorv-gate cost range is indicated for the major
finished phosphate products produced by the U.S. industry in existing facilities.

Inzremental

Envirormental Estimated Totai Jost Ranze.
Current Cost, Compliance Includ:ng Incremental
Product f.o.b. Factors Cost Range Compliance Cost f.o.b. factorv
(US S/tonne product) (US S:tonne prcduct) (US S tonne preduct) (CS & tonne PO}
Triple superphosphate (ISP) 122 12-57 13.-179 291-333
463 PO.
Monocammonium phosphate (MAP) 168 18-91 18€-299 284434
111 N. 522 PG
Diammon:ium phosphate (DAP) 162 16-81 173-243 270-«10

18 N. 467 PG

a. Derived from 1989 U.S. industry survey data compiled by The Fertilizer Institute.
b. 3Based on P.O. content derived from phosphate <oncentrate and wet -process phosphoric ala.d.
c. Adjusted to reflect credit for contained nitrogen valued at US 5200/tonne N.

It is quite likely that the total cost per tonne of P,0, would be slightlv
higher than indicated after accounting for other ccst increases caused bv higher
levels of required working capital due to the increased value of intermediate and
finished product inventories. There is also the issue of the cost of long-term
liability for the waste disposal sites that may continue after the useful life of
the plant has expired. '
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5. PHOSPHATE FERTILIZER PRODUCT ALTERNATIVES FOR MITIGATING
ENVIRONMENTAL IMPACT AND THE COST OF COMPLIANCE

5.1. PHOSPHATE PRODUCT CHOICES

Aside from the minor phosphate fertilizer products. such as basic slag and
bone meal . the most likelv commercial phosphate product choices are listed below:

Approximate Current
Contribution to

Product Total P,0. Production

(%)
Direct application phosphate rock e e e e e e e 4
Single superphosphate (SSP) and enriched superphosphate . . . . 17
Partially acidulated phosphate rock (PAPR) (nil)
Triple superphosphate (TSP) 13
Ammonium phosphate (DAP or MAP) 39
0Odda- and mixed acid-type nitrophosphates 20

Other compound (NPK) products derived from

various phosphate sources including thermophosphates 7
Total . . . . . . . oo 100

The relative agronomic. technical. and environmental merits of each of
these basic phosphate sources have already been discussed. The practical
commevcial features of each product choice are briefly summarized.

5.1.1. Direct application phosphate rock

Only a small amount of the world’s commercial phosphate rock is sufficiently
reactive to make it suitable for widespread agronomic use as a direct application
product. Also, because the agronomic effectiveness of direct application phosphate
rock depends heavily upon the occurrence of acid soils with low phosphorus levels,
its use is often most appropriate in locarions that, unfortunately. are generally
located long distances from the major commercial sources of reactive rock that
occur in North Carolina (U.S.A.) and Tunisia in North Africa. Therefore, except
for special cases where the phosphate rock is sufficiently reactive and located
close to the consumption area, direct application phosphate rock is not considered
a major alternative source of fertilizer phosphorus.




1a

5.1.2. Single superphosshate and enriched suoperohoszhzate

Although an excellent source of agronomic phosphorus. sulphur. calcium. and
a number of trace eclements. (SSP) is generallv too costlv on @ delivered P.O. basis
when compared with TSP or DAP. [If. however. the sulphur value of SSP could be
reflected in its nutrient content and selling price. then it would be guite
competitive with the more concentrated sources of P.0O., such as TSP or DAP it
transport costs are not excessive. Enrichment of SSP with rhosphoric acid and
ammonia tc¢ a grade such as 3-23-0 mav offer a practical means lor incrcasing the
tctal nutrient content and agronomic performance of the basic SSP product where a
low dose of nitrogen mav be needed. Also. the addition of ammonia to SSP improves
its phvsical properties and compatibilitv with urea. an important feature if it is
used for blending NPK grades. Nevertheless. the widespread use of SSP-tvpe
products is expected to centinue to be limited bv the economies of transport and
distribution.

5.1.3. Parctiallv acidulated phosphate rock

The partially acidulated phosphate ro k (PAPR) familv of products are
characterized as agronomicallv intermcdiate between direct application phosphate
rock and its more soluble counterparts. SSP and TSP. As with direct application
phosphate rock. the agronomic effectiveness of PAPR depends upon the properties ctf
the phosphate rock on one hand and the characteristics of the soil and crop on the
other. Because of these constraints. it is unlikelv that PAPR can be viewed as an
alternative to the more soluble phosphate products if, in tact. such solubilitv is
agronomicallv required.

5.1.4. Triple superphosohate

Triple superphosphate (TSP) offers manv of the advantages of DAP while
depending less on wet-process phosphoric acid: thus it is a better choice from an
environmental viewpoint provided the fluorine evolved trom the process is properlv
dealt with. Also, it is important to note that a TSP unit often complements a
merchant -grade wet-process phosphoric acid/DAP complex because the sludge-tvpe
phosphoric acid produced during the clarification of werchant-grade phosphoric acid
is often suitable for the production of TSP.

5.1.5. Ammonium phosphate (DAP or MAP)

These products currentlv account for the largest sinole share of world
phosphate fertilizer production., about 39% of the total P,0.. Although currentlw
the most economic phosphate tertilizer to produce and transport, especiallyv it one
considers the nitrogen content, the ammonium phosphate products do cause the most
severe potential impact upon the environment at the production site becausc of
their total dependence on wet-process phosphoric acid as the source ot P)0,.
However. because of the high nutrient content, good phvsical properries. and good
agronomic performance under a wide variety of conditions. it will be difticult to
replace. on a large scale, ammonium phosphates with other phcsphate products.




5.1.6. 0dda-ctvpe nitrophosphates

This phosphate production technologv has the least impact on the environment
because phosphogvpsum and its associated process water are not produced. The main
disadvantage of this technoliogv is that 2 tonnes of nitrogen in the nitrate torm
is produced for each tonne of P,0,. If. for example. 50X of world’s current P,O.
consumption was supplied with Odda-tvpe nitrophosphate products. about 38 million
tonnes of nitrogen would be produced. The international marketing of such a large
amount of nitrate-nitrogen. that is agronomicallvy inappropriate for flnoded rice.
would be difficult. considering that total world consumption of nitrogen amounts
to about 79 million tonnes. of which urea currentlv accounts for nearlv 40%Z.

Because of the nitrogen constraint. it appears that the 0Odda-tvpe
nitrophosphate plants are most appropriate to supplv local and regional markets
where the 2:1 N:P,0, nutrient ratio and the nitrate form of nitrogen are preferred.
The plants in Europe. India. Pakistan, and China. for example. meet these criteria.
Also. the recentlv announced decision by a major European phosphate fertilizer
producer to close its phosphoric acid plant at Antwerp. Belgium. and expand its
Odda nitrophosphate-tvpe facility illustrates the advantage offered by the Odda
process when the costs associated with the disposal of phosphogvpsum and
contaminated process water become unacceptable i51!.

5.1.7. Mixed acid-tvpe nitrophosphates (phosphonitric products)

This technologv. also developed in Europe. is verv flexible and well suited
tor local or regional locations where a number of N:P,0, nutrient ratios are
required. Also. because the technology is less capital intensive and less complex
than the more fullv integrated Odda-tvpe process. it is well suited for developing
countries that often depend heavilv upon imported raw materials. including ammonia
and phosphoric acid. Todav. however., some of these import-dependent countries are
converting their production units to blending of imported granular materials. This
approach often proves to be more cost effective especially if the level of
government production subsidies is decreased or eliminated.

5.1.8. Compound NPK products

Compound NPK products. including nitrophosphate- and thermophosphate-tvpe
products but not including DAP and MAP, currently account for about 35% of world
P,0, consumption (figure III). For the most part, with the exception of the
Odda-type nitrophosphate products and the thermophosphates. these compound products
derive their P,0, from SSP, TSP, or directly from wet-process phosphoric acid.
Worldwide. about 275 plants are currently producing compound NPK products. not
including the major producers of DAP and MAP [47]. The combined production of
these 275 compound NPK production units is estimated at about 10-12 million tonnes
of P,0,. Crow't in compound NPK production capacity has stagnated. and blending
is expected to replace some of the capacity lost through plant closures/industry
rationalization.
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5.2. COMPARATIVE COST OF PHOSPHATE PRODUCTS INCLUDING ESTIMATED INCREMENTAL
COST OF ENVIRONMENTAL COMPLIANCE

According to the foregoing discussion and estimates. it is seen that the
incremental cost of environmental compliance is roughlv proportional to the amount
of PO, in the fertilizer product that is derived from wet-process phosphoric acid.
In additior to the costs directly rcelated to wet-process phosphoric acid. an
average incremental cost equivalent to US $S4/tonne PO, is also estimated for the
reclaiming of existing and future mine sites to make these sites conform to
existing or proposed standards.

The most common phosphate tertilizer product choices are listed according to

their increasing dependence upon wet-process phosphoric acid and. therefore,
increasing incremental cost for environmental compliance.

EL Der:ved

From wet-Trocess Incremental Cost of
Frodale” Fheschoric Acid Environmental Compiiance
(% cf tectal) {US S/tenne product) (US &/tonne P.O}
ity ¢ c 1.2 4.6
19t § 3 0.3 4.0
YTart:al.y acidulated phosphate rock. [PAPR-- G 6.3 4.0
r:7 o :d based). 22T FO . 51 S
sytate "Ddda croczesst. 261 N 3 e.3 P
S0 3.8 - 18 13 - 9
2t P2
Err:hed superghospghate. 231 20, 5% S sC 5.7 - 27 ig - 32
B az:dulated phesphate rock “FAPR-- 3C 7.€ - 36 1g - 30
¢ az:d based). «CY1 FPC
Triple zuperphosghate fTSEl. 8L PO 70 12 - 57 25 - 124
gt isphate "2APT. 18% N. 46T PO ico 16 8 34 - 178
s phosphate "MRPS, 11% N. 527 PO 102 g - 91 3, - 175

a) Indicated P.O, content of direct application phosphate rock and the PAPR
products is total: P,0, in other products is assumed to be available
according to normal commercial test methods.

b) Quantitv of wet-process phosphoric acid mav vary slightly depending upon
properties of phosphate rock and wet-process phosphoric acid.

