3.2.2 Routes of Traﬂsmissic‘)n and Distribution Lines

By LOﬂSldCl‘mg miscellaneous dcvcloyment proje n,ts whlch are cow.red by the Klllmanjaro
integrated Development Plan (K[DP) office of the Kitimanjaro regional development dlrector
and luadquaukrs of TANESCO, the routes have been selected to be the trunk lines for the
region by connecting towns and villages located alongside the trunk roads of cach dlslnct which
have high potentials of electric powes demand.

In detesmining the routes, necessary considerations are givea to the followmg factors

a. For the purposcs of securing easy line maintenance as well as shorlcmng rcquued

- construction period, soutes have been selected, whenever possible, lo be alongsu!c
roads; avoiding long-span crossings of valiey, glen, and cte.

b. Places where there is a fear of unfavorable ground conditions due to sains are

avoided.

(1)  Roules of Fransmission and Disteibution Lines in Hai District

(a)  ‘T'ransmission line Roule (33 kV line up to Sanya Juu Substation)

HAL -
< . +To Moshi
Kilimanjaxo & : From |
Forest Reserve % i Liwati .’ ) aBoma La Mosh)/
S CFukd, el .Ngombe _
l},’ , ,‘\\\ :“‘_" ‘ "._.' =& /
',.:'..“, Sanya Juu s/s . /

N
=
- .

[ To Arusha .

This 33 kV litie to be newly conslructed up to Sanya Juu substation is branched from Pole
No. 177 of the existing 33 KV transmyission line (Moshi~:\msha) which is running very near to
the 33/11 XV substation to be newly constructed at Sanya Jun.

This branching point is located acar the national highway from Moshi to Kllunamaro
[nternational Airport, and line patro]lmg, as well as materials transporlatmn is very easy. From
this branching point, the route runs about 10 km along the national road up to Boma La Ngombe
where the new Hai DD office is almost constructed and a new town project being progressed.

The route, after Boma La Ngombe, runs aboul 18,5 km up to Sanya Juu town via. Liwati
and Fuka crossing fields alongside the regional road.

Construction work of this section is deemed comparatively easy, because the route from
the branching point to Sanya Juu runs almost flat Jand without any glen crossing and trees to be
cut. :
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(b) Distribution Line Route {11 kV distribution line coule) -

HAI

‘. Kilimanjaro
'  Forest Reserve

S To |
-=Mosh1

Kifaru

Yo .

a.  To West Hai (11 kV Line from Sanya Juu S.§)

This distribution line is constructed to supply clectricily to many plantations

located near the Sanya Juu town. These are two groups of plantations; onc

group is consisted of sevea plantations including Gararagua and Molomo
.. whicle are located north from the new Sanya Juu substation, while the other
group of three plantatmus including Annaliof which is located west from the

first group.
. The route runs: aboul 17 km lo lhc first gmup and then aboul 6 km to the
~second one, passing through coflee ficlds and some forests which are located

- alongside the road connceting those plantations.

b, To Central Hai '(ll kV line from_ Sanya Juu substation to Machame

Substation) . :

This route runs. alongside lhc road nmmng hali- “way up Hu, Mt. Kilimanjaro
_connecling main villages and plantations sca(tcnd between Sanya Juu and
~ Machame.

"lhe routc from Sanya Juu Subslat:on to Liwati runs 7 km via Fuka, plckmg
up.the toad of the Kibongoto llospnlal on the way which is indespensable
welfaré facnln(y, the electsic scrvice to which musl be sccuml with Iugh
'rdmblhly :
After Liwati and up to Machame Substation, the route of about 22 l.m trunk
tinc runs conncchng Suumu-—l{yuu—Lcm:ra Masama Salali villages. On the
way. Ilu‘ route has some branch tines : mdudmg one for Bondeni and Boloti
plantations. wluch are locatcd south of Kyuu, one for the famous Kibo
'plantauon and Kikaf plantahon and up to Kware, the total of about 32 km
lines run a!ongsu!c roads in the area.

The above routes run through hilly and forcstry sides requumg so much

tree-cutlings, such as banana, and also have so much up-and-downs which

require arranging wooden poles of various lengths in order lo minimize steep
fhictuations as much as possible,
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{2) Routes of Disteibution Line in Rombo District

ROMBO

P

HOSM Trade : . Kilimanjaro Forest Reserve SR
\\.School sfs - - S - - -Hashati.;

"}—q.—-m----', ? : :
3ot Hlimo

A new distribution line is planned alongside the trunk road running half-way up the Mt.
Kilimanjaro up lo Tarakia near the nationsl boundary, starting from the cushng 33 kV line
which comes to Marangu one of the Famous enterance 10 the mountain,

This mute passes through coffed and banana ficlds and ‘some “other I‘onst having
complicated topographical conditions nqmrmg many angle polcs and several long- -Span crossings
of 150180 m,

The trunk road as stated above is undcr planning of improumml and we must be careful
about timing adjustment with our Electrical Construction Work.

The route of this trunk tine of about 31 ki slart_s fram Marangu to Mashati; connecting
Kisambo, Mwika where light industrics development plan'is undergoing, Meagwe, Mkuu, Ubaa,
and Merere. lispeciatly, Mcrtn has a regular open marke! of a considerable scale in that district,
being n.stumlul (o have powcr demand increase in pear future, 1 km vast from Mkuu, there is
Huruma whur\ the Rombo DDD Office has been moved 10 and more ]'!llbl!C facilities would be
constructed. Two branch lines mdudmg that for Huruma aré plamud oui total ling length is

aboul 2 km.
Alinost all of the route passes lhrough b.imna ficlds and other forcsls requiring tree
ullmbs 16 SOme o) xtent for the purpose of se¢ curing route clearance and line maintenance,
 Phe existing 33 KV line from Kiboroni Substation of 11/33 kV to Marangu is full of the
present toad, and the TANESCO has 3 plan o construct a new 33 kV line of about 10 km from
Kiyungi Substation to Kiboroni; this plan is tmhspcnsabh fot our Pme o! tlns time, and must
be rcallzu! in time for our Construction \\'ork
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Routes of Transmission and Distribution Lines in North Pare District
NORTH PARE
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(3} Transmission Line Route
(33 kV Line from Nyumba Ya Mungu Hydro Powcr Station Lo Mwanga Substallon)
Slarlmg froma | 1/33 kV substation to be constructed at 1he hydro power plant, the

" route runs about 17 km alongside a road in flat savanna up to the crossing point of the

national highway from D’Salaam to Moshi, including one railway crossing. Morcover, the

‘foute runs about 9 km up {0 Mwanga- Substation in the sisal plantations alongside the
-national highway. A branch line of about | km from the bine is also planned to supply

nécessary ciectncny to the famous Kisangara Sisal Estate of large scale production.
Along this route from Nyumba Ya Mungu power station to Mwanga substation,

‘there is no obstaclés for construction work which will be completed casily by using the

road in good condition.

(b)  Distribution Line Route | |
(11'kV Line from Mwanga Substation to Sido and Ghogho) o _
From Mwanga Substation the rowte rans to the cast from 1he nationat highway

forming T to the dircction of North Pare hitls; it is COnmderably difficult to design the

route alongsndc a road, because there is a steep slope half-way up the hills. Afso, it is not

- convenient for future maintenance (o provide {he route along (he steep road, and

consequenily, the route has been designed on comparatwcly flat foot of the hills, and then
go up slralght to the halfl-way of the hills.
The route to Mruma \1|Iagc has becn de51gmd under the same idea to Cross the hills
sltalghtly :
From Mruma up to Kikwni, about 9.5 km, llu. roufe |s planncd to run alongsxdc the
road which is ruuning among the hills. '
The route from Kikwni to Ghogho and Sido runs about i 1.5 km makmg a short-cuts
over some porlions of snaking road. This route connects small but main villages passing

‘alongside the road on the sfeep slope of the hills and through forests, banana and coffee

plantations; this is the most tough route for construction of this time.
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(4)  Routes of Transmission and Distribution Lines in South Pare District

SOUTH PARE

Bombo Hospital

e 7 .
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R ~ 3

s TTerTTreseL .--To Tanga

(8)  Transmission Line Route

(33KkV Line from Same $.S to bonjd S 8y . o

The route runs 49 kin up (o Gonja village alongside the reg:onal road running the
edge of wide savanna area spreading from the eastern outskirls of the South Pare hills to
the national border to Kenya. :

~ Both Mukonga and Kistwani viflages and Knsnwam s:sal planlahon \\lnch are located

almost al the middle point between Same and Gonja are also supplicd electricity. . -

This route suns through forests of big tives at several places and plenly of
tree-cutling is required for clearance and fatuse maintenance of the lines.

By branching near the existing Saine substation, another foute nuis about 16 km up
to Mwenbe village, crossing a land of some up-and-downs which is not deemed to be any
trouble for construction work.

(b} Distribution Line Route

(41 kV Line from Gonja Substation to \'dunw) :

The route runs from a 33/11 KV substation to be consiructcd at Goma alongsui-. the
e ;,aonai toad running the castern outskirts of South Pare hills,

‘The route is consisled of two lines; 19 km from Gonja to Ndungu wllags wluch is
tocated south of Gonja, and 8.5 kin from Gonja to Bombo Hospital which is localed north
of Gonja and is the medical center of the district. The roule from Gonja to Bombo
Hospital runs along a very steep and narcow hillyside road, requiring . considerable
tree-culting for clearance and short-culting of the snaking road for securing the route.

3.2.3 Selection of Substation tocation
a. Lach location has been decided threugh our averall studics of location peints which

could be convenient for futuse additions and strengthenings under the TAN[ SCO's
long-term plan. Locations are marked by pegging at the sites.
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Substation Locations
* Machame Substation

Suitable point near Baraza which is uncultivated land located 200 m south
from the Machame Hosgpital is selected. :

This point is the end of the exisling 33 kV transmission line from Moshi
Trade School substation to Machame,
Site Area (for Ist Phase) : 12.5mx 18 m=1235m?

* Sanya Juu Substation _

By laying emphasis on sclection of 33 kV and Il kV transmission and
distribution line routes, the proposed sife is an uncultivated land near the Christian
Church located at the west end of Sanya Juu.

Site Area(for Ist Phase) : 12.5mx 18 m= 225 m?

* ° Gonja Substation
‘The site is an uncultivated land located 1 km nosth from Gonja streets.
_Site Area (for Ist Phase) : 145mx8m=116 m?

Mwanga Substation
The site is selected at the southern oulskiris of Mwanga.
Site Area (for Ist Phase) : 14.5mx8m=116m?

Nyumba Ya Mungu Substation

The site is just adjacent to the ouldoor substation of the Nyumba Ya Mungu
Hydro Power Station.
Site Arca D lemx8m=128m?
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3.2.4 Vehicles and Tools for Construction Work

Necessary vehicles and tools for construction work of this time are mentioned below.

South .  Total

Hai Rombo Not!h P.
Pick-up Truck 2-tons 2 1 i } 5
Truck, 7-tons | o2 | | 1 5
Crane Truck, 7-tons 2 1 1 1 5
3-tons-crane .
Pole Carrier, 10-tons t 1 2
Jeep . 2 : | 2
Hydrautic Conpres- - 10 10
sion Tool '
"Manual Compres- 25 25
ston Tool
Stringing Winch 50 50
Manual Winch ' _ 10 IO
Metering Appar. one lot one lot
& Others
Wireless Talkie 5 5
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CHAPTER 4 DESIGN OF TRANSMISSION AND DISTRIBUTION
LINE AND SUBSTATION FACILITIES

4.1 DESIGN STANDARDS AND DESIGN CONDITIONS
4.1.1 Design Standards

The constnlchou Project of transmission aml distribution linc and substation facilitics are
planned and designed according 1o the TANESCO's construction plaans as well as results of
investigation by the JICA feasibility study team, as follows:
(1) . Nominal Voltage and Eleclric System

(a). 'ftanén\ission .Linc .

a. Voltage : 33kv

b.  Transmission System  : 3-phasc and 3-wire

(b) High Voltage Distribution Line -
©a.  Voltage : 33kVand 11 KV

b. Distribution System : 3-phase and 3-wire
C. Type of Line : Free-Branch Type
d. Limits of Voltage Diop : 10%

(¢) Low Voliage Distribution Line
a. Voltage -1 400V and 230 V
b. Distribution System : 3-phase and 4-wire
3-phasc and 3-wice
Co . E-phase and 2-wire
C. Type of Line : Free-Branch Type
d..  Limits of Voltage Drop ¢ 4%

{(d) Service Line

a. Voltage _ : 400V and 230V
b. Distribution System _
' Motor ¢ 3-phase and 3-wire (400 V)
Lighting : 1-phase and 2-wirc (230 V)

() © Watt Hour Mulu
: One watt hour meter for cach supply category

4.1.2 Design_Condilidns

As to the construction standards which shall be the basis for design, the preseat
TANESCO's standards for opcrauon and mamlenana as well as that of Japan are referred to, as
under-mentioned.

Apphcablc standards for main cquipmcnl and miaterials to be purchased under the foreign
currericy postion are mainly Japanese standards with some exceptions of the British Standards
(BS) and American National Standards Institute (ANSI).
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(1}  Natural Conditions
{a} Allitude © ot 800 — 1,000 m (above sea level)
(b)  Ambient Temp. @ max. 40°C IR
min.  10°C
mean 32°C

(2) Safety _l*‘aclor :

The followings érc adopted accordi'ng to the TANESCO's standards:

Support : 4 :
Base for Support : 2.5
Wire _ 3
Insulator : 35
Crossarm 2.5
Guy Wire : 25

(3) Conductor Temperature

Mean Temp. of Conductor Use  : 32°C
Allowable Temy. of Conducter - 90°C

(4) Wind Load

Under the condition of maximum wind velocity of 20 mfsec, the wind load shall be 50
kG/m?. o

(5} Meight of Transmission and Distribution Lines from Ground Surface

The height of a oveihicad line are determined according to the TANESCO's standard as
under-neationed; as {o tow-voltage lines, the Japanese standards are adopted.

ftem 33kV 11 kv L/T
Crossing 6.0m 5.7m 50m
Road way ' :
Others 6.0 . 54 40
Crossing 6.0 48 4.0
Pavement '
Othess 6.0 _ 4.8 4.0
"~ Above t¢leconmmunication wire 1.8 1.8 1.2 ¢
Above railway : 9.0 9.0 %0
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4.‘2 DESIGNIGN'OF TRANSMISSION AND_D[STRIBUTION LINE_FACILITIES
4.2.1 Design Criﬁélia
(1) Basic Ideas in Designing.;

. In destgmng Ihe 33 kV and ll kv iransnussnon and d:slnbuhon fines facilities for
Knl;man;aro Region, necessary considerattons are gnven to the l‘o!lowmg basn, ltems as well as
hanuony and coordination with the TANESCO‘S exlalmg facd:tles in the region:

(a)  To be able to accommodation demand increase in future.
() To improve voltage Flucteation and service reliability.

