_The steel top, tube pole is superior in respect of. the mechanical strength
and COmparatively easier to erect since it will be possible to adopt a
method of transportation and assemhling divided parts at sites._ Besides,
the configuration of~eomp1eted supports,look_beautifulg<u0n;the;other.hand,
costs:to be incurred will be the most expensive out of the three: types: of
items stated above.

As to wooden pole, although tﬁeslifeAtime‘isﬂsﬁotte;.ttan.ttet:of:tte‘other
two types, TANESCO has already had>many_experienees in handling wooden:
poles and besideées it seems that TANESCO might be ln a position of supp;yihg
such wooden poles by themselves in the future.‘ It is considered that the
cost of procurement of these wooden poles will be the most economical com-
| pared with other tvwo types, even if the wooden poles are 1mported.‘ Thus'

: wooden poles were selected as supports of the 33 kV lines. Figs. 9- 4 1 and
Qo452 show typical 33 kV line’ structures’ for single and double circuits

' arrangement, respeetively.

9.4.2 Submary of factlities

The 33 kV subtransmission line facilities to'be constructed anew ox

wodified are to be composed of nine (9) items and ¢an be summarized as

follows:
Line Voltage: 33 kv o
Electrical SyStemf 3 phase 3 line
Frequency: 50 Hz
Conductor: - ACSR 120 mm2
Shield Wire: ~ GSW 30 mm?

Insulator:

_33 kV pin typerinsuletor - for the.tangent support and jumper
line on the angle/deadend support

250 om suspension type, 3 pcs connected in series ~ for the angle

-~and deadend support
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(2)

(3)

(4)

(5

(6)

(73

(8)

Ilala to City Centre, New Line

Line length: 2.8 kn ‘ 7 _

Support : Wooden pole.'Z cireuit vertical arrangenent

System switching-over of Kurasini Line

Solel& interconnection work to Ilala substation. No construction
andfor expansion work are included.

Re~conductoring of Tlala to Oysterbay Linme

Line length: 5.0 km

Conductor : Existing ACSR 50 mm? is removed and repiaced with ACSR
160 mim, Wooden poles and insvlators which are much
deteriorated due to be réplaced.

Mikocheni Braich Line

Line length: 1.0 km

Support : Wooden pole, 2 circuit vertical arrangement

Ubunga to Factory Zone III, New Line

Line length: 7.0 ko

Support ! Wooden pole, 2 circuit vertical arrangement

Factory Zone III to Factory Zone II, Latérconnection

Line length: 0.6 km

Support ¢ Wooden pole, stiugle circuit horizontal arrangement
One set of line switch for system switchover due to be installed,
Factory Zone III to New Alrport, Interconnection

Line length: 0.7 km

Support ¢ Vooden pole, single circult horizontal arrangement
Factory Zone TI1IL to Factory Zone 1, Interconnection

Line length: 1,5 km

Support : Wooden pole, single circuit horizontal arrangement
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{9) Factory Zone to Kurasini, IntercOnnep;idn_
Line length: 6.5 km

Support : Wooden pole, single circuit hdiiéoﬁtaf.éEr;hgéﬁéHt

P
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9.5 11 KV DISTRIBUTION LINE

9.5.1 Basic way of thinking on design

The 11 kV line design alms at improving the service reliability including
the decrease of power interruptions and improvement of voltage and specifi-~
cally it mainly censists af 1 new installétiﬁn for systeﬁ interconnection,
etc.,'replatement of deteriorafed lines and reinforcement 6§ the supports,
In order to promote an effective.s}s;em operation, installation of

appropriate section switches was ‘also ﬁlannéd.

In designing them, the harmony and coordination with the existing facili-

ties were taken into due consideration.

9.5.2 Nominal voltage and electric system

Nominal vdltage: 11 k¥

Distribution system: 3-phésé 3-1ina syétém (neutral péint direct
earthing)

Line formt tree branch system

Limit of vbltage decrease! 5% (when normal)

9,5.3 Maxinum voltage drop in 11 kV distribution line

(1) Trunk 1line portion
ACSR 120 mm?

Voltage drop .V = ig;Re xL (1) + Iy) v)

" Load current: 3-phase balanced unifornm diéfributlon load
Re : Equivalent resistance = R cos0 + X sin@ = 0.373 (/km)

R

AC resistance of electric wire (50°C)} = 0,261 (/knm)

X Reactance of electrie wire = 0,285 (Si/km)

-

cos@: 0,85
L ¢ Distance of trunk line portion = 7 (km)
I} : Current at sending end = 160 {A)

Ip ¢ Current at receiving end = 20 (A)
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vy =‘!§~ x 0.373 x 7 (160 + 20) = 407 (V)

{2) Branch line portion
'ACSR 58 mm? i | |
Voltage drop Vo ='-{-§-R'e L' (I + 130 (V)
- Ioad current. same as the above 1y
Re! : Equivalent resistance R' cosB + X'VsinO = 0 69 (Q/km) L

R' ¢ AC resistance of electric wire (40°C) = O 606 (ﬂVkm)

.

Reactance of electric wire = 0 336 (ﬂ/km)
cos: 0,85

L' : Distance of branch line portion = 2 (kn)
n : Current at sending end = 20 (A)

Ip! : Current at receiving end ='§0‘(A)

Voltage drop Vy = ig;-x 0.69 x 2{20 + 10) = 16 (V)

(3} Total voltage drop of 11 kV distributtqn line

Total voltage drop V = Vi + V3 = 407 + 36 = 443 (V)

9.5.,4 Wire arrangement and assembling

As for the wire arrangement method, there are several methods such as hori-
zontal arrangement, vertical arrangement and triangle arrangement, and the
following will show the advantages and disadvantages of the representative

arrangement methods.
(1) Horizontal arrangement
(a) Advantage:
- The length of the pole can be teduced.

- The lead-down of pole mounted equipment is easy.
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(b) Disadvantage:

- The'éléctfic'ﬁiré width increases and if'isidifficult to secure

the separation from house, tree, ete.

-~ Wind effect must be considered when the distance between wires
1s deelded. |

(c) Suitable area!

" Suitablé for the area where the occupying space for distribution

line can be éasily secured.
{2) Vertical arrangement
{a) Advantage:

- Since the eleétric wire wﬁdth is reduced, 1t is easier to

secure the separation from the house, tree, etc,
- No need of.c0nslder1ng the wind rolling effect,
(b) Disadfantagg:
f‘Tﬁé length of the pole increases

- The lead~down of the pole mounted equipment becomes

complicated,
(c) Suitable areat

~ Suitable for house crowded area where it 1s difficult to secure

_ the line o¢Cupy1ng Space.
{3) Triaﬁgle.arrangémént
{a) Advantage:
- The electric wire width is relatively small.
~ The ﬁole length {8 shorter than for the vertfcal arrangement.

- The ‘lead-down of the pole mounted equipment 1is relatively casy.

9-43



(b) Disadvantage:

-~ The pole length is

{(c) Sultable area:

_1onger ;han fog_thé.horiZontal arrangement ,

- Sﬁitablé:fot=50u§e crd#aéd'a%ea'hﬁefé it 1s difficult to secure

the line cccupying space,

The fleld survey reveals that most of the aSsean{ﬁgs'ln“Déf'éé’Saléém city

arc of the wish—boné_tjpe and those ia other aréas aré of the horizental

arrangement., Since the wish-bone type assembling has a cOmplicatéd arm

shape and is not very much produced in Japan, it was decided to adopt an

economically advantageous triangle arrangement which can also be harmonized

with the wish-bone type,

For the other areas (except the uvrban area), the same horizontal arrange-

ment as the present assembling 1s adopted,

9.5.5 Specifications of electric wire .

Item Unit ACSR 120 mm? ACSR 58 mn2
Stranding Al/st ~ | 2.30m8 x 30/2.3und x 7| 3.5wud ku613.5mm§ x 1
Actual Cross. , .., . " ; ,

Section Al/se | mm 124.7/29.09 57.73/9.621
Overall Piameter mm 16,1 10.5
Standard Weight kg/m 0.5737 0.2331
Calculated Break- ;

tng Load kg - 5,540 1,980
D,C, Resistance , “

(at 20°C) fkm 0.233 0.497
Safety Current _
(at 90°C) A 338 . 236
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9.5.6 Standard span

The present span used for the 11 kv dist;ibufion in Dar es Salaam éity ts

varied from 40 m to 100 m, but many of them are less than 65 m and there~

fore the maximum design span was decided to be 65 m.

The wire dip is set at about 1,7 m with the wire temperature 90°C,

- 9,5.,7 Calculated ‘dip and tension

-Following table shows calculated dip and tenston under the allowable tem-—

perature of conductor.

(at 90°C)

Span (m) 30 35 | 40 | 45 50 | 55 60 | 65
pip | ACSR 120 on? | 0.64 § 0.76 ] 0.90| 1.04] 1.35] .35 1.51] 1.69
(@) [ acsg 58 mn2{ 0,62 0.75] 0,88 | 1.02] 1.17] 1.33{ 1.50] 1.69

Note) Max. Tension: 500 kg (ACSR 120 mn?), 280 kg (ACSR 58 mm?)

2.5.8 Length of pole

(1) BHorizontal arrangement

o

L2

v

where;

L:
“H:
D:
Ct

(H+D +-‘c')' -

Length of pole

Dip

%—(6.0 + 1.7 + 0.25) = 9.54 (m)

. léngth of pole above ground level

Clearance of overhead conductor above ground level

Taking into consideraﬁion the above and some allowance, the pole

length is decided 11 @ and 12,
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(2) Triangle arrangement

Thehpole.iength is decided 12 m..

9.5.9 ¥ind of pole

As for the kind of pole, theré are wooden poles, concrete poles and steél

poles, and the following will show the édvantagés and disadvantages of

themo

Hooden Concrete Steel .

