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PREFACE

In response to a request from the Government of the United Republic of Tanzania the
Government of Japan decided to conduct a basic design study on the Kilimanjaro Electrification

Pcoject and entrusted the study to the Japan International Cooperation Agency (JICA).

JICA sent to Tanzania a study team from October (4 to November 12, 1995,

The team held discussions with the officials concerned of the Government of Tanzania, and
- conducted a field study at the study area. “After the team returned to Japan, lurther studies were

made. Then, a mission was seat to Tanzania in order 1o discuss a draft basic design, and as this result,

" the present report was finalized.

1 hope that this repost will contribute to the promotion of the project and to the enhancement

of fricndly relations between our lwo countries.

1 wishto cxpréss niy sincere appreciation to the oflicials concerned of the Government of the

United Republic of Tanzania for their close cooperation extended 1o the teams.

March, 1996

lr sty

- Kimio Fujila

President

Japan International Cooperation Agency



March, 1996

Letter of Transmitial

We are pleased to submit to you the basic design study report on the Kilimanjaro

Electrification Project in the United Republic of Tanzania.

This study was conducted by EPDC International Ltd., under a conteact to JICA, during
the period from October 9, 1995 to March 29, 1996. In conducting the study, we have examined
the feasibility and rationale of the project with due consideration to the present situation of
Tanzania and fornulated the most appropriate basic design for the project under Japan's grant aid

scheme,

Finally, we hope that this report will contribute to further promotion of the project.

| Very truly yours,

Tatsuo Tomabechi

Project Manager,
Basic Design Study Teanion
The Kilimanjaro Electrification Project

EPDC Inicrnaliona] Ltd,
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Abbreviations

Agencies
MEM : Ministry of Energy and Minerals
MOF + Ministry of Finance
TANESCO : Tanzania Electeicily Supply Company 1. muted
EMB : Embassy
JICA : Japan International Cooperation Agency
IMF : International Monetary Fund
OECF : The Overseas Economic Cooperation Fund
NYM : Nymba ya Mungu
Term
BHN : Basic Human Needs
E/N : Exchange of Notes
GDP . : Gross Domestic Products
GNP : Gross National Products
. GIT -1 Gas Turbine
VHE : Very High Frequency
Unit
Us$. ' United States dolar
T.sh : Tanzanta Shillings
W @ Watt
kw : Kilowatt =100W
kWh : Kilowatt hour = 10’ Wh
MW : Megatwaltt = 10° kW
MWh : Megawatt hour = 10" kWh
GWh : Gigawalt hour = 10 kWh
Pf : Power factor
Hz = Hertz (cycles per sccond)
EL 1 Elevation
WL = : High Water Level
L.W.L : Low Waler Level
kVA : Kilovolt Ampere
MVA : Megavolt Ampete

kV . : Kilovolt
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Chapter 1 Background of the Project
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Background of the Project

After independence in 1961, the United Republic of Tanzania adopted the Arusha Declaration
in 1967 and promoted socialist policies stich as community firming and nationalizing its major
industries, this toward establishing an African-type socialist country. In the early 1980's,
however, Tanzania experienced an economical crisis. From 1986 and supported by the IMF
and World Bank, in response to the crisis and to re-construct her economy, Tanzania has
carried ot an economic restructure program. Although this program has shown partia)
success, a significant national financial deficit still ph:senls a large and pressing problem.

Tanzania’s financial balance is semehow supported by aid from foreign countries.

Conceming Tanzania’s development, the Tanzanian Government's policy is focused on the

“development of local villages in which more than 80% of her total population reside. As part

of the fundamental infrastructure in response to this policy, therefore, the expansion and

.. reinforcement of electeic power supply facilities is a matler of high priority. Development such -

as this would provide a solution for the increasing power demand in the loca) villages, as
would serve to control on-going deforestation fdr firewood in the yet anicctriﬁed villages.
The problem of supply assurance jof encrgy is also an important subject for the curcent
development plan of the RPFB (Rolling Plan and Forward Budget; 1993/94 - 1995/96).

‘Tanzania’s power supply system maiunly rely on hydro power generation. Tanzania presently

has a power gencration capacity of approx. S20MW, in all together from hydro and thermal

power generation. A nation-wide interconnection system is formed by 220kV extra-high

- voltage transmission lines which provide electricity to the nation’s major cities. On the other -

hand, the Tanzanian Goverament is devcloping a new Yarge hyﬂro power station at Kihansi -
(200MW) to cater for the sharp demand increase predicted in near future, In résponse to a
recent supply shoriage caused by continuous drought for past some years, a gas turbine

thermal power station has been constructed last year which will be relied on a natural gas field



reserve confirmed on the nation's southeast coast. (at present, wholly depend on imported

fucl) A total of 110MW was operated until last year.

Regarding Kilimanjaro Region, the capital city Moshi was electrified in the carly 1970's.
Electrification was expanded throughout the Region in accord with the Transmission and
Distribution Network Project in Kilimanjaro Region {(hereinafter reférréd to as the ‘Previous
Plan’) cooperated by Japan (OECF loan) and carried out from 1981 through 1984. (The
following item provides an outline of this content) Consequently, 4 country office seats, 11
district centers and 128 villages in the Region were electrificd. This rural electrification plan
provided significant contribution to economic development within the Region. On the other
hand, the following problems are now faced due to a sharp local demand increase after 12

years since the construclion.

* Inadequate transformer capacity at some substations

* Voltage drop at end of distribution lines

Of its 'national plans, the Tanzanian Government gives high priority to those which would
contribute to economic and social developinent in Kilimanjaro Region because the agricultural
- production in this Region is high. Since power supply facilities are essential for such
development, the previously described problems are matters of concern. To reinforce the
| facitities, !hércforc, the Tanzanian Government has requested for grants-in-aid from the

Japanese Government which aided in developing the facilities in the Previous Plan,
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Request Content

Items requested by the Government of Tanzania:

1)  Voltage compensator (3 MVA) 1 vinit
2)  Transformer (2.5 MVA) 1 unit
3) 33 kV line materials for construction of line . - 55km
4} 11 kV line materials for repairing and expansion of existing system 20 km
5) LT line materials for repairing of .LT lines including pole mounting 1lot

transformers with accessories
6) Radio telecommunication system © Yset

7)  Vehicles and tools for construction and installation work

Truck with crane : 1

Pick-up truck | - : 2

4WD Station Wagon : o

Tools | 1 lot
Purposes of the Project

. The Previous Project were developed as part of the Kilimanjaro Integrated Development Plan
* (described in the following Item) and contributed to the economic and social prosperity of the

‘farming areas in the Region. Over a decade has passed since its development, however, and

as described previously, problems of inadequate power transformation capacity and voliagc'

drop are now preseated.

Since these power supply facilities are fundamental and essential factors for the maintenance
of local economy and social life, these problems must be solved as quickly as possible to
maintain and enhance the region’s future prosperity. The main purpose of this project

reinforcing the trunk facitities is, therefore, to recover a reliable performance contributive to
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heightened prosperity and improved living standards in the Region’s viltages.

Another purpose is to convert the present trend of conswming large volumes of timber encrgy
across {0 the alternative of consuming electricity, this because deforestation is now a major
problem in Tanzania and one which scriously and adversely affects the nation’s forestry

IESOUICes.

Outline of Previous Plan: Trawsmission and Distribution Network Project in

Kilimangaro Region

Based on its policy of decentralization, the Tanzanian Government requested all the Regions
to formulate comprehensive region dcvclopmenl plans in cooperation with the advanced
countries for the 31d 5-ycar Plan (1976 - 1981). In 1977 and in cooperation with Japan,
Kilimanjaro Region produced its Kilimanjaro Integrated Developmen_t.Plan (KIDP). The
focal point of this Plan was how to conveit the development pattern of the Region, the
'p'roblems of which were a decreasing arable tand areq, limited productivity of traditional

agriculture, a high population density, and also how (o promote continuous growth.

In this program, improvement in agricultural productivity and the development of arable land
was prdniotcd as retaining an économic structute based on agriculture. Also, the ék:oumnic
grow(h in the coming decade of 1975 (o 1985 through the promotion of small to medivm
agro-indusiries was éxpcclcd al 5.1% for agriéu]mr'e and 12% - 14% for manufacturing, being

6.4% - 7% overall.

~ Regarding the electrification in this Plan, to improve the quality of public services, the first

priority was given to public facilities including police stations, governnental district offices
and hospitals. To improve the living standards and promote agricullure and agro-industries,
clectrification priority was also ptanned for the core of each district where the public facititics

were concentrated, and to 15 other local centers by 1985. Thercafter it was to be gradually



expanded to the highly populated agricultural zones in the Mt. Kilimanjaro arca and the Pare
Highlands. The areas to be clectrified were sclected based on the previously described in
‘Kitimanjaro Integrated Development Plan” and according to the standards of 1. Core of cach

district and ward, 2. Highly populated area, and 3. High industrial development potential area.

Facility content:

214km of 33kV distribution lines, 183km of KV distribution lines, five 33kV/H1kV
substations for a total of 7.5MVA, 140km of low tension lines, 136 pole mounted

transformers, and 27 vehicles.
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Chapter 2  Contents of the Project
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Objectives of the Project

The Tanzanian government planed and promoted the development of each region, according
to a decentralizing polic}', in making the 3rd 5 year plan, for a comprehensive develepment
program. With cooperation from Japancse government, Kilimanjaro chibn formulated the
Kilimanjaro Integrated Development Plan (KIDP) as a comprehensive development program
ihclud'mg an electrification plan for this Region in 1977 and is now carrying out its progress
in accordance with the program. The region is endeavoring to complete its infrastructures,
improve agricultural productivity and develop arable land, while Ialso promoting smatler

industries centering on agro-industry.
The major factors arc shown below.

