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EDITORS® NOTE

The rock phosphate and magnesite deposits of Hazara area have been re-
evaluated with a view to assess their suitability as the basic raw materials for the
possible industrial production of a fertilizer called Fused Magnesium Phosphate
(FMP). This fertilizer, although in use in Japan and some other Far Eastern countries
for the last few decades, has not yet been tested and applied in Pakistan.

The research work undertaken in the GSP's Geoscience Laboratory during
1993-95 in collaboration with JICA experts has produced encouraging results. The
most satisfying aspect of this research has been that, if found economically feasible
after further detailed studies, the local production of FMP will consume the hitherto
unutilized low grade phosphate (less than 20% P30s) and the underutilized large
reserves of magnesite together with small quantities of quartz/quartzite which is also
abundantly available in the region.

This special volume of the Proceedings of the Geoscience Colloquium contains
the results of all the geological and some techno-economic studies conducted so far in
the GeoLab and in Japan through JICA assistance. Its aim is to present interim results
of the research to planners, potential investors, users and the decision-makers and to
solicit their opinion and suggestions with regard to future direction of research which
may eventually lead to the use of these low-value items for producing a rather high-
value product.

Tahir Karim
&

Jiro Hirayama

Editors
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Abstract

Fused magnesium phosphate (FMP) is a phosphatie fertilizer consisting of POy,
MgQ, Ca0, and 3i0;. It is ordinarily produced by fusing and quenching a mixture of
quality-ore of phosphate containing mure than 30 % of P2Os and serpentinite. Substituting
serpentinite as the material by magnesite is considered to not only make the utilization of
low-grade ore of phosphate in the Hazars area possible but also promote the exploitation of
under-developed magnesite in the same area. To verify the idea, a JICA team consisting of a
niining eaginesr, a manufacturing engineer, and a fertilizer and marketing specialist was
invited to conduct an extensive survey on mining costs of raw materials, production costs
and the marketability of FMP under a close cooperation with Geoscience Laboratory,
Geological Survey of Pakistan between May 23 and June 12, 1994,

The conclusion of the study 15 that the manufacturing of FMP with 20% of P,0s 15
feasible in Pakistan, if the following requirements are met,

1. The effectiveness of FMP be venfied through experiments for various crops to be
conducted by compelent autharjties;

2. Infrastructures required for the project, including access roads to mining sites and
power supply, be consolidated by the Pakistani suthorities concerned;

3. The Pakistani governments, Federal and Provincial, actively participate in
implementing this project to extend necessary supports;

4, Financial and technical assistance for operating this project be olfered from exteraal
resources including JICA.

+

INTRODUCTION

Historical changes in local production and import supply of nitrogen and phosphatic
fertilizers are shown in Figures 1 and 2, respectively, virich are made on the basis of the
statistics published by the National Fertilizer Develogament Center (NFDC, 1993). These
figures show only the changes between 1957/58 Fiscal Year (F.Y.) marking the initiation
of local production of nitrogen and phosphatic fertilizers and [992/93 F.Y,

Imports of nitrogen fertilizers have increased from 10,820 tons in 1957/58 to 409,610
tons in 1992/93 with a considerable yearly fluctuation, whereas their local production has
rapidly expanded from merely 1,460 tons to as much as 1,227,280 tons during the same
period. As a result, the local production has predominated over the import supply since
1980/81, and become more than fourfold larger than the latter in 1992/93, (Figure 1).

Though 11,000 tons of phosphatic fertilizers were temporarily imported in 1957/58,
their active import resumed in 1966/67 after a long interruption, Subsequently, it has
* grown from.some 16,000 tons to as much as 390,000 tons in 1992/93. On the other
hand, the preduction of single-superphosphate (SSP) started at the Faisalabad plant of the
National Fertilizer Corporation (NFC) in 1957, and it has steadily grown from as little as
180 tons to 105,000 tons in 1992/93. Nevertheless, the import supply is nearly four
times larger than the Jocal production even in 1992/93 (Figure 2). Moreover, the raw
materials for the local production, such as phosphorite ore and sulfur, have been mostly

L
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Figure 2 Hsstorical change of local production and import supply of phosphane lerihizers between
1957 und 1993

imported from abroad, The first plant to use focal phosphorite ore was established by
NFC at Haripur in 1989, and produces 16,000 nutrient tons of SSP in 1992/93 {(NFDC,
1993). However, half of the phosphorite ore consumed at the Haripur plant is imported
from abroad,

The Haripur plant has been annually supplied some 30,000 tons of phosphorite ore
for the production of SSP from the Kakul mine, which is located about 50 km north of
Haripur (Figure 3) and operated by the Sarhad Development Authority (SDA). The ore,
which contains 27.7.% of P;0s and 23.4 % of SiO, on average, is not necessarily
excellent as the material for SSP. Further, the reserve is estimated to last for as short as 7
to 10) years at the present mining pace (Mononobe et al., 1992a).
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Figure 3. Distribution map of phospehrite and
magnesite deposits in Hozara anea

For 18 years ranging from 1976 to 1994, however, active exploratory works
including detailed topographic and geologic mapping, core drilling, aditting, trenching,
ore assaying have been carried out by SDA in the Galdanian-Tarnwai-Lagarban arca
north of the kakul mine, resulting in an estimation of the potential reserve exceeding 20
mitlion tons and the recoverable reserve amounting to 7.5 million tens. Out of several
phosphorite deposits traced in this area, the Eastern phosphorite deposit has been proven
to have 2.5 million tons of total recoverable ore containing 28 % of P05 and 17 to 23.5
% of Si0; on average, which is confirmed by a plant test to be suitable for manufacturing
SSP. Though a mining project to supply 60,000 tons / annum of phosphorite ore from
the deposit to the Haripur SSP plant was proposed to the Federal Government in 1990, it
has yet to be implemented except for a partial constriction of the access road

In order to break the deadlock, Hirayama and Moncnobe (1992) proposed an idea to
produce Fused Magnesium Phosphate (FMP) by fusing and quenching a mixture of low-
grade phosphorite ore unsuitable for the production of SSP and magnesite ore that occurs
in the nearby Kumhar mine but remains underdeveloped. The Tohsoh Co.. a Japanese
manufacturer of FMP, conducted successfully a production test of FMP by using
phos%lﬁ)rite. magnesite, and quartzite ores collected from the Kakul and Kumhar mines
in 1994.

Responding to the proposal, the Japan International Cooperation Agency (JICA)
dispatched N. Okamura, a fertilizer and marketing expert, S. Hada. a manufacturing
cngineer, and S, Sato, a mining engineer. to study the feasibility of the idea for three
weeks between May 23 and June 12, 1994,

_ Priorto the arrival of these short-term experts, Hirayama and Tahir Karim collected as
much local information cencerning agriculture, climate, soil, fertilizers, and geology and
mining of the Kakul and Kumhar mines as possible according to their requests to make
their short visit most effective. Further, Tahir Karim made appointments to visit many
offices concerned, such as the Pianning Division of the Pakistan Government, the NWFP
Govemment, the National Agricultural Research Center, the Soil Survey of Pakistan, the
Sarhad Development Authority, FECTO Cement Co. (Taxila), Mustekham Cement Ltd.
(Hattar Industrial Park), Nowshera Sheet Glass Industrics Ltd., EMCO Industries Ltd.,
General Ceramic Industries Ltd.. the Haripur SSP piant of NFC. National Fertilizer
Marketing Ltd., the Kakul and Kumhar mines operated by SDA and the Pakistan
Industrial Development Corporation (PIDC) respectively.

Finally, Hirayama made detailed calculations of monthly accounts of production cost
of raw materials and FMP on the basis of a final report of the feasibility study submitted
to JICA by the three short-term experts 1994). A gencral information on FMP



introduced herein is based on two booklets published by the Fused Magnesium
Phosphate Manufacturers' Association (1979, 1983).

MANUFACTURING METHOD QF FMP

FMP is usually manufactured by f using a mixture of quality ore of phosphorite and
magnesium-rich silicate rocks like serpentinite and quenching the resultant melt by water-
jet. For melting the raw materials, an clectric furnace or a fuel fumace is adopted as

shown in Figure 4.
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Figure 4. A ow of manulactunng process of Nused magnesium phosphate (FMF),

Table I. A puaranteed composition of nutrients in FMP
Nutricats Stundard contents Range of contents
Pa O 0% IB~-25%
MpO 15 % 13~ 18%
CaQ 0% B-35%
510, 20% 8~

In case of the electric method, a wpecially designed, semi-closed type of 2,000 1o
10,000 Kw fumace is employed. Phosphorite znd serpentinite charged in the furnace are
casily smelted at 1,400°C.” A small amount of fluorine gas is removed through a
scrubber. The resultant melt is quenched by water jet to prevent it from forming
insoluble crystals of apatite and forsterite by slow cooling. In case of fuel furnace, an
open hearth furnace has been proven to be best fit for the production of FMP.

The essence of our production method consists in substituting serpentinite by
magnesite (MgCQs) that is abundant in the present area to make it posstble to utilize low-
grade phosphorite ores which remain unused. As FMP produced in Japan uses
serpentinite that has much less ignition loss than magnesite as a material, quality ores of

6



phosphorite exceeding 32 percent in P205 are required to get a guaranteed composition
of the final product as shown in Table |. As magnesite loses about 52 percent of the total
weight as carbon dioxide by heating, FMP with the guaranteed nutrient composition can
be obtained from low-grade phosphorite ore by substituting serpentinite by magnesite.

Another important advantage of FMP is less strict quality requircments for phosphate
ores as compared with a variety of phosphatic fertilizers produced through phosphoric
acid. For instance, SDA is imposed a penalty on the phosphorite ore exceeding 11 % in
silica content by NFC. FMP that uses magnesite as a raw material, on the contrary,
requires some addition of silica to raise the fluidity of the melt in the fumnace.

In general, most phosphoric acid is produced by reacting phosphate rock with sulfuric
acid and water. The reaction forms a sludge of gypsum and phosphoric acid. When the
contents of MgO and R20; (Fez03 + Al2O3) exceed 1 % and 2.5 to 3.0 % respectively,
the viscosity of the sludge is enhanced to lower the efficiency of separation between
phosphoric acid and gypsum. These harmful ingredients for the production of
phosphoric acid are rather welcome as major components of FMP. Therefore, we can get
rid of anxiety about the difution by dolomite (CaCO;-MgCO3) and siliceous dolomite,
which form the hanging and foot walls and intercalation of the phosphorite beds, during
the mining operation. The appropriate dilution of the dolomitic rocks is rather desirable
for the manufacturing of FMP. ’

CHARACTERISTIC FEATURES OF FMP

As previously mentioned, FMP is produced through the fusion of phosphate ores and
magnesium-rich rocks such as serpentinite and magnesite and the quenching of the melt,
marked by the conversion of major components of the raw materials into plant nutrients.

FMP is greenish black in color and averages 0.2 to 1.5 mm across. Larger grains are
dissolved more slowly in soil than finer ones. It has an amorphous structure as shown in
Figure 5. The glassy material formed by quenching consists of POy ions and short
chains of silicate anions. Calcium and magnesium ions are weakly bonded to oxygen
atoms.

Fgurc 5. Amorphous stacture of
fused magnestum phosphale (FMP).
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Figure 6. Monthly change in amount of effective PA rematned n an unit soi after fertihzation of
FMP and S5SP.



Consequently, FMP has the followipg characteristic features: .

(1) The effectiveness of FMP is long-lasting and constant throughout the cultivation
period of crops.

Because of the amorphous glassy texture, all nutrients of FMP is soluble not in
ordinary water, but in a weak acid exclusively. Phosphoric acid (PA) in single
superphosphate (SSP), which is highly water-soluble, is fixed by aluminum and iron
ions in soil and rapidly loses the effectiveness after the fertilization, whereas FMP
remains effective throughout the cultivation period of crops as shown in Figure 6,

{2} Weak acids in the soils prompt dissolution of all nutrients contained in F, MP.
Table 2 shows an average of a number of solubility tests of FMP in a 2 % citric acid.
Tuble 2. Average solubility of nutnients of FMP in a aire actd (%)
Nutnenis of FMP Pa04 CaO MpO Si0a
Solubilityin 2 7 cuncacid| 9.5~ 99 90 ~ 98 992 96 99 96

3) Direct contact of FMP _grains with soil_particles and plant roots prompts
dissolution and abyorption of PA.