(2} .lmpro_vcmcnt of Service Ri‘liabilily

Accordmg to the statistics of troubles on lransmlsswn and dlstnhullon lmes in Japan,
althcngh number of troubles is decresing year by year, such kinds. of troubles as incomplete
facilities (incomplete workmanship and construction), incomplete maintenance (natural decay
and overload), natural phenomcnon (obsiacks flying due to storm and floods), obslacles confact
(tree-branches, birds and beasts) and ele. occupy majority of causes of traubles.

Judging from lhc above, the fo!lowuug counterplans are worked out in order to improve
the service reliability of lines; for minimizing blackouts due to tronblcs, adoplion of Line Post
insulators (hcmnaﬂer called LP msulator) for 33 kV transmission lines, adoption of channel stee!
crossarmis, and adoption of driving: {ype anchors for strengthening stays. Moreover, adoption of
surge arrestor for lightning surge, and adoption of scctional switches for minimizing black-out
area are realized. Necessary oil circuil breakers are instatled at subslations, which shall be ncloscd
against line faults in order to improve service reliability. '

{3) Voltage chl;la(ibsl

Voltage Muctuation for low vollage consumers shall be kept £5% by utilizing transformers
with on-load tap changess to be installed at substations and pole mounted transformer faps of 5%
and 2.5%,

(4) Insulation Coordination

(a} lasulation Dcesign
. In designing insufation l'or the purpose of equipment protection, insulation lwels of

lines and equipmnent are coordinated by covering whole band from llghlnmg strge o power
frequency, as follows:

a. Insulation performances of cquipment themsclves are protected against
internal abnormal voltage (switching surge, sustained abnormal voltage, and
ete).

b. A surge arrestor is protected against exteinal abnonnal voltage (lightning
surge).

(b}  Kind of Insulator and Number of Insulator for String

Anli-lightning - measures are designed on assumption that no Rash-over due to
internal abnormal voltage takes place, As to the internal abnormal voltage, the following
wvalues are assumed under the same way as applied to a {ransmission line:
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Kind of Ground.

Effective Groundmg

Multiple of Sustained
AbnOImal Vol[age

0.8 Um

- Muiiiple Of Abno’rmal. '

Swntchmg Vollagc

zsxhn""

(Um: Maximum allowable voltage of power system)

In determmmg insulation strength of an insulator, ﬂash~over wet characteristics duc
to swnlchmg surge is used for switching abnormal voitaoe and ﬂash -over wet characlcnstlcs_
is used for sustained abnornial »ollage ) :

Required msulanon slrenglh of an msulator whlch is computed from lhe swatchmg'

abnormal voltage are as follows:
Nominal Voltage, kV
Max. Atlow. Voltage, kV

Voltage Crest Value to Ground, kV

Multiple of Switching Abnormal Voltage
‘Swifching Surge Voltage, kV

Insulation Degradat. Coeffcmnt
Requnrcd lnsul Slungth kV

chunru.l msulatlou steength Lompulcd from suslamed abnormal voltagt, isas fol[ows

1
12

- 98

28

274
12

13

. Nominal Vollage, kV 11
Max. Ailo_\\.,.\’pltag_q, KV N
Multiple of Extraord. Voltage 08
Sustained Abnormat Voltage _ 9.6
fnsul, [)egr.idat R
- Required Insulat. Slunglh kV - 12
i: chlmal characteristics of insulator is as follows:
S!antlard Switch. Surge
Surge (wet)
S50% ftash- 50%' ftash Withstand
over Volt. over YVolt. Volt.
250mm. Susp. HckV Ly kv
Insul- one 125 85 75
Ditto. two- ‘
Discs/String 255 170 155
Di-l(o'.. ihree- . .
DiscsfString 345 245 220
L.P.Insul. o N ' '
(LP-30) 220 200 185
Special High :
Tension Pin- Iis - -

type, I} &V
{nofes) 1.
2.
3.

33
36
294
2.8
823
A
99
33
36
0.8
28.8
1.2
35

Power Frequency

(wet)

Flashover - Withstand
Volt. - - Volt.
askV aokY
80 70
115 - - 105

10 98
50 45

Characteristics of 250 mim suspension insulalor is referred to the Insulation |
Design Standard of Japan Electrical Association, 1966
LPinsulator is referred to S C-3812, . :
Special high-tension pin-type msulator is teferred to B S, 137
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-~ Judging from té. comparisons between the above clectrical characteristics and

-uquued strength’ of insufators, usable insulators, and their number of discs per string are

determined, as stated below; .
S.P. ]'ligh Suspension

,‘f""“gf . MhaeeofUse o LRI binaype nsulator -
: non-déad-end . .yes - =
33 kv deadend — - 3 discs
: . o TR per siring
'“ k\’ __n:()'h—de:ir(f-é:n;l' . yes -
deadend N - - One

(Note) The additional one suspension iﬁsu!}atdr for (he_ dead-end pole of 33 kV
' transinission line is designed from the maintenance viewpoints.

(c) '. Delermmahon of Basu, lnsulallon Level (B!L)

BIL’s are determined to be 30 A and 10 A for 33 kV and 11 kY system rcSpeclwety

on the fo!lowmg grounds:

An areestor is used agamst hghtnmg surge as stated above, and accordingly, there is
an_necessity. to select proper BIL of system which can endure switching surge and at the
sam¢ time harmomzc with protech\e performances of an arrestor; when the lightning surge

i protectlive allowance of arrestors and equipments to be protcctcd is 20%, 100% spark-over

voltage of an arrestor as well as BIL of more than 1 .2 times of ccnimg voltage arc required.
In the case of an arrestor of S kA for 33 kV system (J LC- 156), 100% spark-over voltage is

135 kV and dnschargo volage is 145 kV. Accordingly, required BIL=145&V x 1.2=174.

k¥, and selective BIL should bu more than this value. Consequently, No. 30 B of BIL class

. are rcqumd but No. A (200 kV) should be finally adopttd becausc the BIL ¢lass of 33
KV substation eqmpmenls is 30 A, Requmd BIL is determined to be No, 10 A for 11 kV

distribution fine.

.. {d) - Anti-Lighining DLSIgn

(5)

©

Judging from the facts that accurate siahsms of Isokeraumc chel (1K L) values are
not available, and that overhead groundmg wire are not msta!!ed except a part of sca-side
areas, and that fnquulcy of tightning is small throughout a year, necessary arsestors are

msiallcd on equipments in order lo pro_ttct them against cxternal abnormal voltage such as
~ lighining surge.

Supply System

According to the TANESCO's standards, it shall be as follows:
- 33kV/M00and 230V o Low-voltage direct stepping down
11kV/400and 230V = Sameas above

Type of Line and Installation of Protective Switch

. {a) Typu of Line

The 33 and 11 kV distribution lines have a consnderably large supply capacity, and

" necessary consideration shall be given {o possible cases of line troubles as well as Off-toad

maintenance works.
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However, in the case.of this Project, power consumption areas extend in one 2nd

“same direction: with smatler density of power demand,:lhe type of line shatl be one circuit
of tree-branches, ' o

Pro!eclwe Sw:lCh : -
In order to reatize cffective and secure operalmn of a system, protective switches are

instalicd at proper points on 33 and 11 kV lines, as follows: -
8, 33 kV transmission Line ~ :

An air-circuit breaker is installed at Tbranchmg pomt (pote No. 177) of a
transniission line to Sanya Juu substation, and another T- branchmg point near Same
substation extending to Mm:mbe respectively, in order to niinimize outage time
given by system operation. This air-circuit breaker shall be operated under
no-voltage condnllon in principle.

b. 33 kV Distribution Line

System protection shall be done by protectwe realys and ml ¢ircuit breaker
which are installed at the existing Klyungn substation. Accordmgly, systems of
prolcctnon and reclosing shall be lhc same as the exls!mg ones.

c. 1} kY Distribution Line :

Qil circuit breakers are installed atl main branchlng points of !ong distribution
fines in otder to facilitate and minimize the system operations. '

Power demands at Hai district ‘shall be covered by both Machamé and Sanya
hiu substahons and accoringly,” constant-opened switch is installed at Masama,
while laop-operation of 11 kV trunk system at Hai distriet Is not adcpted Sw:lchmg
of system: shall be done by no-load operatlon ‘not by loop operalmn
d. Low Te¢nsion Dislribution Lines

' Prolccuon ‘against troubles: due to overload and short-circuit on low tension
!mcs and service lines shall be déne as stated below; ' S

Agalnsl internal short-circuit troubles of a transformer itself, lhe pnmary cutout
switch of a transformer shall bé utilized for protection.

* Against troubles due to overload and short circuit, a switch on thb’seébndary side
of a transfornier shall be wilized {or protection.
¥ On the switches as stated above, a fuse of proper size shall be msialled judgmg
from a transformer capacily and its load. '
* For consumers of three- plnsc molor powu there’ is \My Tare case, in_the past
record, “of (rcubks due to lack of a phase on the side of a distribution line.

‘Installation of the protective device such as breakers is necessarily required to be

prescrived in order to prevent consunier’s equipments from accidents due to the line
faulis.

Kind of Line

Routes of the tines of this Project fun atmost lands which are ficlds, farms, and hilly areas

without dense-populated andfor urban areas, and use of insulated wire is not necessary; overhead
lines with bare wire is adopted with due fegards to economical construction.

Under-ground cable system is adopted for some ouigoing ports of some subsialmns whm,

overhead outgoing tine can not be realized,
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4.2.2 Design of Transmission and Distribution Lines
'(i) Providing Standard Span

The standard span for 33 kV transmission and 11 kV dlslnbuhon Imc is prowded to be
100 meters on the ground as follows: :

In this Project, conductor of ACSR 95 mm: . woodcn pole of Il m and the aliowabh,
maximum temperature of conductor of 90°C are adop(cd Under these condmons spanning,
sagging, height of conductor above ground, and atlowance 1o the design standards are computed '
as follows:

Span ‘S;%o c o Elclght of C?“fimlm ("_],), o Allowance to
, _ Allow:

(m) (m) ng;g:t Design Standard _ D»sngn(f‘;]i;z ndard
33k 1IkV  33kV 11KV

100 1.84 1.26 6.0 5.7 1.26 1.56

110 2.14 6.96 6.0 5.7 0.96 1.26

120 238 672 60 5.7 0.72 1.02

130 2.67 643 60 57 043 0.73

140 3.1 599 60 . 5.7 ~0.07 0.29

150 332 578 6.0 5.7 0,22 0.08

{Note) Sag Table i‘s included in the Appendix,

Umlcr the columns of 150 my and 140 m span, lhc height above },rouml is short in the case
of 33 KV and has slight allowance in 1 kV case.
Under the colunm of 100 m span, there is altowancc of 1. 26 m and 1.56 min the cases of
33 kV and |1 KV, respectiviy. In the actual conditions, it is impossible to imagine that the
~ maxtmum conductor allowable teiperature is reached, and accordingly, allowance in the height
above ground in the 100 m spanning could be said to be slightly larger. Bul, it is finally
determined to be 100 meters by considering the l'oilowm{, factors:
Harmony and coordination to the existing TAN)SCO's hc:m:-.s
With a long spsnmng of bare conductors, line shozl -circuil faults are apt to occur.
in a case of long spannilu,. after construction,’ Irl‘\g,llhr sags due to wind :md rains
are difficult to be adjusted. :
d. Hleight of a pole must haye some atlowanc\ for adjuslmb the difference of hcighls
betweoin adjacent poles in aclual constriction work.

s w
:

o LT, Line is hang on a high tension pole, and also there is a possibitily of
communicasion line lianging, too..

f. In a case of a L.T. line hanging of a L.T. Imc lranging of 50 m span, auxiliary pole
can be ¢rected belween two high tension poles 1o the effect of cconomical
constsuclion,

(2) - Wire Arrangement and Pole Configuration

There are two artangements, horizontal and ‘vertical, and their merits and demerits are
shown as follows:
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Horizontal Arrangement

(merit) R

(demerit) - -

Pulling down lead-wires of equipments mounted on a pole is easy.
Saving hulghl of a pole is possible. - o
Winng' space is bngger and’ incomement to ha\e a good distance to

 buildings and trees.

Vertical Arraﬁgemenl
- (merit) *
(demerit) *

®

(apphcablu an‘a) +

Horizontal swinging of wires due to short- cnrcmt magnetlc force and

' - - wind should be taken into consideration.
(applicable area) *

Apphcable to a area where line accupying space is easily obtained.

Distance to bmldmgs and trees can be casn!y obtained beeaus:, of ifs

' narroer wirlag space.
+ Reslslant to horizental swmgmg of wires due to wmd

Difficult pulling down of lead wires of equipments mounted on a
pole.

Pote height is apt to be longer.

Suitable for densely built- up area where line ocmpymg space is

‘hardly obtained.

The honzontal arrangunent is adomed by studying the above comparison, because the
service areas are not densely built-up; with a merit of 1 m shorter height of a pole can be utilized
with tess costs of materials, labor and transporlation in comparison with the vertical srrangement,

(3) (Tdhduclor‘

Kind and size of conductors to be used for 33 kV and 11 kV distribution lines should be
determined with due consideration to the most economical load of circuits and voltage diops.

l{nder the conditions of voltage drop limits of 10 % of a high voltage line, the cases of
ACSE 120 and 95 mm? are reviewed as foltows:

“(a)  Maximumn Load - . o S -
As for ACSR 120 mum? | the maximum cconemical current is about 350 A and tie
most cconomical load is ahoul 6,700 kVA, while, as for ACSR 95 mm?, the former is
about 260 A and the latter about 5,000 LVA

()  Distribution Capacily
When the standard pattern of distribution lines of this Project is reviewed under the
above condilions, the distribution capacity will be as follows:

Standard Pattern -~

Conduclor of -
_Tronk Line

ACSR 95 mm?
ACSR 120 mim?

Average Line Length .. 30km

Load Distribution uniform
Voltage Drop Limits - 10%
Constant Distrib.
Voltage _ Capacity ___
kv 1,700 kVA
Il kv 2,100 kVA
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(<) Seleclson of Conductor Yire S _

As to the distribution linc from Sanya Juu substanon to thc Central Hai where the
bxggest power demand is located among the service arcas of this Project, thic maxinmum {oad
per circuit will be estimated to be about 3,600 kVA for the coming thirty years. ;

The maximum loads of ACSR 120 and 95 mm? are 6,700 and 5,000 kVA respec-
tively, and -120 mm? is too big to cover the above load. As to the matter of voltage drop,
power capacitors and line boosters will be instalied on the lines. Consequently, ACSR 95
mm? is determingd to be the proper size of the conductor to be used, :

(4)  Electric Pole

A ¢reothote-immersed pole is planned to be used, for the iimc being, in conjunclion with
the existing facitifics, and however, in concrete de51gn1ng for constiuction work, adoplion of steel
poles could be reviewed also. : : -

{5) Insulator

According to the insulation coordination as stated in section 4.2.1 {4), the 33 and 11 kV
lines use three suspension insuiators and one suspension msulator (250 ma. ), re:,pecmely, on
their terminal poles. '

The 33 kV transmission line and Il kY chsinbuhon lme w:ll use sohd core L P msulators
and special high tension pin-lype insulator, respeetively, on their straight tine poles.

