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PREFACE '

_ The Govemment of J apan, in’ response to the request of the United Repubhc ot’ Tanzanla :
hias agreed fo conduct a feasibility study on the power transniission and distsibution network
pro;ect in Kilimanjaro Region and entrusicd the Japan Intematlona! Cooperanon Agency
. (JICA} to carry out the study.
- J ICA in view of the social am;l economic 1mportance of lhls ijcet d:spatched a team

headed by Mr Masash: Koike (Dmctor, EPDC Internationat 1'TD.) to Tanzania for a penod
of45 days from January 31, 1979.

" The téam, after retummg to Japan, analyzed and stud:ed the results of the suney and
the data oollected and has now comp!eted this Report. :

| hope this Repo;t will be useful for the electric power development and electrification in

“the Kdamamaro reglon and contribute to the economic and social ‘developmeit of the United

Republic of Tanzama as well as to the promotion of friendly and cooperative relatmns between
our two' countnes

1 wish to expreés my sincere thanks to aJ! lhe parties concemed of lhe United Republic
of Tanzama for their close cooperation ¢xtended to our Study Team. '

L‘\ - %
Shinsaku Hogen _ .
President

Japan Intemational
Cooperation Agency

November, 1979







LETTER OF TRANSMITTAL

Mr. Shinsaku Hogen
President
Japan Intematlonal Cooperation Agency

Dear Sn‘ :
S It is a preat pleasure to herew:th submlt a Feasdnhty Study Report on the

“Transmlssmn and Distribution Network Project for Kilimanjaro Region™ which will be the
basis of the conlprehenswe development plan for Kifimanjaro Region of the United
Repubhc of Tanzania. -

In December 1978, at the request of lhe Japan lntematlonal Cooperahon Agency, a
survey icam was orgamzed of eight specialists from the Japan International Cooperation
Agency and EPDC Intemationat Ltd.

 The Survey Team visited Tanzama for a period of 46 days from January 31,1979 to
March 17, 1979, and engaged i in collection of data discussions thh agencies concerned, and
field reconnaissances. : '
_ Upon returning to Japan, the Survey Team, ‘based on the results of field
investigations and the data collected, praceeded with studies and work regarding power
demand, power transmission and distsibution project design, appmxnmate construction cost,
and economic analysis, and have now prepared this Report.

Briefly described, the work contemplated for_ this Projcct is the following. The major
facilities are 308 km of high-voltage transmission and distribution lines, 90 kin of

low-voltage distribution lines, 107 pole mounted fransformers of a total capacity of 6,325
kVA, 1,650 low-voltage service lines, S distribution substations for total capacity of 7,500
" kVA, and the total construction cost converted to Japanese currency is 1,851 million yen.
Tt is strongly hoped that'through submittal of this Report the power transmission
and distribution nctWork project will be rcalized at an early date and that the
comprehenswe de\elopment and economic progress of Kilimanjaro Region will be greatly
facilitated.
It is wxshcd to express the dccpest gratltude to-the government agencics concerned
of the United Repubhc of Tanzania, the agencies concerned of the Kitimanjaro Regmn
- Government, the Tanzania Electric Supply Company and the Japanése I mbassy in Tanzania
for their cooperation and assistance 'in field investigations and data collection for

- prepatation of this Report, and those persons concerned at the Ministry of Foreign Aflairss,
the Minisiry of International Trade and Industry and the Japan International Cooperation
Agency in Japan for their cooperation in carrying out the investigations.

November, 1979 ' Yours respectfully

.Masashi Koike

Team Leader of Japanese Survey
 Team for Transmission and

Distribution Network Project

for Kilimanjaro Region
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CHAPTER 1 CONCLUSIONS
1.1 PRESENT STATE OF SOCIETY AND ECONOMY IN KILIMANJARO REGION

Kthmamaro Reglon 1$ srtuated at lhe northeast pait of Tanzania with an area of 13 200
I\(m"t and populalron of 891,000, and is one of the relatively more advanced régions of the
country (Agamst national GDP of 1,120 T. shslcaplta the GRP of Kilimanjaro Région was 1, 318
Tshs/caprta in 1975 estimates). The mdustry which has supported the high income levet of this
region - has _been -agriculture which : had prospercd from the past (67% of total GRP), and
espercaﬂy, in 1977, productlon of coffec which made up 42% of the exports of the country was
the_greatest foreign . cureency earning mdustry of Tanzania, The coffeee of !\rlrmamaro Region
'makes up 51% of the total coffee production of the country, and the weight of this product in
the national economy is high. Coffee is produced on the mountainside of Mt. Krllmanjaro and the
lughland of the Pare mountanous area, and the populahon is also concentrated in (his h:ghland
(The area of the highland is, 16.3% of the entire Region whereas the populauon makes up 64.3%.
" The populatron density of the entire region is 67,‘km. , second in the country to Dar es Salaam J

1. 2 KIL!MANJARO REGION INTEGRATED DEVELOPMENT PLAN AND NEEDS FOR
ELECTRIFICATION

The Tanzanian Government, in formulating the Third Five-Year Plan l‘urther promoted
the pol:cy of increased regional autonomy whereby development of one’s own region would be
the responsibility of the region. As a consequence, the various regions of the country have set up
development plans for their respective regions with caoperation from developed countries.

Krlunamaro Region, with the cooperation of the Japanese Government, set up an
mtegrated developmenl p!an (hereafter called K!DP) for’ the region in 1977, In this KIDP, the
period of the Thlrd ch-Year Plan (1976 1981) is to be a preparatory period for future'
mdusiraalazalron and it is auned for the mfrastmcture to bc built up, agriculturat productwrty to.
be meroved ‘efforts made for farmland development and promotron of small-scale industries
cenfered on agro rndustry to be made

The essential points are as listed below.

- Improvement and expansion of hrghlands which are the existing hrgh densrty agnculturai
tands.
- Development of agricultural land at towlands of high probabrlrues of water resources
.. development.
- :'A populatron absorpnm\ plan to increase the tolerabie number of the hlghlands as much as
possrbte but also to abserb pOpulatron in the upper lowlands of Mt, Krlrmanjaro and the
: footlands of the Pare Mountains.. _

Threfore it is timught that the needs ol‘ lhrs e!ectnf“calron project wrll be bom in the
desrre of improvement of infrastructure for agro- -industrialization of the farnmland area of the
highlands and farmland devetopment of areas such as the upper lowlands.

Meanwhile, as stated in the Third-Year Pfan in modern times when the aspect of socral
deve1opment is one of the ob;cchves of rural electrification, electricity is a fundamemal
necessity, and clectnf’ calion is one of the reqursrtes of lhe social mininnun. From this aspect, it is
eonsrdered lhat electrification of pubhc facilities such as governmenl agencies, hospitals and
schools in the area should first be done in this Eleclnﬁcalron Project, and this constitutes the
needs of hrghest pnor;ty '



1.3 PRINC]PLES OF PLAN FORMULATION . .
(1) Scopeof Electr'iﬁeaticm

. In accordance with the needs described in the preceding section, the: scope of
electrification under  this- Project was dctermmed based on the prmmpleb below for the four
districts of Hai, Rombo, North Pare and South Pare in Kthmamaro Reglon where eleetnﬁcahén is
" most urgently needed. S : : SR R

" a) Electrification of admlmstratwc ceiters (d;stnct ofﬁce pol:ee slahon court etc}

b}  Electrification of public facilities (school, hospital, training center, church, ete.)
- ¢) Supply to existing large-scale power demand establ;shments such as factOnes and

o estate farms. : : ; :

d) Leadmg in of d;stnbuhon !mes to vnllage centers of especnally high populahon
S densities: -
e)  Supply to areas of high polenhal for mdustnal develment
0 - FElectrification of villages to be passed by daslnbutmn lines for power distribution to
the above.
2)  Those comspondmg to a) — ¢€) above but extremely remote mth no partlcular
objectives for electrification route were omitted from the present seope in considera-
. tion of ecénomy, - _
~ The social conditions of the four districts are given in Table 1H-2-15.

(2)  Method of Electriﬁeatibn

" Since an cxistmg power transimission and dlstnbutlon system is aba:lable comparatwely
neatby and these is ample power supply, eiectnfrcatmn is to be done by leadmg in transnnsston'
and dlslrlbutlon lines. chardmg South Pare, which among the four districts wou!d quuue the’j
longest transmiission line, an alternative plan for electrification by diesel generators was studied,
but the transmission line plan was found to be overwhelmingly more advanta_geous economicaily."

1.4 LOAD FORECAST
(1) Mcthqd o_l‘l*‘orecasling

For the intial demand and the growth during the 10-year period after elecirification,
forecasting was done by the analytical method based on various data from investigations of
regional conditions, while for a long-range forecast, estimations were made for the period after
the 10th year through the 25th year by the macroscopic method which forecasts growth in
power demand from econom ic mdlees oit a nalional scate.

{2) Numbecr of Consumers

“The number of custoniers was forecast as described below. With regard to the number of
consumers to be ‘electrified in Tariff Group 1 of general domestic demand based on
:nv-.stlgahons of the actual conditions in part of the region, it was forecast that 8% of the present'
number of hotiseholds would susface as actual demand In a short period of time. Constimers in’
the public facilities and commercial categories under Tarifl’ Groug 2 and ftight industrial under
Tariff Group 3 would all become actual in a short period of time according to DDD and



'TANE‘SCO dala lnduslna! demand lmder Tanfl Group 4 was studned graspmg the actual
snluallons ‘at cslates ‘and - alf ‘of these facilities would becomé load 1mmed;atcly after
- elettrification. The nuiber of pubhc l;ghtmg undcr Tanf £ Group S was considered as bcmg IO%
of general consuniers. ’

(3) Forecast Of Initial State Ma_xim_um Demand

Maximum demand was calculated geasping the existing acfual facilitics with regard to
industrial demand, while for other groups the demand levels by type of consumer obtained from
TANESCO data and the numbér of consumers of the preceding subsection’ weid “used. Table
i 2—3 shows the number of consumers and maximum demand by district and by tariff rate group.

Other than the above a total of 300 kW (230 KW in terms of synthesnzed maximum
.demand) was calculatcd as the demand of the urban devdopnmnt plans (UDP) of the thee
' adsmnhtra!we centcrb of Boma La Ngombe Mkuu and Mwanga

_ It was assumed that the above demand would be realized wnthm a short penod of time
after complehon of c!eclnrcatmn (1983) and the rate of realization by tarifl group was taken to
be the foltowmg

Ty, Ts Ty, Ty, T . UDP
1983 85% 50% 5%
1984 3% | 5% 50%
1985 100% 100% 75%
19890 - : 100%

(4)  Synthesized Maximum Demand and Am’tual Enérgs' Consumption

Regardmg the syﬂlhesmd iaximum demands of the distribution neiworks, since the
above-mentioned “loads will not be at maximum simultancously, they were obfained with
diversity factor as 1,3. The results are the following:

~ Hai Distribution Network 1,822 k\V'
Rombo Distribution Network _ . 483 kW
Nosth Pare Distribution Network 435 kW
South Pare Distribution Network . : : L S72kW

With respect: to annual cnergy -consumption, the annual load factor was caleulated to
" gradually increase from 25% in 1983 to 35% in 2007 based on the records of rural areas in
Tanzania which have already Leen electrified.

(5)  Forecast of Demand Growth Rate
Using data of TANESCO on energy sold in the past, omitting urban lypes and extracting
“only rural township districts, the growlh rate in encrgy demand was studied by tariff group and
these growth rates were applied to. thls region. For all tariffs combined there will be a gradual
inciease with time from 6.3% to 6.55%.

(6) Long-Range Forecast of Dentand

Regarding the long-range forecast beyond 10 ycars after electrification, an empirical
method by which the degree of growth in powes demand is predicted from economic indices of



the counlry, namely, GNP, GNPIcaplla gromh rate of GNPlcap:ta was used. 'I‘he growth rate -
and trend were eshmated for the period after the IOlh year to the 25th’ year (2007 A D) by thlS‘
method and were made to be in conformity \wlh the results of the short-term forecast, As a
result, there will be a graduat decrease with time from 6.6% 10 6. 2%

(7)  Results of Load Forecast :
The overall power demands and annual cne:gy consumpuons of the entire area of thns=
Project are fcrecast to be as shown in Table 1l- 2-15 and lﬂg 11-24.

15 PARTICULARS OF PROJECT
(1) Major Facilities in Hai District

Roughty the entire higli-delisity agricultural arca spread out on the southern slope of Mt.
Kilimanjaro is to be electrified “through an 11 kV distribution line ':i"dfiiii'ng' zildng the
mountainside. I or this purpose, ‘substations are to be prowded at lwo locatlons, east and west, up -
to where 33 kV transmnss;on lines are to be led in from the exlstmg system. For the urban -
develapmient load of Boma La Ngombe, direct distribution is lo be done from this iransmissmnf
line. :

Su bs_ta!idn’ '

Name Capacity : Véllé_igg:
Sanya Juu 2,500kVA - 33/11kV

Machame ' o "o

Transmission Line

Name

{Provisional) 'Se,ctc_)r. 'Voltagre '_.-_[}'istance

SanyaJuu  Existing33kV Air  33kV 305km
port Line No. 177 S o
Pole -— Sanya Juu 8.8

Note: Leading in of 33 kV to Machame Substation has alscady been done from
the Moshi arca (presently operatmg at 11 kV})and new conslruclmn ofa
33 kV transmission line is vnnecessary. :

Distribution Lme (l 1 k\')

Sccmr - Disiance Principa;l‘ Lo'z'a'd S_iup‘pfied
Sanya .luu S.S (Jar'aragua o :
Estate arca . 22 km

10 csiatcs

Sanya Juu §.S — Machame $.8 55 km E?ﬁrgzzlolgjaflgégll;gllng

. . "G al load includin
Masama — Kibo Estate area i8km Kiel;](();‘gstate ! 8




Pole Mounted Transformer

Quanhly : Total Capacnt'y'.
54 o 2,350 kVA

(2) . Major Fac‘iliticsini Rombo Dislrict .

Electnﬁgatxon is to be done by a 33 kV dnsinbut:on fine as far as the densely populated
community of Mashati in the’ agru:ultural area of hlgh poputation spread out in a band along the
eastern stope of ML Kitimanjaro. For power supply_, a direct connection is 1o be made to a new

33 kV transmission line constructed by TANESCO from Kiyungi Substation to this area.

Distribution Line

- Sector _ ~ Distance Principal Loads Supplicd -

' 33:]“'“ - General demand including urban

_ L!_a_(gngxt ~— Mashati development load of Hurama |

Pole Mounted Transformer

- Quantity ~_‘Total Capacity
23 1,075 ¥VA

@) . Major Facilities in Notth Pare District

"The agncultural area in the northern’ part of the Pare Mountains and Mwanga, considered
as the sitc of a new DDD ofﬁcc are to be electrified by a 11 kV distribution ine. For this
purpose, a substauon is to be provided af Mwanga with a 33 kV transmission line led in to this
substation. The power supply is to come from the ex:stmg Nyumba Ya Mungu Hydro Power
Station, The sisal estate of Kisangara on the way is to be dmcliy supplied from the 33 kV line.

