Table 9. Scheduie foi‘ Mining the First Six Blocks (1/3)

Block Material Unit Years afier operafion
1 2 3 4 5 6 7 8 9 10
B3 Overburden BOM million 0914 0914| 0914| 0914 0914 0914| 0914] 0914 0914 0914
Coal CC t million 2053 2053 2053 2053| 2053| 2053} 2053| 2.053| 2053 2.053
Total ROM t million /2.053 2053 | 2053 | 2053} 2.053] 2.053| 2053 | 2.053| 2053| 2.053
B2N [ Overburden BOM million [.382| 1382 1.382( 1.382| 1382| 1.382| 3.107| 3.167| 3.107
Coual CC t million 1580 1980, 1980 1980} 1980 1.980| I1.980| 1980| 1980
Total ROM t millicn 1.980{ 1980} 1.980) 1980; 1980) 1980( 2.053| 1980 | 1.980
B&C | Overburden BOM nillion 0799 0.799} 0799 0.799} 0799 | 0.799| 0.799| (1.B&8
Coal waste* BOM million 0044 | 0044]| 0044 ( 0044 0044 0044 0044} 0.0
interburden BOM million 0782 0782 0.782| 0.782( 0.782; 0782 0.782 0.782
Total waste BOM million 1625 1.625| 1.625( 1.625| 1.625] 1.625} 1.625{ 1.625
Coal OG t miilion 0,004 0004 0,004 0.004( 0.004] 0.004] 0004 ( 0.004
Coal CB t million 0395 03951 0.395) 0.395| 0395| 0.395| 0.395| 0395
Coal CC t million 1582} 1582 1582| 1.582| 1582 1582 1.582( 1.582
Total ROM t million 1980 | 1980| 1.980| 1.980| 1980| 1980 | 1980 1.980
B2C | Owverburden BOM million 1.367
Ceel CC t million 1.980
Total ROM t million 1.980
B4E | Owverburden BOM million
Coal waste* BOM million
Interburden BOM million
Total waste BOM miflion
Coal CG t miflion
Coel CB t million
Coal CC t million
Total ROM t million
BAW | Overburden BOM million
Coal waste® BOM million
Interburden BOM million
Total waste BOM million
Coal CG t million
Coal CB t million
Coal CC t million
Total ROM t million
Totals | ROM Coal t million 4033 4033 6013 6013 6013 6013 6013 6013 6013 6013
Burden BOM million 2296 2296 3921 3921 3921 3921 5646 5646 5646 3906
Strip ratio BOM! 0.569 0569 0.652 0.652 0.652 0.652 0939 0939 0939 0649
Price TOC Uss 1200 1200 1200 1100 1100 1100 1100 1100 1300 1200
Traasport C Uss 1800 1800 1800 1500 1500 1500 1500 1500 1500 1500
‘| Price FOB Uss 33.00 3300 3300 3300 3300 33.00 3300 33.00 3300 3300
Depreciation US$ million 250 250 250 250 250 250 250 250 250 250
Income USS$ million 960 960 1554 3959 3959 3959 3959 3959 3959 33.58
Royalty 3% 0.29 0298 047 1.19 1.19 119 119 119 1.19 1.01
Taz (20%, 40%) 20% (10years), 40% 192 192 311 792 792 7192 792 719 792 672
Total profit after tax ~ USS$ million 73% 931 1507 3841 3841 3841 3841 3841 3841 3257
Total of capital costs  US$ million 51 375 375 335 3315 375 15 315 375 315 3705
Cash-flow USS$ million 75| 614 806 1382 376 3716 3716 3716 3716 3116 3132
Capital costs US%$75 million
Notes: Project net present value (10%) / Project IRR (28%) / Coal waste from other coal does not seem to be

exploited at this stage of the study. / Railroad transportation capacity max. 1.50 million tons for the first
three years + truck charge.
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Table 9. Schedule for Mining the First Six Blocks (2/3)

Block Material Uait Years after operation
1 12 13 14 15 16 17 18 19 20

B3 | Overburden BOM million
Coal CC t million
Total ROM t million

B2ZN | Overburden BOM million
Ceal CC t million
Total ROM t million

B6C | Overburden BOM miltion 0.888| 0.888] 0983] 0983] 0983 0.983] 0983} 0.983] 0.983] 0983
Coal waste* BOM million 0044 0.044| 0.132| 0.132| 0132 0.132] 0132 0.132| 0.132] 0.132
Interburden BOM million 0782| 0782| 2.205] 2.205| 2.295| 2.295¢ 2295 2205 2295| 2.295
Total waste BOM million 1.625| 1.625| 3312 3.312| 3.312| 3312] 3312| 3312| 3312| 3312
Coal OG t million 0.004| 0.004| 0.168| 0.168| 0.168| 0.168| 0.168| 0.168| 0.168| 0.168
Caal CB t million 0.395| 0395| 0.567| 0.567] 0.567| 0.567| 0.567 | 0567 0.567| 0.567
Coal CC t million 1.582| 1582 1244| 1244 1244| 1244 1.244| 1.244] 1244] 1244
Total ROM t million 1.9801 1980 | 1.980| 1.980] 1.9%0| 1980| 1.980| 1980| 1.9%0 1.980

B2C |Overburden BOM million 1367 1367¢ 1367| 3.545| 3.545! 3.545] 3.545| 3.545| 6.000] 6.000
Coal CC t paillion 19%0| 1980| 1980} 1980| 1980} 1980| 1980 | 1.980| 1.980] 1.980
Total ROM t million 1980| 19801 1980: 1.980| 1.980| 1980} 1.980{ 1.980| 1.980{ 1.980

B4E | Overburden BOM million 1191 1191 1191 1209 1.209| 1.200{ 1.208( 0.000| 0.000] 0.000
Coal waste* BOM million 0002 G00Z| 0.002| 0248! 0248 | 0.248| 0.248 | 0.000| 0.000{ 0.000
Interburden BOM million 0.588 0.588| 0.58%| 2.187| 2.187| 2187| 2.187 | 0.000| 0.000| 0.000
Tota] waste BOM million 1781 781 L781| 3.644| 3.644| 3644 3.644( 0.000| 0.000{ 0.000
Coal CG t miltion 0.000 0000| 0.000| 0.001| 0.001] 0.001( 0.001| 0.000| 0.000] 0.000
Coal CB t million 0310 0310 0310| 059t | 0.591| 0591 0.591| 0.000| 0.000( 0.000
Coal CC t poillion 1744 1744| 1744 1.460| 1460| 14607 1460 0.000) 0.000| 0.000
Total ROM t million 2053 2053 20531 2.053| 20531 2053 | 2053] 0.000] 0.000| 0.000

B4W | Overburden BOM miltion 0721| 0721| 0721
Coal wastc® BOM million 0021 | 0.021] 0021
Interbarden BOM million 1382] 1382| 1382
Total waste BOM miillion 2.123| 2123| 2123
Coel CG t miltion 0.000| 0.000] 0.000
Coal CB t million 0.575| 0.575| 0.575
Caal CC t million 1478 1.478| 1.478
Total ROM 1 milfion 2054 | 2.054| 2054

Totals | ROM Coa! t million 6017 6013 6013 6013 6013 6013 6013 6013 6013 6013

10.50 10.50 10.50 10.50

Burden BOM million 4773 4713 646D 1 ] 1 1 8980 11436 11436
Strip ratio BEOM/ 0794 0794 1074 L746 1746 1746 1746 1494 1902 1902
Price TOC Uss 1200 1100 1160 1100 1100 1100 (100 1200 1100 11.00
Transport C uss 1500 1500 1500 1500 31500 1500 1500 1500 1500 1500
Price FOB Us$ 33.00 3300 3300 3300 3300 3300 3300 3300 3300 33.00
Depreciation USS$ miltion 000 000 000 000 000 000 000 000 000 000
Iocome US$ million 3608 4209 4209 4209 4200 4209 4200 3608 4209 4209
Royalty 3% 108 126 126 126 126 126 126 108 126 126
Tax (20%, 40%)  20% (10years), 40% 1443 1684 1684 1684 1634 1684 1684 1443 1684 1684
Total profit after tax  US$ million 2057 2399 2390 2300 2399 2399 2399 2056 23.99 2399
Total of capital costs  US$ million 75| 375 375 375 335 375 375 3375 375 375 375
Cash-flow US$ million 75| 1682 2024 2024 2024 2024 2024 2024 1681 2024 2024
Cagpital costs US$?S million

Notes: Project net present value (10%) / Project IRR (28%) / Coal waste from other coal does not seem to be
exploited at this stage of the study. / Railroad transportation capacity max. 1.50 million tons for the first
three years + truck charge,
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Table 9.

Schedule for Mining the First Six Blocks (3/3)

Bleck Material Unit -
21 22 23 24 25 Total
B3 Overburden BOM million 9.136
Coal CC t miilion 20,532
Totat ROM t mallion 20,532
B2N (Overburden BOM million 17.615
Coal CC t million 17,819
Total ROM ¢ million 17.893
B6C 1Overburden BOM million 0983| 09835 0983 0983( 0983 21.036
Coal waste* BOM million 0.132 0.132| 0132 0132: 0132 2160
Interburden BOM million 2295 2295 2295 22951 2.295| 37.660
Total waste BOM million 3312} 3312 3312) 3312 33121 59312
Coal GG t million 0.168} O0.168| 0168} 0.168| 0.168] 2225
Coal CB t mitlion 0567 0567 0567 0567 0567 11322
Coal CC t million 1244 1.244] 1244 1244 1.244| 31997
Total ROM t million 1.980 1980| 1.980 1.980 1.980 | 45544
B2C (Overburden BOM million 6000 6000 0000: 0.000] 0.000{ 47.192
Coal CC t million 1980 1980 ( 00000 0000| 0000} 25739
Total ROM t million 1.98¢) 198G; 0.000] 0000 0000| 25739
B4E | Overburden BOM million 0000 0000: 0000 0000 0000 B409
Coal waste* BOM million 0000 0000; G000 0000 0000 0999
Interburden BOM nillion 0000 0000| 0000 0000] 0000 10512
Total waste BOM million 0.000;: 0000 0000 0000} 0000| 19920
Coual CG t million 0000] 0000 0000 0000| 00005 0.006
Coal CB t million 0006 0000 0GO000| 0000 0000 329
Coal CC t million 0000 0000 9000 0000 0000 11073
Total ROM t million 0000 000G 0000| 0000f 0000 14373
B4W | Overburden BOM nxilion 0721 0721 1930 1930 1930 9395
Coal wasgte* BOM miliion 0021 0.021; 0408] 0408 0408] 1328
Interburden BOM million 1382 1382 5710 5710 5710] 24.037
Total waste BOM million 2.123; 2123 8.048| 8.048| B8.048| 34759
Coal CG 1 million 0000] 0000 0393 0393, 0393 L179
Coal CB t million 0.575| 0575 1.060 1.060 1080} 6,056
Coal CC t million 1478 1478 2.654| 2654 26541 15354
Total ROM { million 2054 2054 4107 4107 4.107( 22588
Totals | ROM Coal t million 6013 6013 6086 6086  6.086(146.587
Burden BOM million 11436 11436 11360 11360 11.360]187.935
Strip ratio BOMI 1.902 1.902 1.867 1.867 1.867 1.282
Price TOC Uss 11.00 11.00 11.00 11,00 1100 11.24
Transport C Uss 15.00 1500 15.00 15.00 15.00 15.36
Price FOB Uss 3300 3300 3300 3300 3300f 3300
Depreciation US$ million 0.00 0.00 0.00 0.00 0.00| 2500
Income US$ million 4209 4209 42060 42060 4260 92675
Royalty 3% 126 126 128 128  128] 9.18
Tax (20%, 40%) 20% (10vyears), 40% 16.84 1684 1704 17.04 1704 24835
Total profit after tax  US$ million 2399 2399 2428 2428 2428| 64868
Total of capital costs US$ million 75 375 375 375 335 375 9375
Cash-flow US$ million 95| W24 W24 2053 053 2053] 57993
Capital costs US$75 million
Notes: Project net present value (10%) / Project IRR (28%) / Coal waste from other coal

does not seem to be exploited at this stage of the study. / Railroad transportation
capacity max. 1.50 million tons for the first three years + truck charge.
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Table 10. Schedule for Mining the First Three Blocks (1/3)

Block Material Unit Years afier operation
I 2 3 4 5 6 7 8 9 10

B2N | Overburden BOM million 1382 | 1382 1382 1382 1382 1.382| 3.107 3.107| 3.107
Coal CC t million 1980 E980 ) 1980 1980 1980§ 1.980| 1980: 1980 1.980
Total ROM t million 1980 | 1980 | 19801 1980 1980 1980 2053] 1980; 1.980

86C | Overburden BOM miliion 0799 07997 0799 | 0799 0799 | 0799 0799: 0.888
Coal waste* BOM million 00447 0044 ] 0044 | 0044 | 0044 0044 0.044] 0.044
Interburden BOM million 0782 0782 0.782| 0.782| 0782 G7823% 0.782| 0782
Total waste BOM million 1625 1.625| 1.625| 1.625} 1.625( 1.6257 1.625( 1.625
Coal OG t million 0004 0,004 0004 0.004] 0004 | 00047 0.004| 0.004
Coal CB t million 0395 0395 0395] 0395| 0395 0395 0395 0.395
Coal CC t million 1582 1582} 1,582 1.582| 1.582( 1.582( 1.582] 1.582
Total ROM t million 1980 | 1580 1980 L980| 1980( 1980 1980 | 1.980

B2C | Overburden BOM million 1.367
Coal CC t million 1.980
Total ROM t million 1.980

Totals | ROM Coal t million 19830 1980 3960 3960| 3.600; 3.690) 4.033| 3960 | 39607 3.960
Burden BOM million 13821 1382 3.007¢ 3.007! 30071 3.007! 4733 4733 47331 2992
Strip ratio BOM/t 0608 0608| 07591 0759| 0758] 07591 1.173| 1L.195| 1p.195] 0756
Price TOC Uss 1200( 1200} 1200( 11.00| 11.00( 1L0O( 1100} 11.00| ILDO} 12.00
Transpat C - Uss 1800 ( 1800} 18.00| 1500! 15.00| 1500( 1500: 1500( 1500| 1500
Price FOB US$ 3300 33.00| 33.00( 33.00( 33.00( 33.00( 3300} 33.00| 33.00| 33.00
Depreciation US$ miltion 250| 250 2500 250( 250 250 2507 250 250 250
Income US$ million 344 3440 938 2522 2522) 25.22| 2573| 2522 2522 21.26
Royalty 3% 0.10| 0.10: 028 076] 076} 026 077| 076 076 0.64
Tax (20%, 40%) 20% (10years), 40% 092 069 1.38 5047 504 5041 515 5.04 5.04 425
Total profit after tax  USS million 2657 334 910! 2446 2446 2446( 2496 24.46] 2446 20.62
Total of capital costs  US$ million 50 250 250 250] 250 250 250 250( 250 250 250
Cash-flow USS$ miilion S50 265| 334 9101 2446| 24.46| 2445| 2496| 2446] 2446 20.62
Capital costs US$75 million

MNotes: Project net present value (10%) / Project IRR (26%) / Coal waste from other coal does not seem to be
exploited at this stage of the study. / Railroad transportation capacity max. 1.50 million ton for the first
three years + truck charge.
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Table 10. Schedule for Mining the First Three Blocks (2/3)