{6) Cross-arm

(8) - The cioss-arms for 33 kV transmission tine and 11 kV disl.f.i_bulion l_ihe“wi!l be 2.8 m
and 2.1 'm, respectively, of channel steel (100 x 50 x 5 mm). Arm-tic of 750 mm will
be uscd for both lines. Please refer to the Appendix for strength computation.

{b) The bolts to be used are Mi2; 150 mmy, M16; 45 mm, 250 m.m, 300 mm,.and 350
’ mna, '

{c)  The straps to be used are: CRRERE
Strain Point —  Strain Steap 180 mm.
Double Arm Point —~  Strap 240 mn.

{7} Stay

(@)  For single pole and H pole, the following stays are instalied in order to bear a half of
the wind load: (please refer to the Appendix for strength compultation)

a. Stralghl Lme L .
* Placc where dlﬂbl‘CiICC of
adjacent two spans is big : one stay for both sides .
* Four-directions :
Staying per 10 spans 2 6
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b. Angle Line

% 1—15 degrees :

® 1545 2

* 45_90. .3

c.  Scilion Pole : 6
r 2

d.. " Terminal Pole

(b) Materials of Stay
Upper part of a stay is made of galvanlzed stwl siranded wire 22 mm? with mndmg
grip and turn-buckle. Its down-half has a driving-1ype anchor (2-tons).

(8) Po!c Mounted Transformer

@ Type ' : Outdoor, oil-immersed, sclf-cooling
(b)  Use : Max. Ambient Temp. of 40°C
' ' Mean Ambient Temp. of 32°C
Aftitude of §,000--1 800 n

(c) Rating_ o _
Rated Capacily  ; 25, 50,100, 200, 300, S00 kVA

No. of Phase 2 3
Rated Frequency : 50 Hz
-Rated Volage : 33kV/400,230V

o 11kV/400, 230 V
{d) lnstal!atlon
25 to 300 kVA transformers are installed on poles and 500 kVA on the ground

(9 Stfmﬂdard Pole Couﬁgurations

Standard pole configurations for 33 kV and 11 kV are applicd, and their satio in number
are mentioned below :

33kV . 11kV

Suspens:on Pole 65% 45% Single Pole
Angle Pole, 1—15 deg. 15 20 Single Pole
Anglé Pole, 15--45 7 15 H Pole
‘Angle Pole, 45-90 5 13 H Pole
Section Pole . 7 5 H Pole
Terminal Pole | 2 i Pole

Standard configuration drawings are shown in F ig'. i[-4-2 to Fig; "4-5.
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4.2.3 Capacity of Pole Mounted Transformer

(1)  Standard Capacily of Transformer

. Standard capacity of transformcr:. are 3- -phase 25 kVA, 50 kVA 100 kVA, 200 kVA, 300
kVA and 500 kVA. 25 kVA and 50 kVA lransl‘cnuem are employcd for the general load, that is,
Load T1 (Domestic), T2 ((ommercml) T3 (light mduslr:al) and TS (Pubhc lighting), and 100
kVA transformers are employed for the combined load of spot demand and the general load,
200 kVA, 300 kVA and 500 kVA transformers mainly supply electricity to Load T4 (lnduslnal)

{2) Location of Transformer

The ronies of lhc 33 kV and 11 kV thinbllliOl] Imcs l"rom each substalion has been
planned to run along the main roads of the villages. . :
The selection of the fransformer’s Iocatlon has bcen made in accordance with following
rules; :

a. For demands alongside the feeder, transformers érc located in the !oad centre.

b. For demands away from the feeder, high tension branch line is to be constructed up’

to the load centre, and transformers are to be located in the load center.

(3) Determination of Transformer Capacily

{a) Initéal utilization Factor . o
Initial utilization factor has been determiined to be 60%, and will be 100% in len
years, assuming that demands would increase at the rate of 6% per year.

{b) Detenmination ofTransformer ( apac:ty
a. Gcncral load
For the g,uurai démand, the maximum power dcmand and the maximum

transformer capacily have been figured cut assuming lhal almost in all the cascs,
one transformer would be assigned in one wllage and that the divessity factor, the
power factor and thic wtitization factor would be 1.3, 907% and 60% respectively, The
load increase rate in future has been taken into consideratlion in working out the
transformer capacity, and the suitable transfornier capacity have been selected from
the standard transformer capacitics. In the case that suitable transformer capacities
can not be found in the TANESCO's standard capacity series, or that capacities
worked oul exceeds 100 kVA, two tr.mslonm rs are to be installed on a pole fora
efficient operation. :

b, Special load :

Large consumers such as planlallons and hospllals with molive power dunand

are mmnly in Hai District and are also in other districts. There are twenty four
~plantation consumets and three hospitals, and the average demand is 70 kW for a
Mantation and 72 kW for a hospital. For hese’ consumers, exclusively used
transformers are planned to be installed, and their capacities have been computed
and selected provided that the power factor and the ufilization are 90% and 40 to
80% respectively. And for plantation demand, transforners of at feast 50 kVA have
been selected to peemit the demand increase, allhough the demand is small at

present.
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{4) Alignment of Transformers

Transformers sized. from 25 kVA to 500 kVA are designed to be instalied near load
centres. Fig. 11-4-6, [1-4-7, 11-4-8 and 11-4-9 represent the detail of the transformer capacity and

its location, and the number of transformers in each district is shown as follows.

umit: Nos.

District Hai Rombo North . South P. Total
50 kVA 36 i1 5 3 55
100 kVA 7 3 I i 12
200 kVA 0 0 0 2 2
300 kVA 0 0 1 ! 2
500 kVA | 0 0 0 !
Totol quantity 54 23 16 14 107
Total capacity 3549 1075 875 1125 6325
(kVA)
424 Specificatiohs of Maior Materials
n | 'Woodc.n Pol creosole treated
—Matedal . _Pinetee .
Length (m) 0 H 12 13
Dia. at top (mm) 180 190 190G 200
Voltage (kV). 323 11 33

(2) Ceonductor

(a) ACSR 95 mm? to be used for 33 kV and 11 KV transmission and distribution lines.

Nominal size Gmm?) :

- Construction of conductor (Nofmm) :

Calculated sectional area (mm?) :

Tensile load (kG) :

Aluminum:

Steel

Aluminum ;

Steet

95
6/4.5
1/4.5

95.40
15.90

3,180



11-4-18

4 1' 3 2 1
Mwonzo Est. - .
50 kVA GD— Nronga Nkweseko
' SOkVA 50 kVA
25 Kyere
Goraragqua Est. 25 kWA
wokva (I Moe s 8
10 SO WA
terongs Est. ——C}D Sewe 20 101  Nordngo 10
o D] - 50 kVA 50 w?a
20 ‘Kibongoto Hospital @—‘0— . T
10 , Urao L
Kifufv Est. 20 100 kVA Loktni  Naori ol 50 kVA N
{ Q — @ ukani quni 105 ' Machame { )
'OOWA 05 . o SOKVA . SOKVA Masama  Masema % ' Hotel a'*j I
Pongo Est fuko Fuka Livioli Suumuy Kyvu temira . Koti  Nromo Mbweero S0kVA Y
2 - @D I00kVA  50kvA 25KVA  50kVA SOKVA  SOKVA 258 SOKA 50 kVA f— ——— —+—
50 kVA 05 30 : - 15 | I A
: 0 [ “n .
Molomo £ )20 é | © @ - @ @ $ | F 0 | 3‘:5
SO VA c3 05 15 1.0 6.0 1.5 10 20 ([\:.5 0.5 0.5 {I\i_s 10 & 3s - | Mochome Machome
‘o ' > Nl Hospital | Schoot
Leoni Est (1) | | © Solols | 100WA | SOk
50 kVA ' () Pyeita Est. | 50kvA '
_ . 100 kVA Losao o 13 |
Misingi Es:GD’ 40 20 50 KVA - '
g | s Siho Masomo Sonu |
- S0W —2—(1D 25 KVA Hospitat  (({f ) —(1) s0kva |
; 25 kVA '
Kiforw Est. ey | 09 | | 10 05 " |
kV ’ Koboko Mudio Ngira L
SOKVA 30 —® 50 kVA 50 kVA (I)—— _(D 25 kVa N
1.0 07 _ _ S N\
11 kV __CID Sanye Juu Bondeni Est Nkwonsira Est. N
. 10
20 05 S0 kVA 50 kVA @3—05 t00 kvA 25 kVA '
Annghol Esl.( Q ) Boloti Est. (g) ' Nkwonsirg .
50 kVA 50 kVA / 25 kVA B ,
Mochame S/S '
| ) 05 3371tV 2.5 MVA I
Saonya Juu S/S Kibo Esi.@
33/ 2.5 MVA 500 kVA Roo Kikofu Est. | |
L leo  S50KVA 50 kvA |
Uwau Est. @ 3.5 Kolati (:;E}--—-——l from Moshi Trade
: ‘ N 50 kvA SOKVA I School S/S
33 W Project hng | 05 Kisiki f’?f‘).......’
: o i SOkVA X
L - 11 XV Project line Kwure @_
T . . 50 kVA Mokoo ESI'CD—E’_"“‘
gs e e ren 33 kV Existing line ‘0 50 kVA
1 = . * 2 . M - N
Boma Lo Ngombe Boma Lo Ngombe e T &V Existing  line Mbasho Est. Mkuti Est. 10 From Moshi Trade
@— School S/S
100 kVA 25 kVA q), Air Breaker switch or 0il swilch 50 kA 90 kVA | choe
T —fo o— Circuit Breaker _ 8
___+__ b L - . .y :
kv |00 o glne sw.slch or disconnecting swilch Mbosho SINGLE LINE DIAGRAM
To Arushg Q From Kiyungi $/5 25 kWA i [ HAL )
Kilimanjore Air  Port  Line A EPODC, ::nz.nn.wog% ,{E,’
[ T ::‘; UP‘F"..{ID:’ .
ABLAtn tatt [TRIX T2 FERN (1]
S REVISroN T -~ - - [Figl-4-¢6
4 ' 3 | 2 ! Y SHEET K. oF




4 l 3 | 2 i R
Huruma
100 kvA
IDOWA8 100 kVA
Mashati Mfere Kirwa Mrembe Manguiwa  Keni Mengwe
50 kVA 20 kA 25kVA 25 kVA ‘0 S0kKVA 50 kvA
1.5 $ 15 20 20 | 20 o] 10 o 20 15 10 15 2.0 ‘ o
. _ — : Maringo
' GD 25 kVA
- 30
Moshati Mrere _ Mrao Uboo Mkuu Isia Manda @_‘ 25 '
25 kvA 50 kvA 50 kVA SO XVA SO kvA 25wWA 25kVA  Mwiko ! Nganyeni
o 50 kvA _® S0 KA
. : ' as
Lyakirimi @ 10 _
25 kVA :
‘:”_5@ Kisombo
U sowa Himo
Kimangaro ' SOkvA
-
29 kVA 5 ‘ca}
Marangu Hospitgl x~ o
. {0 e —— ]
150 kVA X I T T 1
) Ty
_ e icx p I
LW \_/ \_7/
Marangu " Qrther Mondaka |
50 kVA 9 Transfomers Mission
: 275 kVA 150 kVA l From Kiyungi S/§
—————r— 33 kV  Project line ——— et e e e
e 33 kv -
————— 33 KV Existing line _ I o
——— e i1 kV Existing tine Ir(!;]
(D _ Air Breaker swilch Kiboroni S/7S L1
- L ’
——_d-— Circuit Breoker o 117335 OSMVA '{:}*1
. ) ) x \
— ¥ Line switch or disconnecting switch !é—i\ ]
. \V/
fo 0y
I =
¥
_ I
From Moshi Trade I“. kv
School §/5 |
i .
SINGLE LINE DIAGRAM
{ ROMBO )
] € P.DC. INTERNATIONAL L1D
- _ JOKYO JAPAN
LI SR
. TR E(Cmminli .
- - - [ W T wWFRRS¥ED
LICATA & cavg PESCRIPFTICN . [ 3]
REvision - : - - - [Fig m-4-7
4 - . 3 2 : 1 |
1-4-19 I i SHEET NO. oF




4 2 i 1
Mwanga = S/S Mwongo Mrunia Kil}weni Masangeni Ghogho Mbole
- - 8 D
35 -2 30 30 s
é/
o 25
80 __GZ Shigolini
Mwungo New Town ) 25 KVA
1Q0 WA
Kisongaro 45
““_@ 50 KVA N Nond
05 ) . : ndo
1.0 ( Q ) Kisangara Sisal Eslale (L 25kvA
- 300 kA
12 _
Kifowent o
—( 1) “sowva
17.5
03
33 kV _@ Kiloweni
25 kVA
- 15 |
[ 1.0 ( Q ) Chomuo
o Nyunba Ya Mungu  S/5 25 KkVA
4
13733xv 1000 kVA 05
v 50 kVA
B
[Q : 10
4 - —GD Lomwe
I I 25 (VA
Nyunbe Yo Mungu Hydro P/S
1 kV
- S — 33KV Project - line -
. rr@:g_t__:_1\6\) 1 kV Project line
VIS [N N I IRV 02 VA S )] Oil switch or Ai¢ Breoker switch
RN ("o N % N '
o | : —f o Circuit Bregker
—_— b . { -
- Ii“} v F{-l —¥——  Line swiltch or disconnecting swilch
: e~ S
ﬁf } $ L—)’éﬂf\’i >r—-—mT——§$~4{-{K-(: ' A
e RS S SINGLE LINE DIAGRAM
el - .
. =7 (NORTH PARE )
~EPDC INTERNATIONAL L3
- - Ty TOKYG JAPAN
] —_ B R FE{CUuAb NIl
A S o cFPREVEDS
LAT CATE DESCRLPT- 4w an ]
REVISION T - - - [Fig.m-4-8
¢ 11-4-20 ? E 2 ' SHEET NO OF



3 ! "2 ! .‘
To Kiyungi
f Mkongo
1 .
| 32KV | 25 kVA Gonjo  S/S
| 873 33/11 KV 1,000kVA
| _
| 33 kv _
)I( II—)’—*E)__Q}—}’— G.5 é):et_s.o is 1.0
Py % 5 "\ : ¥ _
| Ek'il"? Tt—m}%{ I _t\j} E\[{_ _@) Maore
RARNZ VI [ : 25 kVA
' o s l -1 Kisiwaai Kisiwani Est.
¥ -4 e —e ——= SO kVA 200 kvA _ 05
I . _
' ' _ Gonjo
] ) (,Q) 50 KVA
| 15.0
132 kv 65
' h) Gonjo Est.
f —L 300 kvA
From Hale osl |
- - . Mpirani
Mwembe
““"‘@ 25 KVA <\O> 25 KVA
1.0 10
t I Mwembe 1.0 7.5
__—'@ 50 KVA - (M
33%kV  Project line Bombo Mjemo
1t kV  Project line Hospitol 25 kVA 80
: 100 KVA -
(D Ol switch or Ai¢ Breaker swifch : )
—fe_o—  Gircuit  Breaker @L
X Line sSwitch or disconnecting switch Ndungu Est.
Q5
200 kVvA Ndungu
(Q) 25 kVA
10
Ndungu :
~(0) 25wa SINGLE LINE DIAGRAM
{ SOUTH PARE)
EPDC.INTEANATIONAL L TD
! e TOKYO JAPAN
TR RECOWA{NIED ]
LDCRTICN oate 1% 3% 310 X1 ) [ L} o ) o
B REVISION - - - [Fig. B-4-9
4 3 2 i
11421 ' ! SHEET O, OF







