Table and Figure
for.

SUMMARY, CONCLUSION AND RECOMMENDATIONS

Table 2-1-1 to Table 2-4-8
‘and

Figure 2-1-1 to Figure 2-3-8






QUYOUYN :833n0§

§.8°L SBS'Y ' 89z°'c  BE4'E  QIE'9  $L9'C  SVe'P  ZFP'S  BEYCS  ¥YS'Y  8E2'S  .6EC'V SLpe  28T'F 023
LFP9°6T 862'21 66L'CT I£L°TZ O0LE‘0Z PBB'ST £yZ°pT LSE'ET "¥8S‘ST PBL'€l YT2'¢l &L8'F  LOI'S  18L'D Goed
§2L°GS ¥yYI*3¢ OT9'SP 9BC'FC - O9L'LS OLT'SS £8Z°8€ GOT'IE €8Z°GY BEB'BE  WRL'EC eLy'sl GZ8'91 226°13 N

. : I1UDLIIRY Ui [EFO0}
08T°1TZ 68 ST §6L'CST 898°LIZ IBL'8IT £9E 361 mmm..mﬂ LLO*GET 206°L9T VLLTOST SGO°EET 0SE'I0T IBL'¥8 UOE'CII Tiel
i gl vz T g0t 062 612 . 2ie §v1 691 8¢ Leg 16L'¢ 922°'1T 288 A IHDIVYIS
0891 . LS¥ gyy'l  Li8 L12'2 8592 ¢ZL'T  §68'I QIS8T 9LB'E  ELy'l  SS 082 86F d IH9IVHIS
18C°I6 LLE'8C FLI'69 6E2°28 LPP'S6 6¥6°28 - 0LZ'19 12¥°0S £0S°SL L8Y'SS 95695 OvB'US ¥ES'ZE 086°¥Y N LE91VALS
092271 862°6L 909'Z5 989'8Z1 8L6°STT 82¥'0TY 981'08 QPT°LL S32'06 BLT'8L P8L'FL va.mw. 121408 mmw_wm GRNOdROD
8861 pas1 £861 7851 1861 0861 6LET 8L6T. LLBT 9161 G181 rLET ELET gLBT
(uoy 31Lp)

S861-3L61 CYIEHYZ NI 48217111824 4C NOIIJMAOSNGD  1-1-2 31QeEl

ST-1



Table 2-1-2  SUPPLY AND CONSUMPTION OF FERTILIZER IR ZAMBIA,
1983-1986

(Unit::l,ﬁUU ton of produci).

Production Imports Total Consump-
Supply tion
BEnd Products Raw Haterials

(a) : (B) ' (AeB) ()

1983 . 12.6 132.9 25.5 205:5 _ 165.8
1984 7.8 195.2 23.1 273,10 143.9
1985 19.9 30.5 - 50.4 211.2
1986 59.5 143.6 NIA. 203.1 153.8

Sources: NCZ and NAHBOARD
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ern Hestern

(Unit: '000 P205 fon}
South-

North-
ern western

Norih-

PROJECTED DENAND POR PHOSPHATE FERTILIZER 1N ZAMBIA
Lusaka

Copper-
belt Bsstern Luspula

Table 2-1-4
Total Central
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1983
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Projectad

Actual
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SALES VOLUHE OF FMP 1N ZAHBIA

Table 2-1-5

'0B80 P205 ton)

(Unit:

Horth- South-
ern western

Nor th~

Copper-

ern Hestern

‘belt Bastern Luapula

" Total Central

Lusaka
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Table 2-1-6  SALES VOLUHE OF SSP [N ZAMBIA
(Unit: 000 P205 ton)

Copper- : Horth- HNorih- South-

Totel Central belt Bastern Luspula Lussaka arn western arn Hestern
1991  8.03 1.29 (.63 1.02 0.2t 1.02 1.17 6.06 3.51 0
1992 9.39 1.32 0.66 1.p2 0,21 1.08 1.20 0.06 3.72 0,12
1993 8.72 1.35 0.69 1.85 0.21 1.11 1.20 o.06 3,93 . 0.12
1894 1@8.11 1.41 0.68 1.08 0.2t 1.14 1.2 0.06 4,14 §.15
1995 10.44 1.44 0.72 1.08 0.24 1.20 i.23 0.06 4,32 - 0.15
1906 10.80 . 1.58 0.72 1.11. . D.24 1.23 1.26 §.06 4,53 0.15
1897 11.13 1.53 0.75 1.14 0,24 1.26 1.28 8,06 4.68 6.18
1398 11.43 1.58° 8.75 LIT 0.24 1.29 1.29 t.06 §.86 $.18
1999 11,76 1.65 6.78 1.20 g.24 1.32 1.32 0.06 5.01 0.18
2000 12,06 1.1 n.78 1.23 0.24 1.38 1.32 .06 5.16 8.18
2001 12.86 1.74 0.78 1.26 i, 24 1.41 1.35 0.09 5.381 0.18
2002 12.69 1.88 0.81 1,29 0.24 .44 1.38 9.09 5.43 0.21
2003 13.02 1.86 0.81 1.35 9.217 1.47 1.38 0.09 5.58 0.21
2004 13.32 1.92 g.84 1.38 0.27 1.50 i.41 1.09 5.7¢ 0.21
2005 13.59 1.98 £.84 1,41 0.27 1.53 1.44 1.69 5.82 0.21
2606 13.83 2.04 0.84 1.44 0.21 1.56 1.44 9,09 5.94 n.21
2007 14,13 2.11 0.87 1.50 b, 27 1.58 1.47 6.09 6.03 §.21
2008 14.40 2.16 0.87 1.53 0.217 1,62 1.50 0.09 §.15 0.21
2009 14.79 2.22 0.98% 1.59 §.38 1,65 1.53 b.09 §.27 f.24
2016 15.03 .28 0.490 1.62 §.30 1.68 1.53 §.069 6.39 B.24
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Table 2-2-4

ZAMBIAN RAW MATERIAL ANALYSY3 SUHMARY

Phosphate .
phoaphata Ore, Concantrate, Sarpantins, Dolomite, g2ilica Sand,
Chilenwa, Chilemtare Mkushi, ... Luaaka, Xapiri Mposhi,
Itens Zambia Zambia, Zambia Zanbla Zambia
Sampling Date Noveﬁbar 28, l§86 Janﬁary 19, 1987 Pacember 01, 1986 Dacember 03, 1986 Dacember 02, 198§
{Benaficiation)
Pragent Ownerahip HINBX/ZINCO - MINEX/LIMCO CSSE/INDECO/ Kapiri Glass
) : ZIHCO product Ltd./
INDECO/ZIMCO
Chemical Analysis, %
- s 13.60 13.89 - . -
- 50, - . 0,23 - - -
- €0y - .04 - - -
- P 0.%2 : 1,89 ~ = -
-l - - 0.03 - - -
- cad 29.95 46.18 0.02 32.56 0.03
- Mg 1.82 0.41 38.45 20.27 0.03
- PeD - 9.32 - - -
- Pagly '1.66 0.57 5.36 9.45 0.21
- Aly0s 2.36 2.23 1.76 - 5.13
- 510y 38.63 12.49 41.44 0.26 98.38
- Nag0 - 0.21 : - 1.16 -
= Ro0 - ¢.14 - 0.12 -
- ¢d, ppm - 1.6 (-} - - -
~ AS - 3.1 - - d
- F/Cl Adjustment., $ - (=) 0.803 - - -
- Nig ' - o 0.1¢% - -
- Cry0, - - 0.03 - -
~ Ignition Loss 2,21 0.54 11.96 44.7% (COp} 0.23.
- Pree Moisture - 0.13 - - -
Total 98.05 98,297 9%.21 99.61 9% .01
Flotation
Product/
Particle Size, 3 FPlotation Peed FHMP Test S55P Test FMP _Test (Block) {Block}
{+) & Mesh - - - - - -
(+} 12 - 0.0 . 0.9 10.0 - -
(+1 32 6.0 0.7 6.9 80.0 - -
(+) a6 5.0 14.5 9.0 . 95.0 - -
(+) 50 50.0 31.2 0.0 100.0 - -
{(+) 100 . 75.0 2.2 1.9 . - - -
(+) 200 9c.0 6EB.0 12.8 - - -
(-) 200 10.0 2.4 87.2 0.6 - -
Total 100.0 100.2 100.0 100.0 100.0 100.90
pensity, g/cm? ‘ .
~ True 3.03° 3.08 3.08 2.57 2,84 -
~ Bulk 1.80 1.80 1.54 1.6 1.6 -
Work Index, kWh/Ton 12.0 - 12.0 - i1.0 10.0 -
Angle of Repose, Degree 33,0 450 8.0 aL.9 41.0 41.0

Notes:

1} Phosphate conceatrate (6@ xg) is preparad at Central %esearch

Center of Nippon Mining Co., Wtd. in Toda-Shi,

Saitama, Japan during Janvary, 1987, with P,0g recovery of 97.2% and 12% free moisture by flotation {one batch

of 1.0 kg feed) and is dried by hot air prior analysis and testing.

®rinciple minerals in phosphate concentrate

are judged as mixture of fluorapatite and hydroxyapatite by X-ray diffraction analysis and chemical analysis,

2)  principle minerzl in Serpentine is identified as antigovite by X-ray diffraction analysis and chemical analysis.
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Table 2+3-1 PRODUCTION TRST RESBULTS OF PUSED MAGNESIUM ?HOSPHAfE

Pradugt
Fused Magnesium

Haw Matarials”

" Ttens Phosphate Concent;ate Serpanting Phoasphata. (¥MP)
Chilembwe, ¥Ylovida,; Mhushl, Maizuru,
Zambia Usa Zambia Japan Zamhiaﬁﬂ Japanase
1. Chemical. Analyais, &
P05 33.69 34.18 - - 20.28 20.30
P 1.89 3.77 - - 0.72 Loal

- €0q 0.04 - - - - -

. can 46.18 48.55 0.02 0.36 29.09 30.20
Mg0 0.41 031 . 38.45  38.67 18.79  15.80
Fa,03 0.89 0.79 5.36 8.19 - -
Aly03 2.23 0.98 1.76 1.02 - -
810, 12.49 4,26 41,44 38.93 26,53 23.50
ITgnition Loss 6.59 5.41 11.96 11,01 - -
Free Moisture 0.50 0,50 4.50 4,50 0.50 0.50
Unit Consumption, TPT 0.618 0.599 0.470 0.518  (-31.000 (-)1.000

2. Pertilizer Nutrients,‘%

. m-py0g 33.69 34.18 - - 20,28 20.30
C-Py05 (pH: 2,  Sp Gr: 1.09) 6,05 13.16 - - 20,11 20.20
F-PpOs (pH: 1.75, Sp Gr: 1.01)  7.14 15.03 - - 20.03 . 19.83
C-P205 (pu: 4, sp Grs 1.02) 2.00 7.61 - - 20.09 20.15
AV-F20s5(pR: 7,  Sp Gr: 1.09)  2.25 7.05 - - 14.38 17.02
5-P905 (pH: 9.6, Sp Gr: 1.08)  0.86 3.56 - - 14,25 13.92
W-Py0g (pH: 7,  Sp Gr; 1.00)  0.08 0.15 - ~ 0.04 0.03
5-8104 - - - - 26.19 21,20
C-Mgo - - - - 1§.70 15.50
Total Akaline - - - - 54,07 53,50

3. Physical Property - Dry
Bulk Density 1.80 1.57 1.60 1.60 1.46 1.47
Angle of Repose, Degree . 35.0 33,0 51.0 41.0 36.0 36.0
Size Distribution, %
(+) 12 Mesh 0.0 1.5 10.0 17.0 1.1 1.3
{+) 32 0.7 17.3 80.9 98.0 55.6 52.5

T (+) 100 42.2 94,7 100.90 100.0 94.9 . 92.7
(+) 200 63,0 97.6 100,0 100.0 96.9 95,4

(-1 200 32.0 2.4 0.0 0.0 3.1 4.6

Notes: I

1) Zambian FMP was produced at Hinode Kagaku Rogyo KK, Maizuru, Japan using Chilembwe phosphate
concentrate and Mkushi serpentine on February 10, 1987 at experimental electric furnace (one

batch of 7.0 kg)}.

Mg0 in product than commercial continucus eperation product.

gtamping of experimental furnace by magnesia makes a higher analysis of

2) Japanese FMP was produced at flinode Kagaku Kegyo KK, Malzuru, JTapan using Plorida phosphate
rock and Maizuru serpentine on Pehruary 10, 1987 at commercxal Open hearth’ furnace using oil
coke as fuel (design capacity of 80,000 TPY).