5.2.1. Estimated impact of product choices on the delivered cost of
phosphate fertilizer

To arrive at an estimate of the impact that environmental compliance costs at
the production site would have on the farm-level cost of phosphate fertilizer, the
current logistics of the world phosphate industrv were examined on a regional basis
as described in section 4.

The data in section 4 were used to determine the delivered cost of P,0, to the
farm level on a regional basis for several products according to two scenarios as




shown in table 10 [19j. The Case 1 scenario (base case) reflects the estimated
farm-level cost of P,0, assuming producticn in a new facilitv according to current
commercial standards. The Case 2 scenario assumes the Case | production costs plus
an additional (incremental) cost for environmental compliance as described in 3.2.

The estimated and incremental environmental cuompliance costs for phosphogvpsum
disposal described for the United States were adjusted downward bv US $20/tonne
P,0. for non-U.S. phosphoric acid producers. This was done to correct for the cost
of closing inactive phosphogvpsum stacks which is more likelv to be the case in the
United States than elsewhere.

The cost of international and domestic transport and marketing was aiso
estimated (table 11). Also. because some phosphate products centain nitrogen
and/or sulphur. these nutrients were credited on a farm-level cost basis of LUS
$520/tonne for nitrogen and US $135/tonne for sulphur to arrive at a net delivered
cost for P,0, at the farm level. For compound NPK products. all calculaticns w.re
made on a net P,0, basis to avoid the complexitv of determining credits for other
nutrients commonlv contained in NPKs.

As shown in table 10, the estimated maximum incremental ceost of environmental
compliance (world weighted-average basis) at the farm level varies from US $4./tonne
P,0, (direct application phosphate rock and SSP) to US SleY/tonns P.O. (Dap:.
However. the net cost of P,0, delivered at the tarm level. including the
environmental compliance cost, varies from US $3/6/tonns P, 0, for dirrct
application phosphate rock to US $720/tonne P,0, for DAP and US $757/tonne PO ter
TSP. Again, the reader is reminded that these costs not onlv reflect the estimated
cost of environmental compliance but also the higher cost ot production in new
facilities, which is caused by higher capital charges than currentlv experienced
by the established industry. These fata are summerized in tabie 12 along with the
estimated current delivered cost of P,0, derived from DAP and TSP. based on 19730
average international f.o.b. prices (shown for comparison).

5.2.1.1. Relating delivered cost of phosphate tertilizer to agronomic
(solubilitv) needs

The above analysis quite clearly shows that DAP, evern with its relatively high
estimated cost for environmental compliance., ranks vervy favorablv among the
phosphate product choices from the point of view ot delivered cost. Although SSP
and some NPKs may effectivelv deliver P,0, to the farm level at a net cost slightly
below that of DAP (in the order of 5%Z-10%Z). it would not be practical or cost
effective in many cases to assume that the total P,0. requirements could be
effectively supplied in the form of SSP or NPKs that usuallv contain onlv about
15%-20% P,0,.

It is interesting to note that TSP, with an estimated environmental compliance
cost of about 70%Z that of DAP, still remains less attractive on a delivered P,0,
basis than DAP. This, of course, is due to the extra value placed on DAP (US
$94/tonne DAP) for its nitrogen content.

Direct application phosphate rock is. of course. the least-cost form of P;)..
Its delivered cost (P,0, basis) at the farm level is about 577 that of P,0. derived
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trom DAP. accerding to the assumptions used for this evaluation. As alreadv noted,
the widespread use ot direct application phosphate rock as a source of P.O. is
severelv limited for agronomic reasons as well as bv the lack of general
availabilitv ot suitablv reactive material.

The overall economics (production and use) of PAPR., produced either from
sulphuric acid or phosthoric acid. fall between those of direct application
phosphate rock and conventional low-P,0. products such ss SSP and manv NPKs.
Therefore. it is unlikelv that such products offer a significant alternative to DAP
and TSP on a global basis. In certain verv specific locations. however. the PAPR
famil« of products mav be appropriate provided the cost of production and physical
distribuation can bhe minimized.

The agronomic suitabilitv ot phosphate fertilizer products containing lower
levels o water-scluble P,0,. for example, 40%-60%. as discussed in Section 2 mav
otter significant economic advantages other than those related directlvy to
mitigating the cost of environmental compliance. including the following:

l. The use cf lower grade phosphate rock to produce conventional products,

such as DAP. TSP. and SSF. ccntaining lower levels of water-soluble P,0,.

would extend the wuseful life of existing mines and production

tacilities.

2. Less soluble products wculd help to expand the regional and global
ptiosphate resource base to include phosphate cres containing higher
levels of impurities.

3. L.css soluble pnroducts would tend to decrease the environmental impact at
the production site because less intensive beneficiation would be
required.

4. The use ot less soluble products would increase the possibilitv of

improving agronomic pertormance in those locations where the soil
characteristics and climatic conditions permit.

5.2.2. Impact of increased fertilizer cost

From the previous discussion. it can be concluded that any significant change
in the overall phosphate tertilizer product mix is unlikelv even if the indicated
incremental costs for environmental compliance for the phosphoric acid-based
preducts were uniformlv applied on a global basis. However. the increased costs
would most certainlv have an adverse effect on demand and consumption patterns.
The expected regional impact of the estimated incremental environmental compliance
costs at the farm-gate is summarized in table 10. In North America the cost
increase is highest in both absolute and percent terms due to the high proportion
of phosphoric acid-based products used. China. Oceania. and Eastern Europe, all
regions with high proportions of SSP use in the current product mix. would be least
affected. However., the absolute farm-gate cost for P,0, in developing countries.
except China. would increase bv $80 to $130/tonne to over $700/tonne P,0, and up
to about $1.000/tonne P,0, in sub-Sahara Africa.

There is no doubt that under this scenario the demand tor phosphate fertilizer
would decrease in most regions and the impact would be particularly severe in the
developing countries. In Western Europe the combination of an estimated 192
incremental cost increase with high average application rates could increase
average phosphate fertilizer costs by more than $//ha. twice the increase of anv
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other region. However. the impact on the benefit/cost ratio attributed to
phosphate ferti.izer use would be much less tfor European farmers than for farmers
in developing countries where fertilizer costs represent a much higher proportion
of the total crop production costs. The likelv impact in sub-Sahara Africa with
its already very low usc of phosphate fertilizer would be catastrophic with regard
to opportunities for increased food production.

5.3. BARRIERS TO CHANGE AND INITIATIVES REQUIRED TO BRING ABOUT CHANGE

As indicated in the foregoing discussion. the phosphate fertilizer industrv
will face a significant increase in the cost of producing certain phosphate
fertilizers if compliance with scme of the proposed environmental initiatives is
widely mandated. The phosphate fertilizer products that depend heaviest upon
wet-process phosphoric acid as the source of P,0, will be affected the most as
shown above and in Table 10. A number of barriers will need to be overcome to
bring about change and help mitigate the expected impact that certain environmental
initiatives may have upon the phosphate fertilizer production industrv, the farmer.
and society in general. The following observations address the most significant
barriers.

5.3.1. Identifying and overcoming the barriers to change

An examination of the alternatives that may be available for mitigating the
impact of an increased level of environmental compliance in the phosphate
fertilizer production and use sectors indicates the following barriers
(constraints) to achieving widespread implementation:

- Lack of Definition of Acceptable Environmental Standards
- Lack of Global Environmental Compliance Standards

- Cost Required to Implement Available Technology

- Ma jor Investments Required to Change Product Mix

- Limited Availability of Foreign Exchange

- Marginal Competitive Status Within the Phosphate Fertilizer Industry
- Disturbance of Commercial Equilibrium

- Lack of Significant Farm-Level Cost Differences

- Restrictive Fertilizer Product Legislation

- Difficulty in Changing Farmers’ Practices

A discussion of these constraints follows.

5.3.1.1. Lack of definition of acceptable environmental standards

There is currently no universal definition or criteria for objectivelyv judging
the "environmental acceptability” of a fertilizer production or use practice. The
criteria for an "acceptable standard" may vary widely depending upon climatic,
geological, and other technical and nontechnical factors including population
density and public pressures. The lack of credible scientific evidence coupled
with public pressure can result in restrictive and costly environmental regulations
that lack a sound technical/economic basis.

Currently, in many countries, industry standards are being debated and
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negotiated at the national and local level between environmental regulatorv
agencies. public action groups. and fertilizer industrv representatives. Although
it is unlikelv that a single set of standards for universal application in the
industrv can. or should. be established. it seems desirable for the glcbal industry
to agree to scientificallv established minimum environmental standards appropriate
to given locations. It is therefore appropriate that international and national
industrv agencies. together with national envirommental regulatorv agencies.
convene to establish and agree upon minimal standards for environmental compliance
in the phosphate industry. Additional compliance standards for national
industries. where deemed necessarv or desirable. could be resolved on a national
or local level.

5.3.1.2. Lack of global environmental compliance standards

An increase in the farm-level cost of P.0, can be influenced directlv or
indirectlv by environmentallv related cost factors. Therefore. unless
environmental compliance is viewed as a global responsibilitv. there can be a great
disparity in production costs and consequentlv an unheal thyv competitive environment
caused by unilateral environmental legislation and enforcement. The net result mav
be supply/demand-driven farm-level cost increases and a declining farm-level
benefit/cost ratio attributed to fertilizer use without mitigating the
environmental impact of the nonregulated production units.

Without a global initiative for environmental compliance. or at least an
environmental policv agreed upon by the leading producers of phosphate fertilizers.
it is doubtful whether the cost of an increased level of environmental compliance
could be sustained.

5.3.1.3. Cost required to implement available technologyv

The lack of technology is perhaps the least significant barrier to change.
Todav’s modern phosphate fertilizer industry has evolved over a period of nearlv
150 years. During this time. technological progress together with strong local and
international competition for market share has resulted in a verv efficient
industry, especiallyv with regard to optimizing production costs. including the
recovery of effluents and their conversion into marketable bvprnducks.

On the basis of the industry’s demonstrated performance, it i$ clear that,
given the appropriate economic incentives. the industry., in general. is not
significantly constrained by the lack of knowledge and available technologv. The
widespread implementation of the available technology required to mitigate certain
environmental concerns is. however. severely constrained by cost-related market
factors.

