6.6 FUND PLANNING

(1) Funds Required

Ycarly required funds, classificd. into domestic and foreign currencies, are presented on

Table I1-6-18. When they are transformed into present value by an annual rate of 8%, if will be
1,493.2 miliion ycn for demestic currencies and 1,437.1 miltion yen for foreign currencies. As
for additional construction cost, it is classified into F-C and D-C by its ratio to construction .
~cost. 5% of administration cost and 30% of maintenance repairs cost are estimated each on F.C.

Table H-6-18 Funds Required (Domeslic, Foreign Currenéies)

Additional

Purchased-

.(Unit: 108 Yen)

Consiruction : Administration’ _
Cost Construction & Maintenance encigy Total
' Cost o R.C. - Cost
EC. DC. F.C. D.C. FC. DC. n.C. EC. DC.
1980  405.6 108.9 03 - 4.8 4059 113.7
8i S80.1 186.4 0.6 122 . 580.7 198.6
82 3534 178.2 _ : 0.9 7.2 1.2 354.3 206.6
83 189 19.5 555 219 1.0 183 32.7 754 924
84 555 219 1.0 19.1 38.7 56.5 79.7.
85 34 14 1.0 19.1 44.6 44 65.1
36 38 1.5 89 315 - 48.0 127 87.0
87 6.7 2 89 3177 5.0 156 912
38 8.1 3.0 9.0 37.8 54.2 17.1 950
80 . 91 33 90 338.1 57.7 8.1  99.1
90 62 20 90 383 61.4 152 1017
91 67 2.2 9.1 384 65.4 158 106.0
92 . 238 6.0 9.2 39.0 69.7 330 114.7
93 7.1 2. 9.3 39§ 74.2 16.4 1157
94 7.5 25 93 393 79.1 16.8 1209
95 79 2.7 9.4 39.5 84.3 17.3 126.5
96 426 104 9.6 -~ 40.5 89.7 . 52.2 140.6
97 g3 28 9.6 40.8 95.4 '17.2 139.0
28 90 3.1 9.7 409 101.5 18.7 145.5
99 9.5 3.2 9.7 412 108.0 19.2 1524
2000 - 99 34 98 414 S114.9 19.7 159.7
1 48.1 119 100 425 1220 58.2. 176.4
2 108 =~ 3.7 10.1  42.9 1296 210 176.2
3 459 1.5 104 439 137.6 56.3 193.0
4 119 40 44.1 146.1 22.4 1942

10.5 -
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De preciaﬁon

items, namely, lemporary facnlmes spare paris, conhngency, engineering fee, ad-
ministrative expenses and survey and measuring accordmg to the:r ratios to construc-
tion cost in F-Cand DC.

Depreciation rates are set to be as follows (from TANES(;O Annual Report):

33kv ' 2 417
11 kv, low-tension lines, service lincs, street lights 3-1/4
transformers, substations 4304
vehicles ' 22-142

_Lnfe-over worth to be 10% is estimated.
" Yearly depreciation expenses according to the calcnlation melhod is shown on Table

H-6-19.

Tablé I1-6-19 Yeasly Depreciation Expenses

‘ ‘Depreciation’ v scati
Year Er:ipenstes " Year Dgil;l;fgriiig: "
- 1980 24.5 1993 82.2
31 56.5 94 - 825
82 73.8 95 82.9
.83 76.6 96 85.0
84 78.9 97 85.4
85 79.0 98 85.8
86 79.2 99 '86.2
87 79.5 2000 86.6
88 79.8 1 89.0
89 80.2 2 89.5
90 80.5 3 91.8
91 80.7 4 92.3

92 _ 81.9

(Unit: 10° Yen)

Service Line Charge

TANESCO has a syslem to collect construiction cost allotment charge for service line
installation from a new consumer subscription. There are twe different rates, onc for
single-phase and the other for thiee-phase.

(Single-phase} (Tllféé—p!lase)

~ For the ﬁrst. 60 meters 400 T.shs. 1,000 T.shs.
each meter up to 200 meters 10 20
pole _ 250 250

Both singte-phase and three-phase are calculated with their minimum charges.
Among the 1,650 consumers for initial consiruction, the number of consumers for
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the single-phase is set to be l,300_con:sumem and for the three-phase to be 350. -
Later, among the cases increased, 20% of Tariffs 3 and 4 and Tariff 2 are set to be
three-phase. And a3 for the ratio of composition among the Tariffs, the ratio used in
. initial demand is employed as it is.
' (Single-phase) '
3,717 + 1,321 X 0.8 + 375

= 0916= 092

5,624
(Tllrec;pl}ase)
1 - 092 = 0.08
. Yearly service tine charges obtained through the method are shown 'on‘Table 11-620.
Table 11-6-20 Yearly Seirvice Line Charges
- Number of .
Year ff:gf ég?: és Single-phase Three-phase Se{:\]’:g;aggné
! ! _
{consumers) - (10° Yen)
1980 - 245 So193 52 3,230
81 378 - 298 80 4,980
32 -+ 995 . 784 - 211 13,115
83 1,858 1,705 153 20,875
84 1,826 1,680 146 20,450
85 16 70 : -6 850
36 84 7117 7 945
87 84 77 7 945
88 - 92 35 - 7 1,025
39 02 85 7 - 1,025
1990 : b3 _ 104 . 9 1,265
N 123 - 113 - 10 1,380
92 118 109 ' 9 1315
93 131 121 ' 10 1,460
94 130 . - 425 11 1,525
95 144 132 i2 1,620
96 150 138 12 1,680
91 149 137 12 1,670
98 168 155 13 _ - §.875
99 173 - ' 159 ' ' 14 1,940
2000 - 188 S VX s S 2,105
| 197 181 ' 16 - 2,210
2 206 190 16 2,300
3 218 204 S A 2,435
4 223 205 18 2,500
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Repayment Planning

a.

The n,payment penod and mte:esls for fund raising are assumed to be as follows
CInterestrate: . T T 1.5%, 3%, 5% pei year .
Method of repaynieri't‘ " 30 years including’ moratormm period ol‘ 10 years

If the total amount of mmal construchon cost is assumed to be i‘nam:a':d by foreign
3ld (annual rate of 1.5%) and additionat construction cost and olhets to be raised by

: I‘ANESCO itself, yearly net mcome and cash balance w:ll be as shown on Table
- 6- 21“22 (case l} The amount of maximum cmnulatwe deficit will be 38. S miltion
'yen in 1983, and the year the balance goes into the black will be 1985.

Cash ba!ance whcn annual rates oi‘ 3% and $% are set as a condnuon of investment is
shown on Table II-6- 24~25 (case 1), 27~28 (case 11). The amount of camulative

. deﬁc:t wﬂl be 129. 9 m:lhon yen (1984) with an anaual 1ate of 3%, and the year the

balance g0és into the black will be 1987. With an annual rate of 5%, the amount of
cumulative deficit will be 4809 million yen (1996), and the balancc does not go
into the black before 2004.
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Table 11:6-23' Awmortization Schedule (Caée 1)

. (Unit: 108 Yen)

. Borrowing - - o ﬁcdémpﬁ(}n P
Cons(l:r(:;(;tlon Principal Iterest  Tolal Oult}it[s;rllg::ng :
1 1980 - 514.5 T 1 5148
2 1981 " 766.5 c o ; 19.2 © C19.2 01,2810
3 1982 531.6 ' 272 212 1,282.6
4 1983 38.4 218 218 11,8510
5 1984 . 278 278 . 1,851.0
6 1985 : - 218 8 © 1,850
7 1986 : 218 278 1,851.0
] 1987 278 218 - 1,851.0
9 1988 : 278 278 1,851.0
0 1989 o : . 27.8 27.8 - 1,851.0;
i1 1990 : 257 27.8 53.5 11,8253
12 1991 64.0 27.4 91.4 1,761.3
13 1992 906  264: - 1170 - 1,670.7
4 1993 92.5 25.1- 1176 CoL578.2
15 1994 92.5 23.7 116.2 14857
16 1995 925 223 1148 1,393.2
17 - 1996 925 20.9 113.4 1,300.7
18 1997 92.5 19.6 2.1 1,208.2
19 1998 2.5 18.1 110.6 1,115.7
20 1999 925 . 167 109.2 1,023.2
2 2000 925 154 1079 9307
22 2001 92.5 14.0 106.5 8382
23 2002 92.5 12.6 105.1 745.7
24 2003 925 - 1122 103.7 653.2
25 2004 925 98 1023 560.7
26 2005 92.5 8.4 100.9 468.2
27 2006 92.5 70 99.5 375.7
28 2007 925 56 . 98.1. . 2832
20 2008 92.5 4.2 96.7 - 190.7 -
30 2009 92.5 29 95.4 - 982 -
31 2010 65.8 1.5 67.3 324
32 2011 - _ 29,5 0.5 300 29

33 2012 29 00 - 29 0.0
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Table 11626 Amortization Schedale (Case 11)

(Unit: 10° Yen)

Borrowing Redamption Outstanding

Con%:;l;fum.] ' Principal Interest Total © Balance
1 1980 514.5 15.4 154 514.5
2. 1981 . 766.5 . 38.4 384 1,281.0
3. 1982 . -s8316 543 ¢ 543 1,282.6
4 1983 38.4 55.8 $5.5 1,851.0
S 1984 55.5 555  1L,8510
6 1985 55.5 $5.5 - 1,851.0
7 198 - - 555 55.5 1,851.0
8. 1987 - - ' : §5.5 - 555 1,851.0
9 1988 | 55.5 55.5 1,851.0
10 1989 \ 55.5 555 1,851.0
11 1990 . 25.7 §5.5  81.2 1,825.3
2. 1991, - . 1640 - 548 13 1,761.3
13- 71992 S ' 90.6 528 1434 1,670.7
4 1993 92,5 502 - 1427 1,578.2
15 1994 92.5 47.4 139.9 1,485.7
16 1995 92.5 44.6 137.1 1,393.2
17 1996 92,5 41.9 134.4 1,300.7
18 1997 92.5 39.0 1315 1,208.2
19 1998 , - 92.5 - 364 1289 1,115.7
20% 11999 92.5 33.5 126.0 1,023.2
21 2000 92.5 30.8 123.3 930.7
22 2001 _ 925 28.0 120.5 838.2
23 2002 92.5 25.2 117.7 745.7
24 2003 225 224 114.9 653.2
25 . 2004 - T92s 19.6 112.1 560.7
26 2005 92.5 16.8 109.3 468.2
27 2006 92.5 14.0 106.5 375.7
28 2007 92.5 11.3 103.8 283.2
29 2008 - 925 85 101.0 190.7
30 2009 92.5 5.7 98.2 98.2
3120100 . 658 29 687 324
32 011 ' 29.5 1.0 305 2.9
33 2012 2.9 0.1 3.0 0.0
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Table 1i-6-29 Amortization Schedule (Case 1)

. _'(U_niti 11 Y'cn)