Block Material Unit Years after operation
izl 3[4 15 16 17 18 19 2

B2N | Overburden BOM million
Coal CC t million
Total ROM t million

BSC |Overburden BOM million 0.888 | 0.888| 0983 0.983] 0.083] 0.983] 0983 [ 0.983] 0983] nas3
Coal waste* BOM million 0.044| 0044 | 0.132| 0.132| 0132 0132| 0.132] 0.132] 0.132] 0132
Inéerburden BOM million 0782| 0782| 2.205| 2.295| 2.205| 2295 2.205| 2.295| 2.295| 2285
Total waste BOM million 162s! 1.625| 3312 3312| 3312] 3312| 3312| 3312| 3312| 3312
Ceal OG t million 0.004] 0004 0.168| 0.168| 0.1681 0.168| 0.168| 0.168| 0.168| 0.168
Coal CB t million 0.395| 0395| 0.567| 0.567| 0.567) 0.567| 0.567| 0.567| 0.567| 0.567
Coal CC ¢ million 1.582| 1582 1.244| 1.244| 1244 | 1244 1.244| 1.244] 1244| 1284
Total ROM t million 1.980| 1980| 1.980| 1.980| 1980 | 1980{ 1980} 1.980| 1980| 1980

B2C |Overburden BOM million 1.367| 1.367| 1.367] 3.545| 3.545| 3.545| 3.545] 3.545] 6.000] 6.000
Coul CC t million 1980| 1980| 1980| 1980| 1980| 1.980| 1980} 1.980| 1.980| 1.980
Toal ROM t miliion 1980 19%0] 1980| 1980} 1980 1980| 1980 1980 1980| 1,980

Totals | ROM Coal t million 3960| 3960] 3960( 3960] 3960 | 3960( 3.960| 3960 3.960( 3.960
Bugden BOM million 2922| 2922| 4678] 4.679] 6.857 | 6.857| 6.857 | 6.857| 9313 9313
Strip ratio BOM/t 0.756| 0756 1.182] 1732] 1.732| 1732] 1732 1732 23s2| 2352
Price TOC uss 1200} 11.00] 1100] 1100 1100 1100] 1100] 1200 1100| 11.00
Transpart C uss 1500] 1500| 1500| 15.00| 1500] 1500| 1500| 15.00i 1500f 1500
Price FOB Us$ 33.00] 33.00| 33.00| 33.00| 3300} 33.00| 33.00| 33.00] 33.00] 33.00
Depreciation US$ million 000| 000 000| 000/ 000! 000[ 000 000 000| 000
Income USS$ millicn w76l n72t 2| waz| waz| nazl zaz| waz| waz| ua2
Royalty 3% 071 083! o083| o083| 083| 033] 83| 071 08| 083
Tax (20%, 40%)  20% (10ycars), 40% 950 11.09) 1109 1L09| 1000 11.09] 1109 950) 11.09| 1109
Total profit after tax  US$ million 1354| 1580] 1580| 1580} 1580| 1580| 15.30] 13.54] 1580 1580
Total of capital costs US$ million so| 2500 250 250] 250] 250 250| 250] 250 250 250
Cash-flow - US$ million 50| 11,047 1330] 1330] 1330] 1330 1330] 1330 11.04] 1330] 1330
Capital costs US$505 million -

Notes: Project net present value (10%) / Project IRR (28%) / Coal waste from other coal does not seem to be

exploited at this stage of the study. / Railroad transportation capacity max. 1.50 million ton for the first
three years + truck charge.
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Table 10.

Schedule for Mining the First Three Blocks (3/3)

Black Materiai Unit Years after operation
21 22 23 2% 25 | Total
BIN | Overburden BOM million 17.615
Coal CC ¢ milkion 17.819
Total ROM t miftion 17.893
B6C | Overburden BOM million 0983] 0983 0983] 0983] 0983 21036
Coal waste® BOM million 0132 o013z oas2i 0.32| 0132] 2160
Interburden BOM million 2295| 2295| 2295 2295 2.295| 37.660
Total waste BOM million 3312| 3312| 3312 3312} 3312] 59312
Coal OG t million 0.168| 0168 0168] 0.68| 0.168] 2225
Coal CB t million 0.567| 0567 0567 0567} 0567| 11322
Coal CC t million 1244 1244 1244 12441 1244| 31997
Total ROM t million 1980| 1980| 1980 1980f 1980 45544
B2C | Overburden BOM million 6000| 6000 6000 6000| 6000| 65193
Coal CC t million 1980| 1980| 1980| 1980| 1980| 31.679
Total ROM t million 1980] 1980| 1980| 1580| 1980 31.679
Totals | ROM Coal t million 3960 3960 3560| 3960| 3960| 95.115
Burden BOM million 9313] 9313 9313 9313| 9313|142120
Strip ratio BOMA 2as52| 2352) 2352 23s2| 2352| 1494
Price TOC USs$ 1100 woo! 1100] 10| 1100] 124
Transpoet C uss 1500| 1500] 1500 1500 1500| 1536
Price FOB uUss 3300| 3300] 3300] 3300 3300 33.00
Depreciation US$ million ooo| o000 o0oo| o000 o000| 2500
Income USS$ million nz| zmaz| w2l na2| zaz| seras
Royalty - % 083| o083 o083 08| 08| 568
Tax (20%, 40%)  20% (10years), 40% 1108|1108 1109 1109 11.09] 163.16
Total profit after tax  US$ million 1580 1580 1580 1580 1580| 648.68
Total of capital costs  US$ million S0| 250 250 250 250 250 6250
Cash-flow " USS million 500 1330 1330 1330 1330 1330] 377.99
Capital costs USE7S million

Notes: Project net present value (10%) / Project IRR (28%) / Coal waste from other coal
' does not seem to be exploited at this stage of the study. / Raiiroad transportation

capacity max, 1.50 million ton for the first three years + truck charge.
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Export coal prices have fallen steadily in real and nominal terms for the past four years,
The price reductions have not been driven by steadily decreasing demand but by
oversupply from key producers in Australia, China, Indonesia, and South Africa. These
price reductions have had an ongoing impact on the structure and efficiency of key Asian
coal suppliers. However, it has not affected overall coal supply capacity that has been
rising steadily despite the fall in prices. Due to a number of structural changes within the
sea-bome coal industry, such countries as Australia and Indonesia have increased their
market shares in Asia while other countries including Canada, South Africa and the USA
have lost theirs. Changes in market shares between the supplying countries may be caused
by:

» Development of new greenfields coalfields and expectation of increasing domestic

demand as in the case of Indonesia;

* Currency devaluations in Australia, Canada, Indonesia, and South Africa;

» Differential productivity improvements between competing economies; and

» Improved capital utilization through workplace and corporate restructuring.

Industry mergers and acquisitions effect synergies between assets, infrastructure and
markets. The results of these changes have been significant FOB cost reductions. These
cost reductions have kept pace with falling prices, and although they have not increased
margins, mines in Australia, Canada and South Africa have at least maintained their
operating conditions. Some Indonesian mines, due to US dollar financing and highly
geared projects, have experienced very difficult operating conditions. These companies
have subsequently gone into administration or handed over mining leases and assets to
project bankers. However, all the mines in these cases have continued to operate at 01" near
their capacity and will continue to do so until new companies are found to inject new
capital for further capacity expansion.

One negative impact of falling prices for such a long period is that there is little confidence
in investment in new greenfields projects. This has resulted from the restructuring and
productivity improvements of existing mines with latent capacity available if the market
improves. Some of the constraints to new project development have been offset by low
capital cost entrants who are able to utilize the mature rail and port infrastructure and
experiences of established mining contractors.

Overall it is apparent that falling coal prices have not negatively affected coal supply
capacity into the ASEAN region. There may be some longer term negative impaéts on
production capacity if prices continue to fall as is now expected. However, this may be
offset by a more positive movement in the spot price end of the market as benchmark or
ceiling prices continue to fall.

The major impact of falling prices has been on production efficiency of the supply side of
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the export coal sector, which has been to the benefits of coal buyers in Asia. Some
countries have been able to respond favorably with efficiency to changes, at the same time
reducing costs, while others including the USA have been adversely affected and have lost
significant market share. The total latent capacity of existing mines is available for
increasing demand in the short term. In the long term, however, increases in export prices
will be necessary to justify the launch of major greenfields developments needed to match
the growth beyond the next five-year supply period.

4. Non-metallic Minerals

4.1, Fluorite
{1 Resources

Several fluorite deposits are known to exist in different areas of Mozambique. Only one of
these areas (Macossa Canxixe) has been exploited in the past. Other important deposits
exist at Djanguire, Monte Domba and Mt. Muambe (in carbonatite). In the Study Area, Mt.
Muambe is the only fluorite ore deposit of carbonatite ring structure about 780m high and
6km in the extemal diameter, which can be reached via the Moatize-Necungas road. The
Moatize-Betra railway (Sena line) runs some 10km from the northeast of the deposit. The
ore reserves are calculated at 1.4 million tons. Martite (without TiO,) is estimated at 1.5
million tons. Blue fluorite contains signiﬁéant amounts of Nb, Y, La, Be, and Sr as
accessory rare earth minerals.

In addition to these elements, MnO and P,0Os are also found in the fluorite vein in
carbonatite. Yellow fluorite, which is usually poorer in Mn, Y and Be is found, and so are
Nb, Sr and other rare earth minerals as well. '

(2) Markets

Fluorite is the principal commercial mineral of fluorine and traded in terms of two qualities,
referred to as metallurgical spar and acid grade or chemical spar. The metallurgical spar,
which serves in many smelting processes as a flux and is used for welding as a similar
agent, accounts for about 25% of world consumption. Chemical or acid grade spar is the
source of hydrofluoric acid and a range of fluorine bearing chemicals or chemical products.
The world consumption of fluorite in this role occupies about 65 % of total production.
The remaining production is for glass manufacturing, enamels and ceramic applications
such as glazes.

The largest growth in the use of fluorine in the chemical industry for the last 20 years has
been for the production of certain complex hydrocarbon compounds, which are widely
used as aerosol propellants. Once released into the atmosphere, these compounds are not
destroyed and the increasing pressure from environmentalists is forcing a rapid decrease in
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fluorine use of this type of application,

Many metallurgical and certain specialized chemical and other products, which are
imported into Mozambique, have fluorine components. However, in the foreseeable future,
those indigenous fluospar resources will probably become unnecessary for local use or in
their import substitution role. Their possible contribution to the economy can only come
from export value as raw material.

Several major companies, principally those in North America, have expressed interest in
Mozambiquan fluospar since the Ministry initiated a program to promote the mineral in
1986. A European company has also been interested in purchasing a market product
delivered to a Mozambiquan port. In that year, Japan imported 150 tons of acid grade
material valued at Escudos 231,759 (about US$10,000). Presumably part of this tonnage
was from stockpiles.

Data on major producing countries of fluorite, taken from the USBM’s Commodities
Summaries for 1996, are given in Table 11.

Table 11. Fluorite Mine Production and Reserve Base in the World

Fluorite mine production Production (103 1) Reserve
and reserve base 1985 1994 1995 (103t)
France 250 125 120 10,000
Italy 210 - - 8,000
Kenya 60 64 70 3,000
Mexico 750 327 490 24,000
South Africa 380 174 230 41,000
Spain 270 95 90 10,000
Thailand 300 - - 2,000
United Kingdom 200 59 60 3,000
Other market countries 3501 - o682 680 10,000
China 700 2100 2100 25,000
Mongolia 770 - - 65,000
United States 70 49 48 37,000
USSR 600 - - 104,000 |
Brazil - 90 90 46,000
Morocco - 85 90 -
Other centrally planned 300 - - 20,000
World total 7,195 3,850 1 4,070 362,000

3) Production plan

After the construction of an access road of several kilometers and the rehabilitation of Sena
line, a joint venture company of Mozambique and other countries should develop Mt.
Muambe fluorite ore deposit as a truck-less mining or an underground rmmng The
maximum annual production rate is estimated about 8,000-30,000 tons/year. About 800
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tons/year of rare earth elements are also estimated as byproducts. This mine will produce
carbonatite (CaCQi) as a construction cement materials for domestic use in Tete and
Moatize area.

4.2. Graphite
1) Graphite production in Mozambique

Graphite production has increased since 1997 and graphite has become one of the most
important export materials in Mozambique. Table 12 shows the annual production of
graphite in Mozambique.

Table 12. Annual Production of Graphite in Mozambique

1995 1996 1997
Production of graphite (ton/year)  3,018.4 13,2860 5,125.1

Export price (Mt.) 10,500 8,098 20,574
Percentage in total exportation 2.10 1.04 394
Percentage in total ore minerals 411 1.95 4,70

The graphite has been produced at the Ancuabe mine in Cabo Delgado province. The
graphite mine is operated jointly with Kenmare Resources Co., Ld. in Ireland,
Mozambique government (25%) and CDC (10%). The capacity of separation unit at this
mining site is 10,000 tons/year, and the quality of graphite is the highest in the world
(10%graphite grade).

2) Graphite deposit in the Study Area

The largest graphite deposit in the Study Area is Satemua in Ulongue of Angonia district.
The average grade of graphite from this deposit is 6% but the grade can be enhanced by
hand-separation process. In addition, floatation systems should be able to enhance the
grade up to 94 % concentration of graphite.

The Satemua graphite deposit is disseminated and graphite ore bodies in its veins lie in the
northwest-southeast direction with 40°-60° northeastern dip. The ore body is 40m wide,
1,200m long and 90m deep. The proved ore reserves of graphite are 1.12 million tons (6%
graphite grade) and probable ore reserves are 6.64 million tons (6 % graphite grade).

3) Prospect

Exploration of the Satemua graphite deposit is highly possible once the transportation
problem is solved. The price of graphite is calculated at about US$1,000/ton and FOB (at
Beira) is US%$1,580/ton comparable to the price of graphite from the Ancuabe mine in
Mozambique. These prices show that the Satemua graphite mine should be viable. Table
13 shows the feasible cost of Satemua graphite at each step of production and transport.
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Table 13. Price of Graphite of Satemua Deposit
(1998: US$/)

Mining operational cost 1,553 (Operationtseparation) x 1.25
Operation cost 850

Separation cost 400

Land transportation cost 100 (Using Sena rail road and truck)
Port usage 50

FOB price (concentration) 1,580

4.3, Limestone

There are three cement factories in Mozambique, built before the independence in Matola
near Maputo city, at Dondo 30km from Beira and at the port of Nacala. All the factories
are situated near seaports with railway links, except for Nacala. The Matola cement
factory originally operated three fumaces of wet process, which were replaced in 1973 by
one fumace of dry process with daily production of 2,000-ton clinker, i.e., 600,000-ton
clinker a year. The Dondo cement factory, situated adjacent to the railway from Beira to
Harare, is equipped with one furnace of wet process with daily production of 1,000-ton
clinker, i.e., 300,000-ton clinker a year. The Nacala cement factory, situated at a port, is
the smallest of the three using semidry process with daily production of 300-ton clinker,
i.e., 90,000-ton clinker annually. '

The total clinker capacity of the three factories is 990,000 tons, i.e., roughly one million
tons of cement production capacity. The raw materials for the Matola factory are obtained
mainly from the Salamanga limestone deposit, for the Dondo factory from the Muanza
deposit and for the Nacala factory from the Nacala peninsula.

The lime produced in Mozambique is used mainly for saturation purposes in sugarcane
factories and marginally in the building industry and agriculture.

Beside these lime fumaces operated officially, small local furmaces are used and operated
in many areas with an occurrence of limestone. For instance, there is a small cement
factory at Boroma in Tete province, whose capacity is 3,000 tons per year.

In Malawi, about 80 % of exporting coal from Moatize coalmine is used for cement kiln to
produce Portland cement. Considering the disadvantage of truck transportation of coal
from Moatize to Malawi, it is desirable to produce cement in the Moatize and Tete area

rather than in Malawi in the near feature so that the local industries will be able to use
limestone and inexpensive coal. '

7-32



In-Depth Study on Rural Roads Improvement
(Project No. 3.1)

1. Background

Rural roads are under the jurisdiction of district administrations, which do not have
capacity even for routine maintenance. Most rural roads are in very bad conditions,
passable only during the dry season. This situation constrains villagers for their
opportunities to send children to schools, receive adequate health services, market their
agricultural products, and obtain daily necessities.

The rural roads improvement program covers two different levels of rural roads: feeder
roads and village service roads. Feeder roads connect villages and/or production centers
to main roads (national or regional roads), or village centers where basic social services are
available. Village service roads connect a few villages and production areas to feeder
roads.