Pole Pole ' - Pole Panzermast
Mechanical X ' o A i A
Strength
Economical o A g x
Efficiency ' _ ST e
Hork : A o o
Efficiency ' o J e '
Appéapance x- A _' 1 o A
Note): 0! "Fine At Tolerabdle x: Inferior - -

The steel poles are used in the urban area of Dar es Salaam and the wooden

poles used in the other areas.

Since the main aim of this design 1is to rehabilitate the existing facili-
ties, the steel poles will be used mainly in the urban area and the wooden
poles will be used in the other arcas, taking into consideration of the

harmony with the existing facllities.

9.5.1¢ 11 kV underground line

(1) Burying method

Direct buried
{(2) Cable

(a) 11 KV CVTAZV 3C x 200 mmZ

(b) 11 kV GVIAZV 3C x 200 mnl
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(3) Allowable bending radius

More than 8D (D: Overall Diameter of Cable)

?.S.IL Specifications of major materials (including L.T line materials)
(1) - Support
(a) Wooden pole

For Suburbs

Material. " Creosote treated Pine Tree

Leagth (m) 9 | 11 12

Dla, at Top (am) | 170 190 190
| vsage L.T Line 11 kY Line

For Urban Area

T | JIs G 3101 (Class 2 - 5), JIS C 3106
Material JIS G 3444 {Class 2 - 5), JIS G 3445
(Class 13 — 17)
Length (m) ' 9 | 12
Usage 'L.T Line 11 kV Line
Thickness of
Steel (mn) More than 2,3

(2) Conductors
(a) ACSR (JEC 130)

qu 11 kV Diétribution Lines

Nominalx Composition Tensile | Resistance
iiggiqnal {Nos./mm) Dlanmeter Load at 20°C Weight
A 5
(on?) _?’ t (mm) (kg) (2/km) (kg/km)
120 {30/2,3[ 7272.3| 16,1 [ TOTe thani oy 53 573.7
5,550
‘more than |
58 6/3.5| 1/3.5 10.5 | 1,980 0.497 - 233.1
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(b) HAL-OW

For LT Lines

'Thiékness " Reéisté —

Nominal ‘ _ ! o -
Sectional gi:izn of Insu- E;eter :22:11& ance at | Weight
Area 1 latton o ] 20°C :
(mm?) | (Nos.) ] (mm) | (em) | o (kg) | (R/km) (kg /km)
- - ‘ more than| . |
125 7/sB 1.6 16.5 820 0.238 | . 460
55 7/s8 1.4 12.0 | "Ore N o540 | 225
{(c) DBV wire
Por Service Lines
Diameter or Thickness of ;ns:l:;ion Reéistance
Sectional Insulation Res soance ] ar 20°C
Area - at 60°C :
| (mn) (M ~km) (/km)
" 22 mm? 1.6 0.1 0.832
W4R | 32em | 1.2 0.15 2,28
. 22 on? 1.6 0.1 0.832
. 38 nn? 1.8 0.1 0.492 -
{3) Insulators
(a) 11 kV pin insulator: ANSI G 29.5
- Nominal voltage 13,2 XV
- Withstand voltage wet _ 35t
~ 50% impulse flash-over voltage (bositive)' 105 ™
- . " (negative) 130 " .
- ¥ailing load . 1,350 kg
{(b) Suspension in_sulator: JIs ¢ 3812
- Withstand voltage wet 45 kv
~ $0% impulse flash-over voltage - 125
~ Pailing load 4,000 kg
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{4 Section switch

(a) 12 kv section switch (MLBS): IEC

- Rated voltage . 12 kv

- Rated current S 40D A

- Rated frequency : ' : 30 Hz

- BIL - | 95y

- Powar—frequenéy_withstand voltage - ' ' T

~ Rated short time current (1 sec) _ - 12.5 kA

— Rated number of interruptions 400A 100 times
or more

(b) Primary cutout switch: ANSI

- Maximum ' 15 kv

- Rated current 190 A
~ Rated frequency 50 Hz
"~ BIL ' _ 95 kv
- Power-fréquenty withstand voltage 36 kv
- Iﬁterruptihg curreént 8 kA

(5) Transfermers: JEG 204

~ Rated capacity 100, 200, 300, 500 kVA
~ Phase _3. |
-~ Rated frequency 50 Hz
~ Rated voltage 11 kV/ﬁOOV, 230V
- Tap o 42.5%, 454
- Connection S Délta"Star_with neutral
. _ ' poiat brought out
- Temﬁerature rise ' ‘Windings ' 55°¢
. : 0141 50°C

(6) _Arrestor: JEC_203.

- Rated voltage s 14 kv
- Power-frequency sparkover Qoltage 21 "
= Impulse sparkover voltage 50 ¢
- Nominal discharge current 5 ka
~ Reslidual voltage 50 kv
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(7) Multi circuit switch box (for undé:ground line): IEC

- Rated voltage

= Rated c¢urrent

~ BIL ‘

- Rated short time current (1 se¢)

~ Numbers of operations

(8) Distribution pillar: JEC

- Rated voltage

- No-fuse breakers

(9) 11 kV armored CV cable: JIS, IEC

- Npmbet of cores
—.Séctional area of component wire
- Thickness of insulation '
~ Overall diameter
~ Resistance at 20°C
- ¥nsulatfon resistance

- PowErQErequency withstand voltage

~ Impulse withstand voltage

9.6 LOW VOLTAGE DISTRIBUTION LINE

2K

400 A

75 kv
:12.5 kA

400A 100 times or more

460V _

200A % 3 (300 kVA Tr.)
2004 x 4 {500 )
250A x 2

3
200 mm?
5.5 mm
80 om

- 0,0933 O/kn

2,000 MR-km or more
26 kV/10 min
140 kV/3 times

As in the case of the 11 kV distribution line, the design for the low

voltage distribution line also consists of wire replacement work and new

installation work partially as new demand neasures, malnly atming at pre—

vention of power interruptions and voltage iﬁprﬁvement; The following

designs are prepared for the new installation work, but they shbuld'also'be

fully utilized for the repair work to enhance the work_efficiency.
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9.6.1 Distribution voltage and distribution method
Standard voltage: 400 v, 230 Vv

‘Distribution method: 3-phase 4-wire systen (trunk line portion)
-‘Slngle-bhase'2~w1re‘system (branch line portien)

Distribution system: Tree branch systen

9.6.2 Electric wire arrangement

Considering the harmony with the existing facilities, the vertical arrange-
ment will be adopted. The conductor spacing of the existing facilitles is
220 mwm, but 250 nm will be adopted to give some allowance,

9.6.3 Type of wire for low voltage line

HAL-OW 125 ma?
HAL-OW 55 mn?

9.6.4 Maximun voltage drop of low tension line

The followings are examples of voltage drop of low tension lines.

(1) A low voltage feeder is designed as follows:

NaHh -3 Kng -3
¥a5—2 M9 ~2
Kb -1

;tﬂ'{«; o
X6 7] a8 9%i0

a7 -1

a7 -2

NaT—~3

——-s/120m fe
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~ Standard span: 40 m _

- Trunk line s -3P4Q (HAL-OW .125 mhz) ‘
— Branch Line : 1P3W (HAL-OW 55 mm?) .

(2)  Assume that the load current is balanced, maximum load. curreat is 180A

and the load curreat at No. 11 pole is 30A.
{3) Calculations

(a) Trunk lines (Tr. -~ No. 11)

Voltage drbp Vil = -%- R (4 + ig)

Whefe;
ry: AC resistance of lines at 50°C = 0,269 (Q/km)
21 Length of trunk line = 0.44 (km)
180 {A)
i3t Current at receiving end = 30 (A)

W

£1: Curtent at sending end

Therefore;

Vi = %.x 0.269 x 0.44 (180 + 30) = 12.43 (V)

(b)  Branch lines

Voltage dfop V2 = %—r2-222°(1'1 +1'3)

Where}

rp: AC resistance of lines at 40°C = 0.589 (/kn)
£2: Length of branch line = 0.12 (km)
i'jt Current at sending end = 30 (A)
i'9: Current at receiving end = 10 (A)

Therefore;

Vy = x 0,589 x 2 x 0,12 x (30 + 10) = 2.83 (V)
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(¢) Service lines (DV 3.2 mm x 2C)

r3: Resistance at 40°C = 2,48 (/km)
231 Length of service line = 0.03 (kn)
13: Load current = 10 (A)
Voltage dfop of service line V3 = r3*2f3°1i3
SR = 2,48 x 2 x 0,03 x 10
1.89 (V)

Al

'(4) Total voltage drop of low voltagé lines

Total voltage drop V = Vy + Vg + V3
12,43 + 2.83 + 1.49
16.75 (V)

L]

I}

9.6,5 Dip on low Vbltagé lines -

Low voltage line is to be hung on a high tension line pole at some poiﬁts,

therefore, dip 1s set at about the same as high ténsion line.