" ‘Borrowing : " 'Redamption O‘t.i ' cl_: :
Cong(?;tc tion Principal  Tnterest Total l]BsalZ?lc::ﬂg"
I 1980 - - .S145 - - o s 25 o T s14s
2 1981 o 1665 ' 640 640 - 12810
3. 1982 531.6 9206 906 1,282.6
4 1983 384 92.5 92.5 1,851.0
s 1984 - 925 1 925 13510
6 1988 - ¢ C0925 0 9250 71,8510
T 1986 92.5 92.5 1,851.0
8 1987 _ 925 92.5 1,851.0
9 198 .- . _ 92.5 92.5 1,851.0
10 1989 - : : 92.5 925  1,851.0
it 1990 25.7 92.5 118.2 1,825.3
12 1991 64.0 91.2 155.2 1,761.3
13 1992 90.6 88.1 - 1782 - 1,670.7
14 1993 : 925 836 - 176.1° - 1,578.2
15 1994 92.5 78.9 171.4 11,485.7
16 . .1995 _ 925 = 743 1668  1,393.2
17 1996 ' 92.5 697 1622 - 1,300.7
i8 1997 92.5 64.9 157.4 1,208.2
i9 1998 92.5 © 60.3 152.8 1,115.7
20 1999 . 92.5 55.9 148.4 1,023.2
21 2000 - L 2.5 512 143.7 - -~ 9307
22 w00t . 92.5 46.6 i39.1 838.2
23 2002 92.5 42.0 134.5 745.7
242003 92.5 313 129.8 653.2
25 2004 ' 92.5 1326 1251 560.7
26 2005 ' 92.5 28.0 120.5  468.2
270 2006 92.5 23.4 115.9 3757
28 2007 92.5 18.8 1113 283.2
29 2008 9.5 14.2 1067 - 190.7
30 2009 92.5 9.5 102.0 98.2
31 2010 65.8 4.9 70.7 324
32 201! 29.5 16 . 3t ) 2.9
- 33 012 _ 2.9 0.1 30 00
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CHAPTER 7 ECONOM!C ANALYS!S
71 METHOD OF ANALYSIS

As opposcd 10, the d;swssmn of f mancml cvaluahon in the pnwious chapter exammai:on
on several aspects of econonnc analysss is to be dlscussed in lhls ‘one. It'is meant to evalvate a
project in view of nahonal economy and termed as “ecanomic evaluation” or “economic cost
benefit analysis” as financial evaluation is termed * prwale cost beneﬁ[ analysis™, which is to
apply financial evaluauon from a point of view of an individuat commercial enterpns\, S

- The. fundanwnlal difference between private cost benefit analysis and cconomiic cost
beneﬁl analysls lics in the fact. thai while lhc former simply employs the market price in
eva]uallon the latter reevaluates a matter by tfansl'ormmg the markel price to the economic price
to present the real economié value of the matler.

In lhls chapter, the fo!lowmg procedun, in the appllcatlon of economic analysis is
followed. < S ; . : : : -
l*lrstly, \,xecutlon of rusal elcdnf‘calton lS assumed wnth an mlentlon to come up wﬂh a

minimum-cost plan which is most economical and cost-saving when carried out. Specifically, a
comparison between the cost for a: rural electrification program,. that is, instaflation of
transmission and disttibution lines and a alternative plan, that is, the installation of dicsel engine
generators, which is consndend to be the most economical alternative plan is studied. The
method is termed as “cost-efl fcctnencss analysis™; and since both plans share the same benefit,
lhe cost of one ¢an be understood as the bencfit of the other. - :

_ Secondly; economic analysis of the minimuni-cost plan obtamcd thmugh cost -¢f| fecl;vcncss
analys:s s undertaken, Since the economic cost of the minimum-cost plan is already obtained
through co_st-ef fectiveness analysis, it is here to detenmin hiow to nicasure the benefit,

- Although various.lypes of benefit 'accon'ipanying rural electrification can be conceived, the
facl that many of them are intangible and the lack of information present difficultics to have the
oxact " micasurement ‘of them; therefore, for the sake of simplification, the consumers(!)
“willingness 1o pay”’ is ngardcd a5 3 means {or measun,mcnt In Ilns way, the benefit tends to be
underesnmatcd . C Lo _

.Generallyi consumers” willingncss' (0 pay-is eslimated by the sales revenue, and this
disrcgards consumers” surplus(?? _wlien there is ot perfect competition in the market. And since
electricity service is a regional monopoly in nature, the elasticity of price is not infinate; and,
therefore, the demand curve should drop to the right. This means that thic benefit presumably to
come with the execulion of the Project should be measured by the part under the demand curve..
Since this is the first electricity service in the arca and the cstimation of the demand curve
presents difficulty, here the sales revenue is to be regarded as the sofe nicasurement of the benefit
by siniply lgnonng consuniers’ surplus. And it is never fo be forgotten that llu, bencfit is being
undcnshmatcd :

~The economic bcncﬁt oblamed lhus togclhcr w:lh lhc economic cost ob(amcd from

cost-effectiveness analysis, prowdcs us wilh the internal earning rate of the minimunt-cost plan,
And the economic internal carning rate makes it possible for uis to judge on the feasibility of the
Project according to the minimum-cost plan.®? Here, special consideration should be given to (he
opportunitly cost for the investment funds provided extemally since there is only a little internal
reserves at I‘ANI~SCO and it depends heavily on external funds. '

. The next step to be taken is social cost benefit analysis, which lransforms llw economic
pnce indicator of the benefit and the net benefit obtained from cconomic analysis to the social
price indicator for re-cvaluation. But we would like {o leave out the analysis due to the absence
of intratemporal evaluation of the benefit and intertemporal cvaluation of the net benefit
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(=savings=investment).t4? - .
Finally, analysis and pn,sentallon of de\elopmcnt effects of the ijecl from varlous angles'
are carried oul. _ : » cote

Note (1) Consumers of clecliicily: theiefore, mdudes mtumcdnate consumers with demand as well as the final consuming .
.. public. :
('2)' Consumers’ su:plus 15 ende tstood as the l'mal consumers surplus and ‘the pmducers surplus of mlnmed)ate on
" sumers; furthermoré, the produce:s surplus of the ]aile: ls p:ntly transfotmed m!o the consumeérs' surplus ol‘ the -
.. Mnal consumers withdeémand. - . .
(3) Social rate of time prel’erem‘e is not o'btainabh bc\.ause lhe I'und market is lmpufeci therel'ote. nl has ta bedone;
"+ with 1RR, not with NPV, in the process of evalvation. gl
(4) The mtra!empom! evaluation “of benefil and the inlerfémporal evaluation of nét benem concerns a n:mons
.- fundamentat political evatuation; therefore, if it should be done by l'o:euu\ nauonals it should b done v.nth great
discretion. 1 may be assumed lhai sinte the two sets of eva!uatmn aie ina trade-off felationship with éach other,
the value of inferfeimporal would be highér if we ate to erphasize growth, and the valuz would fall highly oa the
-“poor” of the intratemporal evaluation if we are to emphasize fais equity. . ‘

;‘r' 4

'72 ANALYSIS OF ALTERNATIVE CGST VALUATION
7 2.1 PfOpOSItIOI‘! of Altematwe P!an :
(1} Method of Analysis

The Pr(necl under dlscussnon is p!mmcd at four drslncts namely, llal Rombo Norlh Par»,
and South Pare, and it is to seek its power supply fiom the Coastat Grid - System. In casé¢.
execution of this Electrification Project is cancelled, the electrification of the areas is to depend
on the supply produced by diesel engine géncrators, Allhough an alternative plan with dieset
éngine gencrators was examined during the course of the study u_ndcrlakcn, it has been dismissed
from such districts as Hai and Rombo because distribution lines are atready instatled in nearby
areas and mere expansion of them will procure the power source. On the other hand, districts
such as North Pare and South Pase are located fairly far from the existing transmission lines and
service arcas; And the fact the arcas with demand in the districts are cbmposed of several separate
groups makes the alternative plan with diesel engine gencrators worth sonie discussion. -

It is now to analyze the cconomics ofllu, Project, the transmission-ine plan, by comparmg
it to a plan which is to usc auto-generators for South Pare, where areas w:lh dentand are
scattered around, therefore, need great cxpansion of transmission lines, -

(2 Cost F.stimatiox'l of Alternative Plan

a v Basw Pohcy \ I

—Considering  the - regular mspuc!mn :md mamlcnana prowdurus or techmcal
difficultics presented by diesel engine gencrators, there arises need to have stand-by
machines as reserves in otdes to provide the same service as the transmission-line
plan. Here, {wo cases are estimated: one with installation of reserves of the same

capacity and the other, without feserves although it may present -less efficient
service. The capacily of the dicsed engine generators is assumed to be accorded with
the capacity of the pole mounted transforniers of ¢acly area. : ;

—All the distribution lines are to be 11 kV fings, and 1ow tension llnes sesvice llnes
meters, streel lighting and pole mounted transformers are assumed to be lhc same
Lypes as in the casc of the lransmlsuon line plan,

= Standard of Dicse! Engine Genuator
- [Diesc B ngmc]

i-7-2



Type P Vertical, Air-¢cooling, 4 Cycle
Number of Cylmders 6 '

' Rev olvmg Speed T50RPM.
GFaelr " Type-B Fuel Oil
Ll!bncahng Oil: . Over GRANDE DM
Compresscd-alr Starting System
Water-coo]m 2 Type

Alrlcss Qil lnjcctlon

[Generator]

400V 750 RPM. Dm,ct Coupled Type

Power l*actor : 80% Revolving-field Type

. 400/11kV  Step-Up Transfommer attached

; b. Establishment of Service Areas of Power Generation Facilitics _

: —We divide South Pare into five smaller units and install a dicsel power plant in ¢ach.

—1In dividing the dlstnct vnllagcs within 2--3 km distanee are consrden.d to be one

: unit;

C G, Cost of Generators : : :

' In determining the cost, lhe record of performance in Japan as we!l as that of Rural

Electrification Pro;ect in Tanzania are guoted, and it is calculated at a presumed

L 1980 price paying cosidesation to a raise in the price of the product

"~ d.  Construction Cost of Diesel Power Plant :

' Cons:deratlon was given {o the followmg ites for initial m\mshuent

* Diesel engine generator
* Others include price of land, buildings, control boards, AC-DC cables, oil tanks,
piping, pumps, carthing devices, fire extmgunshmg devices, alarms, transportation
cost, insurance cost, refated expenses, reserve fund, etc.

— As for the cost of additional investment and rmovauon of the facnlmes 20% of the
cost of machinery is placed on the cost of Diescl cngme generators as instaltation,
transportation, and removal ¢xpesnses,

The initial construction and the cost of it other lhan the dicsel power plant is set as
follows:

—accessory 11 kV transmission lines
Length: 8.5 km Unit Cost: 2,300x10% yen/km . _

—Since the following items are also used in the transmission-line plan; the cost is
calculated in the same manner: pole nmounted transformers, low-tension lincs,

 service lines, street lighting, vehicles, machine fools.-

f. Fuel Cost Estimation '

The estimation on the cost of fuel is made by varymg the rate ofuhhly capac;ty of
the facilities and thermat efficiency on a yearly basis. At this time, 20% on the cost
of Iubncatmg oif and maintenance, and a 30% increase in the price of oil are
estimated until 1980. fhc results of the calculation on the fuel cost are shown on
Table 11-7-2. .

g Addmonal Conslrucllon Cost :

The treatiments on the cost of additional conslrucuon for Iow-tensmn lines, sefvice
lines and pole mounted transformers are done in the same way as they were done
_ the disteibution-line plan.
h. Operation Cost
The payment for the engineers involved in the power plant is sct to be a 30% exira
to the one for those in the line distribution work, If two individuals work on {wo

o
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shifts, this will amount 1o 4,485, 000 yen per year. :
Administration Expcnscs and Maintenance Repairs Expenses

‘= For the maintenance and repairs  expenses of the diesel power plant, 4% of the

: cumulatwc constructton cost (exclusive of renovation) is estimated ycarly.