For village service roads improvement, it is recommended that self-help efforts of villagers
be mobilized, supported by technical guidance, training, and provision of simple
machinery and tools for road works. In the present study, feeder roads improvement is
mainly examined in more detail.

2. Objectives

The objectives of the projects are:

1) to rehabilitate rural roads to make them accessible and passable by vehicles all the year
round, and ' :
2) to ensure the permanent access and safety during both the rainy and dry seasons.

3. Project Scope

The project is to improve and upgrade feeder roads linking villages and/or production
centers with the main roads or village centers. It includes improvement of bridges and
culvert structures as well. The feeder road construction usually requires excavation,
digging, earthwork, and gravelling works. To carry out the feeder road improvement, it is
recommended to employ labor force-based construction method, rather than machinery-
based one. This also contributes to generating employment opportunities in rural areas.
It is noted that construction of bridges, culverts, and drainage structures on the roads is
very important to ensure accessibility throughout a year. A typical rural road to be
covered by the project is illustrated in Figure 1.

4, Expected Effects

- When the rural roads are constructed and/or rehabilitated, the following effects are
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expected:

1) to contribute to the improvement of health services, education, and rural development,

2) to support the marketing of products to the markets far away from the production
centers,

3) to support the increasing number of small enterprises, and

4) to reduce the transport costs in rural areas.

All these factors can contribute to the improvement of human life and improvement of the
economy in the districts.

Figure 1. An Examplie of the Feeder Road
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5. Comparison of Construction Methods

There are two possibilities for rehabilitation and construction of rural roads:

1) o construct by using heavy machinery such as bulldozers or road construction
equipment, and

2) o construct using the labor with tools and light machinery.

Both methods have advantages and disadvantages as shown n Table 1.



Table 1. Comparison of Machinery-based and Laber Force-based Construction

Methods
Machinery-based Method Labor Force-based Method
Advantages » Flexibility in construction » Large investment to purchase
» Appropriate for large-scale road equipment
construction » Need for careful maintenance of
+ Easy to manage due to reduced equipment
number of workers + Qualified personnel required
» Vulnerable to lack of spare parts
» High costs due to fuel
¢ A break down of one machinery can
stop entire project
Disadvantages <+ More opportunity to employment « Slow work
+ Increase of economy in rural area ¢ Need very good supervision system
= Simple equipment » Manual work requires intensive
+ Accessible technology physical labor
» Training of workers required * Need good administrative system
Source: ANE. ’

Taking into account the advantages and disadvantages the labor force-based construction
method is recommended for the rehabilitation and construction of the rural roads.

6. Road Plan

6.1, Design Standards for the Feeder Roads

The design standards for the project are principally adopted as geometric design standards
recently drafted out by ANE. The design standards adopted are summarized in Table 2.

Table 2. Geometric Design Standards

Description Unit Tertiary/Feeder Road
Flat 60
Design Speed kmv/h Rolling 50
Mountaipous 40
Minimum ra dius- m Flat Rolling Mountainous
100 75 50
Maximum gradient % 8.0
Formaticn width m Type A Type B Type C
7.0 6.0 4.5
Lane width m Type A Type B Type €
6.0 5.0 3.5
Gravel thickness cm Type A Type B Type C
: 15.0 15.0 12.0

Source: ANE's design standards.



6.2, Typical Cross Sections

Taking into considerations the characteristics of rural roads and geometric design standards,
three different types of typical cross sections are proposed (Figure 2):

* Type A: for an ADT up to 400 vehicle per day (vpd)

* Type B: for an ADT up to 200 vpd, and

» Type C: for an ADT up to 40 vpd.

6.3. Preliminary Road Plan .

Based on the rural road listing prepared by the ANE Tete office, information from district
administration offices, and field surveys conducted by the JICA Study Team, the feeder
roads are proposed in this study. They are listed in Appendix. Among these proposed
rural roads, the typical rural road No.A-15, Chipindu-Chipala road is designed as shown in
Figure 3. '

Figure 2. Typical Cross Section for Rural Road
2
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Figure 3. Design of No. A-15, Chipindu-Chipala Road (Example)

)

7. Construction Cost Estimation

The construction costs are estimated based on the standard guideline of construction cost
estimation made by ANE. They include earth works, bridges and structures, gravelling,
and other miscellaneous costs, but not any land acquisition costs.

The total COnsfmction cost for the project is estimated at US$12.5 million for 25 years
from 2001 to 2025 (Table 3).
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Table 3. Construction Cost Estimation (US$ at 2001 prices)

District Road Length (km) Project Cost (US$10%)
Angonia 403 2,700
Tsangano 262 1,755
Macanga 326 2,184
Chifunde 182 1,219
Chiwa 43 2,298
Moatize 358 2,399
Study Area Total 1,874 12,555

Source: JICA Study Team.

8. Implementation Program
(1)  Priority for implementation

The priority of the proposed rural roads is assessed based on the following factors.
a) Administrative hierarchy: '
» District capital,
» District sub-capital,
* Village center, and
* Village.
The nural road passing through higher hierarchical villages may be given higher priority for
improvement.

b) Number of villages covered by the rural road

c) Agricultural promotion area identified in the Study

d) Other development promotion areas:
» Urban development (UD),
* Mining development (MD),
*  Water resource development (WR), and
» Distribution center (DC).

Taking into account these factors, each rural road is given the priority for implementation.
Distribution of rural road length determined by the priority assessment is summarized in
Tabie 4,

2) Implementation method

The labor force-based construction method is adopted for the project. The procedure is
shown in Figure 4.
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Table 4, Priority of Rural Roads by District

{Unit: km)
Rural Road
District Phase 1 (2001- 05)  Phase 2 (2006 - 15)  Phase 3 (2016 — 20)
Angonia 83 154 166
Tsangano 43 105 114
Macanga 75 98 152
Chifunde 40 70 71
Chiuta 78 129 136
Moatize 55 159 144
Study Area Total 390 721 748

Source: JICA Study Team.

3) Community involvement

In' the rural road imbrovement project, the community involvement is essential for the
construction and maintenance works. Villagers in the communities may obtain job
opportunities although it would be temporally, and more importantly, the motivation of
communities for road construction and maintenance would be increased.



Figure 4. Labor Force-based Construction Method
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Appendix

Table A.1. Proposed Feeder Roads in the Study Area

ey Angonia District
Road Section : Admini- ¢ | Asticulture | Other
No. L&::]gl;h strative VI;II;; Ocs Develop- | Develop- [Priority
From Via To Status 8 ment ment
A-01 Ndundu Canga Namin'gona | 27.5 V1_11age 7 Yes No 1
center
A-02 | Chissithis |Namin'gona| Massoco | 19.5 | YiLage 2 Yes No 3
center
Mualandan- Village
A-03 Nsau Monekela danda 17.0 centr 7 Yes No 2
Village
A-04 | Massassa - Monekela i1.0 2 Yes No 3
center
A-05 | Paalindzi - Khombe 11.3 | Village 5 Yes No 2
A-06 Ulengue | Chimuwala Chiya 235 Village 8 Yes No 1
center
A-07 | Chimwala - Cachere 13.8 Village 6 Yes No 2
A-08 | Chimwala - Muyay 4.5 Village 2 Yes No 3
A-09 | Cabambe - Chacanan 9.0 Village 5 Yes No 3
A-10 | Dridzimera |  Seze Chiponde | 208 | Vilage | 4 Yes No 2
center
A-11 Calomue Chiponde | Mualatanga | 32.0 (| Village 6 Yes No 3
A2 | Draimebe | Lianga | Khombe | 205 | V48 | Yes No 2
A-13 Domue - Nchinja 13.8 | Village 7 Yes DC 2
A-14 | Dzaimebe Dziende 10.5 Village 4 Yes No 3
A-15 | Chipindu | Ndaula Chiya 330 | Vilage | Yes No 1
center
. Village
A-16 Catondo Chipala 22.5 centor 6 No No 2
A-17 | Catondo | Chifumbe | Miveuna | 343 | Vilage | 4 No No | 2
center
A18 | Domse | Nchonene | D0URdaTyOf | 40 | Village |, Yes | -DC | 3
Macanga center
A-19 | Chipindu Capiriuta 145 | Village 5 Yes - No 3
A-20 Nkhame Capiriuta 14.3 | Village 2 Yes No 3
A-21 | Mpandula Cachenje 6.3 Village 1 Yes No 3
Total 403.0
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2)

Tsangano District

Road Section Admini- Agriculture | Other
No. Iﬁgﬁ;h strative ‘5:1(.::1 O:S Develop- | Develop- | Priority
From Via To Status g ment ment
. CruzEN 223/ Village
T-1 |Tsangano| Maconi Ndande /Mphunhi 43 center 3 Yes No i
T-2 |Tsangano Metangobalame 45 | Village 8 Yes No 1
T-3 | Maconi Zobue 1.0 | Village | Yes No 2
center
T4 | Duvico Caia 35 | Village 2 Yes No 3
T-5 |Tsangano Ndzenza 17.0 | Village 2 Yes No 2
T-6 | Ndzenza Metangobalame | 19.0 | Village 6 Yes No 2
T-7 | Ndzenza Nthete-Bene | 29.5 | Vige | ¢ Yes No 2
center
. Village
T-8 |Nsacadzi| Banga Magumbo 20.8 conter 5 Yes No 3
T-9 | Nsang Mpatamanga 15.8 | Village 5 Yes No 3
T-10 Cruz. EN 221 Mulamba 8.5 | Village 3 No No 3
T-11 {Mulamba | Afutsa 15.0 | Village | 2 No No 3
Total ' 202.5
3) Chifunde District
Road Section Length Admini- No. of Agriculture| Other
No. . 1 Devel develop- |Priority
From To (km) | strative Status | Villages men‘:p- et
Ci-01 Chifunde Cruz EN 222 70.0 Village 4 No No 1
Cf-02 Chifunde Cruz ER 548 40.0 | Village center 3 No No 2
Cf-03 Chifunde Cruz EN 221 55.0 Village center | 1 No No 3
Ci-04 | Cruz EN 222 Vuboe 17.0 Village 2 No No 3
Cf-05 | Cruz EN 222 Bolimo Village center 3 Yes No I
Total 182.0 '
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4) Chiuta District

i mini- Agriculture | Other
No. Road Section Lf;gh ?gative Vljl(l)a;;:s l%eqvelop- Develop-| Priority
From Via To Status ment ment
Cu-1 (Cruz EN 221 Chiuta Serra 45.0 Village 4 No No 2
cu2 | ™ Chidzolomondo| 32.0 | “iLage | 5 Yes No | 1
Saiamica center
Cu3 |Cruz EN 221 Caswla | 460 | vilge | Yes No | 1
center
Cu4 | Massamba Muchena 14.0 Village 2 No No 3
Cu-5 Casula |Metenge| Nhonzue 45.0 Village 2 Yes No
Cu-6 | Manje | Mfigo| Gombe 310 | Viage | No No 1
Cu7 | Caunda Maiombe | 00 | Vg | g No No | 2
. center
Cu-8 Manje Mudzimbe 11.0 Village 5 Yes No 2
Cu-9 Tamuiri Muanhahamb | 26.0 Village 3 No No 3
Cu-10 |Cruz EN 221 Marcumbe 18.0 Village 2 No No 3
Cu-11 | Canbhama Carravira 37.0 Village 1 Yes No 2
Cu-12 | Saiamica Mpondo 18.0 Village 2 Yes | No 3
Cu-13 Paiva Cacame 22.0 Village 2 No No
Total 343.0
(5) Macanga District
. s iculture| Other
No. Road S'ectlon Iﬁ:ﬁh Admé?:ut? fave VI;I&;:S Agcivelop- Develop- [Priority
From Via Te ment ment
Ma-1 | Cruz ER 456 | Campala | Charamba 75.0 | Villagecenter 4 Yes No 1
Ma-2 | Furangungo {Muchocho| Cassupe 59.0 | Village center 3 Yes No 2
Ma-3 %%aii) Gandali | Mpalauzua | 20.0 |Village center | 1 No No | 3
Ma-4 Bawe Mbimhe 5.3 Village 2 No No
Ma-3 Bawe Chipa &3 Village 2 No No
Ma-6 |Chidzolomondo Afg‘g::‘a‘)‘a 16.5 D‘iﬁ:“b 3 Yes No 1
Ma-7 Cawere Zhitutu 21.3 {Villagecenter| 6 Yes No 3
Ma-8 | Nhamadende Chimunda 15.0 | Village center 5 Yes No 3
Ma-9 Lbangue Calele/Camane| 175 |  Village 5 No No 3
Ma-10 Calele Canhadire | 27.0 Village 3 No No 3
Ma-11 Mpoto Ganlelenovo | 18.8 Village 2 No No 3
Ma-12 Catete Namitondgo | 23.5 Village 1 No No 2
Ma-13| Chimunda Marco W 18.8 Village 2 No No 3
' Total 3258
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(6) Mortize District
Road Section Leneth | Admini- | o o |Agriculture; Other o
No. - (kl:f,t) strative Vil(;a:es Develop- | Develop- |Priority
From Via To Status ment ment
Mo-01| Moatize | P8 | Nungo | 663 | Vi |, No uw | 2
Chiodzi ’ center
. Village
Mo-02 | Moatize Benga 8.8 center 2 Yes UD 2
. Village
Mo-03 Moanzc. Benga 17.5 center 1 No up 2
. Calabo, .
Mo-04 |  Moatize Mbuze Necungas | 62.5 Village 7 No No 1
Mo-05 | Zhangomo Cateme |Mbuzinuvane| 30.0 Village 4 Yes (gg).l) 1
. . MD
Mo-06 | Mbuzinuane Muanbe 100 Village 4 No (Coal) 3
Mo-07 | Necungas Tsifu 2235 Village p No No 3
. MD
Mo-08 | Zhangomo Catablia 213 Village 2 Yes (Granite) 2 '
Mo-09 | Chitsito Monga Rio | 13.0 Village 3. Yes (Granite) 3
Mo-10 |Caphridzange Duemde | 163 | Vilsge |, No No 2
) " center
‘ District
Mo-11 Zobue - Tsangano | 25.0 sub-capital 5 Yes No 1
Mo-12| Natala Chithethe | 7.0 Village 2 Yes ubD 3
Mo-13 | Chingose Nsanja 18.0 Village 3 Yes No .3
Mo-14 Catipo Nhantipisa | 25:0 Village 4 Yes No 3
Mo-15| Matema Mpanzu 155 Village 3 Yes No 3
Total 358.5 )

Source: Based on ANE's road list, hearings from district administrators and field surveys.




In-Depth Study on Secondary Roads Improvement
(Project No. 3.2)

The road network in the Angonia region, consisting of primary and secondary roads,
appears to be generally adequate in terms of network configuration and surface conditions,
given low levels of income and transactions in cash economies, and low vehicle ownership,
On some secondary roads, however, there exist bottlenecks for local traffics to transport
agricultural products and consumer goods to/from nearby markets. In particular, some
bridges, damaged by the civil war or natural disasters, have been restored only temporarily
using simple wooden super-structure, allowing the passage only by small vehicles or carts.
Also many sections of secondary roads become impassable during the rainy season due to
poor surface conditions and inadequate embankment and drainage. These sections need
to be improved in steps with priority to those secondary roads expected to play increasing
roles as the Angonia region develops.

Two subprojects are studies in more detail here, corresponding to the needs identified
above. One is to rehabilitate four bridges on secondary roads: ER462, EN222 and ER463
(two bridges). The other is to improve another secondary road, ER223, connecting

Mussacana on the national road EN103 and Clomue on the border with Malawi (Figure 1).
Each subproject is studied separately.

Part 1: Rehabilitation of four bridges

1. Objectivés

Objectives of this subproject are:

1} to reconstruct four damaged bridges on the national and regional roads to make them
passable by any type of vehicles under any conditions, and

2) to resolve road network bottlenecks to encourage transactions and stimulate regional
economies.