. S i - Aluminim 0 135
Diameter of conductor (inm) ; : :

Steel o 4.5
Weight of conductor (kG/km) : o 385‘..2'
{b) HA1 55,30 and 22 mm? to be used for fow tension distribution lines.
_N_Omi.nal size (nun’) ’ . BN L ' "30: Lo 22
Construction of conductor (Nofmm) 7/3.2 723 7/2.0
Calculated sectional area (mm?) 56.29 29.09 21.99
Tensile foad (kG) ‘ 838 469 369
Diamctcr_ of conduct_o; (nm) 9.6 69 6.0
Weight of conductor (kGfkm) 153.30 " 79.48 60.09
(3) Pote Mounted Transformer
(a) Ra(il'igs : _
Rated capadity (kVA) : 25,50, 100, 200, 300, 500 kVA
Number of phase - 3 ‘ '
Frequency (112) : 50 o
Rated voltage 1 33KV/400,230V 11 kV/400,230V
Tap voltage (%) {225,250
Conncetions : Hy Delta
_ Lv Wyc with a ncutral point brough[_ out
Polarity : Subtractive polarity '
Tempreture rise : Windings 55°C
Gil 50°C
(b)  Performancics (standard éxamplcﬂ
" Ufficiency Exciting - Volfqge
Capi.!uty at full load current regulation
S0kVA above 97.0% below 6.5% - below 2.3%
100 kVA above 97.2%  below 6.5% below 2.0%
500 kVA above 89.0% below 5.0% below 1.6%
4) Insulator
()  Solid-Core Line Post Insulator (LP-30)  : JISC3812
Nominal voltage (kV) B R
Withstand voltage wet (kV) = = ?5{
Imp_u!sc withstand voltage (kV) T 185
507 impulse fash-over voltage (kV) 220
Maximum working toad (Bending) (kG) ¢ 280
(b) . Suspension Insulalor (254 mm x 146 mm) : S C3840

Withstand voltage wet (kV) ' : 40
Impulse withstand volfage (kV) 105
507% impulse withstand voltage (kV) o128
Maximum working tensite toad (kG) : 4000
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(c)

(d)

Special High Vol!age' Pin Type Insulator @ BS 137 (1970)

Noniinaf voltage (kV) B P10
Withstand vollage wet (kV) S45
50% impulse flash-over voltage (kV) T 11s
~ Failing load (Bending) (kG) {1100
Low Tension Shackle Insutator . JISC3845

Power-frequency withstand voltage (kV) ¢+ 15
Tensile withstand load (k) 1 1ooc

Protection and Protective Devices

()

(b)

(c)

Primary cut-oul switch
This is for use of protection of the transformer.

Nominal voltage (kY) t
Rated voltage (kV) : 14.4
Rated current (A) - _3{)

Frequency (§z2)

Withstand voltage  Power fréquency .dry (kV) : | 35

Power lrequency wet {(kV) : 30
impuise (kV) . - 95

Line Switch _
a, 11 kV pole-mounted oil swilch
Rated voltage (kV) '
Rated current (A)
Frequency (Hz) _ M _
Withstand voltage  Power frequency dsy (kV)
hupulse (kV)
b. 33 KV Air Breaker Switch
Rated voltage (kV)
Rated current (A)
EFrequency (Hz) i
Withstand veltage Power frequency dry (kV)
' Power frequency wet (kKV) ¢

Impulse (kV) _

Surge Arrestor HIC-156 (1963)
Nominal voltage (kV) : R
Rated voltage (kV) o : 4
Power-frequency sparkover voltage (kV) : 21
Nominal discharge current (kA) : ' 5
Discharge voltage (kV) : _ 50
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| 4.3. SUBSTATiON FACILITIES

4.3.1 Design Standards |

(1) Bésic Sfandards

Equipments and facilitics for substahons have been selected accordmg to the following

standards: o _ _
- Japan lndusmal Standards . - ' T © O {IIS)

Japanesc Electrotechnical Commiitec Code {JEC)
'[11e Starndards of]apaneae L0l lf:clncal Manufaclurer’s Assomahou (JEM)
Japan Cable Standards : EICS)

] apan b!ccmcal Association COdb (Power Genciation and Trans- ~ (JEAC 5001-1978)
formallon) — for construction work, mamtcnance and operation - )
2) [_)clerminat_imi Qf Subsiation Capacity
o In determining substation capacities, the following faclors have been faken into
consideration; growth rate _of load den_sily in cach service area, voltage drop, voltage repulation,
emergency steps, and overall economic analysis including distéibution Jines.

(a):“"f Siéh’da_rd "(*apacilicé _(_}f main transformers have been decided according to the
© TANESCO’s standards, as follows: :
* 3-phase, 500, 1,000, 2,500, 5,000 kVA

(b)  Main transformer capacity of vich substation has beea selected according to he
cconon‘uc compulation results, as foltows

a. "~ Factors for Computation -
Monetary Interest 8%
Physicat Life of Transforner - 15 years
Residual Value 10%
Period 25 years
Load Estimate ' ~ Torecast adopted this time
Load Poiver Factor o 80% _
COHI})U!&IIOI\ Muthod = Mecthod of Coniparison of Annual

- Expenses vs. Present Value
~ {note) The fol!owmg faclors have been dclelcd from the conipulation, because
they are common among patterns
" % Jron Loss, Copper Loss, and Maintenance Cost -

* Purchasing Prices and Installation Cost of Equipnients, other than main

transformers.
b.  Price of Main Transfarmer
Thc following assumption has been adopted.

- Transformer wfon-load tap changer

11/33 kV, 3-phase, outdoor, oil-immersed, se!f -cooling

(for Machame and Sanya Juu subslations)

Capacily (kVA) 1,000 2,500 5,000
Price (10° YEN) 12,000 16,000 22,700
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* Transformcr w/oft-load tap changer :
11/33 kV, 3-phase, outdoor, oit-immersed, selfcooimg
(for Nymba Ya Mungu, Gonja, and Mwanga substation)

Capacity (kVA) 500 750 1,000 1,500
Price (10* YEN) 3,000 4,000 5,000 7,500
C. ) Compulahon Rcsul(q

. For Machame and Sanya Juu substatlons

(u.ni'l : II:O’ ' YﬂN) ,

Capacity (KVA) 1,000 2500 . 5000
Annual Expense  Machame 30,603 20876 . . 27,418
Present Value Sanya Jun < 23,725 2?,4!8

“rons the above, the size of 2,500 kVA i is the most economlcal one. . . .
(notc) The initial load of Sanya Juu 8.5 is cstunated to be about 1 000 kVA
and therefore no review was made on | 000 kVA. .

* For Nynmba Ya Mungu, Gonja, and Mwanga subs!atiéns

| | | - (unit : 10* YEN)
Capacity (kVA) 500 750 L0 .. 1,500

Nyunmba Ya Mungu - .- 1,570 7414 - - 9,059
Gonja 6,255 6,252 6,645 9,059
Mwanga 4,969 5,127 . 6,039 9,059

From the aboye, the oplimum capacity has beean decided as follows:
— Nywniba Ya Mungu substation
The answer is 1,000 kVA, and the sccond iransfonm,r would be
installed 15 years later.
- Gonja substation = '

.. According fo the -.umpulallon nsuHs the first priority shouldbe given
to 750 kVA, and SO0 kVA comes next, However, 750 kVA is out of the
TANESCO's standards and should be deleted. In the case of 500 kVA,
additional sccond one would be required within S years after installation of
the first one, and accordingly, it could not be deemed most economical by
refquiring its installation coél_as well as maintenance cost. Consequently, the

answer must be 1,000 kVA, and the second one would be required 20 years
Clater. : :
-- Mwanga substation
According 10 the computation resylts, SO{} k\’;\ should be adopted, and
the secand one would be required 11 years later.

(3)  Operation and Control System
(a)  In designing the operation and control system of a substation, constant supervision

is not be adopted by stationing no man at a substation, because densily of power
demand is smatler, and service rolnatnhly could be rather fower than those for urban
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(<)

(@)

()

arcas,:

Such a systml is equwaien! lo the Slmp'fe Supnmsory System in Japan wluch is

. adopted for a substation of less than 10 MVA.

In the above Simple Supervisory. System, ari operator visiis whenever necessary, a

substation from his station for the purpose of supesvising, patrolling, as well as
operation of eqmpmenls : ‘

In the design of - this time, the standard hme Wthh is rtqum,d when emergency, for
a operator to reach a substation from the nearest opcraiors station is less than half
an hour. : :

- Of the five substations o be newly constructed this tinie, the four substations
. excepl Nyumba Ya Mungu substation do not have clear dcﬁnltc schedules of their

operators’ locations. However, those locations of the four substations have been
selected on assumption that any TANESCO's orgamzahon such as sub-branch offices
would be provided in near futarc,

Undes the Simple Supervisosy System, it is desirable to give an alarm 1o a operators’
station in the cases as stated below. However, for the time being, we have no definite
schedule of operators’ stations, and accordingly, ncccssa:y alarm contacts are
pravided in design,

a. When a circuit breaker and disconnecting switch tripped.

b. When control circuil voltage lowered considerably.

in order to prevent towering of reliability uader the Simple Supervisory System, an
aulomalic recloser system is adopted at sccondary side of cach substation. And also,
both Machame and Sanya Juu substations will have Load Ratio Control Trans-
former {L.LRT) for the purpose of automalic voltage regulation.

{hH .Mctering and Protective Apparatus

{a)

(b)

The captioned apparatus for Machame and Sanya Juu subslations are designed
according to the Japanese Standard JEAC 5001 - 1978, while as to the both
substations, Gonja and Mwanga, the metering apparatus are deleted from design, and
the profective apparatus are minimum designed, because those two substations are
just for stepping down 33 kV one circuit to 11 kV one circuit, being just similar to
pole-mounted transformers of a distribution line.

The outgoing port at the Nyuwmba Ya Mungu power station is designed (0 be from
the generator main_ circuit, and necessary metering and protective apparatus arc
designed 16 be provided as fully as a typical substation in order to prevent cffects of
troubles on a substation and transmission line.

4.3._2 Equipments for Each Substation

(a)

One Line Diagram and Equipments Léyoi:( Plan of each substation are shown on
Fig. 11-4-10 to ¥Fig. H-4-16.
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(b} Speciat considerations f tom !he vnewpomts of operallon and mamtenanca are given
' ‘as follows: : C e

a.

b.

Equipments layout ate ‘standardized as much as possnble for thc purposc of
prompt and proper operatlon of eqmpmems
All the 11-kV side equipments which are frequently operaled aré kept in
cubicles which are arranged in a straight line.
Circuit breakers and dlsconnectmg switches have their electrlcal and mechani-

cal intérlock for the’ purpose of preventmg mlsperccmng as well as

mls-opefahon : s
The 33 kV dlsconnectmg switches are mounted on stands for the convénience
of maintenance and operation.

All the - distribution boards ‘and 11 XV swilch-gear are designed ‘to be

‘contained m outdoor’ typc cubicles; by savmg éonslruchon of a building for
"this purpose. L . :
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4.3.3 Specifications of Equipments

Siiééiﬁc’ations of main equipﬁléﬁtisare as follows:

(1) Main Transformer:

JEC 168 — 1966 Transformer
JEC 186 — 1972 On-Load Tap Changer

Capatity, (kVA)

Phases- | <%
F l';?(].ll.e_l{(‘,yf’; t] {z)

Cooling systeim -

Rated Voltage

Tap Vol tage
lnst_l'lation Level

Comieciion, Iy
’ 2ty

Phase Displacement

Polarity

| TypeolUse
Tap (‘,_l‘lanéilng
Location Altitude

Number

_2,500 o

continuous

3 ‘:’

50

oit-immersed,

.. selt-cooling

33,000Y /11,000Y

_ .__ﬂO% 17 taps.

oA 10B
¥ :
Yo 3w
. S
subtraclive
.(?‘Lli.[.d(;OI .'
0n~loa(ll
1600 F500m

1,000
cox; t i n;mus
3

50

otl-immersed,
sell-cooling

15,000/

) 33,000V/
33,000V

11,000V

*5.07% 5 taps

10B 30A
30A 168
A A
Ys Yv
330 30
subiractive
outdoor
off-load

1600--1500m
| !

' 500

. continuous .

3

50

oil-immersed,
sell-coofing .
33,000 /11,000Y

¥5.0%5 taps
30A 10B

a
Yo
30

subtractive
.out.éofdr‘ |
off-lead -
100G 500m
-
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(2) Circuit Breaker: JEC 181 — 1971 A C. Circuit Breaker

Rated Vo!lage
Insulation Level
Rated Current
~ Rated Frequency
Rated Breaking Current
Rated Breaking Time
Rated Ciosini'g Voltage
Rated Tripping Voltage
Standard Oper. Duty {class A)
Type of Use
Location Alt.
Max. Ambient Temp.
© Number

J36kV 12k
30A 108
600 A _  600A
SOHz 50 Hz
125kA C25KkA
5 cycle | - Scycl‘c

DC 11OV (48V) - DC 110V (45V)
DC OV (48V) DC 110V (48V)
0 - (1 min,) —co — (3 min.) - co
ouldoor . cubicle

1000 — 500 m
40°C
3 9

(3) Disconnecting Switch : JEC 165 - 1965 Disconnecting Switch

Rated Voltage -

Insul, Level

Rated Current

Rated Short Fime Current
Type of Use

Max. Temp.

Locat, Altitude
Operation

Number -

36KV | 12KV
30A 0B -
400 A ~ 400A
14 kA kA
outdoor | cubicle
40°C 40°C
1600 — 1500 m 1000 — 1500 m
manual-remote manual-remote

5 : 2

(4} Cusrent Transformer: JEC 143 — 1967 Current Transf.

Rated Voltage

insul, Level

Rated Current

Rated Burden

Rated Overcurrent Strength
Accuracy Class

Number

33kV BV 33KV

30A 30A 30A

75/5 A 205 A 15/ A

40 VA 40 VA 40 VA
40 40 40
1.0 1.0 1.0
6 3 6
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(5) Artestor: JEC 156 — 1963 Arrestor

Rated Voltage S akv . 14xv
Rated Fréquencf o . - S0Hz . ' - 50Hz
Nomina! Discharge Current S U 10,000A S 10,000 A
Max. Ambipnt Tempéerature .. - 40°C . . 40°C
Location Altitude 1000 - 1500 m 1000 — 1500 m
Grounding System solid ground. solid ground.