FMP is not only dissolved by weak acids in soils, but becomes soluble by a direct
contact with soil particles and plant roots. The surface of soil colloids and plant roots are
gencrally covered with a number of hydrogen ions. By dosing FMP rich in MgO and
CaO, active ion-exchange starts between Ca*+ and Mg*+ of FMP and H* on soil colloids
and plant roots. Hydrogen ions are adsorbed onto FMP grains by the ion-exchange and
destroy the glassy texture of FMP, giving rise to extrication of soluble PA and silica from
FMP grains and prompting their absorption by plant roots. These processes are
schematically shown in Figure 7,

Plant

H'| rool
- o =<2
/7 /‘ H &/ (adsoepiion
(fon exchiange)

{aVsorpiion} + (lonexchanges) ++

H i / /
\\\l (lon exchange
. 81‘1'

Figure 7. A scheme showing the dissolution and absorption of FMP by nis direct contact with soil
colloids and plant root,

Table 3. Expcoomental results showing an enhanced solubility of FMP by a direct contact betw cen
plant roots and FMP.
Treatment method | water + FMP| waler+ roots | water + FMP + rools
Case ! Concentration of PA 4.6 0 12.2
in the filtrtle (mg/l)

Treamentmethod | water + FMP| water + roos | water + FMP + roors
Case 2 Conventration o PA 5.5 {0 9.9
n the filtmie (mpl)




Table 3 shows the results of two case studies to verify the enhancement of water
solubility of FMP by its direct contact with young maize roots. In the case 1, the maize
raots, from the surfaces of which base ions such as Cat and Mg** are replaced by H*
through an electrical dialysis in advance, are used. In the case 2, the maize roots, which
undergo no electrical dialysis, arc used. The dialyzed and unprocessed roots are put into
two scparate beakers containing water and FMP particles. After the two beakers are
shaken fora given period, the concentrations of PA in the filtrates are measused. In each
of the cases, the concentration of PA in the filtrate is higher than that of filtrates obtained
from two other beakers, one of which contains only maize roots and water and the other
only water and FMP particles. This indicates that the maize roots prompt the dissolution
of PA of FMP into the water. Further, comparison between the two cases shows that the
dialyzed roots covered with more hydrogen ions arc more active in prompting the
dissolution of FMP than the undialyzed roots with less hydrogen ions.

{4} Acid soils enhance the salubility of FMP,

Figure 8 shows that the addition of acid soils enhances the solubility and absorption of
PA of FMP. However, an excessive addition of acid soils deteriorates the absorption by
fixation of the nutrient by the soil. The absorption indices of PA on the vertical axis are
the amounts of PA of FMP or SSP absorbed by wheat cultivated in beakers with different
amounts of acid soil added, which are standardized by the amount of PA absorbed by
wheat separately cultivated in two beakers, which are filled exclusively with quartz sand
(130 g) and FMP or SSP containing 300 mg of P20 without addition of any acid soil.
This figure shows that the more acid soil is added, the less water-soluble PA in SSP is
absorbed by the crop as the acid is easily fixed by iron and aluminum in the soil.

aW

AN
150 / =

FMP
qu\‘:v. sand (170g)*phosphenc and(l30mg)+acid 3oiklg)
- —33--

Absomption index of phosphone acid by wheat

100 £ H-
B -~ 4a
| I
\~.
N\
50 ~
N
e
CIum ¥} 1 10 10

Amount of added acid soil (g}

Figure 8. Rclationshup betncen absorption indiees of PA and the amatnls ol udded acid sml.

Table 4. Expenmental results of the cffects of 2 stmultancous appheation of KCl on the clunon and
aborption rates of FMP and SSP.



. Absorption rate of PA
Application | Elution rateof PA ) )
oF;'r[,(CI in a test-beaker :3: e’;?‘:’i{ cultivated in
with FMP ] )
percentage indexn | percentage| index
(Sl No 4.76 100 7.90 100
Yes 6.04 127 156 128
No 388 100 4.30 100
PMP ™ Ve 559 232 195 451

PA- phosphiric acid

(5) Co-existence of some bases increases the elution of FMP.

The clution rate of FMP is influenced by the other kind of fertilizer simultancously
applicd. Table 4 displays the effect of a simultancous application of KCl and FMP on the
elution and absorption of SSP and FMP, Though the elution rate of SSP s a little larger
than that of FMP without the simultaneous application the elution and absorption rates of
FMP prove to be dramatically increased by the application of KCl compared with SSP.

(6)FMP is a comprehensive fertilizer which combines the praperties of four kinds of
fertifizers,

FMP is a very economical fertilizer which has the combined effectiveness of four
separate fertilizers to enrich phosphorus, magnesium, calcium, and silica in soils. A 20-
kg bag of FMP contains 4 kg of P,0s, 3 kg of MgQ, 9 kg of Ca0, and 4 kg of §i0;,,
respectively, As shown in Figure 9, a 20-kg bag of FMP is equivalent in its nutrients to
1.2 bag of SSP, 0.6 bag of magnesium sulfate, 1.0 bag of calcium carbonate, and 0.7
bag of silica fertilizer.

FMP {1.2bag)
{20 kg /bag) . {1 bag)
P20 (4 kg) {0.7 bag)
SSP

MgO (3 K, b

. @ikg |80 1 o Heataum
S0z (4 kg) o MgSO fertiliser | leatbonale
Ca0 (9kg) MEO 3 k) IS0 (4 kg) || Ca0 (9 kg

L N

Figure 9. Economical udsantage of FMP compared with Lhe other fertilizens

EFFECTS OF THE CONSTITUENTS OF FMP

As previously stated, FMP is largely composed of phosphoric acid (PA), magnesia,
lime, and silica. Effects of these major constituents on crops are as foljows;

(1) Effecis of phosphoric acid (PA)

PA plays an important role in forming nutrients stocked in crops, such as
nucleoprotein, ficin, and lecithin. [t has the following major effects on crops: (1) to
quicken the maturation of crops; (2) to prompt the growth of roots and activate the
germination of seeds; (3) to increase the number of offshoots, roots, stalks, 2nd leaves of
crops; (4) to increase the number and weight of seeds (Figure 10); and (5} to improve
their quality (Figure 11).
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Furthermore, PA activates the growth of floating weeds and algae, which are
responsible for nitrogen fixation and remain as nitrogen-rich humus in paddy ficlds. One
kilogram of PA is proved to be equivalent 1o 170 kg of compost by a 16-year-long
consecutive cultivation test of paddy under various conditions as shown in Figure 12.

Decomposition of paddy straws in soils requires activities of bacteria, which are
known to be accelerated by dosage of nitrolime, PA, lime and magnesia.

Figure 13 exemplifies an increase in rice yield by a simultaneous utilization of these
chemical fertilizers with fresh paddy straw and other organic matters
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Finally, PA improves the quality of pasture and promeotes the increment of cattle
weight. Figure 14 shows a comparison between a fertilized meadow and an unfertilized
one.
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Figure 14. A comparison of weight increase of cows between Fertilized and unlerulized meadows,

(2) Effects of magnesia

Magnesia is so helpful for absorption and transport of phosphorus in plant bodies that
itis cailed a carrier of phosphorus. When there is enough magnesia in soils, phosphorus
absorbed from roots is carried well through stalks to seeds, improving the yield and
quality of crops. Table 5 shows a example of an enhanced enrichment of phosphorus in
the cars of barley cultivated in 2000 test-pots.

Table 5. An example showing an cffect ol magnesia on the ennchment of phosphorus in the ears of
barley culin ated in 2000 test-pots,

Yicld (p) Amount of absorbed PA {mg)
Statk Eir Stalk Ear Towl
NPK 17 13 56 63 119
NPK + Ma i8 is 8 138 146

N = Nilrogen, PP = Phasphorus, K = Potash, PA = Phosphonc acid

Magnesia is a major constituent of chlorophyll in plant leaves, so that a magnesia
deficiency causes yellows and immature withering of crops. Besides, It enhances the
content of fat in seeds (Table 6). In magnesia-deficient soils, however, an overdose of
PA inflicts a reversc effect on the yield of crops (Figure 15)

Table 6. Relatiopship betw een the amount of magnesia lerilizer and the ol content of rapesced,

Yicld of seed (kg) Yicld inden Ol conlent (%)
SSP 107.6 100 41.5
SSP + MpO 137.6 128 45.5
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(3) Effects of silica

Bleeding sap which spills out of a cut end at the basal part of a paddy stalk contains
tens to a hundred times more silica than paddy water. Figure 16 shows a comparison
between the silica contentsin bleeding sap obtained from aquicultural paddy and those of
aquicultural liquid, It demonstrates that the ability of paddy to absorb silica is high
enough to be called a representative of siliceous crops.

Figure 17 indicates paddy absorbs much more silica than the other nutrients out of the
farm soil. Forinstance, it absorbs nearly ten times more stlica than nitrogen. As some
30 kg of silica is absorbed to produce 150 kg of rice, a 600-kg yield per 1000 m?
requires the absorption of about 120 kg of silica. If half of it is derived from irrigation

water, soil, and compost, a supplementary dosage of some 60 kg of silica per 1000 m?
would be required.
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Figure 16. A comparison of 5i0. concentrations s biceding saps of paddy with those in hydroponic
liquids 37 hours after the commencement of test cultivation.

Sufficient supply of silica greatly enhances not only the yield of paddy rice (Figure
18) but also resistance against diseases infecting paddy (Figure 19). Furthermore, silica
helps paddy leaves erect and increase their exposure to sun light, strengthens paddy
stalks not to be lodged by sirong wind, and finally prevents a harmful over-dosage of
nitrogen by enhancing the proper dosage (Figure 20).

(4) Effects of lime

Tt is said that tuffaceous soils associated with a high precipitation generally tend to
become acidic. Firstly, it is caused by an excessive utilization of acid fertilizers that are
combined with calcium in the soils and leached away with rain-water . Secondly, it is

A S
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Acid soils inflict various harmfu) effects such as withering of sprouts, incomplete
development of roots, and various diseases on vegetables and fruits, resulting in poor
harvest.

Thus, lime not just helps neutralize acid soils, but also facilitates multiplication of
plant cells, production of chlorophyll, transport of carbohydrates, growth of roots,
strengthening resistance against diseases, and reduction of harmful effects by heavy
metals. As calcium in EMP is well absorbed by crops, FMP plays a important role as its
supplier.

ESTIMATION OF MINING COSTS OF RAW MATERIALS FOR FMP
Phosphorite, magnesite, and quartzite are required as raw materials for the local
production of FMP. Large phosphotite deposits are distributed to the north of the Kakut

mine, whilst magnesite ore and quartzite are procurable around the Kumhar mine (Figure
3). The following is a brief estimation of the mining costs of these raw malerials.

1. Prospecting and Reserve Estimates of Raw Materials
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1-1, Phosphorite ore -

Phosphorite deposits are sporadically traceable for more than 20 km from Gallian
through Kakul, Galdanian, Tarmwai, and Lagarban to Dalola (Figure 22). Though the
deposits in this area were discovered in the late 1960s , it was not until 1975 that a plan
for the systematic exploration and development was prepared by SDA. The phase-I of
the exploration was initiated in January, 1976 with the technical assistance provided by
the British Overseas Development Administration. Between 1976 and 1994, five phases
of exploratory works were carried out in this area as shown in Table 7.

Though the Phase I and Il were carried out under the technical cooperation with the
British Government, the subsequent projects were conducted exclusively by SDA. Asa
result, the estimates of reserve increased year after year, amounting to some 20 million
tons in total reserve and 7.3 million tons in total recoverable reserve at the end of the
Phase 1V (Tables 8 and 9). The average chemical compositions of the main deposits are
shown in Table 10.

—
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- Roads

Figure 22, Distsibution mmap of major
phosphonte deposits in the Hazam area

Table 7. Exploration projeets conducted by SDA between Phase 1 and Phase V.