3) Fluorine losses during FMP production are 36.7% for Zambiam and 37.0% for Japanese, respectively.
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Table 2=-3-2 PRODUCTION TEST RESULTS OF SINGLE SUPER PHOSPHATE

Raw Materi#ls - Product
T - _ Single. Super
Tteny - Phosphate Concantrate Sulfurie Acid Phosphate (S5P)
Chilanbwe,  Florida, Ube, Obe, 7ambian ’ Japanese
Zambia usa Japan Japarn e
1, ¢Chenical Analysis, %

P40 33.69 30,39 - - 19.12 19.16
¥ . 1.89 3.72 - - 0.65 1.78

COs 0.04 2.71 - - - -
Cac 46.18 44,73 - - T 26.12 28.33
HgQ .41 4.31 - - 8.25 0.18
Fey0; ©0.89 1.79 - - 0.47 1.19
A1,04 ' 2,23 0.95 - - 1.24 0.62
510, 12.49 4.76 - - §.99 2.87

Ignition Loss 0.39 L.87 . - - = -

Sulfuric Acid Consumption - - - -

~ Stoichiometric, Hp$04 100 100 65.34 61.90 - -

~ Experimental, H,S04 100 100 60.06 55.72 - -
Consumﬁtion, TeT 0.580 0.600 0.367 0.356 (=)11.000 (-)1.000

(728 Hy504)(70% HyS04)
- 9, Fertilizer Wutrients, %

T~Py0s ‘ 33.69 - 30.39 - ' - 19.12 19.16
C~Pa0g (pH: 2, Sp Gr: 1.09)  6.05 7.81 - - 18.05 18.20
F-P,0g {pd: 1,75, Sp Gr: 1.01}  7.14 7.62 - - 17.88 17.96
C-P205 (pn: 4, Sp Gr: 1.02)  2.00 2.60 - - S, \

Av~Po05 (pys 7,' gp Gr: 1.09) 2,25 2.79 - - 17.79 17.83
§-P205 (pH: 9.6, Sp Gr: 1.08) 0..8_6 1.07 - -~ 17.50 17.26
W-po0g (pH: 7,  Sp Gb: 1.00)  0.08 0.07 -~ - 16.38  15.72
Free Acid as P,0g - - . - - 4.04 2.90
.Free Moisture ' - - ~ - 10.54 10.66
pH of 10% Solution T ~ ~ ~ 2.65 2.86

3. Physical Property

Bulk Density 1.54 1,28 - - 1.10 6.27
Angle of Repose, Degree 48.0 48.0 - ' - 46.0 49.0
Size Distribution, %‘

(+) 12 Mesh ' 0.0 0.0 - - 0. 0.0
t+1 32 0.0 0.0 - - 29.2 4.6
t+) 100 1.9 10.0 - - 53.4 59.1
(+) 200 © 12.8 30.6 - - 75,9 80.4
(=} 200 87.2 70.0 - - 24,1 19.5

Notes: : ’ '

1) 2Zambian SSP was produced -at Ube Industries Ltd., Ube, Japan using Chilembwe phosphate
concentrate on February 20, 1987 at experimental apparatus (one batch of 0.2 kq).
BAnalysis is made after 4 weeks aging conditioning.

2) Japanese SSP was produced at Ube Industries Ltd., Ube, Japan using ¥lorida phosphate rock
on February 21, 1987 at commercial continuous mixing plant (design capacity of 45,000 TPY),
Analysis is made after 4 weeks aging conditioning for both products.

3)  Stoichiometric sulfuric acid consumption {(H2804 gr/100 g Phos Rock) = 1.7% Ca0% + 1.84 Fey043
+ 2,88 Ala03% - 0.69 P05t - 1,23 8033,

4) Fluorine losses during SSP production are 39.4% for gambian and 25.0% for Japanese, respectively.
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Tahle 2-3-4 UPILITY SUPPLY AND PROJECT IHFPRASTRUCTURES IN ZAMBIA

Potantial Site for Phoaphats Partilizer Piant

dite for Waw Material Supply

Kafua
Independant Integration
from WCE with RCE Rabwa Ndola Ritwa Chilembwe Muloba, Mkushi
FMP FMP Pup 1214 FHP
~EP  Qthers =EF Qthers  <BF Others -EF Others -EP  Others _phoa Rock Serpentine
1) Elesctricity Supply
- pigtribution and Substation.
- Distance, km 0.6 0.8 0.6 0.6 5.0 5.0 5.0 5.0 5.0 5.0 40.90 10
- Capacity, A 10 1.5-  55+10 5541.5- 10 1.5« 10 1.3~ 16 1.5~ 1.0 0.1
- Voltage, KV 33 11 33 33 13 11 66 11 113 11 1l 11
~ Invedtment, 2K, MM 9,50 2.83 2.50 1,00 13.75  4.85 1i.32  &.85 11,32 4.8% 3,78 2.88
- rariff®, ZK/KWh (MW}
~ FMR-EF (7.7 0.0462 0.0423 0.0462 ©,0452 0.0462 = -
~ FHP-QHF (1.1} 0.0624 0.0423 0.0624 0.0624 0.,0624 - -
= SSP (6.3) 0.0644 9.0423 0.n0644 0.0644 0.0644 - -
- TSHE (0.3 0.0668 0.0423 0.0668 0.0668 0.0668 - -
~ DAP (0.3 0.0668 0.0423. 0.9668 0.0668 0.0668 - -
~ Hp (1.4} 0.0620 00,0423 B.0620 a.5820 0.0520 - -
- Phos Rock (0.9} - - - - - 0.0657 -
- Serpentine (§.1) - - - - - - 0,0754
2) Raw Water Sapply
-In+Take and Distribution
-~ Source Kafue River tulunguahi Dam  Fafae River Kafue River Mankwala Dam  Wells
- Distance, km 3 10 af 10 7.8 0.9
~ Capacity, TPD 1,000 1,000 1,600 1,000 855™* 100
~ Electricity, Mw 0.0% 0.10 0.10 0.10 0.0% 0.0
~ Investment, 7K, MM 0.40 1.10 1,10 1.10 n.gg* 9.10
+49%, MM 6.058 6.184 0,184 0.184 6.000 14,000
~ Tariff, Z¥/Ten
~ Tnitial 45 Ton/Month Fres 1.33 L7:8 wa Free -
- Qver 45 Ton/Month Free 0.44 Na KA Pres -
1) Road Expansion/Construction
) Hine pam
- Distance, km 0.5 0.5 .5 LI 15 4.5 15
~ Width, m 6 6 6 6 S 3 3
~ Bridage 1 0 1} 0 14 ¢ 0
~ Investment, €, MM 1.9% .46 .46 0.6 0.91** 0.30
4) Railway siding Construction
- Direct Distance, ¥m Q.05 9.1 6.1 0.1 - -
-~ Track 2 2 2 2 - -
- Total Length, km 1.50 1.50 1.50 1.50 9.00 ¢.00
- Investment, 7K, Md 1.2 1.13 1.13 1.13 .00 0.00
5} Investment Total,
2K, MM 11,78 5.44 11.75 3.61 16.44 7.54 14.01 7.54 14.01 7.54 3.50 3,28
A08S, WM 0.058 0,058 0,058 £.038  0.184 0.184 _0.184 ©.184 0.184 0,188 ©.9000 0,000
USs, MM 1.037 0.51L 0.359 1.554 0n.812 1.352 0.812 1.35 0,812 0.458 0.271

L.037

Notes: 1) »

Fertilizer plant

Raw Matzrial Supply

Basic electricity contracting and consunption factors are assumed as

Coincidence Divarsity

0.90

Power Load
ragter Factor Factor Factor
9.90 0,83 0.909 1.10
0,72 0.909 i.10

Government sales tax of 15% or the bariff is cha:géd addizienally

follows:

2)  Price astimace is as of Janvary 01, 1987 and foreign exchange rate Ls assumed
as ZKB,00/Us$ for financial and economic calculaticn
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tabla 2-3~7 . RAYW MATERTAL COHSUMPTION CALCULATION FOR FUSED MAGNESIUM PHOSEPRATE PRODUCTION (1/2)

1., Raw Material Supply for Pused Magnesium Phosphate Production

Phoaphate c°ncentrﬁta, Chilembwe, -ZTambia
Ttam Experimental Desiqn Base

Specificafion, ]

- PO ' 33.69 30,00

- Ca0 ' 46,18 41.11

- F 1.89 . 1.68

- Qther : “17.70 . 26.67
8olid Sub-Tocal 99,46 99,45

- Pree Moisture 0.54 13.56(12%)
Total Weight 100.00 113,02

production, TPY

- Wet ﬁaterial - 39,978
-~ Dry Material . - 35,181
- P205 . - 3.0 r554

Transpertation from Chilembwe Concentration
plant to FMP Plant, Kafue, Zambia

~ Road, km : - 541
- Railway, km - ' Q_
- Total, km ~ 541

]

Transportation Charges, ZK/Ton-1987 433
- Loading and Unleoading 20
453

Serpentine, Mkushi, Zambia

Item

Experimental Desiqn Base

gpecifisation, %
- Hg0

- 510,

- Others

- Ignition Loss
Solid Sub-Total
- Free Moisture
Total Weight

Production, TPY
= Wet Material
- Dry Material
- Mgo

Transportation from Mkushi Mine

to PMP Plant, Kafue, Zambia

- Road, km
= Railway, km
- Total, km

38.45 38.45
41 .44 41,44
7.36 7.36
J1l.9s 11,96
99.21 99.21

2.79 4.78(4.5%)
100.00 103.99

- 20,023

- 19,103

- 7,345

- 21

- 278

- 299

- Transportation Charges, 2K/Ton-1987 133

~ Loading and Unlecading

40
173

2. Product Specification of Fused Magnesiuom Phosphate

Chemical Analysis, %

- T-Py0g 20,31 (100.0%)
-~ T-MNgO 14,15
- T-F . ' 6.72 ( 54.6%)
- T-8 0.06
—~ Free Moisture 0.50

Fertilizer Wutrient, 3

- C~Py0g - 20.11 ( 99.0%)
- PmP05 20.03 ( 98.6%)
- AV-Py05 14.38 ( 70.8%)
- §-Py0g 14.25 { 70.2%)
- W-Py0g 0.04 ( 0.2%)
- §-8i0q 26.19

- C-Mgo 14.08

- Total Alkalinity 42.00

Physical Property, %

- Size, (+) 32 Mesh 55.6
(+) 100 Mesh 94.9
Packaging, kg ¥et 50.0 in PP Woven Bag/PE Inner Sack
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Tabla 2~3=7 RAW MATERTAL CONSUMPTION CALCULAPION FOR PUSED MAGHESIUM PHOSPHATE PRODUCTION (2/2)

3. Raw Material and Utility Consumption for Pused Magnesium Phosphate Production

Product Design Conceptual Dasign
Ttems of FMP for FMP Plant Production
TPT _nit  Daily _Anmnal
TPT Ten TPY
Raw Material, Ton
- phosphate Concentrate, Dry 0.677 D.698% 117.27. 35,181
(P40g : 30.00%, Cad : 41.11%)
~ Serpentine, Dry 0.368 0.379* 63.57 19,163
(MgO : 38.45%, Si0, @ 41.44%) _
- Blectrode ) - 0.005 0.84 252
- Calcium Hydroxide (Ca(0DH), : 100%) - 0.010 1.68 504
~ Other Chemicals, § : - 8.160 16.80 5,040
Utility, Ton
~ Raw Water - 6,250 1,650.00 315,000
-~ Fuel 01l (10,000 kcal/kg, S: 0.35%) - 0.028 4.70 © L.411
- Electricity, kWh - 919 152,880 45.87 M
Packaging
- PP Woven/PE Inner Sack, 50 kg ¥Wet - 20.200 3,394 1,018 mM

4., Production. and Cutputs for Fused Magnesiuom Phosphate Production

Fused Magnesium Phosphate, Bags, Ton 1.000 1.0090 168.00 50,400
Calcium Fluoride (CaF; : 16081, Bulk, Ton - §.015 2,52 756

Exhaust Gas (50°C, F : 2 mg/Nm3,
Dust ¢ 30 mg/Nwmd;, Nm3 . - - - -

Waste Water (35°C, ¥ : 10 ppm,
P05 : 1.0 ppm), Ton - 3.000 504.00 151,200

Notes: 1)} * Losses for transportation (1.0%), processing (1.0%) and in-plant material handlings
(1.0%) are assumed total 3.0% from ex-mines of raw materials to salable: product
loading of PMP at the FMP plant,

2) Annual operation of 300 DPY is assumed.
3) Caleium fluoride is recovered as thickener slurry of 5% CaF,, others are 2.1% of

$105 and 92.9% of free meisture. Physical property of solid; bulk density; 1.70 and
.angle of repose; 41°.
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Table 2-3-8 RAW MATERIAY, CONSUMPTION CALCULATION POR SINGLE SUPER PHOSPHATE PRODUCTION (1/2)

1. Raw Maﬁerial Supply for Single Super Phosphate Production

. " Chilembwe Sulfuric Acid
Pliosphate Concentrate, Rambia NCZ, Kafue, %Zambia
Iten Experimental Design Base Item Experimental Design Base
gpacification, % : . Speciflcation, %
- PO 33,69 30.00 - Hy504 _98.0 88.0
- Cao ' 46,18 41.11 Sub-Total 98,0 98.0
- F 1.99 1.58 - Free Moisture 2.0 2.0
= Dther 17.78 28,67 Total Welght 100.0 160.0
solid Sub-Total 99,46 99,46
-~ Free Moisture _.0.54 12.56(12%)
Total Weight 100.00 113.02
production, TPY _ _ Supply from NCZ, Kafue, TPY
~ Wet Material | ) - 39,978 - Wet Material ( 98%) 20,255
- Dry Material - 35,181 - Dry Haterial (100%) 19,850
- P05 - 10,553 - Sulfur. 6,483
Transportation from Chilembwe Concentration Traﬁsportation from NCZ, Kafue to
Plant to $SP Plant, Rafue, Zambia SS5P Plant, Kafue, Zambia
- Road, km - 541 - Pipeline, km - 1
- Railvay, km _ o ~ Transportation Charge, K/Ton-1987 0
- fotal, km - 541 = loading and Unloading 10
- Transportation Charges, 2X/Ton-1987 433 : 10
~ Loading and Unloading Charges 20