- . Substation
Name C e Capacily Voltage
Nyumba Ya Mungu 1,000 kVA 11733 &V (step up)

Mwanga - - 500 kVA 33711 kv

Transmission Line

Name ' Sector , . Voltage Distance
Kisangara E%‘;i:;?g:'a A 1ungu 33kV 27 km
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- Distribution Line

Scctor - Dis_lanc‘e : Priricipal Loads Sﬁpp!ied

Mwanga — Ugw cno, ' 10 ki Incudes Mwanga urban devetopment
Usangi arca ' m load, Usangi Training School

Pole Mounted Trans!‘ormer.

Quannty e Total Capacil_)}_

16 . 87SkVA

(4)Y Major Facilitics in South Pare District

In order to clectrify Bombo in the Pare Mountains and the irrigable area northest of the
mountain range where ungalmn is possible, a substalion is to be provided at Gonja up to where a '
33 kV transmission line is to be led in from the existing Same Substation. Along the way, direct
supply from 33 kV is to be made to Kisiwani Estate, while for Mwenbe, the center of the Pare
Mountains, a branch fine is to be led out par! way along the above-mentioned trans:mss:on line -
for disiribulion at 33 kV,

Substation
Name | Capacily Voltage
“Gonja  1,000kVA 33/11 kV

Transmission Line

Nanie Sector Voltage " Distance

T Gania T same S5 Gomass T BRY d9km
Mwembe Branching point — Mwembe ~ . 16km

Distribution Line (11 kV)

Sx ctor Distance Principal Loads Supplied

(»onn S.§ - \'dungu arca 19 lgm ' ggﬁj;all‘;lt?;;and mclu.dmg

Branching point — Bombo 8 Em : General demand including
area - Bombo Hospilal

Pole Mounted Transformes

Quaﬂllly Total Capacily

14 1,125 kVA
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3) . Sumniarization of Facilities

- n addition to the major facilitics described above, facilities such as low-voltage
distribution lines, service tines, watt hour meter, stréet lights, and vehicles required for -
construction and maintenance are to be mciudcd in the Project, A summanzation of all facilities
is gnen in TableHSZ g :

16 DES!GN OF FACILIT!ES

The items considered in design of facilities are as described below.
.(l) Harinony with Existing Facilities

The facilities planncd for this Project will ali be on extensions of the existing system, and
particularly in designing the standards of the existing facilitics were followed as much as possible -
in consideration of future maintenance.

In effect, design conditions such as voltage classes, insulation system grounding system,

_distribution system, wind pressure, lemperature, clearances, cte., were all made identical to those
of existing facnhl:es._ ‘ :

(2) . Determination of Transformer Capacily

a) Regardiug main transforiners of substations, the most economical capacities were
determined consudenng expansion costs and mamtenance cosis for the next 25

. - years.

b) Regarding pole lmnsformers lhe capacity for cach mstatlahon tocation was selected
from standard transformer capacities with the aim that replacement would be
unneccessary for about a 10 year period.

3) Determination of Conductor Size and Standard Span

' Regardmg conductor sizes for 11 kV and 33 kV, studies were made of the two varicties (‘)f
A(SR 95 mm? and 120 mm?in consideration of exisling conductor sizes, and asa usult 95 mmn?
has proved to Le adwantageous '

_ Regarding spacing between supporls, sag calculahons were madc and taking into
“consideration that the lines would run over mountainland, 100 m was taken as the standard span
for 11 m poles. :

(4) Vollage Drop Countcrmcasures

Current voliage calculahons were made and s{ was delermmcd that voltage drop would be
within specified limits until 15 yeats later, and no spcmal phase modll‘ymg equipment will be
immediately aceded. However, regarding the transformess of the two substations in Hai District,
they are to be equipped with Load Ratio Control Transformers (LRT) in considesation of loads
being larger than in othey districls and of voltage fluctuation of the power supply system. -

(5) Reelosing Syslc;i1



Circuit breakers at the outlets of substations are to have reclosing devices capable of 1 to 2
limes ai‘ ter breakmg due to faults in aurmng to improve supply retiability. -

{6) Pro!cctwe Dev;ces '

Dlsconnectmg swntches are lo be prowded as necessary at branchmg pomts of 33 kV
transmission lines for the convenience of dtsconuectmg lines in maintenance, while at important
locations of 11 kV dlslnbutmn lines, oilimmessed switches are to be prov:ded to make pomble .
switching as necessary cven during cureent impression, thereby aiming for comremence of
operation. :

Oit-immersed circuit breakers are to be prowded at pnmary sndcs of all main !ransl'ormers
of substations for protechon while pote transformers are to be protected by cut-out switches
provided at their primary sides. Further low-voltage lines are to be protected by fuses. All
locations where pole transformers are installed are to have lightning arresters.

Principal Design Ttems of Facilities

4]
-(a) " ‘Transmission and Distribution Lines
B 33 KV Transmission 11 KV Distribution | Low-Vollage Line
and Distribution Linc_ :
W_Li_ncs_ I _
Wiring 3-phase, 3-wire - 3- phase 3-wire 3-phase, 4-wire
- o _ _“1-phase, 2-wire
Structure Wood pole (stand- Wood pole (st'and-' Wood pole (stand-
- ard 11 m height) ard 1} m height) ard 9 m height)
Conductor Horizontat Horizontal 'Vedical'
arran'gemc‘nt T R
Standard span 100m 100 m 50 m
Conductor ACSR 95 mm? ACSR 95 mm‘ _ HA1 SS 30 22 mm2
Insulator T e
[Non-temminal} Solid LP msulator Special height pin Low-vottage ter-
- (LP30) ‘insulator “minal insulator
[Terminal) 250 mm shspeusion : 250 mm suspension - '
insulalor, 3 discs in'sulator, single
: per string S AT
Switchgear 34.5kv dlsconneclmg 12 k\f oﬂ nnmersed Switch with fuse
switch switch
(b)  Pole Mounted Transformer
. For 33KV 7 - "Fot 11 kV
Rated capacity (kVA) | 25,_50, 100,200,300 | 25, 50, 100, 200 300 500
Nuinber of phases ey 3
Rated frequency (1iz) _',__50 o ‘ SO o _:
Rated voltage 13 kW400 230V 11 kV/400,230 V
Tap +2 5%, £5.0% 12.5%, $5.0%
Connection A-Y A-Y a




()  Substation .

i) Transformer

‘Capacity, KVA |  2,500kVA . | - . L,OOOKVA . S00kVA
Number 6f phases™ "3~ - |3 ' 3
Rated fréquency (Hz) | 's0° % “ - | sp 0 1 so
Cooling systeni’ 1 Oitimmersed, ok immersed, - Oil-immessed,
_ _ " self-cooled self-cooled "t self-cooled
Rated voltage 3311 kV _33/11 kv 11/33kv - | 33/11 kV
Tap [ 10%; 17tap | 25.0%, 5 tap © 25.0%, 5 tap| 5.0%, 5 tap
Insutation class =~ |* 30 A/10 B 30A/10B  10Bf30A | 30A/10B
Connection® = -~~~ | "Y=Y<A" . | A=Y  ~ A-Y A-Y
Neufral point Birect ground - Diréct ground Direct ground
Tap change . Oin lead ) No ioad : ‘No load
Number of unifs - 2 B D IR | 1

11) (‘lrcuxt Breaker

Rated Voilage 36KV 12kv

Insulation class (No.) ~ 30A  10B

© Rated cusrent 600A -  GODA
Breaking curent 12.5 kA 25 kA

. Condition of use e Outdoor - - .. Accomniodated

in cubicle

1.7 CONSTRUCTION WORK AND CONSTRUCTION COST
(1D Construction 'Schedule _

_ lt is slrongly desmd nol on!y of course b). TAN! SC 0 but also by the adnnmsiratwc
aulhont;cs and all residents of thc region for ¢ consimcllon of this Llectrlﬁcatlon iject to be
started at an early dale and since it is desned for’ completion to be in March 1983, it is cons;d-
ered ihe start of work wilt be at the begmnmg of 198] The detalls of construction schedules
'accordmg lo the four dlslncls are as ShOWll in Table li 5 3

(2_)_ (‘.('mslruclion Sctup :

It was conmdend that the cbnstmchon of lhls Pro;ect wmlld be cxccutcd dmctly undcr
TANESCO with lhe as.smtance of the(ousultanland in fac;htatmglhe work The Consultant is to
cooperale with_ TA'\ILSCO in a senes of work stich as promohon of officaial prcccdures
preparalmn of Specnrcauons tenderr busmess and evaluat;on mspecuons ‘during and on
completlon ol‘ manul‘actun of matmals and equlpment coordination of delivery times,
ad}usiment of conslmehon schedules and supcn’lsnon of construction.

3) Cbnslmc_t'ijon Cési o

“The construction cost is as shown in Table 11-5-4, calculated 1o consist of a foreign
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curréncy portion of 1,358 malhon yen, and a domestic cutrency portion of 19,7 l4 b 103'1‘ shs
. (Corresponding to 493 miltion yen), a total of 1 .85 1 miltion converted into yen.
The preconditions for estimation are the following: ; ,
Materials and Equipnient Costs - : ' :
A commodily price escalation of 13%/yr was taken mto consideration and the
_costs were catculated for 1980 considered to be the time of contract award, -
The costs were calculated on the basis of CIF Dar ¢s Salaam, and the costs of :
insurance and fre;ght occupies 12% of the total costs. lmport duties are not- .
‘ “included. :
Labor Costs. o o :
Based on lhe prwaxhng siandard esllmataon costs of TANESCO ihe umt Iabor ‘
cost was set up taking into account escatataon rate of 15% annually until the
constmctlon ‘period, and ¢ompiling the requnfed labor cOsts by type of work,
‘ the totat was estimated. - F
Domestic Transportation Costs ; R
The domestic transportation and insurance cost from untoading at Dar €5
Salaam Port to the sile was catculated as 6% of CIF cost.
Conimgency Cost ‘
The contingency cost was calculated as 10% for both of forelgn currency
portion and domestic cutrency portlon -
Engineering Fee
The engineering fee was calcu!ated as 10% of total construct:on costs plus
exXpenses ofstay in Tanzama
Administrative Cost :
Approxunalely 10% of the domestic currency portion of the: direct oonstruc-
tion cost was calcnlated.
Conversion Rate ..... | T.sh = 25 Yen

1.8 FINANCIAL ANALYSIS

In evaluation of this Pro;ect it lS first necessary to anatyze whelher there will be
profitability of the Projcct from the financial siandpomt of TANESCO ‘The penod of analys:s
for this Project was taken to be 25 years consudermg the seivice lives of facﬂ:hes, companng the'
electricuy charge revenue to be obtained accordmg to the load forecast made prevmusl} and
disbursements such as the inilial construclion cost, the subsequent addmonal construction costs ’
administrative, maintenance ang repalr costs, and p0wer rtceivmg costs to obtain’ the intemal rate
of retumn. The clectricity chaeges were varied dccording to growths in the number of consumess.
and eneigy consumption following the prevailing electricity charge ‘systent and the initial
demands by type of demand (Tariff Groups No, 1--5). Of the costs, the mllai conslructlon cost is
as described prewouslm and regarding the add;tional consfriction cdst, the c051s of addmg pole
transformers, iow-vollage distribution lines, service “lines and substahons in acoordance with
growlh in demand were ca!wlaied while admmlstralwe costs and mamtenan(:e and repa:r 003{5
were varied in accordance wnlh the scales of the facilities. The electric energy cost at the receiving
end was taken lo be 23 T.cents per kWh, the standard cost used by TANLSCO for économic”
analyses. On determining the internal rate of réturn from the revenués and dlsbursements calen-’
lated in this manner (Table 11-6-3), it will be IRR = 3.3%. This cannot be said to be very favorable
compared with an interest rate prevalent in Tanzania. Seemingly, this calculation shows low
profitability, but if a loan with a low interest rate is provided, it is considered that this Project
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Further a sensmvny analysss wa:. madc for thc case of variations in revenues and .
disbursements, and the resulls obtamed of vanatlons m mtemal rate of return are shown in Table
Il—5-6 Accordmg to thls lable if it were to be assumed that revenues would be mcreased by 30%
becausc of tanf l revmons to be lmplemented soon, it is eXpected that IRR will bexomc 7.4%.

" The fund reqmrements are Cmnputaled to be t 351 ml!hon yen mcludmg domestu, curren-
<y portion of 493 million yen as a {otal Lonsiruchon cost, ln the event that the above costs to be
requ;red for constmchon at the mlhal stage should be funded under a long-term 10an in the form
of l‘orelgn assxstance takmg ‘account into later’ expenses for addltmna! facilities and opetatmn ‘
balance of ruenue and expenditure in futare of this Project are as shown in the {ollowing table -
and Table 11-:9-21 ~ Table 1-9-29.

Inferest - Repaymeﬁt Maximmﬁ Accumulated  Year of Turning
Rate Period [)fﬁtit _ ... to Surplus L
Ls%  s0ae  38S {‘;;“;‘;gg';“ | 1985
30% 3000 1299 ?f,;";‘;’gj’f“ o esr
so% . 30(10) | agos FaNoe " S

The grace period is indicated in parenthesis.

The maximum amoun( of accumulated deficits and the year in which surplus will take
place will depend upon the terms and_ condthons of aloan.” :

For examiple, ‘in case an interest rate of 1.5% and a loan penod of 30 years with a grace
period of 10 years are taken into consideration, thé amount of maxinium-accimnulated deficit
will be read 38.5 million yen in 1983 and the year in which the balance of income and expendi-

“Hures will turn to surplus will be 1985, ' '

The amount of maximum accumulated deﬁcns is fo be pald from TANESCO's own capital
and subsided fmm lhe budget of the country.

'_ HOWever in view of the present situation of TANES(,O in procuremenl of ﬁ_mds
.espemally Ihe tlohi snuatlon of forelgn currency, it is believed cqscnhal that a “soft” loan with a
!ong teml rep'tyment pcnod and low mterest rate should be procured for thc Project,

_1.9_‘ ECO_NOMlC ANALYSIS
(1)._ ‘ Eédlldnlici E_\?aliia;tioii .ﬁéain’éf 'Altérﬁaiive'Pl'an

As:de from a fi nauc:al analysls it is necessary l‘or an analysis of the Pro;cct to be made
fron 1he viewpoint of the nanonal economy Firstly, the cons:dcrahon would be of an
alternative cost evaluation wiiere installation of diesel gencrators would be conmplated as the
next best alternative in case lransmtssmn and distribution line constrm,uon is not camed out asa
means of rural efectrification of this region, the cost being’ considered as benefit of this Project.

it is planned for electric power for this Proyect to be supplied from the Coastal Grid
System but in the case parl:cular!y ol' the South Pare stmct ‘where the cxisting power
transmnission system and the load ‘avea are distant from each other, and where consuniers
comprise a nuinber of groups, the possibility of autogenerators would be an objective of study.