+ . Improvement and cxpanéion of the highlands area which is an existing high density

farming area.

. Arable land is developed in the lowlands which extend high potential for water

resource utilization.

. ‘The population reception plan is cstablished to expand the arable land in the lowland

of -Mit. Kilimanjaro and the parc range for absorption of population residing in

© mountainous area which show very high density in population.

This electrification program is required for the agro-industy of farm villages in the highland
fc'gion and for the completion of the infeastructures for the development of arable land in the

upper lowlands and other areas.



One objective of the rural electrification in the 5 year plan is to enhance social development
as electricily is the basic indispensable service at this time. Therefore, electric power supply
facilities are improved to complete the electric power field which forms the basis of economic

and social growth in Kilimanjaro region and promotes development of farm villages.

Completed in 1983 on a Yen credit, the Kilimanjaro region electrification program covers 33
kV/11 kV, totat 7.5 MW substations, 214.5 km of 33 kV distribution line and 183.5 km of
11 V distribution line. Up to 1995, 22,000 houscholds had teceived the benefits of

electrification.

After a lapse of 12 years, however, demand has increased and a service level decline is now
apparent, this due to a'shonage of transformer capacity and voltage drop in some districts.

In 1995, some 4,000 houscholds had been on the wait list for power supply for many years.

" The objectives of this project arc to build up power supply faclities to meet increased demand
including those areas not electrified in Kilimanjaro region 12 years prior, and to improve the

 service level and establish good quality infrastructure.

. The g'o:'ilslare:. _

1) To improve the present i'nzidequate condition of equipmen.t capécity actualized due to
increased demand. |

2) To take measures to prevent voltage drop indicated in some districts.

3) To expand the distribution line over a proper range for nbn-electriﬁed prospeclive
customers who have already applied for power.

4) To promote improvement and 'higher efficiency in facility mainteriance and opesation,

To carry out the above, this pmgrarﬁ improves the electric power supply situation by
“establishing new substations and distribution lines, by replacing low tension lines and by

purchasing radio systems and vehicles for work.
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Basic Concept of the Project

Items requested are as follows.

1) Voltage Compensator ' IMVA 1 unit
2)  Transformer 2.5 MVA f unit
3) 33 kV line materials for construction of linc SSkm
4) 11 kV line materials for repairing and expansion of
exisling system 20km
5) Low tension materials for repairing of low tension lines
" including pole mounted transformers with accessories I lot
6) Radio telecommunication system _ 1 set
D Vehicles and toels for construction and installation work
| Truck with crane 8
Pick-up truck o 2
4WD station wagon ' S H

Tools . ot

It is clarified by the resulis of on-site studies and investigations that some of the above

requested items should be modified or changed to the alternative. In order of item number

“of the request, ﬁnal'ly adopted items (measures) and the reasons are described below.

Voltage Compensator (3 MVA) | unit

In response to numerous claims of voltage drop in the Rombo District, the Request Letter
proposeS that a voltage booster be newly instatled at the intermediate point of the Rotmbo
distribution line. It was belicved that this voltage drop must be caused by the long 33 kV

Rombo distribution line.



(2

On-site studics, however, showed that no large vollage drops were discovered in the Rombo
distribution line, per se (high tension side). It is believed that the reason is the good

performance of a capacitor newly installed in 1994 to improve the system vollage at the

- Kyungi Substation where Rombeo distribution line starts. Another reason is that the newly

installed fap changer for the new 20,000 kVA transformer in the 132 kV system is operating

well.
Also, the reinforcement of the upper systems including the Rombo area {introduction of a 66
kV transmission line to Marangu) is being planned. Considering this plan, it is unnecessary

(o install a booster in the middle of the Rombo disistbution line, even for the future.

it is believed that consumer claims of voltage drop are borsi from the weakness of the low

“tension circuit. In some villages, the power is distributed by an extremely long (2 km) low

tension circuit from the main trunk tine established in the last Project. The dimensions of the

. power line are also small. Consequenlly, the vollage drops at peak time, thercby resulting in

claims such as fluorescent lamps nol operating.

- A more preferable measure would be that instead of installing a boosler, to change the small

sized wires Lo biggef ones {50 km not only for Rombo including other areas), and iq

increasing some pole mounted transformers (8 units).

" For the expansion of 33 kV distribution branch line 6 km shatl be applied for corresponding

the growth of demand. (Sce Fig; 2-2, Distribution system A. Table 2-14 Desired line
expansion, Rombo, Fig. 2-6, ~ 7 Pole conﬁgulaﬁo‘n.)

Transformer (2.5 MVA) 1 unit

“Through substation in the previous Project covered to establishing Mwanga as the capital of

town the former North Pare Districl. However, as such a sharp demand increase was not

expected that time, only one S00kVA transformer was planned.



Since then, Mwanga Town has developed further as the district capital. Especially, the
construction of an aggregate plant funded by Norway for road repair, a motor pool for
construction equipment and repair plants has resulted in a large population increase, including
their employees in the neighborhood. It was impossible to predict such a high power demand

when planning the former Projects.

In response to the demand increase, Tanesco installed a 500kVA lranSfﬁrmer to this
substation in 1992 al their own cxpense. However, 20% overload still occurs at peak time.
This Project requests a 2,500 kVA transformer which is scen as the appropriate capacity as
exptained in the attached Demand Estimation Study Sheets. (See Appendices 6. 6-1 Load

Forecast in Mwanga.)

This capacity is equivalent to that of the Machame and San Ya J ﬁtt'substations in the Hai
District installed in the former Project and docs, therefore, extend adequate compatibility.

Cureently, the lot adjoining the Mwanga Substation is owned by Tanesco. Therefore, a
substation with the previously de.é.cr_ibed 2,500 kVA transformer and its swilch gears shall be

installed on this lot.

" The proposal to replace the transformer only is unrealistic as that would require the shutting
down of the currently operated transformer for a fong period. Instead, the system should be
* switched to the new system after all the new components are installed néxt to the existing
substation, thereby minimizing power outage time. Those existing c.omponcnls which ¢an be

applied to the other substation shall be utilized.
" The current S00kVA transformet will no loﬁgef be necessary after the completion of new
substation. Although it can be removed, it shall be retained ‘as is’® until its applicalion

destination is determined. The cost for its removal is excluded from this Project.

In addition above, 33 kV 14 km new distribution Jine and 4 unit pole mounted transforiners



()

shall be installed for the measure of demand increase in Mwanga area.

(Sec Fig. 2-2, Distribution system, B. Table 2-14 Desired Line Expansion, 1/2 Mwanga
Fig. 2-8 Pole Configulation, Fig. 2-9 Pole Configulation with Transformer.)

33 kV line materiats for construction of line 55 ki

According to the capacity increase of the Mwanga Substation, it is also necessary that the
power receiving system be ceinforced. Currently, power is supplicd by a 33 kV distribulion
line via a 1,000 kVA transformer which is connected to the 11 kV bus in the NYM Power
Station. This systerh, however, would be unavailable once the capacity at Mwanga Substation

is increased to 2,500 kVA.

Therefore, a method was proposed in the Request Letter to receive the power fi rom the Same

* Substation located 55 km south of Mwanga. This proposal includes that a 55 km long 33kV

distribution line is installed newly to Mwanga, with the power seceived from the exisling
132/33 XV 5,000 kVA transformer of the Same Substation and transmitted to Mwanga

through this new line.

A substitute plan was assumed after on-site studies. A 66/33 kV 5,000 kVA transformer is
newly instalied and connected 1o the 66 kV bus on the high tension side of the NYM Power

Station. The power is supplied to Mwanga through the existing 27 km long 33 KV distribution

line. {See system diagram in Fig. 2-1.)

In comparison to the proposal in the Request Letter, this substitute plan provides various -

_f_eatmes as describcd below,
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Reasons to accept the substitute plan:

* Minimal power loss (Sce attached calculation papers in Appendices 6, References:
6-2 comparison study on power recciving system for Mwanga)

¥ A 33 kmlong 33 kV dislﬁbuiion line has already been exlended by Tanesco toward
Himo in the north. The distribution distance from Same is excessively long, thereby
resulting in problems of high power loss and vollage drop.

* The transformer of the existing Same Substation is old and its facility conditions are
not preferable. It is doubtful that its facilitics can be relied upon.

* Despite the site at the NYM Power Station being somewhat small for an outdoor
swilching station, it is possible to install a transformer ang its accessories including

the switches on it.

* There are no villages requiring electrification between Same and Mwanga.

* It is less costly than receiving power from the Same Substation via a new 33 kV

distribution line.

'11 kV line materials for repairing and expansion of existing systein

The demand in this district has been restricted duc to a small transfornier capacity at the
Mwanga Substation.” The number of consumers on the ‘wait list' is the highest of all the
districts. In the Request letter, the quantity is also specified for a 20 km expansion of the 11

kV distribution [ine.

The 11 kV distribution network _ekpansion in the Distribution Line Map Fig. 2-2, B was
requested during the on-site sl_udy and it shall be carried out. The content is a new installation
of 15 kmlong 11 kV distribution lines. Table 2-14 (Mwanga) shows the detaii. Fig. 2-8,2-9
shows 11 kV pole configuration. ‘Alonging this new line, 9 unit pole mounted transformers

shall be installed.
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(6)

Low tension line materials for repairing of low tension line including pole mounted

teansformers with accessories 1ot

Low tension circuit is using 400 V and 230 V, from pole mounted transformer to final electric

consumers.

