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PREPACE

It 1s with great pleasure that I present to the Government of the
United Republic of Tanzanfa this report on Feasibility Study of Dar-es-
Salaam Electric Power Distribution Network Project,

This report is based on the result of a field survey which was carried
out from June to July, 1984 by the Japanese survey team commissioned by the
Japan International Cooperation Agency (JICA), following the request of the

‘Governmeat of Tanzania.

The survey team, headed by Mr., Masashi KOIKE, had a series of dis—
cussiong with the offictals concerned of the Government of Tanzania and

conducted a wide-ranging field survey and data analyses.

I sincerely hope that this report will be useful as a basic reference
for implementation of the project and thereby contribute to the promotion

of friendly relations between our two countries.

I wish to express my deep appreciation to the officials concerned of
the Government of the United Republic of Tanzania for their close coopera-

tion extended to the Japanese teanm,

- January, 1985

Keisuke ARITA
President
Japan International Cooperation Agency






LETTER OF TRANSMITTAL

Mr. Keisuke Arita
President
Japan International Cooperation Agency

Dear Sir:

It is a great pleasure to herewlth submit a Feasibility Study Report
on the "Dar es Salaam Electric Power Distribution Network Project” which
aims rehabilitation and improvement of power distribution system in Dar es
Salaam city, capital of the United Republic of Tanzania.

In June 1984, at the request of the Japan International Cooperation
Agency, a survey Leam was organized of seven experts from the EPDC
International Ltd,

The survey team visited Tanzania for a period of 31 days from June 22,
1984 to July 22, 1984, and engaged in collection of data, discussion with
agencies concerned, and field reconnaissances,

Upon returning to Japan, the Survey Team, based on the results of
field investigations and the data collected, procceded with studies and
work regarding power demand, power transmission and distribution project
design, approximate construction cost, and economic analysis, and have now
prepared this Report.

Briefly described, the work contemplated for this Project is the
following:

Apart from the emergency materials which aré now under comsideration
for supply upon Japanese grant ald system, the major facilities which
consist the Project are 4 substation transformers of a total capacity
135 MVA, 33 kv transmission lines of 8 places 23 km, 11 kV distribu-
tion lines of a total length 116 km, low voltage distribution lines
summed up to 480 kn and drop wires for 24,000 consumers,

And the constructfon costs are estimated forelgn currency 2.63 billion
Yen for materials and equipment to be {mported and local currency 4,3
million TSh. for erection lavour cost,

It is strongly hoped that through submittal of this report this pro-
ject will be realized at an early date and that publie welfare, comprehen—
sive development and economic progress of Dar es Salaam-will be greatly
facilitated,

It 1s wished to express the deepest gratitude to the government agen~
cies concerned of the United Republic of Tanzania, the Tanzanfa Electric
Supply Company and the Japanese Embassy in Tanzania for their coaperation
and assistance in field tnvestigation and data collection for preparation






of this report, and those persons concerned at Ministry of Foreign Affairs,
the Ministry of International Trade and Industry and the Japan Interna-
tional Cooperation Agency for their cooperation in carrying out the
investigations,

Janvary 1985

Yours respectfully,

AH..KG;W

Masashi Keoike

Leader of Japanese Survey Tean
for Dar es Salaam Electric Power
Distribution Network Project
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" GHAPTER 1 - CONCLUSIONS AND RECOMMENDATIONS

1.1 CONCLUSIONS

As the conélusion of this report, the summaries of each chapter of this

teéport are présented below,

1.1.1 Geographical and economic status of Dar es Salaam City

Dar es Salaam City, tha capital o[ Tanzania, 15 situated on the.sea shore
of Indian Ocean, at the niddle of the eastern shore of Tanzania which is at
1atitude 6 degrees 50 minutes south having a population of about 1 mil-
lion. The City is the center of political and econonmic activities of
'Tanzania.. Vested with a good natural harbor, most of export goods fron

Tanzanla are shipped from here.

The Fourth 5 Yéér Plan is now nndet way in Tanzania, witn the objectives of
exporting processed indigenous products, self sufficlency of food, aund
increased production of cash crops., The Plan is not being implemented
émdothly} and the stagnant productfon and the falling price of agricultural
goods for export (coffee, sisal, eté;) has caused a particularly adverse
balance of the international trade in receat years, accelerating material

shortage and inflatlon.

The éxchange rate for:the Tanzanila Shilling, as. of July 1984, is shown

below.

1 US$ = 17,5 T.shs., (1 T.shs., = 13.71 yen)

1.1.2 Prescat status of eleéttic:utility

Genération, ttansmission and distribution of electric power fin the whole
Tanzania ts undertaken by the Tanzania Electricity Supply Company, Ltd.
(TANESCO), which also assumes the responsibility of planning and develop-
" ment of electric power. The total installed gcnerating power posscssed by
' TANLSCO is 380 MU today (including 250 MW of hydroelectric power). With
these power statfons, together with major transmission lines of extending.
1,480 Em fn total length (220 k¥ and 132 kV), and distribution facilities
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in cities, TANESCO supplies 790 GWH of electric power to 130 thousand
customers akl over the country (as of 1981), and secured an income of 520

million Tsh from the sales of electricity.

TANESCO is one of the most stable business enterprises in Tanzania} In
response to the national policy of Tanzania to reduce dependence-on oll,
TANESCO is today implementing a hydreelectric project (MTERA;'BD MW) and
extension of trunk transmission lines to the inland area, suppdtted by
forelgn finance, whichk {s intended to introduce the power from hydro—

eleetrie plants to 1nland area, replacing the expensive diesel generatioas.

At preseat, all of the electric power is supplied hy 4 hydrcelectric o
plants, 1ncluding Kidatu Power Plant having capacity of 200 MH, and the;
supply capability is more than sufficient to meet the demand of the whole
country, except for the 1nland areas where the transmission system is not

Yet available.

The rate of electricity varies for different types of load but generally
is of the order of 1.05 T. Shs./kwh.

1.1,3 Status of power supply to Dar es Salaam City (upper power system)

The main power system of Tanzania, called the coastal grid, covers the
central area, the northern coastal area and the Western industrial area of
this country. This power system consists of 220 kV and 132 kv transmission
networks and the &4 hydroelectric power plants, including Kidatu as men-

tioned before,

Dar es Salaam City is the largest load center in this coastai grid. The
power flow is from the Kidatu Power Station to Ubungo Substation at western
outskirts of Dar es Salaam, transmttted by a single circuit 220 kV line,
and the voltage is stepped down to 132 XV or 33 kV for dlstribution in the
Ciey.

The total demand of Dar es Salaae City is 76 MW ia terms of peak éowef
according to 1983 data, and the annual electricity conauﬁpt@bn is 420 GWh,
which means that more than half of power of the nation is consumed in this

Ctty.

The mailn transmission line from Kidatu Power Statién is a single eircuit
1ine, and although there is interconnections by 132 kV lines to the 3
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hydroeleétric Ststiohs of medivm eapacities in the northera district, this
_upper power systém 15 s0 vulnéfabls thak definite power shsstage (prscti-
‘cally a total blackout of the city) is inevitable in a system fault, Thus
in an elongated fault; the old_diesels and gas tsrbines in Ubungo are

{starte&‘fo supply about hslf of the load.

1.1, 4 Status of transmission and distrlbution systems in Dar es Salaanm

-eity

(1) Dlstiibution system

}The”poyer flsws in fhe distriﬁﬁtlbﬁ system of the city is from Ubunge
Pr{msry Substakibn td}tﬁe SeEOndaty suﬁstations fnside the City, or substa-
tions of Ilala, City Centre, Oysterbay, Factory Zone I and Kurasint to the
:suburban substations Mbezi and Factory Zone IL, and to the large customers
ALAF, WAZO Hill, eté.,. most of ‘which being transmitted by 33 kv lines. To
‘Ilala Substation, however, a single cireuit 132 kv 1ine with steel towers
is connected, together with 33 kV lines.

“The voltage is stepped down to 11 kV at the secondary subsfations described
.above, and supplied to each district of the City by 5 to 6 circuits of 11
kY feeders through 11 kY elircuit breaker cubicles installed at buildings of

secondary substations.

'The'distribution voltage 1s further stepped down to 400/230 V by distribu-
tion transformers connected to the feeders and their branches, and supplied

to c¢ustomers as low voltage power.:

(2) The districts studied

As it has been decided to place emphasis ou the central urban districts,
;this rcport deals with the distribution systéms which are in the supply

areas of the secondary substations listed below,
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Table 4-1-1 33 kV/11 kV transformer capaclties
: of distribution substations:

A : ‘ ' Transformer , TQtal
Substations and Consumers - Capacity x Unit Capacity
(qustétioﬁs veceiving from the :
Ubungo §.5.) - ‘ _ :
Hbuﬂgo (Feeders) - IS MVA x 3 45 MVA
Oysterbay = - .5 x 3 15
.Factory zone II : ' 5 x I -3
Mbezi . . o : ' 5 x 1 5
Kurasini : : _ 15 x 1 15
- Sub-total . - o . 85
(qustatidﬁé reEEiQing“ftom the
{1313 :_S-_s-) . .
Ilala (Peeders) | 15 x 2 15
City Centre ) 15 x 2 30
Factory zone 1 . : 5 x 3 15
New airport o _ 5 x 1 5
1 Sub-total o - 65
(Big cdnsuéets receiving from the
Ubungo S.5.) ; : _
ALAF ? ' 15 x 2 30
© WAZO hill | - 5  x3 15
Friéndship Textile 5 x 1 5
TAZARA L 5 x 2 10
: ~ Sub-total | - 60
. Total - 210




12438 " 001 ” 1 gy 330431y MIN~YYYZVL | ST

1861 v 08 # 1 6¢l [ ovoz A1013ed~ - & ¥l

G961 “ " v 1 gs 19807 420138~ & g1

6961 “ 0ot o 1 82 AT A1)~ w rAS

¥961 “ s " 1 0-¢ ABQIa3sAg~ TIRIT | IT

§961 - " " “ Bt 09 { RTIT 21pI0R) nARY~ & 01

£161 P ” " i ) WYVl~ ~ |§

SL6T “ " ” 1 ¢ YW~ «» )

. TL61 9]0g uvIpooH: 00T | ¥SOv 1 T°81 (eW) 111 oZep~ & i

(5°07+3'8 ) ( 1Z3gq ®iA)
8861 ” “ “ I £°61 (19 113F OT%d~ & 9
R ‘pafoldma | - 961 2[0J USpOOH 00T | ¥SIY 1. £°8 A2QId3SAQ~03URQY | §
{97 e ZxmTbs [
RY) ' §/d TPID puR | 72861/ 810g uapooy /910¢ (6°¢ +2t +2U) ( $/d PI0 “RIEI] TiA) _
ele]] TIaM3Iaq 3Tl

-S$S013 pROI ARG 3Y | £961./9961 | 19935,/210d TIPOOH porsesioeg 1 £ 41 IWISBINGme 4~ ?