" For the South Pare District, planning was done for the case of providing diesel generators
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of 100, 2'15 300, 2?5 and 125 KVA at ‘Mwembe, l{ls:wam Gonja Ndungu axicl BOmbo
respcchvely, and the conslmcllon and opcra!ion Costs were calculated Cos
 In'making the companson between the lransxmssion and dlstnbuhon scheme and the dlescl.:
generator scheme shadow pnces ave employed mslead of normal market pnces !n effect, costs
were calculated usmg ‘shadow rate as l 43 for the forclgn cunency portlon 0 for unsknlled labor
wages, and 1 2 for domestic tfansportahon cOsts ’
' ~ The « companson of costs for a 25 year period is as shown below with the transmlssnon and '
distribation scheme ‘being overwhehnongly more advantagcous compared w;lh the dlesel scheme "
and a Iarge proﬁt wnll be produced

Unit: 10° yen

. 10% 20%
C: [‘ransmlsswn and dlstnbuhon o 581.2 485.5
- line scheme cosl o .
Bi: Diesel generator schcme_ cost 1,752.7 . £,133.8
- {with reserve capacity) S
B2: Diesel generator scheme cost 1,402.2 874.8
- {no reserve capacity) o . : _ R
B, -C o L1715 648.3
B, - C . ‘ 8210 389.3 -
B,/C 302 2.34

B:IC- - L 242 180

Slnce the Pm}ect will provide such a !argc bcncl“ t cvcn in South Pare a chstnct whcrc it
may be thought a diesel generator scheme would bc of great advantage, cvcn lasgcr benef {s can
be oblamed in other d;smcts

(2} Economic Analysis by Coinpaiison with Tarilf Revenue

Social and economic benefits duc to rural eleclnficat:on as descnbcd m 8 3to follow may
be considered as diverse benefits derived in complex I‘orm, but since. niost are mtangsblc it is
difficult to indicate then numcmally in compansons w,lth econonic costs. Smce the total sum of
the various benefits due to ‘etectrification is lhoughl to be gnater than the total sim of thc will-
ingness to pay of consumers, while furtlier, the willingness to pay of consumers s thOught to be
greater than the revenue from sales of eleciric power, to simplistically compare sales revenue and
the economic costs of the Project would niean considerably underevaluating the economic proft-
ability of the Project. In any event, computing here the mlcmal rate of return, it is 4.8%. This
figure at least is larger than thie financial proﬁtab:hty, and as mentioned above, since the intrinsic
social and econoimic bcncﬁls are much larger than salcs révenue, the intrinsic internal rate of
ulum of the Projcct may bc looked upon as being considerably higher than the above figure, and
it may be judged that ecouo;mc pmﬁtablhly of lhe Pro;ecl is sufﬁc:entiy high.

(3} Iiffecls of Development on chional Sccic!y a_nd ECO;tdn)y
’I"he effects of dcvelopment of the Projcct on the soc;ety and economy of Ihis reglon maf

be constdcnd to be of mamfold Kinds in dmrse sectors. The pnnc:pal ongs in summary w:ll be as
cited bclow
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(@) Impact mi‘.f\gr‘icu!ttiré 3 - o : :
- -As an effect of elcctrification on agricultural deveopment which is one of the
principal objects of _dévélopment of Kili_ma'ﬁjarq Region, the development of water re-
- sources for agriculture through utilization of electricity for motive power may be con-
sidered, while further, improvement in’ productivity through rationalization of processing
of cash erops fepresented by coffee, and processing of food crops such as maize and rice

. may be considered.

. {b) - Impact on Industry ‘ = _ .

' Supply of etectric power in the sense of securing a ‘cheap and stable motive power
source is thought will have a greal effect in development of small industries, the other
important object of development of Kilimanjaro Region. On analysis of survey data of the
state of industry in areas which are presently already electrified, the costs of motive power

~supplied by TANESCO are cheaper than motive power costs from other sources, and the
ratio of electric power utilization is high. Through the coming expansion of the electrified
area, approximately 80% of the business establishments of Kilimanjaro Region and roughly

100% of the gross production will have been brought info the electrified area,

(¢) Impacton Domestic Finances . B
_ ~ Kerosene is the most common as the energy source of households in unelectrified

areas. About 20 T.shs out of the monthly kerosene bill is paid for tighting and this amount
_is highet than the electricity charge of 13 T.shs for 10 kWh and under. When the intellsity
of 'i]!um_inati'on, ease of use, and sanitary condition of electric lights are considered, conves-
sion from kerosene lamps to clectric lighting is more than reasonable seen from the domes-
tic ecéncmiy, and this is also a reason that electrification is being eagerly awaited by the
residents. : - :

(d) improvement in Welfare of Residents . _ - .
-_Through regional élcclrificalicn, public facilities such as govesnment offices, pofice
stations, pdsf"'ofﬁccs, hospitals, medical clinics and schools will be electrified, and whereas
only inadequate public services can be rendered at present using diesel engines and auto
~generators, through introduction of madern machines, the possibitity of providing night-
time service, eﬁc., many Socia'l_ benefits will be brought to the regional residents. Electri-
fication of water supply facilitics and inslallation of street lighting are also planned, and
many effects such as improvement in the living standards of the residents and building up

of communities ntay be considered. ' '

(¢)  Comprehensive Effect - _ . _

Such individual effects of development such as described above when seen from the
standpoint of rural ‘development means that through the introduction of electricity a
mechanism of industrialization is cumulatively introduced in the rural economy, and
effects such s increased employment opportunities in rural areas, expansion of the econo-
my through increase in income, and prevention of excessive migration of the population to
urban areas through correction in differcnces between rural and urban societies may be
considered. Further, the conversion from oil as the motive power fo hydroeleciric power
sources will lead to consérvation of foreign currency, and together with earning of foreign
cuttency through promotion of industries, there will be a great effect on the national
cconomy also. ' 3
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CHAPTER 2 RECOMMENDATIONS
2.1 NEGESSITY FOR EARLY IMPLEMENTATION OF PROJECT

“The pumpose of this' Project is aiming &t the clectrification: of fural areas which have bien-
teft behind withoult electricity. In this respect, the Project holds significance as securing a social .
nnmmum in terms of an obligation 1o lhc nation, ami it dom nol have a nature 1o be discussed
only on the basis of cconomical aspects. - T : R

Nevertheless, as it was proved !hal ‘the ro.glon takcn up as thc survey area I.Oilld bf,
clectrified with: rdatmly short distribution lines and the power demand and supply. balarice of
the Coastal Grid System: swould be surplus hydro-clectric supply capability for the time being, the
results of this feasibility study showed lhat a compamiwely good cconomic ef!cd vauld be
sectiicd for a Project of this type: - ... ARRY: PSS I i

Mnanw!nk, in order to increase the agmullural produchwly of lhe mbjcct arca and to
mect - the high rate of population growth, it is considered to be necessary  that both
agro-industriatization of the rural arca and development of cultivation ficld by irrigation would
be realized as soon as possible. The Tanzanial Government, Kilimanjara Regional Government
and TANIZS(.O consider this Project as the most nnpo:lanl infrastructure 1o support the above
dw»lopmcnts and also being of urgent priority. :

(’onsequemly, the JICA survey (eain considers 1hat this [’ro;egt has not oniy an econontic
dwdopnmnt impact,- but also tangible and intangible social devetopment effects, and it is
desirable 10 be implemented at an earliest date,:

2.2 PREPARATIONS FOR EXPEDITING IMPLEMENTATION
{1 .Iislablishmenl 61‘Org3nizati0n in the Governnient to Handle Project

The sclicdule of this Project is c\trcmcly tight and it will be necessary to decide
immediately the government organ to be ruponsmlc for the project, the established organization
to handle it, and to expedite the implementation of this Project,

(2)  Procedures for Loan

In order to prepare the necessary forvign currency and any domestic cusrency required for
the Project, it is necessary that the procedures to secure loans should be taken. The first ste pin
this regard w ouid be to prepare and subimit an implementation program.

3) Sclcc!_ic’m of Consultant

- 1 will be necessary 1o imniediately seleet a consultant Lo advise not enly on matters
regarding a request for a foan, bul also on purchases of equipment and materials, evatuation, and
Lxccutmn of wotk, thereby expediting unpluncm,itxon of the Project.

2.3 PREPARATIONS FOR EXECUTING WORK
(1} Establishiment of Construction Organization and Securing of Personnel
The Project is to be iinplcmculcd directly by TANESCO so that establislimient of 3

construction organization for this Project in TANESCO and securing of construction personnel
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should be studied and prepared. -
(2) Sumveying of Trarismissidn and Diétriblﬂion Liné RO'utes

. The proposed transmission and distribution line routes should be suneyed in detait and
route maps preparcd : . : :

(3) I’rcparahons for Right-of-Way Acquisition Tree Clearing Compensation (A

Prcparallons are 1lcccs<ary for acqumlton of nghts of-way and land for transmlss:on and.
dlstnbutlon lines and subslations and to makc compensahons for trees cleared S

24 EOUIPPING OF TELECOMMUMCATIONS NETWORK FOR LOAD DISPATCHING '
AND MAINTENANCE o '

Tetecommunmahons l‘ac;lmes are mdmpemab!e for mamlenance and Opcratlon ol' thc
power transmission-transfonmation-distribution system of this Projeet. Gt b R

At thé outset, public telephoite channels would probably be nt:hzed in lh:s region but in
the future it will be necessary for the electric power company to have its exclusive’’
felecommuni¢ations nelwork for- load dispa!ching and mamtenancc and an mslallatnon plan
should be studied. ' ' : - c >

“{Although a telecommunication facilities plan is not mcluded in the prcscnt iject a
necessily for tefecommunications will arise even at the stage of construction for the Project and
portable wircless talkie has been hichuded under the item of vehiclés and tools for construction: )
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CHAPTER 1 OBJECTWES AND SCOPE OF THE: PROJECI‘
; 1 1 MEANING AND OBJECTIVES OF RURAL ELECTRIFICATION

The Thmi ch«Year Plan ol‘ whlch the com:ct title 1's “Third Five-Year P!an for Economic
and Soc;al Dwelopment“ aims at snnul(anéuus dﬁvelopment of cconozmc and socnal dCVelop-
ment. EERP AT ALY v RN Pty : :
B Naedless to say, when le,wed asa shole without économic dcvdapment there ¢an be no

social development and conversely, withoul social development there ¢an be no economic
development. - “The relationship between. economic dewelopment and social development is
mufuatly 1nterdepcndent and accumulahvely deuloped [t is-natural that on the whele the
T htrd Five-Year Phait for Econoniic and Sociat De\elopmenl” has two-fold objectives.

* Thus altheugh being different in dimension, cach individual microscoplc plan of the Third
Fne Year Plan nevertheless has both aspects of economic and social developiient as its objectwc
However, nnplemcntatnon of the ob}eclwes of c¢onomic and social development on a m:croscop:c
Aevel from a ‘viewpoint of econeniic effectiveness iniplics a kind of “trade-of P relahonship ina

~short term. Consequently,.sclection of the project necessarily involves the national policy of
Tanzania and requires assessment from a policy-holder’s standpoint. The stronger the aspect of
‘social development becomes, the lower the social rate of discount must be set. “Though rurat
elcctnﬁcanon as an individuat microscopic plan has lltually as its alm availability of electricity in
-the rural community from a point of view of development, it may be said to bé a comparatively
‘well-balanced plan in économic and social aspects The primary objective of the progtam of rural
electrifi catlon is to furthér. promote economic development of the rural aréa, and to let the
national economy “take-off”* so to speak, using rural electrification as a leverage.

ln the kind of sociely where agncullun is the major mdustry and most people live i m rural
areas, increase of productivity of the agricultural sector (including agro- mduslry) isa pn,reqlus!tc
-of mdustfnahzahon Only when products are produced in surplus in the agricultural sector does
industrialization become feasible.: When "products of the industrial sector are put into the
agricultural sector, productivity of the agricaltural sector further increases and, in furn,
accelerates industrialization. This is a process of mdustnahzahon in its embryo based on lhc
-agricultural sector. : :

That is to say, when inter- relations between agriculture and industey in the rural area
dcvdops into inter-relations beiween small scale ‘industrics in the rural arca and modernized
industry of the urban area, such process of underdeveloped mdusinahzatlon enters mto a new
stage of development. - S

~The econommy of Tanzania stauds upon a early phase of such new stage of development.

- This is becausc modermzed industry of the urban area exists in a mdelyd;spt,red indepeident
manner and the orgamc relallonshlp wﬂh small scale mdus!rtes of the rural area still remains to be
quite sparse. . L ARTE Y e S :

_ In order to deVelop orgamc relauonshlp betwcen small-scale indusries of the rura area and
modernized industry of the-usban area, il is neécessary- to havé industriatization in early stage,
related analogy, increased productivity of small-scale industries of the rural afea, in short,
increased produclivily of the agricultural scctor as prerequisites. Source of national savings and
expansion of the domeslic market must bc sought in the develapment of the agricultural sector.
One ought to learn a lesson from the example of a complete faitute in the government’s atlempt
to implement an mduslnahzauon pohcy al a tlme when producnwty of the agricultural sector
was slill very low. :

Stemming from the pnmary ObJCClIVC, lhe sec0ndary objeciwe of rural elcclrlflcalmn isto
correct economic gap belween the ueban communily and the rural commumty Tanzania is a
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socialist country whose national policy comprises the corréction of ¢conomic gap between the
urban and rurat commumtles among other things. Tanzama impeaches the economic poticy of
apartheied of the urban area toward the rural area in- many of the African nations, and in fact
‘stands in a position of impeach such a policy. The content of the five-year development ptan

. from_the First to the Third stands as tcstlmony to this. The correchon of economic gap between
whlch modcra!es a "Push the rusal commumiy" type of drasllc urbamzatmn “The mral
electnﬁcat:on program is a measure for corcecting economic gap between lhe urban and tural
communities and at the same time has a social policy colormg c e

The th:rd ob]ectwe of the rural electnficauon program is soaal de\felopment

In the present age electricity is. becommg a basic, necessary social service. Avallabnhly of
electricity is one of the factors of a social mmimum Hence, rural electsification ¢an be given a
meaning as a means of correcting social gap between the urban and rural communities as well

., As. menhoned before, the rural efeetrification program proposes to bring about not only
economlc developmient but also social developmenl It is up to the policy-hotder’s assessment to
give priority to one or the other of the two objectwes, nevertheless; by ruadmg the quotation
which follows, one can defect what great sngmﬁcancc the govemmen! places on the effcctweness
‘of social development as contained in the rural electrification program. : o
: “..., in trying to achicve the goal of rural electrification, social cons:dcrallon should be
given more weight., Economic considerations should not be the only criteria,” S :

- In_this context, in making social and economic evaluation of lhe rural cfec(nﬁcatlon
program sociat rate of discount can be set on a low lfevel; and in financial analysis, it can become
elegible for a subsidizing. polscy of the govemmenl Bui, no_siatter how high the effect of sociat
developmeat may be, there ¢an. be no development plan which does not accompany €conomic
cost. Needless to say, the rural electrification program must produce maximuni economic and
social effects with a minimum cost. Pnnc:ple of scarcity value should be lived lhrough to the end.