To change the wire of this circuits larger size and to strengthen the number of pole mounted

transformer are very effective for preventing the voltage drop.

The total length of the low tension circuits are 50 km including Rombo and Mwanga area.
Radio communication system' 1 set

It is neccssary that a total communication system be established for the effective operation
of the cleclricity business. Especially, communications for both power supply opcration
(command for switch on/off) and security is essential. Its reinforcement is, therefore, highly

important.

The current cohditions are, however, extremely poor and require far-reaching improvenents.

As, due to the power lin'e_ carsier (PLC), communicalions between the Regi{mﬁl Office in

- Moshi and the Head Office in Dar es Salaam are good, it is unnecessary to ilx\prdvc this

system.

It is necessary, however, to develop a business communication system belween the Regiona]
Office and its five area offices, and between the area offices and their sub-area offices.

It is also necessary to develop a communication system between the construction vehicles,
supervisors, offices and substations for equipment operation and repair work at all locations.
It is appropriate to set up a communication system usin'g VHF radio as presently

incorporated.



The base shall be equipped with a desk-top system. The vehicles shall be equipped with a

mobile radio system. Supervisors shall be provided with pottable radios.

Most present radio systems were supplied during the last construction and are now old. A
communication system is an effective device for efficient maintenance and management. Also,
as they are incxpensive, it would be appropriate that they be completely renewed for this

Project.

Naturally, this equipment shall be used during the construction.

Fig. 2-3 shows the Tanesco Communication System Diagram after completion.
(7)) ~ Vchicles and tools for Coﬁstmction and installation work

1) Vchich:as

The following vehicles will be provided for construction works.

Type Quantity ' Purpose
Truck 5t . 1 ' Load/unload équipmém and materials al
| | ' warehouse and site. To install
transformer. Workers, power poles,
cables, etc. are transported by their own
or leased trucks. -
Pick-up truck 2t 3 Transport small equipment and

materials.

This quantity may not be enough in comparison with the range of the Project. But it

is difficult to provide ample number of vehicles in case the Japancse Grant. Tanesco
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should prepare some more vehicles in order to proceed the works smoothly by itself.
After completion of the construction, these vehicles will be employed in facility
maintenance and management puipose, it is, therefore, necessary to take good care
of use during the construction period.

Tools

The small tools in the attached table (Appendices 6. References, 6-3 provisional tool

lists) shall be provided for Tanesco to carcy out a sSmooth construction.

* These tools shatl be used for facility maintenance after construction completion.

{8)  System ralionalization mcasures

y

Improvement of Rombo Syslem

The extremely long distribution tine in the Rombo District (126 km from Kyungi to

Rongai) pfovides a few probleins including voltage drop (not sighiﬁcaht for the time

“being) and power loss. It also brings some demerils in maintenance work. For

instance, if a tree contact fault should occur '(in the fact, such kind of fault occur
frequently in this system), it is very difficuit to identify the fault location because of

a broad spread system, so, it takes long time 1o repair it.

In the present system, a line with load in the Kilema and Kirua direction enters to
Marangu from just before Himo, - It then enters the Rombo District. The line to

Marangu is thin, being 50mm* as constructed before the last Project. This area also

~ suffers freﬁtxcnt incidents due to tree falls.



2)

When, in this Project, a new 6 km line is extended and connected to the Marangu
Secondary School along the road from Himo (o most of Marangy, the power is
transmitted to Rombo directly, thus separating the Marangu load. This is a very

cffective measure against voltage drop and power loss as well as for maintenance.
A new line installation for this measute requires only 6 km and 2 load break seclion
switches. |

See Fig. 2-5 System Configuration Diagram. (1)

Improvement of Mwanga System

A long 33 kV distribution line was extended just before the Mwanga Substation to the

north. Currently, it is extended directly at a T branch from the NYM Line.

In this Prdject, considering facitity operation, it is recommended that this north

distribution linc should be led to the reinforced Mwanga Substation so that the power

is directly transmitted from the substation bus.

. The required facilities are the out gomg facitity including a 33 kV circuit brcaker unit,

wire and supporl slructure for distribution line change

See Fig. 2-5 System Configuration Diagram. (2)
]mprovbment of Same System

The 33 kV distribution line from the Same Substation is a single circuit to the Gonja
Substation. A 33 kV distribulion line to Mwembe is branched at its half-way.

- ‘The Mwembe Line has been éxtended significantly by Tanesco, and is now approx.

40 km long. Consequently, the entire system including the 65 ki Gonja distribution

line is shut down by an incident, regardless of any location of that incident. Tn every

2-11



incident, 1he load break switch (LBS) at the branch point must be shut off manually
to search for the incident location. Therefore, T-branching at half-way would make

demerits in both operalion and maintenance.
It is necessary to Jead the Mwembe Line into the Same Substation directly.
This measure requires 2 kmto 3 kmof 33 kV line, | circuit breaker unit, meters, and
protective devices.
See Fig. 2-5 System configuration Diagram. (3)

4) Expansion of 11 kV out going feeders at Mwanga Substation
At present, only one 11 kV feeder outlet was provided at the Mwanga Sub-station.
This feeder should be divided in response to significant system expansion. In this
Project, thercfore, 3 cubiclcs {1 circuit for towns and 2 circuils for the mountainous
area) shall be installed to rationalize distribution.

'5) “Installation of 33 kV 3 LBS (Load Breaker Swilches)

-When fault has occured in the long corplex distribution line, these LBS make easy

| lSear'chlof fault point. 2 unit of LBS are used for Rombo, and 1 unit for Same.
(9)  Sumunary of basic concept of the project

‘The above examinalion resulted in the basic concept in the Table 2-2.

2-12
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(1)

@

Basic Design

Design Concept

Natural conditions

1 Foundation work and the installation of substation equipment is adversely affected in
the rainy season. Match to June is the heavy rain seascn. November and December
is the season of light rain. As this project's engineering works start in September and
the substation installation works start in January it is, therefore, not 6ver!y influenced
by rainfall.

2) The monthly mean maximum and minimum temperatures are 30°C and 18°C-
tespectively. Equipment design for temperature change is ordinary. :

3) As Tanzania experiences no earthquakes, monsoons and the like, equipment design

“has no . limitations. The substation and power distribution route present no

geographical features which may cause flooding.

Construction situation and local constructors

The following may be accepted from the experience of works done [2 years ago.

1)

_2)

3)

. The expertise and experience of the local coniraclors is adequate for the general

construction work.

“The labor standards are satisfactory in both quality and quantity.

Cement and other genera) work materials can be procured locally.
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4) The work of this project requires no permission from the Tanzanian government and

infringes upon no laws.
(%)) Utitization of local materials
Woodea poles and bare aluminum wires aré procured from Zambia and South Africa.
(4) Maintenance and management capacity of executive organ

1) TANESCO has maintained and managed as many power supply substations and
power supply lines as in this project for many years and its capacity presents no

problem. -

2)  TANESCO staff are well able lo carry out the maintenance and management of the
power supply substations and lincs with no increase, cven after completion of this
project. (The number of substations remains unchanged. The power supply lines

show onty a 10% increase.)
(5) Grade of facilities, equipment, ctc.

Consistency with exisling substations is imporlant in this project. The grade of facilities,
equipment, elc. is set to the existing grade as far as possible. Existing facilities are to be vsed
as much as possible. Some standards are not yet popular in Tanzania, in that case, Japanese

or international standards will be applied for this project.

(Applicable standards)
' Japanese Indusirial Standards (JIS)
. Japanese Electrotechnical Commitice Standards (JEC)

* Japanese Eleciric Machinary (JEM)
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{6)

(N

. Japan Cable Manufacturer Assoctation Standards (JCS)

. International Electrotechnical Commission (IEC)
. American National Standards Institute (ANSD
. National Elecirical Manufacturers Association (NEMA)

Policy far term of works

The construction of the substations and other principal pars and material procurement will
be completed in March, 1997. Weorks for the power supply lines and low voltage lines to be
executed by TANESCO are kept on and will be completed by December, 1997.

Design conditions

1) Natural conditions

Elevation - : t - 800m- 1,500m

Atmosphcric' temperature ;. llighesl;40°C
' Lowest; 10°C

Average; 32°C

2) Safety factor

" The following values are applied according to Tanesco Standards.

Support structure : 4
Support struclure base : 2.5
Electric cable R
Insulator : 3.5
.Cross arm : | - 2.5

Branch wire = 235
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3) Conductor temperature
Average operating lemperature:

Permissible temperature

4) Wind pressure

Assuming a max. wind velocity of 33m/sec, the wind pressure on the overhead cable

32°C
20°C

shati be 50 kg/m? and the wind pressure on the structure shall be 75 kg/m?.

5) Height above ground of transmission/distribution linc

The following height shall be applied to the overhead cables according to Tanecsco

Standards,

Table 2-3 Height above ground of transmission/distribution line

11kV

Above railway tracks;

Item 33kV 174

Cable crossiﬁg roads canying 60m 57m 50 m

vehicular teaffic; _

Others; | 6.0 54 4.0

Cable crossing roads with no 6.0 4.8 4.0

vehicular traffic; _

Others; 6.0 48 40

Above telephone lines; 1.8 18 1.2
9.0 9.0

9.0

(8) ’© Basic design concept

The distribution facilities shall bé designed based on the following items. Harmony and

coordinalion with the existing facilities have been thoroughly considered.
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) Improvement in supply reliability

* An on-load tap changer shalt be attached to the main transformer of the
substation to constantly retain the correct rated vollage.