2, Project Scope

The proposed project is to replace four of the existing temporally wooden bridges with
permanent ones as follows:

» (Calidezibiri river bridge on EN222,
* Luanguo river bridge on ER462,

» Nkhame river bridge on ER463, and
+ Chitsuse river bridge on ER463.



3. Traffic Demands Forecast on the Project

3.1. Present Traffic Volume and Road Conditions

Those four bridges are located on the national road and regional roads, constructed
basically as a two-lane single carriageway with gravel surface. Existing road conditions
are summarized in Table 1.

Table 1. Existing Road Conditions

Road Origin Destination Length (km) Surface Type
EN222 Matundo Zambia border 312.7 Gravel
ER462  Bene Chifunde 343 Gravel
ER462 Furancungo Cruz EN223 1103 Gravel

Source: ANE. '

The existing bridges are as summarized in Table 2.

Table 2. Existing Conditions of Bridges

Bridge Length () Road Type of Bridge
Calidezibiri river bridge 84 EN222  Arch bridge -
Luanguo river bridge ' 120 ER462  Super-structure: temporary wood bridge
Nkhame river bridge 26 ER463  Super-structure: temporary wood bridge
Chitsuse river bridge 20 ER463  Super-structure: temporary wood bridge

Source: JICA Study Team.

Presently, the traffic volume on these roads is not as many as the other sections, as the the
damaged bridges are not passable by larger vehicles. Their traffic volume is ranging from
17 vehicles per day to 41 vehicles per day and is shown in Table 3,

Table 3 Daily Traffic Volume on the Roads in 1998
Unit: Traffic volume/day

Road Origin Destination Small Vehicle Tractor  Truck Bus Total

EN222 Furancungo Zambia border 6 2 6 3 17
ER462 Bene Chifunde 16 9 10 6 41
ER463 Furancungo Angonia 7 2 6 3 18
Source: ANE.



Figure 1. Location Map of the Proposed Secondary Road Improvement Projects
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3.2, Futare Traffic Volume

In order to forecast the road traffic volume on the project bridges, first the relationship
between the growth rate of past road traffic volume and that of economic indicator in terms
of GDP is analyzed for 1996-98. The analysis shows that the elasticity of road traffic
volume to GDP is almost 1.0. Therefore it is assumed that the elasticity of the road traffic
demand to GDP is assumed to be 1.0. The future traffic demand on the road is forecasted
on the basis of the annual traffic count survey carried out by ANE and economic growth
rate of the region as shown in Table 4. '

Table 4. Forecasted Daily Traffic Volume on the Roads
Unit: Traffic volume/day

Road Origin Distination = 2000 (Base) 2005 2015 2025
EN222 Furancungo Zambia border 21 27 70 159
ER462 Bene Chifunde 50 65 170 384
ER463 Furancungo Angonia 22 29 75 169

Source: JICA Study Team.
4. Preliminary Engineering Study

4.1. Design Standards of the Roads and Bridges

As for roads, the design standards adopted for road projects in Mozambique are in
accordance with the geometric design standards recently drafted by ANE. The design
standards are summarized in Table 5.

Table 5. Geometric Design Standards

Description Unit Secondary Road
Design speed km/h 80
Minimum radius m 210
Maximum gradient % 6.0
Lane width m 3.0
Minimum surfaced shoulder width m 1.5

Source: ANE design standards.

The bridge design standard in Mozambique is principally of the “code of practice for the
design of road bridges and culverts” (SATCC: Code of Practice for the Design of Road
Bridges and Culverts, September, 1998). In the present study, the same design standard is
applied for the proposed road bridges.

4.2, Typical Cross-Section

Taking into account characteristics of the roads and the geometric design standards of
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roads, the typical cross section of the project bridges is proposed as shown in Figure 2.

Figure 2, Typical Cross-Section of Bridge
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4.3. Bridge Plan

Taking into account characteristics of the roads, the road bridge design standards, and

economic aspect of the construction and maintenance, it is proposed to employ the pre-
stressed concrete (PC) bridge as shown in Figure 3 and Table 6. '

Table 6. Proposed Bridge Plan

Bridge Length (m) Road Type
Calidezibiri river bridge 34 EN222  PC concrete bridge, 30m + 27m x 2
Luanguo river bridge 120 ER462  PC concrete bridge, 30m x 4
Nkhame river bridge 26 ER463  PC concrete bridge, 26m
Chitsuse river bridge 20 ER463 PC concrete bridge, 20m

Source: JICA Study Team.

Figure 3 (1), Side-View of Calidezibiri River Bridge
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Figure 3 (2). Side-View of Luanguo River Bridge
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Figure 3 (3). Side-View of Nkhame River Bridge
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Figure 3 (4). Side-View of Chitsuse River Bridge
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5. Cost Estimation

5.1. Construction Costs

Rehabilitation costs are estimated based on the standard guideline of rehabilitation cost
estimation made by ANE. They include earthwork, bridges and structures, pavement, and
other miscellaneous costs and engineering services, but not any land acquisition cost,
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The construction period will be for three years from the year 2002. The total construction
cost may be distributed over the three years by 30%, 40%, and 30%, respectively. Table 7
summarizes the construction costs of the project.

Table 7. Rehabilitation Cost Estimation

Bridge Length (m) Type Cost (US$102)
Calidezibiri river bridge (EN222) 84 PC concrete bridge 2,560
30m+27mx2
Luanguo river bridge (ER462) 120 PC concrete bridge 2,070
30mx4
Nkhame river bridge (ER463) 26 PC concrete bridge 610
26m
Chitsuse river bridge (ER463) 20 PC concrete bridge 480
20m
Total 5,720

Source: JICA Study Team.

5.2, Maintenance Cost

Once the PC concrete bridges would be constructed at the project sites, it is not necessary
to maintain the bridges for about 50 years based on the experiences of the past bridge
projects constructed so that no maintenance cost is accounted for.

6. Expected effects

The project in general will contribute to intenal integration of the Angonia region,
especially in the districts of Angonia, Macanga and Chifunde. Transactions between area
in these three districts will increase, which in tum will stimulate the overall regional
economy. More specific effects of each bridge are outlined below.

Luanguo river bridge on ER462

This will improve the access to the district capital of Chifunde. The daily traffic volume
on the road is projected to be 384 in 2025, but this represents a conservative estimate. It
may be comparable to the present traffic volume on the national artery roads extending
from Tete city. This means that agricultural products, especially livestock products from
vast agricultural hinterland of Chifunde can be more easily marketed in urban markets of
Tete city and its vicinities.

Caliézibiri river bridge on EN222

This will improve the link between Macanga and Zambia, and may tum out to be the first
step for the national road EN222 to become an alternate artery linking Zambia and Tete
city. This road passes through potentially most productive agricultural areas from the
lowland around Cazula to the highland arcund Furancungo.



Nkhame river bridge and Chitsuse river bridge on ER463

These bridges will improve the link between Angonia and Macanga initially, and the link
with Malawi through Calomue in the long run. The regional road ER463 serves most
productive agricultural land in the highland for diversified agriculture including high-value
crops, tree crops and integrated farming. Commercial agriculture in Angonia district will
expend to Macanga through this road, and agricultural products in Francungo area may
increasingly find markets in urban markets of Ulongue and further export market to
Malawi.

Part 2: Iﬁprovemnt of national road EN223

1. Objective of the Project

The objectives of the projects are:

1) to improve the road conditions of EN223 to make it passable under any conditions,
2) to provide the international transport route to Malawi so as to support the outward-
oriented production and to access to international market, and

3) to ensure access to all district capitals, agricultural production centers and agricultural
distribution centers.

2. Project Scope

The proposed road starts at the intersection of Mussacama on EN103 with EN223, follows
the existing alignment of the road passing through Ulongue, the district capital of Angonia,
and finally reaches Calomue on the border with Malawi. The improvement of the road
shall include rehabilitation of tarred sectoins, bituminaization of gravel sections and
reconstruction of two brigdes: namely Agua Boa river bridge and Luia river bridge (Figure

D.
3. Traffic Demand Forecast on the Project

3.1. Present Traffic Volume and Road Condition

The existing EN223 road is basically a two-lane single carriage-way with tarred surface,
except some sections with gravel surface. Existing road conditions are shown in Tables 8

and 9. Although EN223 has been paved mostly, but poor pavement conditions prevail for
70% of the total length.
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Table 8. Road Length by Surface Type

Surface Type Length (km) %
Paved 147 88.0
Gravel 7 20 . 12.0
Dirt 0 0.0

Total 167 100.0

Source: JICA Study Team.

Table 9. Road Length by Surface Conditions

Surface Condition  Length (km) %
Good 0 0.0
Fair 50 30.0
Poor 117 70.0
Very poor 0 0.0

Total 167 100.0
Source: ibid.

The traffic volume on EN223 is given in Table 10. Although traffic volume on EN223 is

comparatively low, the following characteristics are noted:

(1) Heavy trucks toffrom Malawi and/or the district center of Angonia share over 50 %
and

(2) Traffic volume on EN223 is steadly increasing.

Table 10. Daily Traffic Volume on EN223 in 1998
Unit: Traffic volume/day

Origin Destination  Small Vehicle Tractor  Truck Bus Total
Mussacama  Tsangano access 118 6 92 12 228
Tsangano access Maud 49 -0 49 4 102
Maud Ulongue . 12 5 6 3 26
Ulongue Colomue 7 5 3 3 18

Source: GPZ, Rehabilitacao Urgente de infra-Estrutur as Produtizvas no Vale do Zamveze: Relatorio Final,
1999. :

32.  Future Traffic Volume

In order to forecast the road traffic volume on the project road, first the relationship
between the growth rate of past road traffic volume and that of economic indicator in terms
of GDP is analyzed for 1996-98. The analysis shows that the elasticity of road traffic
volume to GRDP is almost around 1.0. Therefore, it assumed that the elasticity of the
road traffic demand to GDP is assumed to be 1.0. The future traffic demand on the road
is forecasted on the basis of the annual traffic count survey carried out by ANE and
economic growth rate of the region as shown in Table 11.



Table 11. Forecasted Daily Traffic Volume on ER 223

Unit: Traffic volume/day

Origin Distination 2000 (Base) 2015 2025
Mussacama Tsangano access 279 944 2,135
Tsangano access  Maud 125 423 955
Maud Ulongue 32 108 243
Ulongue Colomue 22 75 169

Source: JICA Study Team.

4. Preliminary Engineering Study

41, Design Standards of the Road

The design standards adopted for the road rehabilitation projects principally conform to the
geometric design standards as recently drafted out by ANE (Table 5).

4.2. Road Plan

(1) Road characteristics

The project road can be characterized as:

1} backbone road in the Angonia region, which links the districts

and Moatize.

of Angonia, Tsangano,

2) supplementary international road to link between Malawi, Mozambique, Zimbabwe,

and South Africa, and

3) access road to district capitals, village centers, agricultural farms, and distribution

centers,

2) Typical cross section

Taking into considerations the characteristics of road and geometric design standards, the
typical cross section of the project road is adopted as shown in Figure 4,

Figure 4. Typical Cross-Section of ER223
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5. Cost Estimation

5.1. Construction Costs

The construction costs are estimated based on the standard guideline of rehabilitation cost
estimation made by ANE. They include earthwork, bridges and structures, pavement, and
other miscellaneous costs and engineering services, but not any land acquisition cost.
The construction period will be for three years from the year 2002. The total construction
cost may be distributed are three years by 30%, 40%, and 30%, respectively. Table 12
summarizes the construction costs of the project.

Table 12, Construction Cost Estimation

Section Length (km) Unit Cost (US$/km) Project Cost (US$10%)

Mussacama Tsangano access 35.0 120,300 4,210.5
Tsangano access Maud 822 120,300 0,888.7
Maud Ulongue 173 120,300 2,081.2
Ulongue Calomue 263 120,300 3,163.9

Total : 19,3445

Source: JICA Study Team.

5.2. Maintenance Costs

The maintenance costs consist of routine and periodic maintenance costs. The routine
maintenance covers patching work, clearing of roadside, road lighting and others. The
latter include overlay of pavement, repainting of the bridges, repairs of road structure, etc.
The maintenance costs are estimated based on ANE’s standard guideline of the
maintenance works. The estimated costs for maintenance are divided into two different
categories, routine maintenance and -periodic maintenance. The cost of the routine
maintenance per km is estimated at Mt.350 million per year and the latter is estimated at
Mt.500 million per year.

6. Preliminary Economic Evaluation

6.1. Benefits
(1) Types of benefits

The improvement of the national road EN223 would generate various benefits, both direct
and indirect ones. Reductions both in vehicle operating costs and in travel time resulting
from improvement of road conditions are significant as direct benefits. An increase in
sales value of agriculture products due to increased access to processing
factory/distribution centers/markets is also considered as a direct benefit. In addition to
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the above, the elimination of problems due to impassable conditions caused by rainfall
during the rainy season is an essential benefit. Moreover, the following additional
benefits are recognized: 1) improvement of accessibility to/from existing communities, 2).
traffic safety and comfort for road users, and 3) promotion of regional development,
Among these, the quahtiﬁable benefits, derived from the project, consist of:

a) saving in vehicle operating cost, and

b) saving in travel time of freight and passenger.
The project is evalnated by comparing two cases, one including project implementation
(with the project) and the other without project implementation (without the project).

2) Estimation of benefits

The benefit calculation is based on the HDM-VOC model derived from the Highway
Design and Maintenance Standard Model by ANE (Update of HDMII/HNMS VOC,
inputs, prepared for ANE, November1999). Estimated benefits are summarized in Table
13.

Table 13. Estimated Benefits by Year

2000 2005 2010 2025
Saving in VOC 833,116 1,077,277 2,819,671 - 6,358,902
Saving in travel time cost 44,622 54,641 71,020 184,872
Total 877,738 1,131,918 2,890,692 6,643,774

Source: JICA Study Team estimation.

6.2. Economic Evaluation

The economic evaluation is made by comparing benefit and cost streams. The results are
presented in Table 14.

Table 14. Economic Performance of the Project

Indicators Unit Value
Net present value Uss$10° 203
Benefit cost ratio - 1.297
Economic rate of retum ' % 11.0

Notes: 1) Discount rate is assumed to be 8 %o/year; .2) A project life is assumed
to be 25 years. :
Source: JICA Study team.
The calculated economic rate of return is higher than the opportunity cost of capital,
considered to be 10% in Mozambique, indicating the improvement of EN223 is
economically feasible.
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6.3. Sensitivity Analysis

A sensitivity analysis is made on the basis of varying investment costs and benefits. The
results of the sensitivity analysis are shown in Tables 15. The economic feasibility is
ensured in most cases.

Table 15. Sensitivity Analysis

Investment Cost

-10% Base +10%
Benefit -10% 114 10.5 9.7
Base 12.3 114 10.6
+10% 13.2 122 114
Source: JICA Study Team.
7. Conclusion and Recommendations

Based on the study as reported above, the following conclusions are drawn.

(1) The project will contribute to the internal integration of the Angonia region, as it will
strengthen links between the districts of Angonia, Tsangano and Moatize and improve
the access to district capital of Tsangano.

(2) The projected daily traffic in 2025 is over 2,000 in the lower section, close to 1,000 in
the middle, and much lower in the northem most section; this represents a rather
conservative estimate especially in the northem sections where large traffics are
expected to be generated as agricultural productivity is increased and the urbanization
proceeds in and around Ulongue, and international traffics with Malawi will increase
significantly.

(3) The calculated value of economic internal rate of return (EIRR) indicates that the
project is feasible but only marginally; considering the conservative estimate of the

traffic volume mentioned above, the project should be more feasible than the
calculated EIRR indicates.