Thus, priority order cannot bul be given to the electric supply areca for rural electrification.
Accordingly, in the electric supply area for rural electrification also, it is to be decided to gwc
priority order, after taking into consideration the anticipated economic and social effects. |

1.2 SCOPE OF THE PROJECT
1.2.1 Pol:cy for Determmmg the Etectm: Supply Areas -

As has been mcnhoncd be!‘on. it is necessary to es!abhsh a ccrhm potenhal site undu the
present conditions of the Kilimanjaro Region as ain apphcable area for the elecinfication’ program
to fake place, §

. Behind this Prolect lhue is Kl!lmanjaro Regwn lntegraled Development Pian (KlDP), the
gist of which is bascd apon the elecirification program of the sectoral plan of the integrated plan.
However, the applicable areas of the Project is established in the light of (hé nation’s policy of
raral electrification regional and  district development policies and - the existing program of
TANESCO, ctc. and furthenmore, derives various mformatmn oblalncd from the actual sun’ey of
the site. _ . . . o . : ;
It slaould be pomied out alsa thal COnsrdcnng that th|s Project has a pioneering role before
the nationwide rural electrification is to take place in the future, specnal atlention has been paid
to the saciat and economic significance of rural electrification. -

The policy for establishing thc apphcable arcas for rural ulecinﬁcahon constsls of the
following: : ;
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(1 Eleélril‘ieélién of the District Ccnler‘s

Thls is given the Inghest pnonty in the natlon s c!cc{nﬁcahon policy. In consndmng the
eﬂcct of electrification, this ¢an exert its effect most cificiently. Among the district centers in
Kilimanjaro Reégion, the ones to be electrified are Moshi and Sanic atone and electrification is to
be quickly implemented for the rest of the district center as well.

) Blecffiﬁéafioal 61‘ the Division Centers

This is ‘one of the policies of KIDP to provide infrastructure and proposes to focus social
infrastructure on the community center on the divesion level. Neverlheless, as the elécirificalion
of the entire Division center within the region is despersed aréa-wiss, it is very difficult to
implement it all at oice. Hence, for the time being, it is to be done step by step and as much as
poss&b!e in conjunction with ihe cxtenhon of transm:ssmn lmes

3 Elcctriﬁcation of ihe Area of High Popul'alion Deusi[y

The populat:on of lhe Kilimanjaro Regton is concentrated much on the lhgh!and of Mi.
Kilimamjaro and summiit of Mt. Pare. Thus supply of clectricity power to this area has :mponant
socaal effect. . .

' (éli') Eléctrification of lhe Area of High Po'tential for Ind ustr‘ial.Dcvelopmem

The area of high agnculiuml producllon has various mdustms aftached to agriculture and
is’ an area with high potential for such development. In addition, development of small scale
industries is an earnest wish of the Kilimanjaro Region, without which there can be no
development of the Kilimanjaro Region. Supply of electric power as infrastructure in this regard
is extremely important and urgent.

{53} Correction of Regional Gaps

_ ln the Kllunan_}aro Region ‘Moshi Town asa. Reglonal capital rnpn,sents a large sham in the
mduslnal economy, furnished with various iypes of infrastructure. Next conte the inghlands of
Mosh: Rural, Hai, Rombo on the mountainside of Mt. Kilimanjaro. The refalive position of the
Pare District is not same as. other districts. Considering the economic. efficiency of the
clectrification, although it can be implemented step by step, the simultancous electrification of
the four arcas (Hal Rombo, North Pare, South Pare) has been decujcd for implementation for
the present clectrification progra m.

(6) Rcsp'ec: of TANIESCO‘S P!an

TANESCO, itself, has a- plan for the rural elcctnflcallon of Kilimanjaro Reglon and a
prcinvestment study has been conducted from 1975 to 1978. Such plan may be stightly different
from the KIDP electrification program but rather close to it. In the Hai District, electrification
is laid between Machame and Sanya Juu and transmission and disteibution systeins aré provided
to the south of Sanya Juu and north of Sanya Juu, respectively. _ _ _

In the Rombo District transmission and disteibution of clectricity is laid from Marangu
along the highway to Mkuu.

. In North Pan, treansmission and distribution systems arc Faid from Nyunba Ya Mungu to
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Usangi Ugweno an the mountaintop, and from Same through Kisiwani, Gonja, to Kifurio."
_ These plans of TANESCO maps out a scheme on a long-term basis which is beyond the
scope of KIDP {up to 1985); adustment was made al‘ter frequent dlscussmns with TANESCO

1. 2 2 Estabhshment of each Electric Suppiy Area
The following describes the establishmenl' of areas for eletlriﬁcatioﬁ into four areas:
(1} Hai District

Hai District, from its . reglonal charactensuc may be divided- into: nghland on the
southern inclination of Mt. Kilimanjaro, Lowland which is south of the Moshi-Arusha Road ‘and
an extensive lowland on the west side of Mt. l(llumnjaro Sanya Juu occupxes the central part of
Hai District and its elecisification should necessarily be implemented in the first mslanee ‘Also,
the area between Machame and Sanya Juu is catled Highland generally reffered to as the coffee
and banana zone, embracing huge population many villages and public services, supported by
high agricultural productivity. lence, it is highly urgcnt that the eleetnﬁcahon between these
areas is implemented.. :

Furthermore, Boma La Ngombe along Moshl Amsha Road is lo become lhc center of the -
district in the coming age, and already construction of a new town is underway in order to
transfer the functions of the center gradually to the new town. Thesefore it is ;1eeessary to supply
clectricily to this now town as well. i : : : : :

On the other hand in the area north of Sanya Juy, an Upper I,owland there is mostly
wheat industry cultivation and livestock. Population is very scarce in this area Therefore to the
area north of Sanya Juu, clectric power is to be supplied only as far as the extent of some coffce
cstates in the vicinity, and the extention sys!em is decided to take p!aCe in lhe next stage of the

plan.
{2) Rombo District

At pn.smt there are transmission lines up to Maranguw in Moshi Rural District. But from
Marangu onward, through a parl of Moshi Rural, there are many villages of Rombo’ Dlslnct such
as Meagwe, Mkuu, Mashati, Ussesi, Tarakia, all of which afe located on the easteni side of the -
highland of M1, Kilimanjaro, with various public scrvices and shops along the trunk road, l'omnng'
a rich belt of coffec/banana zone on both sides of the road. Population also concentreates on this’ _
area and there is a strong demand for the electrification of this area. In the c¢enteér of Rombo-
District, there is Mkuu which embraces niany public services and where, at preseit, 4 new town is
constructed centering aroud the D.D.D. office. Hence, clectrification up to Mkuu' is highly
urgent, and furlherimore, transmission and distribution lines should be extended to Mashati where
there is the division ceater of the neighboring district with high agncullural ‘productivity,
population density and active commercial operations.

Also, despite the fact that Usseei and Tarakia are nol inclided in the scope of
electrification program under the present scheme, since the clectrification of these districts also is
considered to have high priofity in the next phase, uansmissmn and d;stnbuhon lmes were
planned wnh sufficient capacity for add:llonalextml;on : : L

(3) North Pare District

Most of the population of North Pare District is concentrated on the Highlahd ncar the
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mountaintop of the Pare mountains, where coffee, banana, maize _and other products are being
produced. These centers of the Highland consists of the two division centers of Usangi and
Ugweno, with schools, h(')s'p_ila!s and _olhcr public services and also shops.

[On the other hand, it was deétermined that the present Pare District will be separated into
North Pare and South Pare. The new North Pare District Center is to be located in Mwanga along
the hlghway of the lowiaad. In this Mwanga also, there is a plan for a new town, and construction

of various functions -such as administrative and commercial organs are scheduled for
implementation and thecefore supply of clectric powei to Mwanga is first to be necded.
' Next, it is necessary to extend transiission lines to Usangi and Ugweno of the Highland
wluch is aciually the center of this district. The sco;n of this Project was decided to cover as far
as Usangi and Ugweno this time.

(4)  South Pare District

The population of Somh Pare District, except for Same and a part of the village,
conceatrates mainly on the range of Pare mountains, In the Highland, coffee, banana and maize
are proih’lt‘éd bul compared to the mountainside of Mt, Kilimanjaro, thw incline is too steep and
also '1grn,ulmml producimly is low and population l'iSpCl’S(‘d

_ Sanic is the center of Pare District and also scheduled to be he center of the new South
Parc District. Same was clectriticd in 1975 and the town of Same is rapidly being clectrified at
present. Viewed on the division level, the Center comprises Mwembe, Gonja, Mamba and
Makanya. In particlar, the vicinily of Gonja although being a Lowland allows utilization of
waler resources and has high potential for the agricultural development of maize, rice, cte. In
addition, there are several esfates of sisal and sugar in the vi'cinily at present. Consequently, a
transmission line to Gonja is considered to have the upmost priority. For a course of transmission
line up to Gonja, a route via the Highland and another route via the Lowland may be considervd.
On the route via the Highland, there is much population at present and hence the social
significance of clectrification is preat, it is considered. However, due to the ste¢p configuration of
the ground, construction and maintenance of transmission lines is estimated to cost tremendous
expense. In particalar. the road which leads through the Highland and on to the mountainside is
very poor, and causes one to pass judgement that the improvement or the new conslruction of
the road is first to be implemented for the agricaltural praduction and public welfare of the area,

On the ‘other band, the route along the Lowland is partly in confact with the Mkomazi
Game Reserve with very sparse population at preseat. But it is possible to build transmission lines
‘along the regionat road and tle cost of construction and the cost of maintenance are inexpensive
compared with those of the Highland route. In addition, water resources development of
Mkomazi Valley which is the arca bedween Kisiwani and Gonga has become possible by

¢lectrification, and it is consideced that not only does il contribute to the agricultural

development but also to the industsist and commercial promotion of the arca as well. As for the
region from Gonja alongside Mkomazi Valey, extention as far as Ndungu which is adjacent to the

Region was set as an extent of the Project to be covered for the time being.

Furthermore, as a stepping-sione for the electritication of the Highland, Mwembe which is
the division center is also included in the plan for electrification. Conditions of the road betwéen
Same and Mweimbe are comparatively good. In addition, as a stepping-stone for the electrification
for the future, the same as wilh the electrification of the Highland, it has been decided to provide
distribution lines from Gonja to Bombo. It has been decided that Bombo also is to be included in
the applicable area for electrification, where there are a big hospital and other public services.
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CHAPTERZ LOAD FORECAST
2.1 DATA AND INFORMATION

~Up io the present time Iong—range power demand forea.asts have’ been made for Tanzania
by Merg and MacLellan, SOFRELEC, SWECO, Norconsult-Electrowatt, ACRES and Oskar von
Mitler GMBH with forecasts also made by TANESCO llself These studies have all contributed
. greatly to facﬂilatlon of electric power development and electrifi cation of Tanzania.
: The areas considered for load foucastmg are the urban lypes of Dar es Saiaam Tanga,
Morogoro and Dodoma, aiid rural townships scattered throughout the country. Among the
reports mentloned aboxe a’ load forecast has been made for Sanie in Kilimanjaro Region in
“Peasibitity Study of the Rural Electrification Project in Tanzania, May 1975.,” by Oskar von
M:ller GMBH. In other reports, forecasts have been made for Amsha/Moshl

A load forecast for Kilimanjaro Region was made as one part of the development plan in
“Kilimanjaro Region Integrated Development Plan, October 1977" carried out by the Japan
Intemational  Cooperation Agency. The load forecasts for rural districts comprising the
electrification project aréa of the Survey Team were carried out by TANESCO sepatately for Hai,
Rombo, North Pare and South Pare. . ,

- The . Survey  Team, in mvasﬂgatmg the ctectnf:catmn prcuecl area ruferred to the
above-mentioned report adding the results of investigations of the actual conditions described
below set forth to ‘grasp 2 more accurate picture of the potential consumers and the projected
demands in lhc various load areas, based on which forecasts of fulure loads would be made.

+ As rel"ercncc materials for t’orecaslmg, the power gencration and encrgy sales records of the
various branches of TANESCO from 1975 through 1978, TANESCO Annual Reports, operation

“records of Kiyungi Substation, the Third Five-Year Plan, and United Nations Statistical
Yearbooks were used. :

2.2 FIELD INVESTIGATIONS -

. Generally, in an electric power load forecast, basic data indicating the economic activities
in the past of the area being considered and performance records of elecieic power demand and
supply “are combined, and incorporating the development project, the forecast is ‘made
slahsncally or by a mathematical inethod. However, such a melhod cannol be applied fo an area
where electrification is still only in the plamung stage.

- :Consequently, in forecasting load in such an area, it is necessary to find lhrough on-snte
ianSllga(lOD of the-arca. potential consumers who would materialize in the form of power
demand if electrification were to be implemented. Accordirigly, the Survey Team, in addition to
carefully examining the before-mentioned reference material, carried out the site investigalions
listed below.

a. Investigation of presently owned facilities and collection of information o,:i present
situations through interviews regarding estate farms (Kibo, Kisangara, Kisiwani,
" Gonja, Mdungu, etc.) in Hai, North Parc and South Parc districts thought to be
probable large-scale consumers,
b, Investigations of electrical facilitics of Knbongoto Bombo and Furuma hospilals.
c. - VlSl[Sr with Regional Development Director (RDD) and District Development
-Directorss (DDD) to inquire about degrec of cooperation of residents of districts with
clectrification, - and observation through interviews with potential consumers of
present state of lighting and degree of desire for electrification.
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d. Obtammg figures 6n potenhal load in each dl:.tnct from planmng offlcer of the

district.

e, -lmesngahons of actual situation wnth regard to cmmectlons between ‘districts
(roads, communication facilitics, elc.). - .

f. lnveshgatmn of urban development plan wsmng Msmstry of L'ands Housmg and
Urban Dévelopment; Moshi. . Bl

N Visits to existing electric” power “facitities (Klyungn Subslahon Same Substatton

Nyumba Ya Mungn Hydfoclectric Power Statmn etc) to obtam data 6n slatc of
mstallatmns opcralmg tecords ctc . L

23 METHOD OF LOAD FORECAST AND PERIOD COVERED

The subject aréa of load- forecastmg is as set forth at the begmnmg of Chhpter |
Accordingly, lhere are 104 fural townships with 2 total population of approxnmalely 255,000
and 24 estate farms to be cons:dered in load forccasimg A bréakdown of the above is given in an -
appendlx “As stated in the preceding section, it is not possible to discuss the load forecast for the
area based on fundamental data of that area. ’[herefon,, the principle regardmg the method of

forecasting is to take into account populatlon number of hiouseholds, types and composmons of
demand in the subject arca during the 10-year period from’electrification and using as references
the power dcmand and supply trends of othier areas judged to have similar characteristics as those
of this area to predlct fulun, demand Namely, lhe tradltlonal SO called analyl:cal methud” Was
applied. - : : Do coes
From a long-:ange wewpomt trends in electric power demand wﬂ! of course change
conisiderably. In this regard, sifce electric power is used in alnmost eveiy aspect of economic
aclivities of production and consumplion, from a long-range viewpoint, it may be considered to
have an exiremely good correlation with GNP. In this connection, there is a “‘macroscopic
method” whereby global trends are found in cosrelations between ﬁer capita GNP and per capita
eleciric power ¢onsumption based on which the long-range trend in electric power demtand of a
certain couniry is estimated.