* All distribution transformers shall be equipped with a lightening arrester.

* Regarding the feeder from the substation, an automatic reclosure System shall
be installed to the breaker at the distribution line outlet to shorten outage time
caused by temporary transient incidents.

* Load break section switches shall be installed at appropriate locations along
the distribution lines to restrict the outage area for work during incidents,

* Insulated wiring shall be used for low tension cables to reduce the number of
unnecessary incidental shutdowns caused by the temporary contact of foreign
objects.

2)  Coordination with existing power facilities -

* ~In principle, the capacity of all distribution transformers shall be S0 kVA as
it is for the existing facilities. .

* Breakers exceeding 33 kV shall be the oil circuit breaker (OCB) type due to
their famitiarity for efl fccl_i&e maintenance. |

* 11 KV circuit breakers shall be set in the cubicle type as same as existing
model. Vacuum circuit breakers (VCB) shall be used. .'

Considering the use of existing tools, the electric conductor dimensions shall
be determined according to the existing ones in principle.
Same as the former design, the distribution line shall not be equipped with an

overhead ground wire. (No problems have occurred thus far.)

(9 Insulation design

- The insulation for equipménl shall be designed to withstand against abnormal voltages

appeared in the system whole range from AC transient high voltage up to very high lightning

2-18



surges.

But it is impossible to protect equipment against such a high voltage of lightning impulse by

their own insulation. Accordingly, following principle is usnally adopted:

a. Against internal abnormal voltages (subsequent abnormal vollage rise in case one line
fault and switching surge in ¢case open operation of isolator etc.), equipment must

withstand by own insulation strength.
b. Against external abnormal voltages (lightning surge), equipment will be protected by
surge arrester by means of reduction of tightning surge voltage value to suppress it
~ below a limited vatue (residual voltage of arrester).
In this project, we specify equipment insulation in accordance with this principle.
1) Determination of kind and number of insulatars _
~ Insulation strength shall be born the internal abnormal vdltage. As neutral point
earthing of transformer, the direct carthing system is adopted for all 66 kV, 33 kV and
11 kV power system here. |

Accordingly, coefficient of abnormal voltage value is as follows:

a. . Multiple coefficient for AC lasting abnormal voltage:

- 0.8 Um (Um is the maximum system voltage)

‘b, Multiple coefficient for switching surge:
28Um ‘
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Table 2-4 Required insulation strength deduced by switching surge

Nominal vollage (kV) 66 33 11
Max. system voltage Um (kV) 72 36 12
Crest voltage to earth (kV) V2V3Um (kV) 58.8 254 9.8
Multiple coefficient for swilching surge n 2.8 2.8 2.8
Switching surge voltage (kV) 1646 | 823 214
Deterioration factor 1.2 1.2 1.2
Required insulation slrength (kV) 197 99 i3

Table 2-5 Required insulation strength deduced by AC lasting abnormal voltage

Nominal valtage (kV) 66 33 i1
Max. system voltage Um (kV) 72 36 12
Multiple coefficient for switching sorge n 2.8 - 28 2.8
Lasting abnormal voltage (kV) - 57.6 28.8 9.6
Deterioration factor : 1.2 1.2 1.2
Required insulation strength (kV) 69 35 12

“Table 2-6 Characteristics of insulators

Strain Slandardsurgt:a | Switching surge ' -Po'werfrcqueni:y_ _
i_nsulalor . ' . . ‘
numberof | 50% flash over | 50% fash Withstand Flashover . | Withstand
sinngs voltage kV) = | over (kV) kV) ] kv K%
1 150 8 | 75 45 | 40
2 240 | 155 140 80 70
3 330 225 205 115 105
4 | e ) o295 | 265 156 135
| 5 495 1 360 | 325 190 170
| 33kV Post 200 “ 80
insulator ' -
11kVPost| 105 35
insufator ' '




Comparing to insulator characteristics and required insufation strength, insulator type
and number of insulators to be used were decided as following Table: (According to
the maintenance practice, one disc is added against the necessary number theoretically

calculated.)

Table 2-7 Sclection of insulator type and number of insulators

Nominal Place Strain insulator | 33 kV post | 11 kV post

Voltage number insulator insvlator

66 kV Straight 5 discs with
Tension arcing hom

33kv Straight 3 discs 0
Tension

1 kv Straight | 2dises 0
Tension

2) Insulation clearance
" a.  Standard clearance against earth

- Standard clearance is assumed as same as rod gap that will flash over by the

" 50% flush over voltage of insulator string in case standard impuls’:és (positive)

are applicd.
Table 2-8 Insulation clearance
Nominal voltage (kV} _ 66 33 i
Number of strain insulator (real) - 5 3 2
Number of sfrain jnsulator {(net) 4: C 2 1
50% FOV of insulator chain (kV) 495 | 330 | 240
HEquivalenl tod gap (cm) 80 52 | | 36
Standard insulation clearance (cni) 85 55 40




Minimum insulation clearance
Minimum clearance shall be born against both switching surge and lasting AC
abnormal voltage. Actually, clearance value may be determined by the

switching surge voltage. Clearance of arcing horn should be set beyond this

value.
Table 2-9 Minimum insulation clearance

Nominal voltage (kV) ' 66 33 1
Max, system voltage Um (kV) 72 36 12
Crest AC value against earth kV) 58.8 29.4 9.8
Muttiple for switching surge n 2.8 28 - 2.8
Crest value of switching surge (kV) 164.6 82.3 27.4
Required withstand voltage (kV) 197 | 99 33
Required clearance (cm) 35 19 | 7
Minimum insulation clearance {cin) 40 | 25 | 10

It is necessary that the clearance which may become abnormally small when _

maximum wind should be checked by values shown in the following table:

Table 2-10 Insulation clearance in abnormal case

Nominal vollage (kV) | 6 | 33 .| 1t
Max. system voltage Um (kV) ' 72 36 | 12
Crest AC value against earth (kV) | 416 20.7 6.9
Required withstand voltage (kV) 197 28 | 76
Required clearance (cm) | 14.3 6.5 22
Safety clearnace {cm) .17 8 3




Table 2-11 Minimum clearance between lines

Nominal voltage (kV) 66 33 I
Max. system voltage Um {kV) 72 36 12
Crest voltage against earth (kV) 58.8 294 9.8
Multiple switching surge belween lines 5.3 64 6.4
Surge voltage between line (kV) 3116 188.1 62.7
Withstand voltage between lines (kV) 343 207 69
Min. clearance between lines {em) 65 37 12
Aclual clearance between lines (cm) 150 135 100

Determination of BIL and selection of arrester

Considering the residual voltage of arrester BIL (Basic Impulse Level) will be

adopted as follows:

Table 2-12 BIL and arrester

| Nominat voltage (kV)

66 3 |
Um (k) 6 | 36 12
Rated voltage of artester (kV} 72 36 12
MCOV*  (kV) 56.1 28 9.3
MCOV x V3 (kV) 972 48.5 16.1
Tolerance between MCOV & Um 1.35 135 | 134
BIL(kV) | | 325 | 170 | 90
Tolerance between Residu. V&BIL | 1.6 (8 2.5

——d

Note. * MCOV: Maximum Continuous Operating Voltage



4)

Protcction against lightoing attack

Statistical data on IKL (Isokeraunic Level} cannot be gof. DBut since former
equipment have never been damaged by lightning attack, same design will be adopted
that over head ground wires will be set for substations while no over head ground

wires are set for distribution lines.

2-3-2 Basic Design

N

General Flan

1)

Conditions, configuration and environment of land planned for the substation

_ Mwémg_a substation ta be established is ricar a consuming area on flat land and within

the premises of the existing Mwanga substation. It is a good site with no neighboring

residences. (Plottage approximately 23 m x 15 m).

To ensure no waler stays in the substation after rainfall it is necessary that the ground
be leveled by about 50 cin bringing it flush with the existing substation ground. This
is exccnted by TANESCO.

New NYM substation to be established is adjacent to the switchyard of NYM power
station and is in the premises of that power station. The ground near the dam is solid.

There are no private residences in the néighb(')rhéod. (Plottage approximately 36 m x

12m).

Most distribution branch lines run along village roads which provides easy pole erection

and mainienance.



2)

3)

Conditions of existing infrastructure

There are roads used for the construction of the existing power station and there is,
therefore, no problem concerning the sending in of heavy goods for the construction of
NYM substation. Mwanga substation is by a public road near a national highway and

the access road offers no problem.

A paved, well-maintained national highway runs from the port of Dar es Salaam to
Kilimanjaro cavering approximately 500 kin enabling the smooth transportation of

heavy goods.
Suitability as installation location

The site of new Mwanga substation to be cstablished is adjacent to the existing
substation and requires the least labor and cost. Being close to the demand area behind,
the change-over work between the new and old facilities after establishment is easy and

maintenance and operation after complction makes this the most suitable site.

" New NYM substation to be established is 1o transmit clectricity o Mwanga substation.

According to the original plan, electricity is to be reccived from Same, 35 km away.
The plan is changed to receive it from:NYM subslation thereby providing many

advantages. Closc examination of TANESCO transmission syslem shows that nowhere

“other than NYM substation is close to Mwanga substation to obtain power source. It

also provides the advantage of using the existing distribution line.



(2) Materials Plan

1)  Outlined specifications of principal equipment are shown below.