If, for instance, the proposed environmental standards described in this paper
were adopted globally, the annual total industry cost for compliance might be in
the order of $4 billion. This raises questions concerning the social cost/benefit
ratio of environmental protection. Because of the industry structure,
environmental benefits will accrue to a limited number of countries where strict
compliance is observed, but the costs will be incurred globally. A growing body
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of opinion. however recognizes that environmental stewardship should be approached
on 3 global basis and therefore its costs should be shared globallv.

Lack of profitabilitv in the private sector. and inertia in the public sector
in manv countries, will precliude or delav enforcement of anv agreed-upor minimum
standards. It is therefore appropriate that acceptance of minimum industrv
standards shculd be coupled with international agreement on an implementation
timetable for compliance. With the concentration of production in onlv a few
countries and the preponderance of public-sector ownership of the production
resources. a significant level of international cooperation msv be an achievable
goal .

>3.3.1.64. Ma jor investments tequired tc change product mix

¥hile it is clear from the foregoing discussion that the farm-level cost of
P.U. derived from direct application phosphate vrock. SSP. and some XPKs wcuid be
least affected bv increased environmental comp!iance costs at the production site.
the industrv would have to undergo a major restructuring to meet the world's P.0,
demand with such products. Not onlv would such a restructuring to change the
product mix require large investments in new and modified production and
distribution facilities. but. as alreadv mentioned. the increased cost of
distribution would offset most of the environmentallv related production cost
advantages as shown in table 10.

In some countries. the current viabilitv of existing or proposed SSP. NPK. and
direct applicatisn phosphate rock production units is questionable because the more
concentrated DAP and TSP products offer economic advantages even though thev are
imported. Given adoption of increased environmental compliance costs for the more
concentrated phosphoric acid-based products, the viabilitv of production units that
do not depend upon phosphoric acid will be improved. Under certain conditions.
such plants will be more cost effective in supplving local markets when compared
with DAP or TSP. This would provide increased opportunities for exploiting
indigenous phosphate resources for serving selected local markets.

5.3.1.5. Limited availabilitv of foreign exchange

Compliance with manv of the proposed environmental standards will require
large investments at the production facilities and thus increase the cost of
phosphate fertilizer at all levels. In manv cases. the foreign exchange required
to finance the necessarv investments and/or fertilizer raw material and finished
product imports is expected to be lacking. This constraint will be especiallvy
critical in those resource-poor countries that depend heavilv upon imported raw
materials and finished phosphate fertilizers.

5.3.1.6. Marginal competitive status within the phosphate fertilizer industrv
The generallyv depressed state of the phosphate fertilizer industrv. with its

overcapacitv, high capital investment, low returns., and intense competition between
the ma jor phosphate-surplus countries. is not conducive to voluntary increases in
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investments and production costs related to environmental compliance. This is nor
to sav that the industrv is ignoring 1its social responsibilities. but it
acknowledges that commercial realities dictate that least-cost approaches be taken.
and thus the value of manv of the proposed environmental initiatives continue to
be Juestioned.

Multilateral entorcement of agreed-upon compliance standards would tend to
equalize the increased cost of production among producers. These increased costs
would be reflected in increased product prices. This. in turn. would provide the
economic incentives required for compliance.

5.3.1.7. Pisturbance of commercial equilibrium

As described in section 4. the phnsphate fertilizer industrv is highlv
integrated at all levels of raw- and intermediate-material supplyv. production. and
marketing. It is especiallv important to also recognize the role plaved bv
fertilizer raw materials. intermediates. and products as a means for pavment in
international trade for food and other non-fertilizer commodities.

Although verv dwvnamic in the short term. the ccmmercial sector constantlv
seeks to achieve some sort of "equilibrium™ based on local and international
supplv/demand-drivenr economic forces.

The difficultv of introducing a mijor change in the global phosphate
fertilizer product mix and its associated raw- and intermediate- material
requirements constitutes & major constraint to change. Change is also perhkaps more
diffizult to obtain in the phosphate sector than in the nitrogen and potassium
(potash) sectors because phosphate products have more product distinction relative
to solubilitv and companion nutrient content including nitrogen. potassium.
sulphur., and calcium. The optimum phosphate product equilibrium is also closelv
tied to the cost and availabilitv of ammonia. sulphur. and energv.

The reliance of the majority of the developing countries on imported phosphate
raw materials and/or finished products to sustain domestic food production,
requires an uninterrupted supplv of phosphate materials on the international
market. Only under conditions where all major international suppliers meet similar
environmental (competitive) standards can the current levels of supplv be
maintained or increased.

5.3.1.8. Lack of significant farm-Level cost differences

Even though the indicated incremental cost of environmental compliance is the
highest tor DAP and TSP, the farm-level delivered cost of P,0, derived from these
products is still verv competitive with SSP and compcund NPKs, as shown in tables
10 and 12. The favourable factorv-gate cost advantage of those products less
dependent on wet-process phosphoric acid. for example., some NPKs and. of course.
SSP. which is totally independent of phosphoric acid. is significantlv eroded as
the less concentrated products are moved through the distribution svstem.
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The farm-level cost differential between low- and high-analvsis phosphate
fertilizers will decline with the application of the incremental cost of
environmental compliance on the high-analvsis phosphoric acid-based products. This
will increase the break-even distribution distance froam anv given source of supply
for the lower analyvsis products. Many developing countries still adhere to
pan-territorial (uniform) delivered pricing policies for fertilizers regardless of
distance from supplv. This distorts the real farm-gate cost and inhibits the
marketing of low-analysis products in markets located close to the source of
supply. The natural market areas for low-analysis products such as SSP and some
NPKs will be increased if pricing policies reflect the true cost of distribution.

5.3.1.9. Restrictive fertilizer product legislation

National and local legislation relative to fertilizer product specifications.
including product tvpe. nutrient sources. solubility. and particle-size
characteristics. constitutes a major constraint to changing the current fertilizer
product mix in manv locations. Legislation designed to encourage or protect local
or regional production and marketing initiatives can result in product mixes that
mav actually be detrimental tc meeting the agronomic needs of rhe crop in addition
to having an adverse impact on the environment at the level of pr~duction and use.

To encourage, where economically appropriate. changes in product mix towards
less soluble phosphate forms (less dependency upon phosphoric acid). there is a
need for fertilizer legislation in many countries to be amended so that all
agronomically suitable sources of phosphate can bc used by farmers without penaltyv.
Many developing countries providing production or end-user subsidies for phosphate
fertilizers restrict eligibility for such subsidies by specifving the product tvpe.
nutrient source, and water-soluble P,0, content. Unless such restrictions are
removed. the use of less water-soluble products. even though they mav be
agronomically effective and less costly. will be constrained.

5.3.1.10. Difficulty in changing farmers’ practices

In addition to the cost-related constraints affecting manufacturing and
distribution, farm-level fertilizer use practices must also be considered. In most
developing countries., effective farm-level extension programmes are woefully
lacking. Thus. when considering a change from one fertilizer product type or use
practice to another, it is most important to evaluate the results of such change
in the context of farm-level benefit/cost criteria under actual farming conditions.
Because reliable benefit/cost data are often lacking, it is difficult to develop
a convincing case for using any type of fertilizer let alone changing or tailoring
the product type to reflect a more environmentally optimum mix of products.

An environmentally sustainable phosphate industry can only be achieved at an
additional cost. This cost will undoubtedly be initially borne by the farmer, but
it will ultimately be transferred to the consumer of agricultural products if
fertilizer use and crop production are to be maintained or increased. In developed
economies this does not pose a ma jor problem; however, in the developing countries,
characterized by resource-poor farmers and large and poor urban populations.
considerable problems arise. In those developing countries where farm prices have
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been kept below international parity prices., there is a need to progressively
increase farm prices to parity in order to provide sufficient benefit/cost ratio
incentives for farmers to ensure and promote the use of the more cecstly. but
environmentally sustainable. fertilizers. Unless developing countries with
low-cost food policies increase crop prices to maintain farmer benefits. food crop
production will decline. adding to the problem of food securitv.

Partial resolution for the problem of increased phosphate fertilizer costs at
the farm level lies in improving phosphate fertilizer use efficiencv. It is
therefore essential that a high priority be given to programs that will assist
developing countries in improving use efficiency of phosphate fertilizers through
improved application methods and the use of integrated nutrient management systems.

6. CONCLUSIONS

The foregoing analysis of the global phosphate fertilizer sector suggests
the following conclusions with respect to coping with environmental pressures on
the one hand and maintaining agricultural productivity on the other.

- Phosphate fertilizer is essential to crop production. The removal of
phosphate from the soil in the form of harvested crops, which are
marketed elsewhere, minimizes the level of phosphate fertilization that
can be accomplished by recycling crop residues and animal manure. Thus,
the supply of phosphate fertilizers in an environmentally sustainable
manner must be assured.

- The current phosphate fertilizer product mix. in which about 70% of the
total P,0, is derived from wet-process phosphoric acid, is usually the
most cost effective at the farm level. This cost effectiveness is
maintained even if the cost of phosphoric acid is incveased by about 502
to cover the estimated incremental cost of environmental compliance.

- Products that are less dependent upon wet-process phosphoric acid (NPKs
and SSP, for example) have a more favourable cost per unit of P,0, at the
factory gate. However, because of their lower nutrient concentration
and, in some cases, their unfavourable companion nutrient content
(nitrate-nitrogen, for example). they become less competitive with the
ammonium phosphate and TSP products in the overall marketing system.

- In some cases. products that require little or no phosphoric acid, for
example., direct application phosphate rock, PAPR. and SSP., have an
advantage. When this occurs and the agronomic needs are met,
production, or even importation, of such products for local consumption
should be encouraged.

- Although, from an agronomic point of view, the current family of highly
water-soluble phosphate fertilizers is not required for most crop
production systems, these very soluble and concentrated products
continue to provide the most cost effective source of P,0, at the farm
level even with the added cost that may be required for more rigorous
environmental compliance.
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The global phosphate fertilizer production industry is faced with an
increasing level of environmental concerns that are graduallv being
formulated into legislation at the local and national levels. At
present., however. chere is no clear definition of what constitutes
“environmental acceptability” or "environmental sustainabilitv" in the
phosphate fertilizer production sector. There is an urgent need for a
more clear definition of what constitutes environmental sustainability
in the production sector.