(1) Maximum spant! 50 m or 30 m fof road crossing

(2) Dip and teéngioen

' Dip at 60°C
. {unit: =)

Span (m) 30 .35 40 45 50

HAL-OW 125 om? | 0,50 | 0.60 {0.72 | 0.85 | 1.00

HAL-OW 55 mm? | 0.46 [ 0.59 | 0.69 | 0.83 |0.98

Note) Max. Tension: HAL-OW 125 mmZ = 450 kg
HAL-OW 55 mnZ = 270 kg

(3) Length of pole

(ﬂ'+ D+ C)

e

L2
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Where

L: Length of pole _ _—

H: Length of. pole above ground level

D: Dip _ . S

C: Clearance of overhead conductor from the top of the pole
{(a)} Road way crossing: Spaﬁ is under 30 m,

L 2:%.{5.9 + 0.5 + (0.25 + 0.75)) = 9.0 (m)

(b) Others: Span is under 50w

> %-{s.o + 1.0 + (0.25+ 0.75)) = 8.4 (m)

9.6.6 Support
(1) Kind of support: Wooden pole and steel pole

(2) Insulator: Shéckle insulator

(3) Hand ware: D-Iron

9.6.7 Jolat use pole

(1) Standard épan

Standard span of low voltage line which is hanging on the high tension pole
1s less than 50 m, but in case of road crossing with triangle assembling

the standard span is less than 40 m.
{2) Clearance

Minimum clearance between 11 kV line conductor and low voltage line conduc-

tor 1s 1.2 n,

(3) Pole assembling

Vertical arrangement is adopted.
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9.7 'LOAD DISPATCHING AND SUPERVISORY COMMUNICATION SYSTEN

(1) Objected substation

Load dispatching and supervisory communication system between the Ilaia

S.S. and each distribution substation is due to equip §nd:ﬁend‘comp1ete1y

followss
. Mikocheni S.S. . Oysterbay S.8.
7.5 ka ' ‘ '
r
' 4.6 ko :
Itala S.8. 3§ City Centre §.S.
6.9 kn Factory ' 4 Factory
Zone III 8.S, Zone I 8.8,

' (2) PData for load dispatching and shpervision

. Collected data requirfng for the load dispatching and supervision through
the communication system are classified into the following eléments, which

is displayed on the automatie supérﬁisory board,

No. Data name Number of
. elements
1 33 kV Circuit CB Trip = 1
2 11 k¥ Feeder Reclosure work 1
3 o Reclose failure 1
4 Protection relay work 1
' 5 LTC, Station service equipment ]
failure '
6 Door open : 1
7 A telephone circuft 1
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Summarizing method of collected 1nformationldata at each substation is as

shown Iin the next table.

Follower station

' N ST ‘Master station
No. F ) j i NN :
0 Equipmeat, -:aplt ¢ondition alarm/display - alarm/display -
I |33 kv cB CB Trip 33 kV CB Trip 33 kV CB Trip -
2 11 kV“Feeder ‘ggcwoﬁk Rérldsure work Reclosure work
3| " Reclose failure | Reclose fallure
Transmission | 0C work Line protection Prot. relay work
line ocG " relay work - "
MTr. Dif work MTr. prot. relay
oce " work -
oc "
4 SEF -
96 "
Gas "
Winding tempera—
‘ture rise '
0il temperature
rise
LTC Tap max. LTIC prot. relay LTC, station
" min, ‘ work ' service relay
" difference work
" delay
P,T. voltage
- fallure
Aux. voltage
_fallure
Station NFB Trip
service 27
80 _
Charger failure
; Entrance - . . e
6 door Dooxr open Door open qur open
A telephone : L '
7 eirouit A telephone A telephone A telephone

(3) éggomatic sﬁpervlsory board

Master station is located on the Iléla 3.5, and remote station is Ibcated

on five substations, Oysterbay, Mikocheni, City Center, Factory Zone 1 and

Factory Zone III substations respectively,
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Remote station collects 1ts own data and displays them at the remote sta-

tion and transnit the data to the master statfon. Telephone is set at each
}emote station.

Oufline of the supervisory board is shown in Fig, 9-7-1.
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CHAPTER 10  PREVENTIVE MAINTENANCE OF THE FACILITIES

10.1  NECESSARY STANDARDS FOR MAINTENANCE AND OPERATION

Halntenance, improvemént and operation of tranSmissioﬁ and distribution
facilities for an electric power supply should be usually carried out so
that a2 good quality electric power may be ¢0nstant1y and safely supplied to
the consumers. FEspecially, the distribution facilities wiﬂely'exist
covering a wide region and they are ﬁér§ coﬁplicated.' Tﬁerefdre,'the
bveréll and detailed grasp of the faeilities takés time and labor. How-
ever, unless these efforts are taken, the maintenance operations as sche—
duled become 1mpossib1e to take place and it results 1n the facilities'

deterioration,

In order to rationally operate the distribution facilities and manage it
efficiently, the below mentioned standards must be followed and the con- -
solidated methods in accordance with these standards must be adopted. This

is indispensably important.

The teal.bfeventive waintenance of facilities can be achiéved by the

constant efforts based on these standardized methods.

(1) HMaintenance standards

The malntenance standards should be decided, They include 1) insulation
resistance value of power lines (including the indoor wiring), 2) vertical
clearance of conductor, 3) distance between conductor and trees and/or

buildings, 4) grounding resistance value of electric equipment, 5) others.,

(2) Regulationé for maintenance

The basic regulations inc¢luding 1) person in charge of maintenance, 2)
allocation of maintenance work, 3) regulér inspection patrol, 4) maln-
tenance work to prevent an accident from oceurring, and 5) resteration
work, 6) others, should be made ¢lear and a smoothetr maintenance operation

would be effected,

{(3) Reguiations for a regulér inspectibﬁ ﬁatrol.

The regulations for 1) an intérval of"regular'inspection patrol, 2) method
of regular inspection patrol, 3} {inspection items, 4) others, are deffined.
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When the inspection patrol takes place, the inspection cards must be
carried and the necessary ctitek polnts must be in writing, The written
inspection cards are classified by each cafegbty,_i.e.,_l) urgent repéir
within the same day, 2) repair within 10 days, 3) repair on the future
plan,

These data are used as important basic data for malntenance and repairing

¢onstruction,’

(4) Regulations for maintenance and repairing work
This regulatés 1) planning of the emergency work and scheduling matnténance
and repairing construction, 2) work instructiéns channels, 3) résponsible

persons,; 4) others.

{5) Measuring manual of voltage and currént of distribution lines
{1) - Measuring of sérvice voltage to the consumer

Thé measuring of service voitage 1s carried outlbofhfat thé COn%.
sumets located near the transformer faciiity and'ét the consumér
located at the far edge avéa where the transformer facilicy is
being instailed, This measuring must be done for 24 hours once a
year or more according to the needs by the éamplihg method. The
obtained data are compiled for the basic data to be used for the

facilities' improvement program.
(11) Measuring of load current

The load current of the transformer and/or low-tension line is
measured by means of zun overhead conductor type maximum demand
ammeter once a year or more than once aCCéfding to the needs.

They are used for proper load controlling..

(6) Schematic'diagram"ofIdistribufion 1inés:

The booklet describing the schematic diagram of distributidn lines {on
a scale of 1 to 5,000) {s prepared and used. This booklet fncludes

1) location of pole, 2) pole numbér, 3) distance between poles, 4) _
kinds and sizes of conductors, 5) location and'capacity of trans- -

formef, 6) location of scction switch, 7) location and name of large
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volume COnsuming_cligﬁts. “Since the systems operations and/or the
restdratioﬁ wOrk.of power supﬁly.interruption are carried out accord-
'1hg't6‘£his'ﬁobk1ét ' whenever any amendment or change of the facility
occurs, the necessary amendment nust be immediately shown on this

schematic diagram.

Thus;_at all timeé,—the present situation of the related facilities

must coincide with the data on the schematic diagram,

{7) General ifnformation catd on Facilities

Since there are many facilities and the changes oceur many.times, the

‘below specified card must be propared for the facilities' management.
{1} <Card for the trausformer

Thié EArd is used for reférring 1) usage history of the iréns-.
former, 2) supply area of low-tension line, 3) tap to be used, 4)
voltage, 5) lead current, 6) grounding resistance value. In
addition, the load per each pole can be realized by recording the
load facilities of the individual consumers on this card. By
doing so, the voltage drop of a low-tension line can also be
caleulated. Accdrdingly. this card is indispensably important

for lead and voltage ¢ontrol,
{i1) Card for the other devices

Cdncerning 1} seetion switeh, (2) devices such as arrester, otc,
pfbvidéa_oh the pole, and 3) devices of underground line,
nameplates, location of installation, conteﬁts of 1n3pectioﬁ,
maintenance and repalr are recorded on this card. These data are

used for management purposes of the facilities.

(8) ReStoratioﬁ'works guldeline of distributien line fault

In restoration works for distribution iaterruption, in order to shorten an
interrvuptfon as possible the guide Iine of $nitial movement, investigation,

restoration vorks should be set up.
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(9) Regulations for managing the power supply reliability

The.dafa sﬁch as 1) achievement rate_of apérébfiaiglﬁolfégé, é) Fheff}e_
qﬁency of power supply_interruptidn due to 1iner£ap1;, 3) theifrequency of
power shpply 1nterrdption due to the $chédu1ed maintenaﬁce and_opéfatiOn
works, 4) how long the power supply interruptiOn'haé continued aré.tecorded
classified per each distribution line. 'These are utilized as the basic

data for facilitj improveﬂeht program in tﬁe fﬁturé.

10,2 RECOMMENDATION ON POWER LOSS REDUCTION

Decreasing of the powér 1033:caused by the transmission facflity is fun-
damentally important for effective utilizatlon of valuable electrical
energy. It has a big economical effect and 1s also important from the

viewpoint of efficient operation of the.facilities concerned.

The rehabllitation works generaliy'accompanies a voltage improvement and
power loss reduction at the'aame.time. Accordingly, by the restoration of
high and/or low-tensfon line in the Msasanl area which 1s conducted under
‘the scheme of grant aid émergency overhaul material supply and various
counterreasures planned in this project, a high power loss reduction can be

.expected.

10.2.1 Loss Reduction Measure

By means of upgrading the capacity of the 132/33 kV transformers of Ilala
$.5. from 20 to 90 MVA, 80% load sharing on 132 ky 1ine (Ubungq to Ilala
line} comes to realfze. At the éame time pouef supply from Ilala S$.S. to
Oysterbay §.5, and Kurasini S.S, can be realized. Thﬁs the effect of
reducing the loss which would be occurred in 33 kv lines will be remark-
able,

As for the countermeasures to reduce a power loss at the substation, the

following points must be taken In consideration for the operation.
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(1) Execution of appropriate voltage control.