It is recommended, therefore, that the project proceed for early implementation. The
present study should be used and upgraded to a complete feasibility study in the nearest
future, followed by detailed design and implementation. Since the traffic volume on the
project road in 2025 is expected to be much larger than the existing traffic volume on the
national artery road EN103, the design standards of EN223 should be reflected in the
future artery road of the Angonia region.
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In-Depth Study on the Sena Railway
(Project No. 3.4)

1. Introduction

Rehabilitation of the Sena railway (Figure 1), particularly between Moatize and the port of
Beira, is considered a must for the Angonia regional deveiopment as envisioned by its
master plan, The project will support the following:

(1) It will facilitate the export of high guality coking coal from the Moatize mine,

(2) Tt will provide an altemnative and less expensive transport means for other local
products such as mineral products, construction materials, timber and agricuitural
products,

(3) It will stimulate cross-border trade with Malawi and possibly Zambia as well, and

(4) It will constitute an important part of the multi-modal transport system serving the
Angonia region linked with neighboring countries and regions, and the port of Beira,
the outer port for the region.

- The present study assessed the rehabilitation of the Sena railway based on existing study

reports and related data, and limited field surveys conducted by the JICA Study Team as

part of the Integrated Development Master Plan Study for the Angonia Region. Since the

Master Plan Study bas covered only the Angonia region with six districts and Tete city, for

 other areas to be served by the Sena Line, the study is based generally on the Sena Line

Program (SLP) prepared by GPZ.

2. Sena Line Program

The Sena Line Program proposed the following' three development scenarios:

* Scenario I - High-level development including Moatize line

* Scenario II - Low-level development including Moatize line

* Scenario Il - Minimum-level development not including Moatize line
Table 1 compares the three scenarios. The SLP study has evaluated the scenarios and
concluded that low-level rehabilitation starting within two or three years is preferable over
a high level rehabilitation that starts in ten years.
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Figure 1, Map of Sena Line
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Table 1. Sena Railway Development Scenarios by GPZ

ltem Unit Scenario 1 Scenario II Scenario III
Minerals 10%/yr. 5-7 1.0 -
Petrochemicals 105t/yr. 0.5 . .
Traffic from Malawi 105t/yr. 0.6 0.6 0.6
Domestic traffic 105t/yr. 0.5 a5 0.5
Total cargo 10%t/yr. 6.6-8.6 2.1 1.1
Thermal plant MW 1,000 - -
Public investment Uss$10° 600 200 180
Private investment USs$10° 3,700 750 500

Source: GPZ, Sena Line Program, Summary of the Development Strategy, July 2000.

3. Study Approach

The principal study approach to the Sena line Rehabilitation Project (SLRP) is based on the
viewpoint that the enormous and diversified potentials of the Zambezi Valley are the basis
and driving force for the SLRP. Moatize coal and freight traffic to/from Malawi are the
most reliable freight traffic at the initial stage of the SLRP. The regional development
effects to be induced by the Sena line may come at a later stage.
. The following three scenarios are considered in this study:

 Scenario 1 — Low investment scenario of the Sena line; traffic capacity of the Sena
line would be 1.6 million ton/year

* Scenario 2 — Medium investment scenario of the Sena line; the traffic capacity of
the Sena line would be 3.5 million ton/year

» Scenario 3 — High investment scenario of the Sena line; the traffic capacity of the
Sena line would be 9 million ton/year

4, Traffic Demands Forecast on the Project

The JICA Study Team has carried out a freight traffic survey of the entry/exit points or the
cross boarder points. This traffic survey provided with useful information on the cross-
border freight flow to/from Malawi, Zimbabwe and the Angonia region.

The freight traffic demand forecast on the Sena railway in this study is principally based on
data obtained from this freight traffic survey. However, these data are limited because the
Study did not cover all ihe influence areas of the Sena line. The information on the
ﬁéight traffic demand in other areas related to the Sena line is supplemented by the Sena
line Program prepared for GPZ in May 2000.

4.1. | Moatize Coal and Other Mineral Products

The mineral products are the most promising products in the region. Among these
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products, the Moatize coal is most important. Based on the examination and investigation
made on various mineral products as part of the Master Plan Study, the following three
cases are assumed for the mineral products to be transported from the Study Area to Beira
by the SRL (Table 2):

* Low production case: minimum production of Moatize coal, and total amount of
about 1,000,000 tonfyear including some granites would be produced and
transported by the SRL;

»  Medium production case: medium production of Moatize coal, and total amount
of 3,000,000 ton/year including some other mineral products such as granite,
copper, etc.  would be produced and transported by the SRL; and

» High production case: intemational marketable scale of Moatize coal totaling
amounts of 6.0 million ton/year with the some mineral products would be
produced and transported by the SRL. |

Table 2 shows the comparison of the three cases.

Table 2. Potential Mineral Products in the Study Area in 2010

Unit: ton/year

Sector Low. Mediu_m High .
production production production
1. Coal ’ 1,000,000 3,000,000 6,000,000
2. Iron 0 0 200,000
3. Copper 0 0 200,000
4, Fluorite 0 0 50,000
5. Appetite 0 0 100,000
6. Black/Brown and Red Granites 0 0 3,000
7. Graphite 0 0 10,000
Total 1,000,000 3,000,000 6,563,000

Source: Study Team'’s estimation.

4.2, Rail Traffic to/from Malawi

According 1o the cross-boarder traffic survey, it is estimated that the freight traffic between
the Study Area and Malawi in 2000 was 453,000 tons for export and 700,000 tons for
import, totally 1,153,000 ton/year. Some of the freight traffic may be diverted from road-
based transport system to railway, but all cargoes may not be diverted to railway. This is
largely depending upon the type, origins and destinations of cargoes.

In order to forecast the rail traffic to /from Malawi, the following assumptions are made in
this study:

a) Some of cargoes are diverted from road-based transport system to rail-based transport,
because of the lower transport cost of railways;
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b) If the origin and destination of freight traffic belong to areas affected by the Sena line,
bulky cargoes, which include mineral products, wood products, construction materials,
petroleum products, may be diverted almost 100% to the railway, while the non-bulky
cargoes such as coffee, tea, general cargoes, consumer goods, etc. are diverted by
about 50% (Malawi-Beira) or 33% (Malawi- South Africa); and

¢) Generated traffic due to existence of railway is expected to be about 20% of the
diverted traffic of railway in case of high estimation, while in case of low estimation,
no generated traffic is considered.

Based on these assumﬁtions, the diverted traffic to the Sena Railway is forecasted. The
result of this forecast is shown in Table 3. According to the result, about 546,000 tons in
case of low estimation and 655,000 tons in case of high estimation in 2010 would be used
for the Sena Railway.

4.3. Rail Traffic between the Study Area and Other Regions

It is estimated that the potential railway freight traffic to/from the Study Area in 2000
would be 120,000 tons for outgoing and 142,000 tons for incoming, totally 262,000 tons.
Using the same assumptions as made for Malawi, the traffic in Tete province to be diverted
to the Sena Railway is forecasted. The result of this forecast is shown in Table 3.  About
139,000 tons in case of low and medium estimation and 167,000 tons in case of high
estimation in 2010 would use the Sena Railway. The forecasted rail traffic in other
regions is basically the same as that made in the GPZ and CFM studies as shown in Table 4.

As seen from Table 3, the total freight traffic would be 2.1 million ton/year in the low case,
4.1 million ton/year in the medium case and 7.5 million ton/year in the high case.

Table 3. Potential Freight Traffic Demand of Sena Railway in 2010

_ Unit: ton/year
Tem High inves‘tment Medium invssstment Low 'mves.tmeut
scenario scenario scenario

1 Moatize coal and minerals 6,500 3,000 1,600
2 Traffic from Malawi 655 546 546
3 Traffic from Tete prov. 167 139 139
4 Traffic from Sofala prov. 654 380 380
Total cargo 7476 4,065 2,065

Source: JICA Study Team.
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Table 4. Freight Traffic Demand of Sena Railway in 2010
Unit; 1000 ton/year

High investment Medium investment Low investment

Direction scenario scenario scenatio
Moatize coal with some mineral products, up 6,500 3,000 1,000
Traffic to/from Tete province, down 136 114 114
Traffic to/from Tete province, up 30 25 25
Traffic to/from Malawi, down 417 347 347
Traffic to/from Malawi, up 239 199 199
Traffic to/from other Sena regions, down 193 134 134
Traffic to/from other Sena regions, up 461 246 246
Total down 746 595 595
up 7,230 3,470 1,470
Source: JICA Study Team.
5. Rehabilitation of Rail Infrastructure

5.1. Existing Railway Infrastructure

The line from Beira (Dondo) to Moatize, and the man line to Malawi were originally built
with 30kg/m rail on wooden sleepers to camry a maximum axle load of 16 tons. The
length and specifications of the Sena line at the time of closure are summarized in Tables 5
and 6.

Table 5. Physical Characteristics of Original Sena Railway

Item Description
Trck Single tuck
Gauge 1,067mm
Axle load 16 ton/axle
Length Dondo-Dona Ana 298km
Dona Ana-Moatize 254km
Dona Ana—Vila Nova 44km
Inhamitanga—Marromen 88km
Gradients Moatize-Cateme 2.2%
Cambulatsitse—Chueza 1.8%
Mwanza—Inhaminga 1.8%
Mwanza—Dondo . 1.3%

Source: CFM Development Study of Moatize Coal Fields and Transport
Infrastructure, 1998

Field observations from roads parallel with the Sena line have revealed damages caused by
the civil war in many sections. Some of railway formations and minor bridge structures
are damaged due to sabotages and construction of roads. It is reported that the line is
generally heavily mined with explosive devices. However, the CFM has already started
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to demine between about 40km away from Mwanza and Mwanza, and has already
completed sections between Dondo and Mwanza and between Moatize and Necangas.
Following the ongoing program, the Government intends to complete the demining works
for other sections within two years period.

Table 6. Specifications of Original Sena Line

Section Length (km)} Specification

Dondo-Sena 287 37, 40, 45kg/m rail on timber sleepers

Sena-Dona Ana 4 Bridge over Zambezi river, now utilizing as road
bridge. Designed as A 20-ton axle load rail bridge

Dona Ana-Moatize 254 30kg/m rail on timber sleepers

Dona Ana-Vila Nova 44 30kg/m rail on timber sleepers

Inhamitanga-Marromen 88 30kg/m rail on timber sleepers

Source: CFM, Development Study of Moatize Coal Fields and Transport Infrastructure, [998.

5.2. Infrastructure Rehabilitation

There are many scenarios proposed to rehabilitate the Dondo-Sena-Moatize section. The
following three scenarios of rehabilitation are considered in this study as mentioned in the
previous section.

() Low investment scenaric

This scenario is to secure the traffic capacity of 1.6 million tons/year. To achieve this
traffic capacity, it would be necessary to repair and rehabilitate the Sena line as foliows.

Repair and Rehabilitation
» Utilize steel sleepers as much as possible and replace timber sleepers,
» Utilize the existing rail as much as possible and replace damaged rail,
* Provide new signal system,
e Provide cleaned and supplementary ballast,
* Track repairs, and
» Structural repairs to bridges, buildings, workshop,ustaff quarters, etc.

2) Medium investment scenario

This scenario is to provide the traffic capacity of the Sena line with 3.5 million tons/year.
In order to achieve this traffic capacity, it would be necessary to repair and upgrading of
the Sena line as follows.

Repair and Upgrading
» Supply and lay 495,000 concrete sleepers, -

» Replace all the sections of line laid with 45kg/m rail,
* Provide 20 ton axle load
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» Provide new signal system,

* Supply and lay 220,000m’ track ballast, and

¢ Track repairs, and

* Structural repairs to bridges, buildings, workshop, staff quarters, etc.

(3) High investment scenario

This scenario is based on providing the traffic capacity of the Sena line of 9 million
tons/year. In order to achieve this traffic capacity, it would be necessary to rehabilitate
the Sena line as follows.

Repair and Upgrading
» Supply and lay 495,000 concrete sleepers,
» Replace all the sections of line laid with 45kg/m rail,
* Supply and lay 495,000 concrete sleepers,
* Provide new signal system,
* Provide plant and equipment to new ballast quarry,
» Supply and lay 220,000 m3 track ballast,
» Track repairs, and
* Structural repairs to bridges, buildings, workshop, staff quarters, etc.

Section Low investment Medijum investment High investment
Dondo—Sena  Rail retzining, re-sleepering  Rail retaining, re-sleepering  Rail retaining, re-sleepering
& additional baltast & additiona] ballast & additiona] ballast

30/40/45kg/m rail & timber 45kg/m rail & concrete 45kg/m rail & concrete
sleepers sleepers sleepers

Sena—Dona 40kg/m rail & timber 45kg/m mil & concrete 45kg/m rail & concrete

Ana sleepers sleepers slecpers

Dona Ana—  30kg/m rail & timber 45kg/m rail & concrete 45kg/m mail & concrete

Moatize slespers sleepers sleepers

Dona Ana— 30kg/m rail & timber 45kg/m rail & concrete 45kg/m mail & concrete

Vila Nova sleepers sleepers sleepers '

Inhamitanga— 30kg/m rail & timber 45kg/m rail & timber 45kg/m mail & timber

Marromeu sleepers sleepers sleepers

Source: Based on Giersing Rose study (for the low investment scenario) & CFM, Development Study of
Moatize Coal Fields and Transport Infrastructure, 1998.

6. Cost Estimation

6.1. Cost for Railway Rehabilitation

The cost for railway rehabilitation for three scenarios is estimated based on the previous
studies and proposals. Resuits are summarized in Table 7. The rehabilitation cost of the
low cost scenario would be required at US$ 114 million, while that of the medium and high
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cost cases is required at US$ 212 million and US$ 328 million, respectively. These
rehabilitation costs include the costs of branches of Malawi and Marromeu lines.

Table 7. Rehabilitation Cost of Sena Railway

Low investment Medium investment High investment
Section/Ttem Length | Unit Cost Amount | Unit Cost Amount | Unit Cost Amount
(km) | (US$10%) (US$10%) | (US$10%) (US$10%) | (USE10%  (US$10%)
Dondo-Derunde 29 102 2,958 235 6,815 364 10,556
Derunde—Dona Ana 262 126 33,012 291 76,242 451 118,162
Dona Ana—Moatize 254 126 32,004 291 73,914 451 114,554
Dona Ana—Vila Nova 44 143 6,292 143 6,292 143 6,292
Dora Ana Bridge 4 LS 0 LS 0 LS 2,000
Bridges & Culveris -- LS 2,500 LS 2,500 LS 5,000
Alignment modification 78 LS 12,000 LS 12,000 LS 24,000
Workshops - LS 2,000 LS 1,000 LS 4,000
Sub-total 90,766 178,763 284,564
Engineering & supervision -10% 9,077 -10% 17,876 -10% 28,456
Inhamitanga—Marromeu 88 174 15,312 174 15,312 174 15,312
Totil Cost 115,155 212,051 328,332

Source: Giersing Rose A/S, Development Study of Moatize Coal Fields and Transport
Infrastructore, 1997,

6.2. Operation Cost

The operating cost of the Sena line would consist of the following items.

(1) Variable cost
a) Crew and fuel cost
b) Maintenance cost
¢) Temminal Cost
d) Lease charges for Locomotives and wagons
¢) Insurance cost
f) Personnel cost
g) Miscellaneous cost
(2) Fixed cost
a) Maintenance cost
b) Other fixed cost
On the basis of the CFM’s operating cost data, the operation cost for the Sena line is
determined as the following:
» Variable cost US$5.710/ton, and
» Fixed cost US$0.368/ton.
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7. Preliminary Financial Analysis

7.1, Introduction

The financial analysis on the project will be based on the following conditions:

a) Period of the financial analysis would be 25 years after commissioning of the line;
b) The fare level of the Sena line is fixed at 30 cent/ton-km, irrespective of types of
freight;
c) Project cost and revenue are calculated on the basis of US dollars;
d) Depreciation of the Sena line facilities is 25 years;
e) Rolling stock such as locomotives and wagons would principally be leased from
CFM;
f) An opportunity cost of capital in terms of US dollars is assumed to be 8%; and
g) All the revenue and expenditure are expressed in US dollars.
The preliminary financial analysis will be made only on the low and the medium cost
scenarios. The high cost scenario will not be analyzed, because it would require a large-
scale additional investment for coal handling facilities at the Beira port. '

7.2, Financial Analysis
(1) Revenue

Using the unit fare level of 30 cent/ton-km and distances between areas, the fares could be
calculated as follows.