Phase § Phase 11 Phase 11} | Phase IV Phase v Fevtal Remurks
76 1-7716 | 80'7-82° 12| 83/ 1-86/6 | B6/7-01°6 | 917946
™~ Patimg (m) 1420 5,246 106 146 0 7.218 25 dall
hroles
Adting {m) 1,312 1,566 2.600 2BRS 168 11,531 37 adis
Number of trenches 68 124 44 31 £ 281
Topographic & 120 500 ol 88 0 769 + 500
grological mapping 1 5000
(had
Number of assnyine 4,94} 12,716 J.902 5,346 4] 27,904
Cuost (mufl Rs) 21 388 53 445 7.999 15.026 2267 | 100325
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Tuble 8, Tolal ore resen e at the end of the Phase [V,

Measumd feyene® Indicated rescrve?® Inlemed resen g4 ¥ Todal
Southern Ph TR At IRy KRN
lLaparben N+y (B2 0837 01y 2577
Fantem Ph 2R (O X3/ 1353 EXTAS
Cldanim Ph (LN} [ T 40) LR
Tiatknala 11 7 1263 2320 R
Tamba Nakka - - [XR) U453
Mamdiaian - - (1T 1 3K)
Total 729 RS EEsy) 9318

{millivn tns)

* Measured_reserve s defincd as a reserve estimated by detmled sampling including dnil
holes, adits and trenches that can be conwidered to be sulficient 10 allow_a__reasonably
accurate assessment ol thuckness and grade yanabions within the ore bodies with an average
Uuekness excecding 1.5 m and o grade exceeding 22 7 i 405,

** Indicated reserve 1t is defined as a resene estimated by detalled sampling including dnil
holes, adits and trenches that 1s sulficient o suggest a1 rensonably contlnuous _area ol
phosphunte with an oy erage thickness exceeding 1.5 m ond o grade greater than 22 5 of 1405,

** % Inferred reserve N is defined as a resene for which no detailed samphing 1s avalable but
which forms a logical part of the main phosphonte depasits and probably exceeds |53 m thick
onaverge and 22 % in P20,

Table 9. Tolsl recoverble ore resen e at the end of the Phuse 1V.
M leasured Indicated AdE Recns Lhlutivn Tot Recov,
\%} (in } (M5 +0 F5*n) [N {{h | 2* Heoon ) {Rec.+1}L)
soathern P GRED [FRST] Ry s EYL W77 1658
agarhan Ney A6 0337 2131 _IK3 (} 166 5552
Twtem ' RIS (R 3013 U38 0233 2193
Caldaniao Th L [ 0920 IE (1213 0,670
Takanaia Ih [0 [RX] 1687 1070 0128 1199
Total 739 3058 PECA] Y 0T 7369
{million tons)
Table 10. Average chemieal compositions of phosphonte ore from the main deposts (%). !
1.0, S0, R0, Nipty
Southem 201 EI0 25 10~ 3
rban & +5 25,5 120 K10 +0)
stem Ph 240 1723 35 L
aldanian Ph 390 30 30 o
Hathanata Ph. 258 EXIT) K] 50

1-2. Magnesite Ore

The

Kumhar mine is located about 3.5 km west-northwest of Abbottabad and

operated by the Pakistan Industrial Development Corporation (PIDC) to monthly ship
some 500 tons of magnesite ore to a clinker plant in Rawalpindi to produce stamp
materials for fixing blast furnaces and cement kilns.

O ®w £ 0O @

lenu Mo,

achist

Figure 23, Distnbution map of magnesite lenses in the Kumbar mine (modified lrom Mononobe et
al,. 1992b).
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The mine area is underlain by dolomite, sericite schist, and quartzite in the Abbottabad
Formation of Cambrian age. The magnesite deposits are developed in the dolomite,
which is contacted with the underlying sericite schists by a E-W trending thrust fault.
Fourteen [enses of magnesite have been confirmed for about 1,500 m from east fo west.
The general trend of the deposits changes from N-8 in the western part to NE-WS in the
central part to E-W in the castern part (Figure 23).

A proved reserve of the Lenses | and 1l was estimated at some 3 million tons on the
basis of an exploration by the Min-Koh Intemational Consultants (1980), including a
detailed geological mapping in a scale of 1: 2,000 and 7 adittings (Table | 1)
Subsequently Mononobe et al. {1992) estimated the probable reserve of the Lenses 11 1o
13 at 3.3 million tons.

Table 11, Ore reserves of the Lenscs | and H esumated by Min-Koh Internationat Consultants (198()).

Possible reserve Probuble reserve Proved reent
Tens-1 &34 337 [E2]
Tens-I1 KR 24} 1 id
Tolal B.i3 ST A58
{rullton tons)

According to PIDC, 77 samples collected from the Lenses I and Il range from 41.7 %
to47.6 % in MUO averaging 46.6 %. The MgQ contents of the Lens Nos. 11 to 13 are
slightly lower than thosc of the Lenses | and H due to a higher content of CaQ, ranging
between 25.5 % and 47.4 %. A total of 61 samples collected from the Lenses {1 to 13
averages 45 % in MgO (Table 12).

Table 12, Average compositions ol magnesite ores of 77 samples [orm the Lenses I and 1l and 61

samples Mrom the Lenses Nos, 1110 13
Lonses L&) Lenres 110 13{%)
MgO %6 150
[8] 9% 33
A0, [kl [(KT1]
™0, Ry 015
e s IR [(kA]
Tgrutiom oy 51K S0

1-3. Quartzite Ore )

For manufacturing FMP by substituting serpentinite by magnesite as a raw material,
an addition of 40 to 60 kg of silica is required to increase the fiuidity of the melt. A huge
amount of quality ore of quartzite occurs around the Kumhar mine, the chemical
composition is shown in Table 13.

Table 13. A chemical composition of a quartzte sample collected near the Kumbar mine.
[ $0; I 3 I ) } A, I —Te:th |
[ TIH | 3 | 001 ™ | INTn | 0 e I

2. Mine Planning and Production Cost of the Raw Materials

2-1. Phosphorite Ore

Taking into account an average thickness of 2.5 m and a stedp inclination of 70° to 80°
of the ore bodies and the competence of their host rocks, the shrinkage method of stoping
with a dimension of 30 m long by 30 m wide is recommendable for the mining. The
main entry point for mine development and subsequent operation will be suitable at the
Tarmwai end of the deposit about 10 m above the riverbed of the Tarwai River and the
main haulage system is extended at the same level as the entry point in the foot wall of the
deposits. The actual mining must be undertaken after the minable rescrves guaranteeing
at least two-year-long mining arc confirmed. The bastc principle of the prospucting isto
extend levels to secure the confirmed reserve to counterbalance an annual cutput.

A natural ventilation system is basically applied to most of the levels and sublevels
except for some warking places which require 2 mechanical veatilation to remove blasting
fumes and dust. Sublevels will be established at vertical intervals of 30 m throughout the

18



ore bodies and every third ones are connected to the surface as major levels to allow the
entry to working places.

The ore gravitates down to the main haulage level and is loaded into the waiting mine
cars of 1-m3 capacity at the drawpoints. A trolley locomotive hauls a train consisting of
up to 40 mine cars to the main entry point. The sectional dimension of main haulage
levels, exploratory sublevels, and tip cross-cuts will be 3.0 by 24 m, 2.1 by 2.1 m, and
2.4_by 1.8 m, respectively. As the working places would be above the adit level, gravity
drainage could be used.

Compressed-air with a pressure of 7 kg/em? is supplied to the working places.”
Fluorescence lamps are used for partial lighting in the main levels, whilst lighting in other
underground workings is secured by cap lamps,

(1) Capital costs

The estimates of capital costs required for an annual output of 60,000 tons and
120,000 tons of ore are shown in Table 14. Further, the breakdown of the investment
items in respective capital categories is given in Table 15.

Table 14. The estimates of caputal costs for the annual production of 60,000 tons and §20,000 tons

Annual output
Investment eategory [T €0,0%01ons 120,000 tons
Division Subdivision Costs (Ks.} Costs (Rs.)
NMining equiprient 139,000 20,995,000
Transport plant and equipment T8,560,000 JIRE000 |
Miniog Riantenance of plant & equapment 18 050,600 3331000
Explomtory equipment 1,438,000 7143000
Reserve fund Tor development 11,875,000 33,758,000
Subtotal 71,600,000 131,065,000 |
rushing Crushing plant and eguipment 31803000 31,803,000
ahtotal 31,603,000 31,503,000 |
Assaying laboralory 2.857,000 3857000
Adminkstration Admimistrauve oflice 13.357,000 13357000
Comstrucuon-relaled costs 31,944,000 31,594,000
Scbiotal 158, 50,158,000 |
Total 153,561,000 213,026,000

(2) Manpower and Average Personnel Expenses

Table 16 shows the estimates of manpower required for an annual cutput of 60,000
tons and 120,000 tons of ore. Average monthly wages of employees in the mining,
crushing, and administrative divisions are estimated at Rs. 4,625, Rs. 3,000, and Rs.
5,000, respectively.

(3) Production costs
Table 17 shows the estimates of production costs calculated under the following

preconditions:

(a) The construction of the access road to the mining site be financed at public expense;

(b) Financial and technical assistance be provided by foreign sources from the planning stage
of the mine development;

(c) The expenses for the past explorations in the Tamwai-Lagarban area be written off;

(d) The interest rate on the costs of plant and equipment and the working capital be 3 %;

(€) A-month-long working capital be secured; ;

(1) The costs of plant and equipment be depreciated at a fixed rate over ten years.
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Table 15. The breakdown of the capital costs required for annual outputs of 60,000 and 120,000 tons.

Annual output
Imyestment Categories 60,000 tons 120,0{0) tons
Unitprice |  Amount Und price|  Amount
Division Subdivision Tem Quantity | Untj (000 RxY | (000 Rat | Quenity|tinit 1 (000 Re) (U0 Ra)
Rock dnil 30[ set 57 LTI $0| et 57 2450,
Maunipg  |Wooden mine car 10} sct 2% 2,500 20| set 0 5.000
quipment  [Loader 5| set L143 5,115 10] et 1,143 11430
Jumbo-drill 2| et £57 1714 2] et 87 1714
| Subtotal 11,639 20,994
Transpert |5urclmin: car 40| st 111 4.5&)] 0] act 114 6,310
plantaud  [Lovnotve 1 st | 20000 2001 2} =t | 17500 3540
quip Rail 1000 m 4 4000} 2000 m 4 B
Subioatat 28,56( 49,840
Compreasor 3| st 1.357 5571 sl st 1857 9.285]
{suppty pustp 2| vt 143 288 4 143 572
Generator 1| et 1714 1714 2| set 1714 3428
Mining M Ax pripelio 1.500] m D429 o] 3000 m 0429 1287
of plant &  |Walcr prpelme 1.500] m 0377 366]  300| m 0377 1,131
equipment Pt props 150} m 40 6000 300 m *) 12,000
| Lighung exblc 500} m 0514 2570 1poo| m 0514 514
Cap lanp 50| sct 4 200, 100] wet 4 400
{Subatation 1] et 2,457 2857 2} set| 2857 5,14
Subiotal 18.004 34331
Exploratory |Dnlgmachme] 2 st| 714 1425 slwt| 714 2.142
erquipment Subtotal 1428 2,142
Reserve fund  [Havlage 200] m 6.2 3.240 4m| m 6.2 2480
for Dnft 00| m 62 sos2] 1920 m 62 1904
development  [Ruine | m 74 asa7]  Las] m 74 2374
Subtotal 11,879 23,758
Total 71,600 131,065
Ore bupper 1] st sT1 571 1] el 7| 571
Grezzly fecder 1} set 571 571 1 sa 571 ° 571
Crusher 1] st 4236 4,288 1] 4285 4.286)
el conveyor 3| st 286 /58 3| st 286 RSH)
Crushing  {Sereen 2| st 57 1.142 2| =t ST 1,147
plantand  {Produci tank 2| et 4286 8572 2 sal  ams 8572
Crushing cquipment  [Foundation work 2| case 1429 1429 1] case 1429 1429
Wiring work 1} casc 2887 2887 1fcac| 2857 2257
Installation work 1f case 4286 4286 1 eme] 4286 4286
{Dwldnge w| m2 » 0] o[ m2 9 |
Related worke 6361 6361
Subtotal 31.803] 31.803)
Total 31.803 31.803
Assaying Analylcal | I l
laboratory  |equpment 1 et 2857 2857 1] st 2,557 257
| Suhtotal 2857 2857
Admil Office equip 1] act 14 357 14457 1| et] 14857 14857
Administration affice OiTice buiking 200] m2 2.5 500 20 m2 2.5 S0
Subiotal 15357 15357
Ground work
Construction~ {for mnmg srte 10.000] m2 2 20000] 10.,000] m2 2 20,000/
related works  [Related works 11944/ 15944
Subtotal 3194 31,94
Total 50,158 50,158
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Table 16 Manpower required for the annual production of 60,000 tons and 120,000 tons of ore.