Number - T : 5 : o 2

(6) Cubicle: JEM 1153 Cubicle

Rated voltage | | nkv
Type 6i_"' Use _ _ Ouldoor
'Max.TemgS. ' ' ' 40°C
Location Altitude 1,000 --1,500m

Nanmeof 8.8 ' _ - Machame  Sanya Nyumba Gonja  Mwanga
cE S ' Juu Ya Mungu

Name of Distrib. Board & Quantity

Special High Tension ! I i

Transformer 1 1 I

High Tension 3 3 1 ] 1
~ Station Power | I | l

Direct Current i 1 I 1

4.4 DESIGN Of LOW TENSION DISTRIBUTION LINE
3.4.1 Design Standard
(1) . Determination of Quantity of Low Teantion Pole

(a3} Load Forecast _

Load forecast for the four districts resulted in 5624 customers and maximum power
demand of 4308 kW including cach tariff group of consumers, that is, Tl (Domestic), T2
(Commercial), T3 (Light industrial), T4 (Industrial} and TS (Public lighting). Lxcluding
demands covered by exclusively used transformers for use of power supply to plantations
and so forth, the number of consumers and maximum power demand are reduced down to

© 5600 and asound 2500 kW respectively.

(b} - Load Denisity per Pole _
a, Load density per pole has been worked out based on data obtained lroin the
investigation for an economical design. '
b.  As mentioned above, there are S600 consumers with maximum powers
demand of around 2500 kW or 450 W per consumer. The average number of
consumers per low tension pole has been computed (o be 1.5 with expected
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demand increase and the sesulf of the fact finding survey taken in to
consideration. And the initial demand density has been computed to be 0.6
kVA per low tension pole on condition that the power factor and the
diversity factor are 90% and 1.3 respectively (450 x 1/0.9 x 1 I 1.3 =600 VA).
A part of results of the fact finding survey is as follows;

Rcsult of Fact Finding Survey

. Area . _ Same ~ Machame -
Transformer capacity ' 3¢ S0kVA 36 100kVA
The number of consumers Light 67 Light 25

Power 2 _ Power 2
Quantity of LT pole - 64 B &
Maximuin spans 25 spans 14 spans
Load distribution Uniform Uniform
Consumers per pole - 1.08 o 0. 82

Note: We deemed the actual capacity of the 100 kVA transformer instalted near
Machame Hotel io be 25 kVA because the remaining three-fourth of the
transformer or 75 kVA is consumed by Machame Hotel,
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4 42 Scope of Low Tensmn Power Supplv
(l) Power Supplymg Scope of Transl‘ormcr

The 25 kYA, 50 kVA and 100 kVA transformezs which cover the general demands which’
requue Ihe secondary low tension distribution lines. The line length and the numbcr of poles for
the low teasion distribution lincs to supply the initial $600 consumers with clectric power have
been mnlputcd from the demand densily pet polc and its growth rate. In addition, the initial
utilization factor of transformers has been set up as 60%. The calculation of the power supplying
scope of a iranst‘onner has been made for the 25 kVA and 50 kVA tranformers, which cover
the ordinary consumers. For the 100 kVA {ransfonmers for combined use, we deemed the actual
capacity to be 50 kVA because the rémaining 50 kVA is to be conmmed by largc CONSUMCTS
located closé to the poles. ‘ -

The followings are cafculations of power supplymg scope of a hansformer

a. 25 kVA transformer

25 kVA % 0. 6 .

OGkVAhmh

24 polcs or 1. 2 km (assume that onc span is SO m)

b, S0kVA (ransformer

" S50kVA x0.6 . K : .
L 48 . .
0-6. kKVA Tpole - poles §r 2.4 km (assume that oneISpan 550 m)

The oulcomc is that a 25 kVA teansformer requires 24 poles and a 50 kVA transformer
and a 100 kVA transformer for the conbined demands require 48 poles respectively.

(2) chuircd Numbcr of Polcs for Low 'I'cnsion Line

Required number of poles for cach transformer capacity is as follows:

Transformer capacity Nos ' Nos. of poles Total Nos.
(kVA) E . per trans. of poles
25 35 24 840
50 - o 40 - 48 1920
1 (R 8 43 384
Total 8 - 3144

The total length of thc low tension dastnbutmn tines for 3144 pol»s can be computed as
below;

- 50 mjpole x 3144 poies =157 km

In this Project, however, the total number of consumers has been deemed to be 1650, and
the totat line length to be 90 km that is about 60% of the calculated line lcng!h of 157 km. The
total line length in each district is as follows; '

District - Hai Rombo North P.  South P. Total
Linc fength (km) 40 25 _ 15 10 90

The total number of poles required for the line length of 90 km can be worked out as
follows;
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90 km 50 mfpo!c = 1800 polcs
However, 25% of the above 1800 poles can be bome by h;gh tension pofcs therefore the
required number of poles for low tension distribution ine is 1350. -

(3) Numberof Scnrice Lincs and WHM lns.!alled

In lhe load forecasl in Cha pter 2 to est:mate lhe demand ol‘ general domeshc consumers
it Was assumed thal 8% of. the present’ total number of households in:the. electrification area.
would be electrified takmg into account various basic data, and the demand as a whole was
grasped cons:denng that this demand would materialize nnmedtately after completion of the
Project. - . S . N
However, the HUI]lbe of general consumerss estnmated in ﬁlls manner is3 7]7 Wthh makcs‘
up as much as 66% of the total number of consumers under this Project of 5,624, On the other
hand, in the aspect of power demand, since the unit of demand is small, it amounts (o onty 15%.
In effect, in computing the capacity of basic equipment, what-are chicfly of influence are the
large-capacily consumers who though small in number have large units of demand, in which case
ertors in the number of genéral consumers is not of consequence, bul regarding facitities such as
service lines and WHM which are required one to one for the number of customres, the accuracy
of the number of general consumers has a direct influence.

Fusther, these types of facilities are of a nature that they would bc msialled by TANIZSCO
upon applications by individual-consumers after collecting |nstatlat|0n cost charges, with the
factor of the volition of individuals being large so that acwrately grasping lhls is difficult both
quanhly wise and imﬂng-wnse

Thtl‘bf()]’ﬁ as concrete quanttucs of service lin¢ and WHM facnhues separately from the
figures deduced in a general manner in the load forecast, a more realistic way of thinking as
descsibed below is to be adopted and the number Inmled fo that thought {o be e!ectnfﬁed
without mistake. _ : o

13, T4 Taiiff All 211 conswmers .
T2 Tanff I $0% of 1,321 consumers, 660
(Note) Public facilitics are included in the above, and roughly
_ the enlm number is thought to be covered by the abme
CTI Taniff ‘ 20% of 3,717 consumers, 780

In efféci, of the estimated total number of 5,624_ consumers, the number to be budgeted
this time is to be limited to 1,650, and the remaining 3,974 are considéxe;d to be instatled by
TANESCO on its own after completion of the Projeci on successively receiving applications,

4.4.3. Design of Low Tension Distribution Line
(1') Standard Span

The standard span 1fength has been dete'rminéd"t_o be 50 m i'n"accordance'wiﬂ}_thc:
TANESCO’s standacd.

(2} Conductor Alignment
Vestical alignment of conductors has been employed on accounts of the following
statements;

a. To reduce the ffeq'l'mncy of sl'tor'l-cifcuit faulls, .
b. To make pole dressing simpler.
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{3) Conductor for Use of Low ‘Tension Distribution Line

As mentioned before, pole mounted transformers are tocated near the load céntres. Two
routes of the low tension distribution lines starting from one transfornier have been designed to
be constructed. Therefore, the conductor must have enough size to suppost half capacity of the
transformer. The maximum voltage drop has been taken into consideration in selecting the
following conductor sizes.

Capacity of trans. 25 KVA S0 KVA 100 KVA

L " Line : 30 mm? C 85 mm? 55 mm?

Feeder 3¢ 4w Neutral 22 am?. 30 mm? 30 mm?
Branch 14 3W 22 mm? 30 mm? 30 mm?
16 2W 22 mm? 30 mm? 30 mm?

Conductor: Hard Aluminum Conduétor
{4y The Lineiength of Low Tension Feeder and Tts Branch Line .

The low tension distribution lines consist of feeders and their branch lines, and the
proportion of the feeder length to the total line length is 50%. The 3¢ d-wire system for the

. feeder and the 3¢ andfor 1¢ 2-wire system for the branch line have been employed in this
Project, :

as per transformer

Transformer (kVA) 25 30 100 Amounts

Standard spans (Nos.) 14 28 28 1800
Standard tine length (km) 0.7 14 14 9
. 55 mm? 2.1 2.1 138
Conductor 2 : .
fength (km) 30 mm l.QS 1.5 3.5 93
22 mm? 1.78 _ 54
o 182 Nolle
|P2w T -

-~ 2
o IPAw 3P
$7ild

v FPgH
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(5)

(6)

Q)

(8)

)

Pole

Matesial : _ Pin_e teee
tength: 9 m

Pia. at top : 80 mm

Creosote treated

lnsq!alor

Shackle insulator:  JIS C3845
Hardware

D iron

Stay

14 mm? galvanized steel strand wire: 318 G3537

Bolt
M 12:100 mm, M 16:250 mm

The standard pole dressing is shown on Fig. 11-4-19,

4.4.4 Design of Service Line and Stieet Lighting

()

(2)

3)

Electric System of Service Line

a. Feor tighting : ¢ 2-wire
b. Formotor: 3¢ 3-wirc

Conductor

a. For lighting : 2.6 mim and 3.2 mm dia. I)V'wire
b. For motor : 2.6 mm and 3.2 mm dia. and i4 mm? DV wire
Notc: DV is polyvinyl chloride insulated drop service wire.

Length of Service Line

The average length of service wire per consumer has been determined to be 40 m in

accordance with the result of the fact finding survey.

4)

Service Facilities

a. Service branch box

Service branch boxcs to be secured on the D iron are to be provided to branch
capper service wires off the low tension a!ummum distribution lines to make T of [

constructions casy and secure.
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b. Watt-hour meter
The watt-hour meters with the following ratings are to be used in this Project.
16230V © 101060 A
201030 A
36400V 1 10,20,25and SO A
160/5, 200/5, 300/5, 400/5, 500/5, 6G0/S, 700/5 and
800/5 A(with C.T)

(5) Service Line for Large Consumers

The low voltage cable is to be employed for large consumess.

Transformer capacity Size of cable
D0 kVA 4C- 100 mm?
200kVA 4C- 150 mm?
300 kVA 4C- 250 mm?
S00 kVA 4C- 400 mm?

(6)  Street Lighting

The lighting fixture comployed in this Project for the street lighting has a 100 watls bulb,
and this lighting fixture has been planned 1o be turned on and of f by the timer switch.

Fhe nusber of lighting lixtures.
Flai Rombo Norlh P. South P. Totat
50 S0 30 30 160
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CHAPTER 5 CONSTRUCTION WORKS AND COST
5.1 QUANTITY OF MATERIALS

The i‘otiowmg Table 11-5-2 represents material quanhty required in the transmission and
dlstr:butlon line and subslation conslmcl;on works including the quantity of vehicles and so on
for each district.

5.2 TRANSPORTATION AND CUSTODY OF MATERIALS

TANESCO is responsnble for transporlahon and custody of materials for th;s Project
except ocean freight, The transportation of these materials and arrangements of the tocal
storchouses are requested to be done in a following mannér.

5.2.1 Packing and Weight

Proper packing and craling are sequired to be done for freight and inland transportation,
Water-tight seated packing shall be necessarily required for meters, condaclor connectoss and so
forth. The packing list of the major materials is represented in the following Table 1[-5-1.

'5.2.2 Transportation of Materials

 The total weight of all the materials used in this Project amounts to enormous weight of
3000 tons. Separate transportation of the materials into three times is nécessary as construction
schedute.

Pole carrier cars and trucks Lo be provided in 1Ius Project, railways and chartered large range
trucks are necessary to be made avail of for the transportation between Dar-es-safaam and Moshi,
360 km. It probably takes three to six months in areanging raitway service and large range trucks.
The road between Dar-essalaam to Moshi is paved all along the line and there will be no
questions of bridges and so forth in the material transportation. While material transportation
from storehouses in various districts 1o each site is planned to be doneé by construction vehicles
provided in this Project, and it is desired to make access roads andfor to repair them, because

there are some portion of the roads which are not paved.

5.2.3 Storehouss

Construction works are excuted- simultancously at each site. Slockyards must be
. constructed in each site for the purpose of keeping and arranging matemls as the siles are far
away with each other. The site offices and storchouses are planned to be constructed in the
stockyards to keep ‘materials, construction vehicles and tools. ‘The stockyard shall be surrounded
by fencés. The follmvmg Table represents the area of each slockyard which has been determined
by judging the incoming material quantity.

District o - Stackyard {m?) Storehouse (m?)
Hai : 2000 ' 66
Rombo 1200 40
North Pare 1200 40
South Pare 1200 40
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Table 11-5-1 Weight of Materials

Wt to;ris R

Vehicle and Provisional Materials

Total

3023.2 tons

ftem Qly
Wooden Pole O 1350 p.cs. 3038 Bare
| iftm 3190 Cisso
12 m 400 » 176.4
13m 400 » 2360. ..
Conductor ACSR 95 mm? 947 km 4510  Drum
Concuctor HA 55 mm? 138 » - 26.6
30 mm?® 93 n . 96
22 mm? 54 4.4
Wire DV . 2.6 mm-F 43 6.1 Bundle
3.2 mm-F 5 v RIS 35 SRR o
2.6 mim-F 10 » 2.2
: 3.2 mm-F 9. fi_.S
Other Conduciors ‘1 1ot .50 L
Pole Transformer 107 sets 67.9 Crate
Cross Arm 1500 oam 35 p.cs. 05 U Bundle” ¢
2100 oun 2960 580
_ 2800 mm 2265 25 _
insulator LP30 33kV 4900 = 784 Crate
Pine . 11 kV 4700 v 235 -
Suspension 9200 »: 136
L-v Shackle 6510 » 2.6
Other fnsulators’ o ! tot 24
“Arrestor 33KV 102 p.cs. 1.0
_' | kv 219 1.2
ABS. 33KV § sets 25 _
0S. KV 16 - 48 = Crate
W.HM, 1653 -~ 69
Other T/L materials 1 lot 50.0 _
Main Transformer 2.5 MVA - 2 sets - 300 ' Bafe
' ' 1.OMVA 2 e 126 o
| 0.5 MVA - U iset 4.5 .
Other S.8 Malerials ' 1ot . 337 Crate
P 110.0
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5.3 WORKING PLAN

lnhabllanl s fonging for clccinﬁcahon is extremely strong and the earlicr comp!ehon of

this Project is strongly expected.
For the proper execution - of this Project, the l“ollowing means of construc[ion and

construction schedule are desired to be employed.

6.3.1 ='Meth-:n:l of Construction

’lhrs Projcci is executed under fhe direct management of I‘ANPSCO and camcd out'
simultancously in cach district. “The consultant assists and cooperates with TANESCO in
procuring malcrials and promoting serial works conceraing this Project such as specifi cation
writing work, tendering work, evaluation of tender decuments, inspection al manufacturer’s
factories and after'completion of this Praject, adjusting delivery date of materials and supervision
of the Project.