Wet-process phosphoric acid currently accounts for about 70% of world
P,0; consumption in the form of DAP/MAP. TSP. and NPKs. The
cost-effective production of wet-process phosphoric acid bv certain
producers will be threatened if the cost of treatment and disposal of
process wastes, primarilv phosphogvpsum and contaminated process water,
is unilaterallv escalated as a result of certain proposed
environmental -compliance legislation. This suggests the need for some
form of scientifically based multilateral compliance legislation.

Is is quite apparent that the pho<ohate fertilizer producers will face
increased costs as they strive to comply with a number of new
environmental legislative initiatives that are likelv to be implemented
quite soon on a widespread basis. These increased costs of production
will result in a significant increase in the farm-level cost of
fertilizer. While the impact of increased costs can be more easily
borne in the developed countries, it could be devastating in many of the
resource-poor countries of the world where fertilizer use is already
small and the need for increased local food production is paramount.
Thus. methods need to be formulated to help finance the increased costs
attributed to achieving a higher level of er -ironmental sustainability.
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TABLE 1. PHOSPHATE FERTILIZER AND TOTAL FERTILIZER CONSUMPTION PER HECTARE
OF ARABLE LAND (1989)*

Fhosphate Fertilizer Consumption Total Fertilizer
Region® Total Arable Land Consumption
(million t P205) (kg P205/ha) (kg N+P205+K20/ha
arable land)

U.S.S.R. 8.56 38 i19
Western Europe 5.19 69 271
China 5.16 55 271
North America 4.35 19 87

Canada 0.02 14 47

United States 3.13 29 95
South Asia 3.39 16 68
Eastern Europe 2.69 53 233
East Asia

(excluding China) 2.24 32 123
South America 2.12 18 50
West Asia 1.46 29 77
Oceania 1.03 22 40
Central America 0.61 18 89
North Africa .48 21 75
Sub-Saharan Africa .37 3 9
South Africa .32 26 67
World 38 28 106

a. Does not include arable land in permanent crops.
b. Refer to Appendix for regional classification of countries.

Source: FAO [2.3].
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TABLE 2. MAJOR PRODUCERS OF PHOSPHATE CONCENTRATE AND WORLD PHOSPHATE

RESERVES
Country Mine Production.1989"° Reservesa.” Reserve Base'®
(million t) (million t) (million t) A
United States 49.8 1,230 4 440
U.S.S.R. 39.0 1,330 1.330
Morocco and 18.0 5,900 21.440 ’
Western Sahara
China 17.0 210 210
Jordan 6.7 90 480
Tunisia 6.6 - 270
Israel 3.9 10 10
Togo 3.4 - 60
South Africa 3.0 2,530 2,530
Senegal 2.3 - 160
Others 13.8 690 2,860
World Total® 163.4 12,480 33.790

a. Marketable phosphate concentrate.

b. Refer to U.S. Department of the Interior. Bureau of Mines, Mineral
Commodity Summaries 1991 for basis for determining quantity of reserves.

c. Totals may not add due to rounding.

Source: U.S. Bureau of Mines [14].

TABLE 3. FINISHED PHOSPHATE FERTILIZER PRODUCTION (1988)

Origin
(Region/Country)* Production % of Total
(thousand tonnes P205)
Western Europe 4,354 10.5
Eastern Europe 2,824 6.8
U.S.S.R. 9,235 22.3
North America 10,005 24 .1
Central America 406 1.0
South America 1,508 3.6
North Africa 1,954 4.7
Sub-Sahara Africa 108 0.3
South Africa 384 0.9
West Asia 1,471 3.5 -
South Asia 2,453 5.9
East Asia 2,156 5.2
China 3,607 8.7 -
Oceania 1,025 2.5
Total 41,490 100.0

a. Refer to Appendix for regionaljclassification of countries.
Source: Derived from published statistical data and IFDC data file.




TABLE 4.

Component

Particulate (dust)
RHJ
BF

BCL

R
N0, -N

Sulfuric acid mist
Chemical oxygen demand
Total suspended solids
pH

Temperature

SAMPLING OF EXISTING ENVIRONMENTAL REGULATIONS AFFECTING THE PHOSPHATE
FERTILIZER INDUSTRY--INDICATIVE VALUES FOR SELECTED COUNTRIES*

Avatri nb

75 u/nl
20 lu/u3
S ulna
30 mg/u1

Belgium

(300-600 u/l.)z

(150 mg/L)
(223 mg/lL)

(2-0.3 mg/L)8
(50-300 m/L)t

(300-450 mg/L) ¥

(200-600 mg/L)
($-9.35)

Germany (FR) Greece India Indonesis Iran

30-73 mg/m’ 150 mg/a’ 150 mg/m’ (Regulations being
50-300 lu/mah formulated and
5 u/na initially
30 m/ma published in 1081
1 ka/t 1’2051 100 m;/ma 23 n.s/ma for some liquid (2.0-2.5 mg/L)

(6 mg/L) (10 mg/L)" effluents) '
2 xase N (50 mg/L) (0.5-2.5 mg/L)* o
2 xg/e &t (10-20 mg/L)° (1.0-50 ma/L)* :‘
450 ma/lnJ (nitric ecid plants) S kg/t HNOS"
500 N/ml (other plants)
100 mg/t P00 (0.01-1,0 mg/L)
0.5 ka/t 2,0, (10 mg/L) (S mg/L) (1.0 mg/L)

10 kg/e B,500 4 kese B,80,° (300 mg/L)t

0.8 kg/t uzso‘J

50 "'ll/m3 J

(4C mg/L) (100 mg/L) (30 mg/L)

(6-9) (6.5-8.0) 6.5-8.5/5-9 (well)

(35°C)

(Continued)




TABLE 4.

{continued)

Component

SAMPLING OF EXISTING ENVIRONMENTAL REGULATIONS AFFECTING THE PHOSPHATE
FERTILIZER INDUSTRY--INDICATIVE VALUES FOR SELECTED COUNTRIES*

Italy

Jordnnm

Particulate (dust)

Chemical oxygen demand
Total suspended solids
P

Tezperature

(1% mg/L)

(6 mg/L)

(20 mg/L)

(10 mg/L)

(2.5 mg/L)

(0.01 mg/L)

(100 mg/L)

(30 mg/L)

(6.5-9)

($°C above ambient

outfall temperature)

Saudl Arabia Turkey
200 mg/ma
10 m;/m3
(13 ma/L)
(3 mg/L) (30 mg/L)
(50 mg/L)
800 mg/m’
(0.5 mg/L)
(0.5 mg/L) (35 mg/L)
380 mg/L v/v
(0.4 s/t 8,50,))
(200 mg/L)
(15 mg/L) (100 mg/L)
(6.8-7.2) (6-9)
(30°C) (38°'C)

Zimbabwe United States
(Refer to Table 6
for U.S.
regulations)

{1 mg/L)

(0.01 mg/L)
]
W
&
|

(25 mg/L)

(6-9)

a. Derived from IFA Environmenta. Legislation Survey (1889) and o.har reported data,

others indicate gaseocus effluents. Values not shown do not necessarily Indlcato lack of legislated limit,

in normal cublc meters (na).

Values for Ausiria pertain to new installations.
For Iran, lower values refer to wastewater discharged into wells and higher values refer to surface discharge.

Allowable limit calculated as N existing in indicated form.

0 9 g - W L e TR e e 0 0 U

nox calculated and indicated as concentration of NOZ'
Higher value pertains to brackish water applicetions.

Lower value pertains to brackish water applications.
NHJ regulated at discretion of local authorities.
Proposed limit using best available technology.
Based on 1001 sto‘ or 1007 HN?J' i
Concentration indicated as NHA and NOJ .

Concentration indicated as SO‘-.

Jordan currently has no regulations pertaining to emissions to atmosphere,

Fluozine valus may be as low as 1.5 mg/L depending upon recipient stream of outfall

Higer value (20 mg/l) is appitcabdble to phosphate fertilizer producticn units,

Values in parenthesis ( ) indicate liquid effluents, all
Gaseous values sasumed to be expressed




FEDERAL ENVIRONMENTAL REGULATIONS PERTAINING TC THE FERTILIZER

TAELE 3. SELECTED : ‘
SECTCR IN TEE UNITED STATES
Source of Effluent--Production Unit/Operation
Wet-Process Superphl.osphoric
Phosphoric Acid D{ ammonium
Substance Sulfuric Acid Nitric Actid Acid Conventration Fhosphatse
a
---------------------------- (Limit )s = = = = = = = =« = =

ATponia (NKJ)

Amonia (expressed as N)

Acid mist

Fluorides (expressed as F)

Nitrosen ox:des (expressed
as NDZ)

N:trate {expressed as N)

SulZur dioxide (SOZ)

Stack opacity

Total suspended solids

N
n

Granular Triple
Tziple Superphoaphate

Superphosphste  Storage Facility

(Anmmonia s not covered by federal regulations; may be regulated by state and local authorities)

0.45-4.5 g/t uNon"'d
(in wastewater)
0.075 kg/~
b
SZSOA
10 g/t P2°5 5 g/t PZOs 30 g/t PZO5
1.5 kg/t HNQJb
23-170 g/t asoab'c'd
{in wastewator)
b
2 kg/t HZSO‘

Less than }0% Less than 102

.
100 g/t PZO 0.25 g/h-t PZO5

- G5

5

(Continued)



TABLE 5.