» Moatize Coal-Beira 575km US$17.25

* Tete—Beira traffic 575km US$17.25
» Malawi—Beira traffic 365km US$10.95
* Sena regions—Beira traffic 317km . US$9.51

The annual revenues are calculated on the basis of the traffic demands forecasted and the
fare level.

(2) Preliminary financial analysis

The financial analysis is made using the calculated revenue and the estimated transport
infrastructure and operation costs.  An indicator of the preliminary financial analysis is an
internal rate of return (IRR). The results of the analysis are shown in Table 8.

From Table 8, the following observations may be made:

a) The low cost scenario may not be justified; and

b) The medium investment scenario is financially viable, but the level of viability is not
high enough to be implemented as a BOT project,
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Table 8. Financial Analysis of the SLRP

Internal rate of retum (IRR)
Low investment scenario 3.2%
Medium investment scenario 9.2%
Note: The project life is 25 years after commissioning of the line.

Source: JICA Study Team.
3) Sensitivity analysis

The sensitivity analysis is performed on the basis of varying investment costs and revenues.
The resuits of the sensitivity analysis are shown in Table 9.

Table 9. Investment Cost Sensitivity Analysis

(Unit: %)
Low investment scenario Medium investment scenario
-10 % Base +10% -10% Base +10%
Fare 0.027 25 0.6 0.8 8.1 6.6 53
(US$/ton-  0.030 4.7 3.2 1.8 10.7 9.1 7.0
km) o33 6.9 54 4.0 13.0 11.4 9.9

Source: JICA Study Team.

The sensitivity analysis shows the following:

a) Large increase in freight fare is required to make the low investment scenario
justifiable, but still the viability will be marginal; and

b) The medium investment scenario could not be justified in some cases, especially
when the investment costs increase significantly.

4) Incentive measures

The financial analysis shows that the project would not be attractive for private investors
because there are many risks such as project cost increase, political risk, etc. while the
financial return is very small. In order to attract private investors, it would be necessary
to provide incentive measures, One of them is to give a concession of Moatize coal field.
The project becomes financially viable if the concession of about 20 ha is given to the Sena
rail operator to effectively reduce the construction cost (Table 10).

Table 10. Incentive Measure for Sena Line (Medium investment scenario)

IRR (%)
Level of subsidy to construction costs 25% 136
30% 14.7
50% 20.9

Source: JICA Study Team.
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8.

Conclusions and Recommendations

The following conclusions are drawn from the study on the SLRP as reported above.

(D

)

3)

@)

The medium investment scenario with the freight capacity of 3.5 million ton/year is
financially viable, but the level of viability is not high enough for the project to be
implemented on a BOT base.

The low investment scenario with the freight capacity of 1.6 million ton/year is not
justified, and this should be dropped from further consideration.

The project viability may be higher for larger-scale investment, but the high
investment scenario could not be examined at this time, because it would require a
large-scale investment for coal handling facilities at the Beira port.

Additional benefits/revenues will accrue from the main line to Malawi, while it shares
the same line section to Beira, so that the viability of the Sena railway as a whole
should be higher than it appears from the IRR value for the medium investment
scenario. In fact, the project is a national project serving the ceniral Mozambique.

Recommendations for immediate actions are as follows.

0y

@)

3

A complete feasibility study should be undertaken in the immediate future, taking the
Moatize coal mining, fransport infrastructure for the Sena Railway, and the Beira port
as an integrated project. - '

Considering the nature as a national project, incentive measures should be examined

to encourage private investors to participate in the implementation, such as
concession of the Moatize coalfield.

Demining should be completed promptly along the entire stretch of the Sena Railway.
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Appendix 1. Coal Handling Facilities at Beira Port

The coal handling facilities are located at Wharf 8 of the Beira Port. Dimensions of the
existing facilities are as follows.

* Length 875m
* Depth 7.2m
» Capacity 1.2 million m*
* Handling equipment 4,800 ton/day

After appropriate maintenance dredging to be made, it should be possible to accommodate
25,000DWT camriers with full Joads. I the existing handling facilities are used, the
maximum capacity of the Wharf 8 would be around 1.5 million ton/year. I some
modifications can be made to allow more than one coal vessel to be handled at the same
time, the maximum capacity would be approximately 3 million ton/year. Export volumes
higher than this will require new coal handling facilities, which should be designed to
accommodate at least Panamix size vessels (70,000DWT) or Cape size vessels. This
should be investigated further.

Appendix 2. Related Road Improvement .

The major roads along the Sena line are as follows:

* Regional road ER450, from Madamba to Mutarara, and
» National Road EN213, from Bondo to Sena via Caia.

As the results of the reconnaissance survey made in this study, the section of ER450
between Madanba and Dzimira is generally passable during dry season and rainy season
except river crossing. However, the section between Dzimira and Mutarara is impassable
during rainy season. It is suggested, therefore, to construct altemative roads of ER450
between Dzimira and Mutarara which would run parallel to the Sena line.

As for the national road EN213, the road conditions between Sena and Inhaminga are
generally acceptable, but the road between Inhaminga and Dondo is in very bad conditions.
In order to rehabilitate the Sena line, it is necessary at the same time to improve parallel
roads to the Sena line. '

10-13



0% i | 6EL |vEcws [swes s [vecor lnwie |owzz |mven [vesy  |onvv eRTI- |6tz |veder oeier [9ovee [cirvs- [esvee [soac [vieiss | meeet | IeEN6 | L6101 | 9ZHIOL |0SUONN- (dn'l (EhLTy (266 (éTT SO 18 AW
WLE I we's s HE'6 wi's wes  |Zzze |01 Yoesw [T feecr vt o B E 13 TR |l [0 |E&6L |918L Rl ERL  |POE'L ot [3BFL | OESL RLEET | SOU6ET | SOTTE | GET | 6RT et
BT | a0t | Liovr |zéavt | wowt [eeown |cavt [oweer lescer [eevmr [ower [smer [roe [mow [wem [owm [essmo [wen [oen [weoo |wene [wmem S0 et [Lrn [soRl TR0 JS0CK | SEIE oTr | ™
WE'E! | LS 165 L4 (24 (14 6§ g [T o5 iS5 [ w 129 s €15 (14 ue v wr o sir T oy o wr d-ea Buguiadsy
oL |csz6  |ists  |osve  |sTé (ese  |eses |owe msw leme |uew femsy (mew fere [eeon  [weee (e |m |zeee [eese [se's [seer |ieew e [l jdrc w0z Sepmadn
S0t Oy [T (6rDy 0T ey ey DTy (oY (oeZv (o oy (0Cr Iy |oTr  0Tr By oy ety oDy |E0TF By | FREY Z'r  [GeDr | EFDF ol acy
we'T 0001 |ane't i s S
TIe'st vou's WS el natmnlinig — slhvig Wy
000°1 o [ Hogrgom
o0T! e (0009 oaniyy
4 23] 55 ] 1{: ] weap) p S
0 0 o 0 Fpwg vy wmog
Wy @O |isT s WAON WA — Wty o]
1819 BT |1 [T anmoly - opsed
[ aswgoeapesp e
' EIS1 O ler [T (6T (L woptpsadas paw Buiaumbug
swees | |torz |evm et sz |wrer |wiz |lam (osw [wem jusn (s javn leri [sse |oee [wee (e [esror |ooor [wesr fetest | et | vwwsl | et [woy]
sis's 1T I ] 6T % £ [ $z L4 -] ST (4 o [+ *z [1:1 £z “w w w6t 16t o m 71 73 wltny sag war)
ose sy  |err  |&vr  |evr  jewr ey [wzy  |eov  [sare fmws feet [eve lust oer |eet ez [eorr [ewr fasen et |ou e |éRt [T |99 I L e T
wver G167 |dier &z |ewwe lewr |swz ez [swr [z iz fewr  [wot (s (wen |zen o [y (o |esh e for (e fert el (el ma] maty yjag
scew | 05e9r |oeTel |osewl |osemr (05691 |oseet fosest |osewd |oseer |esewl fes9T |osemt [esedn |oseet  [osc'st  |ose'sl doecer josewl Jofe'or foseor osERL |ofERT |eRewl esear | osedl ]
| sy
Tz e ist| s et niriae | s1zaee | 2awses | sos'ors ] eevevl| EaLGEE Liviren'| B0'60r' Y| YZLENYT] WOERIN'E] WNO'EEET] SEXLSETI] HE1'TSC 1| Z09°9CC"Y S0'TE Y] GHTEIKY ELO'OGT 1| WSO'RLT)| LATUST I SENEST 1| ELTALL| MZEEL oL
SRICE | eReGE | GRove  [Gecte lemtse | erer [oseze |zniTe |eare freviee [ser |aseWT roRSIT |miE (e |faviz jour (SETVE fOOFEL |[vRTT | SER ST [ESITT (RIS | BERE sy wug mog) o],
YIS | reser | Ty | IO | VOSSR | vI9'r | LW |ZO6TOP | 9SLEE | W09 | SONRCE | @GLIE [COCSEE |WSEWE [ZEIFSR | 991760 [OMOIT | G0e0r | 6T | EXLTN | LAEQLT €L [ SSUESL | O | WEASEL | SICaE Ly o L
0NTrT | 908l | SORIFT | 9ONTYT [S0RTHT | 0Kt [vE9mEd | wewsel |SiTTE) [Livent [SeeNTI | seemr | 0RS11 | EDYHIU [ SSTEU [WDOIL | WNELOT (€10°50L | L¥TO1 [ D665 | SOPLS | 9E'SE WETE | BL'06 | 60T |09 A3, wely L
earoor"t| 000'00n 1] cocens ] 000'000') co'ooa't| ooooon] oacrona'| sovoaot| poevesa] oo'ooe s aooiecott| a0onont| 000'500'T{ oooon' ] wes'nao't! nonroon't) 000'000°1} 00000t 000000 1] Coo'cas'| BOD'00G‘T| A0G'000"1) 000000 G660’ 1| 00XTDNX'L| 000°0NC'Y 1))
qmug
60T | 6U0T | BIC | LZOT | sooT | s | eDOE | GOR | IR wor | ooz | sl | #IOT | LIOC | S0 | S10C | ¥ | EMT | LOZ Vor | olgp | s06c | B0OC | LOOT | 00T i §00F | wOOL | EOOZ | IOGZ 1008
mor | mox | mox | mag | mex | max | mex | mop | mex | mex | mex b omex | max | wan | map [ men [ mex | mex | mex [ map | mex | mex | mex | mep | men | omex | mex | ML | MR | WL may
-4 L3 > o 12 [:4 &t ]l o 9 N » £l z ]l [} [ } [ [ $ 1] £ z t - t € » $
% it

ase ) JUAUIISIAUY MO :2Ul'] BUAS i) Jo SisA[euyY [epusuly ¢ Xipuaddy

10-14



LEE'ROr | SGUIRE | MGEWSE | S6TRTE | I65°E0E | O6RLLE | SRUIST | S19'SIE | WA'or | ssests Joevosy [conn |ehooor leswrer |wizis imeer [STT | SR [dmeer |ewor | OiCw6- | LEEIT L OIETM- | SREWI  0OTOGI- | RESETE | BTG (SRl | REEE | divh 2003437 138 3apwmaan)
wcee (ZoCfr Do |zocsr |worse |mest LwesT |essz |seesz [oiese |weese (s |esve {oosvr (ueve (o feer |aeper (oevr |esivr [ewovr | w0vr |GeE |Su'er |eWEL | TSUEZ (e juewDl |eedd (s e anmzadl i
LIS 9006 L SOFIE | JEXOE | BOYOE {9606 | SEY0E  |zaTioc [ieteE |TooE [csrer [orez |ewe |ever (mre [eersr [esewr joosmr |rwsz [ezemz [vE9nr SR |OWRT {BIPRD | BERC | INZ WEEW [REROL (RE€W ey e Her|
TEOE | SET'T &L GELC'L 2240} w1 #Z'1 [ 4] [:3 41 &1 *®T1 &1 |8 &'l e &' (34} HTT ST (2 [z &t [ 344 T &TL  |6EL) 34403 Sapuiadpy
QUTE L UYOT | LFOZ | MO | LS0Z (4902 (LT |TES'0T [ERET |ST0C [ 060°07  |€SH61  [RO0SEL  |w9ST | 61S6E  [wiE'ET [6TTEL [WI'6l | TSOGT | ESAWD [ REw [SRLWE [ TELYN [SSED | MEW1 | LESEL AAmrey, 4903 Suruadg
WEEIT | OISF ST @3 |0FT OIEv j0DFR oISt g’y jozss ousd 0Z5's  |omS® |0ISE |0IS® (OIEW 0w |aze oz oEE SR (oIS |o0TER ey |ors's  [oEew wrwasdg
o0’z 000'L | 0001 ORI
i (015 2 15 B 15 namampy - v |
000°1 005 o wdoqegio .
00671 ocar's | 000's ey
0T [ ] 334 [ ] Ry puw callpig
& [ ] L] 2ipug Wy weod|
e 180T 2 A T 4 BAy] WA — Y WO
12§'95¢ P YT |0 FzaROM - o]
amunarage §eK
Strtt 66T |BLET  |GIET |Gy | Ee'Y sopmaadng pew Soyaom Sy
SIEISET U0 [ TELOS LEEVOS | BEUSS (16196 | REU'9S [v9K'SS | eSS | CLENS [woss [otvs |eeeys [£ETYS |eetr 505 [Tov'tR [ IEDE0 0S0EF [ SIRTE JLILTS | RIS | 6IYEF [T [wrTE o0l maoL
sad's 162 16 16 162 e 1> " 754 .53 ™ 21 o oz EEZ [/ [t £ |4 wz 61 151 @ i ur 53] nofhay wag Kidy) syuiL
odse lawy ey ey |e'r  [dry  [es'y  (esTy ety [SEws jotee  [eowe |16 (a6 (0T (T [ feozz  |S90T 1961 LT [TT psv jeEE1 [ER1 |98 LTI W0)) )
ot |16t 61T (€T 6T ST (eer juswr (mz ez |nir |ser jooz sss1 [wet |zser fooer (mset Jocn lsett et [T jenl (om |aen o (B0 3L oy ypmL
osrecr| mso'sr | osoer | bsode  |oooe | osoee 050w {oStrab  |oso'me | 080 [os0'sr  |cio'er  |ORer |DRoier |05 |oSer  |0Rier  [0'er | otee  Jodnée | 050G [0S |STer  (0S0'w |OS0'e oo )
amaiay
#7129 sipized stoizsd STy sz iz s 0SS et s6UGISE] or'vars| cooer's| rECTYE| IEEIYE LI0'EeE's| CR0I0E'E) NEI'CSE'S] Z09'0REE) §20' 16 Gr¥S0E'D) TZO'DGLD) 09'RLE'E) LOK'LOL'E) SEESETE; ELTVITE ey oy
SRUEE | GRING | GMLEC | GRCEE | eaCEE earE losen [TITe |wirie (506 |ese |ecse [ozewr [owir |ersr |swse ot [sevwz fooser AT |erm e jesci [vIver st el mocfay ey ma syymr
viyse |sro'ser | vea'svr |veotser |vissee [veoser |srryer |tosrov |9eEIeC [ hTOSE |s6v'ee |obiIE |COT9GT [sswir | ZUFEST |991'ZET [OIGIT | S5vL0T [S60'SET | eriTH) | LWENLL |ELOT [GSUESL | DSl | RIS | E1ELLE pamep| o) gljmiL
20U IF] | S0R°tYl | 90RTET | 900 IP1 | 90K 1YL |OOKTYL | EOWST | oWt |eareEr |aire1 |swe'szn |ecczen |ogne |soron [esretn [wkouin |erston |E100501 (LTl |66 [SON'se | 961RS [ 1BETE (WLl |evmy |o'R La AT
00'000s] 000'000'€] 00'00's] 000°000'E] 000'000'} 000'000'6] 000'000"E] 00T'D00'E] VOG'DON'E! V0K'000'C| 000'000°6] 000°000'E] 100'000E] 000'000"¢| COC'C00'E] CX"000'E; D0N'000'E] 000'006°E 300'000°F G00°D0)'E] 000'000E] 000'D0'E] H00"D00'€) ONODOD'E] D0V'B00'E] 00"0MK'E] ™
gL
oeor | ezor | weoz | Moz | smr | feoz o v | 2 | @R 1w | oo | e | sz | etz | swoz | swer | vz | EWE | Eiof tior | owr | s | sooz | ioac | 900t | soec | w00 | cooE | E00Z Ta0r
mor | max | men | mex | seea | mex | max | may | mex | swmid | sy | mep | max | mmap | mex | omag | MRA MR mag | magx | sean | aeap | mep | omex | mepy | map | max | aeap | g § map | ey
sz " 54 21 iz "] 81 [ tl ] st n 41 zl n ot 6 ] L 9 H ¥ £ z 4 - z 3 - I
‘ % T g

as®’) JUIM)SIAUY WNIPILY :3ur] BUIS Iy Jo SISA[BUY [epueury p xppuaddy

10-15






In-Depth Study on GPZ Strengthening
(Project No, 4,1)

1. Introduction

Priority policy and commitment by the Government for the development of the Zambezi
Valley are embodied into the establishment of GPZ as a statutory body. GPZ can plan for
any projects in any sectors within its territorial jurisdiction for approval by the Govemment
through the Council of Ministers. GPZ coordinates development activities of sector
agencies and promote their implementation. GPZ guides the private sector and facilitates
private investments,

The functions of GPZ at present are largely planning and coordination, and its activities are
constrained by limited financial and manpower resources. As of the end of 2000, GPZ had
a total of 51 staff members, of which 33 were senior specialists, nine junior specialists and
nine clerks. GPZ is currently undergoing restracturing of its organization, and expected to
expand its staff capacity significantly by 2003.