) 9951 ” 08 1. 1 gL (1 3113%3])  w ~ & g

- o ” p 1 gl {1 ” ) v o~ o 2

0161 2104 ‘wapooy 05T | wSI¥ | 1 57 (1 ©01393U023930]) erel[~o3unqp |

1ea} o sz1s | puty (1) |
xizmay 1l0ddng 310311) q18uaq BO1109¢
9013314m0) | 40397pu0] |
ygg1 jo sy SUIT UOISSIWSURIIQNG A¥EE T~ € — b 2lQel

i-6



Table 4f4-2 Line length of capacity of substations

Liné Length (Em)

Substatibn . ' '
sta o _ (©@/(8) | (/)
Capacity Over=} Undex— 1 popag
paclly head | ground |. {km) {kVA/km)
Oysterbay 02 9.5 | 1.8 11.3¢0)
S 03 8.7 0.1} 8.8
15,000 kVA o4 | 7.5 o | 7.6
(A) os | 2.9 0.5 | 3.4
| 06 19.4| 0.6 20
Total 5(B) | 48 3.1 ] snacey| 10.2 294
City Centre ¢2 7 | 06| 7.6
- c3 1.8] 0.6 | 2.4
30,000 kVA ch 1.3 0.6 1.9
(A) cs 0.9 | 0.9
cé 1.5 1.5
cs. 1.3 1 2.3
Total 6(8) | 1.4 5.2 | 16.6(c) 2.8 | 1,807
Ilala Do - 0.3 | 0.3
- o 2 | 0.5 | 2.5
15,000 kVA D2 3.8 0.5 | 4.3
(4) ' b3
- B8 | 6.5 0.5] 7
D10 7.5] 01| 1.6
Total 6(B) | 21.7] 2 23.7(C) 4.0 633
Factory Zone I "F2 6.5 0.1 6.6
_ F3 3 1 2.8 5.8
15,000 kvA " F4 9 0.3 | 9.3
“{A) FS 4,8 0.1 4.9
Total 4y | 233 3.3 | 26.6(0) | 6.7 564
Total. 21 13,6 | 118(c)| 5.6 636

75,000 kKVA (A)

_104;4

Note: (C)/(B)

éhows-avefage line leﬁgfh pexr feeder (ko).
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Name of

Substation - S.S, Qapacity Supply Aréas |
Ilala 15 MVA 6id_ci§y centers including
, : Upanga, Kariakoo
City Center 30'H?A o Centrai businéss'§iétr1ct
% ~ Oysterbay ' 15 HﬁA Nortﬂe;ﬁ Musasépi'résidential

area, ete,

Factory Zone I 15 MVA " Western industrial district

(3) Qutline of facilities

1.1.5

Substations

The outline of present facilittes in the district substations- in Dar

es Salaam is presented in Table 4-1-1,
Transmission lines

The outline of SUb—trénsmissioh'lines'bélow Ubungo Subét%tioa ié
presented in Table 4-3-1, ' '

1} kV feeders

The outline of the distribution feeders supplied from the 4 substa-
tfons mentioned to the districts under study {s presented in Table
4~4-2, '

Typical facilities I{n low voltage circuit
A typicél low voltage distribution network is presented in Figures

4-5-1 and 4-5-2,

Present status of transmissfion/distribution system and problems
involved . o

Peclination of the distributfon systems of Darfes Salaan is more than what

has been expected before the survey. The power demand increases every year

while.thé fécilifiéé-get aged; making repair and replacement necessary on

nost of équiphents;"It must be presumed that the cause for this degrada-

tion has been the lack of noraal and routine maintenance works for the past

v



several yéars, probably due to extreme shortage of repair material inven-

tories, é@d appallingly poor equipmént of machines, tools and vehicles for

_ maiﬁtenanée. This étaﬁué shows the degree df advéréit? which the economy

of Tanzania has éufféred'in recent years,

(1) Probléms in facilitfes

(1) = Substation facflities

(a)

(b)

(¢)

(d) .

“Fraasformer capacity

The load demands are reachiog the full station capacities in

the 3 substations of Ilala, Oysterbay and Factory Zome I,

‘with the only exception of City Centre $.S. which capacity

has been doubled to 30 MVA last year., It is urgently
required to expand the capacities of the said substations,
with replacement of the transformers to those having larger

éapacity.
Voltage regulatfon facflities

All the tfansformers in ihe secondary substattons are
equipped with on-load voltage regulators, capable of automa—
tic voltage control, Unfortunately, non of the voltage
regulators is in autonatic oberation. The régulators them-
selves teduite overhauls and re-adjustment of the control

dévlces.
Power factor {mprovement

The reactive power compensation facility is not employed,

déspite the low power factor of the loads,
Equipmeat maintenance

011 leakage has been observed on most of the transformers,
Circuit breakers and cubicles, as well as the trénsformers,
have reached the périod when ovérhauls are mandatory. There
ts danger of deterforation of insulating oil, because the
noisture absorbing agent for protection of the insulating

o1l has not been renewed,

1-11



(e) Operations

:EIlala Substation is the only manned station, and the shift
operators here are supposed to monitor the other 3 unmanned
substations. 1In reality, the load dispatching operations on
the 3 substations are not practiced, because the ‘com— - -
municatlon cables between substations are broken. The trip
of the distribution feeders can be kKnown o' the oﬁcfétor
only after the claim of blackout is ptcsented by the

customer,
(i) francmissioc facilittcs
{(a3) Trénéhiésioﬁ capacity
- Transmission Line between Ilcla and City Centre S,S,
The capacity:cf.city écntre S.S. has been doubled last
year as mentioned, without meascte on the transmission

1ine. The load current of this line is appréaching the

current carrylng capacity of the conductors,
- Transmission Line between Ubungo and Ilala

_Tﬁe bOWer 1srtfansmiéted ffom UBungo to Ilala by a single
 circuit 132 kV line on steel towers and 2 circuits of 33
| kV lines on wooden poles. Asg the transnission capacities
of these lines are insufficient, substatiOns such as
Oysterbay and Kurasini, which have been originally
designed to recelve power from Ilala $.8., are supplied

directly from Ubungo by provisional system connections.

It s recommended to increase the transmission capacity by

measures described in separate paragraphs,
~ Transmission Line between llala and Oysterbay

The existing small conductors {50 sq.om) must be replaced.



{b) Other 1lines

- The facilities.felatEd to 33 kV cables are kept in relati-
: velyigood~condition3'in general, and there is no faminent
'néed for replacement and repalr, except for the part where
there is a problem of transmission capacity.
(11i) 11 kv feeders
-{a)  Héavy: load
Some feeders are carrying extremely heavy loads, and

measvres are reqﬁired, including re-distribution of loads to

oiher feeders.,
(b) 1dle feeders

In sevefal places, feedefs are idle because they have not
been repatred after faults and the loads have been simply

shifted to other feeders.
Repalr and maintenance are commended,
(c). Cable and branching switch

A large nunber of specialized switch boxes of European manu-
facture are employed at branches of the cables, many of
which having €ailed and requiring repairs. In cases that
thé rélétéd caﬁles are ekcaésiveiy deteribrated, a coppre-

. hensive rébaif'must be planned.
(iv) Distribution transformers
(a) Capacity and number

Generally speaking, a small number of ‘large capacity trans-
formers are employed. There is no imminent problemn,

however,
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(b)

(c)

Protective switches

' In both primary and secondary circults, many blown fuses are

provisionally short e¢ireuited, This is a #ery dangerous
status, presenting the most imminent problem in the systen

as a whole,
Mailntenance

Haintenahce is poor, and all of the‘moiSturejabéérbing
agents have changed the color. Some equipnent on the ground

are covered by bushes. There are nany circuits presenting

ﬁiéfge'gfouﬁdfhg cdfréﬁt, which probably having grounding

lezks in the secondary eircuits,

(v) Low voltage distribution facilities

These facilities are extremély degraded, being the worst in the

whole system.

(a)

(b)

Conductors

‘The conductors have not been adequately replaced with the

increase of load, The provisional measures after faults
have not only been poor, but stayed there as permanent pro-
visions. The workmanship of conductor connections is very
low., Together with the use of conductors of mixed size, the
broken conductor straunds, mixed use of copper, aluminum and
steel wires, and use of 1mprovised short conductors, the
situation is one that must not be overlooked. A comprehen-~

sive improvement program is recommended.
Maintenance

The patrol of Ehé lines is'not exercised effectively, with
treés éontacting the line conductors as left as they are,
Many guy'wires are broken and left, with possibility'of con~
tacting the con&uctOrs. Generally there are problems with
stringing, some conductors being tbo tightly strung or

slack.,
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(2) Frequency of blackouts and status of voltage regulation

(1)

The”blackduf;caSes'iﬁ 1983 are listed in Table 4-6-3<1, Accord-
ing to the data, feeder trips occurred 169 times anonually. The

‘actual status of thé blackouts is this frequency plus the number

'6f‘6utages.of the distribution lines, which could be described as

'disastrous.

(1)

The status of voltage regulatfion is presented in Chapter 4.5. A
sampling survey conducted in this study on several customers

indicates that the magimuﬁ voltage is 285V, and the minimum 200V,

~ for the rated voltage of 230V, presenting voltage fluctuation of

37% in magaitude, There are frequent reports from customers on

‘buranfng out of household appliances, which may be attributable to

(1ii)

this excessive fluctuation of voltage.

The high frequency of blackouts, and the intolerable status of

theLvoltage fluctuation are the two strongest reasons on which

this propesal for the improvemeat program is based.
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1.1.6 Provisional countermeasures . . CoL . Qe

-As presented‘id the ﬁreteding_pafagraphs, there are many immineat préblems
in the;ditfibutiqn_Systems., As thelqabanese7Gpve;nmgnf'i$ under con~ '
- sideration to suphly the“urgent méterials and équipménﬁ'ﬁppn request of
Tanzania; as a part 6f.the grant aid:progtém for this iiégal Year; it has
been assumed that the improvement on the low voitage.distribption lines in
certaln important districts Cah be impleﬁentéd by usiﬁg the urgent  _

- materials and equipment described on the.request 1ist. The contents of the

countermeasures are describéd in detail in Chapter 5.

In_Chapte;JS,,the "fhe Most Urgent C0untermeasures";_which shall be con-

ducted by TANESCO by 1tse1f on the part of-the system spbjédted to imainent
. danger, without waiting for the afrival of the urgent materials and equip-
ment, are recommended on items below. (A part of the recomhended neasures

are already being implemented by TANESCO, as of October, 1984,)
1} Proper equipment of protective fuses on distribution

2) Removal of the objects presently in contact with the naked distri-

bution lines
3) Improvement of conductor connections of peor workmanship

4) Proper séttlng of distribution transformer taps

1.1.7 Demand forecast and timing for expansion of substation éapacity

{1) Demand forecast

The demands of electricity in the supply aveas of the substations under
consideration have been estimated as below, by forecasting time when the
latént demands in the supply areas {mostly industrial loads) tiurms to real

loads, and the growth of existing loads, bagsed on reslistic assumptione.
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Substations .
(M) -

1983 1985 1990 1993
Tlala 3.0 142  17.2  20.3
Factory Zone I 17.5 19.2- 22.2 26.2
Oysterbay ' 12,2 13.3 17.2 2G.3
Factory Zone 1 ’ 12-6 12|6 22.2 2607

(2) Expansion of.transfofmer CQpacity'in each substatién

The transformer capacity in 3 substations, other than City Centre 3.8., 1s
15 MVA, for which the load is already mear the full capacity, and the capa~
city will be exceeded any time after next year, if we consider the load
forecast. As it is postulated that the sitvatfons 5 or 6 years 1n future
are to be taken into account in this study, we considered countermeasdres
based on a guideline that the necessary capacities are to be provided to

meet the demand by 1990.

The unit capacity of the new tfénsformers to be installed are decided by
the following 3 criteria, and 15 MVA unit is selected: i) The unit capa-
city conform to the standard capacity émpioyed for the éxisting’transfér-
mers in substations fer Dar es Salaam.' 11) The'choice'beiween a 10 MVA
unit and a 15 MVA unit is to be determined by econonic advantage. 141) The
criterfon that the supply is not hampered by outage of one transformer {n

the system is to be observed.

{3) Substation trausformer extension program-

The program for expanding the transformer capacity has been formulated as
{1lustrated in the table below, considering the status of existing
transmission lines, locations of new demands, and the feasibllity of adding

new distribution feeders.



Time of

111)

o Eiisting. , : F New

Substation Transformex Expansion Measure Capacity Expansion

Ilala 7.5 MVA x 1 Replace one 7.5 MVA 22,5 MVA 1986
with a 15 HVA o -

Oysterbay 5 MVA % 3 Construct new 15 MVA 30 MVA 1in 1989
5.5. (Mikocheni) total

~ Factory S MVA x 3 Construct new 15 MVA 30 MVA 1a 1988
Zone I . 8.8, (Factory Zone total .