The higher the transmission voltage within the permitted range is, the
smaller the loss is, Therefore, it 1s necessary that the voltage control
nust be done ia the cOnsideration of 1) a correct grasp of the daily
voltage operatién condition, and 2) a daily check of operation situation of
equipment. Concerning the settled target value of line voltage, the stan-
dardization of rules seems to have been preparing at present. However, it
is necessary to carry out a more eleborate monitoring and data analyses by

the automation of LTC.

(2)  Power-factor improvement -

As far as we have observed during the site survey this time, the power-— ~
factor:situation was not 80 bad that an improvement 1s required. So, we
have basically judged'that an ipprovement of the power-factor is not
necessary,_.However, if there will be any consumer who has a poor power-
factor situation, an lmprovement measure will become neécessary. We have
decided on the figures of 0.8 - 0.85 as a tentative criterfon, A power-

factor less than this value nust be improved.

(3 Inspection of connectlon troubles of bus conductor, breaker and
equipment - terminals

A regular checking nust be carried out daily based on the cheek points not
only from decveasing of a power loss but also from the prevention of acci-
dents, ‘If such abnormal parts as strand's cutting, color change, abnormal

sounds, etc, are found, a prompt repair must be executed,

(4) Appropriate load allocation on every feeders

The lower the operation temperature of equipment is, the longer its life
span is. It is preferable that the feeder is operated under a well-
balanced load current condition because high temperature affects a bad

influence to surrounding instruments, especially in the cubicle,
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10,2.2 Power loss reduction of distribution lines

(1) Physie¢al countermeasures for the facilities

(i)

(i1)

(141)

11 kv feeders

'From a theoretical viewpoint a reducing of line resistance is

the most effective way of countermeasure. For the existing 1 kV
feeder, various types of conductors gdch as HDCC 35 mm2 25 mmz
ACSR 100 mm2 and 50 mmz, are used. Except for ACSR 100 mn? which
1s in good condition, the main part (about 60 km in total length)
of these trunk lines will be size—up to ACSR 120 mm2 _ AccOrdf
ingly, the reducing effect of a power loss becomes big. Since
all of the inFerio? connections of the lines are going to be
repaired completeiy, the loss reduction in this fleld can also be

expected,
Low-tension distribution lines

The distribution of power lossed in Dar—es—Salaam may be judged
to have occurred mainly on the low—tensicn line based on the '
assumptfon of 1) the total length of the low-tension distribution
lines, and 2) an average current value per .one line.. Accord-
ingly, the priority of power lods reduction works ghould be

placed mainly on the low-tension line,

Replacing the deteriorated conductors with HAL-OW 125.mm2 or
HAL-0OW 55 mmz, drastic reduction of power failure, power loss,

and improvement of voltage stabilization can be_éxpécted.
Distribution transformers

Concerning the existing transformers, the operational counter-
measures are taking into consideration and as to the newly
purchasing transformers which will be made available for the
increasing dewmands, the economlé evaluation on a new type,_low'

loss transformer will be made in order to ascertain its merit.

10-6



(2) Operational countermeasures

(1)

(1)

{ii1)

Dissolution of unbalanced current

The complete dissolution of the nnbalanced current of 3-phase
4-wire low-teusion distribution trunk line is extremely gif-
ficult. However, by effectively'ueing of the measuring instru-
wents, etc, whieh are supplied by the emergency construction

material and machine eupply aid, the capacity of each phase

cufrent can be realized and theﬂunbaiancee éurrent can be largely

dissolved by appropriate connection change of s1ngle phase branch

line and 1ncom1ng line.

‘The unbalanced current raises, not- only an inerease of power

loss, but also an unbalanced situation of three phase voltage at
the points on the line caused by a nen-uniform sltuation of a
voltage drop. This brings about the efficiency slow-down of

the load machine. Thus, this situation is not good for the

operation of a line.

If the unbalanced current of a low-tension trunk line is lavgely
dissolved, the unbalanced current of 11 kV feeder can also be
improved and furthermore it gives a good influence on upper

systen,

. Dissolution of the heavy-load feeder

The load sharing-ia-made possible by using the section switch and
as nuch as possiele the load allocation of each feeder is unifor-

nmalized.
Operational rationalization of the distribution_transformer

For enhancing the transformer utilization ratio and operational
efficiency rate per day, such means as exchanging the excessive
capacity existing transformer and the capacity shortage existing
transformer for each other so as to suit the desirable one are

also effective methods of operational rationatizatioen,

Since the transformer for the distribution line has about 20%

overload capacity in general, the performance of individual
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(iv)

{v)

transformers can be checked 50 that the scope of the overload . .

operation can be made clear.

Thus, the efficiency of investment to the transformer can be

enhanced and an economic effect can be expected,

Installation of a low-tension condenser for power-factor improve-

ment

Concerning the inductive load below the standard power—factor, it
is effective that the consumer has the obllgation to install a
condenser which has an approprlate capacity as a condltion of
power supply. However, it i{s necessacy that the preferential
treatment for the electricity tariff such as the load factor

discount nmust be carried out.
Coeﬁrol of measuring Instruments
(a) Fafrness of clectric power supply business transaction

The testing systeh of measering instruments must be estab-
1ished and the business transaction must be carried out

within its tolerance.

(b) Dissolutfion of power supply to those who have no measuring
instrument installation to the greatest extent, the power
supply to those who have no measuring fnstrument installa-
tion must be limited. If such a power supply is obliged to
be made,'the supply volume will have to be e; the appro-
priate level of the.agreement and et the same time make an

effort to prevent
(¢) Dissolution of the measuring error

At fixed tntervals the checking of the neasuring indicator
must be made so that the measuring error will be absolutely
abolished,
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(d) Fairness of the agreesment

In order to accomplish the'fairneés of agreemént, the
installation of a current limiter corrésponding to the

agreed capacity must be recommended,
(vi) Clearness of the contrel method for power loss

The pbﬁér loss ratio under the distribution line is explained by

use of the following formula.
Power loss ratlio under the distribution line

(A) - (Sales power volume + Power volume for

busin2ss operation)
~ Transmission power volume to be substation x 100 (%)
for distribution (A)

However, actually, there are such problems as errors caused by
watthour meter observation and the method of checking the
electric power volume in the case of a "no measuring” installa-

tion hasis agreement.

Theft of electric power, loss of leaked current, ete. are also
uﬁexpectédl& big. Accordingly, there ave many problems to solve
these_problems rather than the physical loss of electric power.
When the countermeasures for powet loss fwprovement occurring at
the distribution iines are carried out, 1t is first necessary to
check thét alt the transmission power volume is correctly caleu-
lated within the range of.permitted error, And, the caleculation
of power volume sold at a Fixed price must be reviewed whether it
is rationai or not., In this way, under the fixed premise; the
control method must be made clear. A real physical loss must be
realized after selection from the clarified loss adeinistration
data so that it may be used for technoleogical improvement in the

future,
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CHAPTER 11 . CONSTRUCTION SCHEDULE

The transmission and diétributioﬂ facilifiés'in the Dar-es—Saiaam'district,
which are the objectives 6f this project, are in a catastrophic state
beyond our combrehehsibn. Power supply failures and burnout accidents of
home electric appliances caused by voitagé fluctuation oécuf frequently.

Early facility rehabilitation is strongly desired and badly needed.

We reconmend the following work méthod, system and scheddle in order to

implement this project efficiently and safely.

11.1 WORK METHOD

The construction.works_will be directly execﬁtéd by TANESCO. In the expan-
sion work of Ilala 8.5., and construction works of new Mikocheni S.S. and
Factdry zone II1 §.5,, only the civil engineering works will be directly
owned, and the equipment.will be supplied from the manufacturers including
assembly, installation and adjustmént, on semi—tﬁrnkey basis. The trans-
mission lines and substations should be constfﬂcted step by step. For the
distribution 1line work, the work area should be divided into the supply
areas of the four objective distribution substations of this project and

work should proceed concurrently In all four areas,

11.2 WORK SYSTEM

Being a facility rehabilitation project, this project invelves little new
construction; it is concentrated more on tenevation, iwmprovement and repla-
cement of existing facilities, which essentially means the povwer supply

nust be suspended frequently,

Since the abjective avea fncludes office areas of government and business
firms and densely populated living quarters surrounding these areas, it is
feared that suspending powexr for long periods of time would be extremely
difficult, |

Accordingly, when implementing this project, it is essential that a specilal
tean i{s organized to piepare the designe, work schedule and work fastruc-

tfons and to efffcfently supervise all working teams, and thereby reallzing
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efffcient, safe work with mipimal power suspension.  We plan to install a
VHF transceiver in each vehicle lavelved in this project, so that instruc—
tion and communication measures which are an extremely crucial factor
during the work are secured and the work proceeds efficiently.;

11.3 WORK SCHEDULE

Based on the work method and work system as described in thée above, we have

determined a tentative work schedule as shown in Table 11-1.
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CHAPTER 12 - CONSTRUCTION COSTS

As shown in Table 12-1, the construction eéxpenses of this project have been
calculated for substations, 33~kV sub-transmission lines, distribution

lines, automobiles and toois 1udiv1dually.

12,1 PREMISES FOR THE CALCULATION OF CONSTRUGTION COSTS

We have adopted the followiug premises for the calculation of construction

COStS-

{1} Unit pricés of construction materials and machines

Concerning FOB ptices, the caleulation is to be made based on the prices in
1985 and an annuval price increasing rate which is to be estimated at 2%,

The fwport taxes in Tanzanla are not calculated.

(2) Transportation expenses and insurance premium

The transportation éxpenses include both ocean freight and inland traaspor-
tétion costs. The 1nsurance premium is added and CIF prices are calculated

based on the above ¥OB prices multipiied by the below mentionéd ratio.