“The séale of eléctric power demand dérived by this prediction method ‘would be for the
whole of the countiy and it would be a difficult matter to deduce the power demand of a single
area from this demand on a nationwide scale. R : —

" However, -a certain ‘degree of approximation s reqmred in load forecaslmg in'any case,
Consequently, for the load forecast for the 10-year period immediately after clectrification, it
was décidéd that the scale and growth rate of demand by the analytical method would be taken,
while after the 10-year period, a switch fo a growth rate on'a nat:onwldc scalc oblamed by the
macroscopic method would be made. - oo R R A :

The périod of load forécast was taken as 25 years after electnﬁcalmn although thls has no
special meamng in making the forecast.

2.4 LOAD FORECAST BY “ANALYTICAL METHOD”
" Demands were predicied according to the sequence below.
244 UneOVermg and Classlhcatlon of Potenual Demand

hrslly, potennal consumers-who will enmicdrge’ in the form of elcctnc poWu ioad and
lighting load acé¢om panymg e?eclnflcahon miist be uncovered
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. Table 11-2-1° List of Pot_en_fi_al Consumers and Estimated Maximum Demand in kW

o

Tariff Potential Consumers . o« (KW)  Anlicipated Electric Commodities
T-1 Domestic Consumers ' ' '
Large houses 0.784 l;ghl Radio, Cellmg tan, Iron, etc.
Medium houses 0.328 Light, Radio, Iron; etc:
_ Small houses 0.180 Light, Radio, etc.
© T2 " Commercial Consumers _ :
Government offices 10 ' nght Radno Ceiling fan, Copy
_ C ' - machine, etc.
Police stations 10 ~ ditte
Post offices 0.5 - ditto
~ Courts - 0.5 © Light
- Primary schools 04 ditto
- Secondary schools 1.0 ditto
Training schools 0 Light, Lathe, Drill, Grmder etc.
" Missions 1.0 Light, Ceiling fan, Radio, etc.
Mosques ' 0.5 ditto
. Banks 1.0 ‘Light, Ceiling fan, Radio, elc.
Hospitals . 10-40 Light, Medical appliances, ete.
‘Dispensarics 0.5 ditlo
Health centres 05 ditto
Hotels 1.0-- Light, Ceiling fan, Cooker, etc.
Bars 0.5 Light, Radio, Refrigeralor, etc.
Shops 0.2 - Light, Radio, ctc. _
© Carpentrics 05 ~ Light, Radio, Saw, etc,
Garagefworkshops 1.0 Light, Radio, Grinder, Welder, etc.
- Petrol station - 1.0 Light, Qil pump, eic.
Markets ' 0.5 - Light
Veterinary offices 0.5 Light, Ceiling fan, Radio, elc.
T-3 - Light Industeial Consumers
‘Maize mills . ¥ Motors for maize mills
.. Coffec pulpings ¥ Motors for coffee pulpings
 Estate famms * Light, motors for water pumps,
. oo : maize mills, coffee pulpings, ete.
' Hospitals : ot Light, medical appliances, etc.
5 Public 'ublic Lighting 01
-Note *: Maxlmum demands of!ar:ff T—3 and T-4 are clectrical out- -puts of motors,

prime movers, diesel engines, cte., and refer {o appendix tables.
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_ For this purpose, the Survey Team softed out poternitial cénsimers referring to the reports
mentioned at the beginning of this chapler, and these potentiat consumers were classified in
accordance with the {3nff system of TANESCO as shown in Table 11-2-1. Based on this, dataon -
the number and scale ot maximum power demand of the potential consumers were collected by
site investigations and from related agencies and DDD offices. R

2.4.2 Number of Pﬁtentjai Consumers
The number of domestic consumers that can bé electrified at the initial stage was estimated
as follows based on investigation data of TANESCO. According to the surveys by TANESCO the

" number of potcnha! domcsllc consumers in the followmg

(1) Hai Distribution Network (Sept__. _1_975)

{a) Sanya Jun

‘ : Nltnllbef_of .

Domestic . t‘omposilfon ety
Consumer Number %) Households
: M 1978

Large houses 10 12,5 o

Medium houses .20 25.0 536

Small houses 50 - 62.5 :

Total . 80 100.0 536
(b) Nrong Area N
Domeslic ' Composition Number of
S Number Households
Consumer ., (%) 1978
Targotouses 12 8 o
Medivm houses S 30 29.4 . 1,330
Small houses - 00 58.8 S
Total . 102 100.0 - 1,330
{2} Rombo Distribution Netwerk (June 1978) R _

_ : : s Number of
Domestic Number Composition y Houscholds
Consumer {%) 1978

Large house 20 40 o

Medium houscs 80 16.0 16,303

~ Small hiouses - 400 80.0 ‘

“Total 500 100.0 6,303
(3) North Pare Distribution Network (May 1975) R _
. , e Number of
é)_ome—sllltr Number Lon(n;())smon -, Houscholds

o onsuner o 6y 1978

Large houses 20 43

Medium houses IUO_ 21.3 5,877

Small houscs 350 74.4

Total 470 160.0 5,871
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(4) South Pare Distribution Network (May 1975)

Numbcr of

'Domésric & : - Lomposition
. (‘o nsunier _ Number ® : lloltg;l?:olds
_ Large houses . 43 13 _ o
Medrum houses o2 o 2430 5,556 . .
* Small houses 400 _ ' - 084 : .
- “Total S 885 LR L0000 5,556

The proporhon of lhe number of domeslrc consumers that ¢an be elec{rrﬁed at lhe inttial
stage in the various elecirification districts, exceptmg Sanya Juu and South Pare, is roughly 8%.
Sanya juu is the county seat of the Hai District-and differs from tural townships of other
drstrrcts. As for South Pare from the observahons of !he Survey Team in site mveshgahons it
cannot be thought to d;ffer parhcularly l‘rom other dtstncis Therefore it may be cstimaled at
8% from an average standpomt i -

' Meanwhrle lhe number of domestrc consumers was uwestrgated by TANESCO I‘rom May
1975 to 1978 and itis fully concewable lhal the’ numbcr has been increasing yearly. Although it
' may be consrdered Ihat the rate of i mcrease of thrs has corrt,lahons wrth income and populatron
growth there was no avallable data mdrcatlng the mcome trends of the pertment areas, and
lherefore the target of 5.1% for the agricultural sector in the Third Five-Year Plan was adopled.
: At thls growth rate, 10% of the number of households in 1978 weuld be the number of domestic
consumers that can be electrified in lhe initiat stage in the year electrrficalron work is started.
However, When considering the temtorral spread itis unthmkable that ]00% of the above can be
electnﬁed and the Suivey Team eshmated that 80?3 would be thé proportion of doniestic
consumers eleclrrfed in the mrhal stage. That is, 8% of the number of houscholds in 1978 was
assumed to be the ‘number of domestic COnsuiNers.

_ The numbers of commercral ‘consumers, llght mdustnal consumers and mdustnal
consumers were obtamed from DDD ofﬁces and TANFSC() data, Dctarls are given in an
appendrx o
As lhe numbcr for publrc lrghhng, 10% of the number of domestic consiumers was taken.

The number is that adopted by TANLSCO and this was followed.
 The numbers of potential consumeis according to' tariff groups obtained from the
- foregoing are as shown in Table I1-2-2,

Table 11-2-2 Numb'erof Polehtial Co_nsomer’_s by Tariflf Group

Di's}ri:l)__ulion, © -Tarifl Tanff Tariff . Tariff Tasiff ' Total‘

~Network™ ™1 T2 T-3 1 -4 T-5
CHai - 1.158'; 218 126 5 117 1,724
. Rombo 1,646 400 42 . 164 2,252
- North Pare - 469 303 21 I 48 842
‘South Pare © 444 300 12 4 46 806
Total: 3717 1,321 201 10 - 375 5,624

Note: As for.brcakdown;_refer to the appendix
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243 'Maximum Power Demand of Corisumers

_ Normally, the maximum power demand of consuniers is decnded by lhc srze of msialled
load facilities, bul . the total of load facilities does not cor:shtute maxlmum power. Consequently,
the general procedure used is to compute maximum power mlroducmg a cocfficrent called
“demand factor.” The demand factor for an ordmary household consumer takmg Japan as an
example, is approxnmately 24%.
Demand factor may be defincd as the followmg
Maximum Power (kW)

- Totat Load Facilitics-
of Consumers (kW) |

ioo @

_ l)emand Fqctor__ =

_ Thc survey area of the presem siudy 1s a pro;ected eleclnﬁcatron area and lhe acluai -
sllual:on is that there are hardly any ioad facrlrllcs of consumew exastmg (onsequentiy, 1t is
1mpossrble to catculate the aggregate of load facrhtres. However, from the - \ueWpomt of load

' fomcasimg, the types and uses of load facnhtles or their scales have Onty secondary me
what is rmportant and m(mover necessary, is thc maxrmum pOWer demand 0!‘ consumers Wlth '

_ regard to ﬂus mavumum power demand there is an estrmate by TANESCO engmeers Wrth tlns as

the basic data and addmg the resulls of site uweshgauons obsewairons and expenence ol‘ lhe

Survey Team the maximum power demand of potenhal consumers was determmed to be as_
shown in Tahre ll-2-l . : :

~ The maximum power demands under Taan 3, nght lndusinal and T; nﬂ' 4 lnduslrtal‘-
Consumers in tlus table are outpuls of clcctnc motors pnme movers or d:esel engmes mstalied
by CONSUMErS c0nvcrtcd mto electric power, and the ongmal data are given in an append;x B

~ For maximum power demand of Tariff 1, Restdenhal Consumers 1he maximum power'
dcmands accordmg to large, mediom and small houses were nol uscd m ihrs load fon,cast for
convenrcuce of calculah()ns and the  wighted averages of lndmdual maxlmum power demands
were used. Since it was surmrsed lhal s:zcs ‘of c¢onsumers wmlld differ somewhai according to

distribution nclwork the Welghtcd averages (maximum power demand of oné resndenttal -

consumer) are 207.2 Wlonc residential consumer for Hai, and 158.8 W/one rcsrdenhal consume;
for Rombo, Norili and South Pare. The calculalron proccss is: explamed in an appendlx The
maxlmum power dcmands accordmg to tanf f groups are, showu in Table ll 23. o

Table [1-2-3" Bstimated Makimum_Dema’nd in kW by tariff Group -

: Hai . _.__Rombo . Noith Pase - South Pare - oo Tofal
Tasifl Group No.of Maximum Wo.of - Maximum - No. of Maximum 'F."o of  Maximum No. T - Max Tmum
‘ _Consumers | Dem;n}i ('onsumers Demand Consumers Dzmand Consunicis Demmd Consumers Demand

T-1 Domestic 1158 2400 1646 2614 469 s 444 705 3917 6464
T-2Commercial 318 ~ 2463 400 1596 303 1619 300 1179 - 1,321 - T6851
T-3 1. Industrial 126 1,2108 42 1934 2 4.3 12 504 2007 1,568.9
T4 Industial 5 6600 - - i 210.0 4. 5000 10 1,370.0
T e 117 17 164 ted 48 48 46 46 -3 031S

Tofal:’ L7244 23688 22851 . 6308 . ° 842  $655 805 . 7434 - 5,624 - 43088

Note: Asfor breakdown of maximum demand, refer o the Tarb!é in the a.ila.chea.j .apéend'ix.. :
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2.4.4'Synthésized Ma’kimum' Power'- G

Fhe maximumn pml.er demands of mdmduai consumers do nol arise snmu!lanwusly, but
occur with dlﬂerenr:es in time. Therofore the maximum power demand when individual loads are .
ag,gregated normaily is smaller than the aggtegate ol‘ individual maximum power demands.

This is exPrcssed in the form of the cquahon below and is called "dwersuy factor.”

Aggregate of Maxmmm l’owcr
of [ndmduai Consumers (kW)
Maximum Power when lndmduat
Consumer:. Synthesnzed (kW)

Diversity Factdr =

The diversity facior approaches a constanl vahie when the number of consumers becomes
large to a cerfain extent. Normally, at mral areas of Japan tighting load is said to be 1, 15 1.25,
motlve power load around 1.5, and” synthmsrzed lighting - and motive po“er !oad 1.2-1.3,
Accordmg to obsewahons by the Survey Team of load faci!itics in the subject electnﬁcatlon area,
!he mohw power load makes up more than 65% of ma\c:mum power demand and thé diversity
factor may be con51dered to be hagh 'Iherefore # was de(:ided to oblam thé synthesized
maxunum power deinand assuming a diversity factor of 1.3.In el‘fect the synthes:zed maximum
pQwer b detennmed by lhe followmg

SynlheS]zed Aggregale of Maxmulm Power

Maximum = of Individual Consumers (kW)
Power (kW) . . 13
." A_ééording.iy,:l‘ilé s;,;ilt'hes.izéd nAXinvm power by distribution network will be, respective-
ly, : 3 o . B
Hai Distribution Network | 1822 kW
Rombo Distribution Network 485 kW
North Pare Distribution Network - 435kW
Scutl: Pare Distribution Néetwork _ 572 kW

and the synthesized maximunt power of alt potential consumers will be 3,314 kW. However, the
urban devclopmcm demand descnbed under a lalu iteim is not included.

2, 4 6 Annuat Energy COnsumptiOn

The aimual cuergy consump!mn (kWh} is cxpnsscd by thc equallon below
“Annual Lnergy Consumpnon (kWh) = Maximum Power of
- Annuat Lead Factor (%) -

load (kW) e X 24 hr x 365 day

~Annual load factors in elcclnt‘ed areas of Tanzama aCcordmg to tarifl groups are esumaied
(4] be as mdlcated bclow, Approx:mate values’ for cascs in Japan are also given,
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Table ll—2—4_ Annuat Load Factor in Tanzanian Rural Arcas

Annual Load

Taiiff Group - . Load .~ . ‘Fagtor. -~ . . Japan* -
e , Factor(%) x24he 0 o0 T
Domestic Consumer - 2. 5-165 3 - 3.96 . é[.}p.r_(_)x_.-kli‘S.O‘ o
Commercial Consumer 16.5 - 20.0 396 -43 approx. 45.0
Light Industriat P o ‘ , o
Consnnter ‘ 20. 0 25 0- o 4:8_ -6 7 apprf)x. 45.0 —60.0
Public Lighting . approx. S0 12 .. .- SRS R

*Estimated values since tariff classifications not the saine..