1.1.8 Details of improvement plan for Dar es Salaam distribution network

(1) Expansion of transmission capﬁcity from Ubuﬁgb to Ilala (Replacing the

" two, 132733 kV, 10 MVA transformers with two 45 MVA transformers)

All the power to Dar es Salaam City is being subplied from the 132 kV bus

of Ubungo S.S., and the voltage step-down to 33 kV is being performed by

the two S0 MVA tfansfdrmers in Ubuago S.S. aad the two 10 MVA travsformers
ita ilalé'S.S;, that 1s, the total bank-down capacity is 120 MVA, As the

cbhpbsité maximum load for the whole city will be 136,6 MVA in 1990 (refer
to 6.6.4), the shortage of the bank-down capacity is imminent.

In this plan; the'neceSSary capacity expansion of substétions will be

1mplemented by replacing'the exiét@ng two 132/33 kV transformers 1in Ilala

§.8, with two 45 MVA transfofmets. This is a'very appropriate plan for

capacity éxpgﬁsion, because of the foilbﬁing reasons,

(1) The potential capaéity of the 132 kV steel towered 1line leading

(11)

{111)

(iv)

to the city center can be effectively utilized,

{The acftual

transnission is liniéed at only 20 MVA at present. Refer for

detalls to Chapter ?,.Power System Analysis.)

As the power supply to the 33 kV bus of Ilala S.5. is increased,

the power to the neighboring 4 substations can be supplied fron

this bus, tmproving the reliability and the traunsmission loss.

The preseat heavy iOading on the two 50 MVA transformers (having

011 leaks) in Ubungo $.S. ¢an be relieved, making the overhaul of

the transformer possible,

The two 10 MVA transformers feplaced at Tlala S.S, can be uti-

l1ized in Ruvu Pumped Storage Hydroelectric Station, which has the



(v)

problem of power supply at present. (Refer t0_8.6 (2))

The neasure mentioned above cau also solve the voltage regulation

problem in Nordie Line.

(2) " Detatls of tapacity expansion program for substations

(1)

(i1)

{1i1)

One pfﬁthé two 7.5 MVA transformers in Ilala S5.S. is to be

réplaced by one 15 MVA transformer.

In plaﬁning the capaéity expaansion of Oysterbay s.s;, it has beeh
décided to construct Mikocheni S.S. (15 MVA) in the vieinity, by
taking into account thé limited lahd'area in the eiiétiﬂg Subbta—'
tion, the difficulty of shutting down the transformer for repla-

'cement work, the economical 3dvantage of the alternative plan,

and the location of new demands in'the'supply area.

For the capacity expansion of Factory Zone I 8.5., it 1s_élso;
planned to construct Factory Zone III §.S, at a suitable site to
the west of the existing substation, for rEasone simtlar to those

in the preceding paragraph.

' (3) Repair of substation facilities

In this plan, only the following repair 1tems are to be i-plemented imme-

diately, although a more substantial repair program would be desirable, as

the facilities are generally old, and have been exploited without proper

maintenancé, A comprehensive repair program has been forsaken at this

stage because the difficulties Involved, in terms of finance and outages

required for the work, would be enornmous, and because the system can be

operated as 1& is for the time befng.

Repair of on-load voltagé regulators and their control devices

Ingtailation of new circuit breakers and switches, and partial

repalrs of existing circuit breakers and switches

H

Partial repairs of lightning arresters

3

Repalr of DC power supply devices
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{(4) Capacity expéhsion of secondary transmission lines

The capacity'expansion of the secondary transmission lines is required for

a variety of reasoné,"that.iéf to :elieve'the ovérloading of existing faci-

1ities, to facllitate system operations, and for construction of new

substatiéns._ An éppfépélatéEplén ir meeting thesé needs have been worked

out. :The content of the éxpaﬁsioﬁ plan is t1lustrated in Table below.

Transmission line expansion program

Length

1%19e ﬁame Measures . Year | Objective
{Section). (km) '
Kurasini Line _ Connect to Ilala bus 1986 | System
(Systen Modification) improvenent :
Mikocheni Line €); 1.0 | w-branch from existing 1967 | For new sub-
(New'COnstrUCtion) line, ACSR }20 sq.mn statfion
Ilala - Oysterbay (&) 5.0 | Replace ACSR 50 sq.mm 1987 | overload
' with 120 sq.mm | relief
Ubungo - Pz II1 ® 7.0 | New ACSR 120 sq.om, 1987 | For new sub-
- single circuit, with station
double circuit tower
Fz 111 - Fz 11 (§ | 0.6 | New branch from exist- | 1988 | System
: fog line, ACSR 120 improvement
5Q.mm
Pz IIT - (:) 0,7 | New branch from exist- 1988 | System
New Afrport = ’ iag 1line, ACSR 120 iwmprovenent
84 .nm
Fz III ~ Pz [ 1.5 | New branch from exist- 1988 | System
ing line, ACSR 120 improvement
84 .10
Fz III - Kurasini (9 | 6.5 | New branch from exist- 1988 | System
: : -+ I ing line, ACSR 120 improvement

-

£q.mm

Nuaber in O shows a cbrresponding proposed line in Fig., 8-2-1,
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(5) Iuwprovement brogram of 11 kv distribuiiﬁn_liﬁes .

It has béeﬁ p1aﬁned to providé new distribution I{neé from Mikocheni S,S,
and Facfbry 2one III 8.8. to the load centers, 3 clrcuits and 5 circults
respectively. Several circuits of the new lines will be interconnected with
the feeders from Oysterbay $.S. and Factory Zone 1 8.8., so that load
distribdution can be adjusted.

The detatls of the plan for new braachés from the feeders to.the new trans-—
. formers, and replacement of the depleted conductors and small conductors are
described in 8.3.

The total length of the new ll kV distribution lines plus the sections to be
1mpr0ved extend!to 116 km. The details are 11lustrated below.

Trunks Branches Cables Leﬁgéh in ko
New lines 1n.s 4.0 0.8
Interconnections| - 5.5 ' 2.7
Extensions - - 10,0 2.4
Improvement 58.5 21 1 -
Total . 75.5 35 5.9 116.4

(6) Improvement program of low voltage distribution lines

(1) Improvement of existing facilities

Protection of transformer prieary and

secondary clircuit: 153 banks
- Low §oltage switches: 83 banks
~ Cﬁnductor re—stringing.and'exfension= Trunk line; 190 km
| | ' Branch; _ 290 kn
- Custoners' branch; DV line; 480 knm
~ Supports! 600
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(1i) Provisions for new loads:

- New transformers: ‘ o - 35 (8,500 kVA)
‘= 'New low voltage linés: = S 99 kn
_‘Suﬁports (steel pipe and weoden poles): ”2,460 iﬂrﬁoéal

(7) Reconstruction of load dispstching communication system

- VHF communication system will be instslled, providihg master station in
Itala $.S. and terminals in the other 3 substations and the twe new substa-
tions. The minimum amount of information necessary for load dispatching
and . safety wiil be transmitted and displayed in the control room of the _
Ilala S.5., facilltating quicker response of the operators and maintenance

personnel in casc of power supply troubles.

{8) Procurement of vehicles

As the transmission and distribution system improvement program will be
exercised in a wide area, with substantialtaﬁ0untjof work, cossfruction
vehicles including one 6-ton crane vehicle and 6 elevated work vahicles
will be procured.r it is necessary to prepare spare- parts that are suitable

to the conditions of the project sites,

(9) Preparations of tools and measuring 1nstrumests

The necessary tools and iunstruments will be requested as the urgent
materials and equipment, In addition to this, sufficient equipment must be

provided for the workfng personnel which number is to bé increased.

1.1.9 Specifal mention in design

{1) Standavds

~ The designs have been implemented taking into account the standards
pfesently being practiced by TANESCO, and in conformity with the

Japanese standard practice,
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- The materials and equipment to be procured are based on the Japanesge

_ standards as much as possible.

(2)° s't“an&araizscion

Considering the conditions prevailing in Tanzania, it has been tried to
avoid diversification of materials and equipment as far as possible.

' Standardizations of 1tems have been pursued to facilitate interchangeabi—'
“1ity.

(3) Single phase supply to general customers

As a single phase supply is sufficient for residential customers, the sevr-

wice 1ines are designed to single phase, two wire systen.

(4) The insﬁlated conductdrs are used for the loﬁ voitagé distributidh
1tnes 1a order to Increase reliability. The conductor size is standardized
to 120 sq.mm for the trunk 1ime and S5 sq.um for the brahcnes, to facili-
tate flexlble use and sinplification of the tools.'

(5) The measures agalnst salt pollution and for improvement of power fac-

tor have not been incorporated in the plan.

(6) It has been planned to eliminate the protection by thé féult throw
switch, as this system increases danger as the system capacity increases,

The circuit breakers are also provided at the receiving ends,

{(7) For the line support structures, steel pipe poles are employed in the

commercial areas and wooden poles in the suburbs,

(8} 1In the new substations, circuit breakers of the 1l kV -feeders are

housed in outdoor cubicles, having no station building.

1.1.10 Coﬁétruction ﬁlan'

{1) Construction method

The construction works will be directly executed by TANESCG, In the expan-
" si6n work of Ilala S;é;, and éonstrucﬁiOn works of new Mikocheni $.5. and
Factory zone III 8.S,, only the civil englneering wérks will be directly
owﬁed,'and the eguipment will be supplied fron the.manufacturers including

assemdbly, fnstallation and adjustment, on semi-turnkey basis,
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(2) Project organization

As the main part of this project is'tﬁé:ﬁdaif{Cafibﬁ-'imﬁfdﬁéméhi and
replacement works, tncluding relatively little constructions of new facili-

ties, frequeat pOwer cuts for works will be required.

In addition,_mﬁst'of the 3feas_1n which the_projeqt ﬁill be:cdnducted are
central districts of the city, with government offices, business offices
and the surrounding congested residence, ﬁrobably making power cut schedule

a very difficult task.

Under the circumstances, it will be necesséry to organize a speéialized
task forée that prdduﬁes design documents, work schedulés and work ﬁroce—
dure iﬁstructions, to operate the work teams efficlently, tb‘cﬁmpleie the
work with the minimum length 65 powér cut time, and to assure the safety of
the persénﬁel. It has been planned to equip the vehicles procured for this
. project with vir tranceivers, so that efficlent implementation of project

. is accomplished by providing means of transmitting instruction and infor—

mation, which are vital in construction works,

(3) The tentative project schedule is iilustrated in Table 1i-I.

1,1,11 Estimated project cost

(I} Premlses for calculation of project cost

- Material cost

The 1985 values are taken as the base, The escalation {s assumed to

be 2% per annum,
- Transport and insurance

the CIF prices are estimated by adding the transportation cost and
insurance fee of 9 to 21% to the FOB prices,

-~ Installation cost

The .installation cost on TANESCO is estimated by applying the ratio
- of the_cdnstructlon‘labpr cost to the materfal cost, which is
deduced from the past records of construction_works conducted fn

Tanzania,
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- Contingeéncy

10% contingéncy is provided on both the domestic and foreign

 currency.
- Engineering fee

The englneering fee 13 estimated at 81 of the totsal construction

cost.
- Cast of training'

The cost for dispatching TANESCO personnel to an advanced country _

for training, and the cost of COmpiling manuals are counted,

The ‘training of work technique provided at the site will be on—job :
trainings, which cost 13 included in the englneering fee, '

' — Currency exchange rate

The currency exchange raté‘is assumed at 'l T.shs. = 13.71 yen, -

(2) Portions of fofeign and domestic currency
(1) Portions of foreign currency

- Equipsent and materlals, excluding ballast, sand and cément

Vehicles, tools, measuring instruments
- Transport and insurance fee

- Equipment and installation provided on semi-turnkey contracts

Engineering fee, Training expenses
(1) Portion of dcmestic currency

- Labor cost related to fmprovement and construction works exe-
cuted by TANESCO, for transmission, distribution and substation
facilities

= Cost of civil works for substation facilities
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—'Cost‘of domestic materials: ballast, sand, cement and small

indigenous materials

(3) ‘Estimate of construction cost

Presented in Table 12-1.
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1.1.12 Economic evaluation

The detalls ofnthe'etonomicneValuation of the project are presented in

Chapter 13, which ocutline is deseribed here.