(1) Construction materials and machines for substations: 15%
(11) Wooden peles and steel tube poles: 21%
{11i) Line materials: 9%

{iv) Aufomobiles: 21%

{v) Others: 9%

(3) ‘Labor costs

Based on the present standards of labor costs in Tanzanla and the actual
business records of simflar construction cases in Japan, the labor cest

ratio to the construction materials and machines is decided as follows:
{1) Substation

{(a) Disﬁantling work: 17%
(b) Installing work: 33%
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(11) Transmission and distribution lines

(a) Dismantling end repairing work: 35%

{b) Rewly constraction work: 3%
In the'ﬁbOQe (i), the extension congtruction of the Ilala Substation and
the newly constructions of the Mikocheni Substation and the'Factdry Zone
II1I Substatfon should be taken place under semi-turn-key basis.,

(4) Contingency

A 10% of each of the total foreign CUrrencf and domestic currency is esti-

mated.

(5) Engineering fee
A 8% of the overall direct construction costs fs cstimated.

(6) Technical training

The cost for dispatching TANESCO personnel to an advanced cbuntry‘for

training, and the cost of compiling manuvals are counted.

The training of work:technidue ﬁrovidéd at the site will be on-job
trainings, which cost 1s included In the engineering fee.

(7) Conversion rate

"The conversion rate: 1 T.Sh., = ¥13,71

12,2 CLASSIFICATION OF FOREICN AND DOMESTIC CURRENCY

The foreign currency portion and the domestic currency portion which are

used for the construction expenses are showa as follows:

(1) Foreign currency portion

(1) Haterfals and equipment:

All fteams excluding gravel, sand and cement,
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(i1) Automobiiles and tools:

Automobiles, tools and measuring instruments used for the

construction work
(iti) Traﬁsporté;ion expenses and insurance premium:

Oceén ffeight, domestic traﬁsportation costs aﬁd insurance pre-

fhium
(iv} Labor costs:

Dispatching expenses of engineérs who work for seami-turn-key

basis construction and the 1afge—sized aquipment installation
(v) Englneering fee, Training expenses

(2) Domestic currency portion

'(1) Labor cost

- Lébor cost related to {mprovement and construction works exe-
cuted by TANESCO, for transmission, distribution and substation
faciltties

(11) Construction materials expenses

-~ Cost of domestic materialé: ballast, sand, cemeént and small

indigenous paterials
(iii) Cost of civil works for substation facilities

(3) Estimate of construction cost

Prescnted in Table 12-1.
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CHAPTER 13  ECONOMIC EVALUATION

13.1 METHODOLOGY

The economlc evaluation of the distribution network rehabilitation project
shallzbe:hadé by éélcﬁlating the internal rate &f return which éqhalizes

the total discounted costs of the project to the total discounted benefits
' erught-about by the project. In this calculation the costs and benefits

afe classified as follows:
Costs!t _(a) Investment costs of the project
(b) Operation and qéintenance costs of the project

Benefits: (¢) Increase in elécifléity consumpticn due to installa-

tion of transformers at selected substations

(d) Decrease in power Interruption due to improvement of

the existing distribution facilities

(e) Economy in operation and maintenance c¢osts of the
cxistihg distribution facilities due to the above

fmprovement works

The benefit of the additional electficity consumption in items ¢) and d)
nust be expressed in monetary terns by usiag a unit benefit per kwh. For
this purpose, the share of distribution sector in the total supply costs of
electricity (éxcluding interest and net income) must be calculated by ana-
lyzing financial statements of TANLSCO. Then, the_unit benefit for the
dlstributlon sector can be obtained based on this share and quantity of

energy (kWh) distributed.

In addition to the above benefits, there are fntangible benefits such as
decrease in damages of consumer's electrical machines and apparatué due to
'fréquency drop and voltage variation, as,weil as, decrease in inconvenien-~
ces and discomforts of liviog due to frequent {interruption of electricity
supply} But, these benefits shall not be $ncluded in this economic eva-

luation because they are difficult to be evaluated in monetary terms.
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13.2 CONDITIONS FOR EVALUATION -

(1) Prices

Consistent with the principles of écononic evaluation, all items shall be
expressed in real. terms of_l985, i.e, excluding any future inflation, All
costs and beaefits in the future shall be converted to the present worth as

ofsfhe beginning of 1934,

(2) ‘Currency exchange rates

The curtency exchange vrates adopted in tlifs study are the following:
1 US$ = T.Shs. 17.5 = 240 Yen
I Yen = T,Shs. 0.0729 '
I T.She. = 13,71 Yen

(3) Perlod of calculation |

ACCordlng'tb accbunting'policies of TANESCO; depféciétion pertod on fixed
assets are 40 years for transmission 11né§,:30'years for 11 kV feeders and
20 years for substations and transformers: But, in fact the mechanical
lives of distribution facilities are longér thaﬁ_ZO.yearsQ Therefore, eco-
nomic evaluation shall be carried out ovér the period up to 2010,

(4) Dbistribution loss factor

Aithougﬁ'data on the actual distribution loss factor in Dar-es-Salaam is'
not available £6r the reaSOns stated in paragraph 3.3.2 of Chapter 3, some
reports show that it was ranged from 7% to 12% for the period up to 1978,
With the execution of improvement works on the exiating distribution faci-
1ities, the loss factor wil)l decrease slightlj. TakinghiheSe inte account,
a distributfon lose factor of 10% shall be adopted in this study.

(5) Load factor

kb

As shown fn Chapter 6, load factor shall be estimated at 65X for the period
from 1986 to 1990 and 66X% thereafter, '
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13.3 COSIS

13.3.1 ‘1§§eétméﬁf'édsté of the projéét

The direct construction costs of the project aré estimated at 2. 3755 million
yen (2,161 million yen for foreign currency portion and T, .She. 43,30
million for local curren¢y portion), and the total construction costs
including contingencies and engineering fee are estimated at 3,282 million
yen (2 628 million yen for foreign currency portion and T.Shs. 47.68

million for local currency portion) as showa in Table 13- l.

Of the above ¢osts, costs required for 1mproving the distribution facili-
ties are estimated at T.Shs. 99.0 million (I, 356 1 mfllion Yen) as shown 1n
Table 13-2, This investpent will have an effect of decreasing operation
and maintenance costs of the existing facilitieé. The remaining costs of
T.Shs, 140, 3 million (1,925.5 million Yen) are required for increasing dis-
tribution capacities to meet the growing demand for electvicity.

From the above tables, the annual disbursements of costs for improvement
works (Investment A) and césts for increasing distribution capacities

{Investment B) can be summarized as follows:

(T.Shs. millicn)

Year Inves;ment A Investanent B " Total -
1986 : 35.4 56,2 91.6
1987 . 43.7 30.4 74.1
1988 19.9 _ 53,7 73.6
Total 99.0 1403 2393

13.3.2_ Operation and:paintenance cost and its economy

Statfstically, the 6peration and maintenance cost fs about 3% of the
construction costs. Therefore, the present faclilities which will be
fmproved and reinforced_wlth additional tran#forming capacity by the total
investment of T.Shs. 239.3 wmillion witl necessitate addittional operation
and maintenance cost of about T.Shs. 7.2 million annually,

Hdweve:, the {avestment A of T.Shs, 99,0 million repreéents the assets which
should have already been incorporated with the present facilities for thelr
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normal operation, and correspoﬁding operation and maiﬁtépance.€3§gkpf;
T.Shs, 3.0 willion (99.0 x 3Z) or more due to deterioratioﬂ of facilities
would have been expended annually. Since this coat is lncluded in the
above operation and_maintenance.cost of T.Shs, 7. 2 millign,_the net‘operaé
‘tion and maintenance cost of the projéct_is estimated at T.Shs, 4,2 milliOn
(7.2 - 3,0 = 4,2), of which annual disbursement is as follovs:

(T.Shs, miilion):

P S

Operation and

“Cunulative

Year totpl_ ig:z::;zizeA Baiance ‘maintenance
N iavestrent _ : . ~ cost
1986 - 91.6 35,4 56.2
1987 165.7 _ 79.1 86.6 1.7
1988 239,3 o 99.0 140,3 2.6
1939 - o : - 4.2
2010 ' 4

13.4 BENEPITS

13,4.,1 Increase in electricity consumption due to 1nstallation of
transformers at selected substations

(1) 1Ilala and City €enter areas

Peak load at Ilala substation is forecasted to grow to 13. ZIPW in 1984,
This means that its transformer capacity of 15 HVA cannot meet’ the growing
power demand after 1985, On the other hand, the transformer capacity of 30
MVA of City Cénter substation is large e¢nough to omeet the growlng power
denand in fts avea for coming years {peak load in 1984 {s estfwmated at 17. 8
MW). Therefore, by connecting ‘these two substations and replacing aa’
extsting 7.5 MVA transformer of Ilala sqbstation by a 15 MVA unlt, it is
possible to meot the growing power_demand for the period up to 1993,

(2) Oyéterggy and Mikocheni arcas

Peak load at Oysterbay substation is forecasted to grow to 13,3 MW {n

1985, This means that Its transformer capacity of 15 HVA cannot oeet the
growing power demand after 1986, Hoéwever, by conetructing a new substation
(15 MVA) at Hlkdchenl in the gervice area of Oysterbay substation, fe s
posslible Lo supply these areas wltB power for the'period up to 1999,
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(3) Factory Zone I and Factory. Zone III areas

Peak lbéd a@ ?acfofy ZOné I substation is fbrééaéted to groﬁ fron 12.6 MW
in 1983 to 14,7 MW in 1988, This means that its transformer capacity of 15
MVA cannot meet the growing power demand after 1988, However, by con-
structiag Factory Zone III substation (15 MVA) ia the neighbourhéod of
Factory Zone I substdtion, it is possible to supply these areas with power

for the period up to 1993.
The-incrédse'in elettricity:consumption made available by the execution of

the project is shown in Table 13-3.

13.4.2 Decrease in power interruption due to improvement of the existing
distribution facilities

Although'effecté.of improvemént_works will be produced from the whole
distribation systen in Dar-es-Salaam, the greater part will be produced
from four service areas of Ilala, éity Center; Oysterbay and ?actory Zone
I substations on which main iﬁprﬂvement efforts are planned'tq be placed.
Therefore, effects of decrease in power interruption shall be evaluated on

these four services areas.

