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Abstract

Although the NPK fertilizer industry throughout
most of the world is still strongly associated with
wet granulation processes, other alternatives
such as bulk blending and compaction/granula-
tion are now being considered as practical solu-
tions to the fertilizer production problems of
developing countries. The DISAGRO group has
proven that bulk blends and compacted pro-
ducts can meet the fertilizer needs of the widely
diversified agricultural sector of Guatemala. The
production plants and marketing plans used by
the group have become a showcase for other
countries to study and have shown that their suc-
cess could be accomplished in other countries.

This paper concentrates on the development of
the compaction/granulation industry in Guate-
mala and focuses on the advantages and disad-
vantages of the process.

Introduction

When | think of the fertilizer market in Guate-
mala, definitely bulk blends come to my mind
because this type of fertilizer has made such an
impact on all the agricultural sectors, helping
farmers increase their yields and profits. Never-
theless, when | think of the fertilizer industry in
Guatemala, compaction comes to my mind
because it has revolutionized the fertilizer pro-
duction in the country and it has also pioneered,
atan international level, an NPK production alter-
native for developing countries.

Because of the simplicity of bulk blending, |
would not emphasize it as an industrial process
that deserves too much attention or discussion.
Nevertheless, it is the flexibility of the process
that | value which characterizes it as an agrono-
mic solution for the production of formulas
based on the individual crop requirements and
characteristics and deficiencies of the various
soils. This is of particularimportance for a country
such as Guatemala where a wide variety of crops
are grown at altitudes from sea level to 10.000
feet above sea level on different soils, loose and
heavy, acid and alkaline, with rainfall ranging
from desert-like to tropical.

| will not devote too much of this presentation to
bulk blending since we have at this workshop
several respectable bulk blenders who will docu-
ment the benefits and advantages of this simple
blending process. Tomorrow Mr. Mark A. Swisher
of the DISAGRO group will discuss the character-
istics of the different soils and crops of Guate-
mala. He will describe the group’s successful

blending installations, and he will cover the pub-
licity and extension efforts used for the market-
ing of bulk blends. | know that after his presenta-
tion and Thursday’s field trip there will be no
doubts about the potential of this NPK produc-
tion method and the success it has had in this
country.

| will try to summarize today why the DISAGRO
group decided toinstall a compaction plant, and|
will focus on the advantages and disadvantages
of the process. | will not discuss in detail the
equipment at the plant since | feel that this can be
done more effectively during the field trip later
this week.

Background

The fertilizer market in Guatemala has almost
reached 400.000 tonnes of product per year. Of
that total amount more than 50 % is composed
of straight nitrogen products like urea and
ammonium sulfate. The rest of the marketis com-
posed of NP and NPK fertilizers manufactured in
Guatemala by bulk blending or compaction and
granular fertilizers imported from Europe. The
imported products are manufactured by wet
(slurry)-type granulation processes. Thereisalso a
considerable amount of raw materials used for
straight application.

Bulk blends were introduced in Guatemala by the
DISAGRO group at the end of the 1970s with a
good acceptance from the progressive farmer
who found the flexibility of this NPK production
method ideal for making formulas based on crop
requirements and specific soil deficiencies. This
product acceptance and loyalty has been increas-
ing year after year, thanks to the marketing
efforts from the group of agronomists. Never-
theless, another segment of the market has nev-
er accepted blends, preferring the uniform
colored homogeneous NPKs from Europe manu-
factured by various wet-granulation processes.

After recognizing this, the DISAGRO group start-
ed evaluating in 1985 the feasibility of construct-
ing a plant to manufacture a one-color homoge-
neous fertilizer to penetrate the market not
accessible with bulk blends. None of the wet-gra-
nulation processes were seriously considered
because of the large investment required and
because we saw a trend all over the world for the
industry to move away from this production
method.

The compaction process was considered on the
basis of the following considerations: (1) low
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investrnent cost, (2) low final cost utilizing stand-
ard raw materals and lacal fillers, (3} simple
process, and (4) low operation cost

After a complete evaluation, compachon \Wwas
chosen over the traditional wet-granulation
process. Several plants were visited in Canada,
United States, France, and Germany. Although
these plants were compacting potash, specialty-
type garden fertilizers, or PKs, they proved to be
very enlightening in our dessgn of the plant. The
three major manufacturers of compaction
machines {roller presses) were contacted and
much was learned from therm Once the decision
lo go ahead with the project was taken, a set
{two) of compactors was ordered from the
KOPPERMN company of West Germany The
Sackett company of Baltimore, Maryland, was
chosen tocomplete the plant layoutand tosupply
the blending and material handling equipment.