{1) Method of economic evaluation

The economy of the project is assessed by the equivalent discount rate, or

the internal rate of return of the project with which the present wvalues

of the ¢ost and the benefit described below become equal,

(1)

(11)

Cost

- Total investment

- Operation and maintenance expense after completion

Benefit

- The marginal amount of electricity that becomes available to

the customers by increase of substation capacities

- The decrease, due to the improvement, in amount of electricity

that is lost in blackouts

- The decrease of operation and maintenance expense due to the

improveaent

Other important benefits are expected by the improvement, such as
the . reduction of household appliance failure and burn-outs,
effected by better voltage regulation, the reduction of incen-
venlence and hazards on people due to blackouts. However, as It
is diffiéult to quantitatively estimate these benefits, they are

not iacluded in the estimate of economic effects.

(2) Premises

.~ Preeent value. The'presént value as of 19384

[ B

Period of estimate.' Until 2010
Loss in distribution system. 10%
Load factor: 652 until 1990, 66% afterwards

1-31



(3) Expense

(1) Total investment: 239.3 willion T.Shs. (from 1986 to 1988) ..
(i1) Operation and maintenance expense:

Per aannumj 1.7 willion T.Shs. (in the.beglhning yéarj-tﬁ'ﬁ.é
million T.Shs. (in 1988 and thereafter), (The reduction of the
operation and maintenance expense by the improvemeﬁt plan is

taken into account.)
{4) Benefit

(i) Marginal increase of eiectricity bf éxpansion‘bf substation capa-
citiest ' o | ‘

4.1 GWh (4n the beginning year) te 175.3 GWh (in 1999) and

thereafter}
(11) Reduction of electricity lost by failure;.
o 2.5 Ggh (from thé Seéinﬁing.fear)
(111) Honetary_unit of benefit:

Allocation of eleét:icity prime cost to the distribution divi-
sion, or, 15.7 cents/k¥h

(4iv) Annual beaefit:

1.0 million T.Shs. {in 1986) to 27.9 millfon T.Shs. (1999 and

thereafter)

{(5) Internal rate of retuven

The internal rate of return (IRR) of the project, calculatéd‘by data
described above, s 5.1%. ‘This IRR may not be sufficient for a commercial
project, as the 1nternationally_préﬁéiiing t{nterest rate is usually above
11%, and that of export-import bank'of éaéﬁ-dbdnity s from 8.3 to 9.5%,
However, this projeét'wfil'be judged feasible to foplement even economi-
cally, taking into account the soclal benefits {nvolved as described in

Paragraph (1).
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1.1.13 Financial assessment

For the financial assessment of the plan, the followings are assumed:

(1) Condition of loan

Foreign currency

Interest rate 6.5 per annum, Refund period 20 years

Demestic currency

Interest rate 9.0% per énnum, Refund period 13 years
(2) Inconme

Unit price for marginal inérease of electricity can be assumed as an
allocation value of electricity rate to the distribution division, or,
20 cent/kWh.

Thus, the probable future annual balance sheet of the plan can be.obtained,

as shown in Table 14-4.

It shows that annual balance will become black in 1993 while aggregate
balance ecanmot be in black until 2002.

It suggests that the financial condition should be much softer than the

previous assumption for the materialization of the project,
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Table l4-4

Cash~flow
Cash inflow Cash flow Balance
No. | Year . Net Depre- Construc- | Repayment of principal | o Accumu~
Borrowing fncome ciation Total tion . “Foreign Tocal Total | Yearly lated
' cost - eurrency currency total
Y

1986 - 91.6 -1.9 - 89.7 91.6 91.5 -1.9 -1.9

87 74.1 -11.3 - 3.9 66.7 74.1 74.1 =7.4 -9.3

88 73.6 -15.9 7.2 64.9 713.06 73.6 -8.7 -18.0

1 89 -18.9 10.6 -8.3 4,9 2.1 7.0 -15.3 ~-33.3
2 1990 -14.0 10.6 -3.4 5.3 - 2.3 7.6 -11.0 -44,3
3 91 -10.5 10.5 0 5.6 2.5 8.1 . -8.1 ~52.4
4 92 -6.3 10.5 4.2 6.9 2.7 8.7 -4.5 -56.9
5 93 -0.7 ° 10.4 3.7 6.4 3.0 9.4 0.3 -56.6
6 94 1.4 10.4 11.8 6.8 3.2 10.0 1.8 -54.8
7 95 3.3 10.4 13.7 7.2 3.5 1G.7 3.0 ~51.8
8 96 6.3 10.4 16.7 7.7 3.9 11.6 5.1 ~46,7
9 97 7.7 10.4 18.1 8.2 4.1 12.3 5.8 ~40.9
10 98 10.2 10.4 20.6 - 8.7 4.5 13.2 7.4 -33.5
11 99 -~ 11.6 10.3 21.9 9.3 4,9 - 14,2 1.7 -25.8
12 2000 12.6 10.3 22,9 9.9 5.3 15.2 7.7 -18.1
13 0 13.5 10.3 23.8 10.5 5.6 16.1 7.7 -10.4
14 02 14,9 10.3 25.2 11.2 11.2 - 14,0 3.6
15 03 15.6 10.3 25.9 i1.9 ~11.9 14.0 17.6
16 G4 16.4 10.3 26.7 12.7 12.7 14.0 31.6
17 - 05 17.2 - 10,3 27.5 13.5 13.5 14.0 45,6
13 - 06 18.1 10.3 28.4 l4.4 14,4 14.0 59.6
19 - 07 19.0 10.3 29,3 15.3 15.3 14.0 73.6
20 08 19.9 10,3 30.2 16.2 16.2 14.0 87.6
21 09 21.1 - 10,3 3.4 3l.4 119.0
22 2010 21,1 10.3 3l1.4 31.4 150.4

Total 239.3 150.4 239.3 629.0 239.3 191.7 47.6 478.6 150.4







1.2 RECOMMENDATION

1.2,1 Urgency for lmplementation of the plan

As to be descrided in cach chapter of this raport, the distribution netwerk
of Dar es Salaam City, the capital of the United Republi¢ of Tanzania, is
in a serious situation ia frequent supply outage and voltage fluctuation
because of desrepituéa of the facilities. If the conditions are left as
they are; it'night bting impottant sociai unvest.

For the City of Dar es Salaam to function as the capital of the ﬂnited
Republic, and to provide for stability and security of one niliion eiti-
zens, the stable supply of electricity is indispensable, and consequently,
a prompt remedy to the present status of the transmission and distribution

systems is imperative.

Economical efficiency of the plan is not very good because of the nature of
.the project which is improvement of the power distribution system. How-
ever, the implementation of the project can be feasible even in economical
view, as far as soft condition of finance can be obtained. (Refer to chap-

ters 13 and 14)

The plans recommended in this report consist of the emergent measures, and
the fmprovement plans that are to follow the emergent measures. Both the
emérgent measures and the improvement plans must bée fmplemented, by soundly

providing the following steps.

1.2.2 Implementation of emergency measures

As the'government of Japan, upon request of the gobernment of the United
Republic. of Tanzania, gives a serious consideration for an emergency
material aid it 18 recommended that the Tanzanian government authorities,
as wvell as TANFSCO take preparatory measures, in order that the implemen-
tation schedule as presented in Chapter 5 is met smoothly as soon as the

“aid 1s decided in the Japanese government.

Ags a part of the qistribution facilities 18 in a dangaroas state, the very
emergent measures, remarked in the same chapter, nustJbe implenented by the
spontaneous effort of TARESCO, without waiting for the arrival of the

urgent pateriala and equipment, as has been reconmended in the inception
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report after field survey. (With respect to the very emergent-measufés,
TANESCO has promptly started ac¢tion, and a part of the measures has been

already implemented.)

1.2.3 Implementation of: improvement plan

'

The _emergeacy fmeasures mentioned 1n the preceding section are tentative
actions for the improvement of the system in particular areas, not
including the measures for substations and transmission lines of higher
levels that support the'power'supply of the 16# voltage;distribution

system.

It 15 also necessary that the measures presented in chapter 8 of this
report including those for the high voltage systems, are implemented

quickly.

For this burpose, we recommend that the govefnment of éhé'United Republic

of Tanzanla takes the‘follouing preparatory measures.

(1) Recognition by goveranent authoritiés of fmportance and urgpncy of
the plan .

No delay is tolerable in impleméntation_of the improvement plan, It is
strongly recommended, accordingly, that the goverament of the United
‘Republic of Tanzanfa formally recognizes the importance and urgency of the
pian, glveées priority to the plan among national projects, and arranges
appropriate domestic curreancy (about 48 milldion T, Shs.) to TARESCO, which

would be the executive agency of this plan.

(2) Arrangement for foreign finance

The lmpelementation of the project can be feasfble even fn economical view,
as far as soft condition of finance can be obtained. (Refer to chapters 13
and 14} o

Accordingly, it is required that the procedures for requesting a possible
forefgn economical assistance are started 1mmedia£ely, in order to prepare
the forelgn currency (about 2.6 billion Yen) needed for thia plan, For the
‘matertalizatfon, it méy be a suggestible idea that the plan would be pro-
ceeded 1n two divided steps coneidering the necessary installation time -

schedule,
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(3) Establishment of organfzation for the plan on the part of the execu-
tive agency - '

AS.TANESCO will be the executive ageﬁcy to owﬁ the construction works of
this plan"thé particular organization for the consérﬁction work must be
establishgd, an& the constructipn.perSOQnel nust be prepared, by ?ANESCO.
(In implementing the electrification program in Kiliménjato_Regidn which
has been financed.by Yen loan, the organization similar to one recommended
in this plan has been formed, with very successful progress in the

construction work.)

(4) Constructién management

Assistance of'talented:foréign engineers, who can be consulted upon for
nanagement, formulation of working plans, procurement of materials and
equipments, inspections, drosccution of construction work and education, is

recommended for smooth implementation of the projects,

1.2.4 Recommendations on technical matters

(1) It ts necessary that drawing, design standards and work standards are

prepared for the good malntenance of facilities with unceasing efforts.

_Education of supervisory petsonnel s a prerequisite, It is also important
to have proper inventory of fixtures and utensiles to maintaln drawings and

ledgers of facilities,

(2) Alteration of supply system to general residents

It_is'reCOmmended to establish a substandard that supply to general resi-
dents is to be made normally by single phase (2 wires) instead of present

three phase system (4 wires).

For this purpose,. it méy be necessary to reform the tariff system, so as to

charge those eustomers requesting three phase supply with a special rate,

(3) Improvement of power factor

It ié recommended to request large customers demanding more than a certain
amount of power to improve thelr own power factor, and make provisions in
the tariff system to discount for the customers who Improve their power

factors, according to the degre¢ of improvement,
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(%) Establishiﬁg load dispatching function : .

Although the remedy for the critical state of the distribution system is a
prerequisite, the 1mp10vement of supply reliability must be set as the next
target, For this purpose, it is desirable to establish the load
dispatching Eunction, to implement a reliable and efficient operation of

the power distribution systems for the City of Dar es Salaanm.
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CHAPTER é NATURAL AND ECONOMIGC BACKGROUND'

2.1 'GEOGRAPHICAL FEATRUES
_2.1.1 Location:

The Republic of Tanzania is located Just south of Equator between latitudes
1°00'S and 11°44'S and longitudes 29°40'E and 40°27'E. It is bounded in
the notth by Kenya and Uganda, in the west by Rwanda, Burundi, Maiawi,
Zaire and Zambla, and fn the south by Mozambique. The total area of the
country is approximately 945,050 sq km,

2.1,2 ToEograEQz_.