It is considered that the effects of improvement works will be produced
after 1987, By that time freguency of power Interruption will Increase
every year due to superannuation of facilities aud insufficiency of main-
tenance. 'Quantity of energy which can be decreased froo total interrupted

energy in 1986 is estimated in the following manner:
(1) Average load by 11 kV feeder

The.aggEEgated peak lead at Ilala, City Center, Oysterbay and Factoiy Zone
I substations is forecasted to grow to 60.5 MW f{n 1986, The total number
of 11 kV feeders in sarvice of these substations is 18, Therefore, the

average maximum load by 1! kY feeder is 3,36 MW as shown below:
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(1986)

Substation Peak load ~ Number of Maximum load:

_ R {MH) 11 kV feeders by feeder (MW).
Oystérbay S 13,9  :5‘ 2.78
1lala 14,3 5 2,86
City Center 19,5 4 4.88
Factory Zone I 12.8 4 3.20

Total & 60.5 18 3,36

Power interruption occurs_bdth in the peak load time and in the low load
time, but:geherallj concentfates'in the peéak loa& time, From this;'it”is
considered that the median between peak load and average load well repre-
sents the load at the time of power interruption. This median is calcﬁ—

lated to be 2.77 MW as shown below:

3.36 + (3.36 x 65%)
2

= 2,77 M4 (Load factor: 65%)

(2) éﬁg}agé duration of power.intérruptigg

According to pover interruption réview for April 1984 given in Tablée 13-4,
the average duration of power interruption for the Dar-es—Salaam édistribu-—

tion system as a whole is 1.87 hours as shown below:

- Frequency of power interruption ' 49 times
— Total duration of power interruption 91.4 hours
- Average'duration of power interruption 1.87 hours

(3) Frequency of power interruption

According to Table 13-4, frequéncy of power_intgrruptiOn in_the service
areas of Ilala, Cicy Cenier, Oysterbay and Faétory Zone I substations in
April 1984 was 22 times. Siﬁce'vafiation of mdnthly-frequency would be
small, the annual interruption of eiectricity supply in 1984 will amount to
260 to 270 times against which fréquency of power-interruptldn in 1982 and
1983 was 87 times and 169 times, respectively. This represents an annual
growth rate of 947% fn 1983 and 567 {n 1984. Judging from the actual con-
ditions of distribution facilities, frequency of power interruption will
grow at an annual rate of at least 50% to reach 590 t¢ 600 times In 1986 as

shown below!
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1932 © 1983 © 1984 1985 - 1986

Oysterbay 200 57 't

Ilala - . : 127 . 45 - (S). Cm= -
City Center .28 45 (5) . - -
Factory Zone I 12 22 (5) - -
Total 87 169 260-270  390-400  590-600
Annual growth rate - ©94% 56% - 50% 50%

—i e —— o

Note: Figures in parentheses show frequency of power
- 1nterruption in April 1984, - :

The total number of 11 kV feeders in sérvice of these four substations is
18, therefore the average frequency of power interruption per feéeder is

estimated to be about 33 times pexr annum.

Ta this context, 1t 1s to be noted that the above power 1nterrupti0n is due
to trip of 11 kV circuit breakers only. Therefore, the total frequency oE
power iaterruption would be wmuch more when considering power interruption
at 33 kV and low voltage systems. However, from conservative standpoint
the power interruption by trip of 11} kV feeders only shall be taken into

consideration in this economic evaluation.

(4) Decrease in power interruption by improvement works

As described in Chapter 4, the actual freqeency of power interruption is
estimated to be decreased to less than 3 times per feeder per annum by the
execution of appropriate improvement works and scheduled malntenance on the

existing dlstribution facilities,

Based on the above data, i.e. annual power interruption of 590-600 tines,
annual interruption per feeder of 33 times, average load per feeder of 2,77
MW and average duration of power interruption of 1.87 hours, ‘the quantity
of energy at consumers end which will be decreased from total interrupted

energy in 1986 can be estimated as follows:
595 times x (33 - 3)/33 x 2.77 4 x 1.87 h x 0.9 = 2.5 GWh
Note: Distribution loss factor is estiwmated at 10%,

If appropriate improvement works. are not executed, frequency of power

interruption will further increase and the existing distribution facilities
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will fall idto coliapse. But it is imposoible to forecast such an abnotmal
frequency of power ioterruption over long period in the future._ Therefore,
from consexvative standpoint, 2.5 GHh was adopted as the annual decfease in

power interruption for the future.

13.4.3 l‘lnit“benet‘itiof energy di_stributed'

 The supply costs of electricity are so—called operating expenses including
costs of generation, transmission and distributiOn sectors. Costs of each
sector consist of operation and maintenance coest, depreciation=CDet and
administration cost. The electricity tariff is determined to cover the
overall costs which include the above supply costs, interests and profit‘of

the company.

The supply costs and the overall_coets in 1982 were T.Shs. 425,988 thousand
and T.Shs. 523,001 thousand, respectively, agalnst the total energy sold of
737.2 GMh. Therefore, the supply costs and the average rate per unit sold
were 57.8 Cents/kWh and 70.9 Cents/kWh, respectively,

In the revenue account of TANESGO, the eost.of‘saiee is not classifled into
three sectors of generation, transmission and distribution. Depreciation
and interest are not also divided into theése three sectors. . Theréfore, for
the purpose of stuoy, the cost of sales nas classified into these three

sectors in the following manner:’

{a) In the most'countries, betwean transmission and,dietribution,
values of fined assets are about 40% for transmission and 60% for
distribution. Using these ratios, the sum of transmission and
distridution expenses in the cost of sales shall be divided into
40% for transmission and 60% for distribution.

{b) 1In some examples in which ratios of eapacities between hydro and
thermal power stations are simflar to those of TANESCO, values'of
fixed assets are about 602'for-power stations) 16% for trans-
mission lines and 24% for distribution facllities., 'Ueingwthose
ratios, administration expenaeo-and interesto in the‘cost of
sales“shall be divided into 60% for generation, 16% for trans-—
mission and 24% for distribution.
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©(e) According fo‘éccOunting pﬁlicies of TANESCO, period of depre-
clation is about 50 years for dams and power plants, 40 years for
transmission lines and 25 years for diSt:lBution facilitiés,
These perfods and ratios of fixed assets by sector described in
‘item (b) above lead to allocate depreciation cost in the propor-
tion of 46% to generation, 15% to transmission and 397 to distxi-
bution., Therefore, depreciation on fixed éssets_shali be divided

into these three sectors in this proportion.

Using the above method, the revenué account of TANESCO for the year 1982

was rearranged as follows:
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_(T.$he. thousaud)

P, : H : ; s S e AT A .

Jten . Amount : ~ Remarks

et e o g o} g o — — —— S

Operafing révénﬁe . ) 523,0bl

e e S s S T¥

Supply costs

(a) Operation and maintenance cost

‘Generatfon ' : '206,925”. ‘ :
Transmission (40%) 16,3851 .
Distribution (60%) 24.597 } 40,986

- Sub-total 247,907

(b) Depreciation cost
Generatien  (46%) 32,867
Transmission (15%) 10,718
Bistribution (39%) 27,865
Sub-total 71,450

(c) Administration cost

Generation = (60%) 63,978
Transmission (16%) 17,060
Distribution (24%) 25,593

Sub-total 106,631

(d) Total supply costs

Generation ({71%) - 303,770 /737.2 G¥h = 41,2 Cents/kWh
Transmission {10%) 44,163  /737.2 GWh = 6.0 Cents/kWh
Distribution (19%) 78,005 /737.2 GWh = 10.6 Cents/kWh
 qetal 425,988 /737.2 GWh = 57.8 Cents/kih
Interests 89,728
Net income 7,285 y

Overall costs 523,001 /737.2 GWh = 70,9 Cents/kWh

The above table shows that, in 1982, agalnst the average tariff rate of
70,9 Cents/kWh the supply cost was 57,8 Centg/kWh of which 10.6 Cents/k¥Wh
was the share of distributfon sector.  Since then, the tariff rates were
talsed two times fn accordance with price rise of general commodities} the
first time in Janvary 1983 and the second time in January 1984, At the
current tariff which {s effective from January 1984, the avérage rate per
unit sold is cstimated at around 105 Cents/kWh, Assuming that the supply
costs have also increased proportionally, the share (unit benefit) of
distribution sector in the total supply costs 1s estimated to de about!
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10.6 Cents/kWh x 105/70.9 = 15.7 Cents/kwWh

The above-mentioned cOsts_andrbeneflts are all expressed in terms of marked
prices, but does not include ihterésts'and taxes,  Since it is_considered
that thesé costs and benefits reflect their shadow prices, there would be

no problem to use them in the economic evaluation of the project,

13.4,4 AnndaL benefits

The benefits brought about by the project ave a) increase in power ébﬁsump—
tion due to installation pf additional transformers at selected substations
_(Table l3—3)'and b) décréase in powér:inte;rup;ion due to execution of
_improvemént works on the eiigting distfibution facili;ieé (2.5 GWh annu-
ally);. Since the unit benefit of energy distributed is esfimated at 15.7
Cénts/kwh, the annual benéfits of the project wiil be calculated as fol-

lous!