2. Objectives

The project will support and extend the on-going organizational reform of GPZ.

Objectives of the project are: '

(1) To strengthen GPZ functions for planning and coordination, private sector supports,
and promotion of participatory community development, and

(2) To expand GPZ capacities to implement projects in selected areas and to establish
GPZ ownership.

3. Recommended Organizational Reform of GPZ

3.1. Framework for the Reform

A:iy proposal to strengthen organizational structure and functions of GPZ should be in line
with the on-going organizational restructuring. In fact, the on-going changes are in a
welcome direction in the sense that staff capacity will be expanded and sub-regional units
are introduced to enhance the GPZ presence in the fields. Along these lines, further
strengthening of GPZ is recommended.

Additionally, GPZ strengthening should satisfy the following conditions:
(1) The planning and coordinating functions should be strengthened to foster an
integrated view and long-term vision of the Angonia regional development and to

" ensure these to be reflected in sub-regional development and development of different
districts and cities;



(2) Functions to support the private sector should be strengthened to foster local
industries, particularly small and medium enterprises (SMEs), to encourage linkages
such as sub-contracting, and to attract investors from the outside;

(3) Broad local participation should be effected both for effective social and community
development and for expanding resources base for other development and
management activities; and

(4) GPZ ownership should be established in selected fields such as water resources
development and management, environmental management, integrated rral
development and social/livelihood development.

3.2 Recommended Reform
(1) Organization along sector lines

. The original setup of GPZ should be expanded in steps along sector lines as the staff
capacity is increased. The Department of Project Promotion may be expanded with
separate sections in charge of different economic sectors. To utilize limited manpower in a
more effective and flexible manner in the short to medium term, experts in agriculture,
industry, trade and services as well as regional economy may be posted to the department
rather than creating separate sections. The Department of Infrastructure may be expanded
similarly with expertise in different kinds of infrastructure. This sector-wise organization
will allow to maintain a regional view of the respective sector and complement the sub-
regional division currently undertaken.

(2) Strengthening of planning and coordination

The Department of Planning and Studies should be much strengthened to foster and
maintain an integrated regional view and a long-term vision under the sector-wise and sub-
regional subdivisions. Under the ongoing restructuring, the department is expected to
expand from two branches with six staff members to five branches with 25 staff members
by 2003. Technical supports to district administrations and municipalities for socio-
economic and land use planning in line with the integrated regional view are among the
functions to be much strengthened in this department.

(3) SMEs promotion

A section in charge of SMEs promotion should be created to support SMEs growth through
improving their management and training their staff. The section will facilitate
introduction of new technologies and modemization of equipment by SMEs, develop

markets and products (“Tete brand”, for instance), and promote inter-industry linkages
through subcontracting and alliances.

“) Participatory development

The Department of Community Development should be strengthened to encourage broad
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local participation in a wide range of development activities. Participatory development
will cover not only various socio-economic activities but also cooperative comunity
works to improve and manage various rural infrastructure.

Another main area where more active local participation is expected is environmental
impact assessment or more broadly environmental monitoring and management. For these
activities, GPZ should establish and maintain good working relationship with district
administrations, farmers’ associations and other private alliances, and NGOs, GPZ should
maintain a registry of NGOs with good track records for development activities, Under the
ongoing restructuring, the department is expected to expand from three staff members at
present to four branches with 18 to 20 staff members by 2003. GPZ would recruit
community development specialists locally to utilize their communication capability in’
local languages and their human networks.

5) Support functions

In addition to the Department of Administration and Finance, another support department
should be created for information and technology. The department will have dual
functions. One is to provide information services related to technology, markets and
business opportunities to the private sector, and the other is to provide information
necessary for operation of other departments. The proposed Zambezi River Database will
be attached to it initially.

3.3. Manpower Requirements

The staff capacity of GPZ will have to be expanded continuously beyond what has already
been planned. The number of staff in each department existing at present should increase
as follows, aiming at the year 2005: 12 in the Department of Administration and Finance,
20 in the Project Promotion, 25 in the Planning and Studies, and 20 in the Community
Development, and eight in the secretaniat for a total of 105 staff members. The newly
proposed Department of Information and Technology may be staffed with 10 experts and
assistants, The Project Management units may have five staff members in each sub-region.
The total number of GPZ staff may be close to 140 by 2005.

4. Project Costs

Investment costs of the project consist of costs of staff housing and associated facilities and
benefits, additional equipment for the Department of Information and Technology, and
some training for newly recruited staff members. Costs of the on-going GPZ headquarters
and their facilities and equipment are not included. The total cost is estimated to be
US$1.59 million, consisting of US$1,500,000 for staff housing, US$80,000 for equipment,
and US$10,000 for training.
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In-Depth Study on Tete Provincial Hospital Upgrading
{Project No. 4.5)

1. Background

1.1. (zeneral

The Tete provincial hospital is a top referral hospital with 300 beds to serve the whole
provincial population. Nearly 3,000 patients in serious conditions are referred from other
health facilities in each district to this hospital every year. Although the hospital seems
well managed, lack of basic equipment and old buildings without air-conditioning
constrain the provision of better health services. Since DANIDA, which implemented a
comprehensive health program in Tete province, concentrated its support for rural hospitals
in Angonia and Mutarara, the provincial hospital has been left poorly equipped for a long
time.

At the same time, the number of AIDS patients including opportunistic infection with TB
(tuberculosis) has been increasing at the hospital because the prevalence rate of HIV is
higher in Tete than other provinces. AIDS ranked as the second highest cause of death at
the hospital in 1998 and 2000 and the fourth in 1999 and 2001. However, there is neither
isolation ward nor special treatment for them. Due to lack of adequate laboratory
machines and training, accurate diagnosis of HIV infection cannot be made. The
proposed HIV/AIDS care center is expected to offer home-based care and research
activities as well.

1.2.  Outline of Tete Provincial Hospital
(1) Manpower | 7
The number of beds, doctors and nurses in each department is shown in the Table 1.

Table 1. Number of Beds, Doctors and Nurses at Tete Provincial Hospital in 2001

Intemal Surgery Pediatrics Eye Dental Emergency Other  Total

Bed 98 87 67 28 - 6 13 299
Dr. (general) 6 3 9
Dr. (specialist) 1 1 1 1 . 13 17
Nurse 12 13 9 5 7 8 .54

Source: Tete Provincial Hospital.

In addition, this hospital has 11 midwives, seven phamacists, five laboratory technicians,

“five X-ray technicians and 10 workshop technicians. The number of medical staff is not
in a serious shortage except for specialist doctors. Specialist doctors for major
departments (intemal medicine, surgery and pediatrics) are all foreigners from Cuba,
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Russia, and India, respectively because Mozambican specialist doctors are only a few in
the entire nation and they do not prefer to work in places far from the capital.

(2) Equipment

The existing medical equipment in the hospital consists of a general X-ray machine,
electric microscopes, eleciric aspirators, autoclaves, and a spectrophotometer. Although
DANIDA has provided several equipments in laboratories, other departments especially
operation and labor rooms are very poorly equipped without air-conditioning. Several
departments including nursing department and lady’s infirmary need construction and
rehabilitation. The hospital does not have equipment essential for a top referral hospital
such as incubators, electrocardiography and ambulances.

Since the hospital has 10 workshop technicians, maintenance of equipments seems
properly carried out even though they sometimes face spare parts shortage.

3) Utilization
Table 2 presents the number of patients in Tete provincial hospital.

Table 2. Trend in the Number of Patients and Referred Patients

No of patients No of referred patients
Outpatients Inpatients szm;;gggg other Refmﬁizlgthe T
1996 30,583 8512 3478 -
1997 34,770 10,728 3,070 61
1998 49,235 9,659 3,111 52
1999 44234 11,726 2,780 71
2000 41,670 11,527 2,637 67
Daily ave. (2000) 1141 - ‘ 7.2 -

The number of outpatients has been decreasing since 1999 because health centers and
health posts have been newly constructed in each district. Therefore the number of
referred patients from other facilities also has been gradually decreasing since 1999. On
the other hand, the number of inpatients has been increasing with a very high bed
occupancy rate (BOR) as Table 3 indicates.

The BOR is the fundamental index of hospital utilization. In general, a BOR higher than
70% indicates that the hospital is highly utilized with proper quality of services and
management. The Tete provincial hospital keeps a high BOR because this is the sole
health facility with specialist doctors serving the whole province, while health centers and
health posts in each district cannot treat neither serious patients nor emergency cases
because there is no medical doctors.  Another reason is that this is the only health facility
operating 24 hours a day.
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Table 3. BOR, Number of Deliveries and Operations

No of operations

BOR No of deliveries
Minor operations  Major operations
1996 80.5% 2,573 6,565 556
1997 94.8% 2,704 7,054 749
1998 83.8% 2,690 3,457 425
1999 73.4% 3,002 5,195 717
, 2000 69.9% 3,103 3,070 728
Daily ave, (2000) - 8.5 8.4 1.9

) HIV/AIDS

The number of AIDS patients in this hospital including opportunistic infection with
tuberculosis is increasing as indicated in Table 4. An estimated HIV prevalence rate of
central provinces including Tete is higher than other provinces partly due to the population
movements of refugees returned from surrounding countries with high HIV infection,
namely, Zimbabwe, Malawi and Zambia. As the Angonia region develops, the HIV
prevalence may be higher with more population movements.

At present there is no isolation ward for AIDS patients and only two nurses, who have not
received any special training, take care of these patients.

Table 4. Top 10 Causes of Death in Tete Provincial Hospital

1996 1997 1598 1999 2000 2001
1 Malaria Malaria Malara . Maiaria Malaria Malaria
2  Pulmonary Broncho o Broncho ] Broncho

tuberculosis  pneurmnonia pneumonia pneumonia
3 Broncho Malmntrition Malnutrition * Malnutrition
pneumonia poeurnonia pneumonia
4  Anemia Anemia Malnutrition  JATDS ©
5 Pneumonia Pulmonary Pulmonary Pulmonary Pulmonary Puimonary
tuberculosis Tuberculosis tuberculosis ~ Tuberculosis  tuberculosis
6 Mainutrition  Diarthea Anemia Cardiac Anemia Cardiac
insufficiency insufficiency
7 P Diarrhea Diarrhea Diarrhea Diarthea
8 Meningitis Anemia Meningitis Anemia
9 Cardiac Pneumonia Cardiac Meningitis Cardiac Meningitis
insufficiency insufficiency insufficiency
10 Meningitis Cardiac Pneumonia Pneumonia Pneumonia Pneumonia

insufficiency

Source: Tete Provincial Hospital.

2. Objectives
The project has the following objectives:

(1) to improve health services of the top referral hospital in Tete province with
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sophisticated medical equipments; and
(2) to establish a provincial center for AIDS related activities in the Tete provincial
hospital for strengthening both treatment and research activities in the region.

The overall goal of the project is to provide better quality of services and to ensure
accessible and effective health care for all population in the Study Area.

3. Project Components
The project consist of the two components as described below.
(1) Provision of medical equipments and rehabilitation of buildings

The following facilities and equipments are required:
1) Facilities:
- constraction of new operation theater,
- rehabilitation of nursing department, and
- rehabilitation of lady’s infirmary;
"~ 2)  Equipments:
- electrocardiography,
- incubator,
- ambulance,
- spectrophotometer,
- electric aspirator,
- sphygmomanocmeter,
- auto clave sterilization,
- refrigerator for kitchen,
- electric generator, and
- air conditioning.
(2) Establishment of HIV/AIDS Care Center in Tete provincial hospital
The center has the following functions: _
- to provide special treatment including counseling and prescribing AIDS medicine for
AIDS patients by trained personnel,
- to strengthen prevention activities such as reproductive health education and IEC in
cooperation with NGOs and communities,
- to train health personnel who can provide both special treatment in the center and
home-based care in communities,
- to collect and analyze AIDS related data and information including those of
surrounding countries whose HIV infection are much serious, and :
- to coordinate all AIDS related activities, including those implemented by foreign
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donors and international NGOs, for more efficient program implementation in the
whole province.

4. Implementing Arrangements

Implementing agencies are MOH, Provincial Health Directorate, Tete Provincial Hospital,
National AIDS Council at province level, NGOs implementing activities on HIV/AIDS,
and communities. The entire project will be coordinated mainly by the Provincial Health
Directorate and through a steering committee to be established.

5. Project Cost

The total cost of the project will be approximately US$3.1 million, consisting of US$2.5
million for equipments, US$0.5 million for facilities and US$0.1 million for training and
research.
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In-Depth Study on Extension Services Enhancement
{Project No. S.1)

1. Implementing Agencies

Impiementation agencies for the project are the Ministry of Agriculture and the Provincial
Service of Extension, Tete Province,

2. Overview

Enhancement of extension services is identified as an important strategy in the community
development sector. The Study Team stresses the role of extension as one of top priorities
for attaining empowered communities in the Study Area. Communities need to develop a
strong foundation of human development in order to achieve objectives set by the Study.
Empowered communities equipped with strong sense of self-governance and
_ self-determination can only support the various projects and programs proposed in
different sectors in the Study.

Skilifully designed training programs ensure the provision of extension services in the
Study Area. The delivery of extension services is achieved only through strengthening
existing extension related institutions. Such empowered extension services are the only
means for the Government to initiate and motivate technological changes proposed by the
Study. If implemehted successfully, communities could cope with changes initiated by
implementation of the project.

3. Roles of Extension and Training in Human Resources Development

3.1. Extension and Training

“Training’ and ‘extension’ are crudely differentiated as training is aimed at enabling people
to acquire specific knowledge, skills and attitude while extension is aimed at encouraging
changes in behavior. In the agricultural context, this vsually means encouraging people to

. change the way in which they practice farming (e.g., to adopt line planning instead of
random planting) or to change the farming activities in which they engage (e.g., to adopt
irrigated rice instead of — or in addition to — upland rice). ,

Assumptions are that (a) the problems of poor productivity and low incomes are technical

ones, (b) the solutions are to be found in agricultural research, and (c) the results of which
could be transmitted to farmers via an agricultural extension system.