Nane of Equipment Principal Specification { Quantity Purpose
Main Teansformer 63/33kV SMVA 1 set NYM Substation
Main Transformer 33ni kv 25 MVA 1 sét Mwanga Substation
33 kV Line Materials ACSR 100 5q,28 ki 1 set Expansion for Rombo area and others
11 kV Line Materials ACSR 100 sq, 15 km I set Expansion for Mwanga atea
Low Veltage Materials HAL OWSS5, 50 km 1 set Replace and expansion for Rombo

area and others

Truck Ston 1 unit Constniction Work and Maintenance
Vehicles for work 2ton 3 units Construction Work and Maintenance
Tools and Measurements 1 set Construction for distribution line
Wireless System VHEFM 1 system | Coastruction and Maintenance

2)  Technical levet and maintenance, operation know-how concerning principal equipment

The technical level of substation equipment generally becomes difficult in proportion

to the operaling \;foltage. 66 kV is the highest voltage m this project. As TANESCO

owns a 220 kV substation and maintains and opcrates the subslation, this level offers

no preblem. 33 kV class equipment also offers no problem because the cquipment

installed 12 years ago is controlled with no problem.

3) Spare parts and consumables

Conceing the substation equipment and distribution line, no spécia3 spar¢ patls or

corisumables are required for this project.




These equipment is stationary and there are no special unils because no equipment
rotates regularly.
From past expericnce, about 10% of the main body prices are expected for vehicle spare

parts.
4)  Local procurement and procurement third country procurement

Nothing can be purchased in Tanzania.
Wooden poles and bare aluminuim wiring will be purchased from the third countries.
These materials are low in the processing degree and can be obtained at a lower cost

in vicw of transportation expenses when obtainable from a nearby country.
(3) Specifications of Principal Equipment

‘The content and specifications of the project components shown in the basic concept shown

below.
1) Mwanga substation

The Mwanga substation is é secondary substation which supplies powér to Mwangé‘x
' lbwnship where the district capital office is located and the surrounding area and the
denscly-poputated mountainous area which contains many villages. Previously, one 500
kVA substation was available (an additional 500 kVA station was established by -
TANESCO in 1992)) Due to capacitly shonagc az, 500 kVA substallon is to be

estabhshed in an adjacent location,

The location of the substation, single-line wiring and eQuipmcnt Iéyout are shown in

Figs. 2-10 through 2-12,



Facility outline

Power receiving system

Electricity is received by one 33 kV distribution line from the NYM power

station.

a.  Main Transformer

Standard based

Capacily
Rating
Number of phase
Frequency
Cooling system
Rated voltage
“Tap voltage
BIL
Connection try
: g
3ry
Neutral point

Impedance

" Phase angle deviation

Polarity
Place used
Tap changer |
Altitude

Max. ambient temperature

- JEC 204 Transformer

JEC 186 On-load-tap-changer
IEC Transformer

2500kVA

Continuous

3

50 Hz

Oil immersed self cooling
33,000 V/11,000 V

+5%, -15%, 17 taps
170/90 kV

Star
Star
Delia

" Direct earthing

5.5%

-0

Decrease

- Out door

On loéd tap changer
Less than 1,000 m
40 degree C



Circuit Breaker

Standard applicd

Rated Vollage

Type

Raled current

BIL

Ralted Frequency

Rated rupturing current

Rated rupturing time

Rated closing voltage
"Rated tripping voltage -

Operation duty

Isolator

- Applied standard

Rated Voltage

Rated Current

Rated short time current
© Type

Operation

Current transformer

- Applied standard

- Rated voltage |
Rated current raiio -
Rated burden

Accuracy class

JEC 18! Circuit Breaker

36 kV 12kV
Outdoor OCB In door VCB
600 A G00A

200 kY 90kV

50 He 50 Hz
12.5kA 12.5kA

5 cycles 5 cycles
DC125V DC125V
DC125V DCI25V
A A

0-(t min)-CO 0-(0.3 sec):CO
-(3 min}-CO "~ -(1 min)-CO

JEC 196 Disconnecting Switch

36 kV 12kV

600 A : GOOA
C125kKA . 125KA

- Outdoor © - Outdoor
Manuaﬂy

Manually

IEC 185, JEC 193 Instruinent Transformer :

36kV 12kV
CH00/S0/IS A 150/5 A
40VA 40VA
10 1.0



e. Arrester

Applied standard JEC 203 Arrester
Rated voltage 36kV 12kV
Rated discharge current  10kA 10 kA

2) Nyumba Ya Mungu (NYM) Substation

A new NYM subslation is to be established adjacent to the outdoor switchyard of NYM
hydraulic power station (4 MW x 2).

Electricity is received by a 66 kV branch line connected to the 66 kV bus bar of the
outdoor switchyard of the above power sfation. One 5,000 kVA transformer is installed

and the 33 kV service line is drawn out by using the existing 33 kV switchgear.

The location of the substation, single line diagram and equipment layout are shown in

~ Figs. 2-13,2-14.

Facility outline

Power receiving system

The 66 kV bus bar of the NYM power station is remodeled and a 66 kV branch

line is consteucted to receive electricity.

Specification of main equipment

“a.  Main Transformer

Applied standard JEC 204 Transformer
-JEC 186 Tap Changer
IEC Transformer
: Capaéily' 5 000kVA
‘Rating - Continuous



Numbcer of phase
Frequency

Type of cooling
Rated voltage
Tap voltage

BIL

Neulral point earthing
Impedance

Phase angle deviation
Polarity

" Place of use

- Tap change mechanism

Altitude

Maximum ambicnt Temperature

Circuit Breaker

- Applied standard |

Rated voliage

Type

Rated current

BIL

Frequency

 Rated supturing current
Rated rupturing ttime
Rated closing operation V.
* Rated trip operation vollage

3

S0 Hz

Oil immersed self cooling
66,000733,0600 V
+10%, 17 taps
350kV /7200 kV
Iry star

2 ry star

3 ry delta

Direct earthing
7.5%

-0

Pecrease .
Out door
On-load tap-changer
‘Less than 1,000 m
40 degree C

JEC 181 Circuit Breaker
72KV

Gut door type OCB
- 600 A

350kV

50Hz

25kA

Scycles
DCI2SV

BC125V -



3).

Isolator

Applied standard JEC 196 Isolator
Rated voltage 72kV

Rated current 600 A

Rated short time current 25 kA

Place of use Out door
Operation method Manually

Current transformer

Applied standard IEC 185, JEC 193 Instrumental transformer
Rated voltage 66 kV
Rated current zatio 7515 A
 Rated burden 25 VA
. Accuracy class | 1P
' Arresler-
Applicd standard JEC 203 Arrester
- Rated voltage 72kV '

- Nominal discharge current 10 kA

Radio communication system

The type and required number are as follows.

VHF base stations (desk-top stationary unit): . 8
Marangu, Mwanga, Same,' Gonja,; Hai, Machame, Rombo & Tarakea

Mobile statioris (in-vehicle): 13
2 at Regional Office, 1 each at Marangu. Hai and Machame,

2 each at Mwanga, Same, Rombo and Gonja



- Fig. 2-

Portable radios: 16
2 cach at VHF basc stations

Repeater station: |
Near Himo

Antenna: 9 units (base stations and repeater station)

3 shows the Tanesco Comnunication System Diagram afler completion.
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Table 2-14  Desired Line Expansion §/2

Besired Line f£xpansion Hov., 1985
[Expansion]
Ranbo
Trf.No. Location kVA Line{km} Prio.A Trf.
1 Mamsera Kati 100 i} 0 1
? Hakaleua VIC 100 1 1 i
3 Ngoyoni 50 5
4 Mrike 2nd Sch. 100 2
4’ Mangeni 50 0 1
5 Alleni Chini 50 i i 1
6 Kilimanjaro Boys 50 6
7 Hokala B 100 ?
8 Keryo 200 ? 2 1
8 Kiraeni Yillage 200 2 2 1
10 Kitangara A 100 2
11 Olele Juv 50 2
12 Mashina 100 0 1
i3 Hailisita 200 0
14 Tawosa Saw Hill 200 0.5
No. of Unit: 15 1850 25.5 6 1
Mwanga
33kv/LIT : R _
Trf.No. - Location . - kVA Line(kn) Prio.A Trf.
1 Kileo B 1] 9.4
? Kileo ' 100 0
3 Kituri 100 ?
4 Kisangiro 100 0
5 Ngutini 50 5.1 5.1 -1
6 Ngutini 100 0 1
7 Ngutini . 100 0
‘8 Mbwambua © 100 -2
S Kilomemi : 50 4
9‘ Kilomeni 100 0
10 Kiti £ha Mungu 50 8 8 1
11 Nyabinda 58 0 1
‘No. of Unit: 12 © 85D KE SN0 R T T A |
11kv/LT L
Tif.No. Location kYA Line{km) Prio.A Irf.
1 Kiruruy ' - 100 2 P4 1
2 Block C New Hwanga 100 1.8 1.8 1
3 Industrial 100 ] 0 1
4 Uriti © 100 1.5 1.5 1
5 Kisanjoni 50 0 0 1
6 Kaseni 50 2 2 1
1 Kirongaya 100 2 4 1
8 Hbore ' 100 2 2 1
9 Ndorwe 104 3 3 1
Ho. of Unit: 9 84a0 14.3 14.3 9
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Marangu
I3kv/LY e o
Irf.No. Location _kVA Line(km) Prio.A Trf.
! Conection _ . 100 B B 1
2 Bishop HMsarikie 50 T
2’ Kirua' 50 0
3 Kyou Chini 50 1.5
4 Mbahe 50 1
5 Kiima 100 2
6 Kinyamvmo 100 2.1
1 Sawai 50 2.2
8 kKondeni 50 ?
No. of Unit: § 600 24 8 1
Sanme o
33kv/LT i e
Trf.No. Location . kVA tine(kn) Prio.A Trf
1 Connection _ ' ? 2
2 Chonme 104 10
3 Suji 100 8
4 Hedaru A 100 18.5
5 Hedaru B ' 104 0
6 Gonja’ . 100 0
No. of Unit: b - 500 39.5 ? 0
" Hai : L
T1kv/LT ]
Tef.No. Location kVA Line(km)
1 Naibili : 50 7 :
2 Msoke 50 0 -
3 Howo Njamu S50 7
4 Samaki - _ 100 ?
5 Hae 50
6 Isuki _ 100
1 Nkwaisira 160
8 Uroky. Sec - 100
Mo. of Unit: 8 800 0
33kv/LT — |
Trf.HNo. Location kVA Line(kn)
1 Somali 106 7
2 Mashua _ “50
3 Hashua B S 50
No. of Unit: 3 : ?00 ]
Total
Equipment Request Realization
33kV Line length 120 kin 27.7 km (23.19%)
Trf. No. & Cap. 44 sels S0kVAx 12sets  (27.3%)
b kY Line length 14.3 km 14.3 km (160%)
Tif. No. & O+, 9sels 50kVAx9sets  (100%)
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Fig. 2.7 Pole Configuration, 33 kV Line with Transformer
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MWANGA SUBSTATION SITE
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Chapter 3 Implementation Plan