453

2, Product specification of Single Super Phosphate

" Chemical Analysis, %

- T-Py0g . 17.91 (100.0%)
-~ T~Mg0 0.23
- P 0.79 ( 70.0%)
-7 11,10
- Free Moisture . BL40

Fertilizer Wutrient, %

- C-Py0sg 17.46 ( 97.5%)
~ F-Py0g ' 17.40 € 97.2%)
- Av-Py0y : 17.20 { 96.0%)
~ 5-P30s : 17.10 { 95.5%)
~ §+P30g . 15.15 ( 84.6%)
- Free Acid (Py0g4) 3.70  20.7%)
Physical Property, %

- Size, (+) 12 Mesh 35.0

{+) 60 Mesh 80.9

Packaging, kg Wet Bulk
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Table 2-3-8 RAW MATERIAL CONSUMPTION CAQCULATION FPOR SINGLE SUPER PHOSPﬁATE PﬁODUCTION (272

3. Raw Material and Utility Consumption for Single Super Phosphate Production
Product Design Conceptual besign
Itemns of SSP fox SSP Plant Production
TPT _Unit Daily Annual
THT TPD TPY
Raw Material, Ton
~ Phosphate Concentrate, Dry 0.597 0.615% 117.27 35,181
(Py0g @ 30.00%, Cad : 41.11%)
- Sulfuric Acid_ 0.340 0.347% 66.17 19,850
(H4504 ¢ 100.08%)
~ Caleium Hydroxide (Ca{OH); : 100%) - g.010 1.91 572
- Other Chemicals, $% - 0.100 19.07 5,722
Utility, Ton )
~ Raw Water - 5.500 1.,048.74 314,628
- Fuel 04l (18,000 keal/kg, S: 0.5%) - 0.010 1.91 572
- Electricity, XWh - 45.000  8,580.60 2,575 M
Packaging
~ PP Woven/PE Inner Sack, 50 kg Net - - - -
4. Production and Outputs for Single Super Phosphate Production
Single Super Phosphate, Bulk, Ton 1,000 1.000 120.68 57,205
Calcium Fluoride (Caf, : 100%3, Bulk, Ton - 0.012 2.288 687
Exhaust Sas (50°C, F : 2 mg/Nm3, '
pust : 30 mg/¥md), Hm3 - 1,185 0.7226 b4 §7.9 MM
Waste Water (35°C, F : 10 ppm, ' +
P50z : 1.0 ppm), Ton - 5. 2490 999,17 299,754
Hotes: 1) * Losses for transportation (1,0%), processing (1,0%) and in-plant material handlings

(1.0%) are assumed total 3.0% from ex-mines of raw materials to salable product
lvading of S5P at the $§5p plant,

2} In-plant losses for sulfuric acid is assumed 2.0%.

3) Annual operation of 300 DPY is assumed,
4) Calcium fluoride is recovered as thickener slurry of 5% CaFy, others are 2.1% of 5i0,

and 92.9% of free moisture.

of repose; 41°.

5T-24
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Table 2--4-1 FOREIGH . CURRENCY EXCAARGE RATE TREND IN ZAMBIA

effective huction Set Poralgn Cutrency Bids Rangs Bids Humbar

pate Haek Rate = _Pund begmand Low High  Successfyl Total ) Hote
e TE/US$ USS, MM 0SS, MM IR /USS ZK /0S8 ” b
End, 1980 - 0.80 - - - - - - Monthly Bulletion of
End, 1981 - 0.86 - - - - - - Statistics, United
End, 1982 - 0.493 - - - - - - Nations
End, 1983 - 1,51 - - - - - -
End, 1984 - 2.20 - - - . - B

Qctoher, 1985 .
11 1 5.01 Weekly Auction

ond, 1985 " 5.70 - Marginal Rate
1114 ) .

August, 1986
02 : 43 5.00 . Weekly Auction

« Dutch Rates
September, 1986

06 48 7.00 15.0 24.3 5.00 7.99 571 674
October, 1986 . .
04 52 7.64 7.1 21.8 5.04 8.11 172 712
11 53 8.30. 6.5 24,3 5.00 .56 128 769
18 54 9.207? - - - - - -
25 55 10.32 5.5 16.5 5.50 11,51 84 493
_ tav, 8.87) ‘
November, 1986 .
01 56 11.51 6.00 12.50 119 421
08 57 12,30 : 14.2 6.00 13.15 11y 439
15 58 131.48 11.3 6.00 14,41 383 407
25 59 14.48 5.5 9.9 6.00 15.15% 123 324
29 60 15.25 7.2 6.00 16.52 140 273
(av. 13.40)
December, 1%86 ;
06 61 12.10 5.0 6.00 18.00 130 221
13 62 11,90 5.5 12.4 6.00 16.00 280 333
20 63 12.50 5.5 9.9 6.00 13.77 116 10
27 64 12,71 5.6 8.0 6.00 14.20 141 285
{av, 12.301)
End, 1986 - 12.71 ~ - - - -
- January, 1987 '
' 03 65 12,97 5.6 7.3 6.00 13,76 118 192
0 66 13,51 5.5 11.4 6.00 13.98 . 55 232
17 67 14.12 5.5 9.4 6.00 15.00 111 257
24 58 14.92 - - £.00 15.31 1G9 250 Controlied Auction
31 69 9.00/12.50 - - - - - - - Re-peg within Range
(Av. 13.25)
Macch 27, 1887 - 15.17 - - - - ~ - Ranged Official and
19,00/12.50) Auction Private Rates
april 4, 1987 - 16.9% L. - - - - -
1l - . 18,78 6.0 - 13.00 20.75 135 370
25 - 21.81 - - - - ~ -
May 01, 1987 - 8.80 - - - - - - Fixed Rate System

dHotes: 1} January 31, 1974r 2K0.714/USS {2K1.8/Sterling Shillings 18)
2) Maxch, 1978 "7 %K1,024/SDR (IMF Agreement}
3} January 06, 1983; ZEL.280/5DR :
4) July, 1993 7 ZR1.1/055, Managed floating f{crawling} and curreacy basket
. tUs§, Sterling Pound, Mark, Pranc and Yen) system
51  January, 1985 7 ZR2,25/1iS5, Free exchange policy
6) October 09, 1%8%; ZKS.01/US%, Weekly Auction - Marginal rate system
7} August 02, 1986 ; ZK5.00/058, Weekly Auction - Dutch rates system .
8) January 28, 1987; 2K9.00 (Floor)/12.5¢ (Ceiling)/US$, Re-pegged to currency basket within a range
and allocated by auction.  Interest rate at the BOZ and maximum lending rate
are veduced to 15.00 (from 30.90) and to 20.00 (from 32,.00)%, respectively.
9) Harch 27, 1987 ; ZK15.17 (Auction)/9.00-:2,50 (NEfficial)/Uss, Re-opsned the auction and the official
rate is applied govermmental trapgaction and repaymsat
10} May L, 1987 : ZRB.OD/USS, Re-introduction of Fixed foreign exchange rate. Interest rate at BOZ and
maximum lending rate are reduced to 15.00 (from 20.40) and teo 20.00 {from 25.001%,
regpectively. Interest for State Bond is reduced to 15.50% from 18.00%.
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Table 2-d4-2 CORPORATE INCOME ThX LAW AND DEPRECIATION PRACTICE XN ZAMBIA
1. Income Tax Law (Chapter 668 of the Laws of Zambia, May 26, 1967)

1} Capital Allowance o o
Capital Allowahte for income Tax Calculation

items — Initial A)llowance, % Wear and ‘fear hliowance, %/Year
Buildings
- Low Cost Industrial Housing - 10.0
- I_ndustria}. Buitding 10.0 5.0
- Coma;cial Building - 2.0
Inplements, Mééhinery and Plant 20.0 o 20.0
-~ Prime Moving Machinery 20.0 30.0
2) Tax Rates
ttems Annexure Allowance, %K Tax Rate, 8, (Income in %K)
Individuals whe do not remit A, B Singie : 1,800 5.0 ¢ 2,000)
Married : 4,600 13.0 { 3,000}
Chiid : 330 17.5 (10,000}
Life Insurance 28.5 (20,000)
Premiums: 800 42.5 (40,0002
Other than Individuals [
= Parming . ) - 15.1%
- Manufacturing . - 35.0
- Other Sources - 45.0
‘Trusts D - 35.0
Entertainment Fee E - 15.0
Management and Consultant Fee 3 - 15.0
Royalties G - 10.0
Dividends H - 15,0

2. General Depreciation Practise in Zambia

Major Corporations

Items . NCZ Z8CL KAMBOARD ZIMCO INDECO
Year of Annual Report 1986 1985/6 1984 1985 1985 .
Method Straight  Straight Straight Straiqht Straight

_ Line Line Line Line Line
Depreciation Rate, 3/Year ‘

- Land and Buildings

~ Freehold - - - 2.5 -
-~ Leasehold
= InGustrial 2.5 2.5 2.0 1.0/ 2.5 2.0
~ Commercial c2.0 2.4 - 2.0/ 2.8 -
- Residential - 2.0 - 2.0/ 2.5 -
- Plant and Machinery 7.5 10.0 . l0/20 | 10.0/33.3 7.2/10.0
- Furnace. and Belining - - - ' - . 25.0
- Vehicles 25,0 25.0 ©25.0 10.6/33.3 25.0
= Furniture 25,0 25.0 e : - 10.0/25.0
-.Water Syste.n:\ ) - 7.5 - - -
- Mining Assets ) - - - 4,0(~) -
- Capital Work in Progress 0.0 - 0.0 0.0 0.0

Notes: 'Tax law in Zambia is under reforming processes in 1987
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Table 2-4-3 CAPITAL COST ESTIMATE FOR PROJECT (1/5)

project : Phosphate Mining and Concentrate Project
product : Phosphate Concentrate, Bulk, Wet
Ccapacity: 3%,181 TPY as Dry
Location: Chilembwe, Zambia _
' Unit: U85, Millions
B " Foreign Local - Total
. Currency Currency  Project Cost
1. Site Acquisition/Preparation (779,000 m2) 0.000 0.189 6.189
7. Plant Direct Cost
- Equipment, Materials and Spare Parts 5.096 0.000 5.096
(2 years)
~ Civil and Erection Works 0.000 2.073 2.073
3, Construction Equipment 0.149 .018 0.16?
4. Freight, Insurance and Tocal Handlings 1.529 0.000 1.529
{3,000 Freight Ton)
5. ¥now How/BEngineering Services (48 Man*Months) 0,481 0.000 0.481
§. Project Management (20 Man-Months) 0.000 0.178 0.178
Plant Cost - Estimate Date 7.255 2.458 3.713
7. Contingencies
-~ Physical Contingency 0.363 0.246 0.609
- Price Contingency _ _ 1.032 0.350 1.382
{Foreign: 14.23%, Local: 14.23%
from Estimate to Production bates) o
Plant Cost - Commércial Production Date 8.650 3.054 11,704
8. Taxes and Duties (5%) 0.000 0.585 0.585
9. Pre«oﬁerational.Expenses 0.216 0.076 0.292
10. Working Capital 0.000 0.739 0.739
11. Interest during Construction {12%/Year) 1.244 - 0.000 1.244
Total Financing Reguired - Commercial 10,110 4.454 14.564
Production Date, (Ratio, "%} (69,41) (30.58) (100.00)
ﬁotes: 1) BEquity + Loan = Total, $,MM (%) : 3.641 (25) + *0.923 (75) = 14.564 (100)

2) Annual Escalation, %/Year
3) Interest for Long Term Loan :
4) Estimate Date

5} Plant Construction Contract
6) Commercial Production Date

7) Exchange Rate at Estimate Date :

an
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Table 2-4-3 CAPITAL COST BESTIMATE FOR PROJECT (2/%5)

Project :  Fused Magnesium Phosphate Project
Product : TFused Magnesium Phosphate, Bags
Capacity: 50,400 TPY

Iocation: XKafue, Zambia

Unit: US$, Millions

Foreign TLocal Total
Currency . Currency Project Cost
1. Site Acquiéition/Preparation (27,000 m?) 0.000 0.1386 0.136
2. Plant Direct Cost
~ Bquipment, Materials and Spare Parts 5.233 ¢.000 5.233
(2 years in general, 0.5 years for electrode)
- Civil and BErection Works 3.387 1.537 4.924
3. Construction Eguipment G.400 ¢.058 0.458
4. PFreight, Insurance and Local Handlings 0.820 0.136 0.956
(5,000 Freight Ton)
5. EKnow How/Engineering Services (130 Man-Mgonths) 1.867 0.0531 1.918
6. Project Management (40 Man-Months) 0.533 0.058 0.591
Plant Cost - Estimate Date 12,240 71,976 14.216
7. Contingencies _
~ Physical Contingency 0.612 0.198 4,810
- Price Contingency _ 1.741 0.281 2.022
(Foreign: 14.23%, Local: 14.23%
. from Estimate to Production Dates)
Plant Cost - Commercial Production Date 14.593 2.455 17.048
8. Taxes and Duties {5%) .000 0.4286 G.426
9. Pre-operational Expenses 0.306 0.061 0.367
10. Working Capital 0.000 1.915 1,815
11. Interest during Construction (12%/Year) 1.764 0.000 1.764
Total Financing Regquired - Commercial 16.663 4.857 21;520
Production Date, {Ratio, %) o (77.43) (22.57)