The land is surrounded by the Great Lakes, {.e., in the north by Lake -
Victorta and in the west by Lake Tanganyika and Lake Nyasa. In the north,
M. Kilimanjaro, covered by perpetual SNOWS, rises up to 5,895 meters in
‘helght, aﬁdta belt of Highlands runs south-west from the Usambara mountains
behind Tangé to thé highlands around the tip of Lake Myasa. The great bulk
of the country foras a ﬁiateau of.about 1,000 meters in helight, except for

a narrow belt along the 900 km coast.

The rivers flow lnto the Indian'Oceah or the Great'Lakes. Many of thgm
cease-flowiﬂg during the dry season, and only the Rufiji,'entering'the
Indian'Ocean opposit Mafia Island, and the Kagera, flowing into Lake
Victoria, ére navigable throughout the year by anything larger than canoce.

Woodland, bushland and wooded graﬁsland are the predominant types of vege-
tation, The land so covered is sparsely inhabited as much of it fs tsetse

" infested.

2, 1 3 Climate

The main climate feature is the long dry spell fronm May to October,
followed by a period of low rainfall which is often concentrated finto few

days of heavy showers.,

The_main rainy season on the coast {s from March to May, but there 1s a

second ralny season from October to December, total ralafall increasing
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towards the north. Around Lake VictOria,_rainfall_is.well distributed
thrOughout the year but there is a peak during March to May.

The Dar-es-Salaam area faces the Indian Geean at latitude 6°50‘S and longi—
tude 30°17'E. According to meteorological data eXpressed by ‘the monthly
averages for the period from 1978 to 1982 showa in Table 2-1, the weather -

conditions of this area can be summarized as follows!

Annoal_rolnfall 1,130 mn

Maximum tenmperature - 32,2° C
" Minimum temperature L18,1° ¢

Table 2-1 Heteorological information on.ﬁarFes—Salaam
(Monthly averages : 1978-1982)

‘ o ‘Maximum . - Minimum - . Relative
Month Rainfall temperature temperature humidity :

L __{om) (°cy (°C) . (Z) '
January 75, 0 31.6 23.2 - 779
~ February 65.2 - 32,1 S 23,0 79
March _ 135.5 32.2. 22,6 : . 83
April 265.5 30.6 22.4 . 87
May = 163,9 29.8 S 211 85
June 39.4 29.1 . 18.9 84
July 29.8 28.7 18.2 85
August 25.8 29,3 18,1 : 84
September =~ 28,3 : 30,1 18,4 78
October . 60,2 : 30,9 ‘ 18.7 .75
November 126.7 31.3 21.3 76

December 110.9 31.6 22.7 _ 78

— e

Source: Meteorological Department

2.2 ECONOMIC CONDITIONS

The city of Dar-es-Salaanm is éommercical; industrial and aoninistrative
centre of Tanzania, The bulk of national economy, except for agriculture

- and forestory which hold about a half of GDP, is concentrated in this area.
Its economic situation will be carved in relief by the following ovetall

degcription,



2.2.1 POEulatiOn

" The 1atest populatiOn census was conducted 1o August 1978. This was the
fourth modern census carried out in the country. The first census was con-
ducted in 1967. According to these census, the total population of the
country lncreased from 11,959 thousand ia 1967 to l? 036 thousand in 1978

at an average rate of 3.2% per annumt

Population, number of households and numbery of persons per household in

Dar-es—Salaam and in the whole country in 1978 were as follows!

Whole country  Dar-es-Salaam
- Total population = _ 17,036,49§' | l 843,090
- Number of households _ 3,441,056 207,534

= Persons per household 4,95 4.06

ProjeCtidn of the growth in population for the period from 1978 to 1990 is
shown 1in Table 2-2, According to this table, papulatioh of Dar-es-Salaam
is foreCastéd to grow from 843 thousand in 1978 to 1,109 thousand in 1982
and 1,984 thovsand in 1990 at an average rate of 7.1% for the pefiod from
1978 to 1982 and 7.,5% for the period from 1982 to 1990,



Table 2-2  Populatien projection IR
., {1,000

Yeérx Whole ¢ountry  Dar-es—Salaanm Ratio of DES
SR A) o (BY o (B)IKA) -

1978 © 17,036 . 843 ° ' 4.9%

1979 17,507 - 886 :

1980 18,080 1,043

1981 18,648 1,076 S

1982 19,233 1,109 5.8%

1983 . 19,837 1,154 . o

1984 20,460 1,209 _

1985 S 21,162 ; 1,394 6.6%

1986 21,860 _ 1,440

1987 22,582 1,488

1988 CL 23,327 1,537

1989 24,097 1,743 :

1990 24,972 . 1,984 . 7.9%

“Annual average growth rate!

1978-1982 3% T 1%
1982-1990 3.3% . 1.5%

Soqrcei Statistical Abstract 1979 - Bureau of Statistiés

2,2,2 'Major econonic sectors

(1) Agriculture

Agriculture is the predomfnant econonic sector of the country, Its contri-
butfon to GDP was 51% in 1982, Export of agricultural pro&ucts holds about
75 to 80% of the total export awount. Main products are coffee, cotton,

sisal, cashewnut, tobacco, tea, pyrethrum, etc.

The self-sufficlency of food by increasing agricultural production consti-
tutes the most important target of the Govexrnment, but this target is far
frow belng achleved, It 1s said that this situation is partly due to
extremely low prices of agricultural products and partly due to deiay of

payment to farmers by the Governument.



(2) Manuf&éturing industries

Contributien of the manufacturing industries.to GDP grew from 5% in 1964 to
9.3% in 1982, This is due to development of various industries in the
lQ?O's,_includlng oil refinery, cement, fertilizer, ete,

HoweVer, in the recent years and especiallj sxnce 1981, performsnte of the
-industrial sector has been declining. A nunber of industries, especialily
those which depend heavily on 1mported inputs registered large declines in
output. The marked decline in industrial output 1s almost entirely due to
shortage of imported raw materials and spare parts caused by the foreign
exchange crisis, ' It is said that at_present:the rate of operation 1is
around 30 to 40% in the industries which depend mainly on local raw
naterfals such as lumber processing, cement, oils asd fats processling,

etec., and only 10 to 15% in the other tndustries.

In the Dar-es-Salaam area also,_laek of raw materials and imported ianputs,

non-availability of spare parts and machines and, to some extent, frequent

fnterruption of power and water aré affecting the production both in the

small scale and large scale factories fncluding WAZO Hill, Friendship
Textile, ALAF, etc,

(3) Commerce

Contribution of the commercial sector to GDP was 7.5% in 1982. Since
nationalization of commercial compantes of European origin in 1967, the
rationalization of circulation system of commodities has been promoted
through utilization of co~eperat1ve associations, but the effect is insuf-

ficlent and there are still black narke;s.

2.2.3 Economie development plans -

(1)_.Sifuation'up to 1980

eccordihg to data provided by the Ministey of Piansing and Economlc Affairs,
GDP at 1966 prices grew from T,Shs 8,800 hillion fn 1973 to T.Shs 9,553
million in 1975 and T.Shs 12,014 afllion in 1980 as shown in Table 2-3,
The third 5~Year Plan was exécuted durfng the period from 1976 to 1980;



During the third 5-Year Plan, GDP in real terms grew at an_average_;até qff
4 7% against target of 6% per annum, although economlc situation has grown
worse due to drought, large outflow of foreign exchange for oil, and finan-

cial difficulties caused by Uganda war,

(2) Fomth.s-iéar Plan (1931—1985)

The fourth 5-Year Plan for ‘the perlod from 1981 to 1985 is on—going. Th1§ 
plan almes at growing GD? in real terms at an average rate of 6%, ‘as shown

in Table 2-4, and emphasls of the plan are placed on the followlng.

(i) In the industrial sector, development of fron and steel
industry, chemical iandustry and local materials processing

industries,

(i1) In the agricultural sector, atteloment of self-sufficiency of
food. '

(111) TIn the energy sector, development of cosl-fired, gas-fired and

'hydroelectric power stations.

In order to achieve the above target, it was planned to iavest an amount of
T.Shs 40,2 billton of which 80% should be financed from abroad. But, 1t is
congidered that this target will be far from being achieved due to¢ shortage
of funds both in foreign exchange and local currency. In fact, GBP at 1966
prices has been decrcasing from T.Shs 12,014 nillion in 1980 to T.Shs
11,812 million in 1981 and T.Shs 11,435 nillion in 1982, as shown in Table
2-3.

2.2.4 Prices

Like other non-ofl developing countries, Tanzania has continued to be
hanted by inflation, and especlally since 1980 the shortage of goods and
price hike has intensified further due to delay in econonic deveIOpment.
Table 2-5 shows that during 10 years fron 1970 to 1980 the prices as
neasured by the National Consumer Prices Index (CPI) rose at an average
rate of 14%, while from 1980 to 1982 the country has experienced a high
fnflation rate of more than 22% per annum. (Por the period from 1970 to
1982 the annual average inflation rate 1s 15.3%). '
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2,2.,5 Balance of payments

Since l§?8_thé Tanzantaﬁ ecortony has been passing thfough a difficult

phasé;_aﬁd'éspeéially since 1980 the atrains on the country's balance of
payﬁénts.has intehsified further. The deteriolaiioﬁ is due to sluggish
ekpdrt performance - partly due to lower export volume and paftly due to

coliépselof the wot1d comm6dity prices,

Because of shértagé of foreign exchange, coupled with higher fmport costs,
the country's inadequate level of imports held back economic activities
1ﬁciuding export production. This, in return, undermined the balance of -

payments position‘

The Balaﬁce of payments for the years 1980 and 1981 is shown in Table 2-6,
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Table 2-5 Consumer prices index and curreacy exchange'tate

CPT

"GDP deflator = Currency exchange

Yeor (1970+100) (1966=100) __ rate to US$ (June)
1970 100.0 - -
1971 104,7 - -

1972 112.7, - -

1673 126.5 130.5 -

1974 1484 155.3 -

1975 187.7 177.8 -

1976 1.200.61 ©203.0 -

1977 223.8 240.2 8.338 .
1978 249.3 262.6 7.886°
1979 283.6 279.5 8.2?8‘
1980 369.4 301.} 8.229
1981 R 337.1 © 8,350
1982 551.8 369.0 9,498
1983 - 12,346
1984 - i7.560: R

Sourcet CPI - Economi¢ and Operations Report (June 1982),

Bank of Tanzania
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Table 2-6  Balance

of payments
| (ﬂilllqn Us$)
Item 1980 1981
‘Export (FOB) 4,776.3 4,805.5
Import (CIF) .10,260,6 9,567.8
Trade balance -5,484.3 -4,762.3
Net services 1561 579.4
Net transfer . 1,055.0 1,887.5
Current account balance -4,273,2 -2,295.4
Net Government medium and long-term _
loans 799.5 1,399.9
Cdvernmeﬁt compeasation and interest -26.0 -30.0
Parastatal medium and long-term loans 279.0 418.5
Private medium and long-pérm loans 5.0 5.7
suppner's credit 496,0 681,2
‘Other capital méveﬁents 1,115,0 ~956.8
Net errors and ommissions 703.5 -13.1
Exceptional financing 1,007.2 752.2
Overall balance +106.0 ~37.8

Source: FEcenomle and Operations Report {(June 1982),

Bank of Tanzania

2-11






CHAPTER 3

PRESENT CONDITIONS OF ELEGTRIC POWER INDUSTRY
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' CHAPTER 3  PRESENT CONDITIONS OF ELECTRIC POWER INDUSTRY

3.1 ORGAﬂIZATION

All public generation, transmission and distribution of electricity in
mainland Tanzania are undertaken by Tanzania Electric Supply Company
Limited (TANESCO) in accordance with Article 131 of Electricity Ordinance.