31

Implementation Plan

3-1-1 Implementation Concept

This projéct is to be carried out in the Kilimanjaro Region of Tanzania based on the grant
finance cooperation system of Japan. An appropriate implementation system and construction
period shall, therefore, be carefully determined in response to the construction period allowed

by the grant finance cooperation system.

-As TANESCO is the project implementation body, the President of TANESCO is, therefore,

the Project Head. The actual person in charge is the Manager of the Kilimanjaro Regional

- Office.

The total suppost and cooperation of TANESCO is a matter of vital importance for this
Project to be completed economically and within the specified period at the level of technical

perfection worthy of a projc_cl: conducted by the Japanese geant finance cooperation system,

- A Japanese Consultant for this Project shall be engaged in the production of l_hé bidding

documents, bidding management, procurement and supervision of inaterials and equipment,

ang the construction schedule supervision after the E/N between the lwo govemments

concemed.

Consteuction of a substation facility shall be conducted by a finm selected by bidding. This
firm shall construct the transmission facility based on the agreement, coﬁslwclion'
specifications and diagrams under the supervision of and with the support of TANESCO and

under the Consultant’s supervision.



3.1-2

(D)

It is necessary thal engineer(s) be dispatched from the manufacturer(s) throughout the
consiruction period of the substations until their completion. Engincers for the major
transformer, breakers, protective control system and comprehensive test shall be required at

the two substations that are constructed in paralle).

The substations must be completed by the end of March, 1997. Due to a tight schedutle, it
is necessary to complete the site development and foundation works before the arrival of the

components.

In Japan, also, il is necessary to minimize the period of implementation design, and
component ordering as well as to shorten the period of component manufacture and
installation. The Consultant shall monitor the schedule closely and shall supervise the
implementation at each important stage.

hnplementation Condilions

Conslruction conditions

The scale of the site development and component foundation works for the two substations

is small a1 23 mx 14 m for the Mwanga Substation and 36 mx 12 m for thé NYM substation.

- The Mwanga Substation site provides a pfai ns topography. Only little excavation is required

at the NYM site, Such works can be done by domestic civil enginecring workers.

The distribution line and low tension cable works are to be carried out by TANESCO. This

- presents no problem as TANESCO constantly p’cffonhs such works for branch line extension

and oulage recovery.
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Procurement of construction materials and equipment

The constriction materials required for this Project including ordinary ceinent, aggregate
(sand and gravel), and crushed rock and reinforced steel for the component foundations are
available at the construction sites.

Cranes, concrete mixer, tiucks, and power shovels can be leased.

Gasoline is available without restriction.

Other conditions

1) Although the major part of road from Dar es Salaam Port to the site is a paved
national highway, caution is nevertheless required in transportation due to the long

distance (500 km) involved.

2) Construction is carried out near an existing electrical facility. Safety precautions are,

therefore, necessary to ensure that this facility is not adversely affected.

3) Despite a tight schedule, caution is required in order to prevent accidents due to hasty

work.

4y As the construction will be conducted oitdoors duriﬁ’g the hot season, caution is also

required for safely and personal health and well-being.

Scope of Works

" In this Project, the transmission components are installed by Japan, with the distribution line

construction and civil engineering works {or the substations conducted by Tanzania,
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(D

Table 3-1 describes the Scope of Works for Japan and Tanzania.

Table 3-1 Scope of Work

Item Japan Tanzania

Substation
Land development o
Foundation work 0

* Equipment manufacture o
Transportation (to substation site) )
Storage 0
Installation & adjustment 0
Test V]

Distribution line
Equipment manufacture : o
Transportation (to Mwanga warehouse 0
Storage
Transport to site
Construction

e Q0 e 0

“Test

Components such as the transformer are not manufaciured in Tanzania, - Also, the same -
models as the existing components enable easy maintenance for Tanzania. Consequently, the
major components are manufactured in Japan and are also installed and adjusted by Japanese

engineers,
Construction Supervision
Tob content of Consultant

The implementation desiga and implementation management of this Project is conducted by

the Japanese Consullant as a grant finance cooperation project. The job content of the



Consultant is described in Table 3-2.

Table 3-2 Content of Supervision

Stage

Services

Before Construction

Detailed design investigation

Preparation of bidding documents

Vicarious execution of bidding for selection of the contractor
Evaluation of bidding lilerature

Assistance in contract business with contractor

Study and approval of manufacturing drawings

Witness shop test

During Consteuction

Iinplementation supervision at important point
Report on business progress '
OJT for the TANESCO cngineers

Presence and approval of substation completion test

Repott making, etc.

Regarding the implementation design, the facility plan and equipment/material plan shall be

determined according the site survey. Bidding documents shall be produced after the detailed

design. “The bidding date éh_all be determined through discussions between the relevant

govermmental offices. Regarding the bidding, the Consultant shalt act for the implementation

body, thus evaluating the bidding result. The Consultant shall also aid in formulating an

agreement(s) between the implementation body and the contractor(s).

The Consultant shall inspect the facility and the equi pnient!malc;ialé upon completion of the -

substation as well as provide technical guidance to the operators for their operation and

maintenance. ‘The Consultant shall produce a Completion Report upon completion of the

facility.



(2)  Construction Supervision System

It is not necessary for the Consullant to supervise the entire construction throughout the
construction period. Instead, supervision shall be provided at the important stages as

described below.

1. When the substations and civil engineering works are completed by TANESCO
When the equipment and materials are delivered and accepted
At the meceting prior to the commencement of substation construction

For distribution line and low teasion cable construction

MR e

For substation completion tests
The distsibution line and low tension cables are constructed by TANESCO and 1o be
compleled in 1997,

Construction Supervision System is described in Table 3-3.

Table 3-3 Construction Supervision System

Supervisory Engincers Duties | Term of Dispatch
Project Manager - | Starting construction work | One month at start of
: _ ' construclion
Electrical Engineer | ditto . { ditto
ditto” Civil work on Substation 0.67 month at completion of
civil work
ditto SR Taking over of materials 0.5 month at completion of
_ delivery '
ditto : Substation construction 0.67 month before
construciion on substation
ditto : Distribution line 0.67 month during
Low voltage line - | construction
ditto _ Test of Substation 0.67 month at completion of
construction




(3)  Project Implementation System

The project implementation system is described in Figure 3-1.

Government of Embassy of Japan Government of
Tanzania  }----- -+{ inTanzania }------- - Japan, JICA
Exchange of Note -
TANESCO (E/N)
. TANESCO  |__._ Consultant Contract Japan consultant
(Implementating : Design and
Agency) ~ Supervision -
¢t for Supply
: : sand
TANESCO | Equipment
: Project Manager : |
' Inspedtion of
_ . : . Matesgals and
C = : i Equipgnent
| Substation Substation | Distribution | Trading Firm
: 1Civil work group Electrical group : Construction L (Contractor)
................................................................................ Contractual
: - - Obligations and
Tanzania Japan ' Tanzania Duties -
Civil work - ‘ Conlractor - Electrical
: construction ~ :
S SN : J Liaisan and
(Work l_Jnc!ertakcn by (Work Undertaken by Coordination
Tanzania side)

Tanzania side)

Fig.3-1 Project Implementation System



3-1-5 Procurement Plan

In principle, the equipment and materials for this Project shall be manufactured in Japan.
Procurement shall be conducted by Japanese firni(s) under the Consultant’s design supervision

in Japan.

However, distribution line materials such as wooden poles and bare electric conductors
manufactured in other countries can be used as long as they meet with international standards.
Generally, it is uneconomic to import those manufactured in a simple process such as wooden

poles and bare electric conductors from a distant country.

1) Substation components shall be procured in Japan,

2) Cement, aggregate, etc. for substation site development and component foundation
shall be procured in Tanzania.

3 Wooden poles and the bare alominum conductors shal} be procured from a third
country near Tanzania. |

4) “Construction machinery shall be procured i|_1 Tanzania,

The distribution line and low tension materials shall be delivered to the warchouse pfcpar’cd
.by TANESCO in Mwanga. The responsibility of the Japanese fimn shall be deemed ended

upon such delivery to the said warchouse.