(continued)

SELECTED FEDERAL ENVIRONMENTAL REGULATIONS PERTAINING TO THE FERTILIZER

SECTOR IN THE UNITED STATES

Source of Effluent--Production Unit/Operation

Fhoaphate
Phosphate Rock Fhosphate Process
Substance Rock Calciner Grinder Rock Dryer Wastewater
----------------- (Umit?y = = = = =« = - == - o e o=
Ammonia (“3)
Amponia (expressed as N)
Acid mist
Fluorides (expressed as F) 25-75 m;/Lc
Nitrogen oxides (expressed
(1) uoz)
Nitrate (expressed as N)
Particulate (dust) 129 g/t rockz A g/t rock 30 g/kg rock
55 g/t rock
Phosphorus (expressed as P) 35-103% m;/Lc
Sulfur dioxide (SOz)
Stack opacity Less than 101 0Y Less than 10X

Total suspended solids 50-150 m;/l.c

r8 6,0-9.5

a. Indicated limits for phosphate operations refer to phosphate rock or ons squivalent fed to process, Except

for wastewater, all values refer to dischargas to the atmosphere, Additional state and local regulations may
alas spply.

b. Based on acid produced; 1002 HZSO~ or axos. Atn.spheric discharge values refer to & maximum 2-h aversge,

¢. Lower value is average of daily values for 30 consecutive days; higher value is maximum for any one day.

Total suspended solids is weived Lf water is treated to romove phosphorus and flourine.

d. Standard for new facility based on gaseous ammonia raw material.

o. DBased on tonnes ons squivalent in storage facility.

€. Refers to calcination of unbeneficiated rock or blends of beneficisted and unbeneficisted rock., Lower value

(SS g/t) pertains to calcination of beneficiated rock.

Source: United States Code of Federal Rugulations July 1, 1989 and July 1, 1990,
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TABLE 6. APPROXIMATE RADIOACTIVITY OF SELECTED PHOSPHATE MATERIALS AND
BACKGROUND SOIL

Radioactive Element

Material U-238 Ra-226
(pCi/g) (pCi/g)
Phosphate concentrate®
Sedimentary origin 40 38
Igneous origin 2 1-2
Phosphogypsum®
Central Florida 3 31
Background soil 0.3 0.5
a. Source: Economic Commission for Europe and FADINAP/ESCAP
[24]. :
b. Source: Berish, Proceedings of the Third International

Symposium on Phosphogypsum [25].
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TABLE 7. SUMMARY OF POTENTIALLY HAZARDOUS SLEMENTS IN SELECTED PHOSPHATE CONCENTRATES
Element®
Phosphate Concentrate As Ccd Cr Hg Pb Se v
(ppm) (ppm) (ppm) (ppd) (ppm) (ppm) (ppm)
Sedimentary Origin
Israel (Arad) 4-7 12-17 - - - - -
(5.9) (14) (130) (480) (2) (3) (203)
Jordan (El1 Hassa) 5-12 3-12 50-127 - - - 60-81
(8) (5 (92) - (2) (3) (70)
Morocco (Khouribga) 10-25 3-27 188-212 - 2-29 - -
(13) (15) (200) (1,000) (10) (&) (106)
Morocco (Youssoufia) - 4-19 - - 21-22 - -
(10) (15) - - (21.7) - -
Senegal (Taiba) 4-28 60-115 - - 2-10 - 237-810
(17) (87) (140) - (6) (3 (524)
Togo 8-14 48-67 - - 8-9 - -
(10) (58) (101) (600) (8.3) (5) (60)
Tunisia 4-5 30-56 - - - - -
(4.3) (40) (144) - 4 (%) (27)
United States (Central Florida) 4-25 3-20 37-100 25-200 2-55 2.6-3 70-160
(11) (9) (60) (171) a7”n (2.8) (108)
United States (North Florida) - 3-10 62-68 - 10-13 - 98-109
(7) (6) (65) - (12) - (102)
United States (North Carolina) 7-13 20-51 129-197 85-400 3-20 - 19-32
(11) (38) (158) (261) (8) (3) (26)
United States (Western Deposits) 14-40 40-150 330-1,000 - 5-16 4-13 300-1.737
(24) (92) (637) (500) (12) (9) (769)
Igneous OJrigin
Republic of South Africa 5-27 1-1.6 - - - - -
(Phalaborwa) (13) (1.3) (L) - (11) %) (8)
U.S.S.R. (Kola) - 0.3-2 - - - - -
(10) (1.2) - (33) - - -
a. Values in parentheses () indicate average concentration of element based on

indicated range.

A dash (-) indicates lack of sufficient data.
Source: Derived from Baechle and Wolstein [26], Tennessee Valley Authority [27],
IFDC data file, and other reported data.
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TABLE 8. ESTIMATED COST OF LIMING RECIRCULATED PROCESS WATER TO pH 3.5 IN
TYPICAL U.S. PHOSPHORIC ACID FACILITY

Estimated Cost Increase Per
Tonne of P205 Produced
Cost Component as Wet-Process Phosphoric Acid

(US $/tonne P205)

Raw material (lime. CaO) 22.6
P205 lost due to precipitation from
recirculated process water 5.3

Additional sulfuric acid required to

neutralize excess calcium and replace

acidic process water normally fed to

digester 9.3
Lost production because of lower

filtration rates due to presence of

silica gel 24.8
Lost production due to scaling of process

equipment 8.1
TOTAL 701

Source: Jacobs Engineering Group Inc., (1991) [44].




TABLE 9. CHEMICAL AND PHYSICAL PROPERTIES OF SELECTED PHOSPHATE ROCK CONCENTRATES

Chemical Composition
Surface
P205 F Ca0 €02 MgoO Fe203 Al203 §Sio2 Na20 Area* Grindability®

e T T (% by weight) = = = = = = - =~ (m2/g) (kWh/tonne)

Khouribga (Morocco) 33.0 3.8 52.3 4.2 0.27 0.25 0.46 2.1 0.65 19.6 16.2

Nauru Island 38.4 3.5 52.8 2.6 0.49 0.19 0.23 0.14 0.13 12.9 9.8 |

Taiba (Senegal) 37.0 3.8 4¢.6 2.0 0.03 0.92 0.90 4.7 0.04 8.1 9.2 2
77777 Central Florida
,,,,,,, (U.S.A.) 31.% 3.9 47.8 3.7 0.4 1.3 1.2 6.9 0.61 12.4 14.4 !

North Carolinac

(U.S.A.) 30.1 3.6 49.0 6.0 0.58 0.56 0.37 4.3 0.93 20,9 18.9

El Hassa (Jordan) 33.5 3.9 53.7 5.4 0.20 0.20 0.15 2.4 0.46 16.8 12.8

a. BET nitrogen adsorption method.

b. Derived from Bond ball mill work index.

c. Uncalcined concentrate.

Source: McClellan, G.H., Brewer, K.P., Rusli, I.T., 1983. *Grindability and

Reactivity of Some Phosphate Rocks", Paper presented at the American
Institute of Chemical Engineers, Washington, D.C., U.S.A.




TABLE 19. EFFECT OF THE MAXIMUM ESTIMATED COST OF ENVIRONMENTAL COMPLIANCE ON THE FARM-LEVEL
COST OF P205 FROM SELECTED PRODUCTS

- - - - Triple Superphosphates Single Superphosphate Other Phosphate Products Direct Application
) Asmonium Phosphate (DAP) (ISP) (SSP) (NFXs) Phosphate Rock
- - - - Case Case Case Case Case Caso Cane Case Case Case

Region/Country® ° 2°  pitferenced 1" 2° pifference’ 1® 2 Dpifferenced P 2°  pifgerence’ 3 2% pifference’

= = (US §/tonne PO )~ - = = (US $’tonne P,O.) - - = - (US $§/tonne PO, ) - = = (US $§/ronne ’203)- - = = (US §/tonne '205’ - -

273 278 273
~ western Europs 333 720 167 682 789 128 7462 748 4 540 839 110 428 429 4
Eastern Furope $73 736 163 (13} 771 128 707 711 4 ses 855 70 No reported marhetl
U.S.S.R. 50?7 668 161 596 22 128 6831 633 4 452 489 kR No reported market
~__ North Americs 469 651 182 482 1.1} 138 596 600 4 458 353 97 No reported market |
Central Americs 364 132 168 1%} 7758 128 1736 740 4 807 708 101 No reported market o
Scuth America 527 698 171 603 732 127 657 681 [} 803 M/ 102 350 IS¢ 4 -
North Africa (Y1} 659 181 $70 898 128 821 825 4 541 838 [} No szeported market |
- Sub-Saharan Africa 687 853 166 781 88?7 128 812 9186 4 929 1,042 114 No reported merket
South Atfrica 334 896 162 No reported market 858 862 4 632 r68 138 No reported market
T West Asta ss1 728 173 €00 728 126 857 661 ‘ 599 892 93 326 230 .
South Asts 597 784 167 637 784 127 728 730 & 682 822 130 A4 [3Y [}
East Asta 398 770 172 €97 823 126 748 182 ) 801 861 80 436 440 4
(excluding China)
China 523 751 178 620 746 128 823 827 4 «00 404 4 J12 R 3Y) )
Oceania 601 72 171 682 809 127 788 769 ) 503 s12 ] 308 399 )
- " World sy 720 169 630 787 127 682 688 ¢ 573 658 (}] 3z e 4

RNefer to Appendix for regional classification of cout‘\!riuni “ Lbed by Senulte and La [19)
une new plant with full capital charges as doacribed hy OS¢ e .

f:::: ;" \lr:::::c::::u;:utno-b:l. cn::. (‘(:.:u ) v‘aluolppluu estimated Inciromental couts due La environmental compliance aa descrihbed in the text, Nefer to

- - - - - - - - Tabl® )}l for suwary of estimated physical diztribution and marketing coutu.

a. Difference s attributed to the satimanted cost of environmental compliance.

nuvs

Valuen are independent of base case investment requirements (capital charges)

20 they may be applied to current prodiiuctlion costs In existing facilities to qive a reascnable approximation of the cost of compliance.