(100.00)

Notes: 1) Equity + Loan = Total, $,MM (%) : 5.380 {25) + 16.140 (75) = 21,520 (100)

2}

-

Annual Escalation, %/Year

: Foreign Curxency; 3.0, Local Currency; 3.0

3} Interest for Long Term Loan : 12,0%/Year

4) Estimate Date : Janvary 01, 1987
5) Plant Construction Contract + July 01, 1989

6} Commercial Production Date + July 01, 1991

7) Exchandge Rate at Estimate Date : 2K8.00/08%
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Table 2-4--3 CAPITAL COST ESTIMATE FOR PROJECT (3/5)

rroject : Single Super Phosphate Project
product : Single Super Phosphate, Bulk
Capacity: - 57,205 TPY
Location: Kafue, Zambia
‘ ' ' Unit: US$, Millions

Foreign Local Total
N Currency Currency Project Cost
1. Site Acquisition/Prepération 120,800 m?) 0.000 0.098 0.098
2. Plant Direct Cost
- Equipment, Materials and Spare Parts 4,160 0.000 4,160
{2 years) .
- Civil and Erection Works 3.020 1.373 4.393
3. Construction Equipment 0.400 0.058 0.458
4., Freight, Insurance and Local Handlings 0.74¢0 0.127 0.867
{4,000 Freight Ton) .
%, FKnow How/Engineering Services {121 Man‘Months) 1.613 0.048 1.661
6. Project Management (36 Man-Months) 0.480 0.058 0.538
.Plant Cost - Esﬁimate Date 10.413 1.762 12,175
7. Contingencies _
-~ Physical Contingency 0.521 0.176 06.697
- Price Contingency _ 1.481 0.251 1,732
(Foreign: 14.23%, Local: 14.23%
from Estimate to Production Dates) : L
Plant Cost - Commercial Production bate 12.415 2.189 . 14.604
8. Taxes and Duties (5%) ¢.000 0.365 0.365
9, Pre-operational Ekpenses 0.620 0.030 0.650
10. Working Capital 0.000 2.631 2.631
11, Interest during'Conétruction {12%/Year) 1.544 0.000 1.544
Total Financing Reguired - Commercial 14,579 5.215 19.794

Production Date, (Ratio, %) {73.65) (26.35)_ (100.00}

Notes: 1) Equity + Loan = Total, $,MM¥ (%) : 4,949 (25) + “4.845 (75) = 19.794 (100)

2) Annual Escalation, %/Year : Foreign Currency; 3.0, Local Currency; 3.0
3} Interest for Long Term Loan : 12.0%/Year h

4} Estimate Date ¢ January 01, 1987

5) Plant Construction Contract ¢ July 01, 1989

6) Commercial Production Date : July 01, 1991

7) Exchange Rate at Estimate Date : 2ZK8.00/05%
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Table 2-4-3  CAPITAL COST ESTIMATE FOR PROJECT (4/5)

Phosphate Mining and Concentrate Project and

Project @

Fused Magnesium Phosphate Project
Product : Fused Magnesium Phosphate, Bags
Capacity: 50,400 TPY
Location: Chilembwe and Kafue, Zambia

Units US${ Millions

Foreign Local - Total
- Cnrrency Currency  Project Cost
1. Site acquisition/Preparation (806,000 m?) 0.000 0.325 0.325
2. Plant Direct Cost
-~ Bquipment, Materials and Spare Parts 10.329 0.000 10.329
{2 years in general, 0.5 years for electrode) : :
- Civil and Erection Works 3.387 3.610 6,997
3. Construction Equipment 0,549 0;076 0.625
4, Freight, Insurance and Local Handlings 2,349 0.136 2,485
(8,000 Freight Ton)
5. Know How/Engineering Services (178 Man‘'Months) 2.348 0.051 2.39%
6. Project Management (60 Man-Months) 0.533 0.236 0,769
Plant ‘Cost ~ Estimate Date 18,455 4.434 23,429
7. Conﬁingencies _ :
-~ Physical Contingency 0.975% 0.444 1.419
'~ Price Contingency 2.773 0.631 3.404
(Foreign: 14.23%, Local: 14.23% :
from Estimate to Production Dates) L
Flant Cost - Commercial Production Date 23.243 5.509 28.752
8. Taxes and Duties (5%) 0.000 1.011 1.011
9. Pre~operational Bxpenses 0.522 0.137 0.659
10. Working Capital 0.000 2.654 2.654
11. Interest during Construction (12%/Year) 3.008 0.000 3.008
Total Financing Required - Commercial 26.773 9.311 . 36.084
Production Date, (Ratio, %) (74.20) {25.80) . {160.00)
Notes: 1) Equity + Loan = Total, $,MM (%) : 9.021 (25) + 27.063 (75) = 36.084 (100)

2} Annual Escalation, %/Year s
3) Interest for Long Term Loan

4) Estimate Date H
‘5) Plant Construction Contract :
6] Commercial Production Date
7} Exchange Rate at Estimate Date
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Table 2-4-3 CAPITAL COST ESTIMATE POR PROJECT (5/5)

project : Phosphate Mining and Concentrate Project and

. 8ingle Super Phosphate Project
Product 1 Single Super Phosphate, Bulk
Capacity: 57,205 TPY
Location: Chilembwe and Kafue, Zambia

Unit: US$, Millions

Foreign Tocal Total
. - e Currency Currency Project Cost
1. Site Acquisition/Preparation (799,800 m?) 0.000 0.287 0.287
2, Plant Direct Cost
- Equipment, Materials and Spare Parts 9.256 0.000 9,256
(2 years) :
- Civil and Erection Works 3.020 3.446 6.466
3. Construction Equipment G.549 0.07¢ 0.625
4. Freight, Insurance and Local Handlings 2.269 6.127 2.3986
(7,000 Freight Ton}
5. Know How/Engineering Services (169 Man-Months) 2.094 0.048 2.142
6. Project Management (56 Man-+Months) 0.480 0.238 0.716
Plant Cost - Estimate Date 17,668 4.220 21.888
7. Contingencies
- Physical Contingency 0.884 0.422 1.306
- Price Contingency 2.513 S 0.601 3.114
(Foreign: 14.23%, Local: 14.23% '
from Estimate to Production Dates)
Plant Cost - Commercial Production Date 21.065 5.243 26,308
8. Taxes and Duties (5%) 0.000 0.950 0.950
9. Pre-operational Expenses 0.83% 0.106 0.942
10. Working Capital 10,000 3,370 3,370
11, 1Interest dﬁring Construction (12%/Year) . 2.788 ¢.000 2.788
Total Financing Reguired - Commercial 24.689% 9.669 - 34.358
Production Date, (Ratio, %) (71.86)

(28.14)

(100.00)

Notes: 1) Equity + Loan = Total, $,MM (%) : 8.590 (25) + 25.768 (75) =

34.358 (100}

2} Annual Escalation, $%/Year : FPoreign Currency; 3.0, Local Currency; 3.0
3) Interest for Long Term Loan : 12.0%/Year

4) Estimate Date : Janvary 01, 1987

5) Plant Construction Contract ¢ July 01, 1989

6} Commercial Production Date : July 01, 1991

7) Exchange Rate at Estimate Date : ZKB.00/US$
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Table 2-4-4 OPERATING COST ESTIMATE AND PROJECTION FDﬁ THE PROJECTS

Ttmes

Basic Data for EBatimate
January 01, 1987

Base Estimate
January 01, 1987 -

projection
July 01, 1991

0. Basis of Projection
- Porelgn Currency Exchange Rate,
ZK/%

- Escalation, 1391/1987
~ Foreign Currency Portion
- Logal Currency Portion
- Blectricity

1. Transpoft Cost of Phosphate
Concentrate on Road
~ Chilembwé/Kafue: 541 km

2. Serpentine Mining Cost,
Miughi X )
- Project Capital Cost: $0.960 MM
-~ Peysonel s ZK10,489 x 20/MY
- Congemabie : 50,088 MM/Year

3. Transport Cost of Serpentine
on Road and Railway
- Mkushi/Rafue: 297 km

4. Sulfuric Acid Erom HCZ, Rafue
hy Pipeline
- Rafue/Kafue: 1 km
~ Selling Price of NCZ
~ Randling Cost

- Productlon Cost, September,1986

- Capacity Utilization: 42%
: 90%
- Assumed Price for Project

5. Electricity,
-~ ZEBSCO Tariff plus 15% Sales Tax
- Phosphate Mining and
Concentrate Project, Chilembwa
- Phosphate Fertilizer Projects,
Jointly with WCZ Contract
- FHP Project, Rafue
- 8SP Project. Rafue

6. FPuel
- ZIMCO
- Diesel 0il, kl
- Fuel 0il, Ton

7. Electrode for FMP Production
8, Calciun Hydroxide, Ton
9., Fertilizer Bag, Bag (50 kg Net)

i0, Personnel
~ Phosphate Mining and
Concentrate Project, Chilembwe
- PMP Project, Kafue
- SSP Project, Rafue

Unit Cost Annual ‘Throughput Unit Cost annual Cost  Unit Cost annual Cost
_ZK/Ton TPy §/7on 3, MM/Year §/Ton $, MM/Yesr
lz.00 5.00 .00

- = 1.1423
- - 1.3423
- - 2.0000
453 3% ,978-Wat 56,63 2,264 64.68 2.586
- 35,181-Dry 64.35 73.50
136.1 20,02 3-Wak 17.01 0.340 19.41 0.1389
- 19 ,103-Dry 17.83 20.34
173.0 20,023-Wet 21,83 0.433 24.70 0.495
- 19,103-Dry 22.67 25.8%
901 19,950-Dry 112.63 2,236 128.64 2.554
1,130
1o
1,140
444
652
(1,130+652)/2+10=901
7K /kHh xWh, MM/Year $/kih 5/%Wh
0.0657x1.15 3.318 0.00944 0.03113 0.018% 0.063
. B.0423x12.15 45,870 0.00608 0,2789 0.0122 0.558
0.0423x1.15 2.57% 0.006908 70.0157 0.0122 0.031
1,900 - 237.50 - 271,27 -
1,300 - 162.50 - 185,61 ~-
Import 252 .3,500 0.882 3,988.00 1.008
223 . - 27.88 - 31.83 -
6 - 0.75 - 0.86 -
ZX /Man-Year Man-Year $/Man-~Year $/Man-Year
11,726 il 1,465.75% 0.171 1,674.19 0.195
10,072 83 1,259.09: 0.1045 1,438.02 0.120
10,324 14 1,2%0.50 0.0955 1,474.00 0.110
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Tabla Z2<4¢~5

Itemg

RAW HATERYAL AKD PRODUCT IMBORT SUBSTITUTE PﬁICE BITIMATE AND PROJECTION

Importing Raw Material and Product Prices

Phosphata Rock

Triple Supar Phodphate
(0-46.4-0)

1. Ristorical Export Price Trenall, 1974/1991

price Standard Location

price, §/Ton

- Aighest

« Lowest

-~ hveraga

- Price Botimate Date, January 01,1987
- The batest, March 01, 1387

2, Realization price?!, §/Ton-1982
- PRO/UNIDOAMorld Bank:
New Developing Site {Capacity)

(0~33,4-0}

0B, Bulk, USA

5¢.0 - 1980
5.0 - 19M
35.0 - 1974/87
35.0 - 1987
35.0 - 1987

40.4 -~ Aigh Grade Ore
48.5 - Low Grade Ore

(3,000,000 TPY}

Diammonium Phésphate
(18,2-46.4-0)

®OB, Bulk, USA

370.0 ~ 1974

80.0 - 1976
150,06 - 1974/87
. 105,0 - 1987
135.0 - 1987
236.7

{356,400 TPY)

FOB, Bulk, .USA

410.0 ~ 1974
100.0 ~-1976
185.0 - 1974/87
145,0 - 1987
165.0 - 1987
340.2

{356,400 TPY)

OBy Hulk, P0B, Bulk, FORB, Bulk,

North Africa Horth Africa Horth Africs
5.0 125.0 160.0
35,0 145.0 180.0

;‘?§.D 150.0 185.0
104,8 323.3 286.4
. .l.000 . 3.085 _ _ 2,933 _

January 01, July 01, Jansary 01, July 01, Janvary 01, July 01,
1987 _ 1991 1987 1991 1997 1991
5.9 4D.0 150.¢ 171.3 185.0 211.3
ZDQO 22.8 20.0 22.8 20.0 22.8
35.0 40.0 35.0 40.0 5.0 46.0
20.0 22.8 20.0 22.8 20.0 22.8
55.0 62.8 55.0 62.8 55.9 2.8
12.4 14.2 21.0 24,0 23.6 27.0