The Plamt

The plant of Fertilizantes Quimicos de Guatemnala
(FERQUIGUA) is located in Teculutan, 125 km
northeast of Guatemnala City, The raw materials
for this plant are imported through the Port of
Lanto Tomas de Castilla on the Atlantic Ocean
somie 200 km east of the plant. The building that
houses the production facilities was built with
prestressed and posttensioned concrete. Ce-
ment sheeting was used for the roof and sid-
ing. The area under roof is 8000 m’, providing
storage for more than 25.000 tonnes of raw
materiak in bulk and 5000 tonnes of bagged
products. The plant was laid out to incorporate
room for a future expansion of the compaction
system — a second train of equipment identical to
the existing plant. The cost for all the avil work
including the warehouse was estimated at U5 %1
millon

The total cost for the two compactors, blending
towser [raw material feed system), material han-
diing equipment, mills, screens, and bagging
equipment added up to US $1.8 milion. | must
clarify that because of the new exchange rate of
the U.S. dollar with the Deutsche Mark and an
increase in price in most of the eguipment;
today the same equipment would cost around
LS 2.5 million.

The plant was constructed during 1986 and the
first quarter of 1987, a total of 15 months. During
the first season the plant produced around
25000 tonnes and then shut down for the last 2
ronths of the year for the annual corrective and
preventive maintenance program as well as for

some corrective design of the dedusting system
and other miscellaneous equipment During
1988 and this yvear {1989}, annual production has
exceeded 50.000 tonnes of bagged MNP and NPE
fertilizers and granular raw materials used for
bulk blending. The market for the bagged
finished product has been mainly in Guatermnala
although the plant is alse exporting some mate-
rials to Honduras, The granular raw matenals are
produced for the two sister companies involved
in bulk blending here in Guatemala, FERTILASA
and DISFERSA, as well as for a blender in Costa
Rica.

As the fertilizer market in Guatemala continues
to grow and with the increased production of
granular raw matenals for blending, FERQUIGLIA
could be in the position to expand its production

capacity by 1991,

The flowsheet of the plant (Figure 1) starts with a
bulk conditioner (1) fed by a front loader. All the
raw materiaks are then trarsferred by elevators
to six storage bins at the top of the blending
tower (2). A computer prepares the individual
batches, feeding the product into a weigh hop-
per(3) and then into a 4-tonne rotary blender (4).
& second elevator raises the product to a double-
row cage mill (5) which grinds the product to a
minus B0-plus 100-mesh particle size and dis-
chargesitinto a primany hopper, The recycle pro-
duct and the primary feed are then mixed in a
double-shaft pug mill {B) where liquids are some-
times added. The material mixture is then passed
through magnetic hurmps and then splitinto two
streams to feed the two compaction lines. Drag
chain conveyors regulate the flow into the com-
pactors, thereby ensuring a constant and uni-
form feed. The compactors (7} convert the fine
feed into approximately V-inch thick flakes rang-
irng from 2 to 10 inches in size which are then
transported on a conveyor belt to elevators feed-
ing two double-deck screens (8). The oversize
material separated by the screens is then passed
through slow-moving chain mills (3). All the
undersize material is collected and transported
to the recycle hopperwith a drag chain conveyor.
The finished product is sent via another belt con-
wveyor to the bagging or bulk storage hoppers.
Table 1 gives the material particle-size distribu-
tion at different locations during the process.

A dedusting system (10) with a fan and four cy-
clones is located in the middle of the plant. All
the dust collected is returned to the process
through the recycle chain conveyor, The dedust-
ing system has been simplified and modified to
prevent operating problems and reduce
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required maintenance, Currently we have
reduced the number of locations where dust is
collected, concentrating on the areas that deal
with the finished product. Because of the nature
of the production, the dedusting system is now
used not only asa means to reduce the dust emis-
sions in the plant, but also as a quality control
measure to reduce the temperature of the
finsshed product and remove fine particles left
after screening.

figure 1: Flowsheer of the FERQUAGLEA Fertirer Campactions
O Mand

Advantages of the Compaction Process

Low Investment Cost/Simple Process

The cost of a compaction plant is substantially
lower than any wet granulation plant. Only the
simple steam granulation process used in India
and the Philippines has a comparable cost. On the
other end of the scale, a compaction plant costs
almost US $ 2 million more than a bulk-blending
plant, nevertheless, with the reduction of cost in
the fine and standard (nongranular) raw mate-
rials used, the return on investment of a compac-

tion plant could justify the additional invest-
ment. The other advantage of the compaction
process is the simplicity of the equipmentand the
pracess, making the operation and maintenance
very straightforward,

Raw Materials

In the production process FERQUIGLA uses the
following raw materials: prilled urea, standard
ammonium sulfate (AS), fine monoammaonium
phosphate (MAF), powdered high reactivity
phosphate rock, standard muriate of potash
{MOP), kieserite fines, boron fines, zine oxide
fines, and ground cakcium sulfate (gypsum) from
local mines. All these raw materials are also bag-
ged and sold to farmers for straight application.