Amnnual puipot
. = Breakdown of manpawer 60,000 tons 120,000 tons
Division Subdivision Number of siafl Number of stall
Txcavation of miming [aces 20 1x)
xcavauon of Tevels and sublevels 35 70
Excavation ol tip cross-cuts E0) [£1]
Underground transport 5 KT
Minlng Maintenance of suriace laclilies 12 16
SEnicnance of underground fxalives (] )
Assaying ol vre 10 18
Txploration works 15 X0
Sabtotal 182 33
Crushlag Crushing of vre 3 25
Subtotal 5 1
Supervision ol malenals 7 8
Atministration Clencal works 10 i2
Managerial works 1 [
Sobtota) 27 3
Total 214 400
Table 17. The estimates of production costs for annual outputs of 60,000 and 120,000 tons.
Annualoutpul
Cost category ~ 60,000 tons "T30,000 tons
uction cost {RsJton) Production cost (Rs./lon)
Ming cost 818 R
Crushinp cost [ 71
dministrative cost K 235
[oration cost 14 17
Ipping oost 100 (X)
Sutn of the above costs 1356 1,213
Gross margn (10 ‘o ol the sum) 136 ]
Grand total 1492 134

(4) Breakdown of the production costs for annual outputs of 60,000 and
120,000 tons

The breakdown of the production costs required for annual outputs of 60,000 and
120,000 tons of phosphorite ore is given in Table 18.

Personnel costs are estimated by using average daily wages of Rs. 185, Rs. 120, and
Rs. 200 for the mining, crushing and administrative divisions, respectively, and 300
working days per year.

The shipping cost of phosphate ore from the mine site to the fertilizer plant is
estimated at Rs. 100 per ton. The gross margin is calculated as i% % of the sum of
mining, crushing, administrative, and shipping costs.

2.2, Magnesite Ore

It is impossible to secure a steady supply of ore to the fertilizer plant by the present
mining method adopted in the Kumhar mine. Firsily, the narrow lane leading from the
Abbottabad-Sherwan Highway to the mine is required to be widened along the whole
section. Secondly, a new transport road should be branched off at a point about 1 km
before the mine office to lead to an intermediate level between the Lens [ and I1. An
bench-cut method is recommendable for the mining of ore. A bench is expected to bz 3
m high and 40 m long.

The estimates of the capital costs, their breakdown, manpower, and production costs
required for an annual output of 24.000 ton of ore are shown in Tables 19 to 22. The
preconditions applied to estimation of the production costs of magnesite ore arc the same

as those of the phosphate ore.
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Table 18 The breahdown of produstion eusts required for annval cutputs of 60,000 and 120,000 tons of ore.

Annual Output
Codd Calcgonies 0,00 [ons 120,000 1ons.
Conmaqtin bt Todal couls b Production | Contintytwe ta Tutsl ooda 0 Pronkuction
Thyision Ltems pooceacs | (mprce | proccescmn o eswn | Unapce | petue tnfoe cons
wlon (upl'wn) | (Refunay ok of et ake) Rsdon) | ofomtumton) | (Ratwat) wom ofvee Xy ) aran
(LY iRr HIAPFR[PDGOE H a0 Ay B, EAATRlIaion] 1 1000
Lephimven 0¥ chpy| S5Rayy 1LAALNG -] LB FLT AViReYg)| LU Ex1
Tlectoe dbonsbut 18Yipact| &iRepme 6,500 X3 1 VS rpmeds| 60 1Reprmey] 13,030 000 LI
Drll nd B Ohipeecet)| X0 Rupvace) X 40000 180G iporet)] 200 e e 1830000 14
Dntt bt e B T LT ] Ut el 2o Ky AR -
1 lainewy chatze Wiksd)| ITiRyEx), 4130000 0y Wiwnf 2T 13m0y oz
-2 purmu babiley. ¥ imtd)] 24iTwmt} LA, Wi Lisan)| Wi 300 W
Sublata) 7411009 45+ Sabtotal $. e
Mining Yo A et 1] e Transty oo er] R fman ey
avl 123 101100 145 [ 1), L1480 [15)
Subtotel 9 591,000 143 Subatel 1821458 [
{Depreustnm ipermmsd 10 yeant T 160100 Hiv| Depwwciataon jprrnd 10 yeart 13 1e . [
Cousof rrpmis ) € of mumry capuat oomsy LA 9 %|Cows of mimn 18] 5 33
Sadrarad LT 164 Nadtonl [EIETT) 144
Tolabsf dwrert produrton cods HIaThle "It Dt produrtion ey eiviero| [
Iereet pn marsrg cajwel covn (s %2 FARTRL ] W Inf orest e g el a) oo Te1juy Ay
Lierest ot merhonyg £ apatad {drect producton cous 123 117158 2Hleree oa wodurg Cgatal EIE |
Surastsl 2270 = Subtetal [T “
Todat 42108 115 Hig Total DENETEIT kL]
Pttty charye | Sigwn]  TTR¥Ks) 1410 14] RS TS 1420000} 1]
Eipatibes | [ T 30110 o Lot 4 iRaa) T +
Subdodnl (AL 19 Sebstotsl 2340008, 28
warw :_;";"&";E: Rt wan ey m& Ko wandey
043 130, $80.000, 3 006 120, 200,000 []
Crushung SeiAvial 143500 3. Sabiotal 50,200 1
Depromateon jed 10 yaas: 3172500, 331 Degrecation o, 10 y2am) 3,130,500 EN
Cowta of pepany (3 % of emrane cagalad cousy 933350 14| Cota of repmny 9 0] k)
Subacast 4151180 Cl Subdotal 413N [T
Semt vl drect grodwriion cods T V1] Dawnt prodwrtore rod s EEETNL ]
Lidawd s musicy S apulal costs {3 %) LS T4 | futmresd o mabs g Cdgalal Loty LLET H
irt ovat on woek g Sapelal fArct praducion colHE2) EE Ofwerest on workang tapuat A F
Subtatsl bk i 1% Subdolel LITENLL 18
Tolal GAIPAES 10 Tolal 49712 L]
| Fiwuh] 130 (vt 9000000 [ $oaats| 10 0dwia) 19,0000 130
Subiutal o [ Subtotal 10w 154,
e 3":;{"‘;;;5: Eadmamiey i“;;‘mf-';‘n“_'_ Rt ik iy
o X0/ 1,520,000 3 oo X0 25460000 12
Sublolal 3410000 Ea Subtolad 1140000 i
Adoyrusirauon i'ﬁmm.n trersd 10 yeany 3050 | Derveritow iprad 10 yeanr A01530] [F)
[Coa of repman {1 % of murseg captal cousr 1,504 745] 253Conta of repun. 150470 13
Sutdotal 47112m Ll Sublatel SI20, %0, M
Tousk ol dren produtus sas [EEeT 24¢] Dwect proderioe cons Jeatb S [
Intered o rgrerp s1pvalcotsd %1 LMT N 15|t ered o marang copelal] coms 1I04.T40| [E]
Suldotal 1.543.5% 1 Sudivnt BLHLIW 134]
Tulal TR 2% n Tetal 8185380 235
Tt ooee iy Taasl cotty b
Levd Jrokace AL flrduton oo Jrudce LAGW  { Brsduchon oo
Leveldergth Lt yrce wrrd of ofw (R4) 1ReAont Levelbength. Rinst prce wonk o ove (R [LIY ]
At H ACEATIRL oo (LY [L]] CrHAmYY V120000
() Pim| 341 Rele 118 A 18 Vw00 aim| 2211 W] 1%
Esplocsion  [aa A0 NI Rew T7600 % X0m] I Ailm TI0000 [
Ry Him| 299 Rafra ML 1 ANIm| 299 Rasml 1LHTAm 15
[ Am| xRt 133300 4.{ Wm| 310 Ratm 3104 1
houa baulagc 0m| 32 Euim, A= o W0l 1230 Eum 800, L
[Totalrmas ML 2| Total cous 1341 9
Explarntion roats 1A of the lotal ronts LIZL93 1%{ Exploration rosl 1 M7 160 17
Tad coar Total rvef o
Cage trungox 80,00 | Provkactaom o o 1200 | P
Cepounght tlod prce e (Xay §Ra Aont Capawegle Urs prcr eraXad {Ru )
Shuppeny [£N) (1) IO AR | Ly 21} [1.3) TotAmN 11200
Phughatc o P 100 Ri2on 4,000,000, [Ly 1o 100 Kiroe TLICT 000 LY
Tola) SO0 ™ Total 12000 008 199
Gross Tetal tusty lrom ey o shippisg 3 1084 14551 T [F]
margin Gross margin- Total costs® [0 % R.ASR.7TT 136 1454790 12l
Grand Total of Production Costs #9,746.4%0] 1,392 Grand Totai 160,137,779, (i
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Table 19 The estmates of capital eosts for the annual produchion of 244K tons ol magnesile ore.

Division Subdivision Costs (Rs.)
Mining cqupment 16,714,000
Mining I ranaport cquipment 2.143,000]
Resen e lund (o des cloprent 2.829,000]
Subtotal 71,686,000
Crushing Crushing plant & equipment 12,517,000
Subtolal 12,517,000
Administration Construclion-related costs 2,000,010
Subtoial 2,000,000
Total 36,203,000|
Table 20 The breakdown of the capital costs for the annual outpy ol 24.000 tons of magnesile ore.
{ it pnee| Amount
Division Subdivision Ilem Quantity | Umi [(.000 Rs )| (06D Rs )
Jack hammer 1§ set 1.249, 1,249
PPower shinel 1] sl 4.857 4,857
Mining equipment O] hydraulie breaker 1] _sel 5.443 5,143
Izer shovel 1] _set 4,571 4,571
Compressor 1] set 714 714
Mining Subtuotnl 16,714
Transport equipment  |[Dump lruck | 1] sel] 2143 2,143
Subtotal 2,143
15 % of numng and
Reserve fund for tmnspor cquipment 1 2829 2829
development
Subtotal 2,829
. Total 38,400
Qe hopper 1] sel 143 143
Grizzdy leeder 1| set 429 429
Jaw crusher 1§ sct 1.714 1,714
Helt convevor 3] set 229 6R7)
Screen 2 sl 571 1,142
Crushing Crushing plant & CGiround works 1] case 429 429
equipment
{:lecine machenery 1] _set 571 571
Subsiation 1] sel 1.000 1,000
Tnstallation 1] easc 4,286 3,280
Building 30 me ] 30
Ground wotks |} case 2046 2,046
Total 12,587
Construction-related I'ransport road 1 § 500 500
cosls
Administration ump site 1 SO0 500)
Total 2,000
Grand total 36,203

Table 21. Manpower required for the annual production of

24,000 tons of magnesile ore,

Division Subdivision Number of stalf
FExcavation of mning faces 4
Mining Maumntenance of surface faciliies 1
Subtotal 3
Crushing Crushing of ore 2
Subtotal 2
Clencal works 2
Administration [ Manapenal works 1
Subtotal 3
Total 10
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Table 22. The estimates of production costs for annual outputs of 24,000 of magnesite ore
Consumplion (o Total costs o Production costs
lems produce 2 ton of ore | Unit pnee (Rs umit) | produce 60,000 tons {Rs /ton)
(anititon) of ore {Rs )
[\ (4] 1C]=1A *[B[*21.000 [€1124,000
Explosives 012 (kg 55 {Rarky) 158,400 7
Llectne detonalor 0025 {precert) 6 (Rsiplece) 36,000 2
Tuel 1 {tit) 3 (Rs/) 72,000 3
Iixpendable i {setit) 20 (Rsset) 180,000 20)
Electncity charge 5 (kW) 37 (RsrkW) 344,000 19
Subtotal - 1,190,400 50
10 man*(25*12) Rs / man day
Wages | day [ 60,000 ton
0125 120 360,000 15
Subtotal 360,000 15
Depreciation {penod 14 years) 3,620,300 151
Costs of reparrs (3 % of capital cosis) 724,060 30
Subtotal 4,344,360 181
Total of direct production costs 5,894,760 246
nlerest on capital costs {3 %) 1,086,090 45
| [nierest on working captal (ditect production costs/12) (3 %) 14,737 1
Subtolal 1,100,827 46
Shipping cost | 1} 100 2,400,000 100
Gross margin = (direct production costs+inlerests+shipping 939,559 39
cost)y*D |
Grand total 10,335,146 431

2-3. Quartzite

The present manufacturing method, which substitutes serpentinite as a raw material by
magnesite to utilize low-grade phosphate ore, requires an addition of 40 to 60 kg of silica
to raise the fluidity of the melt as previously mentioned. Since there occurs a lot of
quartzite around the Kumhar mine, the facilities for mining magnesite could be applied to
mine it. Consequently, the same mining cost as that of magnesite, i.e. Rs. 431 per ton,
was tentatively adopted.