It is said that in addition to power stations of TANESCO there are captive
power plants of a total capacity of ab0ut 20 MW,

TANESCO is under. the general eontrol of the Hinistry of Water and Energy.
The supreme organ of TANESGCO is the Board of Directors which is under a
statutory duty to promote the generation of electricity with a view to the
leconomic deveIOpment of the country and to secure the stable supply of
'electricity to the people. The Board is composed of ten (10) members
.'including Chairman. The Minister of Water and Energy is concurrent

Chairman of the Board of Directors.

The general management of TANESCO is conducted by the Managing Director who

is concurrent member of Board of Directors.

The daily businegs opératidén are carrled out under the direct control of

the following managing staffs:

CCM Party Secretary

Company Secretary

Director of Manpower Development and Adninistration
Director of Finance

Director of Planning

Divector of Construction

Director ¢f Qperations

Chief Internal auditor

The number of persons employed as at the eand of 1983 was about 6,500,

Organization charts of TANESCO Headquarter and Local Office are shown in
Fig, 3-1(1) and Fig. 3- 1(2), respectively,



3.2 POWER FACILITIES -

3,2,1 Cenerating facllftles

The TANESCO power system 18 divided into two power systems, {.e. the gfid
system composed mainly of hydro power stations and ‘the isolated systems
consisting ralnly. of small scale diesel power stationa. As of the end of
July 1986, the total capaclty of these power stations 1s 380 3 HW of which
82% is of the grid system and IBZ of the isolated systems.

The nomlnal generating capacity on the grid system 13 247 ? MW hydro—
electric and 65.7 MW thormal. The available therral capability is said to
be only 18,1 MW including th‘poher stations of Ubungo and Arusha., These

thermal power statlons are opérated only for stand-by'use;

The most important is 200 MH Kidatu hydro power station on the Great Ruaha
River, located about 280 km west of Dar—es—Salaam. In addition, there are
three hydro power stations on the Nymba ya Mangu River. These are Nymba ya
Mangu (8 MW), Hale (21 MW) and Pangant Falls (17 5 MH) from upstrean to
downstream, Nymba ya Mangu power station ‘has a large reservoir which
increases energy generation at Hale and Pangani Falls by regulation of

discharge.

In the 1isolated systems pOwer stations are scattered at 25 reglonél towns.
Thelr total capacity is 67.1 M¥ of which 65.5 MW is of diesel power sta-—
tions and 1.6 MW of minl hydro power stations,

The annual energy generation was 856,7 GWh in 1983 of which 740 CWh (86X)

wag generated in the grid systen,

The generel characteristics of these power stations are shown in Table 3-1,

3.2,2 Transmission facilities

With the conmnigsioning of Kidatu hydro'poﬁer stotion,.the gfid.syatem has
been completely equipped, 220 kV extremely high voltage transmission 1ine
between Kidatu and Dar-es-Salasm constitutes a trunk line from which 132 kV
Lines are extended to the east and the north of the mainlaad and ‘algo to
Zenzibar Island, in oxrder to incorporate all these areas into the grid

system.



Table 3-1: - Geneéral characteristics of power stations

_ installed ‘Available Annual energy

Power system _ ﬁﬁiizf capacity capacity generation
o , . (MW) (W) ~__{GWh)
E{id_éistem' |
Hydro
‘Kidatu 4 -~ 200.0 200.0 535.7
Hale 2 .21.0 17.0 69.2
Pangani Falls 5 i17.5 $7.5 84.8
Nymba ya Mungu 2 8.0 7.0 46,2
Xikuletwa 3 1.2 1.2 3.1
Total hydro 247.7 242.7 739.0
Theraal |
Ubungo Gas turbine 1 15.0 0 . 0
Diesel 8 46,6 14,0 0.37
Arusha Dlesel 7 4.1 4.1 0.56
Total thermal o 65.7 184 0,93
Grid sjstemrtotél | 313.4 260.8 | 740,0
Isolated Systems |
Central and north-west 17 5.9 43,1 73.96
South-west 20 7.3 6.2 35.07
South-east 18 7.9 4,2 7.67
Isolated systems total 6.1 51,5 116.7
Whele country 380.5 312,3 . 856,70

Source: Generating capacity -~ Planning Department

Energy generation ~ Qperations Depaftment (7th June, 1984)
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The existing main transmission lines are as follows:

Voltage No, of cct. ___Line route Length (km)
220 kY 1 - Kidatu - Morogoro — Ubungo 300
" 1 Kidatu -~ Iringa - Mufindi 290
" 1 Iringa - Mtera - Dodona o _ 237
(under construction)
" 1 Mufindi - Mbeya _ : 220
(under construction)
132 kv 1 Ubungo - Chalinzé - Morogero 179
1 Chalinze - hale ~ Same - Kiyungi
: - Arusha 563
* .1 Hale - Tanga . ' i ' 60
* 1 Ubungo - Zanzlbar 79
" 1 Ubunge - Ilala _ - 6.7

The transmission line nap s shown in Fig, 3-2,

3.3 POMER DEMAND AND SUPPLY

3.3;1 Energy géneration and peak load

The country's energy generation has growan from 515.1 GWh in 1973 to
799.6 GWh in 1980 and 856.7 CWh in 1983, which represents the following

annual average growth rates!

Period Anﬁual growth fate
1973-1980 6.4%
1980-1983 2,3%

As described béforé, 86% (740 Gﬂh) of the total generatién of the country
1n 1983 was generated in the grid system. Of the energy generation in the -
grid system, about 57% (419 8 GWh) was sent-out from Ubungo substatfon to

the city of Dar-es~Salaam.

Stat{stics over 11 years from 1973 to 1983 ghow that the ratio of sent-out
eonergy of Ubungo substation to the total energy generation of the country

vas constantly around 50%,

Peak load in the grid system grew from 65.7 MW 4n 1973 to 117.6 MW in 1980
and 127.8 MW in 1983, while that of Dar-es~-Salaam grew from 47.7 MW in 1973
to 70.5 MW 10 1980 and 75.8 MW 1in 1983,
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During the above period load factor in the grid system as a whole was 66
to 68%Z. 1In Dar-es-Salaam, load factor decreased gradually from 65.8% (ever
highest) to 63.2% in 1982 and 1983,

Both in Dar-es-Salaam and in the grid systeﬁ'és a ﬁhole; peak load ocecurs
in October, Ndvemﬁer or December, reflecting the béak-in témparature and
humidity.: Honthly variation of load is relatively sﬁall. In the daily
load curve there are two peaks, the first peak occuring from 1i:00 to 12:00
and the second peak frow 20:00 to 21 00.

Energy generation, peak load and load factor for the peried from 1973 to
1983 are shouniin:Table 3-2. A typical daily'ldad cukves for the grid

system and Dar-é¢s-Salaam is glven in Fig.'3—3;

3.3.2 Average rate per unit sold

From 1973 up to present, the electricity tariff was amended four times in
accordance with price rise of general commodities. The average rate per

untt sold of electricity corresponding to each tariff amendment 1s as shown

below:
Tariff amendment ~ Average rate (Cents/kWh)
In 1973 26.13 (Annual Report)
Amendment in 1976 40.34 (Annual Report)
Amendment in December 1979 653,05 (Annual Report)
Amendment in January 1983 88.0 (Estimated by JICA team)
Amendment in January 1984 105.0 (Estimated by JICA team)

The above records show that the electricity tariff has risen at an average
annual rate of 13.9% for the period from 1973 to 1980 and'l3.5% for the
perfod from 1973 to 1983,

Energy sold, revenues from sales of energy and averagc rate per unit sold
for the country as a whole and Dar—es—Salaam are shown in Table 3-3, 1In
this context, attention must be paid to the fact that this energy sold is
not necesgarily the actual energy consumption of the consumers because a

part of energy sold is estimated by meter readers. The only way to obtain
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actual energy consunption in Dar-es-Salaam will be to estimate it by

deducting distribution léss from sent-out energy of Ubuﬁgb substation,

Electricity consumers are classified into 6 categories of domestic {Tariff
. 1), commercial (Tariff 2), small industrial (Tariff 3), 1arge industrial

(Tariff 4}, large commercial (Tariff 5) and public 1ighting (Tariff 6),

Energy sold, énergy sales revenues and average rate per unit sold Eor the

whole couatry and Dar- ¢s-Salaam are reported as follows:

Whole country - © Dar-és-Salaam

Consumers Enérgy Sales Average | Energy 'Saleh Aﬁerage
sold_ reveénue tate‘ sold .reveaue rate

(GWh) (106Shs) - (Cents) | (GWh) (10%Shs) = (Cents)
Domestic 78,5 838 47 . | 113.6 sl 45
Conmeretal 77.8  131.3 . 169 42,6 65.35 153
Small industrial 32.2 - 29.9 93 - 11.1 19,93 89
Large industrial 353.6 212.7 62 203.0  117.56 58
La¥ge commercial 61,8 45.6 74 - 35.4 26.68 75
Public lighting 4.4 © 4,0 30 2,4 2.18 . 80

Sales to Zanzibar | - 28.7 10.8 38 - - -
Total 737.2 523.0 . 70.9 408.1  272.81 _  66.8

3.4 POWER DEMAND ANALYSIS FOR DAR-ES-SALAAM

3.4,1 Electricity gphsumptidn level by categorical consumer

Rumber of consumers, energy sold and average energy ¢onsunption per con-
sumer for the years after tariff amendment in December 1979 are Bhown in.
Table 3-4, According to this table, energy consumption by consumers cate-
gory and energy conaumption level by categorical consumer in Dar—és-Salaan

in 1982 were as follows:
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LT - 1%

L= e,

ébnsﬂwptioﬁ

_ Nonbak of ;
Category ' ¢onsumers Energy sold _ -per consumér
| @ (GWy_ ) | Gewhy - GkWR)
- (Yearly) . (Monthly)
Domestie | 56,684 81 113.6 28 2,006 167
Commércial 10,743 15 78.0 19 7,260 605
Industrial 1,793 3 214,1 52 119,409 9,950
“Public lighting 483 1 2,4 1 4,969 414
Total 69,703 100 | 408.1 100 5,855 488

3.4.2 Access to electflcity

As described in paragraph 2.2.1 in Chapter 2, the total pdpﬂiétidn of
Dar-es-Salaam was estimated to grow from 843 thovsand ih l9j8 to 1,109
thousand in 1982, Since the number of persons petr household is about 4.06,
the pumber of households in 1982 is eatimated at about 273,150, Therefore,
the number of consumers_69,220 excluding public lighting means that evea in
Dar-es-Salaam, capital of the country, the rate of access to electricity is

only around 25%,

69,220/273,150 = 0,25

3.4,3 Load allocation by substation

The system peak load in Dar-es-Salaam was 73.4 MW in 1982 and 75.8 MW in
1983, The indfvidual peak load by substatfon fn 1983 ie shown fn Tables
3-5(1) and 3-5(2).