Having three sources of nitrogen (urea, AS, and
MAP), two sources of phasphate (MAP and phos-
phate rock), and a filler {gypsum} allows great
flexibility in modifying formulations to incor-
porate economic factors based on the price of
the raw materials and agronomic factors based
on soll analyses and crop peculiarities. For
example, a formula for a perennial, such as coffee
grown on an acid soil, could use the economical,
slow-release phosphate rock as the main source
of P,0, and urea, the most economical source of

Mitrogen.

Although powdered MAP is the best material to
compact and improve the physical compaction
properties of any formulation, there are econom-
ic benefits in using a high reactivity phosphate
rock as an alternative source of P,O.. Guatemala
grows some of its most important cash crops
(coffes, sugar-cane, rubber and cardamon) on
acid soils having a high phosphorus fixation
capacity due 1o the large concentrations of alu-
minium, manganese, and iron. The high reactivity
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phosphate rock, like the one imported from
North Carolina, offers the farmer a slow-release
source of P,O. with less danger of fixation and at
a more competitive cost. In most formulations
we include a combination of MAP and phos-
phate rock which offers a quick water-soluble
source and a slow-release source of phosphate.
This is comparable to some imported granular
NPKs where the P,O. source is only partially
acidulated.

Flexibility

Although the plant was originally planned for
the production of continuous long runs of the
three traditional formulas (15-15-15, 20-20-0,
and 16 - 20 - 0) for the traditional farmer, the FER-
QUIGUA plant has now produced more than 25
different grades. Changing grades is not the
headache we expected - after stopping the
primary feed, all the recycled material can be
compacted in a very short time. This flexibility
allows for a change in formulation in less than 20
minutes. Small runs of even 10 tonnes can be
accomplished to meet a client's order. Produc-
tion of four or five different formulasin one day is
common at the plant, thus minimizing the need
for maintaining inventories of a wide selection of
formulas.

The only limitation in the formulations has been
the urea content. The maximum amount used
with success has been around 30% which com-
bined with the other sources of nitrogen trans-
lates into a nitrogen content in the formula of
around 21%. Most traditional formulas used in
Guatemala have lower N values but a lot of the
new NK bulk-blended formulas used in coffee or
in second applications on other crops do have a
higher N content. There is no limitation in the
amount of phosphate and potash used in the for-
mulations since the compaction of MAP and
MOP has been accomplished with very good
results. This point brings us to the next advantage
of compaction.

Compacted Raw Materials for Bulk Blending

For the DISAGRO group perhaps the mostimpor-
tant advantage of the compaction installation
has been the capability to producefirst class gran-
ular compounds for use in their blending opera-
tions. This has allowed for substantial reductions
in cost by importing powder and fine productsin-
stead of more expensive granular raw materials.

Although most granular raw materials are traded
at a premium of only US $ 10/tonne above their
nongranular counterparts, some specialty pro-
ducts such as boron and ammonium sulfate have
a much higher price difference. Granular boron

compounds are usually some US $ 150/tonne
more expensive than fine equivalents, so now
FERQUIGUA imports boron fines to produce a
compacted granular material for the bulk-blend-
ing plants in Guatemala and even in Costa Rica
where an additional trucking cost of US $
65/tonne is incurred. | want to point out that
compacted boron is one of the materials pro-
duced with the best physical characteristics,
showing a very uniform granule and a higher
hardness than most other granular products.

In the case of magnesium sulfate, a blend with
MOP and MAP has been designed to improve the
quality of the compacted product and to ensure
good abrasion resistance required for bulk trans-
portation and blending.