6.3.2 Project Organization
(1> Managing Formation

1t is requested 1o assign a chicel engincer, a site engineer to each site, an accountant and a
store controller for a proper management. The Project organization is as shown in Fig. 11-5-2. The
chicf engineer and site engineers are éxpecled to solve the problem on the labour interchange,
atignment of construction vehicles and procurement of materials and machmery for a smooth -

execution.
{2) Personel Affairs and Gang Constilution

‘Engincers and linesmen at Moshi Branch Office are engaged in another construction -
works and maintenance works in the Moshi Jurisdiction. And it is difficuli to depend fully on
them as man-power for this Project. Judging from the above situation, personel aid of engincers -
and labouss from other districts must be taken into consideration. The number of stafls engaged
in this Projx cl is roughly estimated as lollows;

Engincers . - 5
Forenien, linemen, mates . 00
Casual labourers ' 150
Accountants, store controllers 10
Casual labouters for stockyard ' 10 _
33 kV and ] kV teansmission lines are being executed vnder the direet management of

TANESCO. _
The standard gang conslitution is as follows;

Conslilution of a standard gang for T/L. and D/L

[F'oreman 1
Linemen . 4
Mates 4
Driver i
Casual labouress 20

i-5-4



Fig. 11-5-2 Projecf Organization
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(3)

Construction Vehicle and Tool
(a) Ahgnmenl of Vehicle

This Project has a large scale with 33 kV and 11 kV transm:ssnon lmcs to!al length

of around 300 km; low tension ‘distribulion lines; total length of around 90 km and five
_substauons and the welght of malerials amounts up to 3000 tons. Material transportation,
pole ercction and ¢cquipment installation are planned to be machlmzed because these
works are of a major portion of this Project. To complete this Project in twa years and
three months, 1he following vehicles are necessarily provided.,

District | Hlai - Rombo NorthP. SouthP.  Total

Pick-up truck 2-tons _ 2 1 K -5
Truck 7-tons 2 | 1 i "5
Crane truck 7-tons with 3-tons-crane 2 | I 1 5
Pole carrier 1(+-tons S | 1 2
Jeep ! 2 C 2
(b) ' Prowsxon of Construchon Tool
Tools incduding stringing winches, handy manual winches, measunng msiruments as
well as -.ompress:on joint tool which is vital for jointing almmnum wire are provided as
follows: .
I Hydraulic compression too! : 10
2. Manual compression tool : 25
3. Stsinging winch : 50
4, Manual winch ;- : 10

3. Metering appar. & others : |
{¢) Provision of Wireless Talkie

There scems to be no effective communication means such as the pubhc telephone
in the arcas where this construction work is proceeded.

Thercfore, wireless talkie for use of giving necessarily cbnslm’ctioﬁs are planned to
be provided o sccure communication means for an effective execution of the works. Five
wireless tatkic of 150 Mllz andfor 400 Milz frequency bands are planned to be provided.

(4)  TANESCOQ's Achievement of Simitar Project

FTANESCO has much expersience of the similar electeification works such as electrification

works in Same Town, aboul two years ago cooperated with by a German consultant and system
rearrangement works in Arusha Town planned by TANESCO itself as well as electrification works
in Moshi Town. Thercfore, there are no fears in executing this Project,

{I-5-6



5.3.3 Construction Schédule

G As mentloned before, the earlier commencement and completion of this Project are des:red
by admmlstrahve authorities and inhabitants as well as TANESCO. The completion period is
expected to be in the firsl half year in 1983. At this moment, the schedule of this Project is
provisionally determined as shown in Table I-5-3. :

5.4 CONSTRUCTION CcOsT

Dmct cOnstruchon cost ns compuled ilem by iten, cons&stmg of transmlssmn hnes
dlstnbulton lines, pole mounled transformers low tensmn lines, service fines, street lighling
fac:hhes substahons vehicles, tools, provisional cqmpmcnts and spare parts as shown in Table
1H-5-4. Conlmgency, engmeenng fee and administrative expenses are added to the said direct cost
to make Ihc lotal construction cost for this Project.

5-4-1; Premise {5_n Comput'ation of Construi:tion Cost

! The followings have been regarded as conditions in working out the cost of major items
such as matetial cost, tabour cosi, cost for inland transportation, contingency, cngmeenng fee,
admmlstramu expenses, and CIF Dar es Saltam cost.

(1) h_{_alerials and Equ_ipmenl Costs '

- A commodily price esféalation of 13%/]yr was taken into consideration and the costs were
calculated for 1980 considered to be the time of contract award, The costs were calculated on
the basis of CIF Dar es Salaam, and the costs of insurance and freight occupies 12% of the total
costs. import duties are nol included.

(2) Labor Costs

- Based on the prevailing standard estimation costs of TANESCO, the unit labor cost was sel
up laking into account escalation rate of 15% annuatly untit the construction period, and com-
pllmg the required Tabor cosls by type of work, the total was estimated.

Foreman . 1,520 T.shs/fmonth
l_.mcman 912 T.shs/month
Mate : 760 T.shsfmonth
Driver = 760 T.shs/month

Casual labour 26 T.shs/day

(3} Infand TranspOrla(ion Costs

The inland lranspoxlatton and msurance cost from unloadmg at Dar es Sataam Port to the
site was calculated as 6% of CIF cos(

(D Spare Parls

800 million yen has been estimated as spare parls cost for pole transformers and other
apparalus

H-5-7
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(5) Contmgency Cosl

The oonlmgency cost was calcutated as 10% for both of foreigh curnncy port:cn and
domestic currency portion.

(6) Engineering Fee

The engineéring fee was calculated as 10% of total constmcuon costs plus expenses of
stay in Tanzania.

- -Admihistrative Cost :.

Approxnnatcly 10% of the domest:c currency portion of the dlrect construction cost was
calculated. .

(8) Conversion Rate .....1 T.sh = 25 Yen
6.4.2 Foreign Portion and Domestic Portion
The sc¢ope of foreign portib:j and domestic portion of the construction cost is as follows:
(1) Vorecign Portion
(a) Materials B
Al the materials exeept underground brace, gravel, sand and cement
(b) Provisionnal equipment
‘ Prefabricated office and storeliouse
(¢} Vehicles and tools

‘Major vehicles, spécial tools and mcasuring instruments
(d)  Spare paris

{2) Domesti¢c Portion
(a) ‘Labour cost_
(b)  Cést for inland transportation
(¢)  Materials ‘ _
' ‘Underground brace, gravel, sand and cement

(3) Indirect Cost

TAN.ESCO‘S adﬁiinistraliye expenses, engincering fee and constingency are necessarily
separated into foreign portion and domestic portion, and are estimated as is required.

5.4.3 Total cd'nstmctio'n Cost
The toial conslruction cost are, as abovc-mcnhoncd computed by adding contingency,

admmlslratwe expenses, and engineesing fee to Ihc amount of dircct consiruction cost. Table
I1-S-4 represcats the result of the computation of the total construction.

i-5-9



: ,...H.H.ovw?uﬂo 10} PIST S UK §T = SUS' L | JO 21TI UOISIOATOD ¥ 190N

CasEDT GILeD (ST (096 OpUFD @) (S50 U - (el

§% 0001 0T . R SaSURAX Y ANTENSUIIRY
€61  0Z§ . 081 o o S 7 sy Sumssugdug
91 ¥S9'1 s01 - - _ o __ Kouagunuod
(Lo¥'1)  (Ovs'91)  (€50°1) - (09£'T)  (OP1'vD) : OF) - €50 o o s0D WwAN)
6§ 09€'T L 09ET | . GOURNSIUINDY UOROMIISU0D
6L orl's S opre o . Juumseap P Aoaing
8 8 _, 8 _ ) sueg 2redg
§ TR : | 3 sonywe Arerodws
L vl | . L ‘ . ' S[0OL R SIOMEA
L81 0LET €51 09¢ 010'1 P £ 4 ¢ “UOREISQNS
v 07 ¥ 02 ¥ 091 _ 3y 22908
€€ 0g€ sz . 08 0sT z 059'1 : SUr 0I5
v 08L'T 06 . 08T 008'1 06 Wy 06 o MW AT
ST 0¥s 101 08T 092 101 L0t IDUIOFSUTL I PRIUNON [0d
433 OPSE. 0LC 098 0PL'T - 0% 0Lt wy §'TSI U VOUNQUISICAX 11
S01 098 €8 00T 099 €8 wy €€ Ul UORNQUISIG AX €€
01¢ 008 0pT 009 007’2 o 0T Wy §ITI U VOTSSTWISUEI ], AY €€
UK 401 SUSL (01  WOA o01 SUS'L OT SUSL (O UK 401 SUSL 01 UX 40T

oL oa >d - oa oa- o4 >d o4 A0 wan

[£30L ) ﬁwmmwﬁaw.w UONONIISIO) TEUSITK _

{Te101) 1507 UOTIOTIISTOD) +¢-1] 3[QRL

i-5-10



CHAPTER 6

" FINANCIAL ANALYSIS






CHAPTER 6 ': FINANCIAL ANALYSIS

6.1 ANALYSIS OF INCOMB P R Cieiiensasseannss :

: Tee It-6-1

6.2 COST ANALYSIS «vies R A LR LT rrerS N %
6.2.1 Construclion Cost «ressviseriniiiiioiiitiacieeseeenioirasisonaasnas 163
6.2.2 Operating Bxpenses  +vsvdveciaiinaiiniiiiiiiiiniiise 164
6.3 INTERNAL RATE or RETURN teesicetisiniadi i diiniasiasiessanie JLGT
6.4 * SENSITIVITY ANALYSIS creveeevintiveinicionaiioiiniiiuannica. 167
6.4.1 Effects by Revision ofTanffand Construchon Cost Changt, I-6-7
6.4.2 Effects by Change in Demand ««ovreetnsiaiorioiaioidsiiassiessnsanen 11-6-11
6.5 FINANCIAL CONDITION OF TANESCO +ectcvercresrroaresaronnon o 11-6-16

..... 11-6-24

. 6.6 ) EIUND PLANN]NG OI. ------ .b------.-...----.---.-o"u-n_l.a.o.-‘c.--.oo



Table

Table

Fable
Table

Table

Table

Table

Table
Table

Fable
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Fable
Table
Tatile
Tiable

11-6-1
162
163
H-6-4

H6-S

1-6-6
1167
11-6-8
169

1-6-10
t-6-11
-6-12
-6-13
11-6-14
11-6-35
11-6-16
H-6-17
11-6-18
H-6-19
H-6-20
11-6-1
14-6-22
1-6-23
156-24
H-6-25
HG-26
H-6-27
1H-6-28
11-6:-29

LIST OF TABLE . . -

Yearly Sales Unit Price

Yearly Additional Construction Cosl

Income & Cost Flow by Year -
Financial Internal Rate of Retusn Estimation
Chiange in Price Lists

Change in Internal Rate of Return by Revns:on of
Tariff and Construction Cost Change

Change in Internal Rafe of Retumn by Change in
Denmand Growth Rate

Change in Additional Construction’ Cost by (hangu in Demand
Growth Rate

Change in Purchased Energy Cost by C hangb in l)emand Growth
Rate

Change in Total Cost by Change in l)ema_nd Growth Rate
Change in Sates Revenue by Change in Demand Growth Rate
TANESCO’s Batance Sheet (1977)

TANESCO’s Yearly Change in Balance Sheet (1972 ~ 77)
TANESCO's Income Statement (1977)

TANESCO’s Yearly Change in Income Statement (1972 ~ ~77
TANESCO's Yearly (’hangb in Financial Ratios { 19?2 ~ 771
TANESCO’s Fixed Liabilities (1977) :

tunds Required (Domestic, Foreign Currencies)

Yearly Depreciation Expenses

Yearly Seavice Line Charges

Statement of Income (#1; 1.5% annual rate)

Statement of Cash Flow (#1; 1.5% annual rate)

Amortization Schiedule (#1; 1.5% annual rate)

Statement of Income{{#2; 3% annual rate)
Statement of Cash Flow (#2; 3% annual sate)
Amortization Schedule (#2; 3% annual rate)
Statement of Income (#3; 5% annual rate)

Statement of Clash Elow (#3; 5% snnual rate)

Amortization Schedule (#3: 5% annual rate)



CHAPTERB FINANCIAL ANALYSIS

When undertakmg ﬁnanclal analysns two points should be kept in mind. hrstly, it is to
judge whether the proposed sural electrification ptan is fi nancmlly feasible through analysis on
TA'\‘ESCO'S financial conditions for the last six years, It is apparent that expanded investment at
times of financial dlt’tlculty worsers lhe fi nancml cond:tlons tcmporanly even though the
investment may be profitable. SRS

v Secondly, it is to evaluate the proposed rural elecinﬁcatmn plan wheihcr it is profitable to
- TANESCO, ‘ -

As a rule, projecl evaluahon is catried out at se\eml leveis according to zt purpose. Project
¢valuation discussed in this chapler is carried out at the level of an individual- -profit-making
enterprise, naniely, TANESCO, therefore, all external effects are dlsregarded and all goods and
services are evaluated by the market price. -

- Project evaluation of an individual-profit- makmg enterprise, that is, financial analysis
genesally goes through the followmg process. First, i) the time series value of income and
expenditute with market price ‘dénominations is estimated and ii) they are transformed into
prescnt values and iii) evaluated with one of the available appraisal standards. To be exact, the
results obtained should be regarded as random variables because the figures used in calculation
are based on several estimations. Therefore, the assessed value should also be understood as
random variables and should not be considered as perfectly accurate. This creates need for iv)
sensitivily analysis, which shows how the resulls change when a change occurs in the key
paramcter employed for simplification; and also for estimation and analysis on probability
distribution of the assessed value, to bé even mose accurate. Finally, v) a fund (repayinent) plan
should be conceived if the Project depends on external funds.

In this chapter, the general analysis methods are followed in the process ol‘ analysis.

Here, it should be noted that the cvalualmn period of this Project is set to be for 25 years
considering the durablc years of the facilitics. :

6.1 ANALYSIS OF INCOME
{1} Demand for electricity

a. The results of clecteicity demand estimation in chapter 2 are quoted {Table 11-2-7,
15). _

b. Although the construction is stild under way in 1982, 25% of 1985 demand is
cstimated for this year because there will be some arcas with completed
construction.

(2)  Sales Unit Price

a. For the initiat demand, the average unit price is calculated through a weighted
average after calculating the potential load of planned districts (toad forecast basic
data) according 1o the tariff and the cnergy consumption.

Tariff’ 1 ; 1.45 Tshs. (0.48) T.shs.
2; 210 (1.45)
3; 080 0.71)
4 0.65 (0.26)
55 075 (0.75)

-6-1



* The figures in parentheses are the 1978 paeformance record at Moshi Branch
For a later average unit price, some decrease is assumed as the energy consumphon

. per consumer increases. Here, an average unit price is oblained by balancing the

weight between the new subscnptlons and present subscriptions through placing the

,average unit price of inilial demand on the fermer and the average unit pnce vaned

according to the demand growth rate on the fatter.