TABLF 11. ESTIMATED FPHYSICAL DISTRIBUTION AND MARKETING COSTS FOR PHOSPHATE FERTILIZER MATERIALS®

- atio 3 C
Destination (Rulon/Country)b
Origin Western Eastem North Central South Merth Sub-Saharan South ¥West South East
(Region/Country) Eutope ~ Europs U.S.S.R. America America America Africa Africa Africa Asja Asia_  Asis  China  Oceanls
-------------------------- (US $/tonne product) = = = = = = = = @ ° = = = = = = o == - .= .-

Western Europs x 13 20 25 25 0 12 40 40 15 30 335 35 35
Eastern Europe 15 x 13 25 25 30 13 40 40 13 30 35 35 35
U.S$.8.R. 25 13 x 27 27 2 14 42 42 12 32 7 3?7 3?
North America 28 23 2? x 13 20 30 3s 33 32 [ 38 k1] 38
Centzal America 23 23 27 15 x 15 30 3 38 32 Ad 42 36 33
South America 30 30 3z 20 13 x 35 3s 30 » AS a2 38 7
North Africa 23 23 2?7 30 30 30 x 40 40 12 s 2 47 33
Sub-Saharan Africa A0 A0 42 38 38 38 40 z 25 40 30 42 38 28

B South Africa A0 A0 42 33 33 30 40 23 40 23 28 a8 0 |
West Asie 18 13 17 A0 40 A0 12 40 A0 x 22 28 33 30 o
South Asias 30 30 32 [ (Y] 43 38 30 25 22 % 18 18 22 ~
East Asta 33 3 » 2 w2 .2 .2 ) 28 28 13 x 13 20 !
China 3s s 3 36 38 h1] [} k1) 28 33 18 15 z 27
Oceantia 38 33 » 38 3s 35 47 RE) 28 30 22 20 27 x
Romestic (Intermal) Iransport end Merketina Costy

Region/Country Irsnsport Marketing Total
= =+ = = = =(US 8$/tonne product) - = = - = -

Sub-Saharan Africa 50 30 80
All other ~egions/countries 13 13 30

a. Estimatod costs are ilndicative only and are assumed to cover all conta of moving (including handling and -t 1] 3
raterialn from thelr wowce, thIowh processing, and on to the fam Jovel, b “ M in-tranmit storage) fertiliser
b, Reter tc¢ Appendlix 1ol reglonal clarsification of countiles..




TABLE 12. ESTIMATED WORLD AVERAGE DELIVERED COST OF P205 AT THE FARM LEVEL INCLUDING
T INCREMENTAL COST OF ENVIRONMENTAL COMPLIANCE--NEW AND EXISTING PRODUCTION FACILITIES*®

Existing Production Facilities

Delivered Cost at

New Production Facilities Farm Level Using Average 1990 f.o.b. Prices "

- - Incremental Cost of Delivered Cost with Without

Product Environmental Compliance at Farm Level Environmental Compliance Environmental Compliance

7777777777 (US $/t RO.) (Us $/t P,0,) (US $/t P,0,) (UsS $/t P,0.)

Direct application
- - phosphate rock 4 376 - -

Compound NPKsS 28 - 83 601 - 656 - -

SSp 4 686 - - |

DAP 32 - 169 583 ~ 720 355 = 492 323 o
- TSP _ _ . 26 - 127 656 - 757 459 ~ 560 433 e

|

a. Refer to Table 10 for regional/country cost data.
_ b. Based on average 1990 U.S. Gulf Coact f.o.b. prices plus US $70/tonne product to cover transportation,
~  bagging, and marketing costs. DAP is given credit for its nitrogen content at US $520/tonne nitrogen
delivered at farm level.
Cc. NPKs assumed to contain 15% P.O,.
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East Asia
23.3%
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Oceania 1.3%

South Africa 0.6%
Sub-Saharan Africa 0.8%
North Africa 1.2%

Western
Europe
14.0%

Eastern
Europe
8.1%

Central America
Scuth 2.0%
America
4.0%

Total World Nutrient Consumption (N+P,0:+K,0)--146 Million Tonnes (1989).

Source: FAO [3].
Figure 1. Distribution of total world nutrient consumption by region (1989)




- 65 -

100

@
o
T

Nitrogely

W
c
@
:g 4 1000
Harvested Area
g 60 ) —— . - — . [
= / -------- BRREERER L
b e
L2
S 40 / Phosphorus (PO 5 600
= o——\_//.
= /._\/—-————""”: 400
/’_,/\o//___——— -
0 Potassium (K,O)
1 200
0 : ’ ' 0
1970 1975 1980 1985 1989
Year

Source: FAO [2,3].

Figure II. Trends in world total nutrient consumption and harvested area (1970-1989)

Million Harvested Hectares




- 66 -

Direct Application . .
Phosphate Rock r Basic Slag 0.4%

3.5%

DAP/MAP
30.6%

Compounds Other
Than DAP/MAP
35.5%

\_'_"./
Total World P,0; Consumption--38 Million Tonnes (1989).

Source: Various published data by British Sulphur Corporation Ltd., FAO and IFA.
Figure IlI. Distribution of world phosphate (P205) fertilizer consumption by

product type
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Source: Derived trom FAO and World Bank/FAO/UNIDO/Industry Working Group Statistical Data.
) Figure IV. Trends in regional share of world phosphate (P205) consumption
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Figure V. Price trends in current U.S. dollars for internationally traded phosphate materials
(f.0.b. U.S. Gulf coast, bulk)




Note:

1. indlcated costs lor Py0y are net atier Laking
ceedil lor nitrogen or sullur contained in
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rete | D.A. phosphate rock, SSP, and SAB-PAPR and Coproduct CAN-26
500 US 3401 lor all others. Us $914 International 1.0.b. Bulx
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Schultz and Le [19].

VI. Estimated factory and farm-gate cost of P205 from various products (new production
facilities with full capital charges are assumed using 1988 cost basis




APPENDIX
Regional Classification of Countries

- - North Arerica western Europe Easatern Furope U.S.8.R. Arlca L.atin America ASia Oceania
- - Canada Austria Albania s.8.R Sub-SanATAR ALXleA b1 Neat Asia Australia
Uiited States® Belgiun-Lux Bulgaria Angola Republic of Bahamas Afghanistan New Zesaland
_ Denmark Czechoslovakia Banin fSouth Africa Barbados Bahrain Fapua New Guinea
- 0T Finland Hungary Botuwana Belize Cyprus Samoa
Fra ce Poland Rurkina Fano Hoxrth Afxieoa Rermuia Iran Fijl
o Carmany DR Romania purunai Alqecia Caonta Rica iraq
Gormany FR Yugosliavia Cameroon Eqypt Cubha Inrael
Greece Contral African Libya Dominica Jordan
Icaland Repubiic Morocco Dominican Kuwait
Ireland Chad Tunisia Republic Lebanon
Italy Congo FEl Salvador aman
Malta Cote a‘lIvoire Guadeloupe Qatar
o Netherlands Ethlopia Guatemala Saudi Arabla
- T T Norway Gabon Haitl syria
Portugal Gamblia Honduras Turkey )
Spain Ghana Jamalca United Arab
-7 Sweden Guinea Dissau Martinique mnirates -~
Switzerland Guinea Mexico Yemen Arab R o
- - - - = - United Kingdom Ksnya Nicaragua Yemen Dem
Lesotho Panama ]
Liberia 8t. Chris, etc. sangladesh
Hadagascar Saint Lucia Bhutan
Halawl 8. Vincent Iindia
Mall Trinidad, etc, Nepa).
Mauritania virgin lelands Pakistan
Hauritius ari Lanka,
Hozambique Argentina
Niger Bolivia Cambodia
Nigeria Brazil China
Rwanda Chile Indonesia
Senegal Colombia Japan
Seychollen Ecuador Laoce
- - fjerra Leone French Guiana HMalaysala
Somalla Guyana Hongolia
= = Suwdan araquay Myanmar
Swazlland Pary Korea, DPR
Tanzanla Sur iname Korea, Rspublic
Togo uruguay Philippines
- uganaa venerunla singapore
Zalre Tajivan
Zamhia Thalland
Zimbabwe Viet Ham

Developed Countrles/Includes North America,
Developing Countries/Includesa Latin America,
a. Includes Puerto Rico.

western Europe, FEastoern Europe, U,.8.8.R., Japan, lorael,

Amia (except Japan and Inrael), Africa (except South Africa),

South hfrica,

Auatralia, and Hew 2ealand.

and Oceania (except Australla and lew 2ealand).
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I. OVERVIEW

Todav. the world’'s phosphate fertilizer industry produces about 41 million
tonnes of P,0, annually not in~luding that used for animal feed supplements (about
1.8 million tonnes P,0,) and other industrial purposes (about 2 million tonnes
P,0,). Almost 40X of the current annual production of approximately 41 million
tonnes P2035 as finished products is in t'w form of ammonium phosphates (DAP and
MAP), and a further 13X is produced as TSP. This production accounts for
approximately 832 of the phosphoric acid used in fertilizer production. These data
for 1988 are summarized below.

Percent »f
Percent of Total Phosphoric
Product Tvpe P,0, Total P205 Acid Use
(thousand tonnes)

DAP’ /MAP® 16,235 39.2 62.2
TSP’ 5.507 13.3 21.1
Phosphoric acid-based NPKs* 4,338 10.5
Nitric acid-based NPKs 3.879 9.4 - 16.6
ssp* 7.083 17.1
Other phosphate fertilizers 2.888 7.0
Direct application phosphate

rock 1,310 3.2
Basic slag 205 0.5
TOTAL® 41,445 100.0 100.0

a. Totals mav not add due to rounding.

(1) Diammonium Phosphate (DAP)

(2) Monoammonium Phosphate (MAP)

(3) Triple Supervhosphate (TSP)

(4) Nitrogen Phosphate Potassium (NPK)
(5) Single Superphosphate (SSP)

Two-thirds of total production occurrec in the United States, U.S.S.R., China.
and Western Europe. Production derived from phosphoric acid varies from around 80%
or more in North and Central America, North Africa, and West and South Asia to
around 50%-60% in other regions, except Qceania and China where phosphoric acid
contributes cnly about 14%Z and 1% of the P,0,. respectively.

II. RESOURCES
Phosphate rock concentrate

The annual production of 41 million tonnes of fertilizer P,0, requires the
mining of about 650 million tonnes of ore. This ore is processed into about 140
million tonnes of phosphate rock concentrace having a typical P,0, content of about
31% for the sedimentary material; the P,0, content of concentrate derived from some
igneous ores may exceed 36%. An additional 15-20 million tonnes of phosphate rock
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concentrate is used annually for nonfertilizer purposes. In 1989, total production
of phosphate concentrate amount.d to about 163 million tonnes. Although 34
countries currently produce phospnate concentrate, only four countries (United
States of America, U.S.S.R.. Morocco, and China) account for about 75% of all
production.