Tiia 202.8 301.0 3437 138.5 386,17

531.1 606.6 64B.7 740.7 524.2 598.6
i.n00 1.000 1.221 1.221 0,987 0,487

3. Present Price for Export to Zambial!
price Standard Location
price, $/Tton
- Price Batimate Date, January, 01,1987
-~ The latest, March 01, 1907
- pssumed Price for Financial Analysis
~ Unit Nutrieat (N + Pp0g)
- Nutrient Price Ratio
4, Price Projection, CIF, Kafue, Zambia,
$/Ton
Escalation for
1987/1991, %
FOB, -Bulk, Horth Africa 14.23
Packaging and Loading 14.21
Ocean Freight t¢ Dar-as | 14.23
-Salaam, 5,000 Tohner
¢gnloading/Transshipment 14.23
Railway to Kafue 14.23
Interest/Insurance/5hrinkage  14.23
Import’ Tax . 14,22
Sales Tax - 14.23
CIP, Before Tax and Duty, Bags, Kafue, Zambia
- Unit Watrient (N + P304)
~ Nutrient Price Ratio
3. Ihpnrt Substitute Priecing for fambian Product,

$/Ton
price Standard Specxflcat;on

Annual Production, TPY

Ex~Factory Price, Kafue
- P30y Bquivalent3)

- sulfur Credit, {Gypsum-isg 8, $40/Ton-1987)

Cnilembwe Phosphate
Concentrate, Bulk/Bags

Fused Magnesium
Phosphate, Bulk/Bags

Single Super
" Phosphate, Bulk/Bags

- Yaqnesia Credit, (Dolomite-20% MqO, $30/Ton-1987)- -

- Alkaline and Others Credit
{Lime -53%, 520/Ton-1987)

- Unit Nutrient Price, S/Ton-?zos
- Nutrient Price Ratio

FParmer's Gate Price, Z2amhia as Average
- Transport Cost Adjustmentd!
- Inventory Time Cost AdjustmentSF

- Unit Netrient Price, §/Ton-P30q
-~ Rutrient Price Ratio

(1-30.00-0) {8-20,03-0-0-14.1) {0-17.20-0-11.1-0}
35,188-Dry 50,400-Bulk/Bags 57, 205-Bulk/Baas
159.3 - 182.0 1299 1d8.4 111.6 127.4
- - - - 2%.6 13.8
21,2 24.2 “ -
- - 16.9 21.6 - -
1593 162.0 i70.0 194.2 141.2 161.2
531.1 605.6 848.7 969.5 820,9 937.2
1.800 1.000 1.598 1.598 1,546 1.548
- - (-)22.5  1-125.,7 (~132.9 (~137.6
- - t-112.1 1-113,6 (-110.0 t+311.4
= . 135.4 154,7 58.3 112.2
. - 576.0 - 772.3 571.5 652.3
- - 1,182 1,167 1.000 1.000

Notes: 1) Pertilizer tnternational, The British Sulfur Corp. Utd., England

2} Current World Fertilizer Situation and Outlook, 1980/61 - 1986/87, PAG/UNIDO/World Bank Working Group
on Fercilizer, PAO, Italy, September, 1982

3) Pricing assumption: Av-P50g in SSP = Av-P30g in TSP and C-¥50

in FMP = Av-P,0g in TSP

4) Domestic average transport cost of 2K15%,2-1987 (S§19.40+1987/§22.16-1991)/Ton is assumed for TSP from Rafue
5), Inventory average time factor between Jomestic production and import of 4.0 months at annual intecest rate of 20%

is assumed: 1 ~ (1-0.2004/12 < 7. 10%
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Table 2-4~7-1 PROJECT PROFILE AND FINANCIAL ANALYSIS SUMMARY (1/5)

1. Project _
Title : Phosphate'mining and Concentrate Project
Location :_'Chilembwe, Zambia
Executing Agency ¢ State Owned Corpeoration

Project Case ‘Base

-

Froduct

o Phoéphate Concentrate, Bulk, Wet
Maximum Operable Days 280 DPY

Rated Capacity (100%)

*

'’

121,31 TPD x 290 DPY = 35,181 TPY as Dry
Production Start Year : July 01, 1991

US$ in terms of current price at the
comimercial production start date

Monetary Unit

a0

2. Schedule

pricing Estimate : January 01, 1987
"~ Project Approval : July 01,'1988
Contract Award : July 01, 1989

Mechanical Completion : March 31, 1991

Commerecial Production : July 0%, 1991

Project Phase Qut t Jdne 3¢, 2006

Project Life ¢ 15 Years (Effective Production for 14.6 Years)

Construction and
Commnissioning

Z Years

-

3. Pinancing Required and Financing Plan on Commercial Producticon Date

Fiﬁéncing Reguired $, MM Financiﬁg'?lan ' $, MM
Land/Site Preparation 0.189 Fquity : - 25% 3.641
Erected Plant Cost: 12.100 Long Term Loan: 75% 10.923
Pre-Operational Expense 0.292 - Interest 12.0%

Interest during Construction . 1.244 Short Term Loan/Local  Balanced

- Interest 20.0%

Fixed Capital Cost _ 13.825
Initial Working Capital 0.739 Financing Plan : 14.564
Financing Required : " 14.564
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Table 2-4-7~1 ?ROJECT PROFPILE AND FINANCIAL ANALYSIS SUMMARY (2/5)

4, Inputs and Pricing (CIF at the Plant in Chilembwe on Commercial Production

5. Outputs and Pricing (CIF at the Plant in

116.369

Per Product. Mix

Annual

Date)
Inputs Unit Per Product Mix Annual
_Unit Cost Consumption Cost Consumption Cost
$/Unit Unit $ Unit 5, MM
Raw Material .
- Raw Ore Ton 0.000 2.956 0.000 104,000 0.000
- Chemicals/Catalysts/ :
Consumablesg § - - 21.347 - 0.751
- - 2,956 (21.,347) 104,000 {(0.751)
Utility and Transport
- Transport Ton  73.50 1.000 73.500 35,181 2.586
-~ Raw Water Ton 0.00 §.871 0.000 312,075 0.000
- Diesel 0il k1l 271,27 6.007 - 1.876 244 0.066
~ Electricity k¥Wh 0.0189 894,293 1.782 3.318MM  0.0627
- - - {(77.172) - {2,715}
Personnel Man-Year 1,674 - 5,571 117 0.196
Overhead Man-Year x 30% - 1.677 - 0.059
- Maintenance Plant Cost x 2.00% - 6.907 - 0.243
Insurance/ Plant Cost x 0.50% - 1.734 - 0.061
Local Tax '
Sales Expense/ - annual Sales :
Administration x 1.50% - 1.961 - 0.069 .
- - - (17.851) - (0.628)
Total/Average - - - - 4.094

Kafue on Commercial Production Date)

Outputs Unit _
Unit Price - Production Price Production Sales
Product Mix $/Unit Unit 5 Unit $, MM
~ Phosphate Concen- : .
trate, Dry, Bulk Ton  130.00 1.000 130.00 35,181 4,574
Total/Average - :130.00 1.000° 130.00 35,181 4.574
Noté: Assurmed

Transfer Price of Phosphate Concentrate Price-Dry;

$56.50/Ton - FOB,; Chilembwe.
73,50 - Transport Cost

130.00 - CIF, Kafue
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Table 2-4-7-1 PROJECT PROFILR AND FINANCIAL ANALYSIS SUMMARY (3/5)

6. Operation Schedule
3 Year (Unit: %)
12 (=1 1 2 3 4 5...16

89 90 91 92 93 94 95 2006 Average

Financing Disbursement - 15 70 18

3

Production

- Capacity Utilization 35 80 90 100 100 50 1,460
- Inventory Increase 5 5 0 0 0 (=~)10 0
- Inventory 5 10 10 10 10 0 0
~ Sales 30 75 90 100 100 60 1,460
- Depreciation/Salvage Value 15 years straight line/Zero salvage
' value
-~ Debt Service
: ‘Maximum Grace Annual
Loan Type plus Maturity Interest Rate
Year B
- Development/Foreign
-~ Base Case (Relending) 2.5 + 15.0 12.0
- Low Interest Rate Case 7.5 + 20.0 4.0
- Develo@ment/deal 0+ 1 20.0

1

Corporate Income Tax, %/Tax Holiday, Year 35.0/5.0

1

Minimum Cash Reserve : $0.10 MM

Escalation/Deflator ?ate,'%/Year 0.0/8.0

7. Fipancial Analysis by Discounted Cash Flow Method

Constant Price

Before Tax After Tax
% %
~ Return on Investment, FIRRQI-DCF
~ Base Case : (~)4.27 (-)4.27
- Sensitivity Analysis
- Product Price {(+20%) ’ 5.74 5.74
- Raw Material Cost (-20%) (-132.24 (~32.24
- Investment Cost - . {~20%) (=)1.68 (-31.68
-~ Utility and Transport Cost (-20%) 2.29 2.29
- Cash Flow Debt Service Short Term
| _Year . ._.Ratio Loan, §. MM
1991 ' 0.16 0.00 .
1993 (-)0.05 _ 2.42
1995 {~10.46 : 6.60
1997 : (~)1.21 12.08
1999 (-)2.44 19.58
Project Life Averate (-1)2.76 £5.07-2005
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Table 2-4-7-1 PROJECT PROFILE AND FINANCIAL ANALYSIS SUMMARY (4/5)

8. Sensitivity Analysis

FIRROI-DCF, Constant Price

Sensitivity Analysis Before Tax After Tax
-~ Base Case {(-) 4.27% (~) 4.27%
- Product Price (+)40% 12.91 11.76

(+)20 5,74 5.74
(£)0 (-) 4,27 {-) 4.27
(-)20 - - -
{(-140 - -
- Raw Material Cost {+)40% {(-) 9.18 (-) 9.18
{+)20 {-) 6.56 (-} 6.56
(£)0 (=) 4.27 (-) 4.27
(=320 (-) 2.24 (=) 2.24
(-)40 {(-) 0.39 _ | (=) 0.39
~ Investment Cost (+540% (-} 7.95 {(-) 7.95
(+)20 (=) 6.30 {(-) 6.30
ES] (-} 4.27 (=) 4.27
(=120 (-) 1.68 (-} 1.68
(=40 1.89 1.89
- Utility and
Transport Cost {+)40% - -
(+)20 (-114.57 (-)14.57
{£30 (-} 4.27 (~) 4.27
(=)20 2.29 2.29
(~)40 7.42 7.42
Notes:
~ Long Term Loén/Equity, % = 75/25
- Interest Rate; Long/Short Term Loan, % = 12.0/20.0
- Annual Escalation/Deflator Rate, % =  0.0/0.0
~ Corporate Income Tax Rate, % = 35.0
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Table 2-4-~T-1 PROJECT PROFILE AND FPINANCIAL ANALYSIS SUMMARY (5/5)
9. Sensitivity Analysis Figure

Return on Investment
- FIRROI/After Tax/Constant Price/DCF, %/Year
~4{ -20 0 +20

+40
20

20

1.2 r ———————— e e e e i U 12

) =N

;
N

\'-

| AN
7 | N

~20 . -20
-40 -20 1) +20 +40
Base Case

@ ~ Product Price Variant from Base Case, %

® ~ Raw Material Cost '

A - Invaestment Cost

% -~ Utility and Transport Cost

{O - ROI, Before Tax for Base Case

- Long Term Loan Interest-Rate (Base Case: 12%/Year)

— ~— - Long Term Loan Interest Rate (Low Interest Rate Case: 4%/Year)
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Table 2~4-7-2 PROJECT PROFILE AND FINANCIAL ANALYSIS SUMMARY (1/5)

1. Project .
Title :+ Fused Magnesium Phosphate Project
Location : Kafue, Zambia
Executing Agency :+ State Owned Corporation

Base

en

Project Case

-

Product _ Fused Magnesium Phosphate, Bags
Maximum Operable Days : 300 DPY

Rated Capacity (1008) 168.0 TPD x 300 DPY = 50,400 TPY

e

Production Start Year : July 01, 1981

Monetary Unit : USS in terms of current price at the
commercial production start date

2, 8Bchedule

January 01, 1987
July 01, 1988
July 01,'1989
Mechanical Completion : March 31, 1991

Pricing Estimate

as

Project Approval

o8

Contract Award

.