: Increase In -Decrease in Annual

Year power consumption power interruption Total - benefits _

{GWh) (GWh) “{GWh) (T.Shs. mtllion)
1986 4.1 2,5 6.6 1.0
1987 13.4 2.5 15.9 2.5
1988 37.4 2.5 39.9 6.3
1989 61.0 2.5 63.5 10.0
1990 82.5 2.5 85.0 13.3
1991 96.8 2.5 99.3 15.6
1992 115.0 2.5 117.5 18.4
1993 139.0 2.5 141.5 22.2
1994 146.3 2.5 148.8 23.4
1995 - 152,5 2.5 155.0 24,3
1996 159.2 2.5 161.7 25.4
1997 _ 166.0 2.5 168.5 26.5
1998 : 173.8 2.5 176.3 27.7
1999-201Q0 175.3 2.5 177.8 27.9

}
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13,5 INTERNAL RATE OF RETURN

From the above-mentioned costs and benefits, the internal rate of return
(equalizing discount rate) of the project is calculated as follows (See
Table 13-5):

Internal rate of return: 5.1%

13,6 CONCLUSION

At pfeSéht, the IBRD applies an interest rate of higher than 11% to dmost
ptojecfé.aﬁd the export‘anﬂ'1mert'Bahks'have'a'gﬁidéiiﬁé‘of appiying an -
interest raté of 9.5% to high interest raté countries and 8.3% to low
interest rate countries, Therefdfé,:it will be apprbpfiate_to use a soclal
rate of discount of aréund 9.5% in the ecomonic evaluation of the pfojeét
as the basls for judging its econcmic feaéibility. In this case, the above
internal réte of return (equaliziang discouat rate) of 5.1% means that this
project is not so sound from economic vieﬁpoint. Hoﬁever; when considering
that in thié economic evaluation tﬁe benefit of décréasing_power intef:up;
tion 1s undereétimated éndrthat the project wili also Bfiﬁg about such an
intangible soclal benefits as described in paragraph 13.{, it is judged =
that the economic contribution of the project becomes_l&rge encugh to be

worth executing.
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Table 13-1  Investment costs of the distribution
: network rehabilitation project

___(Million Yen)

1986

Iten 1987 1988 Total
1. Construction cost
33 kV 1line
Fo:éign‘chrency ;4?}8 40,1 87.9
Local currency 1444 12,9 26.4
§pbstatlons _
Foreign currency 364.6  131.6  114.8 = 611.0
* Loecal currency 104.2 27.8 21.8 153.8
Total 468.8  159.4  136.6 764.8
Pistribution lines
Foreign currency 457.6 488.3 516,0 1,461.9
Local c¢urrency 108.1 153.6 151.8 413.5
Total 565.,7 641.9 667.8 1,875.4
I1t. Engineeriong cost
Engineering fee (F.C.) 88.4  66.3 66.3 221.0
- Trainiang of TANESCO staff (L C.) ~ 30,0 - - 30.0
Total 18,4 66.3  66.3 251.0
III. Egptingggpies
Foreign currency 80.8 67.3 68.0 216.1
Local currency C 22,4 18.8 18.8 60,0
~Total 103,2 86. 1 86.8 276.1
Total Investment T
 Forelga cutrency 1,021.4  801.3  805.2 ° 2,627.9
Local currency 234,7 214.6 2044 653,7
| Grand Total 1,256.1 1,015.9 1,009.6  3,281.6
(Shs million) (91.6)  (74,1)  (73.6) - (239.3)
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Table 13-3 Increase in electricity consumption due to installation of
: transformers at selected substations

Transformer Maximun power demand (MW)

Substation capacity

HVA MW 1984 1985 1986 1987 1968 1989 1990 1991 _ 1992 1993 _ 1994 1995 1996 1997 1998 1999  2000-2010

Ilala (Existing) 15,0 13,5 13.2 14,2

(Icrease by re- 14.3  14:8 16,5 16.6 17.2 18,0 19.0 203  21.3

placement) 7.5 6.7
City Center 30,0 27.0 17.8 19,2 19.5 21.7 21.8 22.0 22.2 23.3 247 26,2  27.3
Total 52,5 47,2 33,8 36.5 38.3 38.6 39.4 41.3  43.7  46.5  48.6
Oysterbay | 15.0  13.5 12,4 13.3 - 13.9 7] - - | |
- }'14 8 16.6 17.1 17.2 18,0 19.0  20.3  21.4  22.6  23.9  25.2  26.7  28.1
Mikochenl (Planned) 15.0 13.5 : '
Total 30.0  27.0
Factory Zone 1 15.0  13.5  12.6 12.6 12.8 12.9
Factory Zone LIt | } 14.7 18,9 22.2 23.1  24.9  26.7  29.0
(Planned) 15,0 13,5 '
Total - 30.0 27.0

Increase in maximum power demand due to installation of transformers (MW)

Ilala/City Center _ 0.8 1.3 3.0 3.1 3.7 4,5 5.5 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7

" Oysterbay 1.3 3.0 3.6 3.0 4.5 5.5 6.8 7.9 9.1 io.a 1.7 13.2 13,5 13,5
Factory 2one 1/ : | .

Factory Zone IIL 1.2 5.4 8.7 9.6 11.4 13,2 13.5 13,5 13.5 13.5 13.5 13.5 13.5

Total | 0.8 2.6 7.3 12.1 16.1 18.6  22.6 26,7  28.1  29.3  30.6 31.9  33.4  33.7 33.7

Increase in energy consumption (GWh)

Load factor - 65%  65%  65% 65  65%  66%  66%  66%  66% 66X 663 661 664 66X 66%
Energy sent-out from substations 4.6 14,8 41.6 67.8 917 107,5 127.8 154.4 162.5 169.4  176.9 186.4 193.1 194.8  194.8
Energy distributed - consumers-end (10% loss) 4.1 13,4 37.4  61.0 82,5 96,8 115.0 139.0 146.3 152.5  159.2. 166;0 173.8 175.3 175.3

13-15






Table i3—4 ~ Power intérfuptibn review (April 1984)

. o ke 7 {Minutes)

No. . Feeder Eg;ﬁé ﬁo. Feéeder E;;i“J
1 | 33 kv Xurasini feeder 10 { 34 | 3M0 - Ubungo | 1
2 | D2 Ilata 47 | 35 | ALAF - Ubungo 210
3] 03~ OySté;bay 113 | 36 U2 Ubungo . 286
4 | ‘b9 Tiala 25 |37 {wazo 1 126
5 F4 Buguruni - 138 ;38 02 Oysierbay - 54
6 | Kundachi feeder :143 39 | kundachi feeder : 24
7 | - Kundachi feeder 70 ] 40 | Industrial feeder-Xurasini 85
8 BMO Ubungo 5 :41 €2 City Ceater 33
9 33 kv City Center - |4z | r2 Buguruﬁi_ ) 6
10 | WAZO I - Ubungo 6 | 43 | Kilwa Rd. feeder | 53
11 ﬁ2 Ubungo 1 44 Factory Zone T . 65
12 Uz Ubungo 80 { 45 ﬁZ .Uﬁungo 1540
13 | U2 Ubungo 35 | 46 | p9 11ala 397
14 03 Oysterbay 1¢ | 47 | F4 Buguruni 235
15 | wazo 11 7 } 48 | F5 Bugurunt 26
16 | Textite II 31 | 49 | D10 1lale | ] e
17 TAZARA - Buguruni 5 j . :_

18 Kilwa Rd. - Kﬁrasini 28 Total: 5,485 minutes (Ql;& hrs)
19 | TAZARA/FS 95

20. {02 Oygtérbgy '20 Averége duration of po%er

21 F23 -~ G/Mboto 351 interruption:

22 | D0 and U2 1 5,485/49 ~ 1.87 hrs

23 Kilwa Rd. feeder 60 |

24 TAZARA feeder 30

25 | 02 oOysterbay 317

26 | U6 Ubungo 6

27 05 Oysterbay 32

23 Textile feeder 46

29 | F22 - G/Mboto 110

30 ALAF - Ubungo 197

31 U2 Ubungo 46

32 05 Oysterbay 15

33 TAZARA feeder 210
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Table 13#5 Calculatién of internal rate of réturﬁ

(T.Shs miliion)

- _ Annual Present worth
No. Year Knn:a - Discount rate " Note
L costs 5.0% 5. 1Y 5.7% :
1| 1984 - - = - L
5 1085 _ - _ B (a) Cumulative present worth
- . , e - of the annual c¢osts fron
3 1986 | 91.6 79.1 78.9 78.6 1989 to 2010 is calcu-
4 | 1987] 5.8 62.3 | 62.1 | 61.9 lated by the following
: formulat _
s | 1988 6.2 59.7 | 59.4 59.1 e
. ] 2 _ =
4.2 x L1H)? x 1 1
(ay | 1989 : _ 1(1+1)22 . (144)5
- ) . ). 2, _ . o
2010 : 4.2 43.3 42.7 42.1 . Wherei: 1 = discount rate
Total ] 336.0 2444 243.1 | 241.7
A X Present worth o 7
No. Year bnn:?it . Discount rate Note
ettt [Tsoox | 5% | 5.2% |
1 1984 - - - -
2 1985 -~ - - -
3 | 1986 1.0 0.9 0.9 0.9 Cunulativée present worth
T , of the annual benefit
4| 1987 2.5 2.1 2.1 2.1 from 1999 to 2010 is
S 1988 6.3 4.9 4.9 4.9 calculated by the fol-
6 | 1989| 10.0 7.5 7.4 7.4 loutng foraula:
7 | 1990 13.3 9.4 9.4 9.3 27.9 ()32 -1
8 | 1993 15,6 | 105 | 105 | 104 1012 )b
9 1992 | 18.4 11.8 11.8 11.6 Where: 1 = discouat rate
10 1993 22.2 13.6 13.5 13.4 '
11 1994 23.4 13.7 13.5 13.4
12 1995 | 24.3 13.5 13.3 | 13.1
13 1996 26.5 13.5 13.3 13.1
14 1997 27.7 13.4 13.2 13.0
15 1998 27.9 13.3 13.1 12.9
() | 1999
~2010 27.9 118.9 116.5 114.2
Total | S51.4 247.0 243.5 239.7
Benefic- 2.6 0.4 ~2.0 :
Cost
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CHAPTER 14  FINANGIAL ANALYSIS

14.1 METHODOLOGY

It is appropriaté for financlal analysis of theée project to be conducted in

the following manner:

(1) Analysis—l: Profit and loss and cash-flow

(a)

(b)

(c)

To calculate the ratio of operating income (0perat1qg revenue -
operating expenses) to net fixed assets in operation. This ratlo
is the rate of return in the financial meaning, and:serveé basis
for evaluating profitability of the project. The operating

fncome. comprises interest and net income (or loss).