2.4. Summary for Mine Planning

As the Haripur plant of NFC has used both local and imported ores of phosphorite to
manufacture SSP, SDA has been demanded a reasonable pricing to offset the poorer
grade as a focal supplier by NFC. In order to secure as competitive pricing as possible,
the mine devclopment to guarantee an annual output of 120,000 ton of ore is desirable.
Judging from the lack of a sufficient access road to the mine site, it is considered to be
difficult to implement the project without financial and technical supports from internat
and external sources.

ESTIMATION OF MANUFACTURING COSTS OF FMP

1. Comparisen Between Electric Furnace Method and Fuel Method

Table 23 indicates a comparison of the production costs of FMP and the difficulty of
maintenance of the plant between the electric fumace method and the fuel method using
an open hearth furnace.

Table 23. Companson of the production costs of FMP and the plant mantenance between the electnic
fumace method and fuel method.

Caputal | Emergy | Repair | Mwinicnance Total costs
Cost cusl coslt technique Pakisian Japan
I:dectric fumace method low high low [H5S low, high
Lucl method high luw high ditficult high low
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Aselectricity charge is far
open hearth furnace in Japan,
there as a whole. On the contrary,

more expensive than the price of oil coke used as fuel of an
the fuel method is preferable to the electric furnace method
the electric furnace method is better than the fuel

method in Pakistan. For the unit cost of electricity is higher than that of heavy oil or
natural gas in Pakistan, but the capital costs, their depreciation cost, and the interest on
them in the electric furnace method is so cheaper than those of the fuel method as to more

than compensate the difference in energy cost.
equipment of electric furnaces is

Further, the maintenance of the plant and
casier than that of fuel furnaces.

However, the Ministry of Petroleum and Natural Resources recommended to adopt

heavy oil as the energy resource
clectricity and patural gas. ’
As a generator in the 10,000 kW class

for manufacturing FMP because of a short supply of

is necessary to privately supply energy to the

clectric fumnace, the capital costs are not only cqualized with the fuel method but the unit

cost of generated electricity also exceeds that of utility supply,

so th

at the above-

mentioned advantages of the fuel method is nullified. Furthermore, a private power

generation requires a state-of-art technique of maintenance.

Consequently, it is recommendable to adopt a fuel method using heavy oil in Pakistan,

As a round-the-clock operation,

however, is premised for an open hearth furnace, the

installation of supplementary generators which can supply 900 kW/h of electricity is

indispensable for emergency in
understood to be possible for |
kW class.

2, Quality Planning of FMP

Pakistan where frequent power cuts take place, It is
ocal mechanics to maintain a diesel generator in the 500

The main dbjective of the present project consists in utilizing low grade phosphate ore.

With a targeted content of 20 % of P20s,

it is desirable to not only use as wide a grade

range of phosphate ore as possible but also keep the production costs as low as possible.
Eurther, alkaline soils are sa.dominant in Pakistan that less magnesium deficiency

diseases would be expected tnan in Japan.

Therefore, a quality design of FMP is

desirable to not only keep the magnesium content as low as possible but also raise the
content of silica thal is not available in other fertilizers as high as possible. The targeted
content of Pakistan-made FMP and the required contents of raw ores are shown in

Tables 24 and 25, respectively.

Table 24. The guaraniced content of Pakistani-made FMP.

PaQ3g MgO S0

Alkali

200 % 150 % 2509

450 %

Alkalr = Ca0 + 139 * MgO

Table 25. The contents of raw materials used to produce the FMP with the above puaraniced content

Pals Mp() $102 {gmuon residue Al
Phosphonic 243 % 24% 253 % 76 % 7%
Magnesite 423 % 12 % 491 % 03 &
Quarinilc 05 % Y3y F 01 % 4.7 %

Thus, even silica-rich phosphorite ore

is very welcome for the pl-'oduction of FMP

unlike SSP. Otherwise, some addition of quartzite is necessary to increase the fluidity of

the melt. As contamination of dolomite, however,
materials, it is not preferable. A high content of
FMP in acid, is also undesirable. G
melting between the ore particles, but a very
repose angle of the matenials to lower

harmful effect on the production efficiency of FMP.

the heat conduction area in the fu

raises the melting point of the raw
alumina, which lowers the solubility of
rain size of less than 20 mm prompts the contact
high content of powdery ore decreases the
mace and inflict a

A designed mixing ratio of the raw materials and the expected composition of the finat

product arc shown in Table 26.

Table 26. A mixing rtio of the mw matenals and the expecied compasition of the obtyned pmduct.

Haw matenal Mixing ralio (kgrton) Pafds MgQ S1()s Cal) Alkal
I'osphonic ond

Magneste 346 203 % 155 % 252 % 3N9% 531%
Quanzic 38
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3. Capital Costs for manufacturing FMP

The technical level in Pakistan is deemed to be high enough to*produce most of the
plant and equipment according to appropriate blue prints except for some special
machinery. Consequently, the manufacturing plant of FMP is premised to be locally
constructed on the basis of a granted basic technology. Refractory bricks for the open
hearth fumace are also expected to be procured in the local market.

The capital costs are estimated at about half those needed in Japan. The {ollowing
iterns are excluded from the capital cost:

1) technical consultant fee;

2) plant premises and its ground work:

3) substation outside the plant premises;

4} access road to the plant; y

5) sewer outside the plant;

6) supply of drinking water;

7) import duties and sales taxes on the equipment.

Pollution prevention facilities as shown in Table 27 will be installed to follow the
emission and effluent standards applied to new factories constructed afl ter July 1, 1594.

Table 27. Emission and eliluent standards applied o newly built factories,

Ermssion standands Efflucnt standardy
Dust 500 mp/Nm3 Temperature S0°C
HF 150 ma/Nm? pH 6~10
S0¢ SO0 mph oD 150 mgil
N J00 mpNm? (&) 1,000 mg/t
¥ 20 mg/l
504 600 mg. [

The estimates of capital costs for a plant to manufacture 62,000 tons per year is given
in Table 28.

Table 28, The cstimates of capial costs requited for an annual output of 62,000 tons of FMP.

Main plant and equipment I Amount Main plant and equlpment i Amount
Machinery (Deprecintion: 10 years) Buildings  (Depreciation: 20 years)
Matenal processing 37,900,000 Foundation work 7,600,000
FFuel supply .11,300,000{Franung 6,600,000
Ore melting 127,700,000} Factory and office buldings 46,900,000
Melt coaling 36,900,000|Tree planting 1,400,000
l'unfication of cossson and efMuent 14,800,000 Warehouse and uthers 3,600,000,
Product drvang 21,500,000{Generator room 3,100,000
Packing 27,700,000 Subtotal 69,100,000

Trunsport and installation 3.900,000] Transportation (Depreciation: 8 years)
Plumbing 8.700,000jTransport vehcles 7.100,000
Wining 28,100,000, Subtotal 7,100,000
Ciauge setting 56,900,000 Power generation (Depreciatlon: 15 years)
Fumace insvlaion 2,100,000jPower generator /4,600,000
Painling 1,700,000 Subtotai 34,000,000
Miscellancous works 3,800,000
analytical cquipment 16,800,000
Subtotal 405,800,000
Grand totol | 566,100,000

4. Estimates of Manpower and Personnel Expenses

The number of the staff totals 73 including a president in the manufacturing plant.
The staff is divided into two departments: management and manufacturing. The former is
staffed with ¢ members including the president, whilst the latter with 64 members. The
organization of the manufacturing plant and the estimates of the personnel expenses are
given in Figure 24 and Table 29, respectively. When no generator is used, a division
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chief and three workers can be reduced from the payrotl. Besides the above regular full- -
timers, wages of some part-timers are included in the production costs.

President (1) Genera! manager(1) =—1— Persunncl & Accounting divison (3)
L— Muarheling division (4}
Plant manager(l)  —— Manufactunng division (46}

L Quality control division (7)

L— Scrvice divasion (10)

(Tigoerin bracks (T uember af the sall }

Figure 24. The organization of the mannlactunng plant af FMP.

Table 29, the esumale o personnel evpenses lor the manufactudng plant of FMP,

Job Number Salary Persunnel expenscs

classification (Rs./month) (Rs./vear)
President 1 15,000 140,000
Manager 2 10.000 240,000
Daviston_chicl 5 8,000 480,000
Foreman 9 6,000 648,000
Workers . 56 +.000 2,688,000
Total 73 ,236.,000

5. Manufacturing Costs of FMP
The manufacturing costs are calculated under the following preconditions:
(a) annual interest rate on the capital costs be 3 %b;
(b) annual interest rate on the working capital equivalent to a-month-long direct
production costs be 3 %;
(c) the capital costs be depreciated as shown in Table 30.

Table 30). The breakdown of depreciation of 1he capital costs,

Annual Depreciation
Items Amount Period (years} {,000 Rs.)
(000 Rs.)
Machineny 405,800 10 (), 580
Vehicles 7.100 8 HER
Power generalor #-4,000 15 5,600
Burlding HY,2(H) 20 3,460
Total 566,100 50,528

Tables 31 and 32 give the estimates of production costs of FMP for the purchasing
prices of Rs. 1,492/ton and Rs. 1,334/ton, respectively, with a private gencrator.
Respective production costs of FMP are estimated at Rs. 3,747/ton and Rs. 3,604/ton.
Tables 33 and 34 show the production costs for the lwo cases without private power
generation, which are estimated at Rs. 3,572/ton and Rs. 3,428/on, respectively.
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Table 31. A cost estimation for menufactenng FMP by using 4 power generator and purchasing
phosphate ore for Rs, 1,492/N0n.

Consumption to Toul costs to produce
lems produce a ton of Unit price 62,00 tons of FMP { Production costs
FMP (enititon) (Rs.funit) (Rs.} (Rs./ton}
{A) (B) (C)=(AY*(B}*62,000 (C)62.000
Phosphonite 0 901 (tonrton) 1492 {Rs,'ton) 83,623,610 1,319
Magnesile 346 {lonton) 431 (Rs 'ton) 9,245812 142
CQuartnile 0 0348 (lon 1on) 431 (Rs lon) £.015.436 16
Slaked lime 0035 (tonion) 1,200 (Rs. ton) 2,604,000 42
Heavs o {) 160 (kl"on) 2,960 (Rs./Al) 29,363,200 474
Llecincity charpe ) 107 (KW 1on) 922 {(Rs /KW) 6,116,548 99
Expendable 1 000 (set-1on) 47 {Rs /scl) 2,914,000 47
Packing cost 1.000 {set/ton) 121 (Rs /set) 7.688.000 124
Subtota}l 142,570,612 2,300
73 man*(25%12) Rs fman day
Wage [or full-umers day (62,000 ton ‘
0.353 193 4,236,000 6B
Wagpe (or pari-trmers 496,000 8
Subtotal 4,732,000 76
[epreciztion {penexds: 8, 10, 13, 20 vears) 50).528, (K00 815
Custs ol repairs {3 % of FAMP plant capital cosis} 16,983,000 274
Subtotal 67,511,000 i.089
Total of direct production caosts 214,813,612 3,465
Interest on the capital costs (3%) 16,983,000 274
Interest on working capital (direet production costs/12) (3 %) 537,034 Pl
Subtotal 18,398,250 283
Grand total 232,715,862 3.747

Table 32. A cost estumation for manufactunng FMP by using a power gencrator and purchasing
phosphate ore lor Rs, 1,334/ton.