. —As for othcr Facahlles 1% of the cumulative ¢onstruction cost for adminijstration
expenses and 1. 3% for nmmtenance and repairs expenses are allocated from 1986 on

cach.

“The usulls of the cost presented by the dmsel plan based on the above condthons
- are shown Tablc 11-7-3~4.

Table Il?l South Paré Dies’el Powe'r_'[’lénl Construction Cost

: (Unif: 10* Yen)

I_)isiri'ict"' ; ) o MSCC!;;'; ey Oth'erfsm Total
| IR nitial Investment 80KW x 2 61,000 45,360 106,360
(80k\W). 1998 Renewal SOkW x 2 61,000 12,200 73,200
.. .2003 Addition_al Investment  80kW x 1 30,500 6,100 36,600
(220kW) Initial Investment 220kWx2 78,000 45,360 123,360
1993 Ren('wal : 2206Wx 1t - 39,000 7,800 46,800
: 1998  Additional lnuslmonl 220\ x2 78,000 15,600 93,600
o Initial fnvestment 320kWx2 | 91,000 45,360 136,360
(320{(‘-}0‘ - 1996  Renewat L 320kW x 1 45,500 9,100 54,600
- . 1998 Additional lovestment  320kW x 2 91,000 18,200 109,200
V- ¢ - Initial Investment. 220kWx 2 . . 78,000 45,360 123,360
(220kW). 1998  Renewal : 220kW x 2 78,000 7,800 93,600
S 2002  Additionat lmtslmcnt 220kW x 1 39,000 15,600 46,300
2 Initial Investment 100kW x 2 64,000 45,360 109,360
(100kW) 1998 . Renewal 100kW x 2 64,000 12,800 76,800
1998 Additional Investment 100kYY x | 32,000 6,400 38,400

It-7-5



Table 1I-7-2 South Pare Diesel Engine Generation Fuél Cost -

~ (Unit: 10? Yen)

Year o ERErEV Facility Capacity  Factor |+ Thomal L
o Consumption . of Facility - Efficiency
o (Mwny W) (%) o
1983 998 940 &8 204 0 25820
84 1,141 o 12 206 29,324
85 1,287 " 16 208 32,762
86 1,365 e Sy 20T 34284
87 1,449 - 18 21.1 36,362
88 1,539 | - 19 21.1 38,620
. 89 1,634 . 20 21,14 41,004
1990 1,736 r 21 21.3 43,155
C 91 1,845 . S 2 213 45,864
92 1,962 " ; 24 213, 48,733 .-
93 2,086 © . L160 21 21.3° 51,855
94 2,226 2 22 21.3 55,336
.95 2,375 e 23 © 213 59,040
- 96 2,534 1,480 20 C21.1 . 63,589
.91 2,704 e 21 213. .. 67,218
98 2,386 - L5800 21 213 71,742
99 3,067 B 22 213 76,242
2000 3,259 ' o 24 213 81,015
o 3,463 o 25 2s 85,285
2 3,680 ' 1,800 23 213 91,480 7
3 3,910 1,880 - 24 213 97,198 .
4 4,151 - o 25 . 0 2L 102,229

- H-7-6



Table 11-7-3 South Pare Diesel Power Plant Plan Cost (wifh reseqves)

oo ) - _ (_Unif: 10° Yen)
' Diesel Power Plant ' _ Other Facilities

S _ o Initial e
" Construc-  Operation  Repairs ~ Fuel  Const- %%?:;;ﬁ?sl _Ag;;'illl‘l‘;;ﬁ&%" Total

ti‘m_C‘?S' _ C‘)St ‘Cost . Cost rgg;iton tion Cost & Repairs Cost

1980 . 113.0 45 - 215 03 . 145.3
8t 2554 147 - - 99 04 280.4
82 2304 4.5 24.0 82 507 09 318.7
83 .45 240 258 24 e - 10 - 69.3
84 4.5 240 293 11.6 1.1 70.5
85 _ 4.5 240 3238 0.7 1.1 63.1 -
86 - 45 . 240 343 08 2.6 66.2
817 45 240 364 1.4 27 69.0
8. 45 - 240 386 . B N 2.1 71.5
89 45 . 240 410 19 28 74.2
1990 4.5 240 432 1.2 2.8 5.7
91 45 240 459 1.3 2.8 78.5
92 45 240 483 LS 29 - 81.5
93  46.8 4.5 258 519 ‘ 1.4 29 133.3
94 45 253 553 R B 29 90.0
5 - 45 258 590 L6 3.0 93.9
9 546 - 4.5 28.0 636 17 . 30 1554
97 B 280 672 1.7 3.0 104.4
98  484.8 4.5 295 - TLT 1.8 3.1 595.4
99 4.5 295 76.2 1.9 3.1 115.2
2000 45 295 810 . 2.0 3.2 120.2
1 4.5 29.5 853 2.1 3.2 124.6

2 46.8 4.5 314 915 2.2 33 179.7

3 36.6 4.5 329 972 2.3 33 176.8

4 4.5 329 1022 24 34 . 1454

1877



Table I1-7-4 South Pare Diesel Power Plant Plan Cost (with feserves)

_ _ {Unit: 105 Yen)
" Diesel Power Plant ) © 70 Other Facilities

_ T . E . Imitial - . A e Total
Construc- - Operation  Repairs - Fuel Const- %i?::;?‘:}gl Ag;:;:::ég:l:g}_ '

tion.Co'st Cost o - Cost ~ Cost r(l::g:ion tion Cost & Repairs Cost
1980 77.9 3. 21.5 0.3 - 108.8°
81 176.1 10.2 _ 99 B 0.4 - 1966
82 1588 4.5 16.5 82 507 09 - 2396
83 4.5 16.5 258 24 116 B 61.8
84 4.5 165 293 116 B N 63.0
85 45 165 328 07 11 55.6
86 ' _ 4.5 165 343 0.8 2.6 58.7
87 45 165 364 1.4 2.7 61.5
88 4.5 165 386 1.7 2.7 64.0
89 4.5 165 410 19 2.8 . 66.7
1990 45 165 432 1.2 2.8 68.2
9} 4.5 165 459 1.3 2.8 71.0 -
92 _ 4.5 16.5 488 1.3 29 74.0
93 46.8 4.5 18.4 51.9 14 2.9 125.9
94 _ 4.5 184 553 B I 29 82.6
95 4.5 184 50 16 .30 36.5
96 546 4.5 206  63.6 1.7 3.0 148.0
97 | 4.5 206 672 1.7 3.0 - 97.0
98  261.6 4.5 22,1 71.7 ' 1.8 31 7 3648
99 _ 4.5 22.1 76.2 L9 3.1 107.3
2000 _ 4.5 221 810 20 32 1128
. 4.5 22.1 853 21 3.2 117.2
2 468 4.5 240 915 22 C33 172.3
3 36.6 4.5 259 972 C23 33 1693
4 4.5 254 1022 24 34 132.9
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7.2.2 Cost Analysis of Alternative Plan and Proposed Project

1)) In_t}oduction of Econbmic Price

In undertakmg €Conoinic analysns economic prices mslead of market prices are employed
as nientioned formerly For the preseat userch economic prices are apphed to the following
items. To be specific, there are two types of numeraire for a eco:nonuc price indicator; namely,
domestic consumption and foreign cnhange llere the latter OECD method is disregarded and
the former UNIDO mcthod is employed sinee export of clectric power lS not mnccwable at

present,

B

d.

d

Fcohoﬁl'ié Pricc of l‘oreign Currency

" Generally, developing countries adopt strict exchange conlrol policy due to the tack

of foreign CUrency hohimg Foreign cxchangc atlocation would mican excess
demand of foreign currency; and, therefore, i should be asswned that for
developing nations, the seal value of forcign cxchange is much lughcr than the
official exchange rate (OI‘R) The case of Tanzama is no excephon World Bank sets

0.7 as ifs standard conversion factor for the exc hange of domestic curgency to the

border price and adopts a rate of 1 US$=12(T.shs.) as a shadow exchange ratet1?,
Since, as foreign nationals, we should not have a right (o carelessly assume the
foreign exchange effective rate of Tanzania, we would like to follow World Bank in
this matter.

Economic Cost Concerning E‘mpToymé‘nl of Unskilled Labour

According to data from XIDP, there is a high unemployment rate (including
disguised unemploymenl) among towns and wllagxs tn Kilimanjaro chion If the
unskllled labour needed for the Project is procurcd from vﬂlagxs during the slack
farming season and from towns during the busy famming season, thére will be no
need for housing construction and alse no need to sacrifice the crops during the

busy farming scason. Since their marginal productivity is none, the cost concerning

employment of unskilled labour can be considered to be none also.
Economic Price of Domestic Transportation
Since the domestic Iransporlallon cosl includes vehicles, fuel and other items “hlch

“use foreign currencies of include taxes; the ﬁg,urc {.2 is sct in accordance with a road
- planning nport in Kilimianjaro Regmn

1axal|011

‘Smu the proposcd Pro_lccl is cntmly cxunptcd from la‘(allon #t needs not be
“considered.

Economic Price of E !LC!I’ICI[)’ Purchase Cost
Since the ge nerai;on depends on hydraulic power, it has over-su pply capabilily; and
if there is no need for opportunity cost with the use of water, the marginal cost of

. the generation is to be none. Therefore, the cost required by this Project may only

be that of administzation.

(2)  Cost Analysis of Transmission-line Plan

Initial Construction Cost

—The cost of materials and domestic {ransportation was estimated in previous chaplter.
—-For the D.C portion of labour cos, it is classified into the skilled labour and the

unskilled Iabour depending on the percentage the payment of unsk:llcd labour has
o TANESCO's standard gang composition, teansportation cost, miscellancous

1179
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a.

expenses, materials managément, et¢; according to the category.
Additional Construction Cost
For the items which require additional construction; such as substations, low tensmn

lines, service lines, and pole mounted transformers, are all estimated according to the
pcrcentagc each item holds on the initial construction cosl :

Note (1) MwanzaIShmyanga Ru:al Duelopmml Projecl 19?8

Adnnmsirahon and Maintenance Repmrs Cost
As for the administration and maintenance repanrs cost Ihe rahos of compos:hon :

are as follows:

Administration Cost Maintenance Repairs Cost
Foreign currency S (%) o 0%
Domestic currency .~ 95 o 70
(Unskilled lzab'our) 10 20

Efeclricily Purchase Cost
The power supply unit pnce by econonnc calculahon isto bc 2 6 Centlk\'r’h spcually
for admunslrahon cost. It is composed of iOO‘?o domesttc cursency and 20% of it is.