Training and extension are thus mutually reinforcing and, in practice, they are likely to
overiap one and another. For training of farmers and farm-level extension to be effective,
it is important that the extension workers and trainers in direct contact with farmers should
themselves be trained for their tasks. | '
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3.2. Justification of the Program

Of the twelve villages surveyed in the socio-economic survey, none of communities
receive any technical assistance from the Government. According to the Provincial
Extension Services of Tete, the number of the extension workers in operation is only 21 in
the Study Area. For each extension worker, the average number of fainily designated to
serve is around 500, but that number is reaching 170 thousand households in the Study
Area. In addition to the number of the extension workers, their work conditions are
extremely poor as the resources available for their activities are very limited. While they
are assigned to the vast area to serve, most extension workers lack transportation. Only
bicycles are the most efficient means of transportation as budget of gasoline for motorcycle
is still not affordable by the department. Given the number of extension workers in the
Study Area, it is quite understandable that none of the communities surveyed receive
' agriculture-related technical assistance from the Government.

While the achievement of government extension services is not sufficient, those of
Mozambique Leaf Tobacco Company (MLTC) and private traders of paprika demonstrated
successful record of extension services in the Study Area. Equipped with motorcycles
and other advanced technology such as two-way radio, they demonstrated very powerful
role of change agents. In an economic sense, this is a sound approach to use extension
workers to promote new crops and new technology.

4, Description of the Program

4.1, Goals

The technology-driven conventional extension approach seen in the example of MLTC
(which inherits ‘top-down’ nature), however, has experienced the following problems in
many African countries:

a) Generally poor response to extension messages; ‘

b) Uptake mainly by better-off farmers who are able to finance investment and the
take the risks inherent in adoption of new technology;

¢} Subsequent concentration of such farmers (‘progressive’ farmers) by agricultural
extension services, and neglect of poorer farmers; and

d) Use of credit programs to reinforce extension and encourage farmers to adopt
new technologies — in which credit programs themselves become dysfunctional.

These problems occur because extension services are implemented with the assumptions
that top-down approaches of conventional extension services are not necessarily effective.

There are four goals of the project. They are summarized as follows.
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(1) Technology transfer

Extension programs pass along information with the intent that a leamer will adopt a
particular practice that leads to improved productivity or quélity of life. With
technology transfer, adoption of particular behavior or practice is the desired
outcomes. '

(2) Education

Extension services help participants come to understand how to make decisions
‘regarding various courses of action. The desired outcome is the ability to make
decisions given appropriate information.

(3) Problem solving

Extension services focus on the application of knowledge to solve problems.
Participants’ ability to use information and make decisions as they relate to the
resolution of specific, short-term problems is the desired cutcome.

(4) Development of technology

Extension services strive to build on the long-term capacity of communities and
individuals to act on issues they identify. Communities and individuals gain
knowledge and skills necessary to orchestrate the process of planned change.

4.2. Objectives

The project attempts above all to avoid the vicious cycle in which the farmers with the
least urgently need to improve their income and productivity are those who respond to
extension most readily and therefore receive most attention from extension workers. In
order to minimize such negative impacts, the proposed extension services should have the
following objectives;

a) to identify poorer members of the community and the particuiar constraints they
face in adopting new technologies (e.g., labor or capital shortage, inability to
take risks);

b) to encourage farmers both to identify their own problems and to develop their
own solutions to them;

c) to use the indigenous technical knowledge amasses in any rural communify as a
bank from which much of the basic information needed to devise new
technologies can be drawn,

d) to ensure that new technologies are tested and validated on farmms, before
expecting them to be widely adopted; and

e) to allow farmers to change at their own pace; if they perceive change to be
beneficial and if there are no serious constraints, their pace will not be slow.
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4.3. Training of Trainers, Farmers Training and Extension Services

Enhancement of extension services consists of a two-tier training arrangement. Training
of trainers (TOT) is a foundation of the whole training design. Professional trainers train
extension service workers who will have direct contact with communities. The multiplier
effect of training of trainers should be high, assuming that the trainers are used in programs
for the benefit of large numbers rather than small exclusive group.

After completing the TOT, extension workers are assigned to communities. They provide
fanmers training aiming at specific technology transfer to community members.
Extension services are provided to support and reinforce the leaming process initiated by
the farmers training. Extension services aim at motivating farmers to change their
behaviors.

Both farmers training and extension services should be experimental and reflective in order
to facilitate farmers’ leaming process. Figure 1 shows the relationship between farmer
training, farmer extension and training of trainers.

Figurel Traihing of Trainers (TOT) and Farmers Training

Extension Services

Farmers competent in skills to use new agricultural
technology

Farmers competent in attitude to adopt technological
change, etc.

fmm-mmms—sme—-———-s-—---- fo=====--s-s----—------ (I il ke kit |
\ Extension services : i Extension services | | Extension services !
| workers competent | i workers competent ! ! workers competent |
t in skills in new + | in knowledge in i | in attitude in !
« farm technology, ! ! agricultural 1 i playing |
' communicationand | ! technology ' 1 educator/catalyst
| community bl ...} ) rolesand :
i mobilization ! | demonstrating i
e ! leadership. !

Training of Trainers) 77T

4.4, Activities
Specific activities of exiension enhancement are summarized as follows.

(1) Training of trainers
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An important factor in the success of village extension is that the extension services
workers should be well prepared for their tasks. Apart from personal qualities and |
motivation, trainers should be:

a) technically competent;

b) competent in communication methods and strategies; and

¢} competent in social development and social education.

One round of training of trainers aims to train up to 45 extension services workers for three
months of duration by two professional trainers. The first professional trainer teaches
mainly technical aspects of agriculture. The other trainer covers communication and
community development methodologies. The setting of the training should be in
classrooms.

Topics covered include not only various subjects of agricultural technical training, but also
principle of aduit education, introduction of experential training, conflict transformation,
basic accounting skills, monitoring and evaluation of training, and community
development principles.

2) Farmers training

Farmers training is designed to teach community members by an short and informal
training session in the field within the community or up-to three-day-long short but formal
training course in a specific topic at a class room setting close to the community.
Extension service workers provide the services. Example of training topics include as
well as training schedule is shown in the Appendix 1.

3) Extension services

Occasional field visits and informal meetings/dialogues with individuals or farmers groups
are a main activity of extension service. During the field visits, the extension services
workers provide advise and technical supports to farmers.

The difficulties of implementing extension services should not be minimized. Even
where a particularly poor village or region has been selected, extension services workers
seeking to promote mainly technical change will almost certainly find that they receive the
readiest response from the relatively wealthy, articulate, innovative and ‘progressive’
members of the community who will always be at the forefront in the village meetings.
Extension services workers may find it difficult even to make contact with the poorest
groups (Jandless families, widows, the elderly, etc.). Two approaches to this difficulty
can be suggested:

a) To form (or facilitate the formation of) groups of individuals/households with

similar problems and needs, identified as specifically as possible; and
b) To be prepared to recognize that problems of poverty may not be amenable to
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technical solutions, but may need social and political change, and to help groups
to identify and work toward such solutions.

Table 2 summarizes the description of training of trainers, farmers training and extension
services discussed in this section.

Table 2. Summary of Enhancement of Extension Services

Items Training of Trainers Farmers Training Extension Services
(TOT)
Trainers Professionai trainers Extension services Extension services
workers who received workers who received
TOT TOT
Participants Extension services Farmers in communities | Farmers in communities
workers '
Duration 3 month for training up to | A day up to three days. Mostly a few hours to up
15 extension workers Depending on the topics | to two days
) etc. ‘
Competence | Skill Technical skills, Technical skills in new Technical skills in new
(Objectives) communication, agricultural production agricultural production
social/community
development skill
Know- Technical knowledge in Knowledge 1o adopt new | Technical knowledge to
ledge new agricuitural crops etc. adopt new crops, etc.
technology .
Attitude | Leadership, openness, Willingness to change Motivated to change
willingness for services different/new farm different/new farm
. technologies, motivated | technologies, motivated
Number of trainees | 15 trainees per class, up to | Approx 15 trainees Up to 15 trainees
three classes every three | (farmers) per session {farmers) per visit
month (45/every three
month=135/year) .
Setting/Facility Three class rooms with Class room (facility of Mostly fields in the
TV, VCR, camcorder, etc., | primary school in the communities assigned
and experiment field’ community is used)
and/or experiment field in
the community
Teaching Experiential, reflective Experiential, reflective Experiential, some
methodology dialogue and some lecture | dialogue and minimal reflective dialogue
lecture

Source: JICA Study Team.

4.5. Proposed Location

The proposed agricultural research center in the Tete-Moatize Core Urban Development
will have an extension training function in addition to practical farming training. The
adjunct experiment station can be used for field training. The proximity to Moatize and
Tete will make it an attractive site for trainees from not only the Study Area but also
central region of Mozambique. '
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4.6. Budget

The total cost of five years of operation of this program is estimated at US$16 million.
The benefit of the program is estimated at US$16 million annually by the fifth year since
the implementation of the program.

During the implementation period, about 600 extension workers are trained. It is
estimated that a half the graduates will be hired by the empowered Provincial Extension
Services of Tete, and 300 extension service workers train and give advise to approximately
130 thousand rural farmers in the next five years. It is estimated that at least, all the
households who have had direct contact with the extension workers could achieve 20%
production increase as the extension workers provide technical assistant to a vast majority
of fanmers. Details of the financial information are provided in the Appendix 2.
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In-Depth Study on Small-scale Business Program
(Project No. 8.7)

1. Introduction

The Small-scale Business Program is proposed with the following three components: (1)
provision of soft loans to community members through the peer-to-peer informal lending
scheme, (2) skills training for start-ups; and (3) business assistant to support small business
Oowners. '

Within the scope of this program, small-scale cooking oil processing is identified as a
promising business in the community of Nsadzo in Chifunde district by the
socio-economic survey and the farmers’ association survey. In the following section the
detail of cooking oil processing business is discussed.

2, Implementing agency

The Women’s Committee in Nsadzo will owns the proposed business. The community is
responsible for managing the small-scale cooking oil production. The committee recruits
female community members to operate the business, and to manage the participating
members. '

3. Current Situations and Probiems

3.1. Community Profile

Nsadzo is situated in Chifunde district at Casacatiza Administrative Post. It is located at
the border area with Zambia. The population of Nsadzo is 10,370. The entire
population has experienced refugees during the civil war. The community is still in the
process of major transition as most farmers are struggling to produce from the land they
are resettied after the repatriation program administered by UNHCR was completed.

The total farming area is estimated at 17,400ha. Main crops are maize, tobacco, cotton
and sunflower. Public service infrastructure is fair, while there is a primary school, health
post and some boreholes. The road access is good as the community center is located
along the side of the major road connecting Tete city and Zambia. Because of the
location, 75% of farm products go to Zambia.

3.2, Problems

While the people of Nsadzo conimunity lack appropriate means to utilize oil seeds
(sunflower seeds and ground nuts) and they are sold almost entirely to Zambia to be
processed as cooking oil, they continue to spend money to buy cooking oil with
significantly at higher prices in spite of their economic difficulty.
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4, Description of the Project

4.1, Activities

One set of ‘Yenga’ oilseed press is provided to the Women’s Committee of Nsadzu to
implement the project. The oil press is to extract oil from soft oil seeds (e.g., sunflower
or groundnuts). The Committee assigns a member to‘bperate the press.

Whenever they need cooking oil, community members of Nsadzo bring groundnuts or
sunflower seeds from their farms to process oil. The machine is operated by one of the
assigned member of the committee. The committee charges community members a user
fee for the labor and processing oil. The customers have choices of payment, to pay in
cash, extra oilseeds or processed oil according to the fee schedule set forth by the
committee. The committee accumulates the proceeds for repayment or other activities.

4.2, Resources/inputs

The following items are required to implement the project:

Item Qty  Unit price (US$)  Price (US$) Note

“Yenga’ OQilseed Press i 250.00 250.00 Including S&H

Plank (2.0m long) 1 20.00 20.00 -

Bolts & nuts 4 1.25 5.00

Containers (20-liter water jug) 2 750 15.00

Technical training for operation 1 50 50.00 Production & marketing
‘ Total 340.00

43.  Expected Qutcomes

(1) Job creation specifically for women

The provision of the oil press machine provides the women’s group ability to offer a
service of oil production at cost basis to whole community of Nsadzo. The fee is
collected based on an agreed fee schedule mutually agreed by the community members.
Income is saved into a common saving account to accumulate for a certain period of time
for further use as mutually agreed by the members.

2) Provision of cooking oil to entire community

The service provides cooking oil at cost basis. Compared with the price of the cooking
oil obtained in the community, the fee is set significantly lower the market price of cooking

oil in Nsadzo, This service will make expensive cooking oil more affordable for entire
community.
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44.

Justification of the Project

There are some advantages of the project:

)

@)

3)

4.5.

Cooking oil is an expensive commodity in Nsadzo

In Nsadzo, most households produce their own cooking oil for home consumption
because the retail price of the oil is more expensive than that of Tete city. The price
of typical cooking oil in Nsadzo costs about Mt.45,000 per liter while it is 25,000 per
liter in Tete city.

Current production method can be much improved by a simple investment scheme

Cooking oil is produced from oil seeds such as groundnuts and sunflower seeds by
pounding with a stick and a mortar. Oil is extracted when the paste is put in a
containers and crude oil is separated by gravity. Every 2.5kg of shelled groundnuts
produces approximately 0.75 liter of cooking oil. The process takes about eight
hours, a painstaking process. The consumption of the oil varies household-by-
household depending on the size of family and type of cooking they do. Income
level of a family is another factor of cooking oil consumption.

Nsadzo produces sunflower seeds which is still under-utilized resources in the region

Sunflower seed is one of major cash crops in Nsadzo, but it is almost entirely sold to
Zambia for oil processing, while farmers buy cooking oil. This project utilizes
unused resources to add value.

Best Scenarios to Impleent the Project

Two alternative scenarios were evaluated based on the current socio-economic situations of

the community to increase the probability of successful implementation. They are as

follows:

(1)

@)

User-fee collection scenario

The first alternative is that the committee members only collect the user-fee and cost
of labor based on the fee schedule set forth by the committee. Community members
make the payment in the form of cash, unprocessed oil seeds, or produced oil. The
proceeds are accumulated for repayment of the machine or other use mutually agreed
by the committee members. '

Purchase-production-sales scenario

The second alternative is that the committee members accumulate fund to purchase
seeds from the community. The processed oil is disinfected, packaged, stocked and
marketed for sales. The product is for sale to community members at regular market
prices, expected to be lower than the current cooking oil price in the community.
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(3) Evaluation

Two scenarios are evaluated based on available data and socio-economic conditions

of the community.

The summary of the evaluation is shown in Table 1.

Table 1. Evaluation of Two Alternative Scenarios of Oil Production

Advantages Disadvantages
(1) User-fee collection | - Small capital investment can start - Because labor is the major source
scenario the project, , of income, the expected profit may
- Marketing portion is minimal. be small
Use-fee is a major source of
proceeds. :
- Simple project scheme., High
transparent for other cormmunity
members
- increment approach allows to grow
with relatively slow pace within
the manageable expansion
possible, '
- Benefit whole commumity.
- Relatively bow risks while profit is
almost guaranteed as long as
allocation of labor is
secured/machine is functioning
(2) Purchase- - Large profit can be expected, only | - Relatively large capital investment
production-sales if successfully managed required.  (containers, pot, etc.
scenario - Can produce more seeds : for sales.) '
- All profits can be retained in the - Marketing and sales is a key to the
committee. " success.
- Complex management required
{production plan-purchase-process-
inventory-market-sales)
Source: JICA Study Team, '

Based on the evaluation, (1) user-fee collection scenario has greater advantages over the
second scenario.  Because of the simple project scheme, it does not reqmre complex
management such as production control, inventory management and marketing, By
simply assigning operators, and as long as the machine is properly maintained, they can
collect proceed. Compared with the other approach, it seems to be more sustainable.
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