‘It may be seen that the load factors arp farr!y low. S :

According to the Fmance Managér's Reporl for 1978 (excludmg Deccmber), the annual
toad factor was 45.8% for all TANbSCO systeins, 46% for. lhe Coastal Gm! Systcm mcludmg Dar .
es Salaam, Morogoro and Tanga, “and 57. 5% for Dar es Salaam At Songea Branch and Maﬁa
Branch electrified in 1970 and 1972, the annual load l‘actors were 32% and 3?% respec!wcly Thc
above indicates that annual load factor ss tow at the lmha! slage of e!ecmf' catu:m but IS hlgh at
an industrial ccnter of urban type. : : R

Therefore, in the forecast of energy consumptnon at the :mttal slage ofelecmf'catzon, lhe
annual load factors adopled were the intermediate valie of 14.5% (3.5 hr]day) for residential
consumers, the minimum value of 16.5% (4 hr[day) for commerc;al consumers, the minimumn
value of 2G% (5 hr/day) for light industrial and industrial consumers, and 50% (12 hi/day) for
public hghlmg, while in calculatlons the equivaleat hours per. day, that is, the figures in
parentheses, were used. As a result, the synthesized load factors for “the initial ‘sfages of
electrification of the various distribution networks will be as mdlcated in Table 11-2-14 in an
appendix, 24.7% at the initiat stage of electrification. A

246 Development P!an

In -foad forecasimg, it is needless to say lhal future development p!ans should ; be
investigated, and the development siles, scales, natuses, lypes, and ‘details of plans e!ectncaily :
analyzed for incorporation in the load forecast. Therefore, the Survey Team investigated the
development plans in the projectied clectrification area at RDD and bDD offices but other than
for urban development plans, data of the extent that would coniribute to load forecasting wese
not avaitable. Meanwhile, as a development plan' for Kilimanjato ‘Region, - there :is the
“Kilimanjaro Integrated Development Plan, October 19777 produced by the Japai fntemational
Cooperation Agcncy It is more than LOI‘ICC!VabIO that these pro;ecis will carry comuderable '
weight as electric power ‘demand if they were to be realized, bul at he present time it is difficult -
to develop demand in terms of time sesics. And to mcorporale these demands based on a Certam '
hypothesis is to introduce an Optumshc view into. the feasibitity" study of a (ransmlsswn and
distribution project, and cannot be considered as the pn_ncapal alm of load fon.castmg
Accordingly, the above-mentioned projécts were not considered in the load forecast, '

Urban development plans consns! of urbanization pro;ccts presently in proguss and
administrative central city plans accompanying scparation of administrative divisions. The Boma
La Ngombe and Rombo (Mkuu) urban development plans belong to the former and the Mwanga
utban development plan to the latter. The scales of these urban development plans are shown in
Drawing HI-2-1 through Drawing 111-2-3 in an appendix.

The urban development plans are being expediled by the Ministry of Lands Housing and
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Urban Development, Moshi, but dala for indicating construction targets by year were not
available, Therefore, the maximum power demands at the mmal stage of ¢lectrification were
cshmat d as descnbcd below oo - :

- ( ) Boma La I\gombe Developmcnt Plan Dra\ung lll 2 H : .
< ‘This project is planned at 2 ‘savannah spreading out centered at Boma La Ngombe
localed approximately 23 - km  west of - Moshi. ‘Boma La: Ngombe is at a hub of
transponahon soutes leading from Moshi to Arusha or Kilimanjaro hiternational Airpoit,
‘and is also a branching point of the road leading to Sanya Juun where the DDD office is
:presently located: The trban developiment area is as much as approximately 1,300,000 m?
(130 héctares) and many public facilities, social wetfare facilitics and educational facilities
are included. At present, construction of a new DDD office is under way aiming for
completion at the end of 1979,

New DDD office o - 20 kW
Fmployec housing 10 kW
Drinking water pumps 30 kW
Public lighting, others 10 kW

70 kW

(b) Rom‘bo Urban Devdopmenl Plan memg T1I- 2-2

A’ project similar to lhat at Boma La Ngombe is being expedlted in an area of
approximately 2,000,000 m? (200 hectares) centered at the Rombo District. At present,
there are a DDD office, National Bank of Commerce, and an S1DO office, while expansion
of Furuma Hospital is plénnc’d. At pres-:nf, coffee pulping and maize milling for the
Rombo District ar¢ being done at Moshi, but it is surmised that these will be done within
this urban development area in the future.

DDD office 10 kW
National Bank of Commerce ' 20 kW
SIDO office . 10 kW
Futuma Hospital 40 kW
Enmployee fmusing _ C10kW
Light mdus!ry - o - 80 kW
l’ubltc llghtmg, others B 10 kW

180 kW

(©) MWanga Urban Dmelopmenl Ptan: l)rawmg lll 2-3 .

It has been deculed that North Pare is 1o be separated -fsom the Par«, District to
become a new mdcpendcnt district, and it is scheduled for Mwanga to beconte il center
of the district. Mwanga is located approximately 55 km east of Moshi and is the branching

" point of the road leading to Usangi and Ugweno from ihe highway between Moshi and

Same. o . : ‘ . C
o DDD office : .20k
Employee housing 20kW
Public Ilglllmg 10kW
T S AT
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247 Load Fbrecast :

It has already been statcd lhat then, is no way a load forecast al the mmal slage oi‘
electrification can be made based on past performance. Thercfore, the energy sales from 1970
through 1978 of rusal. townships where eleclnﬁcatlon has been cawried out were investigated,
excludmg mdustnal city types such as Dar es Salaam, Arusha and Tanga and the growth rate of
these was taken as the growth rate of the projected electrification area. ‘

The encrgy sales of 19 rural townships by tariff group from 1970 lhrough 19?8 ar¢ as
indicated in Table 13- 2-5, the basic data of which are gwen in Table HI-2-20 of an appendix..

From this tablc the annual growth rates for the penods of 1970/1974, 19?4119?8 and
197011978 as scen by tariff group wnll be as indicated below. ;

1970/1974 19741978 1970/1978

| Tariff Group ' %) (%) @)

T-1 Domestic = 7.40 _13."60‘_ - 1045
T-2 Commercial O ALLS 472 1.74
T-3 Light industsial 58 6.83 6.34
T-4 Industrial 12.72 0.56 6.47
T-5 Public lighting - 1.00 1.03 397

Totat o BN 4.21 5.96

fab!e [-2-5 Summary of Energy SoId in GWh by
Tariff Group (1970 19?8)

Year =TI T2 T3 T4 TS5 ot

1970 1132 2077 661 3373 . 164 7407
1971 | 1215 23.29 796 3193 1.87 77.20
1972 12712 23.08 7.82 3115 191 8328
1973 © 13.54  25.03 824 4379 197 9257
1974 1506 - 19.83 . 830 5446 215  99.80
1975 17.20 2071 894 5842 214 10742
1976  17.32 2129 9.57  57.04 224 10746
1977 1965 2202 © 923 5837 206 11133
1978 2508 2385 10.81 5570 - 2.24  117.68

Souree: Finance Mainager's Report

The average annual. growth rates by tanff group dmdn.d into maximu, medium and
minimum will be as mdlcaled below.,
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* Tariff Group IEAERE Maxmmm (%) - Medium (%) Minimum (%)

T-1 Domestic ~ 1360 _ 10.40 740
T2 Commercial 4.72 . 1.74 AL1S

. T-3. nght mdustnal - .'683 I 634 4 5.86

. T4 ladustral -~ B Vi R 6.47 0.56

T-5 Publiclighting 700 '3.97 103
o Total . Lt ‘114 5.96 - 4.21

“As the armual growth rates of tanft groups the medinm grow th rates of 19 mral townships
from l970 through 1978 Were adopted In effect,

T-1 Domestic Consumers B _10.5%
T-2 Commercial consumers 1.8%
T-3 Light m_}du_stnal consuniers | 6.4%
T-4 Tndustrial consumers . o 6.5%
T-5 - Public lighting ' S 4.0%

tt was cqnsrdered that potential deinand would become aclual 85% for T3 and T 4 and
- 50% for T-1, T-2 and T-5 at completron of electrification, with all tariff groups reaching 100% in
succession after 2 years. Followmg this, the growth ratés by the tariff groups above would be
indicated.

1t was forecast that demand according to urban develc)pment would materialize 25% at
completion of electrification, 50% during the following year, 75% after 2 years, and 100% after 3
years. Subsequent incressés in.demand would be determined by public facilities and housing
_ which would be built in su¢cession, but as mentioned previously, concrele indices could not be
'obtalned . Therefore, the forecast populatlon gmwth rate 0f 8% for Moshi Town indicated in the
Third Five-Year Pian and the forecast poputa[ron growth rate (1980-1990) of 8% centered at
the district. mdrcated in the prevronsly-mentloned "Krllmamaro Integratéd Development Plan,
1977 were focused on, and with the clasticity ratio as |, the growth rates for Boma La Ngombe
and Mwanga were bath taken to be 8%, and that of Rombo 6%. Since the weight of light mdustry
at Rombo is large, the rate was considered to be lower than at the others.

Bas:.d on the processes of the above potential demands surt‘acmg and the forecast of
growth rales, the results of load forccasts from 1983 through 1993 are as shown in Table 11-2-6
through Table 11-2-10 and Fig. 11-2-1. :

Tahlc II—2-6 Iforecast of Encrgy (‘onsmnptron by Tanff Group
(AII Distribution Networks)

T-1 T2 T3 T4 TS U.D.P. Total ~ Increase

Year (MWh) - (MWL) - (MWh) . (MWh) (MWh) (MWh)  (MWh)  Rate (%)
1983 -~ 4240 5006 24337 2,1252 839 1264 56938 18.1
1984 6359 7509 12,6486 23129 1262 2526  6,7271 15.3
1985 847.8° 1,001.1 28633 25003 1677 3790 17,7592 7.5
1986 1936.6 1,019.2 30466 2,662.8 1744  505.2  8,344.8 6.3
1987 10347 1,037.6 32416 2,8359 1814 5395 88707 6.3
1988 1,143.3 1,056.2 3,449.0 3,020.3 1886 5763 19,4337 6.4
1980 1,262.6 1,074.5 3,669.7 32165 1962 6156 10,035.1 6.4
1990 1,395.4  1,094.6 39047 34257 204.1  657.6 10,6821 6.5
1991 L5415 L1141 4,1545 3,6483 2121 7026 11,373.1 6.5
1992 1,703.1 1,134.2 44203 38854 . 221.6  750.7 12,1153 6.55

1993 1,881.5 1,154.7 4,703.2 4,138.0 2295 8021 12,909.0

.Note: U.D.P. is an abbreviation of Urban Development Pian
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Table 1-27 : Forecast of Encrgy _C(_)hsuﬁlplioh by T ari{f Group

(Hai Dis:!r,_it“m'lion Ne_t\_vork)

T2 T3 T4 TS UDP Tofal

" Increase

Year (h;,;‘}h) (MWh)  (MWh) (MWh)  (MWR)  (MWh) ~ (MWh) ~ . Rate(%)
1983 1643 1798 1,8782 10238 274 295 _.-_,33030 143
1984 . 246.5  269.7 20440 L1142 414 590 3,7748 12.5
1985 3286 3596 22097 1,204.5 548 - 885 44257 6.9
1986 363.1 3661 23510 12828 57.0 1180 14,5381 . 64
1987 4012 3727 25016 13662  $9.3 1274 48284 64
1988 4434 3794 26617 14550 ‘616 . 1376  5,138.7 6.5
1989 489.9 3862 2,832.0 1,549.5 641 1486  5,470.3 6.5
1990 5414 3932 3,0133 16503 667 160.5 58254 - 6.5
1991 $98.2 . 4002 3,206.1 1,757.5 693 1734 6,204.7 6.5
1992 661.0. © 407.4 34113 1,87t.8 721 1873 6,6109 6.57
1993 7304 4148 3,629.7 1,993.4 750 2022 7,045 .
Note: U.D.P; is an abbrwaanon of Urban Developmeat Plan
Tab!c I-2-8 Foncast ol‘ Lucrgy Consumphon by Tanff (,roup
(Rombo Dlslnbutlon Network)

12 T3 T4 TS5  UDP.  Total  Inceéase -
_‘l’tar CAMWh)y  (MWh)  (MWR) (M\Vh) ((MWh)  (MWh)  (MWh)  Rate (%)
1983 1670 1165 3000 - - 359 158 - 6952 . 311
1984 2504 1748 3265 ~ 539 CISLST 9SS 214
1985 3339 2330 3530 - 718 2273 12190 115
1986 3689 2312 3756 ~ 747 . 3030 1,359.4 6.5
1987 407.7 2415 3996 - - 777 32127 L4477 66
1988 450.6 . 2458 4252 ~ 808 3405 15429 66
1989 497.8 2502 4524 - 84.0 3609  1,6453 6.7
1990 550.8 2547 4814 - 874 3825 1,756.1 68
1991 - 607.8 2593  sp2 0 - 90.8 4055 1,875.6 6.9
1992 671.7 . 2640 5450 - . 954 4298 2,0059. 6.9l
1993 7422 2687 57198 - . 983 ° 455.6 - 2,1dd6

Note: U.D.P. is an abbreviation of Urban Devetopment Plan
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Table 11-2-9 Forecast of Energy Conéll,rﬁption by Tariﬂ‘ Group
(North Pare Distribution Network)

EECCUURY Y i RS UDP. Total

Increase

Year (MWh) © MWhY. . (MWh) * (MWh) - (MWh) " (MWh) (MWh)  Rate (%)
1983 476 1182 1773 . 3258 - 105 . 2Lk 7005 21.9
1984 704 19737 71930 3546 158 421 854.2 18.0 "
1985 95.2° 2364 2086 3833 . 210 - 632 10077 7.4
1986 105.1 2407 2220 4082 218 842 1,0820 . 59
1987 . 1160 2450 - 2362 4347 22.7 90.9 - 1,1455 59
1988 128.1 2494 2513 463.0 23.6 982 1,213.6 6.0
1989 1414 2539 2674 4931 246 . 106.1 . 1,286.5 6.1
1990 . 156.1  258.5 2845 5252 255 1146  1,364.4 6.1
1991 1724 263.1 3027 5593 266 1237 1,4478 6.2
1992 1903 2678 3220 5956 276 1336 1,536.9 6.24
1993 210.1 2727 3426 6344 287 1443 1,632.8

Note: U.D.P. is an abbreviation of Urban Development Plan

Table 11210 l"orcé'asl of Exergy Consumption by Tariff Gronp .
: {South Pare Distribution Network)

_ ™ T2 T3 T4  T5 U.D.P. Tolal Increase
Year (MWH)  (MWH)  (MWh) (MWh)  (MWRY  (MWh)  (MWh)  Rate (%)
1983 4s.1 861 782 7756  10.] ~  995.1 14.7
1984 676 1291 - 851 8441 - 15. . i,141.0 12.8
1985 90.1 . 172.1 920 9125 20.1 - 1,286.8 6.1 .
1986 995 1752 979 9718 20.9 - 1,365.3 6.1
1987 109.8 1784 1042 1,035.0 ~ 21.7 - 1,449.1 6.2
1988 121.2 1816 1108 1,102.3 22.6 - 1,538.5 6.2
1989 1338 1848 1179 L1739 235 - 1,633.9 6.3
1990 147.8 1882  125.5 1,250.2 24.5 - 1,736.2 6.3
1994 163.1  190.5 1335 13315 254 —~ 1,845.0 6.3
1992 180.1 1950 1420 14180 26.5 - 1,961.6 6.35
1993 198.8 1985 150} 1,510.2 2.5 - 2,086.1

Note: U.D.P, is an abbreviation of Usban Development Plan
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Figure II-2- | F_o'ke_(:dsf_ of Ene‘;gy Cd;}summioh
- by Analystical Method '
(10'yeors of 1973/1983)
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.25 NATIONAL LOAD FORECAST BY: MACROSCOP[C METHOD

2.5.1. Forecasung Methcui ::; ; e

The macrosCoptc method of i‘orecaslmg elcctnc power demand is that of estunatmg
_ electric power démand of a’ ‘country as a whale for an exlra-tong period based on the correlation
between per capita GNP GNP/capita, and per cap:ta energy consumption, kWh/capita.