The acceptance site for the substation components shall be the property of each substation.
However, the Japanese fim shall be responsible for the installation, adjustment and test

~ completion.

- Procurement location of equipment, materials and construction machinery are described in

~Table 3-4.



Table 3-4 Supplying Countries of Materials/Equipment and Construction Machines

Items

Supplying Country

Tanzania

Japan

Third

paity
coumndry

Construction

maching

Specifi-

cation

Supplying Country

Tanzania

Japan

Third
party
counlry

Cement

Crane
Vehicle

30¢

Agpregate

Concrele

Mixer

03 m’

Reinforcing steel bar

Truck

4t

Forms

Transformer

Circuit breaker

Isolator

Current transformer

Other substation

equipment

QiC |0 |0 |0

Bare electric wire

Insulated electric wire

Wood pole

Pole mounted

transformer

Radie
telecomimunication

system

Vehicles

Tools

39




3-1-6 Implementation Schedule

The Implementation Schedule of this project are as follows.

O
(2
3
C)
&)
(6
M
(8)

0

(10)

It takes aboul lhrée énd half mﬁnth, for the definite design and tender document, five imonth
for the manufacturing of equipment, two and half month for (he transportation and three
'monlli for civil works of substations in Tanzania side, as a result, twelve month shall be -
needed for the total iinp]emcntation schedule. Works of disteibution line and low tension shaﬂ |
be completed within December, 1997 by Tanzania side. ' (Sec Table 3-5 Implementation -

Exchange note between countries (E/N)
Contract of Consultant

Site S’urvey (distribution line roule etc.)
Detail Design, Specification

Preparation of Tender Document
Tender, Evaluation

Manufacturing, Shoptest
Transportation

Instaltation

Taking over, Test, Completion

Schedule.)

3—10



Table 3-5 Implementation Schedule

1 21 3 4 5 6 7 8 9 | 16| 11 12
Tmplementation f (S“Ie Survey)
Design .
(Work in Japan) (Sub-total 3 month)
{Conlract)
] ] - {Design,
Work !_— Manufacture)
Schedule b
(Transporation)
(Installation)
|
: (Test , Completion)
(Total 12 month) '

[ B
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3-1-7 Obligations of Recipient Country

The minutes of the basic design was signed in Dar es Salaam on January 25, 1996. The

obligations of the Tanzanian government in Annex ITf are shown below.

10,
il.
42,

13,

Securing of project site

Ground leveling at site prior commencement of project

Outdoor appurtenant work including fencing, gates, doors, lighting, etc. around the
site

Preparation of bank account, including foreign exchange bank

Speedy material unloading and clearance at Tanzanian port and speedy transportation
infand

Exemption of Japanese nationals from taxation on contracted products and services
including customs, interal duties and other levies

Offering of convenience to Japanese nationals who enter 6r stay in Tanzania for
business execulion

Materials to be maintained.'and controlled property and efficicntly

Bearing of all transportation expenses except those to be borne by grant aid

Pay allention to safety when handling electric equipment and take all nccessafy steps
Prcpare a place for material storage. Sto'fe existing equipment (including 500 kVA
transformer) until they are used.

Foundation work for the substation must be completed before malterials arrive from
Japan,

Prepare the budget so that ali works including low voltage circuit are completed in

1997.
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(1)

@

Operation and Maintenance Plan
Maintenance system

Daily inspection and periodical inspection are required to maintain the distribution substations
and distribution lines. The former inspection is conducted during facility operation. The
facility is, however, shut down for the latter inspection. Detailed inspection is conducted
approximately once a year according to the inspection standards provided by the component
manufacturer(s). This inspection is planned in advance and the power is shut down for the

inspection.
Ordinary inspection does not require facility shutdown. The facility is inspected visually for
abnormal noise or vibration. H is usually conducted once a week or so, or after heavy rainfall

or gusty winds.

When such constant maintenance is provided, the life expectancy of the transformers and

distribution lines is generally some 40 years or so.

The actual maintenance shall be carried out by 4 engincers under the supervision of the

“TANESCO Kilimanjaro Regiona! Manager, and approx. 100 members of the Substation Team

and Line Protection Team.

Operation and Maintenance Cost

Basically, the power distribution system cohsists of power supply substations and lines which
are stationary. Their operation aid maintenance is easy. Therefore, if regular inspection and

maintenance are done, neither special spare parts nor repair expenses are required. The

substation equipment installed 12 years ago are presently operated with no trouble.
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The following maintenance expenses are required when this project is completed.

Personnet expenses 8 M¥ ( 48.00 M Tsh)
Repairing expenses 8 M¥ ( 48.00 M Tsh)
Miscellancous and overhead expenses 6 MY ( 36.00 M Tsh)
- Depreciation cosl 1t M¥ ( 66.00 M Tsh)
| Fotal 33 M¥ (198.00 M Tsh)

Maintenance expenses of facilities concerned with this project are shown above and are
estimated on the basis of the execulion budgei. As generally practiced by Japanese power
companics, each expense is obtained from the rate of expenses to construction expenses.
Depreciation cost per year is estimated at ¥11 million on the assumptior that this project

 (¥437.9 miltion) is depreciated in forty years and the remaining valug in the last yeér is zero.,
Thus, expenses necessary for this project can be satisfactorily maintained with 256 employees

in the Kilimanjaro region and operating expenses planned by TANESCO ( ¥1.4 billion in
1993). ' |
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Chapter 4 Project Evaluation and Recommendation

4-1 Project Effect

By the implementation of this Project the following specific benefits can be anticipated.

(1) Direct Effect

1y

2)

Elimination for Power Shortage at Mwanga District (Population 200,000)

At present, power supply is restricted in Mwanga Disteict due to overload on the
existing 1,000 kVA transformer. This project would eliminate this problem. An
additional transformer (2,500 kVA) would enable to supply power to those areas
presently on the -"Wailing List”, thus eliminating one of the barriers in the
agricultural infrastructure, The Jargest consumer is the Posho Mill (31 kW maize
threshing mill) and by the reinforcement of supply capability 43 threshing units may
be installed at different locations in the future. Regarding residential consumers on .
the "Waiting List;‘, there are 600 in Mwauga District and 640 in Rombo Distﬁét.
These problems will be overcome successively when power supply become available

by increasing substation éapacily’ and distribution equipment and materials are

‘procured for this Project.

Improvement of Voltage Drop Particulasly at Rombo District (Population 100,000)

Procurcruent of low voltage equipnient and materials and transformers will improve

the voltage drop problem existing at many locations (under 190 V against rated 230

V) thereby controlling voltage fluctuation within £10% and thus improving the

quality of power supply.



3) Reducing Power Interruption Time by Upgrading System Configuration and

Communication System

The existing distribution lines in Rombo District passcs through forest zone. By
changing the route of distribution lines, providing multiple outgoing feeders from
substations and installing breakers, power interruption by fault can be localized and
by upgrading and ieinforcing communications system, time to restore power supply
can be shortened. By these measures it is thought that the present 20 times per year

power interruption in Rombo District can be reduced by half.
(2) Indirect Effect

A study of the daily load patter in this area reveals that a heavy peak demand is recorded
at around 19:00 hours. This peak is caused by combined lighting and cooking demand.
A small peak is also recorded at around 07:00 hours and again at around 12:00 hours
(noon) probably by cooking demand. If there is no electricity service, cooking will be

" most likelyl_by using inexpensive firewood, thereby accelerating deforestation. When
calculating the power load for cooking in the zone toward the mountainous area in
Mwanga District where the demand for cooking is clearly evident, electricity consumption
is 600 MWh!year - equivalent to one thitd of the total power demand. This dcméhd
converted into timber equivalent is 280 m® or one thousand 15 m tall trees 15 cm in
diameter. Up to this time, electricity has been supplied to this area by one 500 kVA
transformer. When calculating the consumption in proportion to the total transformer
capacity in the entire Kilimanjaro Region (20 MVA), or simply to the maximum demand,

- 40 times more trees or 30,000 trees would be conserved throughout the region annually.

From the viewpoint of forest protection, this indirect effect created by this Project cannot

be overlooked.



4-2

4-3

[Justification of Grant-Aid]

The purpose of this Project is to reinforce the local electrification system. The
beneficiaries of this Project are the inhabitants of the farming viiiagcé in Kilimanjaro
Region. Generally speaking, rural electrification project generates a small revenue from
clectricity sales in relation to the size of supply facilities, and in the medium and short
term réturn on investment is low. On the other hand a reliable power supply to the local
villages serves to significantly improve the living standards of the villagers, and by the
implementation of the Project, it will provide a foundation for the promotion of local
economic development and the stabilization of the people which is the target of the
government. It is, therefore, fudged that the impact of providing geand-aid to this Project

‘is significant.
Technical Cooperation and Relation with Other Ponors

The implementing agency, TANESCO, owns, manages and operates a number of similar power
facilities, and, therefore, there is no need of imimediate technical assistance in these ficlds, but
to reinfor'cc maintenance and management systems in the future, it is thought technology

tmnsfe'r.by Japan in those areas would be beneficial.