Sul phur

The second ma jor raw material required for phosphate fertilizer production is
sulphur. Annual world production of sulphur in all forms has increased from 52
million tonnes in 1975 to almost 61 million tonnes today. Almost half (29 million
tonnes) is used for the manufacture of phosphate fertilizers, and an additional 4.3
million tonnes is used for the production of other fertilizers such as ammonium
sulphate. All but 8% of the total production of sulphur/sulphur equivalent is used
to manufacture sulphuric acid.

III. PROCESSES:

Phosphoric acid is the major intermediate used to produce phosphate
fertilizer. Approximately 70X of all fertilizer P,0, is derived directly from
wet-process phosphoric acid. Most of the balance is derived from phosphate
concentrate that is usually treated with phosphoric or other acids (sulphuric or
nitric acid) to increase its solubility.

The degree of potential environmental impact is very process- and
site-specific. The main possibilities include the following:

- Disturbance of land used for phosphogypsum and contaminated process water
storage.

- Contamination of water resources caused by the disposal of phosphogypsum
and its associated process water, includi..g acidity, dissolved metals,
and radionuclides.

- Fluoride emissions to the atmosphere from the phosphoric acid process.

- Escape of radionuclides that may be harmful to human health.

- Airborne solid and liquid particulates including those caused by wind
erosion of phosphogypsum stacks.

- Release of contaminated cooling water, plant site stormwater drainage,
and boiler blowdown residue.

- Release of metals and other residues from the regeneration or disposal of
spent catalvst from sulphuric acid production units.

- Release of solvents, oils, and other contaminants from plant maintenance
and workshop activities.

Phosphate mining

Phosphate concentrate is derived from naturally occurring phosphate-bearing
ore. Typically, the naturally occurring ore contains 15X-30X% P,0, comingled with
sand, clay, and other impurities. Current worid phosphate reserves amount to the
equivalent of about 12 billion tonnes of marketable concentratc, and the reserve
base amounts to more than 30 billion tonnes.
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The great majority of phosphate ore is obtained using surface mining
techniques. This requires the removal and eventual replacement and reshaping of
as much as 5 tonnes of overburden per tonne of ore, or several times that amount
of material per tonne of recovered P,0; because not all the P,0, contained in the
mined ore is recovered as a marketable phosphate concentrate. Depending upon the
characteristics of the ore, as much as one-third of the P,0, can be lost in the
process of separating the phosphate from its parent ore consisting of sand, clay,
limestone. and other materials. The separation (beneficiation) process ranges from
crude dry-screening to washing, wet screening, magnetic separation, hydraulic
separation, centrifugation, flotation, calcination, settling/decantation, and
drying.

Metallic constituents of pnosphate ore, most notably cadmium, have received
a great deal of attention in recent years, especially regarding international trade
of phosphate concentrate containing elevated levels of cadmium. Techniques for
removing cadmium from phosphate concentrate, for example, high-temperature
calcination, have been evaluated and used to a limited commercial extent with
generally unsuccessful and costly results. Removal of cadmium and other metals to
tolerable levels from phosphoric acid seems to offer more promise. Such removal
techniques, though currently not practiced commercially in the fertilizer industry,
involve ion-exchange or solvent extraction methods.

Phosphogypsum

Each tonne of P.0., produced as wet-process phosphoric acid, results in the
production of about 5 tonnes (dry basis) of phosphogypsum and often about twice
that amount of process water.

In some cases, phosphogypsum is slurried with seawater and discharged to the
sea beyond the low-tide beach. In other cases, it is discharged into rivers or
integrated with mine reclamation projects where it is buried in mined-out areas.

The technology for conversion of phosphogypsum to sulphuric acid, aggregate,
and other useful products has been relatively well developed, but its commercial
adoption is constrained primarily by economic factors. The integration of
wet-process phosphoric acid production with coal-fired electric power production
could result in the almost total utilization of phosphogypsum in the form of
recovered sulphur dioxide for the production of sulphuric acid and lime for the
production of cement.

The main technical obstacle to the replacement of natural gypsum by
phosphy.ypsum is the impurities contained in the latter which are passed on irom
the phosphate ore during H,PO, production. These are entrained phosphoric acid,’
unreacted phosphate ore, fluoride compounds, cadmium and other heavy metals, and
naturally occurring radioactive substances. l

Where naturally occurring gypsum is available or where pure gypsum is
available from other manufacturing sources, it is improbable that crude
phosphogypsum can ever be competitive for any useful purpose. It is clear that,
notwithstanding possible processes for the re-use of phosphogypsum, by far Lhe
greater part of production will continue to be stored on land or disposed of to the
sea in the foreseeable future.
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Possible areas of phosphogypsum use are: production of cement and lime.
production of sulphuric acid, construction materials., in agriculture and as a
pigment for the paper industry. Although the quantities used for these purposes
are relatively small and wusually account for only a minor proportion of
phosphogypsum production. there may be some room for their rurther development.
Phosphogypsum is used in the manufacture of cement in Bu’,aria. Czechoslovakia,
Greece, Indonesia, Sweden and Turkey. It is used in the production of k;50,.
cement and lime in Austria and Poland. It is used in the production of
construction materials in France, the Federal Republic of Germany. Japan. Spain and
Sweden. It is used in agriculture in France, Greece, Spain. the United Kingdom and
the United States. It is used as a paper pigment in Finland.

Under specific soil and climatic conditions, it may be possible to use more
phosphogypsum in agriculture and in the production of construction materials in
those countries which do not possess natural gvpsum deposits.

Further small quantities of phosphogypsum may be used as a pigment in the
paper industry. The production method of such a pigment has been developed in
Finland, based on high quality phosphogypsum produced from magmatic phosphate ores.

Recirculated process water

Recirculated process water is used to slurry phosphogypsum and transport it
to the disposal site. It is also used to remove heat and gaseous and particulate
effluents from the wet-process phosphoric acid concentration unit and the finished
product processing units. The acidic process water, referred to as process
wastewater by the U.S.-EPA, dissolves and holds in solution a number of metallic
elements originally contained in the phosphate rock. Also, slippage of phosphoric
acid to the phosphogypsum during filtration, and the collection of particulate from
other processing units, adds to the water small quantities of solubilized metallic
ions in addition to phosphorus, sulphur, and fluorides. Furthermore, because the
process water 1is recirculated on a closed-loop in an effort to obtain a
zero-discharge mode of operation, the concentration of these dissolved species
increases quite markedly with time.

IV. ALTERNATIVE PRODUCTS

Many factors affect the response of a crop to water-soluble phosphorus:
however, minimum levels of water-soluble phosphorus needed for certain crops can
be estimated. Although chis is a subjective judgement, the water-solubility seldom
needs to be as high as currently ftound in most commercial phosphate fertilizers.
For most crops, 40%-60% of the total phosphorus in the water-soluble form is
considered adequate provided that most of the remainder is "available" as measured
by conventional laboratory test methods. For short-season vegetable crops. the
water solubility should be higher; for longer season crops, it can be lower. Most
vegetable crops are grown over a fairly short period of time with root systems that
are not well developed, whereas long-season crops are characterized by
well-developed root systems. Because the phosphorus is quite immobile in the soil,
a large and vigorous root system is more likely to intercept and absorb phosphorus
from the soil.




Irrigated agriculture. which accounts for about 25% (about 240 million ha) of
the current world total harvested crop area may require special fertilizer
materials to facilitate application. Flooding and overhead sprinkling account for
the majority of irrigated agriculture, with flooding and furrow water application
techniques being the most common, representing about 90% of the total. Currentlv,
drip-type irrigation systems account for less than 1% of the total. but the
application of such systems is increasing. In general. if the fertilizer is not
applied with the irrigation water. phosphate fertilizer products and application
methods used for upland agriculture are appropriate for irrigated agriculture.

In summary, from an agronomic point of view. the production of highly
water-soluble phosphate fertilizers is not necessary for the majoritv of cropping
systems. A more moderately water-scluble family of phosphate fertilizers with less
dependence upon wet-process phosphoric acid would be appropriate in most cases.

V. POLLUTION ABATEMENT

Comparative Cost of Phosphate Products Including Estimated Incremental
Cost of Environmental Compliance

Except for limited opportunities for industrial integraticn designed to
utilize process wastes, technological innovations in the phosphate industry seem
to offer little scope for significantly decreasing the quantity of basic process
wastes encountered, e.g., phusphatic clay material, phosphogvpsum., and process
water. Thus, the costs for pollution abatement were estimated according to a
scenario which assumes current available technology and relatively stringent
regulatory requirements currently under examination in the United States cf
America. The following rang2 of industry average incremental costs for
environmental compliance is indicated:

Cost_ Component Estimated Cost
- phosphate mining and land reclamation US $§ L-5/tonne*
- phosphogypsum management
- active stacks US § 6-8/tonnex*
closed stacks UsS § 5-20/tonnex*

- process water mandgement UsS $ 22-70/tonnex
- finished product processing no change

Total: USS 34-175/tonnex

% US $/tonne P,0, as wet-process phosphatic acid produced over assumed pro ject
life at an annual production of 10 million tdnnes P,0s.

The large variability in estimaied costs' is due to a wumber of site-specific
technical and regulatory factors, variations in the assumed capital recovery
period, and the lack of a broad base of actual cost experience relatjve to the
scenario examined. ‘ ‘
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Estimated Impact of Product Choices on the Delivered Cost of Phosphate
Fertilizer

The estimated and incremental environmental compliance costs for phosp.iogypsum
disposal described for the United States scenario were adjusted downward bv US
$20/tonne P,0; for non-U.S. phosphoric acid producers. This was done to correct
for the cosc of closing inactive phosphogypsum stacks which is more likely to be
the case in the United States than elsewhere.

The cost of international and domestic transport and marketing was estimated.
Also. because some phosphate products contain nitrogen and/or sulphur, these
nutrients were credited on a farm-level cost basis of US $520/tonne for nitrogen
and US $135,tonne for sulphur to arrive at a net delivered cost for P,0, at the
farm level. For compound NPK produ:cts. all calculations were made on a net P,0,
basis to avoid the complexity of determining credits for other nutrients commonly
contained in NPKs.