‘of unskilled Iabour

' Cost Analysis_of Diescl Power Plant P;én

Diesel Power Slanou Conslruclmn Cost

—Cost of m'whmcry is lo beallin F -C.
~ I or the others, the ratios of composmon ar» as i’ollows

(In_&lml) (Additional and -Rénewal}

Foreign currency 67.5 (%) 14 (%)
Domiestic currency 32.5 - 86
Skilled labour . _ 18 42
‘Unskitled labour 2 o 18
Domestic T ransportation Cost 5 : S

Opcration cost is to be all in D-C.
The ratios of composition for repairs cost, fuel cosl administ ratlon and mamtcnance

Repairs  Fuel @ Admini- - Namtenance
Cost Cost stration - Repairs
o _ _ o Cost = Cost
Foreign currency 14 (m) - 80 % s (% 30 (%)
Domestic cusrency 8 - 20 95 70
Unskilled tabour 18 S L D 20
Doméstic Transportat:on Unit.  $§ 1o '

repairs cost are as follows:

The initial construction cost of facilitics other than dicsel powcr slatlons coutd be
refered Lo the cost of Transmission line Plan,

Since the additional construction cost except for the dicsel power plant shares the
same items as the distribution-line plan, the results mentioned formerly are used

here.

Liconomic Livalaation -

The annual ¢conomic cost of the proposed Project (Cransmission-line plan) and the diesecl
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power planl plan as allematwe plan in South Pare are now to be eshmated accordmg to the
conditions spe(:lﬁcd fonneriy {Tab!e 11-7-7).

When the economic cost is transformed info present value by a discount rate of 10%-30%,
it is noted as can be seen in Table 15-7-8 that the diesel power plant plan costs much more than
the dlslnbuuon fing plan. Now the cost of the diesel power plant plan iz considered as the benefil
(B} of the proposed plan, and the difference from the cost of the proposed Project (C) is
calcufated to obtain net present value (NPV=B_-C). The results together with the benefit cost -
ratios {BfC) are shown ot Table 11 -7-9. The figures show the economic feasibility of the proposed
Project in the South Pare arca; and since the distribution-tine ptan is apparenily advantageous to
the dicsel power plan in 6ther three districts, the economic value of this Project as a whole can be
considercd very high.

-7-11



T 0T 81 T |28 S S S oL 0T 60 Lo Lo 90 <0 SINLO
£0 .80 §¢ 0 €0 €0 £ £0 0 0 e A o 10 nogqry
- - " PAINSEN
%7 §T €T 0T L9t e RS N 60 60 RO 90
SLOsL FL 0L 0L 0L 69 69 69 89 L'y L9 6t 8'E 2 SO
TT . T ‘e 4 0T 0T 0% 0T ird T ¢T 0T 0 0 [ NTRLLa ew
. ) pouoduly
#1917 91 big| A TS B2 1 9t 91 $T 9T w0 0 0 . mogey
T : ’ PINLRUN
11§ YL 80T 401 40T L'0T 90U §00 £01 #'01 £01 o1 ¢'v e L3 -
0 0 £0 0 £0  £0 0 LA 1] £'0 e T 1'c R S0
0. V0 10 10 0 10 0 0 10 o D 00 00 $°Q uonesodsurs),
St ST : AEMUOT
g1 LT 9 st A A G | 01 60 7'l e 90 90 €8 serzarew
B . : pasodun
T TO T 0 19 10 10 [N Y] 10 e Q0 90 o1 | moqeT
' . e
T €T I ¥ 6'1 AR A 0 N A 61 T 80 L0 911
*'T T'§T SRNO
+°0 L uonrrodsurs )
. dUSMUMT
L'e ol NN TW
vot PRI
£ 07 i Inoqry
PATIYSUN
o'l 1491
91 €91 651 Ll 'yl 0l L1 H g el Tl 0Iv 09 9L 96l R'991
POOT £O0T - TOOT 1007 Q00T 6661 8661 Lo6l 9661 S661 ve6L L661 TE6L 1661 046461 6841 S8R4T LR61 9861 S$86I £8sl IRED 1861

(524,01 I}

1507 [ENUUY UL MUT[UOL

wsurLy

712

g yinog



Table 1-7-6 Socih Pare

Dicsel Power Flant Plan Annual Cost {with rescives)

ait: 10° Yen)

(1981 1982 1983 1984 1985 1936 1987 1988 1959 1990 1991 1992 1593 1994 1995 1996 1997 1998 1999 2000 2001

1930 198 2002 2003 2004
Total _ 245.3 2804 3187 693 70.5 63.1 66.2 69.0. 715 742 7157 785 BL.S 1333 90.0 91.9 1554 103.4 5954 1152 120.2 1246 179.7 176.8 1454
Power  Power Plant
Pant Re- Construclion )
tated Cost Cost 1§3.0 2554 2304 46.8 1 X 484.8 45.8 366
Unskilled o .
Labour 0.9 1.9 1.8 1.4 1.6 145 1.4 L1
tmposted S .
malterlals $9.1 2240 2020 40.1 46.8 415.3 401 24
Ddmestic ) :
Transporiation 21 48 44 04 05 1.1 04 03
Others 1.9 247 222 49 5.7 509 4.9 33
I'uel Cost 8.2 258 29.3 328 143 364 186 410 432 459 488 51.9 S§.3 S9.0 636 672 7.7 762 810 853 915 9712 1022
Impaorted : . : : : S
materiale 6.6 206 234 262 274 299 309 328 346 367 39.0 41.5 442 4722 509 538 574 610 648 682 732 718 8i.8
Domestic '
Transpo:ta!ion 68 6 29 313 14 .3.6 39 401 43 46 4% 52 55 59 64 671 1) 16 81 85 92 2.7 10.2
Others 08 26 30 33 O3S 37 38 4. 4.3 46 49 52 56 59 613} 61 11 76 81 86 %1 97 102
- Operation B ' - - )
Cost 4.5 45 435 45 45 45 45 45 45 45 A5 45 45 45 45 45 45 45 45 45 45 45 45
Domestic .
_ Currency 1.5 45 45 45 45 45 45 45 45 4S5 45 45 45 45 45 45 A4S 45 45 45 4s . 45 45
Repairs Cosl o 45 147 M0 240 230 130 230 4.0 M0 24.0 MO M0 23.0 258 258 252 258 280 295 295 295 29.5 314 319 329
Undatled . - i
fabous 0.8 6 4.3 4.3 43 43 43+« 43 4.3_ 4.3 43 43 43 46 46 46 50 S50 53 53 53 53 S6 59 59
Impoted .
materialy 0.6 21 34 34 34 34 34 34 34 34 34 340 34 36 36 36 39 19 41 41 41 41 44 46 46
Domestic ) .
Transportation 0.2 0.7 1.2 1?2 K2 1.2 k2 1.2 1.2 L2 1.2 L2 12 13 33 1.3 4 14 185 15 15 1.5 16 L7 L1
Othess 29 2.3 151 151 1501 150 151 150 BSF 151 150 854 151 163 163 163 117 117 186 186 186 186 198 2.7 207
Other Fa- Initial Construc- :
cilities Re-tion Cost . 215 9.9 0.7 24
lated Cost Unskilled
Labaur LS 0.2 32 (U3
Impotted ) .
matesishs 219 86 185 0.6
Domestic
Transportation 0.1 oL 23} 0.4
Others 20 1.9 6.7 0.9
Additionsl
Construction . ' . :
Cost . i16 116 07 08 14 .7 B9 12 ORI O1D3 k4 1S 16 LTOL? 18 19 20 2 22 23 24
Unekitied : _ : " . -
[atmrrk 1.0 10 00 00 01 OY OF O Q1 01 ©1 o090 09 O ©1 O0F 01 02 01U 02 02 02
Imported _ '
materialy 8} 83 06 (LY B .2 14 09 09 10 14 1.2 1.2 1.2 1.2 LY 15§ 1. 16 _1.6 1.7 1.8
BPomestic : _ : - : ' ' C
transportation 05 05 00 08 01 01 o001 o0} O 01 ©1 ©1 01 01 O1 Ot O3 o0t Gt 01 01 &1
Others 18 &8 01 02 01 03 03 01 02 ol 01 &1 02 03 03 03 02 062 03 03 03 03
Adminkstration '
Malntepance and : . :
Repatrs Cost 1R} 64 09 10 W1 w1l 26 27 27 28 2B 28 29 29 29 30 30O 30 Al 3132 37 A3 O3} 14
Unskilled ' : . _ .
tabour 0.0 00 a6 61 01 OF 05 05 635 05 05 0% 05 06 06 06 06 06 06 05 06 06 06 06 06
Impoited _ ' : g .
matesials 0.0 00 0t ey 04 01 04 04 04 04 04 04 04 05 05 03 Qa5 05 05 05 65 05 05 05 05
Othery 0.1} 04 08 08 0% 09 1.7 18 18 12 1.9 20 1.8 18 1% 1.9 1920 20 210 2% 22 22 23
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Table H-7-7 South Para Tr'anﬁmisaion-]ine Plan* Diesel Power .

Plant Plan Annual Economic Cost

ver DR
1980 131.4
81 208.3
82 184.8
"83 27.1
84 19.1
85 . 5.8
86 11.4
‘87 12,1
88 12.6
89 13.0
1990 : 12.2
91 12.4
92 12.4
93 12.7
- 94 12.8
95 13.0
- 96 13.3
,97 13.4
. 98 13.6
- 99 14.0
2000 4.1
1 43.7
2 15.0

3 15.4
4 15.7

' Diese) Pawer Plant Plan

With reserves

Without reserves

195.5
3774
418.6
78.5
81.1
L 72.6
- 76.0
79.7
83.0
86.7
388
92.5
96.6
165.2
107.2
2.5
194.1
125.8
782.6
1397
146.4
152.5
225.5
220.3
179.1

144.0
260.1
3096
1.8
74.4
65.0
69.3
13.0
76.3
80.0
82.1
' 85.8
899
158.6
100.6.
105.9
187.4
119.1
477.0
133.0
- 139.7
1458
2189
213.6
172.4

f-7-14
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‘Fable 11-7-8 Soﬁth Pare Comparison of Economic Cost and Present Value

Transmission-line Plan Economic Cost

(Unit: 10% Yen)

T Discount Rate ' e
T % 15% - 20% 30%
liem T : .
Initial Construction Cost 473.1 451.5 4322 3994
Additional Construction Cost - 35.1 254 19.7 138
Administration, Maintenance : ' o
and Repairs Cost 66.0 434 30.8 18.3
Llectricity Supply Cost 1.0 4.2 2.8 1.5
Total 581.2 . 524.5 485.5 432.7
Diesel Power Plant Economic Cost o
) (Unit: 11{')"’ Yen)
\‘\\\szmunt Rate 10% 15% 20% 30%
Item TTe— S
Power Plant Construction Cost 898.9 7741 7 7027 6209
(607.4)  (523.9)  (475.8) (420.4)

Operation Cost 363 250 185 115
Repairs Cost 197.1 138.1 1044 - 69.2

- (138.1) (96.Y)  (72.3) (41D
Fuel Cost 469.3 282.8 188.1 1003
Initial Constriaction Cost 103.4 98.1 93.5 = 857
Additional Construction Cost 312 238 19.1 133
Administration, Maintenance _ B

and Repairs Cost 16.5 10.7 7.5 4.3
Total 1,7527 - 1,352.6 . 14,1338 905.2
(1,402.2) (1,0604)  (874.8) (683.2)

*[igures in parentheses are the results without reserves.
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Table H-7-9 South Pare Cost Benefit Analysis -

: 10% - = 15% - - 20% - 30%
C:  Transmission-line _ o _
© " Plan C‘o_:st* © 7 (10° Yen) 5812 524.5 485.5 4327
B,: Diesel Power - - - : : o
Plant Plan Cost : _ o o o e
(with reserves)  (10° Yen) 1,752.7 1,352.6 1,133.8 905.2
B,: Diesel Power = o
Piant Pian Cost _ o
(without reserves)(10° Yen) 1,402.2 1,060.4 8748 683.2
NPV,: B, - C (10% Yen) 1,171.5 828.1 648.3 4723
NPV,: B, -C (10° Yen) 8210 5359 3393 2505
- Bj/C S S 3.02 258 2347 2.09
B, /C _ 24! _ 2.02 1.80 158

Table ll-’.?j-l_(}: Ecd_ﬁonﬁc "Crost gx,'nd‘ Sales of the Proposed Project

" Year " Economic Cost
1980. - 6398
81 . 9998

82 .. 6712
83 - . 1579
84 1181
. 85 . 285
- 86 . . . 538.
87 . 59.2.
88 .. 62.2
89 64.4
1990 59.9
91 61.2
92 898
93 .. - 635
94 648
S95 . - 662

.. 96 , 123.9

97 69.3
98 71.5 -

99 ) 73.0
2000 74.6
S 13841

2 79.1 -
3 1376 -
4 :

- 83.8

_ (Unﬁ:ioﬁan)_
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7.3 COMPARATIVE ANALYSIS WiTH REVENUE

The economic cost and benefit of the proposcd Pro;ecl are seen as on Tab!e -7 10 and
there is a 6.7% internal rate of return (IRR).