Consumption to Total costs to produce
Items produce a ton of Unit price 62,000 tons of FMP | Production costs
FMP (unitton) |(Rs.funit)  (B) {Rs.) (Rs./ton)
{A) (C)=(A)Y*(B)*62,000 {C)62,000
Phosphonte 0.904 (lon‘ton)] 1,334 (Rs fton) 83.623.616 1,206
\Magnesiie 0 346 {1on!lon) 431 (Rs /lon) 9245812 149
Quanzile - 0038 (ton‘ton), 431 (Rs./ton) 1,015,436 16
Slaked hime 0 035 {lon/ton) 1,200 (Rs.iton) 2,604,000 42
Heavy ofl 0 160 (kl'ton) 2.960 (Rs /kl) 29,363,200 474
Electncity charge 0 107 (KW/on) 922 (Rs /KWWY 6,116,548 94
Expendable 1 000 (set'ton) 47 (Rs fsel) 2,914,000 47
PPaching cost 1000 (sct‘ton) 124 (Rs /sei) 7.688,000 124
Subtatal 133,715,028 2,187
73 nun*{25%12) Rs ‘man day
Wage of lull-umers day 62,000 ton
0353 193 4,236,000 68
Wage of pant-timer 496,000 8
Subtotal 4,732,000 76
Depreciation {periods 8. 10, 15, 20 years) 50,528,000 815
Costs of repainy (3 % of TM P plant capital costs) 16,983,000 274
Subtotal 67,511,000 1,089
Total of direct production costs 205,958,028 3,322
| Interest on the capital costs (3%) . 16,983,000 274
Interest on wotking caputal (direct producuon costs/ 12 (3 ¥} 514896 8
Subtotal 17.497,895 282
Grand total 223,455,923 3,604
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Table 33. A cost estimation for manufucturing FMP by using no gencrutor and purchasing phosphate

ore for Rs. 1.4920n.

Consumption 0 Total cosis to produce
Iiems produce 2 ton of Unit pnce 62,000 tons of FMP | Pradluction costs
FMP (unit/ton) {Rs./unit) (Rs) {Rs.fton)
(A) (B) {C)={AP{BY*62.0() (C)62,000
Phosphonte 0914 (1un ton) 1492 (Rs -lon} 83,623,616 1,349
\aenesile ) 346 {ton ton) 431 (Rs ton) 9,245,812 149
CQuartate (038 (ton lon) 431 (Rs ton) 1015436 i6
Slaked Iime (35 (ton ton) 1.200 (Rs ton) 2,604,000 47 |
fleasy ol (O 160 (k] ton) 2500 (Rs kD 29,363,210 474
Llecincily charge D107 (KW ton) 922 (Rs ‘KW) 6116548 04
L:xpendable 1 (X0 {sel'ton) 37 (Re set) 2.914.000 47
Packing cosl 1 000 {1on ton) 124 {Ry 58}y 7.088.000 124
Subtotal 142,570,612 2,300
69 man*(25%12) R fman diry
Wage for full-umers day 62,000 ton
0 334 193 <+.,002.348 [$5]
Wage for puirt-timen, -S96,14)0) [
Subtotal 4,498.348 73
Depreciation (penods 8, 10, 20 vears) 31,928 000 725
Costs of repairs (3 & of FMI® plant capatal eusiy) §-1.463 .04 233
Subtotal £9.391.000 958
Total of direct production costs 206,459,960 3,330
Interest on the capital costs (3%) 14,463,000 233
Interest on working capitat (direet production costs/12) (3 F) 516.150 8
Subtotal 14,979.150 242
Grand total 221,439,110 3,572

Table 34. A cost estimation For manufactunng FMP by using no generator and purchasing phosphate
ore for Rs. 1.334/ton.

Consumption to Tolal costs to produce
ltems produce a ton of Unit pnee 62,000 tons of FMP | Produclion costs
FMP (unititon) {(Rs.funit)  (B) (Rs.) (Rs./tom)
(A) (C)=(A)*(B)*62.000 (CH62,000
Phosphorile 0 94 {lonton)] 1334 (Rs /ton) 83.623.610 1,206
Magnesiic 0346 {ton'ton) 431 {Rs.[lon) 0,245,812 149
Quartzite (1 038 (ton 1on) 431 {Rs flon) 1,015,436 16
Slaked hime 0035 (ton’ton) 1,200 (Rs./ton) 2,604,000 42
Hem v oil 0160 (kl'on) 2,960 {Rs /kl) 29,363,200 474
Electricity charpe 0 107 (KWrton) 922 (Rs /KW) 6,116,548 oY
Expendable 1.000 (setiton) 47 (Rs isel) 2,914,000 47
PPacking cost 1.000 {tonton) 124 (Ru.f5cl) 7.688.000 124
Subtotal 133,715,028 2,157
69 man*(25%12) Rs ‘man day
Wagpe lor full-tumers day62.000 ton
0 334 193 3,002,348 [
Wage lor part-timers 196,0() B
Subtotal 4,498,348 73
Depreciation {penods: 8, 16, 20 vears) 44,928,000 725
Conts of repairs (3 % of TMP plunt capital cosis) 14,463,000 233
Subtotal 59,391,000 958
Teotal of direct production costs 197,604,376 3,187
Intesest on the capial costs (3F) 14,463,000 233
Jnterest on working capital (direct production custs!12) (3 %) 516.150 [
Subtotal 14,957,011 241
Grand total 212,561,387 3,428
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ESTIMATION OF THE PROFITABILITY OF THE FMP PROJECT IN PAKISTAN

Tables 31 and 32 show two case studies on production costs for manufacturing FMP
by purchasing phosphorite ore for Rs. 1,492/ton and Rs. 1,334fton. The both cases
premisc 1o have a private generator for emergency. On the other hand, Tables 33 and 34
give two cost estimations to manufacture FMP by completely depending the supply of
supplementary energy on WAPDA and purchasing phospharite ore for two different
prices, which correspond to an annual output of 60,000 tons and 120,000 tons,
respectively. In the latter case, the half of ore output is consumed by FMP and the
remainder by SSP,

As a matter of fact, the four production costs listed in Tables 31 to 34 indicate those
for the first month of operation. In reality, if a fixed amount of money sct aside {or the
depreciation of the capital costs is monthly refunded to the bank, the loan balance
diminishes month by month and the interest on the loan is also correspondingly reduced
for the subsequent months, resulting in reduction of the production costs.

. In this chapter, we wjll discuss on the effects of the following four factors on the
profitability of the manufacturing of FMP: (1) purchasing price of materiat ores such as
phosphorite. magnesite, and quartzite, (2) private power generation for emergency, (3)
reduction orcut of the government subsidy to fertilizers in the near future, and finally (4)
substituting the fuel method by an electric furnace methed which is not only cheaper in
capital cost but also easier in maintenance than the former. Details are given as under,

1. Cost Effect of Purchasing Price of Ores

The above-mentioned production costs of material ores such as phosphorite,
magnesite, and quartzite include a gross margin of 10 percent. Table 35 shows a
comparison of gross margins between phosphorite, magnesite and FMP on the condition
of 3 % of annual interest on the capital costs for mining of raw ores and manufacturing of
FMP. The table is divided into two parts. The first and second parts show the gross
margin of FMP cempared with 10 percent and 5 percent of gross margin included in the
ex-factory price of phosphorite and magnesite, respectively. Since the production cost of
FMP is greatly affected by the capital cost of an electric generator as a supplementary
energy source and a big difference in purchasing price of phosphorite depending on its
annual output, each part is subdivided into four cases depending upon whether an electric
generator is used or not and two kinds of annual outputs of phosphorite.

Further, the gross margin is divided into two: initial gross margin (IGM) and total
gross margin (TGM). The former is those as shown in the tables of the estimation of
Sroduclion costs of phosphorite and magnesite. In reality, however, actval production
costs of the ores are diminished month by month by a reduction in the interest on the
capital costs as stated above, so that a considerable amount of profit will be accumulated
until the loan of the capital costs are refunded. The total gross margin (TGM) shown in
this table is defined as the ratio of the accumulated profit to the total production costs
required for the whole period of toan refunding. Details of the calculation of TGM are
given in Tables | and 2 for magnesite, Tables 3 to 6 for phosphorite, and Tables 7 to 14
for FMP in the appendix.

Table 35. A companson of gross margin rales between phosphonte, magnesite, and FMP
Type of Annual
power output of | Phosphorite ore| Magnesite ore FMP
supply | phosphate -
{ton vcar) 1GM TGA IGM TGN 1GM TGM
Privale 6{.000 1000%] 1462%| 1000%] 1628%| -393%} -2 1270
Public 60,000 1000%] 14 062%] 1000%] 1628% OHOEL 3 90%
Erivale 120,000 O] 13 U0F] 10001 16 28%{  -0.1t% 3 557
ublic £ 20,000 [OOFE 1390%] (000%] 16 28%F 5 00% H SR
Privale 611,000 5 00 D14 FO0% L O0F] -2 12% O B
Public 00,000 5 00% 9 14% SO0% | LHoo% 279% G O8%
’riv ate 120,0{1) 5 00% R72% SO0%| (1.00%F 1.64% S H%
Public 120010 S ®72% S00%] 11 00% 691%] 1051%
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This table indicates how worse the profitability of FMP manufacturing is than that of
phosphorite and magnesite. Only the case where the annual output of phosphorite is
120,000 tons, a gross margin of 5 % is included into the ex-factory price of material
ores, and a supplementary energy for the manufacturing of FMP is supplied only by
WAPDA makes the profitability of FMP comparable to that of phosphorite and
magnesite.

. Table 36. A comparison belween various cases where interest rates, capital costs, and purchasing
prices of ores including a ross margin of 5 % are dil ferent [rom each other.

Annual output of 60,000 Uy of | Annual ootput of 120,000 ty of

[tems for comparison phosphate ore phosphate ore
Interest Private power | Public power | Privale power | Publie power
rate supply supply supply supply
Capital cost (Rs) 566,100,000 482100000 566,100,000 82,100,000
Annual depreciation (Rs ) 50528000 4,928,000 50,528,000 44,928,000
Table nuember 1n appendix Table 11 Tabke 12 Table 13 ‘Table 14
Tnatal unil proxduetion cast (Rs.iton) 3.678 3902 3542 3366
Teten of loan redemplion {month) 165 156 165 156
30%  |intial gross margin rle (5 ) 2 12% 279% 164% 6 M%
Total gross margin rate {2) O84% 6 08% 3% 1051%
Accumulated profit after redemplion (Rs ) 25627011 166,366,626 158211016F 275933460
Penod of loss {month) 66 [1] 1] 0
able number 1 appendix Tabie 15 ~ Tabie 16 Table 17
Intial unil production cost (Rs ston) 3,570 3610 3428
Term of loan redemption (month) 162 171 162
35%  {Imbal gross margn rale (%) 084% ) 28% 5018B%
[Total gross margan tate (7o) 3 49% 391% 200%
Accumulated profit after redemption {Rs ) 179570331 | 1109,671488 | 248,710,549
Penod of loss (month) 0 8 []
lable number in oppendix Table 18 Table 19
Tewtial unik production ost (Rs flon) 3638 3,-1&7—
Term of tean pdemption {month) 169 169
40% {Imtal gross mugn rate (%.) -1 04% 2M%
Tolal gross margin eate (%) 2940 754 %
Accumulated profit after redemption (Rs ) 89,700.824 220,385,502
Penod of loss (month) kel 0
{able number in appendiy Table 20
Irsteal umit production cost (I4s /lon) 3549
Term of laan redemplion {moenth) 177
4.5%  |imbal gross margin mie () 144%
6.10 %

[Total gross margin mte (2)
Accurnulated profi aller redemption (Rs } 189309462

|Penod of fows tmonth) [
Fable number in appendix “Table 21
Tnitial unit production cost (Rs won) 3,610
lerm o loan redemption (month} 185
50%  |Jimtad gross marpo mite (7)) - 28%
Total pross margae cate () 461 %
Accumulaied profit ufter redempuion (R 3 151 530,536
8

Penod of Joss (mwonthy

2. Cost Effect of Private Power Generation

As mentioned in the previous section, the procurement of material ores including a
gross margin of 10 percent exerts such an adverse effect on the profitability of FMP
manufacturing that some case studies will be carried out on the assumption that the ex-
factory price of the raw materials includes a gross margin of 5 % in this section.