This corretation is separately determmed in ¢ach country accordmg to economic scale and
individual income lewel and therefore; d:fl‘era cens:derably from country {o counlry However,
accordmg to the stat::.hcal investipations by country carried out by }:PDC there are general trend
cuives which exist for electric power consumpltion scales ac¢ording to a number of income levels,
The parameters required for this long—range farecast method are the following: ‘

a, Degree of gmwih rate at preseat stage of national economy estimated from pasl

_records, : :
i Present scale of GNP/capzta
o ¢. . Present scate of kWhfcapita, - - -

d. Dngrte of variation in GNP growth rate l‘or varlatlon in scal; of GNPIcap:ta

€. Degree of variation in kWh/capita for variation in scale of GNP/capita.

The above parameters and the future scale of the nationwide power demand estimated
: based upon it are thc followmg

(l) Present GNPIcapua Av»ragc Growth Rate kWhlcapn!a

l*rom lhc siandpomt of mtemational compansons in long rangb fuucasts lhe necessary
economic indices, namely, population, GNP, nationwide total energy production, etc., were
considered using United: Nations statistical data, and the économic indices for 1970--1976 weie
used as the bases for examinations. As indicated in Table U-2-11 GNPIcaplla kWhlcapn!a and
the average growth rate in GNP/capita are as indicated below.:
©a. o Average-Type Growth Rate '
-~ Talking the annial average growth rate for the 3 years _
during which growtl rates were high «evsressaianisiivanniciiiiiien, 2.0% (H)
- - Annual average growth rate for 19701976 +sveesseetatarciinaniiane  1.6% M)
- = Talking the annuaf average growth rate for the 3 years _ _
during which growlh 1ates wer low sseeersrrsocsisessrecstacarnnsnes 1.2% (L)
b GNP/capita for most recent year, 1976 ssteascsnissiesnnonniancnaise. US$102.0.
¢, kWh/capita for most recent year, 1976 ssesesercesissiicisieisenseass 37.3 kWh
Furmer, with ugard to GNP, it is expressed in lcrms of U.S. dollars on the basis of the
year 1968. The above per capita GNP and cnergy consumpuon in 1976, and the above average
growlh rate of GNPf capita expressed by (H), (M) and {L) constitute the slartmg point for
long- range forecasting. -

2) Corre!alio_n belween GNP/ca pita and GNP Growth Rate

A corfelation may be seen befwceen the scale of the above-mentioned GNP/eapiia and the
(,NP growth rate according to statistical investigations. In effeet, until GNP/capita reaches
US$500--1,000 in terms of 1968 prices, the giowth rate will gradually rise, but subsequently, it
~will graduatly decline. However, the GNP growlth rates will differ among countries even though
the scales of GNP/capita may be the same. Classifying the countnes into groups of high, mediwm
and low growlh rates to find lrunds, 1hcy are as shown in Fig. {£-2-2, Plolling three kinds of
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average growth rates, 2.0% (i), 1.6% (M), and | 2% {L) for the 1976 GNPfcaplta ofTanzanla ot‘
US$102.00 in this ﬁgure they are as shown in that figure.

According to thc 3 trend curves of Tanzania drawn in Fig. l[ 2 2, vnth UsS$102. OOIs:aplta-
in 1976 as the stacting point and gradually i mcreasmg to US$]20 and US$140, the GNP growth
rates will be as shown in 'l‘able It ‘2 12..

{3) Corrclation betWeeh GN'P](:apita and .kw.h.lcapita

‘A Lorrdatton may also be seen between GNPlcaptta and kWh[cap:ta agam in statlshc‘al:. _
studies. This correlation, as with the correlation between GNPfcap:ta and GNP growth rate, is not_
the same in all countries, but classification can be made into a number of groups indicating the '
same trends as shown in Fig. 11-:2-3. Plotting the GNP/capita and kWhIcap:ta of Tanzania for
1970, 1973 and 1976 on the graph to obtain trend curves, it may be seen that they ate roughly
the same as the average curyes for the world.

The ‘variations in scale of fulurc GNP/capita and the corrcspondmg kWhlcapxta obtained
from the trend curves of Tanzama drawn on th 11-2-3 ate as mdlcatcd in the middle column of -
Table 13-2-13. . : :

2.5.2 Forecast Results

The population growih rate of Tanzania from 1970 thiough 1976 indicated in statistic_al :
data of {he United Nations was 2.7%. In 1978, a census was taken in Tanzania and although the
results have not yet been published, in the First Five-Year Plan, cconomic development plans
were formulated with the projected population increase as 2.7%. Consequently, as a condition of
the tong-range forecast in this report, the population growih rate up to 1980 was considered to
be 2.7% with a gradual decrease of 0.5% every five years assumed and the dcmand forccast for
the fulure was made based on this. : T s

The pcnod of long-range forecasl . was taken 1o be 25 years afte: complct;on ol‘-
clectrification work, until the year 2007 (work completion 1982). In making the forecast, the
average growih rates of the starling point GNP/capita were assumed al the three levels of 2.0%
(H), 1.6% (M) and 1.2% (L). The trends in demand comspondmg to these thrte average growth
rafes are as shown in Table 11-2-13.

Looking at the power demand and the avcrage growth rates in 'l‘abtc ll-2 |3 thcy are the

followmg

Power Demand . ' | e
{G\Wh) 1976 1980 1985 1990~ 1995 © 2000 2007

Case (1) 82 85O . 1285 0877 2632 3651 5684
Case (M)  $82 824 1,086 1,631 2223 2999 4500

Case (L) 582 798 1,097 1,450 1,891 2,449 3,445

I)cmand Grouth
Rate (%) )

Case - (I1) 1903 862 187 100 . 616 . 652 .-

~Case (M) 9.08 756 671 626 617 600
Case (1) 821 6.7 $74 545 531 so0
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The above tong-range load forecast is predicated on the assumption that there will be no
sudden change in the economic structure of Tanzania, and with the present femipo of gmwlh as
the starting point, a gradual deVelopment w:ll continue into the future.

 Predicting the scate of elecmc power demand ol‘ Tanzama based on thls predlcal(on itis
forecast that it will increase lo between 2, ,600 GWh ‘and 3 600 GWh around the year 2000, most
probabl)' 3,000 GWh, with the growth rate changing from the approximately 9% at present to
about .6% around 2000. ‘Incidentally, the growlh rate in energy sales of TANESCO for
1976— 1978 was the following:

1976 1977 1978+

Energy Sales (GWh) 490 - . 516 . 581
Growih Rate( %) 53 12.6
19761978 Growlh Rale (%) 8.9

*Eshmatcd from sales records up to Novembu
Source: Annual Report 1977, TANESCO

Tab]c_ll—2-l I Basic Data for Long-Range Load Forecast

GNP/capita GNP/capita

P R _ - at price alprice Energy. -

- Population GNP G\’chapnta in 1968 in 1968 Consumption  KWh/capita
Year - {10%) (1ot Tshs) (T shsfcapn!a) (T. shslcaplta) (USSfcapna) (Gwh)  (KWh/capita)
1970 . 133 9,173 690 661 92 407 306
1971 136 9314 722 669 937 433 31.8
972 140 a2 798 695 97.3 473 33.7
1973 144 13,103 s10 702 983 511 354
1974 148 15,994 1,081 702 983 oS3 36.0
1975 15.2 118,905 1244 708 99 555 366
1976 156 22,507 1,443 728 102.0 582 37.3

Average Growth Rate of GNP/eapita

(a) ‘Annual average of higher 3 years oo 2,00
(b) ‘Annual growth rate from 1970 to 1976 T N (.2
(c) Annuala\erageoﬂo\’.é;3)ears R IS B+

SOURCE: S(atlsltc_Yearbook 1977
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Table 11-2-12 Forecasted Growth Rate of GNP/capita

Growth rafe
starting from

:2.0% base

Growth rate

stacting from

1.6% base

Growth rate
starting from
1.2% base

Growth Mean i

GNP/capita Growth Mean Growth Mean . -
(US$ in 1968) rate (%) value (%) - rate (%) value (%) rate (%) value (%)
100 - 203 . 162 122
S 207 . 166 L L24
120 L2000 1.69 125
o - 2,14 f 1.73 1.28
140 S 2,18 o 1.77 1.30
: 223 k. 1.81 . 133
160 227 . 185 1.35 :
' C2.31 L 190 :
180 235 . 194
_ 239 '
200 243 - =
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26 CONCL USIONS

As descnbed in 2. 4 ‘for the 10 year period from cleclnﬁcahon the growth in demand is
obtamed by the ° analytlcal method,” . subsequient to which the gmwth rate is obtamed by the
: “macroscopic method.” It was ¢stimated that the growth rates from 1990 to 2007, aSindlcated
in Tablc 11-2-13, would be the following:

* Growth Rate of I*nergy Loilsumptlon _

1990/1995 1995/2000 2000/2007

In¢reasc Case ) O _ @
High case - - 7.00 6.76 6.52
‘Medium case . 6.26 - 617 : - 6.00
Low case _ . 545 : 531 o S.O_O

As for the growih rates in demand of the various distribution nelworks i in |99211993 :
obtaincd by the “analytical method,” from Tables I1-2-7 through 11 2-10, they are 6. 57% for Hai, -
6.91% for Rombo, 6.24% for North Pare, and 6.35% for South Pare. It was found that these
growlh rales are slightly higher than the mediun case growth rafe’ fof the whole of Tanzama '
From 1993, the growth rates of the various distribution networks wiil become that for Tanzama '
as a whole and will bc the followmg ’

199371995 1995/2000 2000}2001

mli'f,tffbf,tf" Netwok gy @y (%)

Hai . 6.57 642 620
Rombo 6.91 669 646
Nozth Pare . 6.24 6.10 - 598

South Pate o - 6.35 624 . 6.06.

The load forecasts up to §993 obtained by the analyncal method and the ene:gy demand ’
up to 2007 from thc above demand growlh ratés ar¢ as shown in Table i-2- 14 11-2-15 and hg o
H-2-4, .

1t was forecast that maxinum power dcmand would be 24,7% in terms of load faclor m'-
!983 when potential demiand is actualized and 35% in the year 2007 i '
~ On looking at the results of load forecast per capita of electrification area, it is esumatéd
_that it will be 25 kWh/capita in 1985 when polenual demand i3 ICIO% actuahzed This is a
forecast lower than the national average of Tanzania in 1976 of 38 kWh/capita. The national
average includes manufacturing and industry of high encgy-consumption types which raises lhe
average value, and if is naturat that the per capita energy demand of s&called small demand type
arcas such as the subject arca of the present study is low. »

On the other hand, this load farecast dogs not include planned dcvelopment type demand .
described in 2.4.6 and is a conscevative Tigure from this aspeél also. ln the futurc, if there is
prominent developmient of smali manufacturing industries in the SUbjCCt area a fair amount of
increase in demand can be expected, Accordingly, the per capita energy consumption will also
approach the average level of the entire country, Incidentatly, the kWh{capnta figures for reg;ons
of the world taken from 1977 statistics are as indicated below, .

According to United \hhons statistics these figures ate the [‘ollc)wlng (as of 19?6)
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 Region ' ' k\%’h]capila 1967f1976 Growth

L . o Rate (%)
Africa ' 310 8.5
Asia _ - 410 i - 94
UNotth America- 6,130 ' 5.7
South America U 2 - T 9.1
Europe - - 3,480 ' 6.1
World - IR © O 1L570 _ 6.7

- .Tanzania . . 38 - 83

Accordmg to the table above the demand of Tanzama in 1976 was 12.3% of the average
for Afnca indicating how large the potential demand is. The'growth rate was roughly {he same as
the average for Africa and it may be predicted that there will be a rapid growth in demand if
positive investments were to be nrade hereaf ter in the power transmission and d;stnbutlon sector

 Table 11-2-14 Summary of Load Forecast (1)

North South Load Maximum

flai  Rombo

S Tolal -

YR (MWh) g Re {{"““'}il) aswny  Fecer Demond
1983 - 3,303.0 . 695.2 700.5 995.1 5,698.3 247 2,633
1984 - . 3,774.8 957.1 854.2 1,141.0 6,722.1 247" 3,122
1985 - 4,245.7 1,219.0 1,007.7 1,286.8 7,759.2 247 3,590
1986  4,538.1 1,359.4 1,082.0 1,365.3 83448 247 3,857
1987  4,8284 1,447.7 1,145.5 1,449.1 8,870.7  25.1 4,034
1988  5,138.7 1,542.9 1,213.6  1,5385 9,433.7  25.5 4,223
1989 54703 - 1,6453 1,286.5 1,633.9 - 10,035.1 26.0 4,406 -
1990 5,825.4 1,756.1 1,364.4 1,736.2 10,682.1 264 4,619
1991 6,204.7 1.875.6 1,447.8 1,845.0 11,373.1 268 4,844

1992 6,610.9 2,005.9 1,536.9 1,961.6 §2,i15.3 273 5,066
1993 7,045.5 2,144.6 1,632.8 2,086.1 12,9090 277 5,320
1994 7,508.4 2,292.8 1,734.7 22186 13,754.5  28.2 5,568
1995 8,001.7 2,451.2 1,842.9 2,359.4 14,655.2  28.7 5,829
1996 85154 26152 1,955.3 2,506.6 15,592.5 29.2 6,096
1997 9,062.1 2,790.1  2,074.6 2,663.0 16,580.8 - 296 6,398
1998 . 9,643.9 2,976.8 2,201.1 2,829.2 17,651.0  30.1 6,694
1999 10,263.0 3,759 2,3354  3,005.8 18,780.1  30.6 7,006
2000 10,921.9 3,388.4 24719 3,193.3 19,9815 312 7,311
2001 11,599.0 13,6073 2,626.1 3,386.8 21,2192 3L7 71,641
2002 12,3182 3,846.3 2,783.1  3,592.1 22,539.7 322 7,990
2003 13,081.9  4,0884 2,949.5 3,809.7 23,929.5 32.8 '8,328 .
2004 13,893.0 ' 4,352.5 3,125.9 4,040.6 254120 333 8,71t
2005 14,754.4 4,633.7 3,312.9 4,285.5 26,986.5 33.9 9,087
2006 15,669.1 4,933.0 35110 4,545.2 28,6583 344 . 9510
2007 16,640.6 5,251.7 3,720.9 4,820.6 30,4338 35.0 9,926
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. Table 11-2-15 Summ'a.ry of Load Forecast (2)

- Demand Annual Ener‘g_'y' . Ma)ﬁml e

Year T R S Demangd | - Refnarks
MW Increase - lLoad . KW o
. Rate (%) . [*_actor (%) o : !
1983 5,693 6 247 . 2633 | {-g,
84 6,727 e 247 3,122 =
_ 153 _ o &
85 7,159 iy 24.7 3,590 =
86 8,344 Bt 247 3,857 . Y
o 63 - oo £
87 - 8370 63 250 4,034 g
88 9433 . 6'4 L2ss T 4 f_
89 10,035 6‘4 260 4,406 a
90 10,682 6‘5 264 4,619 1
a - 1t313 '6‘5 268 4,844 T
92 12,115 _ 6;'55 273 5,066 o
93 12,009 - ,_ 217 5,320 e
- eas =
97, 16,589 296 6,398 &
—~ - 6.3 = - 2
2002 22,539 S 322 17,990 b
- - 6.2 : S E
07 30,433 ‘ ' 35.0 9,926 ;A
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Figure I-2-4 Forecast of Energy Consuﬁwpiidn
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| _ | . CHAPTER3 ELECTRIFICAT!ON PLAN
31 POUCY OF PROJECT PLANN‘NG |

3. 1 1 Select:on of Electnf:cat:on Method

(1) _Po_Wer Supply by Diesé_l Generalor

In Kilimanjaro Region, there is an exsisting 132 kV transmission line of 275 km between
~ Hale power station and Kiyungi substation, and alio the exsisting Same substation is located
half-way of the line. The electrification in this area is 1o be ‘done by setting the said substations
-and the Nyuniba Ya Mungu hydro power slation as base points. Thescfore, the ¢lectsification by
mcthod of dlescl generators is no longer economical in the areas atongside this transmission line.