A 6.7% internal rate of rcturn can be considered very high when lhe sngmﬁcance of the
project on soc:a! development and the fact that the benefit is undervalucd in two pomts are taken
into cons;duahon '

7.4 DEVELOPMENT EFFECTS
7.4.1 Impact oﬁ Agr;éhltufe

The aim of agricultural development .in Kilimanjaro Region is (o establish efficient
productivily in the highlands and expand farming land in the lower areas. Vigorous expansion-
programs are necded to invite increasing _popu'lalion especially in the lower areas. Since theré is
little precipitation in the lower areas, the arcas nced to be provided with irrigation system to
supply water. lIrrespective of the type of walur,'whuther surfacc or undergrounti energelic
dcvclo;mmnt programs should be carricd oul; and electric powc;, as a power souréé for the
programs has great value. It is also a necessity for the mamtenancc and rep'ms of agncullurai '
cquipment employed to raise agricultural productivity. ' -

Mainly the mdustry that accompanices agricullure is the processing mduslry of agncultural '
products. It is not a big industry, but the processing of ¢offee for shipment and maize and rice
for consumption is carricd oul in individual villages. Coffee, for cxample, goes ‘through the
process of gathering from (he trees, ‘washing, pulping and drying before it is finally shipped to the
factorics. The process is carried out at estates or individual villages. The power for the processing
presently is sought from theee sousces; namely, manual labour, dicsel engines, and auto-
gencrafion. Once electric power is supplied, the improvement of productivity is obvious with the
procurement of low-cost, stable power source, And the significance of clectric power service as
the power source for the processing of food products such as maize, which presently relies on
manuat tabour or maize mills, is also considerable.

7.4.2 Impact on Industry

Big industries of Kilimanjare Region are located in Moshi Town, and they have a great
pottion in the total industrial output of the region. As for thie number ofindustﬁes, there are as
many industrics in the rural areas as there are in 1he urban areas. For the types of the industrics, a
great number of them have direct r’dationships 1o regional resources such as agricultural products,
livestock, forest products, such mine rals as clay, ete. As can be seen, the mduslms of the region
are characteristically scattered around in the rusal arcas on a stall scale. :

The development of - Kilimanjaro Region, and its’ industry dcpcuds heawly on the
development of these minor enlerprises.

According to the industry rescarch report (1977 ~ 1978) in Kllnmnj'iro Region, there are
239 factories; and their total yearly oulput is 916,403.000 T.shs. Among these factories, 92 are,
tocated in. the districts which have already been clectrified; and among the 92 factories, 40 of
them use supply from TANESCO as their power source and present output of 898,507,000 T.shs.
It stands to reason that the output presenied by the factories in Moshi Town is very big when the
clectrification rate and the number of big factories in the city are taken into account. When
Moshi Town is excluded, among the 54 factories with output of 8,744,000 T.shs.in the arcas with
clectric power service, there are 16 (30%) factorics with output of 6,622,000 T.shs.(76%) which
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nccwe rts supply from TANESCO. Since the dlslnbniron nclw()rk is yet msufncrem the ratio to .
the ouiput should be consrdered very “high allhough that to lhe uumbcr of the factorics is not
very muchso. : :

: Thc areas whlch already have electrrcrty dcpend lrtlle on non- utlhly generahou or diesel
engmes for thcrr powcr source. To support thc Fact wrth data, analysis of the ratio of operation
cost to the oufput should be cons:dued The resuits are as follows, and they show the powu"
source from TANLSCO is the mosl cfficient one.

R _ Rtrra? " Urban  Region (_%)'
TANESCO' D 30 04 0.5

Self-Generation - - 49 28 - 4.4j
‘Diesel- anme 88 2.7 5.6

The areas planned for eleclrrﬁcahon by tlie proposed project hold 103 enlupnses wrlh the
tofal output of 8,083,000 Tshs. Therefore, by the expansion ‘of electsification creates a
possibility that $1% of the enterprises in the whole state and nearly 100% of lhe tolal output can
be electrified.

- Especraily the present plan for distribution nctwork emphasues semcc to industries as
we]l as publlc l‘acrhues when accomp]ashed gn‘ai con\'cmon from non- utlhty gcncralron diesel
engmes as wel! asf rom manual labour can be presumcd :

. : : Moreovcr, lhcro is a plan for mduslnal dcvelopment by 1982 being proposed for the
mduslrial sector program in KIDP; it makes an estimation of 82 projects with 5 ;716,000 T.shs.
possrble Among these, 47 prolects wilh oulput of 2 5(32 000 T.shs.are localud 3t the arcas
p!anned for elcctnﬁcatlon by the proposed Project.

The procunment of tow-cost, stable power source Ihrough the proposed Pro_lcct has
significant cffects on creafing fundaniental bases for mdusirnl de\elopment

7.4.3 tmpaot on Househbld Budget’

Houscholds wilhoul clectric power service presently rely heavily on kerosene as their
source of energy. In the urban arcas, people generatly use electricily or kerosene for lighting and
charcoal, kerosene, somelimes LP gas and electricity for cooking, In the rural arcas, kerosene is
the only source of lighting, and the people use fire wood together with kerosenc for cooking. |

Although there may be some difference depending on the district, in rural arcas, the’
amount of kerosene consumption is 25¢ ~ 40%/mon. per houschold. The amount used for
lighting is considcred to be 102 which amounts to 20 T.shs. /mon.on the household prendrtun if
2 T.shs.fRis assumui to be the retail price of kerosene.

. There |s not. slat;shcal reporls as to the housr,hold income in this area, but an average
mcnlhly mcome can be rmagmed to be IOOT shs froin a hearing at the sites. Ac‘cordmg to the’
houschotcl budget survey in 1969, the annual mcomc aud consumption per houschold in the rural
arcas of Arusha thmanjaro and ’I‘anga is: _ '

r : lncome 1425 T shs., Consumphon 2188 T.shs. _

When the mcomc is vaned by a rea} growth rate until 1979 (an annual rate of 0.2% untit 19?‘i
and 2 9% unlrl 1979), the houschold income wil be 1,617 T.shs.fyr. And if the consumer price
index, 287, is applied, (1969 cind of [978), the estimated houschold mcomc in l979 will be
4,641 T.shs/yr.= 390 T.shsfmon.

- According to calculation, if 390 T.shsfmon. is assumed to be cash i income, the ratro of the
price of kerosene (20Tshs) to the housettold budget will be S.1%, which is a fairly high
percentage. (As reference, among the consmutmg items of a consumer price index, fuel, light and
watcr takc up a pcrcurtage of 6.6; am! in Japan, ratios of lighting and hcaimg expenses, and
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clccmc:ly charges to lhc hvmg cost’ 1s S. ’2?% and l 24% in I9SI and 3 99% aud l TO%m I976 '
respectively). '

When kerosenc usago and elcclnclty usage are compand clcclnclty usage is much cheapcr' '
when ¢alculated; the minimum charge’ (up to 10 kwh) of electricity is §3T.shs., whereas the price .
of kerosene is 20 T. shs A hearing i in rural areas reveals that thc people realize this, and this nuist
be one of the reasons thal they yeam for electric power semoe “But at the samc hme lt should '
be kept in mind that there i is a systcm of charge of conslruct;on cost to be pald by consumer as‘ '
scrvice line charge, whose minimum rate is 400Tshs and if 200 T.shs is cstimated for wiring
service of the house, there will be a rather blg amount of cxpcndlturn tcmporanly

Therelore, a fair eslmmtmn of the houscholds with electric power. service lmmedlatcly
after the electeification should be around 8%, bui as the handiness, sanitary quality, and
efficiency Of ¢lectsicily are demonslrated together mth the growth in mcome level and aleap in
kerosene price, the number should increase cou151derably h

7.4.4 improvement of Community Welfare

Ru ral c[cclnf ication should brmg about many of fcuts on households aslde ftom savmg on
kcrosene cost. The following items can be prcsentcd as some ol‘ the eéffects which may be
considered to be brought about by the conversion of kcrosenc lamps ‘to electnc llghis'
lmprovcmcnt in light logether with the’ fact lhat electnc l:ghls do not produce ‘oot lead to
r-.du-:u:l domestic chores such as cleanmg lamps nnproved sanitation, and prolonged hours for
study. And it also gives the people incentives for the nnproveménl oflwmg standard And smce'-
the clectricity is not distributed to all of the houscholds in the planncd areas, it should be noted _
that many of the effects are to be obsemd in the clcctnﬁcahon of puhhc facitities. In this sense,
the aim of the present pro_;cc{ as a social evelopment program is in the eléctrification of publlc
facilities. Here, some of the main public facilitics are taken lndlv:dually, and lhe effccls of,
clectrification on lhcm will be listed.

(N _- Govcmm'c.ﬁ't Ofﬁce., Potice S(atioh, Post Office, cié.

The clcclnﬁcahon of these public famh[les Icads 1o nnpmud workmg condmons
lhcufore to nnprovcd comnmmly sr:n'lc»

(i) l]ospiiafs, Health Cciltér, Di'spc'nsary

Even in rural areas of Kalunanjaro chion lhcn, are sonic well- cqmpped hospltals wh:ch‘
operade on non- autility generation. But due to thie lack in pow.ur gulemhon capacﬂy, wear, or the
restriction on the supply, they cannol prowde sufficient niedical care. There is w:duncx, thal at -
Kibongoto llos;ulal in Hai district, various kinds of advanced’ :mducal cqu;pmenl are feft
unattended in its storchouse. Distribution of clectric power for (hose hospn!als has great
significance in protecting the health and lives of llu, commumty peopfu Pn*smlly, the health
“centers and dlspcnsancs cannot use mcdlcal xqmpmenl because they are ‘not cqu:pped even wuh' '
dicsed engine generators. The refore, the c[eclni‘cahon of tlnso nudlcal famhms has as 1mporlant
effcets as the electrification of hospitals. '

(3) - Schools

Prov:dmg, clectric power s¢ rwm to schools creates a greal pOSSlb]ll[)—’ for the mtroduch@n—
of new schoo! materials, especiaily audio-visual aids. As for the vocational schools, clecln(‘cauon
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makes it possible to use machine tools in the process of lectures and drills. For example, there is
~an incident reported of a vocational training school in North Pare Usangl that becaunse of troubles
of the. dlesel cngmo generators, tools and machines were left unatiended Furlhermore such
programs as vocahonal teaining and adull schools are made possible through the use of school
facmtles dunng the night. .