For the number of new subscnphons '50% of the i increase in energy consumptlon is
assumed to be due to the new. subscnbem and their energy consumplion per
consumer to be always equivalent to the initial demand; therefore, the number of
new subscriptions can be obtained a!_a_cettam time by:

1/2 increase in energy consumphon .
average energy consumpt:on amount per consumer to lmhal demand

If By is set to be the demand growth rate durmga certain penod (t 1), the average

energy consumption of present consumers at acertain time can be obtained through:

R R_
B = ,,lx(l+2'

)

The average unit price of a certain period now can be obtained through camulative

calculation from the first year, The average unil pnce dunng n period is obtamcd

by: - .

(0 "‘“*('1 an BAYE Nn—: +..i..+Cn-_-No
No+N, +..... +N

Notc Ni: numbcr of néw subscribers at the penod i

 Ci: average ¢onsumers’ unit price after i years of ¢lectrification
Estimation will be carried out on a total basis not by a cumulative system after
1994; therefore, average unit prices after 1993 are teft oul.
Yearly sales unit prices obfained through above calculation are shown on Table
11-6-1,

i-6-2



Tabie 11-6-1 Yearly Sales Unit Price* - o .
' - 7 (Unit: T. shs)

: T- T-2 T3 T4 TS Total
1982 ~ 8 . 145 210 0.80 0.65 0.75
86 .19 207 0.75 0.5y 0.89
‘87 1.16 . l . . 0.88.
88 $.12 ‘ L : _ _ 0.87
89  Llo 0.50 _ 0.86
- 90 1.08 0.74 l 0.85
91 106 : 0.84
92 14 : ' 0.49 0.83
93 1.03 : v + 0.83
94 - : 0.81
95 _ : . 0.81
96 : ‘ 0.80
97 \ _ - ‘ 0.79
98 - . - : 0.78
99 : 0.77
2000 0.76
1 0.75
2 0.74
3 0.73
4 0.72
5 - 0.71

#1978 Moshi Brancl; pcrl'onnance'rccord ..... 0.57T. shs./kWh
6.2 COST ANALYSIS
6.2, Construction Cost
(1)  Initial Constniction Cost

The construction cost of the proposed Project is assumed (o be tlu, initial construction cosl
and prtsented on Table 11-5-4 in Chapter 5.

2) .Addilion'::! Cbnstnlc!ion COSt

As demand increases, facilitics in the planaed districts are assumed to be expanded. The
cost required for the expansion is assumed to be additional construction cost and presented as
follm»s '

" Pole Mounted Transformers o

~'The capacity of transformers is determined to be 60% for (he initial load, and the
maximum capacity is assumed to be achieved in the 10th year, To mcet the need
likely to be presented by some of the transfonmers, 3% of the initial investment is
estimated in the 7th year, 4% in the 81h year, and 5% in the 9th year as additionat
investment, After the 10th year, {ransformers with capacity to meet the increase in

1I-6-3



demand yearly are to be installed disregarding poteatial capacity.

—Average Unit Price of Transformers: 15 thousand yenfKVA.

b. Low-tension Lin¢, Service Line _

—Anong itenis of amual potenhal demand work for Iow-tensnon line 671-:111 and
service line of 3,652 consumers, is to be carried out i in two years of 1983~84.

—For the later additional construction, facilities are to be expanded accoiding to
increase in demand (kW). The nunber of constructions is calculated using the
foltowing figures with assumption that 1/2 of mcreased kW is taken care of by the
expansion of facilities.

(low-tension tinc) 0.027 km/fincreased kW

{service dine) increased kW/mcreascd kW per consumer
We set increased kW per consumer as follows: :
1985~1990 _ 0.8 kW
1991~2000 0.9 kW
2001~2005 0.95 kW
- —Construction unit prices used for calculation are as follows:
low-tension distribution line 1,330 thousand yerfkm
service line and meler 18 thousand yenfconsumer
“C. - Substations

Additional construction cost calculated based on the results of demand cstimation
for the year cach substation achieves its maximum load is as follows:

Additional

. Year of . .
Substation Expansion Capacily Cons(l'ructton
— e e e - i} —_—— ‘OS‘
Mwanga 1992 _ S00kVA 21% Yen
Sanya Juu 1996 2,500kVA 428 Yen
Gonja 2001 1,000 kVA . 22% Yen
Nyumba Ya Mungu 2001 1,060 kVA 24% Yen
Machame 2003 2,500 kVA - 42% Yen
d. Yearly additional construction cost obtained through above calcutation methods is
shown on Table 11-6-2.
‘ 6.2.2 Opelating Expenses
a. For administration cost, 1% of cumulative constm'clion ¢ost is estimated,
b, For maintenance repaiss cost, 1.3% of cumutalive construclion cost is estimated
from 1986 on.
o, Purchased Encryy Cost

The proposcd Project receives its power suppiy from thc Coastal Grid Systcm as ils
power source; 23 T.cents per 1 Kwh is estimated as purchased energy cost according
to the performance record of TANESCO's F inancial Manager’s RLporl and Ultility
rates in the Feasibility Study.

18-6-4



Table 11-6-2 Ye_arlj' Additional Construction Cost

| {Unit: 103 Yen)

Pdle

Low-

Year L!l?:;:;gd Ie!}sion\ S:ri:'llge Substation Total
former . !_"!e : L

1983 ‘ 44,556 32,865 77.421
84 44,557 32,868 77,425

85 3,411 1,368 4,779

86 _ 3,771 1,513 5,284

87 1,163 - 6,554 1,512 9,229

88 1,553 7,847 1,656 11,056

89 1,943 8,719 1,656 12,378
1950 1,725 4,489 2,034 8,248
91 1,875 4,848 2,214 : 8,937

92 2,025 4,666 2,124 21,000 29,815

93 1,952 5,206 2,359 9,517

94 2,175 5,387 2,447 10,009

95 2,250 5,746 2,593 10,589

96 2,400 5,925 2,701 42,000 53,026

97 2,475 5,925 2,680 11,083

98 . 2475 6,643 3,025 12,143

99 2,775 6,823 3,115 12,713

2000 2,850 7,074 3,385 13,309
{ 2,955 7,469 3,547 46,000 59,971

2 3,120 7,192 3,709 14,621

3 3,255 8,205 3,925 42,000 $7,385

4 3,428 8,457 4,015 15,900
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Table 11-6-3 Income & Cost Flow by Year
(At market prices)

| B " (Unit: 10 Yen)
Construc- ~~ Additional Administration Pur- ' ‘

tion Construe- & Maintenance chased R?f;gie
& Cost tion Cost . Repairs Cost . Energy C. _
1980 S14.5 - 5.1
81 766.5 _ 128 .
82 531.6 : 18.1 - 1.2 48.5
83 384 714 19.3 . 327 129.3
84 74 . 201 387 - 161.5
85 4.8 20.1 44.6 193.8
86 53 46.4 48.0 . . 186.2
87 9.2 6.6 51.0 - 196.0
88 tl.1 46.8 542 206.0
89 12.4 47.1 517 2163
90 8.3 473 61.4 - 22712
91 8.9 47.5 65.4 2398
92 - 29.8 48.2 69.7 252.1
93 9.5 . 48.4 : 74.2 - 266.8
‘94 10.0 48.6 791 . 280.2
95 10.6 48.9 ' 84.3 295.0
26 530 50.1 89.7 . 310.1
97 14.1 50.4 954 3260
.98 12.1 50.6 1015 . 342.6
99 12.7 50.9 108.0 360.0
2000 13.3 512 3 i14.9 - 3783
1 60.0 52.6 122.0 396.6
2 14.6 53.0 129.6 415.9
3 57.4 54.3 137.6 435.3

4 ' 159 ' 54.6 144.1 456.7
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6.3 INTERNAL RATE OF RETURN -

Currem:les have time value. Incomie and expenditure brought about by a projecl have
different pomts in time during the execation of the Project. -Therefore, in order to indicate
cusrency values of different points in lime on the same scale, lransformatton of them into their
present value by a proper discount rate is required.

. The difference between the present value of benefit (income) and that of cxpenditure is
termed as net present value; and the discount rate whlch scts net present value as zero is termed
as internal rate of return (IRR). : :

Here, an internal rate of réturn is emp!oyed as the represeniahve evaluahon standacd in
examining ptoﬁlabnhty although tere are several evaluatmn standards for a project such as
B/C ratio, payback period criteria as well as ones menhoned above.

_ The result of calculation for the internal rate of getum of the pmposed Project tumed out
to te 3.3%. The figure is lower than the interests on gmemment securities of lanzama (6.75%
for 8-year bonds, 7.5% for 17-year bonds). :

The resulls presented by financial analysis will show the nature of lhe Project. The rural
electrification p!an is a national project mainly geared for development of farming villages
through introduction of various external economies by electrification.

6.4 SENSITIVITY ANALYSIS

Although it is better to e_sliinale probabililty distribution of évaruation indicator and
analyze expected value and distribution, sensitivily' analysis as a simpliﬁcd convenient method is
cmployed to meet the problem of uncertainty.

Here, analysis is carried oul by taking up some key parameters to see how an internal rate
of return changes according to the changes in conditions under the supposition that other
co_ndilidns are constant ceteris paribus.

6.4.1 Effects by Revision of Tariff and Construction Cost.Chahge
‘(1) ° - Revision of Taffl’f

. The revision of Tariff has been carried out every two years, and the present one went into
cfl'cct as of June, 1976, therefore, it is time for another revision. I has been reported that World
Bank is asking for revision at the time of its investment for the KIDATU n l’rop.ct and
[‘ANLSCO in itself is preparing for revision which is scheduled for this summer.

- Here, the intérnal rates of return calcutated in cases ofa raise by 30% aml 407% will be 9.8%
and ll l‘/o, respectively.

(2)' : Changc in Construction Cost

_ Some ﬂuctuaticin for initial construction cost as well as for additional construction cost is
anllcupated depcndmg on the level of inflation bel‘on, the beginning of construction and on the
changc in condntlons on which their estimation was afso based. For initial construction cost,
when the cost increases or decreases by 20% and 10%, the infesnal rate of return will have a range
of 1.5% to 5.5%. As for additional construction cost, 207% and 10% change presents internal rate
of return with a range of 2.8% to 3.6%. If 40% and 207% change is applicd on administration and
mainfenance repairs cost, the intemal rate of return will have a range of 2.1% to 4.3%. The resulls
of calcufation for internal rate of retura with changes in sales revenue and construction cost are
presented on Table 11-6-6.
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Table 11-6-4 Financial Infeenal Rate of Return Estimation . -

*tCASH FLOW**

YEAR, COST (1) - BENEFIT (1)
1 519.6 0.0
2 779.3 0.0
3 5609 48.5
4 167.8 129.3
5 136.2 161.5°
6 69.5. 1938
7 99.7 1862
8 106.8 196.0
9 112.1 ' 2060
10 117.2 216.3
(] 117.0 221.2
12 121.8 2398
13 147.7 252.1
14 132.1 266.8
15 137.7 280.2
16 143.8 295.0
¥, 192.8 310.1
I8 156.9 326.0
19 164.2 342.6
20 1716 3600
21 179.4 378.3
27 234.6 296.6
23 197.2 415.9
24 2493 435.8
25 216.6 456.7
TOTAL 52318 6320.7
DIS. B/C . DIS. B/C .
RATE (6) RATIO (1) NET PV RATE (1) | R,\'réo (0 NET PV
% o I % 9 I
1 1.143 -680.0 16 0.454 -1195.9
2 1.079 T34 17 0.429 - -1218.6
3 1.016 654 . 18 0.406" ~1237.6
4 0.956 -164.9 19 0.385 ~1253.2
5 0.89% -356.1 20 - 0.365 -1266.1
6 0.842 -515.3 21 0.347 - -1276.6
7 0.790 -648.1 22 0.330 -1284.9
8 0.741 -759.2 23 0.315 -1291.5
Y 0.695 -852.3 24 0.300 -1296.6
10 0.652 -930.3 25 0.287 ~1100.3
I 0612 -995.8 26 0.274 2131029
12 0.575 -1050.9 27 0.263 -1304.§
13 0.541 ~1097.1 28 0.252 ©-1305.2
14 0.510 -1136.0 29. 0.242 ~1305.2
IS 0.480 -1304.5

-H168.6 -

30

0.232
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Table 11-6-5 .Chang'e in Price Lists

(U:_lit: T. shs)

i?]é'ctribity

Tariff Group Consumption Feb.’66  Sept.’72 Apr. 74+ * July 76
e kwh) _ = L
ST 0~ 10 8.00 10.00 13.00 - 13.00
: 2 10~ 20 ~-180  _/80 1/05 1/05
No. 1 3 20~100 =130 —/32 —{40 —~ 145
4 100~ $00 ~/18 —/20 —{25 ~/3s
in excess '
| 5 61500 ~[125 115 — {20 —-130
S 1 0~ 10 10.00 12.00 15.60 22.00
: 2 10~ 20 t /00 1720 1/55 225
No. 2 3 20~ 200 ~ 170 — /85 1/10 2.00
4 200 ~1,000 - /50 - 165 = /85 1/50
inexcess '
S orL000 _-3./_25 —/.40 — /50 | 1.00
St 0~ 100 5000 70.00 91.00 91.00
oo 2 100~ 500 —/50 — 160 /80 — /80
No.3 3 500~2,000 /40 —~ /50 -165 — /70
4 2,000~5,000 /25 -~ 135 —~/45 ~165
in excess ' . , '
5 ors.000 —/js —~ 1325 —~ 135 —155
S 1 0~10000 —f11 /12 —f1s Py
No. 4 2 16,000~20,000 -/ 10 —~ {11 — /15 — 120
' . in excess
No. s ' -175

- *Eistimation of 307% raise in Sep. *72.
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Table 11-6-6 Change in Internal Rate of Retura by Revision of Tariff and
Construction Cost Change . ‘

Sales Unit
Price

Base  10KUP  20BUP ~ 306 UP  40%UP

Cost _ ‘

Bise 3259 ams 6166 7403 8546
g‘:;;efalf)gf";‘;‘"‘“‘i"“?"St S0 7116 8542 9,841 1,145
lllggal])gs&:!lmclion Cost 4,305 5815 7,276 8,543 | 9719
!lq(l;;;alljgons(ruclimt Cost . 2,3!4 . 3.?74 ‘.5,177- _ 6,336 1,501
-l;:)i‘;iallj(lsonsmlctioﬂ Cost . 1,451 " '-2,887 4,287.' 5,47 6,562
ggfgigg:&c"“““‘c“"" Cost 3502 '.5.,128 | 6,4.5:8_7 7669 8,797
e onany onstetion Cost 5 428 agss e 1537 86m
;;\g;loillijﬂ;:ml Consi.r.uction Cost 3,081 '4’597 : 6’(.”3. 7,263 | 8,416
;&gigﬁlta!(Tollslruclion Cost 2825 4,445 | _S,?QS ' 7,120 8,’283.
g&;[f;(i;:'gos{ :4,339 5,230 | _7’0_7_4'. 8,259 9;363 .
(2)51;[3;? h Cos 2619 4245 5625, 6870 - 8,119
Operation Cost 2,102 3711 5,21 7. 6,513 1,699

400 UP
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6.4.2 Effects by Change in Demand

(1) Change'in Growth Rafe of Demand

a.