The total load of Ilala substation shown in Table 3-5(1) is the sum of
tndividual monthly peak load of each 1l kV feeder, and does not mean the
peak load of this substation as a whole, It is considered that peak loaa
of Ilala substation {s vestrained to about 13 MW because of its transformer

capacity of 15 MVA,

From the above estimation and Table 3-5(2), the individual peak load by
substation 1an Dar-es-Salaam in 1983 will be as follows:

3-10
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'Substafiqg ' Peak load {(MW)

Ilala 13,0
City Center 17.5
Oysterbay 12,2
Factory Zone 1 12.6
Ubunge = 2.8
Mbezi 2.1
Kurasini 8.1
Factory Zone II 3.6
ALAF 9.0
. NORDIG 5.8
TAZARA © 0.9
WAZO Hill 8.9
Friendship Textile ‘3.0
Aggregated waximum demand 99,5
System peak load 75.8
Diversity factor 1,312

3.4.4 Potential power demand of the waiting consumets

(1) Consumers of the "Capital works orders”

At present, the number of waitiong consumers and their applicated contract

power of the "Capital works orders” are reported as follows:

Domestic Commercial Industfial Total

Kumber of waiting

consumers 469 23 25 . 517
Applicéted contract _ , o
pover (kVA) : - 2,300 7,175 31,015 40,490

According to Operations Department of TANESCO,: the maximum poﬁer demand of
these consumers 1s estimated at about 70% of thefr applicated contract
‘power, and power factor is 0.9. Therefore, the maximom power demands of

these walting consumers are estimated as follows:

3-13



- Category - Maximum power demand (MW)

Domesfic . 1.5
Commercial WS
Industrial 19.5

Total 25,5

{(2) Consumers of the "Service lines works orders”

Consumers of the "Sexvice lines works orders” are doméstic and commercial
consumers'only.' According to the above Department, about 10,000 consuners

are awaiting connection.

Table 3~4 shows that in 1982 the proportion of“numbef of consumers was'ééz
for domestic and 16% for commercilal, and the energy consumption per con-
sumer was 2,004 kWh/year for domestic and 7,260 kWh/year for commercial,
The load factor is considered to be around 40% for domestic and 60% for

conmercial consumers.

Therefore, when adopting the energy consumptfion level of the existing con-

sumers, the power demand of these waiting consumers will be as follows:

Domestfic (10,000 x 0,84 x 2,004)/(8,760 x 0.4) = 4.8 M
Conmerical (106,000 x 0,16 x 7,260)/(8,760 x 0.6) = 2.2 M
Total - 7.0 Md

However, fa general the consumption level of the walting consumers 1s
fairly lower, namely about 60% of that of the existing consumers, This
leads to estimate the power demand of these walting consumers to be about
4 MU,

From the above, in accordance with progress of the distribution network
rehabilitation prograﬁme, a total potential power demand of 29.5 MW will
have to be included in the demand and gupply planning.
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Fig. 3-3 TYPICAL DAILY LOAD CURVES

27 March, 1984 { Tuesdoy )}
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CHAPTER 4  PRESENT SITUATIOR OF DAR ES SALAAM
DISTRIBUTION FACILITIES

4.1 EONFIGUKATI'OH OF "DAR ES: SALAAH DISTRIBUTION NETHORK

The power system consists of the Coastal Grid System which 1nc1udes the
Kidatu Hydroelectric P.S. (IOO MW 1n 1970 100 MW 1in 1980 total of 200 HH)
as a main station and six other power stations and other isolated systems
which do not belong to the Coastal Grid Systen, The power supply to the
city of Dar es Salazm is generated in the Kidatu P, S. and transmitted to
the Ubungo primary substatfon (300 MVA), which is located about 300 km
apart, through a 220:kV transmission line via the Moregorée $.5., (90 MVA),
One 132 kv line 'is also provided to connect the Morogoro 5.5., the Chalinze
5.8. (!0 HVA) and the Ubungo $.8. each other.

The Ubungo S.S. and the Ilala Secondary S.5. (20 MVA) are connected by ose
132 kV line an& two 33 kV lines. The both substatfons transmit the power
to the distribution substations {Oysterbay, City Center, Factory'ZOne I,
New. Airport, Factory Zone 1I, Rurasini, Mbezl) and big consumers (NAZO
Hili, Friendship Textile, ALAF TAZARA) {n the city through a 33 kv line,
The power is distributed from the individual distribution substations via
11 kV feeders and then stepped down by distribution transformers to
400V/230V before heing supplied to general consumers. The voltage trans-

formatfon steps are outlined below.

;éo g;miﬂ_;___ Standards of Transformation
: ] . System in TANESCO

e e amn

e e |

132 kV |

LRI )

————e ¥ s

66 kV |*++>{ 33 kv ~~-1

R —

1l kV e 1

!

.

...t Standard

l'vll..!l.la.+ ]:"6";-‘-“
seevereed Applied in local area voltage

R



The power 3upp1y from the Kidatu Hydroelectric P.S. sufficiently covers the
demand of the Dar es Salaam area, and ‘the' Ubungo P.S. (diesel engine
generator, capability of about 14, 0 HW), the operation of which was- started
ten and several years ago, is usually in a stand“by service after the
COmpletion of the Kidatu P.S. It is scheduled to be operated only in such
cases when the power supply from the Kidatu P.S. is interrupted for a long
time. The system frequency is cOmparatively stabilized by an AFC operation
equipped in the Kidatu P.S, The existing distribution network in the :
Dar es Salaam area 18 shown in Fig, 4 -~ 1, and the distribution substatlon

capacities are given 1a Table 4-1- ~1.

Table 4-1-1. 33 kV/li kV transformer capacities ;
of distributiou substations

Transformer : . "Tetal -

%ubstatlons anehfensumete— Capacity x Unit Capacity
(Substations recelving from the
Ubungo 5.S.) . .
Ubungo {Feeders) 15 MVA x 3 45 MVA
CGysterbay 5 x 3 15
Factory zone 11 5 x 1 5
Mbezi : 5 x 1 5
Kurasint _ 15 x 1 15
Sub-total Co- 85
(Substatlons receiving from the
I11ala S.8.)
Ilala (Feedors) 7.5 x 2 15
City Centre 15 x 2 30
Factory zone 1 5 X 3 15
New atrport 5 x 1 5
Sub-total - - 65
{Big consumers receiving from the
tbungo $.8.)
ALAF : 15 x 2 30
WAZG hill 5 x 3 15
Friendship Textile 5 x 1 5
TAZARA 5 x 2 10
Sub-tokal - 60
Total - 210
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4,2 SUBSTATIONS

{1) Scale of substatfon

{1) Type of installation

Of the substations in Par os Salaan area, equipzent of 33 k¥ or

above are installed outdoors, and the cubficles centain 11 kV

breakers are of "sémilohtdoor”.type fastalled indoors., An

outline of the substa;idn_equiﬁﬁen; is given in Table 4~2-1.

Table 4-2-1 Outline of distributfon éubstations
- ' IRV | OAT KV _ AR
Substation | gype | Fecelvl  Feeders Site area Service
(Capacity of Transf.) | 7P ing - | Oper-| Out of area’
~ line | ating service
Ttala (7.54VAx2) | Semtd 3% | 5 3 7,670 u City Center
out- (85,30x89,9m)
door
Oysterbay (5MVAx3) > 2 5 0 690 m2 City Center
{22.52x30,5m) | Sudburbs
City Centre  (I5MVAx2) “ 1 4 2 890 m? City Center
Factory Zone  (5MVAx3) " | 4 0 1,680 u? Suburbs
(45.70x36.7n) | Pactories

% One 132 kV line is Included..

(i) Bus and_bonnection systems

The outdoor bus structure of each substation is of an aerial tén-

sfon bus. The connection of main circuits is shown in Fig,

4"2"1 »




em of distribution substation

Fig. 4-2-1 Conoecting syst
‘Ilala ‘Séétioﬁ bus, both Oysterbay gﬁ:fion gi:gle
P‘isubstatiOn 33 kv and 11 kv Substation 33Ky 11 kv
132Ky
i - h
X
: ﬁi:’:lﬁﬂ\'kxﬁ'”“ :
_ i . 4 ¥ 3 3
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AR AR SMVAX3
T SMVAX2M\ A
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Substation 33 kV and 11 kv Substation 33 &V 11 kv
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Regarding the 11 kV buses used, the Ilala and the City Center
Substations use the section buses, while Oysterbay_and Factofy
Zone I Substations use the single buses. 'Hhere'thé séction‘Bué
is used, the interrﬁptlbn éapaclﬁj in:éase Gf_trénsforﬁer and/or
11 kV bus troubles can be reduced to 50%. In additton, the reco-
very work iﬁ cases of trouble aré faciiitated, and the short-
circuit caﬁacity of the 11 kV c¢ircuit is feduced fo 50%. The
section bus 1s thus sulted for éomﬁératlvély large'capacity
substations and has the prééticél-considerationsg The Dar es
Salasn distribution network inciuding fouf-suhstdtiéns stated
above and the Ubungo primary substation is shown in Fig. 4-2-2.
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(2) Capacity of substation

(1) Transformer

The standard capacities of 33 kV/11 kv transformer unite used in
the distribution substations and big ¢onsumers in the city are 15
MVA and 5 MVA as follows'

Capacity of tumber N Substations and big consumers
transf, of ( )"-nuhbers of transf
| | transf. ot S ,,Amqu,,L4,qu,qqﬂh
15 MVA 8 Ubungo (3) Kurasiat (l)
: City Centre (2) ALAF (2)
7.5 MVA 2 1lala (2)
5 MVA 15 ‘Oysterbay (3), FZ I (3), FZ I (1)
Mbezd (1), Wazo HIll (3), TAZARA (2)
Friendship (1), Hew Airport (1)
{11) Bus

The specificatiOns of the 33 kV/ll kV buses used in the dlstri—

bution substations are as - follows.

- . -
Voltage Bus specifications ’ © Substation
33 kv | 185 on? HBCC , Tiala
- : Oysterbay
620A equivalent to 35 MVA City Centre
Kurasini
70 mn? HOCC : FZ 1,'pz 11
330A equivalent to 19 MVA Mbezi
it kv | 600 an? CuBB Iiala
1200A equivalent to 23 MVA
280 nn? CuBB Substations other than
800A equivalent to 15 MvA | the 1lala




. .Notet: HDCC ... Hard—dréwn copper conductor
. CuBB ,,. Copper bus bar

'(111) Shunt reactors

Among the sﬁbsfations in the city, only the Ubungo S.S. is pro-
vlded'#ith;the shunt reactors. The shunt reactors connécted to
the tertiary circuit of”the transformers are manually controlled,
and those for the Zanzibar line are directly connected to the

line, The operating method of the shunt reactor is as follows:

Connected circult Capacity Method of Operation
Ubungo S.S. 10 MVA x 3 units |While the 220 kV line
Tertiary circuit from the Kidatu is
of 220 kV/132 kv/ - operated, 0 to 3 units
33 kV transf. are on-off controlled

according to the work
day and holiday time

Z0Nno,

Ubungo 5.5. 20 MVA x 1 wunit The unit 1s turned on
132 kY Zanzibail while the 132 .kV line
1Hne to Zanzibaru is ope-

rated,

—————— —— ]

{iv) Circult breakers

The ratings of the circuit breakers used in the substatioas are
as follows:



Nominal Tybe, intercép-

Voltage | tion capacity Substatfon

132 kv OCB 3,500 MVA | Ubungo

33 kv '] OCB 1,000 MVA | Ubungo = o
: . : Ilala (for Kurasini line)

Oysterbay, City Centre

Kurasini o

GCB 500 MVA | Ilala (excepfiﬁg'Kurasini line)

11 kv ocCB 500 MYA | Ubungo

OCB 350 MVA | Ilala (33/11 kV transformer’
secondary side)

OCB 250 MVA | Ilala (for each feeder)
(Jysterbay, Clty Centre
FZ I, PZ 11

Kurasini

(3) Operation of the substatien equipment

(1) Voltage sctting

The Ubungo and the Ilala Substatiohs are operated to keep up the

system voltage as the following value,

132 kv: 132 kV + 5%

33 kV: Peak load time --~ 34 kV + 5%
Off peak load time —-- 33,5 kV + 5%
11 kv: Substation bus —er 11,4 = 11,6 kY
Recelving terminal
of the feeder = 10,5 - 11.0 kY

{1i) Oun-load tap changer (LTC)

The status of operation of the LTC attached to each transforger

is as follows:
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: . ) : Method
Substation Transformoer LTC Specification of
. : ‘ ' : _ Operation
Ubungo 220 kv/132 kv | +10 - -10% - Automatic
Ubungo 132 kV/33 XV | +5/43,75/42,5/41,25/0/-1,25/ | Manuval
~13,75/-15%
(17 Taps)
bungo 33 kaIl kv +lOl+8.75/+?;5[+6.25/+5/ Manual
Oysterbay "2-5[/"'3.?5/"5/“6025/"7-5/
City Centre ~8,75/-10%
FZ 1 {17 Taps)
Kurasini Same as above Same as above Automatic

(111)  Power factor

" The calculated power factor of the Ilala S.S, bus obtained from a-

méter installed on the distribution board is around 0.85.