(4) Water Su pply

A greal porhon of watcr supply in _l(:hmauuaro Region natura}ly is p:ovndcd by gravnty

_ systcm but there are some arcas which rely on pumps. As we start developmeat plans for the

‘ lowland, there is a great possibility that we may have t o scek water source from underground or
from arcas where it may not be casy to acquire a source, There fore, conversion of trouble-prone
pumping by diescl engines to the stable power source of clt.ctnuly for walcr supply can be
considered to improve the basic conditions of the lives of the people in many ways.

(5)  Strect Lighling

- The proposed Prolccl emphasizes the imporiance of public lighting systcm Thls iz to bring
" about the pm.mtion of crime and traffic accidents, which may be understood as a direct effect
of the Project; and also, lighting of the streets may change the impression of thc vallages aud it
may well become one of the symbols of the community,

. As for other facilities, the electrification of shops would mean introduction of rufngerators
whlch makes preservallon of food and chaine cnterprises for refrigeration busmess possible. Iis
contnbutlon to the commumly hﬁ, ‘and cconomy is considerable Ly - the transformation of
economlc cmulalion it may brmg aboul. lt also brmgs a urban atmosphere by tighting up the
show wmdows and |llagxs According to the administrative division of these publlc facnlams
they sland at such administrative Ievels as district, dmsu)n ward, and wliago And among these .
facilitics, division centers seeim to have tradlhonally had an unportani pOSIlIOIl AtIhOugh pubhc
facitities planned for the future may differ from cach other as to their lype and quality, the
infrasteucture consolidation poticy of KIDP also puls division centers in an important position in
the -:ommljnily_. The proposed project plans ¢lectrification of ali of 3 centers at Hai District, 3 of
4 centers al Rombo District, 2 of 2 centers at North Pare District, and 3 of § centers at South
Pare District.

7.4.5 Collective Effects

When the social cconomic effects of cach sector discussed formerly, with 2 point of view of
rural development, are studied, it is noted that the effects are basically brought about by the
introduction of the utility potentiality of cleciricity and pecuniary external effects in the process
of es!abhshmg cumulative industrialization mechanism to farming villages. The co-relationships
among the items on a chart will look like this:
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Utility potentiality of el_eci:ricity
Pecuniary extemal effect

[ Agricultural Sector]

Productivity expan-
sion of cash crops

Productivity expan-

sion of food crops

Expansion of |
employment

Increase
in income

Productivity expansion
of existing industries

Establishment of ncw -
industries

Increase
in profit

I S

Substitutes of
 im _[?_ortcd goods

| Foreign cur-

rency saving

Expansion of
domestic
demand

Expansion of
supply capa-
city

"‘I §_%Ei!?€}%

| Impost of
_ machinery

Expansion of
expOrt :

Aqms:tlon of |
t‘orelgn cur-
" rencies

e

—-I Investment

['In-duslri'al Scctdrl

As a result, the electnf:catmn of wllages crxa!cs mcreascd cmploymmt opporlumty and

income for the people; and with its social effects, it also pn.vmts the flow of pcop[c into cmes

Aiso the conversion of kcroscnc usage to elxclnc tights in households and from dlesel'

engines or dicsel mgmu gcncrator:. to electric power froim TAN[ :SCO in mduslrles prowdcs
Tanzania with great foreign currency saving effecls because as far as ‘the souree of energ,y is’
concerned, the conversion takes pha from pelroh um products whlch dcpends heavily onim port
to water, wluch is infinately avallablu within the counlry '
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o=

R

11,
t2.
13.
14.
15.
16.
17.
i8.
19.
20.
21.
22,
23.

24.
25,
26.
27.
28.
29.
30.
3%,
32.
33.
34.
35.

List of Matertals and Dsawings Obtained in TANZANIA .

: l‘A\lESCO s Aunual Report 1977

Tanzania Power Sector Study, Feb. *78, by ACRES Inti
Feasibility Study of Rural Electrification in Tanzania, May *75, by OSKAR von MILLER
GMBH . .

' TANFSCO s Annual Report, 1973 — 1976 - .
Feasibility Study of Four Districts in thmanjaro TANESCO

Feasibility Siudy Tw enty Years Analysis, TANESCO

" Budget Estimate, *79, TAN!:,SCO

Finance Manager Report, 1975 — 1977, TANESCO

Monthly Report, Jan. 778 — Nov. ’78 ‘

Distribution by Tanf f Category, TANESC 0.

Lcononiic Survey, *77 — *78, Tanzania Gov't

Eeonomic & Operations Repo;t Bank of Tanzama

Survey of Employment & Earnings, 1972, Government

The Annual Plan, 1978 — 1979, Tanzania Gov't

1969 HousehOTd Budget Survey, vol 2 Housing: Condilions, 1971
Minimun Wage Act :

Speech of\hmster Ministry of Fmance June 1978

TANESCO’s Tanffs, 1976

The Third Five-Years Development Plan, vol |

TANESCO’s Qrganization Chart

Standards of SCOPO

Population & Households of Whale Villages in Kilimanjaro Region, as of 1978
Population Structure by Age and Sex of Five Districts (I1ai, Rombo, Pare, Moshi Rural,
Moshi Urban) .

Urban Development Plan (Drwg) (Rombo, Bdrna La Ngombe)
kW & KWH Record of Kiyungi Substation

TANESCO plan of Four Districts Electrification

Single Line Diagram of TANESCO Power System

Single Line Diagram of Moshi System

Tax Revenue by Catégo:y

Tax Rate

Survey of Employment and Farnings, '73 -- "74

Satistical Abstract, 1973

Blbhography of Economic and Statistical Pu'blication, 1975
Migraiion Statistics, 1970

Schedule for Casual Labor required for Various Works
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36.
37.

38,
39.
40,

41.
42.

43,
44,
45.

40.
47.
48.
49,
50.
. The Map of Kilimanjaro Region

Appraisal of Makmbako Electrification Schedule with future Capltal expendlture {o cover
potential consumers and ioad growth

Minimum Safely Factor — Assumed Workmg Conditions — Spannmg and ¢learance —
wood poles — Design Data 2 '

Estiniates of Capital Fxpend:lur«, — 3% kv — per km o

Ditto — 500 kVA,33/4f/.23 kV, s/s

East African Railway and Harbours — Electric Power Line crossing Rail\#ay Lines operét-
ing at voltage not exceeding 66 kV; Mar 60 . '

Line Diagram of National Grid System, (Drvwg 361 9

Pioposed S mVA 33/11 k\’ Substation MBEZI Estate = general layout cross section site .
plan and schema[lc diagram (Bmg 3599) ' '

Ditto, Foundation Details {Drwg 3599/1)

As-Fitted Drawing — City Center Substahon = ¢ontrol and pmwclmn {Drwg 2138) -
Etectrification of Njombe/Makambako, Kondoa and Babti Townships — Tender for Supply _
of Distribution Line Materials, Transformers, Switchgear, and Others, Feb, *79

Moshi Township (distribution line route, Drwg 4325)

Test Rec’ord Formats :

Actual Voltage Record -- 33 kV bus at Kiyungi -

List of TANESCO's Disteibution Facitities

TANISCO’s Standard for Clearance — against telephone
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A2 BASIC DATA FOR LOAD FORECASTS

A2l RN Maximum Power Demandjs__qf Domestic Consumers
Fable H{2-15 - Characteristics of Arca _ - '
Table Ill-—i-lﬁ - lliages and Estate Farms Load Forecasted . _
Table 1{I-2-17 - Estimated Maximum Demand by Djslnbutton Neiwork
Table HI-2- 18 \1ammum Demand of Estate Farms R
Table 111-2-19  Breakdown of Potential Consumer and Estimated Maxlmum Demand in KW
Table 111-220  Sold Energy in GWh (1970 — 1978) by Tanff Group
Draw. 1H-2-1 Boma Ngombe Urban De\selopmenl Plan

Draw, lll-2;'2( D Rombo Urban Developmenl Plan

Draw. il1-2-2{2) Ditto

Draw. 111-2-3 Mwanga Urban Development Plan
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A2 o
MAXIMUM POWER DEMANDS or DOMESTIC CONSUMERS

The lypes of domeslic consumers Were'divided into lhé thr’cé'categor_ies of large houses,
medium houses and small houses according Lo the classilication of TANESCO, and the respective
maximum power demands were estimaled as follows:

Hous»s wnth 6 OF MOTC rooms lncludmg hvmg room, kltchm
be drooms bathroom

1. Large Houses:

Fiectric Appliances Anticipated - L
Light 420V {60 Wx5=300W
: 40Wx3=120W

Ceiling fan 200\
Iron S00W .
Refeigerator 800W  (incl. refrigerator, vacuum cleancr,
washing machine, etc.)
Radio 40 W '
Total 1,960 W
Installed demand: 1,960 W
Pemand factor: 0.4

Maximum demand = 1,960 W x 04 =784 W

2. Medium Houses:  Houses with 3 to 5 rooms including living room, bedroom, elc.
Eleciric Appliances Anticipated o
Light 280 W {60 Wx2=120W
40Wx4=160W
[ron 500W
Radio 40W
Total 820w
Installed demand: 320W
Dcemand factos: 0.4 :
Maximum demand = 820Wx 04 = 3’28 v
3. - Small Houses: Houses with 1 to 2 rooms

Efcclric Appliances Anticipated

Light 140W [60Wx 1:=260W
AAWx2=80W
Radio B ] ‘@E\’_
Tofal 180 W
Instalied demand: 180 W
Pemand factos: 04

Maximum demand =

180Wx04=T72W
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As described in: lhe main part of the chapter the compositions of the three fypes of
consumers are approxunately 10%, 25% and 65% for large, medium and small, n,spectnely, af the
Hai District, and approximately 5%, 20% and 75% for Rombo, Norih Pare and South Pare.
Therefore, the maximum power ‘demand per domestic consumer by weighied average is 784 W x
0.1 +328 Wx 0.25 +72 W x 0.65 =207.2 W for the Hai Distribution Network, and 784 W x 0.05
+ 328 Wx02+ 72 W % Q. 75 “158 3W for the Rombo, North Pare and South Pare Distribution”
Nelwo:ks

Table 1HI-2-15 Characte'ris'tics of Areas

Hems E o E Ihai Rombo Notth Pare South Pare
Area (km?) | 2,109.8 11,4350 1,4923 6,407.7
Population (1978) 172,317 157,736 72,183 135,981
Poputation Density (per km?) 817 1099 48 4 2122
No. of Households 32,791 28218 12864 24,946
No. of Villages - : 62 ' 56 45 69
Average Population of Village 2,779 2817 1,604 1,971
Altitude* (m) 800-1,600 1,200--2,000 -1,000-1,300 1,600 -2,000
Annual Rainfall* (mm) 800-1,000 1,000-2,000 800--1,000 800--1,000
Temperature (°C) _ - Max.35—40 '
Rainy Month Mar. - Jun.  Apr. — May Mar. -- May  Mar. - May -
| Dec. — Nov. |