Growih rates of demand arc a parameter which affects cost, rgévenile, and various

aspects of the proposed Project. Therefore, an internal rate of return, which is
affected by growth rates of demand as well as its level of inftuence on eonstruction
cost, purchased cnergy cost, and sales revenue should be estimated, _

For additional construction cost, since it depends on the maximuin demand kW), it
is varied by variable factors. And as for load factors, the estimated gates are used as
they are. o . -
For adminisiration and maintenance repairs cost is determined by cumulative
construction cost, it is estimated according to the changes in additional construction
cost. : ' -

For ah avérage unit price, it is calculated according to the correléii_on found between
the yearly average unit price, which were estimated upper the fille of Analysis of
Income (6.1), and cnergy 'oonsumpli(_)h of that particular year. .

The results of catculation on additional construction cost, purchased energy cost,
total cost and sales revenue when the growth rate of demand increases or decreases
by 10% and 20% according to the above method are shown on Table 11-6-7~10. 1t is
observed ‘that as years go by, the ratio of change to initial estimated values become
greater; on the average, when the rate of growth changes by 10%, there will be 5.6%
change in additional construction cost, 6.7% in purchased energy cosl, 2.9% in tolal
cost and 5.1% in sales revenue. : ' _

As shown next, when the growth rate of demand increases by 10% and 200%, the
internal rate of return will be 3.6%, 4.1%, respectively; and when it decrease by 10%
and 20%, the IRR will be 2.8% and 2.4%. -

Table 1#-6-7 Change in Interna! Rate of Return by Change in Demand Growth Rate

Sales Unit
Price

_ Base  10%UP  20%UP  30%UP  40%UP
Demand Growth Rate :

T Base 3,259 4,745 6,166 7,403 8,546
W06 up 4,065 5,560 6,877 3,188 9,329
10% UP 3610 5,175 6,520 7,139 8,872
107 DOWN 2,804 4,396 5,734 7,036 8,192
207 DOWN 2,436 3,914 5,367 6,604 7,750
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Table 11-6-8 Change in Additional Construction Cost by Change in--
Demand Growth Rate -

(Unit: 10° Yen)

Year - “Base 207% DOWN 105 DOWN  10% UP 20% UP
1983 774 174 774 174 17.4
84 71.4 774 174 . 114 77.4
- 85 1.3 4.7 4.7 48 4.8
86 53 5.1 5.2 54 5.4
87 9.2 8.9 9.1 9.4 9.5
88 1.t 106 10.8 11.3 - i1.6
89 124 1.7 2.1 2.7 13.0
1990 - 83 1.9 7.9 8.6 8.9
91 8.9 8.2 .86 93 9.7
92 298 27.0 28.4 31.3 329
93 9.5 8.5 9.0 10.1 10.6
94 10.0 88 9.4 10.6 11.3
95 10.6 92 9.9 1.3 12.1.
96 53.0 45.1 49.3. 57.0 61.5
97 BER 94 10.2 12.0 13.0
98 12.1 10.2 11.2 1322 144
99 127 10.6 1.6 139 15.3
2000 13.3 10.9 12.1 15.0 16.2
| 60.0 48.6 54.2 66.3 73.8
2 4,6 1.7 13.1 16.3 18.2

3 57.4 45.5 51.2 64.2 7.3
4 i5.9 12.5 14.1 17.9 20.2
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‘fable 11-6-9 Change iil_Pl;IChGSE‘d Bnergy Cost by Change in Demand
Growth Rate

(Unit: 10° Yen)

Year

200 DOWN

1075 DOWN

ar Base . 10% up 20% ur
1982 11.2 11.2 11.2 1122 11.2
831 32.7 32.7 32.7 32.7 327
84 - 38.7 38.7 38.7 38.7 38.7
85 44.6 44,6 44.6 44.6 44.6
86 48.0 47.3 47.6 483 48.7
87 51.0 - 49.7 50.4 51.7 524
88 . 54.2 52.2 $3.2 55.3 56.4
$9 57.7 54.9 56.3 59.1 60.7
1990 . 61.4 517 59.5 63.3 65.4
91 65.4 60.7 63.0 67.8 70.5
92 69.7 63.9 © 66.7 72.7 76.0
93 . 74.2 67.2 70.6 78.0 82.0
94 79.1 707 74.8 83.6 88.4
95 84.3 - 74.3 79.2 89.6 95.4
9 . 89.7 781 83.8 95.9. 102.8
97 95.4 - 82.1 88.7 102.6 110.7
93 10L.5 86.3 93.8 109.7 119.2
99 108.0 90.7 99.3 t17.4 128 .4
2000 - 1449 95.3 105.0 125.6 138.3
E 122.0 100.1 110.9 134.2 148.5
2 129.6 105.1 117.1 143.3 159.5
3 137.6 110.3 123.6 153.1 1713
4 146.1 115.8 130.% 163.5 184.0
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Table 11-6-10 Change in Total Cost by Change in Demand Growth Rate -

(Unit: 105 Yen)

Yo e 206DOWN  10GDOWN  104UP 200 Up

1980 519.6 519.6 519.6 519.6 519.6
81 779.3 +779.3 179.3 7193 779.3
82 560.9 5609 . 560.9 560.9 560.9
83 167.8 1678 167.8 167.8 167.8
84 136.2 : 136.2 1362 136.2 136.2
85 69.5 694 69.4 69.5 69.5
86 99.7 98.8 - 99.2 100.1 - 1005
87 106.8 105.2 - 106.1 107.7 108.5
88 112.1 109.6 1108 1134 114.9
89 117.2 13T 115.5 118.9 1209

1990 117.0 - 2.7 114.7 119.2 1217
91 121.8 - 1163 119.1 124.6 127.8
92 147.7 139.0 L1432 152.3 157.2
.93 132.1 1240 127.9 136.6 - 1412
' 94 137.7 128.0 132.8 1429 M85
95 1438 1322 137.9 149.9 156.6
96 - 192.8 173.5 183.0 203.2 2148
97 156.9 1411 149.0 165.2 174.5
98 164.2 146.7 155.4 173.8 i84.8
99 1716 150.7 1636 1825 195.2

2000 179.4° 156.9 168.1 192.2 206.4

' 1 234.6 200.5 2173 2536 275.9
2 197.2 168.9 182.7 - 213.1 231.7
3 249.3 2089 228.5 2722 299.3
4

216.6 181.7 198.6 236.7 260.3
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Table 1E-6-11° Change in Sales Réevenue by Change in Démand Growth Rale

- (Unit: 10° Yen)

Year Base 20% DOWN 10% DOWN  10% UP 200 UP
1982 485 48.5 48.5 48.5 - 485
83 129.3 1293 129.3 ©129.3 1293
84 161.5 161.5 161.5 161.5 161.5
85 193.8 193.8 193.8 1938 193.8
86 186.2 182.9 184.1 186.4 187.5
87 196.0 190.8 193.1 197.3 199.7
88 2060 - - 199.0 202.5 209.0 - 212.5
89 216.3 207.7 212.2 221.2 226.1
1990 22712 - 216.7 222.5 234.2 2404
91 2398 1 226.1 233.1 2479 255.6
92 252.1 235.8 2444 2623 271.8
93 266.8 245.9 256.3 271.5 288.9
04 280.2 256.3 268.4 293.4 307.0
95 295.0 267.1 281.2 310.0 3259
96 -310.1 2780 294.2 - 327.% 345.5
97 326.0 2894 307.7 345.0 366.3
98 342.6 301.1 3216 363.8 388.3
99 360.0 . 313.2 336.3 383.7 411.7
2000 378.3 3258 3514 404.7 437.0
| 396.6 338.5 366.8 426.6 463.3

2 415.9 351.7 3829 449.9 492.1

3 435.8 . 365.1 399.4 4751 523.7

4 456.7 379.4 417.0 502.6 559.3
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6.5 FINANCIAL CONDITION OF TANESCO |

(1)  Financial Condition According to Balance Sheet

Table -6-12 TANESCO's Balance Sheet (1977)

" Batance sheet according to TA_NESCO’S annual report (1977} is as follows.

- T. shs.. %
Assets (Deblor) 1,531,677,533 - 100.00
Cuirent Assels 193,395,214 12.63
Cash in Hand and at Bank 2,488,914 016
Stock of Stores 60,945 698 398
Debtors 81,094,989 5.29
l’n.paymcnt and DCpOS!tS 671,198 0.04
Investments in Short Term Deposits 48,194,415 3.15
Fixed Asset 1,129,505,148 73.74
Capital Work in Progress 208,777,171 13.63
Liabilities + Capitat {Creditor) 1,531,677,533 100.00
Liabilitics 803,282,144 52.44
Curcend Liabilities 137,501,487 8.98
Sundry Creditors : 112,436,794 7.34
Current Maturitics of Long Term Lmns 20,703,854 1.35
Taxation 4,360,839 0.28
Fixed Liabilities - _
BDeferred Taxation . 90,904,000 5903
Long Term Loans 595,590,511 38.88
Less Current Matwsitics of L
Long Term Loans 20,703,854 1.35
Capital 728,395,389 47.56
Shiare Capital 436,843,540 28.52
Advance Towards Share Capital 159,644,581 10.42
Capital Reserve 127,689,739 8.34
Currency Revaluation Reserve . -~ -
Surplus 4,217,529 0.28

When the current ratio (current assels/ cuerent fiabilities) is studied it shows a percentage

of 141, which is grnatxr than that of }apanese power industzy, The fixed assets ratio (fixed assels/

capital) shows 184%, which is smaller than that of Japanese power industry. The ralio of fixed

assets Lo long-lerm mplial (fixed asselsfcapitalfixed labilities) shows 96,9, which is less than
1007%, thenefore, is fairy in sound condition.

‘the ratio of capital to habilitics (capitalfliabilitics) has a pcm.ntagu, of 21; allhouvh it is
not 1007 but close to it. As for the ralio of current assets o fixed assets (current assetsffixed
assets), it shows a percentage of £4.5, whose number is quite low but is at the level of Japanese
power industry. The ratio of share capital to capital (share capital/capital) is 60%. _

Table 11-6-13 shows a balance sheet in time series. The quick rafio of quick assets to cur-
rent liabilitics is observed to be very low. Fixed asscts grows from the year 1974 on. Aad capital
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work in progress has big ﬁgun,s cspecnally in 19?3 and in *74 due to the Kldalu Hydro Project
phase I, which contributes to the growth of fixed as&,ts after 1975. Growth of fixed liabilities is
great also, and the figure for lung-lerm loans grew 2.5 times in the last five years although its

" ratio to ihc whole grew smaller. As for capital, it grew 2.9 times in the last five ycars; share

' cap:ta! gruw 34 tlmes and its ratio to lhe whole grew some also.
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{2) Financial Condition According to Income Statement
Income statement according to TANESCO's annual report (1977) is as follows.

“Table 11-6-14 TANESCO's Income Statement (1977)

T.shs. ‘ %

Sales of Energy 248,859,584 100.0
Costof Sale _ 113,629,608 45.7
Adm'i_‘histraiivc Expenses o " 46,534,518 18.7
Directors Fees 42,000 0.0
Auditors Remuneration : 206,221 0.1
Interest | 37,309,584 150
Exchange (Gain) Loss - ' (1,091,687} 0.4
Preinvestment Study Expenses © 910,967 0.4
Non Operating Income 1,756,944 0.7
‘Non Operating expenses 5,985,371 _ 24
Net Revenue before Taxation 47,039 946 189
Taxation ' 23,904,000 9.6
Net Revenue after Taxation _ 23,135,946 : 2.3
Provision for Development : 20,000,000 8.0
Balance Brought Forward 1,031,583 04
Dividend - 0 -
Surplus Carried Forward 4,217,529 L7

; Colle(‘:(ivé view of this fsﬁresenlcd in Table [1-6-15.
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Fmanclal condition of 1977 has been conSIdcrably improved and the sales grew 26%. This
owes a lot to the revision of charges in June of previous year, Net revenue before taxation grew -
six times of the previous year, but this is duc to the fact that the one in 1975 and 1976 was
characteristically low; and it only menas 1ecovery to the 1972, 1973 state. :

Profit rates before taxation presented 40% in 1972, showed 4%, which was the worst
record, in 1976 and recovered to 21% in 1977, Profit rates after taxation presented 23%in 1972,
0.2% in 1976, and recovered to 10% in 1977.

A comparison index of capital and sales shows 0.16 for turnover ratio of total sales and
capital (sales amount/liability and capital); 0.34 for turnover ratio of total sales and capital (sales
amount/capital). The figures show recovery from the worst period of 1975, The turaover ratio of
tolal sales and fixed assets (salcs amount/fixed asset) presents 0.19 indicating recovery to 1972
level. These tumover ratios are very low compared to those of Japanese power industry, and the
fact indicalés mefficiency of capital and assels.

World Bank sets 7% for rate of return {operatling income to average net fixed asset in
operation} as a condlhon for mvestment The rate recorded below 7% in 1974—76 but recovered
to 7.9%in 1977. '

Tabie H-6-16 TANESCO’s Yearly Change in Financial Ratios (1972 ~77)

1972 - 1973 - 1974 1975 1976 1977

Net Revenue Before Taxation
Sales Amount

407% 41%  13% 13% 4% 19%

Net Revenue After Taxation
Sales Amount

23% 23% 3% 0% 0% 9%
Sales Amount
Liability and Capital
Sales Amount
Capital

0.17 0.15 0.13 0.12 0.15 0.16

038 035 031 025 030 034

Sales Ameunt 0.19 0.17 0.15 0.14 016 0.19

Fixed Asset
Safes Amount )
T V16 .62 0.57 047 0.52 0.57
Share Capital 0.76 0.6
Net Revenue Before Taxation 0% 25% 1% 6% 2% 119
Share (‘1]’\1[3' : :

Rate of Return 1W.7% - 13.4% 6.4% 4.7% 4.3% 7.9%

Time Interest Charges 24 1.4 Q.5 0.7 1.2 2.3
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There is an index termed as *“‘times interest charges covered by operating income” for
interests in repayment plans. And we have a figure 2.3 in 1977 which indicates recovery.
" The sources for TANESCO's investment funds can be classified as:
(1}  Share Capital . :
(2} - Advance Towards Share Cap:tal
(3)  ‘Grants :
{(4) Loans
(5) Deffered Taxation
(6) . Consunice’s Contribution
(7} Surplus :
* The flow of the funds can be prescntcd as:

- SR R e 2
(2) _
Ministry of Treasury - (:2‘) - TANESCO
Gy 2
.__-4—_* ——— -.— A#——--——_—-———— . --—T—-
(3}] | (4) -7, @

Foreign Aid

R ——

Consumer
L

—

Tanzania lm. cslmcnl B'mk
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