. The economic comparison between the diescl engme plan and the distribution line plan for
South Pare District is drawn, because this area scems to be the best sample arca where we could
make such a comparison. The detail of the comparlson is as shown in Chapter 7, “The conclusion
is that the diesel engine -plan -is not competitive against - the distribution line plan with
considerable gap in cost. Even this district has no room for the diesel generator plan to be
employed, therefore, in other districts w:lh shortu hnc length, the diesel gn.nemt()r phan is not
competllm at all. - : : S

Only the e¢xamination for Ihe dlstnbul:on lirie plan is made hcn, in thls l:!;cin!“catmn
Project f:om the foregoing reason, - :

(2) Transmission VoItagc :ind Systcm :

(8)  Selection of Transmission and Distribution Voltage
Transimission and distribution voltages arc cmployed i accordance with
TANESCO’s standard. .
- The distribution voltage of 1 kV is mamly employed in this Pro;c‘,t and the
dlslrlbus:on voltage of 33 kVis cxceptionally employed for the paticular areas.
< Employment of the distribution voltage of 33kV is restricted except Rombo District
and for all other districts the distribusion veltage of 11 KV is employed.

{b) Dlstnbusmn System
_Distnbusmn systems are determined in m,cordana wilh followings.

a. Standard plan
' In our standard p!an. ll k\’ powu supply dmctly from a power souce is
deemed {0 be dlfltcull to be adopted in this Project, from a point valtage drop,
beeause demands are 30 to 50 km away from a power source. Therefore the plan of
installing 33/1% kV substations close to demands is standardued in this Project
except for Rombo [)aslnct ' :
The transmission voltage is slepptd down to the distribusion soltage of 11 kV.
Customers scal(ermg alongside the transmission lines can be supplied with
cIeclncaly fmm 33/0 4 kV pol‘e mountul transfo:mcrs by spot supply method,

b. Study of DlS([lbul!OD Systcm in Rombo sttnct

‘Rombo District ‘has belt arca to be electrificd, 4 to 5 km wide, wluch is
localcd hatf-way up M1, Kilimanjaro. Customers are scattercd both sides of a road
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which traverses the centér of this districl, Electrification in this distticl will he
extended up to Tarakiya which is located near the national border. If the said plan
comes true, the total length the distribusion line fron1 Kiyungi to Tarakiya will be
90 km. To prove properness of employing our 33 kV distribusion plan cspemally for
the belt area, 90 km long, following !hrue points must be examine.

& Marangu 8.S plan

+ Mkuu S.8 plan
+ 33 kV distribulion line plan
— Marangu 8.8 plan : ‘

~This is our standard plan for Ihls Pro;eci ln !lus p!an, Rombo D:stnct is
supplied with electricity by a 1t &V distribution tine of 33 km from 2 3311 kv
2500 kKVA substa!:on, which is to be constnicted at the entrance of Rombo District.

- The voltage drop is not a big problem until a few years after opera!zon Howe\er in
the case deniands increase in the future especially power supplied aréa is extended
up to Tasakiya, the 13 kV distri'buti'on line plan has will have a disadvantage of
larger voltage drop and needs much more investments, because the line lcngih will
rcach to km' as a rosult oflhe line extension. ‘ C

— Mkuu 8.8 plan C :

In this plan, a 33/11 kV substalion is expccled to be constructed in lhe center
of Rombo District, and a 33 kV distribution line covers the area between Marangw
and Mkuu, 21 kay, and beyong Mkuu a 11 kV distribution line takes a pari. -

This plan has less disadvantage in the sespeet of voltagc drop but requires
much construction cost than Marangu substation plan,

— 33 kV distribution plan ~ : :

The following table shows the comparison be(wcen 33 kV dls!nbunon hne
plan and the above fwo plans. :

Comparison of Equipment

33kVD/L ' nkvniL - 8.8

Plan Length - IPoleTr. Length Pole Tr, - Main Tr.
e B Nes. o kmoo o Nes. - LRT kVA
Marangu S.S. ) 0 33 .23 2500
Mkuu $.8. 21 1 12 12 : . 2500
33kVv D/l 33 213 0 0 0

Comparison of Construction Cost (miflion yen)

e, Aine PoleTr - Line  Polelr. | 8S  Total
Marangu S.5 ] 0 87, i3 CUas TR
Mkuu 8.8 60 [£¢) a2 4 45 . 151

33kV DL, 95 30 0 0 0 1S

~ The construction cost for the Marangu substation plan is around 20% highter
than that of the 33KV distribution fine plan and has a disadvantage of larger voltage
drop. On Ihe other hand, the Mkuu substation plas requibres around SO% highter
construction cost than the 33kV distribution line plan. The 33 kV distribution line
plan excels other plans from a viewpoint of the distribution capacity.
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Thcrefon the 33 kalslnbullou lme plan has much more advanlages than the
Marangu substation plan and the Mkuu substation p}an from a longrange view.

312 Dete_rmination of Installe_d Capa_c_itv
(1) Capacity of 11 kV [‘)"ii’.strlii)‘l_.lﬁm:l Line

The most econontical maxinum current of the 95 mm? ACSR wire which is to be used for
the 11 kV distribution line is around 260 A, and the most LLOHOH!ICQI capacity is around 5000
kVA. L :
T‘he dlslnbutlon capacnty in our sia ndard plan is as the followmg Table shows, assunning

various condnttons as staled bdow

A\t,ragc ling lcngth ' ' 30 km

Load distribution; Uniform distribution
~ Limitation of voltage drop; 10%

Conductor sizé; _ o ACSR 95 mny?

Veltage; R S kY

Firm dnatnbuhon r:apacnty, : 1700 kVA
(2) Capacity of Pole Mounted Transformer
.- The pole transformer capacily has been determined assurming that the demands would
increase around 6% each year, and that the utilization factor would be 100% 10 years later. The
initial utilization factor 60% has been employed.
(3}  Determination of Main Transformer Capacily
'_l"he_ capacily of main _lraﬁsformcts_ has been selected from the TANESCO's standard

transformer capacity series. The cconomic calcutation has been done as shown in Section [i-4 —
3-1 from a long-range view.
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313 Power Souroe and System m Each Dlstnct K

The eleclnﬁcatwn in Kahman}aro Reglon is procecded by selhng the Klyung: substatlon
the Same substation and the Nyumba Ya Mungu power sfalion as base pomts The micthod of the
connections between these base points and each district is roughly stated as f_oll_ows,

In addition, system map of Kilimanjaro Region is roughty shown in Fig. 11-3:1.

) _Hai Distr‘icl '

The Macnamc subsianon and the Sanya Juu substatlon aré to be consimcted on the east
side and on the west side of Hai District n,spcclm.ly The power out- put of ¢ach substatmn is
33/11 kV 3-phase 2500 kYA. These substations are planned o cover East l!al and West Hai plus

half of Ccnlral Hai respcclwely

(2) Sanya Juu substatt(m : %

- The powér source for Sanya Juu is planned to be taken out from the nearesl I3kV
distetbution line. That is, a branch feeder of around 30 km {o lhe Sanya Juii subslallon has
been designed to be connected at pole No. 177 to the existing 33 kv dtstnbutmn line
between Kiyungi and Arusha.

(b) Machame substation
A 11 kV one circuit transm;ssmn lmc from the K|yungi subslatmn had aIready
reached Machamc District, The polcs for the transmission tine are dressed for wse of 33 kV
operation at present. The Machame substation has been planned to be constructed at the
end of the transmission line and to receive 33 kV power supply. The demands scattering
between Machame and Sanya Juu will be supplied wilh -electricity from a’ 11 kV
distribution line which has been planned to be consiruced. This distribution line runs
alongside the road which travases half-way up Mt Kilimanjaro at fight-anglf: between
Machame and Sanya Juu, and supplied villages and plantations with electricily. The line
length of this distribulion fine amountis to around 70 km including it's branch tines.

{2) Rombo District

The 33 kV one circuil transmission line of 31 km siar!mg from Morangu up to Mashah is
planncd 10 be constructed alongside the road which travases though the foot of Mt. Kitimanjaro
up to the national border. Some parts of the 33 kV distribution line had already been construct-
cd in this district. And the Kiboroni substation in West Vunjo supplics eleclrigity fo this area.
This substation is a simple substation with a 11/33 kV 500 kVA step-up transformer at {he end
of this substation is to be removed and a 33 kV transmission tine of 10 km is to be cénslnlctcd_
between the Kiboroni substation and the Kiyungi substation in fiscal 1979. And construction
cost for the transmission line had already been included in the fiscal 1979 budget. Therefore, the
transmission line had already been included in the fiscal 1979 budget. - Therefore, the
dependability of the power supply in Rombo District is expected to be inproved as a result of a
direct connection to a 33 KV bus at the Kiyungi substatation.

{3) North Pare District

The power source for this area designed {0 be taken out from the Nyumba Ya Mungu
power station, 8000 kW, which is at the southern end of North Pare District. .
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For the purpose of voltage stép-up, a 11/33 kV 1000 VA transfonner has been designed
to be in$tallcd adjacent to the Nyumba Ya Mungu hydro power station in order to make 33kV
power supply up to Mwanga, 27 km from the hydro power station. The primary of the
transformer is ditectly connected to a 11 KV bus of the power station. And every possible
~ measures. have “béen taken into consideration to protect generators by providing protective

devices, 50 that the external fault would not affect the generator main circuit.
(4) - South Pare District- Co

The power source for this area designed to be taken out from the Same substation which is
located in the center of Same area, An lead-out from a 33 kV bus of the station had already
instalted. S _ '

In this Project, a 33 kV teansmission line of 49 km to be connected to the Gonja substa-
tion and another 33 kV transmission'line of around 16 ki, T-brached from the above transmis-

sion line at a point near the Same substation up to Mwembe, are planned to be construcled.

‘3"1.4 Reinfo:Cemént of Facilitias

The scope of power supplied areas and quantity of iaterials to be invested are as
- mentioned in the previdus statement. However, the scope of poweér supplied arcas is deenied to
expand as clectrification spreads. A 33 kv _tran'smission line of 70 km to supply electricity for a
fére_'sit development plan in Londoros, Hai District, and a 33 kV distribution line in Ronibo
District to be extended up to the national border are now being planned to be constiucted by
TANESCO. And the scope of demand wili possibly incicase in other district. It might necessarily
require additional invéstments for the above increasing scope of demand as follows;

() 33 'kV“T:ansmission Line

This tranémission line is the trunk line for 1his district, and it's transmission capacity has
been determined with adequate room by giving adequate investments, Therefore, no additional
investments are fequired - against- the demand increase, the transmission exlension and the
expansion of the scope of powes supplied areas. '

) IlkV Dlsi:ibl;tioh Line

: In determining distribution capacity, ¢dreful examination has been given o the fulure
demand increase with a longrange view being taken into consideration, so that no replacements of
conductors and installations of additional distribution circuits will aat take place; ‘therefore; no
additional investinents will be required in the future. For the increasing scope of demand,

. hox'-.'cw;er, the distribution line extension andfor the construction of new distribution lines will be
necessarily required.

3): | ‘Main Transformer.

In determining the capacity of main transformers. Various eases have been exaniined o

. accommodale the demand increase and also to restrict excess investment, Consequently, there
will be no necessity of reinforcing lacilities against the demand increase and the'expanding scope
of power supplied aréas for some time. In addition, instaliation of another main transformer of
the same capacily will be required to accommodate the demand increase and the expanding scope
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of power supplied arcas,
(4) Circuit Breakcr_and_ Disco:mecling'Switcl_r

Mrmmum ralmgs have been employed for the apparalus for use in. the transforming
facilities. However, they have adequale roont to support the expected demand i increase.: '

In this Pro;ecl two 11 KkV one circuit stand-by cubicles have been designed to be mstallcd
one at Machame substation and another at Sanya Juu substation as a dlslnbuhon board, because .
the addational 1 1 kv drs{nbutlon circuits are expected {o be installed in Hai District.

{5) Polc'l\lounted'Transformcr

In determining initial investments, the capacity of pole mounted transformers have been
selected to accommodate the demand of ten years later. However, the demand increase in each
district’ varies to a great extent, 'lhercforu. some invesiments for replacing pofe nmounted
transformers will be required in accordance’ with the demand increase, seven to elght years after
operation. : P
Vor planlatton demands the adequate capacrty has been cmptoyed for polc mounled
transformers, so that no investiment for replacing pole mounted transformers will not occur for
some time. The minimum capacrly of pole mounted transformers is S0 kVA. ;

(6) Power Ca pacitor

For some time, power capacitors will not be required because of small voltage drop. In the
later ycars, however, voltage drop compensation by power capacitors will be necessarily required
for the terminal consumers in Mai Districl. On this occasion, power factor of large consumers
such as plaitations should be improved. : :

(7}  Low Tension Line, Service Line and Meters.

~ In the process of actualization of poteritial consumers, inhabitant’s needs for electrification
as well as their capability of purchasing power will decide their actual power demand and
accoidingly there is much fear to make an error in foad forecast, Therefore, the length of the
service lines and the quantity of the watt-hour meters have been delcrmmcd by reducing the
length and the quantites computed from the toad forecast. It is assumed that TANESCO should
provide the renrainder service lines and watl-hour meters.

:3.2 QUTLINE OF PROJECT PLANNING
3.2.1 Outline of Facilities
Under the policy.ol' project planning as sléled in Clause 3.1, transmission, distribution, and

substation facilitics as required for the four districts, Hai, Rombo, North Pare, and South Pare,
are planned out and outlined as follows:

33 kV Transmission Line . : : 122.5 km
-33 kV Distribution Line - ' 33 km -
11 kV Distribution Line 152.5 km
Pole Mounted Transforniers - : © 107 (1otal 6,325 kVA)
Low ¥Tension Linc - _ : : - 90 km
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S.ervice Line ' 1,650

Steeet Lighling _ 160
33/11kV 2.5 MVA o 2
33/ kV 0.5 MVA 1
33711 & F1/33kV 1 MVA c2

The breakdown of the above figures per district and per kind of facility are shown on the
following tables.
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