Conclusion and Recommendation

As stated earlier, various large benefits arc expected from this Project, and in addition, this
Project would contribute to the improvement éf the BBN of the pcople._ Therefore, it is
recognized that this Project is eligiblé for grant-aid. Re.garding' management and operalion of

this Project, it is judged that the recipient country has adequate manpower and financial '
resources, and it is thought that no problem exists. In the past, TANESCO has successfully

implkemented several similar projects with grant-aid from Japan. In the implementation of this .



project, by remedying the following matters, it is thought that it can be executed smoothly and

effectively.
(1) Upgrading TANESCO's Maintenance and Operation Standards

At some of the 132 kV substations, there are areas where technical leve} of maintenance
and operalion are evidently below standard. Compounded by the shortage of repair

- funds, the situation is that power cutage may happen at any time.
(2) Establishment of Billing and Collecting System

In Kilimanjaro, the majority of consumers are scattered in mountainous districts. Because
of the shortage of vehicles and motor bikes for meter reading, this work is not performed
:cgulafly. For this reason conflict with consumers arise and there are many delinquent
-e.leclricily charge payers. Regular meter reading is an important issue for the sound

business operation of TANESCO.
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Appendices

1-1

Member List of the Survey Team

Site Survey

)

2)

3

4)

3)

Leader, Mitsuru SUEMORI
Director, First Basic Design Study Division,
Grant Aid Study & Design Department, JICA

Coordinator, Akio KAGAWA
Consultant Contract Division, Procurement Department, JICA

Chief Consultant/Operation and Maintenance, Tatsuo TOMABECHI
EPDC International Ltd. (EPDCI)

Transportation and Distribution Plannef, Masashi KOIKE
EPDC International Ltd. (EPDCI)

Equipment Planner, Minoru NODA
EPDC Intemational Ltd. (EPDCI)



1.2

Member of the Explanation Team for the Draft Basic Design
1) Leader, Mitsuo NAKAMURA
Grant Aid Management Department, JICA

2) Chief Consultant/Operation and Maintenance, Talsuo TOMABECHI
EPDC International Ltd. (EPDCH)

3} Transportation and Distribution Plannér, Masashi KOIKE
EPDC International Ltd. (EPDCI)



2, Survey Schedule
2-1  Field Survey
No.of | Date | Week Schedule Stay
Day
1| 10714 | Sa | NRT 11:45 (JL401) 1L.ON
LHR 16:25
2 15} Su |LHR 22:25 (BA069) Air
3 16| M |DAR 11:55 Courtesy call to EMB, JICA DAR
4 17| Tu | Courtesy call to EMB, JICA, MEM, DAR
TANESCO, MOF
Request for Sile Survey
5 ‘18| W [ Meeting with TANESCO (Incep. Repo, DAK
' Schedule, Questionnaire, Counterpart, cic.)
6] 19| Th | Discussion with TANESCO (Confirm project DAR
contents) _
7| 20| F | Discussion with TANESCO 'DAR
8 21| Sa | Preparation Minutes DAR
9 22| Su. | Inner Meeting DAR
10| 23| M | Signing Minutes DAR
il 24| Tu |DAR 10:40 (TC510) MOSIHHI
1 Mecting with TANESCO Regional Office |
12 25| W | Datacollection, Kyungi $.S., Moshi $.S.etc. - | MARANGU
13| 26| Th | Survey for Marangu Mkuu - Tarakia - Rongai MARANGU
and Rombo _ _ '
14 27| F | Datacollect for Mwanga S.S. and NYM P.S. MARANGU
Courtesy call to District Officer '
15 28 | Sa . | Survey for Kikuletwa P.S. MARANGU
16 29| Su |Inner Meeting MARANGU.
17 30| M |site Survey for Mwang MARANGU
18| 31| Tu | Distribution Line route survey MARANGU
' Discussion with TANESCO Regional Office
190 1171| W |Kilimanjaro  16:50 (TC537) for DAR ' ZANZIBAR
Zamzibar 17:40 Emergency Landing




No.of | Date | Week Schedule Stay
“Day
20 2| Th [Zamzibar 9:20 DAR
DAR 9:35
Discussion with TANESCO
21| 1143 F | Collect Data, Reply to questionnaire DAR
Discussion with TANESCO Head Office
2 4] sa | Collection of Data & Information DAR
23 5| Sue Collection of Data & Information DAR
24 6| M | Coltection of Data & Information DAR
25 7| Tu | Final Discussion for "Technical Notes" DAR
26 8| W [ Signing of the "Technical Notes" DAR
27 9| Th [{Investigation of Market Prices DAR
28 10 F Trouble of KLM Air Plain (20:30 KL 568) Air Port
29 11| Sa [DAR 8:25(BA 066) Air
: LHR 17:05
LHR 19:00 (JL 402)
30 12| Su - | NRT 15:20




2-2  Member of the Explanation Team for the Draft Basic Design

No.of | Date | Week Schedule Stay
Day
1| 1720 Sa |NRT 13:45 (BA008) , J.ON
LHR 17:40
2 21| Su |LBR 22:25 (BA 069} Air
3 22| M |DAR 1245 DAR
Courtesy call to EMB, JICA, TANESCO
4 23| Tu | Mecting with TANESCO for draft report ' DAR
5 24| W | Preparation Minutes DAR
6 25| Th [ Signing Minutes _ DAR
Reporling to EMB, JICA
7 26 F DAR 10:10 : MOSHI
Kilimanjaro for Site Survey
8} 27| Sa | Collection of data & Information | par
' Kilimanjaro .
| DAR |
9| 28| Su | Data Arrangement o _ " DAR
10 29| M | Discussion meeting at TANESCO : ~ Air

DAR 20:05 (BA 068)
1| 30| Ta |LHR 5:00 | Air.

LHR 1945 (JL402)
12} 31| W |NRT 1525
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List of Party Concerned in the Recipient Country

Basic Design Study Survey Team

(n

2)

@

O}

(3

ame
Tanzania Embassy of Japan
Mr. Mitsuru Eguchi
Mr. Shigeyuki Suzuki
Mr. Yasushi Shigemasa
Mr. Kazuhiko Kitagawa

Tanzania Office Japan International
Cooperation Agency

Mr. Takemasa Kawazoe
Ms. Manami Tada

Mr. Jackson M. Biswaro
Mr. Akira Sato

Mr. Sugawara Seikichi

MEM (Minls!ry of Water, Enerpy and
Minerals)

Prof. J. Mbwiliza
Mr. Raphael O.S. Mollel
Ms. Esihel Masunzu

MOF (Minisn?y of Finaiice)
Mr, Paul A, Hwafongo |
Mr. Prospes Mbena

Mr. Patrick Rutabanzibwa
Mr. Kassim A, Mtawa

- TANESCO (Tanzania Electricity.

Supply Company Limited)
Mr. S. L. Mhaville
Mr. Kyaro K. Iranga

* Mr.S. ], Kimaryo

Mr. BEAT, Luhanga

Mr, S.M. Sikare
Mr. X.R. Abdullz

Belongings
Ambassador of Japan
Minister
First Secretary
Second Secretary
Superintendent

Assistant Resident Reptesentative
Assistant Director (Economic Affzirs)
Team Leader (Kilimanjaro Village Forestry Phase IT)

Agri-Machinery Expert (Kilimanjaro Agricultusal
Developmem Project)

Deputy Minister
Principal Secretary

Assistant Commissioner Electricity

* Finance Of ficer (External Finance)

Senior Finance Officer Aid Coordination
Commissioner for Enesgy and petroleum Affairs

Personal Asst. to Minisler

* Managing Director

Deputy Mznaging Director {Operations)
Deputy Managing Director {Technical Services)

Deputy Managing Director {Corporate Planning and
Rescarch)

Director of Operalions

Director Corporate Planning and Research



{6) _
Mr. Gallus Abeid

(7

8

Name

Ms. Mercy Barego

Ms. Sophia Mgonja
Mr. S.A. (Al) Warringlon
Mr. Prem K. Sharma
Mr. Mfaume Kassanga
Mr. Maclean Mbenile
Mr. Maclean Mbonile
Mr, Hilal S.A.

Mr. A. Bushan

Mr. H.S. Mzirai

Mrs. C. Lyimo

Mr. Magoli. M

M. Kilismo Amir

Mr. R. King' ozo

© Mr. AG. Kamanga

M. Jumanne Msofe
Mr. Amoni Shittindi

Kilimanjaro Region

Ms. Benne
Mr. P.C. Kangwa

© Mr. G.M. Msuya

Sis!e-r. Asefa Chami '

Government
Mr. Cleopa David Msuya
Mr. Albert Msangi

(_)!_hers
Mr. L. G. Mchomba
Mr. A, Kitutari

Belongings

Manager Distribution Engincer & Commercial
Services

Distribution Engineer

Site Construction Manager {Ubungo)
Electrical Construction Manager (Ubungo)
Distribution Enginéer

Distribution Enginecr

Distribution Enginecr

Regional Manager {Kilimaniaro Region)
Area Manager (Same)

Control Superintendent {(Kyungi}

Area Manager {(Mwanga)

Personncl Officer (Kilimanjaro Region)
Area Manager (Rombo Area)

Generatien Superintendent (Kiku.lckwa P.5)
Genération Superintendent (N.Y. Mung B.S)
Acting Generation Superintendent (N.Y M P.S)
System Operator (N.Y. M P.5)

- Regional Commissioner (Kilimanjaro Region)
‘Acting Regional Planning Officer

* District Commissiones (Samé District) 7

District Executive Director (Rombo District)

- Sister Incharge (Horuma Hospital)

Prime Minister (United Republic of Tanzania)

Prime Minister and First Vice President’s Office
(Private Secretary of Mwanga)

General Manager (TATICO Factory)

- Power Switching Artisan (Kibo Hotel) ©
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