Table 36 shows a break-even point of several cases which differ from each other in
interest rate, capital cost, and purchasing price of phosphate ore. This table is divided
into two classes by the annual output of the phosphate ore affecting the purchasing price,
and cach of the classes is further subdivided into two subclasses depending on whether a
private generator is installed as a supplementary energy source. In each of them, the
profitability was calculated for different interest rates ranging from 3.0 % to 5.0 %. The
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shaded parts in the table show cases where the initial unit production cost is less than Rs.
3,600, which is the sum of the unit proceeds (Rs. 2,700) and the unit subsidy (Rs. 900)
from the very beginning of the operation.

The calculation is made on the premise that a definite amount of money set aside for
the depreciation is monthly refunded to the bank to reduce the loan balance and, in tarn,
the interest of the subsequent month.

Table 37. An example of the caleulation tables attuched in the appendis 1o indicate the pml'ilubihly of
the FMP manulactuning under vanous conditions.

W] ) ) 5 (3] [i]] (5] [&]] uy o un an
loan Alanthly Refunded irect tnterest | Interest Total Trocceds  Rios etnnent it
Vear | Mooth | balance snfcrest pnncipal | produchion on o production |Ri 2700 wn}|  sulady Rerenues and
AT cost wirkn; [0 R, W0 ko) § [
£apiial
1 ud i00.00a] 1406 125F 23ATETE| 17KV IH] 50017 1 d06 125] 08 MSL\T»“ 11950006¢] $.650.000]  1E.£00.000 RLEY
1[4 262 125] 130 Wei 2304 ITIOIME S01FH LAD9R06E IXA3ZISH] 1T SS0000] AASLO00|  FE.6ON00G P
3 44740 13v24ax] L3515 17U TR SENT] LIYL6X] 1625 TIY]  1390D]  LS0000] K600 25Ty
4 ]IS onsRw]  L3NARDY] 225ET 17183 13] ST LAKSeus) IE6NKRGI RIS ONG|  LasOO00| N AOUDO0) ~tHks]
A JTLTOTAR] LAWY 1564170 17 13 1 SHITT|  LIIETIOL MNAN) VK2 IT950UNG]  LASON0NT 1N A0 [ERL S
1 & |4TOIZIM] LT 2268 1T IR 1MW) WIET| 1371 X12F 15605080 1393000G] ARSONIT  IX600 DN Ann
e 10,020,496 P2 ATIETI 1T 1M] SO LT 2020 11202479 139s0000] J650000f 1RGDO0O00| 1337521
161 S6,124) 1833 37swT| 178 1] S0 T 3| 17250 645]  LAVSO000] 6500000 1EA0 0] NS
1" 162 2,530.517) 757| rss0%tf 1 AM] S0 17 2317|1720 78] 119%0000] 4630000  1WeD0000| 1359221
Towml 123,272,041 | 42100 000] 2 TRasT TR] & 119 2UIf I2B2TIOM2VIS0M M| 228y 900.000| =3¥00.0004 AULAZOODDU] 9 541,164

Table 37 demonstrates the top and bottom parts of one of the calculation tables
attached in the appendix. The first and second columns represent the number of years
and months required for redemption of the loan. The loan balance in the third column is
reduced by an amount of the refunded principal in the fifth column every month, which is
equal to the remainder after subtracting the monthly interest from a fixed amount of
monthly depreciation. Consequently, the Joan balance and monthly interest diminish
month after month, whereas the refunded principai prows until the total sum is equalized
with the initial loan balance. The direct production costs in the sixth column are
invariable as long as the price of raw materials, wages, energy cost, and interest rate
remain unchanged as shown in Tables 31 to 34. However, the purchasing prices of ores
increase with 2 rise of interest rate on the capital costs for mining as shown in Table 38.
Therefore, the direct production costs of FMP also go up with an increase in price of ores
as shown in Table 39.

Table 38. Variation in umit production coste of phosphate and magnesite ores with a
chanpe 1n gross marpin rate and inferest rate.
Gross margin rate 10% 5%
Interest mile 30% |30F [35F | 40% [ 45% | 50% | 55%
Phosphate (60000 ton'y) { 1,492 1423 1,451 1478] 1,505 1,533] 1,560
Phosphate (120,000 ton y)| 1,334} 1,274] 1,294 1,313} 1332 1,352| 1,371
Magnesite (24,000 ton 3) 431 411 J19] 427 435 3] 48]

{unin Ks lom)

Table 39. Vanation 1n direct production costs of FMP with a change 1n pross margin rate of ores and
interest rate on capital costs (umt: Rs.).

Giross spargin Annual output of
rate of ores | Power supply | phosphate ore 3.0% 5% 4 0% 4,5% 5.0%
Private power @ 000ons | 314813612
0% supply TR0 ons | _205.950 028
Publie power GOOKIoNS | 206,355,960
supply 120 D00 10ns gre0 376
Privake power W00 Tons | 310,526,188 21 LT0Am] 13098708
5% P TI0.0000 s | 303, 1 18,0068 2003 A2 | W 6R3, 188

Public power 00 ons | AR 1723) 2038 0.000] S oG 030 ST 83BI0] 300 (43024
supply 120,000 Llops T 65.336] 1950161 1963321361 19138751 108 898930
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As the working capital is one twelfth of the direct preduction cost, its interest is also
constant so long as the direct production cost does not change. As the interest on the
depreciation in the eighth column is the same as the menthly interest in the fourth column,
it steadily diminishes. The total production costs, which consist of the direct production
costs and the indirect costs, such as interests on working capital and depreciation, also
monthly decreases in proportion to a steady decrease in the interest on depreciation.

On the other hand, the proceeds of FMP are obtained from a multiplication of the unit
price of Rs. 2,700/ton equal to that of SSP and the monthly output of FMP. The
government subsidy is obtained by multiplying Rs. 900/ton with the monthly output of
FMP. The revenues are the sum of the proceeds and the government subsidy. Finally,
the profit and loss are found by subtracting the total production costs from the revenues.

In short, when the ex-factory price of FMP is priced at Rs. 2,700/ton plus a subsidy
of Rs. 900/ton like SSP, the manufacturing by private power supply suffers a loss in the
initia)] stage of operation except on the condition of 3 % and 3.5 % of interest rate and
120,000 tons of annual output of phosphate ore. Cn the other hand, the FMP production
telying on public power supply is profitable only for 3 % of interest rate with an annual
output of 60,000 tons of phosphorite ore, Further, with all electricity purchased from
WAPDA and 120,000 tons of annual output of phosphate ore, manufacturing of FMP
can gain a profit from the start of operation at the interest rate below 5 %

Table 40. Profitable pneing of FMP in 1o cases where a reduced subsidy to fertilizers remains and 1t
is completely abolished.

lnte:tsl Subsldized cases with a lixed ex-factory price of Rs. | Non-subskdired cases with variable ex-lactory prices
— ‘{able number in uppcndx.:‘wmn Table22 | Tuble rumber in appendix Table 27
Term of Toan redemplion {month) 156 | Term ol Toan redemplion (month) IE7
0% Amountof subsidy {(Rs.ton) 126 | kex-lactory pnce (Re.ion) 3,366
Tnal seilernent alter redemplion (R F1399,202 | Final setllement alter reaemplon (Rs.) BILA09 50
Tt gross margin rate 33 % [ Total gross margin raic 337% |
T4ble number in appendix Table 23" | Table number in appendix Table I8 |
Verm ol loan redemption (month) 163 | Term of loan redempuon {(month} 162
35% | Amountolsubsidy (Rsdion) T88 | Ex-Tactory price (Rs.ton) 3428 |
Final senfement after redemption (Rs) 104,520,207 | Fina| settfement alter redempuon (Rs ) 104320207
Total gross margin raie 378% | Tott gross margin raie RS LY
“Table number i appendis Table 24 | Table number in appendix Table 19
Term of loun redemption (mwath) 169 | Term ol loan redemption (month) 169
40% | Amountol subsidy (RS '1on) 338 | TXTaion prce (REoR) 3,735 |
Tinal sestlement afier redempuion (Rs ) T23.796,121 | Fana seitlcment aiier redemption (RS ) T3.7560,131
Tolal gross margm rate 4.30% | Total gross margin aic 10 % |
Table nember in appendic Table23 | Table rumber in appendix ‘Table 30
Term of [oon redemption (month} 177 | Term of Toan redemption (month) kit
45% | Amountol subsidy (1. ton) 309 | Tk Taciory price (RsJton} LX<
Finul sttifement aiter redemprion (Rs) 12,448,198 | Tinal setifement alter rdemption (Rs) 142 4138, 198
Tolal pross margin rite 4.59% | Totdd gross marpin rale e~ 9% ]
{able number in appendix Tabl 16 Table number i appendix - Table 31
Term of Toan redemption (moathy 85} Term of Toan redemphion (month) 185
50% Amount of subsuly (Rs ton) 370 [ [xfactery pnce (Rs.ion) 600
TFinat sttiement alter eoempRion (s ) TO1, 281377 | Tinal setllcmen; Alter fedemplon (I ) ToL 377
Tolal gross margin rate £.90 % | Total grons margin raic 490 B

3. Effect of Subsidy Cut on the Pricing of FMP .

The Pakistan Government adopts a policy to gradually reduce a subsidy to fertilizers
and finally abolish it in the foreseeable future. Table 40 exemplifies two cases where the
government subsidy is reduced but remains and it is completely abolished. It is premised
that the purchasing prices of phosphorite, magnesite, and quartzite ores inciude a gross
margin of 5 percent only. Furthermore, an annual output of phosphorite ore of 120,000

33



tons and a total relying of the supplementary energy for manufacturing FMP on the public
sector are premised for this estimation. R

The feft column indicates the prime costs calculated by reckoning the value of soluble
silica contained in FMP into its pricing. It shows five cases where the ex-factory price is
set at Rs. 3,240/ton that is 20 % higher than that of SSP but the interest rate on the capital
costs ranges from 3.0 % to 5.0 %. In any cases, a subsidy ranging from Rs. 126/ton to
Rs. 370/ ton is required to make the production costs balance with the revenues from the
beginning of operation. However, if the subsidy to make the initial production costs
balance with the initial revenues is sustained, a total gross margin ranging from 3.34 % lo
4.90 % will be secured for each case until the refunding of capital costs is completed.
Besides, this lable indicates that an increment of 0.5 % of interest rate resuits in a¥
increase of Rs. 61/ton of the subsidy. Details of the calculation are given in Appendix
Tables 22 to 26.