The most important development of compacted
raw materials is the grade 4 - 29- 0. This is a com-
bination of MAP fines, high-reactivity phosphate
rock, and calcium sulfate. From the agronomic
point of view, this material combines a quick
(100 %) water-soluble source of P,O. with a slow-
release source thus providing enough phospho-
rus for the crop’s immediate requirement but
also ensuring the long-term availability of phos-
phorus in volcanic soils with a high phosphorus-
fixation capacity. From the economic point of
view, thisraw material allows for amore competi-
tive source of P,O. for the bulk blends to com-
pete with the imported NPKs from Europe which
also do not have 100% of the P,O. in a water-
soluble form.

Please keep in mind that in Guatemala, contrary
to many other countries, no fillers like limestone
or sand are used in the formulation of bulk
blends. The 4-29-0 grade with only 33 units of
nutrients and other grades like 14-29-0 help in
the formulation of low nutrient blends like 16-
20 - 0 which normally require granular raw mate-
rials with high costs per unit of nutrient such as
triple superphosphate and ammonium sulfate.
The compacted compounds enable the use of
more cost-effective materials like urea, MAP, and
DAP.

Operation Cost

Excluding the depreciation of the machinery, the
cost of operating a compaction plant is not much
higher than that of a bulk-blending plant. One of
our biggest surprises was the low electricity con-
sumption in the neighborhood of 13 kWh/tonne
of finished product. With the large electric
motors in the compactors our initial estimates
were almost four times as high as the observed
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value. It is believed that because of the low pres-
sures required to compact urea-based NPKs, the
electricity demand is substantially lower than the
design estimates.

The most demanding need for labor isin the area
of maintenance and cleaning. We fortunately
chose concrete for the warehouse structural ele-
ments and it has proved to be an economical
building system and a maintenance-free con-
struction material. All the floors, stairs, and hand
rails are made of wood. This represents savings in
the original cost and requires no maintenance.
Nevertheless, all the equipment is supported on
an extensive system of structural steel which
requires, together with the equipment itself, alot
of maintenance.

Unlike a bulk-blending plant where cleanliness is
not a problem because of the dust-free granular
materials, a urea-based compaction plant pre-
sents a considerable maintenance problem. Once
the blend is ground down to minus 60-mesh in
the double-row cage mill, the hygroscopic
nature of the urea converts the material into a
troublesome product. The original dedusting sys-
tem, including ducts, cyclones, and air locks, had
to be redesigned because the dust collected
rapidly and absorbed considerable amounts of
moisture from the air; this clogged the system.
Although the plant site at Teculutan is located in
aregion of low relative humidity, during the rainy
season the humidity reaches more than 90% in
the early hours of the morning and this compli-
cates the maintenance operation. Nevertheless,
visitors from the fertilizer industry always com-
ment on the cleanliness of the plant.

| recommend that the space distribution of a
compaction plant be carefully planned. The air
volume in the production area should be mini-
mized to enable the implementation of economi-
cal ventilation and dehumidifying systems.

Market Acceptability

Going back to the finished NPK products, | have
found that the most common doubt about this
production method is the market acceptability of
the product. It is obvious to the farmers that the
particles are not identical to the spheres pro-
duced by wet granulation that they are used to
seeing. The appearance of the compacted pro-
duct initially produced by FERQUIGUA showed
that it was made up of small granules including a
high percentage of 16-mesh particles. During the
last season the screens were changed to produce
larger particles (70 % greater than 10-mesh) with

only 20% passing a 16-mesh screen. This modifi-
cation helped to ensure better acceptability of
the product.

We all know that the agricultural sector in any
country is very conservative and does not like to
accept changes in practices, especially changes in
the physical appearance of the fertilizer or even
the bag. Nevertheless, DISAGRO has managed to
maintain a strong market position with bulk
blends and compacted fertilizers by using mar-
keting strategies based on agronomic facts. The
ultimate goal has been to educate the farmers
since we knew that any farmer who understands
the necessity of a soil analysis, the importance of
the different nutrient requirements of the crops,
and the benefits of the different raw materials
well take advantage of the flexibility of bulk
blends and compacted fertilizer in designing a
well-balanced fertilizer program. With the use of
an extension agronomist and test plots, every
day more farmers are beginning to use more flex-
ible formulas instead of the traditional but not
necessarily optimum 16-20-0 and 15-15-15
formulas.

Conclusion

Bulk blending and compaction have allowed the
DISAGRO group to supply the Guatemalan farm-
ing sectors with a wide selection of formulas at a
competitive cost to meet their agricultural needs
and personal preferences. | believe that for many
developing countries these two NPK production
methods could represent a feasible solution to
their fertilizer needs. Several companies repre-
sented at this workshop are currently taking a
close look at these production alternatives and |
hope that the workshop proves useful in answer-
ing some of their questions.
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