Commercial Production : July 01, 1991
Project Phase Out :  June 30, 2006
Prodect Life : 15 Years (Effective Production for 14.6 Years)
Construction and : 2 Years
Commissioning

3. Financing Required and Financing Plan on Commercial Production Date

Financing Required -5, MM ' Finanging Plan $, MM
Land/Site Preparation 0.138 Bquity | r 25% 5.380
Erected Plant Cost 17.338 | long Term Loan: 75% 16.140
Pre-Operational Expense 0.367 - Interest 12.0%

Interest during Constructioh 1.764 ‘Short Term Loan/Local = Balanced

~ Interest 20.0%

Fixed Capital Cost - 19.605

Initial Working Capital 1.915 Financing Plan _ 21.520
Financing Regquired 21,520
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Table 2-4-7-2 PROJECT PROFILE AND FINANCIAL ANALYSIS SUMMARY (2/5)

4. Inputs and Pricing (CIF at the Plant on Commercial Production Date)

Inputs

.Unit Per Product Mix L Annual
Unit Cost Consumption _Cost  Consumption Cost
. $/Unit Unit $ Unit $, MM
Raw Material
- Phosphate Concentrate,
Dry o Tan  130.00 0,698 90.754 35,181 4.574
—- Serpentine, Dry Ton 46,23 0.379 17.520 19,103 0.883
- Calcium Hydroxide Ton 32.00 0.010 0.317 504 0.016
- Eleqtrode Ton 3,998 0.005 19.980 252 1.007
- Chemicals/Catalysts/ '
Consumables 5 - - 0,100 - 0.005
- Packaging Bags G.86 20.20 17.380 1.018MM 0.876
- - - (146.05) - {7.361)
Utility and Transpor
- Transport : Ton - w. . . ; -
- Raw Water Ton 0.00 6.250 0.000 0.315MM 0,000
- Fuel 0il Ton 185,61 0.028 5.198 1,411 0.262
~ Blectricity kWh 0.0122 910.000 11.111 45 . 87MM 0.560
: - - - {15.222) - (0.822)
Personnel Man+Year 1,438 - 2.381 83 0.119
Overhead Man*Year x 30% - 0.714 - 0.036
Maintenance Plant Cost x 2.00% - 6.905 - 0.348
Insurance/ Plant Cost x 0.50% - C1.726 - 0.087
Local Tax
Sales Expense/ Annual Sales
Administration x 1.50% - 2.857 - 0.144
- - -~ {14,583) - (0.734)
Total/Average - - - 165.148 - 8.917
5. Outputs and Pricing (FOB at the Plant on Commercial Production Date)}
Qutputs Unit Per Product Mix Annual
. Unit Price Production Price Production Sales
Product Mix $/Unit Unit $ Unit S, MM
- Fused Magnesium _ : : :
Phosphate, Bags Ton  180.00 1.000 180.00 50,400 9.072
- Calcium Fluoride Ton 0.00 (0.015) (0.00) (756} 0.000
Total/Average - 180.00 1.000 180.00 50,400 9.072
Note: Serpentine Price-Dry;

$20.34/Ton - FOB, Mkushi

: 25.89
46,23

~ Transport Cost
- CIF, Rafue
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Table 2-4-7-2 PROJECT PROFILE AND FINANCIAL ANALYSIS SUMMARY (3/5)

6. Operation Schedule

Year {Unit; %)
(32 (01 1 2 3 _4 _5...18
89 850 91 92 93 94 95 2006 Average
- Financing Disbursement 15 70 15
- Production
- Capacity Utilization 35 80 90 100 100 50 1,460
- Inventory Increase 5 5 0 0 0 (=310 0
- Inventory ' 5 10 10 10 10 0 B ¢
- Sales 30 75 90 100 100 60 1,460
- Depreciation/Salvage Value 15 years straight line/Zero salvage
value
~ Debt Service :
Maximum Grace Annual
Loan Type plus Maturity Interest Rate
Year %
- Development/Foreign
- Base Case (Relending) 2.5 + 15.0 12.0
- Low Interest Rate Case 7.5 + 20.0 4.0
- Development/Local 0+ 1 20.0

Corporate Income Tax, %/Tax Holiday, Year 35.0/5.9

i

Minimum Cash Reserve $0.10 MM

Bscalation/Deflator Rate, %/Year "0.0/0.0

7. Financial Analysis by Discounted Cash Flow Method

Constant Price

Before Tax After Tax
' % ' %
= Return on Investment, FIRROI-DCF )
- Base Case ' (-)10.06 (-)10.06
—- Sensitivity Analysis
- Product Price {(+20%) 5.74 5.74
- Raw Material Cost (-20%) 3.71 : 3.71
- Investment Cost (-20%) . (-)7.87 ' {-1)7.87
-~ Utility and Transport Cost (-20%) (-)7.92 (-)7.92
- Cash Flow Debt Service Short Term
Year _ _Ratio Loan, $, MM
1991 0.06 0.00
1993 (~30.19 3.33
1925 (-)0.,73 10.47
1997 {-)}1.63 20.05
1999 (-33.13 33.26
Project Life Averate (-)3.50 114,37-2005
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Table 2-4~7-2 PROJECT PROPILE AND FINANCIAL ANALYSIS BUMMARY (4/5)

8. Sensitivity Analysis

FIRROI-DCF, Constant Price

Sensitivity Analysis

Before Tax After Tax
- Base Case _ (~-)10.06% (-110.06%
~ Product Price (+140% 15.35 13.94
(+)20 5.74 5.74
()0 {~310.06 (~)10.06
(-120 - -
(-)40 _ - ‘ -
- Raw Material Cost  (+)40% - -
' {(+)20 - -
(£)0 (-)10.06 (-)10.06
(~320 3.71 3.70
(-)40 12.44 11.41.
~ Investment Cost {+)40% . (-313.23 (-313.23
(+)20 (-)11.79  (=)11.79
(£)0 {~)10,06 (-)10.06
(~)20 (=) 7.87 (=) 7.87
T (~)40 (-) 4.96 (=) 4.96
= Utility and
Transport Cost {(+)40% (~115.40 {-1315.40
' (+)20 (-)12.51 (-)112.51
(o : {-)10.06 (~310.06
(-)20 {(~) 7.92 (-} 7.92
(~)40 (=) 6.02 (=) 6.02
Notes: _
- Long Term Loan/Bguity, 3% 75/25

non

- Interest Rate; Long/Short Term Loan, % 12.0/20.0
-~ Annual Escalation/Deflator Rate, % = 0.0/0.0
~ Corporate Income Tax Rate, % = 35.0
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Table 2-4-7-2 PROJECT PROFILE AND FINANCIAL AMALYSIS SUMMARY (5/5)

9. Sensitivity Analysis Flgure

Return on Investment
- FIRROI/After Tax/Constant Price/DCF, %/Year

~40 -20 0 +20 +40
20 1 20

—e o mm b et A s lem mu ime e e o eae e

—=—
\

-10 ~10
/ \h\‘;
\ JL‘

-20 . ~20
-40 ~20 - 0 +20 +40
Base Case

Legend: ,
- Product Price Variant from Base Case, %

- Raw Material Cost

~ Investment Cost

Utility and Transport Cost

ROI, Before Tax for Base Case

- Long Term Loan Interest Rate (Base Case: 12%/Year)

— - - Long Term Toan Interest Rate (Low Interest Rate Case: 4%/Year)

i

L O%» v @
4
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Table 2"4“7f3 PROJECT PROFILE AND FIHANCIAL ANALYSIS SUMMARY (1/5)

1. Project
Title ¢ Single Super Phosphate Project
Iocation _ : ¥Xafue, Zambia
Executing Agency + State Owned Corporation
Project Case : Base
Product : Single Super Phosphate, Bulk
Maximam Operable Days : 300 DPY

Rated Capacity {(100%) : 190.68 TPD x 300 DPY = 57,205 TPY
production Start Year : July 01, 1991

Monetary Unit : US$ in terms of current price at the
commercial production start date

2. Schedule

Priéing Estimate : Januvary 01, 1987
Project Approval : July 01, 1988
Contract Award : July 01, 1989
Mechanical Completion : _Maich 31, 1991
Commercial Production : July 01, 1991
Project Phase Out ¢ dJune 30, 2006
Project Life : 15 Years (Effective Production for 14.6 Years)
Construction and : 2 Years
Commissioning

3. Financing Required and Financing Plan on Commercial Production Date

Financing Required $, MM Financing Plan $, MM
Land/Site Preparation 0.098 Equity : 25% 4,949
Frected Plant Cost 14.871 Iong Term Loan: 75% 14.845
Pre-Operational Expense 0.650 -~ Interest 12.0%
Interest.aﬁring Construction 1.544 Short Term Loan/Local  Balanced

- Interest 20.0%

Fixed Capital Cost 17.163
Initial Working Capital 2.631 Financing Plan 19.794
Financinq Required 19.794
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Table 2~-4-7-3 PROJECT PROFILE AND PINANCIAL ANALYSYS SUMMARY (2/5)

4. Inputs and Pricing (CIF at the Plant on Commercial Production Date)

Inputs Unit Per Product Mix Annual
Unit Cost Consumption Cost  Consumption. Cost
$/Unit Unit $ Unit $, MM
Raw Material
~ Phosphate
Concentrate, Dry Ton 130.00 0.615 75.958 35,181 4,574
~ Sulfuric Acid,
100% H,504 Ton 128.64 0.347 44,646 1¢,850 2,554
- Calcium Hydroxide Ton  32.00 0.010 0.315 572 0.018
~ Chemicals/Catalysts/ - .
Conzsumables § - - G.105 - G.006
-~ - - (125.024) - {7.152}
Utility and Transport B ‘
- Raw Water Ton 0.00 5.500 0.000 314,628 0.400
- Fuel 0il Ton 185,61 0.010 1.853 572 - 0.106
- Electricity kwh  0.0122 45,000 0.549 2.575MM  0.0314
- - - (2.402) - (0.1374)
Personnel Man-*Year 1,474 - 1.923 74 6.110
overhead Man-Year x 30% - 0.559 - 0.032
Maintenance Plant Cost x 2.00% - 5,209 - 6.298
Insurance/ Plant Cost x 0.50% - 1.294 - 0.074
Local Tax ‘
Sales Expense/ Annual Sales .
Administration X 1.50% - 2.552 - 0.146
: - - - (11.537) - (0.660)
Total/Average ~ - - 156.339 - 8.9434
5. Outputs and Pricing (FOB at the Plant on Cbmmercial Production Pate)
Outputs Unit Per Product Mix Annual
Unit Price Production Price  Production Sales
Product Mix $/Unit Unit s . Unit S, MM
- Single Super
Phosphate, Bulk Ton 150,00 1.000 1590.00 57,205 8.581
- Calcium Pluoride,
Bulk Ton 0.00 (0.012) (0.00) {687) (9.000)
Total/Average - 150.00 1.000: 150,00 57,205 8.581.
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Table 2-4-7-3 PROJECT PROFILE AND PINANCIAL ANALYSIS SUMMARY (3/5)
6. Operation Schedule '

- _Year (Unit: %)
=12 41 1 2 3 4 5..,16
89 90 91 92 93 94 95 2006 2VSFAge

- Financing Disbursement 15 70 15
-~ Production
- Capacity Utilization 35 80 90 100 100 50 1,460
~ Inventory Increase 5 5 0 0 ¢ (-)10 0
- Inventory 5 10 10 10 10 0 Y
- Sales 30 75 90 100 100 60 1,460
- Depreciation/Salvage Value 15 years straight line/Zero salvaqge
value '
~ Debt Service
Maximum Grace ) Annual
Loan Type . plus Maturity Interest Rate
: Year %
- Development/Foreign
- Base Case (Relending) 2.5 + 15.0 12.0
~ Low Interest Rate Case 7.5 + 20.0 4.0
-~ Development/Local 0+ 1 20.0

1

Corporéte Incoime Tax, %/Tax Holiday, Year 35.0/5.0

Minimum Cash Reserve 50,10 MM

i

Escalation/Deflator Rate, %/Year 0.0/0.0

7. Financial Analysis by Discounted Cash Flow Method

Constant Price

Before Tax After Tax
% %
-~ Return on Investment, FIRROI-DCF ]
~ Base Case {(-)3.52 : (-13.52
- Sensitivity Analysis
- Product Price (+20%) . 9,92 9.33
-~ Raw Material Cost (-20%) 8.32 8.30
-~ Investment Cost (-20%) {~10.91 (-)0,91
-~ Dtility and Transpert Cost (-20%) (-~13.22 (-)3.22
~ Cash Flow Debt Service Short Term
Year ._Ratio Loan, $, MM
T1991 0.18 0.00"
1993 0.09 1.65
1995 (-10.26 6.57
1997 {-)0.89 12.97
1999 (-11.91 21.63
Project Life Averate ({(-}2.18 73.56-2005
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Table 2-4-7-3 PROJECT PROFILE AND FINRNCIAL ANALYSIS SUMMARY (4/5)

#, Sensitivity Analysis

FIRROI-DCF, Constant Price

Sensitivity Analysis R Before Tax After Tax
~ Base Case (~)3.52% (-)3.52%
- Product Price {(+)40% 19.20 _ 17.46

{+)20 ' 9.92 9.33
{(£)0 - {=)3.52 - (-33.52
{(-)20 - -
{~140 - -
- Raw Material Cost {(+)40% - -
(+320 , - -
(£)0 (-)3.52 . (-13.52
(-)20 8.32 8.30
(-)40 16.79 15.29
- Investment Cost (+140% {=)7.23 {(-)7.23
{(+320 (-15.56 (~-)5.56
()0 ‘ {-)3.52 C(-33.82
{-}20 _ {-30.91 (-)0.91
(~140 | 2.66 2,66
- Utility and '
TPransport Cost (+)40% (=)4.13 (-)4.13
(4320 {-13.82 (-)3.82
(+)0 (~)3.52 (-)3.52
{-)20 (-13.22 (=-33.22
(=140 (-)2.93 (-)2.93
Hotes:
~ Long Térm Loan/Equity, % = 75/25
- Interest Rate:; Long/Short Term Loan, % = 12.0/20.0
~ Annual Escalation/Deflator Rate, % = 0.0/0.0
- Corporate Income Tax Rate, % = 35,0
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Table 2-4-7-3 PROJECT PROFILE AND FINANCIAL ANALYSIS SUMMARY (5/5)