Sub-

stantially the same values are obtained for the other substa-

“tions,

(4) Insulatton desigg

The nominal voltage and number of suspeasion insulators used in the fndivi-

dual substations in the c¢city are as follows.

insulator is of 10 inches (250 mm).

Nominal Number of Sus- |
Voltage pension Insulators
(kY) (pes.}
220 13
132 9
33 3
11 2

4-11

The dlsmeter of suspension



From the standpoint of the salt-resisting design, the above values
correspond to lightly contaminated areas subject to equivalent salt adhe-
sion (0,03 - 0,045 mg/cmz) These_numbers of insulators are the same as
Ehose of the transmission lines; ‘The individual substations in the'city
used the same nunber of insulators regardléss of the distance from the-

coast.,

'The distance from each substation to the coast Is as follows:

. Distance to
Substation _ the Coast

- . : . (km)
Ubunge ' - 9,0
Ilala ' "~ 1.8
Oysterbay 2.0
City Centre ' 0.8
Pactory Zone I 4.4

(5) Neutral grounding system

Directly grounded systen is applied iIn thé transformer cifcuits of thé Dar
es.Salaam_network, and the neutrals of transformers of all the 220 kV, 132
kv, 33 kV and 11 kV circuits are grounded directly as shown in the Figure
below. Therefore, in the case of a ground-fault, a sufficiently large zero
phase current flows at the neutral point. The protective relays thus can
be reliably and selectively ¢pened'at a high speed; With the 33 kV/11 k¥

transformer, however, ohly the 11 kV side is groundedQ

; b . :
._ TT 33KV “"W
{Ubungo) v o= _ : 1
| ,% .
: (Ilala) '

(Other Sub Stallons)




(6) Protective relay systed

The protective relay systen applied in the Dar eS‘Salaém distribution net-
work is as follows. The protective relays are all of the electromagnetic

type.

(1) Protection system of each transmission line

Frotection ' yotn protectton pack-up
. Protection |
_ ~. Fault Short Ground Short Ground
Line voltage Circuit Fault Circuit Fault
132 XV transmission| =~ DZ . DEF OCR OCEF
line

33 kv " oc x 34 OCEF — —

11 kv " oC x 24 OCEF — —_—
Dz 1 Dlstance relay for short-circuit
DEF : Power directional relay for ground-fault
OCR/0C: Overcurrent relay
GCEF : Overcurreat relay for ground-fault

The priﬁaty side (33 kV) buses of the distribution substations are covered
within the protective range of transmission lines, and no protective relay

exclusive for bus {s pro#ided.

(1) 33 kV!ll kv, 5 MVA transformer protectivérsystém

LKV} 83

— foo) M |- ood
[, mfE e} —— "LAJEEEQ'-"E—"kgHgU%i Feeders
S fos}— —fo o] ‘




oG (Over Current) ¢+ 11 kV  bus’ overcurreat

OCEF (0.C. Earth Fault): 11 kV bus éarth oveéréurrent

SEF (Stand by E.F.) .t .11 kV elrcult earth overcurrent

REF (Restricted E.F,) ¢ Transformer low voltage winding
ground fault detection

The purposes of inspallafion of velay are as_fdllows:
(a)' 0C is matn protection to trip ?Bl.
(b) OCEF is maia protection to trip CBl and CB2,

(c) SEF is back-up protection for OCEF, which is to trip CBi and
CB2 in comblnation with timer relay.

(d). REF is operated by differential current betweea CT2 and CT3
and trip CBl and CB2,

Other mechanfcal protective relays for_tianaformer are as followst

- Wipding temperature rise, (primary) fan start, (secondary)

alarm, (tertiary) trip,

~ 011 temperature rise, {primary) fan start, (secondary) alarm,

(tertiary) trip

- Buchholtz's relay, {gas) alarm, (surge) trip



(£41) 33 kV/11 kv, above 7.5 MVA transformer (132 kV/33 kv)

LIKVR§2
cTl CBl €T3 Ch2
_L.__!l\lﬂ ] E r‘v"\ @
=M jjf—%.&ﬁ; foe) -
£ — =
Feeders

L m‘i]“ | l QO@0GC
Clc

- 6C (Over Current) ¢ 11 kV bus overcurrent

1

OCEF (0.C, Earth Fault) : 11l kV  bus earth overcurrent

SEF :(Stahd by E.F.,) t 11 k¥ ecircult earth overcurrent

DIF (Differentlai E.F.): Transformer winding fault detection

‘The purposes of installatfon of the relays are as follows:
(a) OC is main protection to trip CBl,
{b) OCEF is main protection to trip CBI and CBZ,

{c) SEF is back-up protectién for OCEF, which is to trip CBl and
CB2 in combination with timer relay. {In the City Centre
S.S8., only CB! is tripped,)

(d) DIF is operéted by differential current between CTI and CT3
and trips CBl and CBZ,

Other mechanical protective relays of the transformer are as

follows:
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— Winding tesperature rise, (htimary} fan gtart, (secondary)
alarm, (tertiary) trip

- 011 temperature rise, (primary) fan start, (secondary) alarm,

(tertiary) trip

"Settings of these reiays for 15 HVA'transtrmef_of‘the City

Centre are as follows:

- Hinding_tenpefature rise: (secoﬂdaty) 85°C,
(tertlary) 90°C

- 0il temperature rise ¢  {secondary) 90°,
 (tertiary) 95°C

- Buchholtz's relay ¢ (gas) alarm, (surge) trip
(1v) Reclosing systémx .

A reclosure circuit is provided, which s capable of reclosure
“only once 1n the event of a ground-fault in the 11 kV feeder,

The reclosure time 1s about 6 to 10 sec.
(v) Other

A minioon necéssary protective relay systenm is provided, which 1s
perfodically 1n9pected.' The relay boards which are now out of

use and those of old electromagnetic type were recogafzed,
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4.3 33 KV SUB-TRANSMISSION LINES

Power supplied ftom Coastal Grid is relayed through the Ubungo Primary
Substation to the Ilala Substation via one 132-kV line and two 33-kV lines.
Power from the Ubungo and the Ilala Substations 1s also supplied to 12
distribution substations including large volume consumers in Dar-es-Salaam

as well as in_its_suburbs via 33-kv subftransmission_lines.

More than 90% of suppdrts for these 33-kv sub~transmission lines are wooden
poles ‘and the remaining supports are steel pipe poles, Conductor arrange-
ment includea one-circuit horizontal array type, wish born type, and a ver-
ticalﬁarray two-pircuits:type combined with 11-kV line. Conductors used
are of'fhfee different sizes, t.e., AGCSR 50 mm2 100 mm? and 150 mw?
Insulators used for tangent poles are pin insulators 6r line post insula-
tors, and for angle poles and deadend poles, 250 om? suspension Insulators

(of glass~ or porcelain-made) are used,

As a whole, the 33-k? sub-transmission lines aré operated with a2 con-
siderable margin., As far as the external appeéarance of the said facllities
was observed, 1t was not:seeméd essential that those facilities require

uigeot repalr or maintenance service.

The outline of the 33-kV sub-transmission line facilites which constitute
the Dar-es-Salaam distributfon network 1s shown in Table 4~3-1, and the

sub~transoission system diagram is shown in Fig. 4-3-1,
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4.4 11 XV DISTRIBUTION LINES

The present situatfon of the distribution facilities tn Dar-es-Salaam is
considerably detertorated; most of the factlities are superannuated;
eléctric wires are old ané there are many strand breskages and impeérfect

connections,

4.4.1 Distribution system and voltage

The distribution systen adopted 1n the subsfétions in Oyster Bay, City
Center, llala and Factory Zone I where are the main target areas of this
survey, is a 3-phase 3-wire 11,060 V system, and a direct grounding systenm

for the neutral pofat is being carried out,

For the other 11 kV distribution 1ines'1n_thé city of ﬁar%es—Salaam, the

same system is adopted,

4.,4.2 Make-up of the distribution lines

Some of the feeders coming out of a substatién are connected to the other
feeders via normally open section switches; yet for many of the feeders

the tree brauch system is adopted; but generally the loop point normally
open tree branch distribution system 1s adopted. (See Figs. 4-4~1 - 4-4-3, )

4.4.31 Number of feeders from each substation

The relationship between substation capacity and the number of feeders is
shown in Table 4-~4~1 and eingle line connection diagrams in Figs. 4-4-4 -~
4“4"?.

In Table 4~4~1, C5 and €6 feeders from the City Centre S.S. are being
sugpended and the CBs of D3 and D8 feeders in Xlala $,5. are opened because

of repairing work,
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Table 4-4-1 _Cépacity of substatiens and
. number of feedeéers

i‘ Subs;aiion." | ‘ééP?§§t¥' Number ?E}Feedérs | (#)I(B)
oys_te"rbay -] 15,000 kvA 5'¢ct 3,000 kVA
City Centre 3__{_1’,600‘ " 6 1 s,000 -
1lala 15,000 * 7 " 2,140 "
—;actofy Zone I; 15,000 " ';_ " 3,750 "

Totat | 75,000 " | 22 - 3,400

4.4.4 Length of distribution lines and the capacity of the substation

equipnent

The relation between the épproxlmaté iength of distribution line, the
avérage_linellength per feeder and the capacity of the substation equipment
is shown in Table 4-4-2,

The average 1ine length per feeder 1s short (3 - 7 km) except for Oystérbay
8.5.,, and this reflects the characteristics of the city type feeder.,

The distribution line overwhelmingly consists of overhead lines and its
lehgth ts about 100 km for 4_substatlons. The uwnderground line is used
relatively in 1arge.vblume in the'ateés such as outgoing 1iae of the
substations, the'overcrowded area In the City Centre or Factory Zone I

area, and it totals about 13 km,
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Table 4-4-2  Line length of capacity of substations

Substation : .cLineKLenéih.(Rm) . STy I .y
and Peeder po— Y _ (C)/(B)_ (A)I(C)
Capacity ~ | Over—| Undex~| iy -
P head ground (km) | (kVA/kn)
T 03 8.7 0.1 8.8
15,000 kVA 04 7.5] 0.1 7.6
(A) 05 2,9 0.5 | 3.4
06 19.4| 0.6 | 20
Total s¢8) | 48 3.1 | sL.i(c)| 10.2 294
City Centre c2 7 0.6 7.6
c3 1.8] 0.6 2.4
30,000 kVA c4 1.3| 0.6 1.9
(A) c5 0.9 0.9
c6 : 1.5 1.5
c8 1.3 1 | 2.3
Total 6(8) | 11.4| 5.2 | 16.60c)| 2.8 | 1,807
1lala DO: .'0.3 0.3
- Dl 2 045 2.5
15,000 kVA D2 3.8| 0.5 4.3
{A) D3 -
D8 6.5 0.5 7
D9 1.9 0.1 2
D10 7.5] 0.1 7.6
Total 6By | 21,71 2 23,7(C) 4.0 633
Factory Zone 1| F2 6.5 0;1 6.6
F3 3 2.8 5.8
15,000 kvA F4 9 0.3 9.3
(A) FS 5,8 0.1 4,9
Total ay | 23.3] 3.3 | 26.6(0) 6.7 564
Total 21 106.4 | 13.6 118(C) 5.6 636

75,000 kVA (A)

Note: (C)/(B) shows average line length per feeder (km).
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