* The values of higlfpopulaiioﬂ density zones : _ .
SOURCLE: Bureau of Statistics DAR ES SALAAM Kilimanjaro IDP JICA
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Table 1i1-2-16 Villages and Estate Farms Load — Forecasted -

(1) Villages:

N | h . Rembo .- - " NorthPare ~ ~ ~ SouthPare .
Villages . Population - Villages  Population  Villages  Population  Villages Population
Sanya Juu 3,634  Komakunai* 1,780  Kisangara -2,990  Mwembe 2,894
Kombaoko 2506  Kotela* 1,298 Mwanga 2,303 Mteke 1,240
Niao Kisangara 1,777~ Kimangara* 3,193 Masumbeni 3019 Muwnguja 1,692
Samaki Maini 3096  Kina* 1,718 - Kisanjuni 2,128  Mukonga 1,589
Mae 3205  Mkolowonit 2,350 Raa 1,611  Kisiwani 3,145
Kyengia 2,391 Msae Nganyen® 2,140 Msangeni 1,834 Maore 4,389
Wandri 3,305 Kinyamvuo* 3164 Mamba 1,013 Mpirani 1,385

- Kashashi 2,021  Kondeni* 2,619  Mruma . 1,505 Udungu 4,784
Lwkani 3488  Lekura* © 1,616 Simbomk . 1,248  Misufini 1,516
Kyuu 1,534 Lole Marerat 3,994 Lambo 1,587  Mjema 1,278
Losaa 102t Marings* 2326  Shighajin 2020~ Bombo 1,648
Lguni 2,267 . Kimangaro®* . 3921  Ndanda 1,662  Mwvaa 1,279
Nkwansira 1,788  Miimbo Uuwo* 3,822  Kiriche 969
Lemira Kati 1,269  Mengwe Juu . 2,556  Kilaweni 1,496
fsuki 1,673  Mansera Juu. 1917 Kighate' 1,375
Mroma 1,681 Manda Juu 1,687  Vuanga 847
Mbweera 4,073 Manda €hini 2,236  Kirongaya 1,096
Mbosho 1,708 Mengwe Chini 2,849  Chomuu 1,387
Kwarg 2,707 Kitasha 2992 . Lomwe 1,404
Madio 5,010 Mengweni Chini 2,512 Mshewa 1,832
Szawe 2018 AleniChini = 3,276
Shari - 3,586 Machame Alenl 2,844
Kyeeri - 2461 Mashami 2,144
Sonu 2,722 Mashao 2,358
Ngira 1,815  SimbiKati 3914
Roo 4,043 - Mahoro 2,834
Nronga o 2,771 Makiidi 3833
Foo 4,351 Tkuini _ 1,175
Boma La Ngombe 1,766 Ubaa 1,420
Liwati 2,723 Mokala 2970
(OLDONYOMUPUAK) Kelamfua 2,764

Ushiri 3,028
Keiyo - 2,877
Mrao 3,798
Kirua 2,737
Keni 3,570
Mrere 4,392
Katangara 4,377
Kisare 2,882
Mahorosho 2,199
Kilema 2,658
Kitowo 2,624
30 viltages 78,473 42 villages 115,564 20 villages 33,986 12 villages 26,859
13} (33,941)

# Villages belong to Moshi Rural District and their population amounls to 33,941, those Indicate the figuresin
parenthesis in the above table. :
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(2) Estate Farms!

Hai

Rombo

North Pare

.St')uth Pare

Fstate Farms

Fstate Farms

Estate Farms

Mwanza
Garagwa
Lerongo
Kifuf u
Pongo
Léo_ni

* Molomo
Msingi
kifa:u
Annzhof
Pirita -
Bondeni
Bototi
Nkwansira
Mbosho
Uway
Kibchehe
Kikafu
Mukufi
Mokoa

Estate Farms

Kis—agga ra

Kisiwaﬁ_i
Gonja
Udungu

- 20 estate faims

- I-9

1 estate farm

3 estate farms



Table I11-2-17 Estimated Maximum Demand (in kW)

by Distribution Network

Anticipated Load

Distribution Nélwork, VM.H)'(imi..I m
Poputation & Household by Taniff Group Quantity Demand
Hai = - _
Population: 78,473 T-1 Residential 1,158 240.0
Houschold : T-2 Commercial 318 246.3
T-3 L. Industiial 126 1,210.8
T4 Industrial 5 660.0
T-5 Public Lighting b7 11.7
Total 1,724 2,368.8
Rombo _ ;
Population : 115,564 T-1 Residential 1,646 2614
Household : T2 Commercial 400 159.6
T-3 L. Industrial 42 193.4
T4 Industrial - ' -
T-5 Public Lighting 164 16.4
Total 2,252 630.8
North Pare ;
Population : 33,986 T-1 Residentisl 469 . 74.5
Houschold : T-2 Commercial 303 161.9
" F-3 L. Industrial 21 114.3
T-4 Industrial ] 210.0
T-5 l_’ublic Lighting 48 4.8
Total: 842 565.5
South Pare
Poputation: 26,859 T-1 Residential 444 70.5
Household ; T-2 Commercial 300 117.9
T-3 L. Industirial 12 . 504
T4 Industrial 4 500.0
T-S Public Lighting 46 4.6
Total: 806 743.4

Nete: Figures of population and household in this table are amounts of target villages of
electrification.

HI-10
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Table 111:2:20 Sold Energy in GWh (1970--1978) by Tariff Group

Branches 1970 1971 1972 1973 1974 1975 1976 1977 1978

Bukoba  T-1 045 047 045 057 065 069 0638 075 088
T2 108 095 103 1.6 103 100 103 097 - 106
T3 041 019 014 022 019 0.8 019 037 035
T4 105 034 068 039 057 058 072 071 065
-5 008 008 009 009 009 008 010 010 008

Dodoma  T-1 061 071 677 083 100 :120 137 146 212
T2 133 150 162 1830 LSS 165 159 152 0 173

T3 0200 030 036 033 032 043 053 092 132

T4 197 191 243 194 298 424 426 330 376

TS5 030 017 013 015 014 018 017 009 008

Iringa T-1 084 092 089 090 090 0699 095 142 239
T2 LI4 132 138 149 143 129 133 126 173

™3 017 0628 033 034 033 028 023 026 035

T4 152 17t 157 181 248 177 . 135 206 212

T-5 016 019 021 020 021 021 030 024 015

Kigoma  T-1 019 020 023 028 033 044 047 054 061
T2 675 089 067 107 055 054 059 053 067
T3 030 038 040 054 032 020 013 018 0.8

T-4 - - -~ = 026 034 070 064 124
TS 008 007 007 007 008 009 009 011 010
Lindi T4 024 025 023 027 03F 037 034 033 041

T2 033 038 043 047 043 047 048 055 046
T3 006 008 009 0.0 0J3 016 0I5 - 020 020
T4 -~ .~ 042 028 04t 080 062 058 033
T-5 003 006 006 006 007 008 005 004 004

Mbeys T 090 097 097 092 113 126 126 134 159
T2 160 173 173 201 L79 158 168 162 181
T3 031 033 039 039 035 030 030 042 046

T-4 -~ - ~ 051 056 058 202 109
TS 007 007 00 611 010 012 012 043 016
Mafia Tl - — 0003 €003 00t 003 001 003 004
T2 - -~ 002 0602 003 007 007 008 009
T-3 - - - - - -~ 001 002 0.9
T4 - - - 060 060 055 053 047 037
T-5 - S — 00 001 0008 001 002 002 002
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¢ 1970 ¢

1971 -

1974

1977

11i-35

Branches = 1972 7 1973 1975 < 1976 1978
Morogoro © T-} 112 161 * 123 135 155 231 205 250 - 305
- FOT2 0 177 0 281 - 2000 245 207 o 257 242 293 314
T3 G LI3 - 136 - 152 LTS o244 0298 70226 210 226
IT4 1097 966 - 999 1022 01033 1202 1123 1333 13.20
“T-5 90026 0 0.25 022 023 028 027 029 026 028
Moshi CT-10 301 - 321 0 333 0 331 353 348 3.65 398 468
: T2 420 457 436 401 295 279 307 330 340
T3 185 193 160 146 136 123 114 115 1.14
T4 §71 255 683 865 874 8290 932 7.0 94l
TS U021 t025 0 024 021 020 021 022 021 047
Mpwapwa™ “T-1 © 007 008 008 009 010 014 009 0.3 0.18
T ST2 70200 024 023 0250210 018 019 0.9 021
“AT3 7004 005 004 006 007 007 © 042 011 012
T4 - - - - —~ ~ 002 002 004
“T5 002 002 002 ‘002 0062 002 002 002 002
Miwara ~ T-1 ° 024 025 030 038 048 059 054 062 075
L T2 1060 108 121 125 681 0 089 091 088 091
T3 060 055 063 058 032 025 032 049 OS5I
T - - ~ 082 093 105 085 067
TS 00t 002 002 002 003 004 004 003 004
Musoma = T-1 0.9 023 024 030 035 042 048 053 0.66
Y T2 049 066 078 0 095 060 081 095 099 103
T3 008 015 023 037 042 037 042 017 0.9
T4 - o - —~ 008 08 159 145
TS5 006 006 006 007 008 009 010 0.0 0.1
‘Mwanza 0 T-1 0 238 - 263 266 265 28F 0 312 313 339 - 4.08
o T2 351 396 340 361 248 266 277 303 3.7
T3 071260 141 18 124 132 U155 157 134 1.5S
T4 1292 1588 1646 19.52° 2343 24.54 2347 2219 1455
TS 026 027 030 031 036 034 032 036 025
Machingwea T-1 005 005 005 008 014 011 010 044 020
T2 035 044 047 063 049 048 046 048 057
T3 042 015 015 048 011 023 029 025 032
T4 _ — - - - - - - -

TS 000F 0003 0004 0005 001 002 003 002

.02



Branches 1970 1971 - 1972 1973 1974 1975 - 1976 1977 19?8.

Shinyanga - T-1 017 024 - 025 033 037 040 042 053 0.4
T2 062 .-076 .076 085 071 -.073 .072 084 084

T-3. 017 - 018 . OIS - 020 - 0.19 030 ;033 043 036

T4 089 126 105 122127 121 079 112 095

TS5 01 015 : 016 . 047 017 015 010 013 0.12

Singida T 012 . 043 005 0.7  .020 .- 023 027 ‘027 036
: T2 045 060 059 063 030 035 033 034 036
T3 017 028 023 028 027 025 02 025 029
™ - - - - — e e = -
TS 005 005 006 007 008 009 . 009 011 0.1

Songea T-1 005 008 : 01F 014 017 -023 031 036 045
: T-2..021 027 029 036 034 046 056 056 057
T3 004 004 004 007 009 006 .007 0.t 049

T4 - ~ - ~ - - = - —

TS 001 001 001 001 0009 002 003 003 003

Tabara T-1 062 065 . 070 086 .092 106 LIl . 123 174
T2 155 180 - 198 189 . 2,08 204 201 181 190
T-3 ~ 030 033 008 005 006 010 037 041

T4 - 067 - 042 035 1.16 i.52 1.50 1.60 144  3.20
TS5 0101 . 012 0.14 0.14 .. 009 009 013 010 0.14

Tukuys . T-1 007 007 008 011 _Otl Ol4 009 010 025
© T2 0013 013 - 003 020 . 018 015 013 014 020

T3 0004 0002 0007 0002 002 004 0007 009 0.2

T4 001 - — ~ 021 084 101 089 095 267

TS5 002 003 - 002 . 002 -003 .003  002. 002 002

Allbranches T-1 - 11.32  12.1S 1272 : 1354 1506 1721 1732 1965 25.08
T-2 2077 2329 2308 2503 1983 2071 2129 2202 2385
T-3 661 796 782 . 824 830 - 894 957 923 108l
T4 3373 3193 3775 4379 5446 5842 5704 5837 $5.70
T-S 164 187 . 191 . 197 215 214 224 206 224

SOURCE: Finance Manager’s Repor't
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A3
BREAKDOWN OF CONSTRUCTION COST

A-3-1 Construction_ Cost in each District
A-3-2 Construction Cost of each Work
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A-4

CALCULATION SIEETS

A-4-1 Strength Calculation for Wooden Pole
A-4-2  Safety Factor of Supporting Structure Base
A-4-3  Strength of Stay
A-4-4  Strength of Cross-arm and Arm-tie

A-4-5 Sag Calculation
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A-4-1 Strength Calculation for Wooden Pole
() Single Pole

{a) Strength wilhoinl stay

P 40D0H’ —24H% +§ (ElOdh)
F= i Do _

Where; B P L DA O PV TR

P ¢ Breackdown strength (560 kgfcm?)