9. Sensitivity Analysis Flgure

‘Return on Investment
- FTIRROIL/After Tax/Constant Price/DCF, %/Year

-40 ~20 0 +20 ' 440

20

20

™

12 |-~ -

10

~10
~20 ' : ~20
~40 -20 ] +20 +40
Base Case
Legend: _ : _
¢ - Product Price Yariant from Base Case, %
# ~ Raw Material Cost
s - Investment Cost
% - Utility and Transport Cost
(O - ROI, Before Tax for Base Case

H

Long Term Loan Interest Rate (Base Case: 12%/Year)
~~= —— -~ Long Term Loan Interest Rate (Low Interest Rate Case: 4% /Year)
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Table 2~4-7-4 PROJECT PROFILE AND FINANCIAL AWALYSIS SUMMARY (1/5)

1. Project

Title

Location

Executing Agency .
Proiject Case

Product

Maximum Operable Days
Rated Capacity (100%)
Production Start Year

Monetary Unit

2. Schedule
Pricing Estimate
Project Bpproval

Contract award

Mechanical Completion

Commercial Production
Project Phase Qut
Project Life

Construction and
Commissioning

.-

Phosphate Mining and Concentrate Project and
Fused Magnesium Phosphate Project

Chilembwe and Kafue, Zambia
State Owned Corporation

Base

Fused Magnesium Phosphate, Bags
300 DPY

168.0 TPD x 300 DPY = 50,400 TPY
July 01, 1991

US$ in terms of current price at the
commercial production start date

January 01, 1987

July 01, 1988

July 01, 1989

March 31, 1991

July 01, 1991

June 30, 2006

15 Years. (Effective Production for 14.6 Years)

2 Years

3. Financing Reguired and Financing Plan on Cormmercial Production Date

$, MM Financing Plan $, MM

Financing Required
Land/Site Preparation 0.325 Equity :  25% 9.021
Erected Plant Cost 29.438 Long Term Loan: 75% 27.063
Pre~-Operational Expense 0.659 - Interest 12.0% |
Interest during Construction 3.008 Shori Term Loan/Locai Balanced

~ Interest 20.0%

Fixed Capital Cost
Initial Working Capital

33.430

2.654 Financing Plan 36.084

Financing Reguired

36.084
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Table 2-4-7-4

PROJECT PROFILE AND PINANCIAL ANALYSTS SUMMARY (2/5)

4. Inputs and Pricing (CIF at the Plant on Commercial Production Date)

Inputs - T__ggggﬁ___ Per Product Mix Annual
_Unit  Cost  Consumption Cost  Consumption  Cost
$/Unit .Unit $ Unit §, MM
Raw Material
- Raw Ore: Dry Ton 04.00 2.063 0.000 104,000 0.000
- Berpentine, Dry Ton 46,23 0.379 17.520 19,103 0.883
~ Calcium Hydroxide Ton 3z.00 0.010 0.317 504 0.016
- Electrode Ton  3,998.00 6.005 19.980 252 1.007
- Chemicals/Catalysts/
Consumables -8 - - 15,000 - 0.756
-~ Packaging Bags 0.86 20.20 17.381 1.018MM  0.876
- - - (70.198) - (3.538)
Utility and Tfanspo;t . . .
- Transport § 73.480 0.698 51.310 35,181 2.586
- Raw Water Ton 0,000 12.440 0.000 0.627MM  (.000
- Fuel/Diesel 0il kl/Ton 231.420 6.033 7.508 1,658 0,328
~ Electricity kWh 0.01266 975.952 12.355 49.188MM  0.623
- - - (70.179) - (3.537)
Personnel Man-Year - 1,57% - 6.269 200 0.315
Overhead Man-Year x 30% - 1.885 - 0.095
Maintenance Plant Cost x 2.00% - 11.7086 - 0.590
Insurance/ Plant Cost x 0.50% - 2.936 L - 0.148
Local Tax :
Sales Expense/ Annual Sales
Administration ¥ 2.22% - 4,841 -~ 0,213
- - - (27,0041 - (1.361)
Total/Average - - - 167.381 - 8.43¢
5. Outputs and Pricing (FOB at the Plant on Commercial Production Date)
Outbuts Unit Per Product Mix Annual
Unit Price Production Price  Production  Sales
Product Mix $/Unit Unit $ Unit $, MM
~ Fused Magnesium :
Phosphate, Bags Ton 180,00 1.000 180,00 50,400 9.072
=~ Calcium Pluoride Ton 0.00 (0.015) 0.00 (756) (0.000)
Total/Average - 180.00 1.000., 180.00 50,400 9.072
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Table 2-4-7-4 PROJECT PROFILE AND PINANCIAL ANALYSYS SUMMARY (3/5)

6. Operation Schedule
‘ L Year (Unit: %)
£-22 (-3 2 2 3 4 5 ..,16
B9 90 9l 92 93 94 95 2006 Average

~ Financing Disbursement 15 70 15
- Production
- Capacity Utilization 35 80 90 100 166 50 1,460
~ Inventory Increase 5. 5 0 0 0 (=110 0
~ Inventory _ 5 10 10 10 10 0 0
- Sales ' 30 75 90 100 100 60 1,460
- Depreciation/Salvage Value 1% years straight line/Zero salvage
value
- Debt Service :
. Maximom Grace Annual
e Loan Type plus Maturity Interest Rate
Year %
- Development /Foreign
-~ Base Case {(Relending) 2.5 + 15.0 12.0
~ Low. Interest Rate Case 7.5 + 20.0 5.0

- Development/Local 0+ 1 20.0

- Corporate Income Tax, %/Tax Holiday, Year 35.0/5.0

Minimum Cash Reserve $0.10 MM

i

Escalation/Deflator Rate, %/Year 0.0/0.0

7. Financial Analysis by Discounted Cash Flow Method

Constant Price

Before Tax After Tax
% %
= Return on Investment, FIRROI-DCF
- Base Case _ (-)8.00 (-)8.00
—- Sensitivity Analysis .
- Product Price (+20%) 2.00 2.00
- Raw Material Cost (-20%) {(-)3.36 . : (~13.36
- Investment Cost {-20%) (~15.58 {-15.58
- Utility and Transport Cost (-20%) <{-}3.30 (-13.30
— Cash Flow Debt Service Short Term
.Jear —_Ratio Loan, $, MM
1991 0.10 T0.00
1993 (-10.12 5.16
1995 (~)0.%9 16.28
1897 (-31.42 31.08
1999 {—)z2.78 : 51.39

Project Life Averate (-)3.12 175.45-2005
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Table 2-4-7-4 PROJECT PROFILE AND FINANCIAL ANALYSIS SUMMARY (4/5)

8. Sensitivity Analysig

FIRROI-DCF, Constant Price

Sensitivity Analysis

_Before Tax ~ _BAfter Tax

— Base Case (=) 8.00% (-) 8.00%

- Product Price {(+)40% 8.80 8.72
(+)20 2.00 2.00
(1o (~) 8.00 (-) 8.00
()20 - -
(~)40 ' - -

~ Raw Material Cost (+)40% - -
(+)20 (-)14.51 {-)14.51
()0 (~) 8.00 {-) 8.00
(-120 (-} 3.36 (~) 3.36
(-)40 0.36 - 0.36

- Investment Cost (+)40% S {-)11.45 (-)11.45
(+)20 (-) 9.90 {-) 9.90
(£)0 {~) 8.00 (=) 8.00
(-)20 () 5.58 (~) 5.58.
()40 (~) 2.29 (~) 2.29

- Utility and '

Transport Cost {+)40% ' - -

(+320 - (~)14.62 {-)14.62
{£)0 (~) 8.00 (-) 8.00
(~)20 C (=) 3.30 {-) 3.30
{-)40 0.45 0.45

Notes:

- Long Term Loan/Equity, % 75/25

o

- Interest Rate; Long/Short Term Loan, % 12.0/20.0
- Annual Escalation/Deflator Rate, % = 0.6/0.0
- Corporate Income Tax Rate, % = 35.0
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Table 2-4-7-4

Sensitivity Analysis Yiqure

Return on Investment
- FIRROY/After Tax/Constant Price/DCF, %/Year

PROJECT PROFILE AND FINANCIAL AMNALYSYS SUMMARY (5/5)

-40 ~20 0 +20 +40
20 20
12 f= e = o e = el el e 12
10 10
A
L e T T Bt e — 4

=20 -20
=40 ~-20 0 +290 +40 -
Base (ase
Legend:
& ~ Product Price Variant from Basa Case, %
B - Raw Material Cost
4 -~ Investment Cost
"k - Utility and Transport Cost

O - ROI, Before Tax for Base Case

— — — - Long Term Loan Interest Rate (Base Case: 12%/Year)

— —— - Long Term Loan Interest Rate (Low Interest Rate Case: 4%/Year)
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Table 2-4-7-5 PROJECT PROFILE AND PINANCIAL ANALYSIS SUMMARY (1/5)

1. Project
Title : P?osphate Mining and Concentrate éroject and
Single Super Phosphate Project
Location 3 Chiiembwe and Kafue, Zambia
Executing Agency :  State Owned Corporation
Project Case : Base
Product 3 Sihgle Super Phosphate, Bulk

Maximum Operable Days : 300 DpY

-

Rated Capacity (100%) : 190.68 TPD x 300 DPY = 57,205 TPY

Production Start Year

July 01, 1991
Monetary Unit

-

US$ in terms of current price at the
commercial production start date

2. Schedule

Pricing Estimate 1 January 01, 1987
Project Approval : July 01, 1988
Contract Award © July 01, 1989

Mechanical Completion : March 31, 1991
Commercial Production : July 01, 1991

Proiject Phase Out June 30, 2006

.

Project Life : 15 Years (Bffective Production for 14.6 Years)
Construction and : 2 Years
Commissioning

3, Financing Required and Financing Plan on Commercial Production Date

Financing Required _$,.MM ___Financing Plan &, MM
Land/Site Preparation 0.287 Equity : T 25% 85590
Erected Plant Cost 26,971 TLong Term Loan: 75% 25.768
Pre~Qperational Expense 0.942 - Interest 12.0%
Interest.during Construction 2.788 Short Term Loan/Local Balanced

~ Interest 20.0%

Fixed Capital Cost - 30.988 o
Initial Working Capital 3.370 Financing Plan 34,358
Financing Required 34.358
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Table 2-4-7-5

PROJECT PROFILE AND FINANCIAL ANALYSIS SUMMARY (2/5)

4. Inputs and Pricing (CIF at the Plant on Commercial Production Date)

Inputs gnit' Per Product Mix Annual
_Unit _Cost Consumption Cost -~ Consumption _Cost
$/Unit Unit 1 Unit $, MM
Raw Material '
- Raw Ore Ton 0.00 1.818 0.000 104,000 0.000
- Sulfuric Acid Ton 128.64 0.347 44.646 19,8590 2.554
- Calcium Hydroxide Ton 31.83 0.010 0.315 572 0.018
~ Chemicals/Catalysts/
Consumables $ - - 13.233 - 0.757
- - - (58.1942 - (3.329)
Utility and Transport
- Transport ’ $ 73.50 0.615 45.206 35,181 2.586
- Raw Water Ton 0.00 10.955 6.600 626,703 0.000
~ Funel/Diesel 0il kl/Ton 210.78 0.0143 3.007 816 0.172
- Electriecity kWh 0.0160 103.015 L.645 5.893MM  0.0941
- - - {49.856) - (2.852)
Personnel Man-Year 1,597 - 5.332 191 0.1205%
Overhead Man+Year x 30% - 1.608 - 0.092
Maintenance Plant Cost x 2.00% - 9.457 - 0.541
Insurance/ Plant Cost x 0.50% - 2.360 - 0.135
Local Tax
Sales Expense/ annual Sales
Administration x 2.21% - 3.758 - . 0.,215
- - - (22.516) - (1.288)}
- fotal/Average - - - 147.942 -~ 8.463

5, Dutputs and Pricing (FOB at the Plant on Commercial Production Date)

Per Product Mix

Outputs Unit Annual
' Unit Price Production Price Production Sales

Product Mix $/Unit Unit s Unit S, MM -
- Single Super

Phosphate, Bulk Ton 150.00 1.000 150.00 57,205 8.581
~ Calcium Fluoride, '
__Bulk Ton 0.00 (0.012)  (0.00) (687} (0.000)
Total/Average - 150.00 1.000 156G.00 8,581
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Table 2~4-T7-5 PROJECT PROFILE AND FINANCIAL ANALYSIS SUMMARY {3/5)