Using the upper end of the estimated compliance cost range, the estimated
incremental cost of environmental compliance (world weighted-average basis) at the
farm level varies from US $4/tonne P,0; (direct application phosphate rock and SSP)
to US $169/tonne P,0, (DAP) as shown in the following table. The net cost of P,0,
delivered at the farm level. including the environmental compliance cost, varies
from US $376/tonne P,0, for direct application phosphate rock to US $720/tonne P205
for DAP and US $757/tonne P,0, for TSP. These costs not only reflect the estimated
cost of environmental compliance, but also the higher cost of production in new
facilities, which is caused by higher capital charges than currently experienced
by the established industry. The favorable position of the existing industry with
its relatively low capital charges is clearly illustrated.

ESTIMATEC WoRLD AVERAGE DELIVERED CosT OF P,0 AT THE FARM LEVEL INCcLUDING INCREMENTAL COST OF ENVIRONMENTAL
CoMPLIANCE - NBEW AND EXISTING PRODUCTION FACILITIES

EXISTING PRODUCTION FACILITIES
DELIVERED COST AT
New PropucTiON FACILITIES FarM LEver Usiné Averece 1990 F.o.B. Prices’
INCREMENTAL CosT OF DELIVERED COST WITH WitHout
Propuct Env. CompL.® AT FarM LEVEL Env. CoMpL. ENv. CompL.
(Us $/1 P,0y) (US $/1 P,05) (US $/1 P;0,) (Us $/1 P,0,)

DIRECT APPLICATION

PHOSPHATE ROCK 4 376 - -
Compounp NPKs® 83 656 - -
SSP 4 686 - -
DAP 169 720 492 323
TSP 127 757 560 433

A. BASED oN AVERAGE 1990 U.S. GuULF COAST F.0.B. PRICES PLUS US $ 70/TONNE PRODUCT TO COVER TRANSPORTATION,
BAGGING, AND MARKETING c0STS. DAP IS GIVEN CREDIT FOR ITS NITROGEN CONTENT AT US § 520/TONNE NITROGEN
DELIVERED AT FARM _:VEL,

B. ENVIRONMENTAL COMPLIANCE

c. NPKs asSUMED TO CONTAIN 15% P,0,




The agronomic suitability of phosphate fertilizer products containing lower
levels of water-soluble P,0s. for example, 40%-60%, may offer significant economic
advantages other than those related directly to mitigating the cost of
environmental compliance, including the following:

1. The use of lower grade phosphate rock to produce conventional products.

such as DAP, TSP, and SSP, containing lower levels of water-soluble P,0,,

would extend the useful 1life of existing mines and production

facilities.

2. Less soluble products would help to expand the regional and global
phosphate resource base to include phosphate ores containing higher
levels of impurities.

3. Less soluble products would tend to decrease the environmental impact at
the production site because less intensive beneficiation would be
required.

4. Under some soil/crop/climatic conditions the use of less soluble

products would improve
phosphate fertilizer.

the agronomic performance of the applied

Relating Delivered Cost of Fertilizer to

(Solubility) Needs

Phosphate Agronomic

DAP, even with its relatively high estimated cost for environmental compliance
compared with alternative products, ranks very favorably among the ovhosphate
product choices from the point of view of delivered cost. Although SSP and some
NPKs may effectively deliver P,0, to the farm level at a net cost slightly below
that of DAP (in the order of 5%-10%), it would not be practical or cost effective
in many cases to assume that the total P,0;, requirements could be effectively
supplied in the form of SSP or NPKs that usually contain only about 15%-20% P,0,.

It is interesting to note that TSP, with an estimated environmental compliance
cost of about 70% that of DAP, still remains less attractive on a delivered P,0.
basis than DAP. This, of course, is due to the extra value placed on DAP (US
$94/tonne DAP) for its ni:rogen content.

Direct application phosphate rock is, of course, the 'east-cost form of P;D,.
Its delivered cost (P,0s basis) at the farm level is about 527 that of P,0, derived
from DAP, according to the assumptions used for this evaluation. The widespread
use of direct application phosphate rock as a source of P,0; is severely limited
for agronomic reasons as well as by the lack of general availability of suitably
reactive material.

VI. BARRIERS TO CHANGF AND INITIATIVES REQUIRED TO BRING ABOUT CHANGE
Lack of Definition of Acceptable Environmental Standards

There is currently no universal definition or criteria for objectively judging
the "environmental acceptability” of a fertilizer production or use practice. The
criteria for an "acceptable standard" may vary widely depending upon climatic,
geological, and other technical and nontechnical factors including population
density and public pressures.
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It seers desirabie for the global industry to agree upon scientifically
established 1 ‘nimum environmental standards appropriate to given locations. It is
therefore apyropriate that international and national industry agencies. together
with national environmental regulatory agencies, convene to establish and agree
upon minimal standards for environmental compliance in the phosphate industry.
Additional compliance standards for national industries, where deemed necessary or
desirable. could be resolved on a national or local level.

Cost Required to Implement Available Technology

The widespread implementation of the available technology required to mitigate
certain environmental concerns is, however. severely constrained by cost-related
market factors. If, for instance some the proposed environmental standards were
adopted globally, the annual total industry cost for compliance might be in the
order of US$4.0 billion. Because of the industry structure, énvironmental benefits
will accrue to a limited number of countries where strict compliance is observed,
but the costs will be incurred globally.

Lack of profitability in the private sector, and inertia in the public sector
in many countries, will preclude or delay enforcement of any agreed-upon minimum
standards. It is therefore appropriate that acceptance of minimum industry
standards should be coupled with international agreement' on an implementation
timetable for compliance. With the concentration of production in only a few
countries and the preponderance of public-sector ownership of the production
resources, a significant level of international cooperation may be an achievable
goal. ‘

Major Investments Required to Change Product Mix

The farr-level cost of P,0, derived from direct application phosphate rock,
SSP, and some NPKs would be least affected by increased environmental compliance
costs at the production site. However, the industry would have to undergo a major
restructuring to meet the world’s P,0; demand with these products. Not only would
such a restructuring to change the product mix require large‘investments in new and
modified production and distribution facilities, but the increased cost of
distribution would offset most of the environmentally rélated production cost
advantages.

In some countries, the current viability of existing or:proposed SSP, NPK, and
direct application phosphate rock production units is questionable because the more
concentrated DAP and TSP products offer economic advantages even though they are
imported. Given adoption of increased environmental compliance costs for the more
concentrated phosphoric acid-based products, the viability of production units that
do not depend upon phosphoric acid will be improved. Under certain conditions,
such plants will be more cost effective in supplying local markets when compared
with DAP or TSP. This would provide increased opportunities for exploiting
indigenous phosphate resources for serving selected local markets.

Limited Availability of Foreign Exchange

Compliance with many of the proposed environmental standards will require
large investments at the production facilities and thus, increase the cost of
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phosphate fertilizer at all levels. In many cases., the foreign exchange required
to finance the necessary investments and/or fertilizer raw material and finished
product imports is expected to be lacking. This constraint will be especially
critical in those resource-poor countries that depend heavily upon imported raw
materials and finished phosphate fertilizers.

Marginal Competitive Status Within the Phosphate Fertilizer Industry

The generally depressed state of the phosphate fertilizer industry. with its
overcapacity, high capital investment, low returns, and intense competition between
the ma jor phosphate-surplus countries, is not conducive to increases in investments
and production costs related to compliance. This dictates that least-cost
approaches be taken.

Lack of Significant Farm-Level Cost Differences

The farm-level P’0° cost differential between low (some NPKs and SSP) - and
high DAP, MAP and TSP) - analysis phosphate fertilizers will decline with the
application of the incremental cost of environmental compliance on the
high-analysis phosphoric acid-based products. This will increase the break-even
distribution distance for the lower analysis products. Many developing countries
still adhere to pan-territorial (uniform) delivered pricing policies for
fertilizers regardless of distance from supply. This distorts the real farm-gate
cost and inhibits the marketing of low-analysis products in markets located close
to the source of supply. The natural market areas for low-analysis products such
as SSP and some NPKs will be increased if pricing policies reflect the true cost
of distribution.

Restrictive Fertilizer Product Legislation

Legislation designed to encourage or protect local or regional production and
marketing initiatives can result in product mixes that may actually be detrimental
to meeting the agronomic needs of the crop in addition to having an adverse impact
on the environment at the level of production and use. To encourage, where
economically appropriate, changes in product mix towards less soluble phosphate
forms (less dependency upon phosphoric acid), there is a need for fertilizer
legislation in many countries to be amended so that all agronomically suitable
sources of phosphate can be used by farmers wiithout penalty. Many developing
countries providing production or end-user subsidies for phosphate fertilizers
restrict eligibility fer such subsidies by specifying the product type, nutrient
source, and water-soluble P,0, content. Unless such restrictions are removed, the
use of less water-soluble products, even though they may be agronomically effective
and less costly, will be constrained.

Difficulty in Changing Farmers' Practices
When considering a change from one fertilizer product type or use practice to

another, it is most important to evaluate the results of such change in the context
of farm-level benefit/cost criteria under actual farming conditions. Because
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reliable benefit/cost data are often lacking. it is difficult to develop a
convincing case for using any type of fertilizer let alone changing or tailoring
the product type to reflect a more environmentally optimum mix of products.

An environmentally sustainable phosphate industry can only be achieved at an
additional cost. This cost will undoubtedly be initially borne by the farmer, but
it will ultimately be transferred to the consumer of agricultural products if
fertilizer use and crop production are to be maintained or increased. In developed
economies this does not pcse a major problem; however, in the developing countries,
characterized by resource-poor farmers and large and poor urban populations,
considerable problems arise. In those developing countries where farm prices have
been kept below international parity prices, there is a need to progressively
increase farm prices to parity in order to provide sufficient incentives for
farmers to ensure and promote the use of the more costly, but environmentally
sustainable, fertilizers. Unless developing countries with low-cost food policies
increase crop prices to maintain farmer benefits, food crop production will
decline, adding to the problem of food security.

Partial resolution for the problem of increased phosphate fertilizer costs at
the farm level lies in improving phosphate fertilizer use efficiency. It is
therefore essential that a high priority be given to programs that will assist
developing countries in improving use efficiency of phosphate fertilizers through
improved application methods and the use of integrated nutrient management systems.