F . Safeily Factor (4}

K : Ceefficient by wind (0.5)

S : Span(i00 m)

d . : Diameter of overhead conductor or wire (13.5 mm) .
h  : Clearance of overhead conductor or wire above ground level (9.1 m)
H : Length of pole above ground level (9.2 my)

Do : Diameter of pole at ground level (27.3 cm)

Do=D+09H :
D: Diameter of pole at top (19 cm)

&0> 10X 0.5 20%27.3x9.20 _12x9.2° +0.35x 100 x 10 x 13.5 x 9.1 x 3
4 213
1475>109 « o oviein ... e (8]4

(b) Strength with stay _ .
2 3 T OARY -
P 2 IOK 20DoH —~ 12H° +0. SS=(LIOdh)

-,_\F . Do? o _ _
520>10 0.5 x 20)(273)(927- 12x923+035x100xI0x135x9!x3
27.3
1475544 . ... e 0K
(2) H-poles

(a) Stré-:l‘gl'h"iwlhou.t .s!ay , .
ll:‘> IOK “40Doli? - 24H? +0.5S (El(}dh)

Do?
560 40x273x92*;24x921+05x10{}x10x|35x9|x3
>10x 0.5 x 3735
H7S5>634 .. . OK

{b) Strength with stay

2 3
P 2 IOK 20BDol1? — 12IIDO+ 0. ZSS(EIOdh)

20%27.3%x9.28 ~12x92°+0.25x 100x 10% [3.5x 9.1 x 3

560 3x9.2% +0.2
24> 10x X 0.5 x T

147,55 387 e oo eeiiieeeanns, OK



A-4-2 Safely Factor of Suppostng Structure Base

_ 0Q.3K (DoQt? + AJ)
Fs P(I+t0)

Where; .
F  : Safety factor
Do : Diameterof supportmg stmclure at ground levek (O 273 m)
: Length of pole below ground level (1.8 m)
H : Concentrated load point in height above ground level (9.] m)
: Load imposed on supporting structure (kg) ' : -

- P=Pp+Pw
Pp —-'—wp @D, +Dp) H
Pw=RdeIWp

Pp Wind load imposed on supportmg structure (kg) -
Pw : Wind load imposcd on conductor (kg)

Wp ¢ Wind load (50 kg/m’)

D1 : Diameter of supporting structure at top (O I9 m)
¢ length ofcouductor(l()(] m)

d 1 Outer diameter of condiictor (0.0135 m)

N ¢ Number of conductor {3)

Pp = %%x (2x0.19+0.273) x 9.1 = 49.5 (kg)

Pw = 100 x 0.0135 x 3 x 50 = 202.5 (kg)
P=49.5 +202.5 = 252 (ke

t'o : Depth from ground surface (o rolalmg cen[cr of supportmg struclun (m)

2 (l'*' + 3nt¢’)

3\t + 2nic

| t'o =
=R
Ay

A =(L -- Do)d

tc  : Depth from ground surfau to center o!‘underground brace (0.3 m) :
A : Sectional aréa ofunde;ground brace m?) :

A, : Seclional area of supporiing structuye at ground leul (0,49 m! )

L : De plh of underground brace (1.5 m)

d Dmmeter ofunderground brace (0.15 m)
A=(1.5--0273)x0.15=0, |8(m’)
0.18 _
n= 0.49 =0.37

o= 2(18 3 3%0.37x03%)_

to= 3( 18 +2%x037x0.3 )- 1.10 (in)
Q : Function of —IB)

Q“T’j (6m’ ~8m+3)

. Yo 1.10_,
m= = £ 06!

HI-56



Q"——:-t(6><06!2 —8x061 +3} 003"

~ ) ¢ Function o!‘depth 0f’rotatmg center and depth of underaround brace

J=(t'c - tc)? t¢c
=(1.10 -- 0.3)? x03 0192

K : Sonlcoemcsent {3 x iO“ ngm“}

“F< 03x3x105(02?3)(003)(]8"+0|8x0192)
252 x (9.1 x 1.10)*

F< 43 00 i, OK

' Consequently, it satisfies design condition 6fi.5.
A-4-3 Strength of Stay Wire
Calculation of strength against horizantal transverse load on the line caused b.y'win'd.

(1) Smgle Pole

Bl R e ccsinnn v n 100 )
F 2 fig <107 {l?.SSEIOdhf 500DoH 3 X 10° kH
Where;
P : Allowable tensile strcng!h of stay wire (2520 kg)
F : Safety factor of stay wire (2.5)

. ho . :. Height of supporting point of stay wire on pele above ground level (9 m)
S : Spna (300 m)
d : Diameter of overhead conductor (13.5 min) ‘
h : Clearance of ovethead conductor above ground level (9.1 m)
H : Height of supporting structure above grouad level (9.2 m)
Do : Diameter of supporting structure at ground fevel (27.3 cm)
k : Tagper of supporting structure {9/1000)
K : Coefficient (0.5)

!%f_'_%‘!g-g-x?o [lzsx 100 x 10 x 13.5 x 9.1 x 34500 x 27.3 x 9.2?
100 s 9 }
3 x {0 l000)(92

1008307 ....ovtiieie i OK

(2} il-poles -

P K { : o0onan . 200

I‘ghox 0 IZ.SSE!th+ 1000DoH 3

2520 __Ué__{ ' o1 A : 2

75 20x10° 125 x 100x 10x 13.5 x 9.1 x 3+ 1000x 27.3 x 9.2
200 9

3 000
1008 > 3584 e e vnaas Ll OK
Consequently, it satisfies design condition of 2.5.

x 10* x k]l’}

:~<l(l3:‘(l x923} |
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A-44 Strength of Cross-arm and Arm-tie.

The following calcutation is for a cross-arm of 2800 mm length and arm-tie for use of 33 kV
tine which is the worst casé,

F Safely factor (2.5) _

¢l 1 Outer diameter of conductor (0 0135 m)
wl : Weight of conductor (0.3852 kg/m) '
T : Tensile force on conductor (IOOO kg)
Pw : Wind load (50 kg/fm?)

) : Span (100'm) '

g, : Allowable tensile slr‘gss.intrensityr
o [F= 45050 1640 kg/om’

(1) Suspension Pole

| B00 ) 85C 4 Pv = wl+wo
L300 )' : wo: Weight of LP msulalor (10 kg)
= R Pv = 0.3852x 100+ 10
% £ R : = 49 kg
1 |_‘_J 1 _ I {a) Cross-arm
{ . I | Channel steel: 100X 50x § mm
‘[ \ . / ' : Length 2800 mm -
LeAOXE - ' 1 Section modulus (37 8 cm’)

v MWe

Mmax = Pyx |

= 49 x 850
= 4165 (kg- cm)
Z = Mmax/o, =~-‘]’~égg 2.54 (em?)

(b) Armi-tic (3% 40 x 750 mm)
Wo =Pvx 135/50 + PV X 39]50 = 162 (kg)

Pk: Compression stress lmposed on
arm-tie

HI-58



Pk = Wofsin® = 217 3 {kg)

. \/ | . . R>K0 ) .

So, buckting load of a ann-tie, Pko, is éalculat_éd as follows:

Pko=1fxE'xl}’L’ _
_ )(2.173(51;’{)s x 145 _ ca4s (kg)
"As safety factor is set up as 2.5,
2.5 xPk=5432(kg) < PkO----nnnn. OK

(2} Termination Pole

2ece(=L ) Cross-arm

lege g LeEe Angle steel : L. 90 x 10 mm
. _ 1 Length : 2800 mm

{ J 7., : Section modulus
@) I O ’

_ (195 cm¥)
_l‘[: LQE:IQ' ‘I

i

Mmax = TxL /4
2 = 50300 (kg'em)
2x Z = Mmax/o,
30.5 (cm?)

-
o

_ SZ = 153 (em?)
Therefore, Z; 272 (19.5>15.3) .- ... ceereaesaas OK
(3) Transformer Platform (300 KVA)
~ I W = 2000 kg
| W I ™ Cross-arm
] | Channel steel: 100x S0 x 5 mm,
| | Length : 2800 mm
| | Mmax = WxL/4
I H = 50000 (kg+cm)
L. 7 : ] 2xZ = Mmaxfo,
_ = 305 (cm®)
L Z = 15.3 (em’)

{H-59

A4 SEEN ' Maximum slendesness ratio Falls on;
- E
%) | hwnfo, "9
Mo Calculated slenderness ratio
0 R becommies; , _
. A=Lfr=75/079 = 95

Therefore, Z, 2Z (378> 153) .. -.--.

OK



A-4.5 Calculation of Sag

Basic dhta

Conductor: , ACSR 95 mm?
Diamecter: - 135 nm
Cross-section: o 1115 mm?
Weight of conductor: 385.2 kgfkm
Modulus of elastisty: = - 8250 kgfmm?
Temperature coefficient: 19.0 x 1078/ deg.
Max. tension: C 3180 kg
Wind load at 10°C: 50 kg/m?
Span: 500 150 m
fatervals of span: 10 m
Temperature: 10t0 90° C
Intervals of temperature: 10° ¢
Safety factor: 3

-6¢
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A-5
_ THREE PIIASE SHORT CIRCUIT CURRENT

Fig. HI-3- 6  Threc phase short circuit current — East Hai
Fig. 1l1-3- 7  Ditto — Central Hai

Fig. I11-:3- 8 Ditto — West Hai

Fig. I11-3- 9 Ditto — Rombo

Fig. I11-3-10  Ditto — North Pare

Fig. [11-3-11  Ditto — South Pare
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(A)

3 pPhose Short Circuit Current

Figl-3-6

3 PHASE SHORT C!RCUIT CURRENT

1200 | EAST HAI
L 33ky T

1000 - MASAMA

900 [ KYERE

g00

700

MACHAME S/S

600 - 33KV

500 _

400

300

200 -

100 ; _rwoa Current: x _mo %o
_ _ -7 Lood Current

Q ) . - I ] J . | | - - .
-27 o - 2 4 6° & 10 12 14 18 18 .20

Distance {km}
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