The right column gives five cases where the government subsidy is completely
abolished and the interest rate on the capital costs varies between 3.0 % and 5.0 %. With
3 % of interest rate, the prime cost will be Rs. 3,366/ton that is Rs. 666/ton higher than
the present ex-factory price of the subsidized SSP. An increment of 0.5 % of interest rate
leads to an increase of Rs. 61/ton of the prime cost. The total gross margin secured
during the term of redemption ranges from 3.34 % to 4.90 %. Details of the calculation
are gtven in Appendix Tables 271031,

4. Cost Effect of Substituting Fuel Mcthed by Electric Furnace Method
Finally, let study a case where the supply of electricity is improved enough to allow us
to adopt an electric furnace method that is cheaper in capital cost and casier in
maintenance than the present fuel method. Table 41 gives an approximate estimation of
the capital cost and its depreciation required for an electric furnace method. The capital
cost and the annual depreciation are estimated at Rs. 359,885,000 and Rs. 32,706,000,
tespectively. A comparison of production costs of FMP between the present fuel method
and an electric furnace method under differcnt interest rates is given in Table 42. The
production costs of FMP by the present fuel method are estimated on the preconditions of
ore prices including 5 % of gross margin, an annual output of phosphorite ore of
120,000 tons, and the supplementary energy supplied by WAPDA. The estimation of the
production costs of FMP by the electric fumace method also employs the same ore prices
as the former. Details of the estimation of the production costs are given in Appendix
Tables 32 to 37 , whilst details of the period of loan refunding, final settlement after loan
refunding, and total gross margin rate are given in Appendix Tables from 38 to 42,

“Fable 41. The estmates of the capital cost and its depreciation for an clectnc fumace methoxd

“‘:Ll‘t;‘rlr:::q ug;;l (':Sn;;((:(;) Txpreciatan ple:;ml tyear) | Anaual dgtrcmm::;r;( Rs.)
Vehicles 100,000 8 B0
Buildngs 6% 200,000 20 3400000

Totl 350885000 32,7061k

Table 42, AB¥waparison of the production costs of FMP between the fuel method and the electric
furnacc method ufer dilferent interest raies

Annual interest rate 0% A5 % 40% 4.5 % 5.0 %
Appendiy table numt Tah 22 Tap 2 Tabh 24 Tah 2> Tah 2
Tenod of e reflunding (month) 150 162 169 (XKl [E3]
Foel nducton cost (Ks /lon EXT) 3418 3,138 359 10
method | Ttnal settioment afier selunding (Rs ) | 87,008202 103330307 F 112.098,198] 128 A04,n30) _I6LR3TT
Total gross muargin rate (%) 3% 378 % 3.39% 433 % EERA
AppLidix e number Tab 38 lab 39 Tab M} Tab 41 Tab 42
Electric  § Tenod of (an relimding (month) 161 67 YA 183 193
furnace [ Troduction cosi (Rs.1on) 3543 05:?; = 712...:-;; - .‘g:ﬁ | - I:‘.M?
method [ Tinal sciticment alies refunding (Rs) | 674138 (] BPIMARN 3 % 19,5
Toll pross margin e (el T30 % T 33 3330 3 %]

Table 43 shows a comparison of the profitability under the present subsidy system
between a fuel method and an electric fumace method. It is premised that the material
ores for FMP include a gross margin of 5%, an annual output of phosphorite is 120,000
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tons, and a supplementary energy for a fuel method and the main energy for an electric
furnace method are totally supplied by the public sector. This table shows that an electric
fi um;cs method can eam an initial gross margin close to twice as large as that of the fuel
method.

Table 43. A comparison of the profitability of FMP manufaciunng under the present subsidy system
1o fertihzers between a fuel method and an elecine funace method.
Inlercst rale 3 0% 3 5% +4.0% 4 5% S5 0%

Method of manufactunng | Fuel [Eiectnc| Fuel [Electnc| Fuel |[Electne| Fuel |[ldectne Tuel | Electsic
method i method | method | method [method [ method | method | method | method | method
Appendix table number 14 43 17 44 19 43 20 46 21 47
Imitial production cost 3.366) 3.245] 3.328] 32961 3,488} 33471 3.549f 3,398 3.610] 3,449
Imtial gross margin GBI 1094%] 503%| 9215%] 3 20%} 7.56%| 1 4%] 5,95%] -0 28%1 437%
Total gross margin 1051%H3.84%| 9.00%[1236F] 7.54%{ 10.92%] 6 10%] 947%| 461%] 798%F

Table 44 shows a comparison of a minimem subsidy required for FMP manufacturing
to make some profit with a 20 % sales price increase by reckoning the fertilizer value of
soluble silica in FMP into its pricing betwceen the both methods, It indicates that the
electric furnace method can be profitable with a subsidy reduced by more than Rs.
100/ton than that of the fuel method.

Table 44. A companson of the profitability of FMP manufacturing under the reduced subsidy and o 20
% sales price hike of FMP between a fuel method and an electne fumace method.

Interest rate 3.0% 35% -3 0% 4 5% 50%

Method of manufactunng | Fuel |Electne| Fuel |Elecine| Fuel |Electne| Fuoel |Electne| Foel |Electnc
method | method | method | method Jmethod |method fmeibod | method {method | method

Appendix table number 22 48 23 49 24 50 25 51 26 52

Initial production cost 3.366] 3,245 3,428} 3,296 3.488] 3,347 3,549 3398 3.610] 3.449

Inthal gross margin 0.00%] 000%) 000%] 000%] 0.00%! 000%| 000% O00%| 000%: O 00%

Tolal pross margin 3 34%) 2 56%| 3.78%] 2.90%F 4.20%] 3.23%] 4.59F 3.52%] Ju0%E 3 T6%

Required subsidy (Rs ) 126 5 188 56 248 107 309 158, 370 209

CONCLUSION

1. In Pakistan characterized by abundant carbonate rocks and arid climalte, alkaline
soils, which are rich ir calcium and magnesium and range from 7.5 to 8.5 in pH (H20),
occupy about 80 % of cultivated areas, while the distribution of acidic soils is restricted
mainly to the northern part of the country and their acidity is weak,

2. Pakistan ranks low in the international comparison of consumption of chemicai
fertilizers per wnit area. Particularly, 80 % of the soils are deficient in phosphorus, so
that domestic production of phosphoric fertilizers shouid be increased to alleviate the
deficiency.

3. Because insoluble silica in the form of quartz and other silicate minerals is
ubiquitous in soil, no attention has been paid to the importance of soluble silica, a major
constituent of FMP, as a fertilizer in Pakistan. Verification tests on the effectiveness
should be conducted to enhance the profitability of production of FMP,

4. Even with a soft loan ranging from 3 to 5 % in interest rate, it is difficult for FMP
manufacturing to make a reasonable profit by purchasing material ores including a gross
margin of 10 percent. In order for the present fuel method to be profitable, it is required
that the annual output of phosphorite be 120,000 tons, the gross margin of material ores
be between 5 percent and 7 to 8 percent, and a supplementary energy be totally supplied
by the public sector. If the futel method could be replaced by an electric furnace method
thanks to an improvement in electricity supply, the profitability of FMP manufacturing .
would be drastically improved.




RECOMMENDATIONS

1. Consultations with Pakistani authorities concerned with quality
control and marketing of fertilizers:

Since the effectiveness of phosphorus and soluble silica in FMP has not been
acknowledged in Pakistan, it is urgently necessary to discuss with the authorities
concermed on how to have them recognize FMP as an object for bidding.

2. Implementation of verification tests on the effectiveness of FMP:

For not only making FMP an object for bidding but establishing the market in
Pakistan, verification tests on the effectiveness in local soils should be implemented as
soon as possible.

3. Proposals for effective verification tests:
It is desirable that tests in several locations be carried out taking account of the
following points:

(1) Selection of phosphorus-deficient farms and paddy fields;

{2) Selection of crops that consume a lot of soluble silica for the growth like rice,
wheat, and sugarcane;

(3} Application of high-silica FMP (25% SiQ2);

(4} Application to paddy ficlds with rampant rice blast to verify the effectiveness of
silica in FMP for mitigation of the disease;

(5 Imp}iementation of the tests by renowned institutes to authorize the results of the
study.

4, Application of Japanese-made high-silica FMP:
Since high-silica FMP containing 25% of SiOz is produced and consemed in
Japan, a Japanese-made high-silica FMP could be used for verification tests.

5. Promotion of concerted efforts by Pakistani authorities concerned:

The Pakistani government, Federal and Provincial, not only has taken various
measures for increased production of chemical fertilizers, especially phosphatic one,
including active investment and financing, tax reduction, subsidy, and consolidation of
infrastructures, but expresses the willingness to further the policy. In addition to such
favorable external conditions, a positive result on the cultivation tests by FMP could be
also expected. Therefore, it is vitally important for the Pakistani authorities concemed to
make concerted efforts for a market research for FMP through the cultivation tests,
improvement of infrastructures, and introduction of a further financial and technical
cooperation from foreign resources to materialize the ambitious project.

6. Installation of a pilot plant for FMP: )

Following verification of the effectiveness of FMP in Pakistan, installotion of a pilot
plant for FMP is recommendable to acquire the production technique, use the test product
of FMP for cultivation tests, and expand the market before a full-fledged production. In
this case, an electric furmace is preferable to an open-hearth furnace as a pilot plant.
Because the former could be expanded along with an increase in demand, whereas the
latter is not suitable for a mini-plant. Furthermore, a soft loan scheme for such a
promising pilot plant is available in JICA's technical cooperation list.
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Nowshera Sheet Glass Industries, General Ceramic Industries Ltd. {Gujranwala), and
EMCO Industries Ltd (Gujranwala). Information on marketing and pricing of fertilizers
in Pakistan was brought by the National Fertilizer Cory oration (Haripur) and the National
Fertilizer Marketing Ltd. (Lahore). Valuable statistics un production and consumption of
fertilizers in Pakistan come from the National Fertilizer Development Corporation
(NFDC). Data on soil distribution in Pakistan were obtained at the Soil Survey of
Pakistan (Lahore). The authors would like to express our sincere gratitude to the officials
concemed of these organizations. Finally, we would like to thank K. Kyotani, an ex-
JICA expert stationed in Lahore, for his arrangement for an useful study tour to General
Ceramic Industries, a refractory brick manufacturer,

References

Fused Magnesium Phosphate Manufactarers' Asseciation, 1979, A puidebook to fused magnesium
phosphate (n Japanese): A booklet of the association, Tokyo, 118 p.

Fused Magnesium Phosphate Manufacturers’ Association, 1983, A guidebook to fused magnesium
phosphate (in Japanese): A booklet of the assoctation, Tokyo, 72 p.

J. Hirayama and S. Mononabe, 1992, Pakistan is an under-developed treasure land - A Perspechive of new
exploitation for unused mineral resources around Abbottabad: Proceeding of Geoscience Colloquim, v.
3, p. 2834,

Min-Koh International Consultants, 1981, Reserve esimalion of the Kumahr magncsite mine: An
unpublished report submutted 1o the Pakistan Industnal Development Corporation (PIDC), 75 P.

Mononobe, S., Karim, T. and Khan, §, H., 1992a, A preliminary repart on a short visit 1o mineral
deposits around Abbolinbad, Hazara area: Proceeding of Geoscience Colloquium, v. 3, p. 5-10.

Mononobe, S., Hirayama, J. and Karim, T., 1992b, A prelimmary report on the reserve of Kumahr
magnesite mine: Proceeding of Geoscience Colloguium, v. 3, p 11-22.

National Ferulizer Development Centre, 1993, Pakisatn fertthzer related statistics: NFDC Publication
No. 6/93, Statistical Builetin-6, 120 p.

N. Okamura, S. Hada, and M. Sato, 1994, A feasituily study on the manufacturing of fused magnesium
phosphate in Pakistan (1n Japanese): A business report 1o JICA (unpublished), 51 p.

Sarhad Development Authority, 1993, Brief report on Hazara phosphate exploration project phasc L, 11,
111, 1V and V: NWFP Government {unpublished report), 13 p.



Appendix - Table 1. Monthly accounts of production ¢ost of magnesite (Gross margn of ore=10 %, Interest rate= 3.0 %)
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Appendix - Table 2 Monthly of production cost of magnesite (Gross margin=5 %, Interest rate=3 0 %)
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Appendix -Table3  Monthly aceounts of production cost of phosphonte (Gross margins10 %, Interest mte=3 0 %)
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Appendix - Table 4 Monthly accounts of production cost of phosphumite ((inms margan= 10 %, Interest rale= 3 04E)
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Appendix - T able 6 Monihly accounts of preduction cost of phosphonie (Gross margins 5%, Interest rate= 3 0 %)
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Appendix - Table 7. Monthly accounts of production costof FAMP by a fusl method {Ansual output of phosphate= 60,000 toas,
Gmss margin of ore= 10 %, Interest mie=3 0 %, Pnvatc powers suppls )

Invested capital. 566,100,000 tAnsual depreciatlon, 50,525,000 | Price of ore: Ko 1,492 tinjtlal gross margin: -3193 %
Private pawer supnty JAnwual imterest rate: 10 % Production cont. Rs. 3,745 0m *Total gross margin: -212 %
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Appendix - Table 8. Monthly accounts of producuon cost of FMP by a fuel method (Annual output of phosphate= 60,000 tons;
Gross margin of ore= 10 %: Interest mie=3 0 %, Public power supply)

Tavested capllal: 432,100,000 1Anaua) depreciation: 4,928,000 {Price of phosphate ore: Rs. 1,492 \[nitial gross margin: .60 %
Public power sepply ‘Anaual Interest rate: 3.0 % Prodaction cosl: Rs.1572on iTols) groas margin: 196 %
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Appendix - Table 9. Monthly acoounts of production cost of AP by a fuel method {Ansual output of phosphate=1 20,000 wns,
Gross margin of ore=t( %, Interest rates: 3 0 %; Private power supply).
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