6. Operation Schedule

R Year e (Unit: %)
{=)2 (=11 2 3 4 5...16
89 90 91 92 93 94 95 2006 Average
-~ Financing Dishursement 15 70 15
- Productipn
- Capacity Utilization 35 80 90 100 100 50 1,460
- Inventory Increase 5 g 0 0 0 (=~)10 0
- Inventory 5 10 10 10 1o 0 0
— Sales 30 75 90 100 100 " 60 1,460
- Depreciation/Salvage Value 15 years straight line/Zero salvage
i value
- Debt Service
' Maximum Grace Annual
Loan Type plus Maturity Interest Rate
Year %
- Development/Fofeign
~ Base Case (Relending) 2.5 + 15.0 12.0
- Low Interest Rate Case 7.5 + 20.0 4.0
~ Development/Local 0+ 1 20.0
- Corporate Income Tax, %/Tax Holiday, Year  35.0/5.0
- Minimum Cash Reserve $0.10 MM
- Bgcalation/Deflator Rate, $/Year 0.0/0.0
7. Financial Analysis by Discounted Cash Flow Method
Constant Price
Before Tax After Tax
% 3
- Return on Investment, FIRROI-DCF
- Base Case _ {(-)3.84 (-~13.84
~ Sensitivity Analysis
- Product Price (+20%) 4.76 4.76
- Raw Material Cost (-20%) 0.01 0.01
- Investment Cost (-20%) (=)1.14 (-)1.14
- Utility and PTransport Cost (-20%) (-)0.50 {-~10.50

- Cash Flow

_Year
1991
1993
1295
1997
1999

Project Life Averate
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Debt Service

0.06
(-10.29
(-)0.94
(-11.99
(-12.27

Short Term
Loan, $, MM
0.00
3.41
12.16
23.54
38.99
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Table 2-4~7-5 PROJECT PROPILE AND FINANCIAL ANALYSIS SUMMARY (4/5)

8. Sensitivity Analysis

FIRROI-DCF, Constant Price

Sensitivity Analysig Before Tax After Tax
- Base Case (-) 3.84% (~) 3.84%
- product Price (+340% _ 11.10 10.27

(+)20 | 4.76 4.76
()0 (-) 3.84 {-) 3.84
{(-1)20 (=122.00 {-)22.00
{~340 . LT -
- Raw Material Cost (+140% {~}15.72 (-115.72
(+120 ' (-) 8.70 (-) 8.70
(+)0 (-) 3.84 (-} 3.84
{(-)20 0.01 0.01
(-140 | 3.26 3.26
- ‘Investment Cost (+)40% (=) 7.64 {~) 7.64
{+)20 ' (-} 5,93 (-} 5.93
(£)0 (-) 3.84 (- 3.84
(-120 (~) 1.14 {(~) 1.14
(-)40 2.58 , 2.58
- Utility and '
Transport Cost (+)40% (-113.36 {-113.36
{(+)20 (-) 7.91 (=) 7.91
(430 (=) 3.84 (-) 3.84
(=120 {-) 0.50 (=) 0.50
{-)40 2.38 2.38
Notes:

~- Long Term Loan/Equity,.% = T15/25

- Interest Rate; Long/Short Term Loan, % = 12.0/20.0

- Annual Escalation/Deflator Rate, % = 0.0/0.0

~ Corporate Income Tax Rate, % = 35.0
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Table 2~4-7-5 PROJECT PROFILE AND PINANCIAYL AWALYSYS SUMMARY (5/5)

9. - Sensitivity Analysis Figure

Return on Invegtmant
~ FIRROI/After Tax/Constant Price/DCF, %/Year

- =40 =20 0 +20 +40
20 20
I e e e T T T T SV e T
10

/"g
|
z
|
!
|
|
|
z
|
a

\5
1
!
!

~-10

. / : ~20
~40 -20 0 +20 +40
é Base Case

@ - Product Price Variant from Base Case, %
¥ — Raw Material Cost
& - Investment Cost
% - Utility and Transport Cost
Q -~ ROX, Before Tax for Base Case
~ ~ ~ ~ Long Term Loan Interest Rate (Base Case: 12%/Year)
—- —— - Long Term Loan Interest Rate (Low Interest Rate Case: 4%/Year)
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Table 2-4-8 CONVERSION FACTORS FOR ECONOMIC AWNALYSIS OF PROJECT IN ZAMBIA

Tradeable Items

-

Non-Tradeable Items

International prices to prevail during the economic
1ife of the project {15 years}) with no salvage value

.at the end.

Conversion Factor
Fertilizer Industry
Restructuring Project,

Beconomic Bva- :
This Study

The World Bank luation Unit,
Feb 4, 1986 INDECO, 1986 JICA, 1987
Standard Conversion Factor 0.96 - ' -
Exchange Rate - 0.80 1,00
Land - 1.00 1.00
Site Preparation - 0.81 1.00
Foreign _Local
Equipment and Materials - 0.91 0,95 0.80
Field Expenses - 0.80 0.95 0.80
Engineering Services - 0.80 0.95 0.80
. Tmported Material/Services - 0.80 0.95 -
Transport 0.76 : - - 0.76
Raw Materials 0.86 - 1.00 06.80
Intermediate Goods 0.95% - 1.00 0.80
Electricity 0.97* 0.85 0.87%%
Fuel - 0.85 - 1.00
Raw Water - - 0.90 - 0.80
TLabor .
-~ gkilled g.85 0.95 - 0.85
- Semiskilled 0.67 0,67 - -
- Unskilled - 0.54 0.52 - 0.54
3. Cut-Off Rate, 3%
~ Financial Analysis 12.00 12.00 12.00
- Economic Analysis 12.00 18.00 12.00
4. -Exchange Rate, ZK/US$ 2.1-1984 - 8.00—1937
3,1-1985 - -
6.0-1986+ - 8.00~1991
5. Inflation Rate, %/Year**#* 7.2-1986 - -
6.8-1987 - 3.00-1987
6.8-1988 - -
7.0-1989 - -
7.1-1990 - -
4.0-1991+ - 3.00~1991
* Up to year 1996, the economic cost of electricity is opportunity cost
of exporting to Zimbabwe as surplus, and after 1996 it is taken 30%
higher than the financial cost.
**  pariff without sales tax is applied in due consideration of long run marglnal
cost and export prlce of electricity.
kK

Assuming the dlfference between domestic and 1nternat10nal inflation rates will
be reflected in the foreign exchange rate.
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Figure 2-1-1 - FLOW OF PERTILIZER DISTRIBUTION
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Figure 2-1-2

CLASSIFICATION OF AREA IN VIZW
OF USE OF FMP AND LIME
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Plgures 2--3-1

INTEGRATION OF PHOSPHATE HINIR
PROJECTS 1IN ZAMBLIA
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ANNEX 1

SCOPE OF WORK FOR THE FEASIBILITY STUDY
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1.

Introduction

In response to the request of the Goﬁernment of the Repubiic of Zambia, Chersinafter referred
to as "Zambia") the Government of Japan has decided to conduct a feasibility study oﬁ the
establishmént of a fused magnesium phosphate fertilizer plant in the Republic of Zambia
(hereinafter referred to as "the Study™) in accordance with the laws and regulations in force
in Japan.

The Japan International Cooperation Agency (hereinafter referred to as "JICA™), the nfficial
agency responsible for the implementation of the technical cooperation programs of the
Government of Japan, w#ill undertaké the Study, in Elose caoperation with authorities
concerned  of the Government of Iambia.

The present document sets force the scope of work with regard to the Study.
The Qbjective of the Study

The objective of the Study is to investigate the technical and economic feasibility of the
establishment of a fused magnesium phosphate fertilizer plant in Zambia with utilization of

phosphate rock in Chilembwe and dolomite in Lusaka.
Scope of the Study

In order to achieve the above objectives, the Study will cover the following.items:
1. Literature survey on the b%ckground of the Project
i~} To review worldwide supply & demand and price movement of fertilizers
1-2 To review present situation of and policy on agricultdre in Zambia
1-3 To review present situation of and policy on fertilizer in Zambia
(i) Fertilizer industry

(2) Suppiy and demand of fertilizers

(/\ ) A G



(3) Trend of consumption of fertilizers

1-4 To review the Pre-feasibility Study Report for the Phosphate Development Praject

provided by JICA in 1985

. Study on the fertilizer parket and its distribution systen in Zambia

2-1 To review present and past supply and consumption of fertilizers

2-2 To investigate present and past prices of fertilizers

2-3 To review the cost and channel of transportation of fertilizers

2-4 To predict potential supply and demand of fertilizers in Zambia for coming ten years
2-3 To analyze present marketing and distribution system and to propose an appropriate

marketing and distribution system for the Project

. Study om the availability of utilities and raw waterials for the Project
3-1 Electric power

3-2 Industrial water

3-3 Phosphate rock

3-4 Dolomite

3-5 Others

. Study on the project site
4-1 To investigate the natural conditions of the site and its surrounding area
{1) Meteorology
{Z) Geology and topography
4-2 To investigate the socio-sconomic conditions
(1) Regional population, labour force and wages, etc,
(2) Existing regional indusiries
(3) Regional deveiopment plan

4-3 To investigate utitities and infrastructure

3' s



(1) Electric power
(2) Industrial Water
(3) Transportation (road and rgilway) and comﬁunicatgoﬁ
4-4 To select the plant site based on the raw materials, utilitées, infrastructure, and

on ithe distribution of products

3. Preparation of the basic plan and the cencéptional design of a fertilizer plant

=1 To deitrmine the optimum production scale

§-1 To determine condition fér the design of the proposed fertilizer:piént

5-2 To prepare concébtional design

5-3 To propose transportation plan of equipment and maferials for plant construction
3-4 To prepare implementation program of plant éanstructian-

5-5 To propose organizatjon and manpower plan for piént constructién

5-6 To prepare operafion program on the coumercial bssis

5-7 To propose operation and management organization

§. Estimation of construction cost of the proposed fertilizer plant
f-1 To estimate construction cost of the process plants

8-2 To estimate construction cost of the utility and off-site facilities

7. Financial analysis
1-1 Capital requirements
(1) Fixed capital
(2) Working capital
(3) Investment schedule
7-2 Procprement of capifal
7-1 Production cost

¥-4 Projected balance sheet

4 &




T~5 Projected fﬁcomc stateﬁent
7-6 To estimate financial internal rate of return
" 1-1 To estimﬁte degree of sensitivity to thé following variables:
(1)'[nve§tment cost |
{2) Price of raw materials
(3) Selling price

(4) Interest rate
8. Economic and social evaluation

8. Gonclusion and recommendations




¥, Steps and Schedule of the Study

1. Steps
Step 1: Preparatory work in Japan
Step 2@ Field work in Tambia
Step 3: Home office work in Japan

Step 4: Presentatien of and discussion on the Draft Final Report

2. Scheduie

‘Schedule of the Study is shown in Annex .
V. Reports

JICA shall prepare and submit the following reports written in Emglish to “the Government of

Zambia within the time periods indicated below:
1. Progress Report at the end of the Step 2: 10 copies

2. braft Final Report and its summary within §.5 (six and a helf)

nmonths after the commmencement of the Step 2: © 15 copies

3. Final Report and its summary within 2.5 (two and a half) months

after the receipt of comments on the Draft Final Report from the

Government of Zambia: 30 copies




¥1.  Undertaking of the Government of Zambia

1. To facilitate the smooth Emp!ementaﬁion of the Study, the Government of Zambia shall take

fecessary EIETHSUI'ES:

1-1 To secure the safety of the Japanese study team (hereinafter veferred to as "the Tean™)

1-2 To permif the members of the Team fo enter, leave and sojourn in Zambia for the duration
of their assignment therein, and exempt them from alien registration requirements

1-3 To exempt the members of the Team from taxes, duties and other charges on equipment,
eachinery and otber materials brought into Zambia for the implementation of the Study

i~4 To exempt ihe mémhers of.the Tean from income taxes anq other charges of any kinds
imposed on or_in connection with any emoluments or ailoéanc;s paid to the members of the
Team for their services in comnection with the inplementation of the Study

.L~5 To provide the necessary facilities to the Tean for the remittance as well as
stilizations of fund introduced in Zambia from Japén in connection with the
implementation of the Study

1-6 To provide medicai services as needed and its expenses will be chargeable on the members
of the Team

1-7 To secure permiséian for entry into private properties or restricied areas for the
conduct of the Study

-8 Té secure permission to take all data and documents reiated to the Study(including

photographs) out of Tambia to Japan by the Tean

2. The Government of lambia shall bear claims, if any arises against the members of the Team
vesulting from. occurring in ‘the course of, or otherwise connected with the discharge of
their duties in the impiementation of the Study, except when such claims arise from gross

negligente or willful nisconduct on the part of the Japanese members of the Team.

7. TNDECO LTD. shall act as counterpart agency to the Team and also as coordinating body in

//_r’?n.
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relation with other governmental and non-governmental organizations concerned for the smcoth

implementation of the Study.

4. INDECO 1.TD. shall, at its own expense, provide the Team with the following, in cooperation
with other relevant organization:
4-1 Availabie data and information related to the Study
4-2 Counterpart personnel
4-3 Suitable office space with necessary -equipuent

4-4 Identification cards
V11, Undertaking of JICA
For the implementation of the Study, JICA shall take the foliowing.measures:
1. To dispatch. at its own expense, the Team io Zambia
2. To pursue technology transfer to 7ambian counterpart personnel in the course of the Study

Vill.Consultation

JICA and INDECG LTD. shall comsult with each other in respect of any matter that may arise in

the interpretation of implementation of the present arrangement.
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