To assume a ¢0nceivable repayment period of the borrowing and
estimate cash reserves for repayment which will be accumulated
during the above repayment period. These reserves are the sum of

operating income and depreciation cost.

To determine an allowable rate of interest in the limif of the
above cash reserves, and éonduct profit and loss calculatfon and

cash-flow analysis.

(2) Analysis-Zﬁ “Financial internal rate of return”

To calculate “financial internal rate of return” which equalizes
present worth of the cost stream (cénstruction cost and operation
and maintenance cost) to present worth of the operating vevenue
stream. - The equalizing discount rate thus obtained is evaluated
in comparison with socfal discount rate (soclal time preference

fﬂte) .

14,2 FUND REQUIREMENTS

The total construction costs are estimated at T.Shs. 239.3 million (3,281.6
million yen) including T.Shs. 191.7 wmillion (2,627.9 nillion yen) for
foreign currecncy portibn and T.Shs, 47,6 million (653.7 million yen) for

local currency portion, Their annual disbursement is as Follows:
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(T-Shs. willlon) " (Hiiiion yen)

F.Ca Loca To.ta]- Fnc‘ L-Co Total
1986 76,5 17,1 91.6 1,021.4  234.7 . 1,256.1
1987 58.5 15.6  74.1 801.3  214.6 " 1,015.9
1988 58.7 14,9  13.6 805.2 204.4 1,009.6
Totai  191.7 47.6  239.3 2,627.9  653.7  3,281.6

14.3 ANALYSIS-1: PROFIT AND LOSS AND CASH-FLOW

14.3.1 Debt financing

(1) Operating revenue

The operating revenue is produced by 1ncreése in power consumption and
decrease in power interruption due to e#ecution of the project, These
additional energies made avallable to cOnéumers are described in pérégraph
13.4.,4. The share of distribution sector in the total'supply;costs of
electricity is estimated at 19% and the average rate pér unit sold is esti-
mated at avound 105 Cents/kWh as described in paragraph 13.4.3. Therefore,
the unit revenuve per kWh for the distribution sector 1s:

105 Cents/kWh % 0.19 = 20 Cents/k¥Wh

From the above, annual revenue of the project fs calculated as follows:

Energy sold Unit revenue Annual revenue

Year (GWh) (Cents/kWh)  (T.Shs. million)
1986 6.6 20 1.3
1987 15.9 - 3.2
1988 39,9 » 8.0
1989 63.5 - 12,7
1990 85.0 » 17.0
1991 99,3 - 19.9
1992 117.5 2 23,5
1993 141.5 8 28,3
1994 148.8 2 29,8
1995 155.0 " 31.0
1996 161.7 " 32,3
1997 168.5 - 33,7
1998 - 176.3 " 35,3
1999-2010 177.8 20 - 35,6
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(2) Operation and maintenance ¢ost

Theloﬁgration and maintenance cost is described inm paragraph 13.3.2. 1Its

annual disbursement is as follows:

. Amount

Year {T.Shs, million)
1987 1.7
1988 2.6
1989-2010 : 4,2

{3) Depreclation cost

In accordance with accounting policies of TANESCO, depreclation on the
fixed assets is calculated on the straight line method to write off
(without scrép value) the costs of the fixed assets over the period up to

2010,

(4) Administration cost

Since the project aims at ﬁainly improving the existing distribution faci-
lities and partly increasing transforming capacities, there will be almost
nd additional personnel and genetal expenses at Head Office, Therefore,

administration cost shéll not be included in the operating expenses of the

project,

14.3.2 Rate of return and cash reserves for repayment

“Annual opefating fevenue, operating expenses and operating incore of the
ﬁroject are showa in Table 14-1, From this table, the rate of return
(ratio of operating incone to net fixed assets in operatfon) and cash

reserves for repayment of the borrowlngs are calculated as follows:

- (1) Rate qfantﬁrn

The rate of return of the project varies annuwally, For this project, the
average rate of return for the period of 10 years, 15 years, 20 years and
22 years (whole peried) after completion of the project is calculated as

follows:
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Accumulated "~ Accumulated

_ operating net fixed Rate of
Period . income : © assets return
' - (T.S$hs, millfon) (T.Shs, willion) (%)
10 years (1989-1998) 114,0 2,186.,3 5.2
15 years (1989-2003) 219.5 2,649.8 8.3
20 years (1989-2008) . ©325.0 2,855.8 il.4
Whole period (1989-2010) 367.2 2,866.1 12.8

As described before, the operating income consists of returas on the capi-
tal tovested (interest) and on the effort of business operation of the com-

pany (net income),

(2) Cash reserves for repayment

‘Examples of loans obtainéd from forcign countries for p;ojects_of TAHESCd
show that the terms of loans have generally been 5 to 9% interest wlth‘thé '
repayment period of‘lS to 22 years after morétorium period of 3 to 5 years.
There was an exceptionally soft loan in which interest raté was 1.5% and

repayment period was 20 years after woratorium period of 10 yearé.

In case of this project, {f repayment period 1s 20 years for foreign
currency portfon and 13 yeafs for local currency portieon, each after
moratorium perfod of 3 years, the borrowings will be written off in 2008,
and cash reserves accumulated by 2008 will amount to T.Shs. 545.7 million

as shown below:

Accunulated operating incore T.Shs., 325.0 million
Accumulated depreciation cost T.Shs. 21i8.7 million
Total T.Shs, 543.7 million

14,3.3 Calculation for determining interest rate

For local currency loan, an example shows that terms of loan (Mwanza power
station) applied by the Tanzanfa Investment Bank to TANESCO were interest
rate of 9% with repayment perfod of 13 years,

If the above terms are also applied tb.lpcal currency loan of this project,
the repayment of pfihcfpal and interest will amount to T.Shs. 89.3 million
including interest during construction of T.Shs. 6,6 milldion,
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6.6 + 47.6 x 0. 133566 {capital recovery factor) X 13 years
= T.Shs, 89,3 nillion

In most countries, the ratio of net income to net fixed assets in operation
of the electric utility ranges generally from 2.3% to 4.7% with around 3%
in average, 'For_the sound business operation, it will be necessary to carn

net f{acome of about 3%,

If net income of 3% 1s to be secured from the project its accunulated
amount during the period of 20 years (up to 2008} after completion of the
project will be T.Shs. 85.7 million.

Accumulated net fixed assets T.Shs, 2,855. 8 x 0,03
= T,Shs. 85,7 million

Therefore, cash reserves for repayment of forelgn currency loan will be
T.Shs. 368.7 wiliion (total cash reserves 543.7 ~ repayment of local
currency loan 89.3 - net income 85.7 = T,Shs. 368.7 million)., From this,

annual repayment amount will be T.Shs, 18.4 millfon in average.,
368.7‘% 20 years = T,Shs. lB.h million

Since forelgn currency portion of the construction cost is T.Shs. 191 7

million, the capital recovely factor is calculated at 0.09598,
18,4 ¢ 191.7 = 0.,09598

Therefore, interest rate to be applied to forelgn currency loan (i) for the

repayment period of 20 years can be obtained by the following equatien:

1(1 + 3)20
(1 +1)20 - )

= 0,09598

From the above:
1 =7.3%

However, the above-mentioned cash reserves T.Shs, 368,7 milifon for the
repayment 6f_foreign curcency loan must faclude payment of interest during

construction.
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At the interest rate of 7. 3%, the 1nterest during construction smounts to
T.Shs. 22,0 milliOn. Therefore, the abaove capital recovery factor must be
changed to approximately:

(353.7 - 22.0) 20 years  191.7 = 0.09042

The laterest rate ﬁhlch'corrésponds'to the abore capital recovery factor
1s 6.5%. This means that the upper limit of interest rate to be applied to
foreiga currency loan of the projecr is 6.5%.

14.3.4 Profit and loss calculation and cash—flow analysis

The profit and loss calculation and cash-flow analysis, carried out at the
lnterest rate of 9% with the repayment perfod of 13 vears for local
currency loan and the interest rate of 6.5% with the repayment period of 20

years for foreign currency loan, are shown in Tables 14~2, 14-3 and l4-4.

As clearly seen in Table 14-4, the net income accumulated during the whole
repayment period {up to 2008) will amount to T.Shs. 8? 6 miliion which -
represents a rate of return of 3% on the accumulated uet fixed assets in
operation of T.Shs, 2,855.8 million, but after completion of the project
deficit in cash balance will continue up to 4th year (1992) in the annual
balance and up to 13th year (2001) in the accumulated balance,

14,4 ANALYSIS-2: FINANCIAL INTERNAL RATE OF RETURN

The so-called “financial internal rate of return” (FIRR) is defined as the
discount rate which equalizes present worth of the cost stream (construc~
tion cost and operation and maintenance cost) to present worth of the
operating revenue stream. For this project, this equalizing discount rate
is calculated as follows (See Table 14-3):

FIRR: 7,8%

The FIRR is dlfferent from rate of return calculated from accounting
viewpoint. The former 1s evaluated in comparison with social time prée-
ference rate, the latter 1s used as the basls for evaluating financial pro-

fitability of the project.
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The economic internal rate of return (BIRR), as obtained in Chapter 13, is
caleulated based on the social cost and benefit which reflect shadow price
and/or opportunity cost from viewpoint of national economy. As compared
with this, the ?IRR'is calculated based on the actual cost and income on
the company basis. (In case of this project, cost is the same for both the
FIRR and EIRR because taxes and other cost items which require to consider
shadown price and/or opportunity cost such as unskilled labor wages are not
included in tﬁe cost), Difference is thus produced between FIRR and EIRR,

14.5 CONCLUSION

As descfibed.in.paragraph 13.6, the social time preference rate (social
discount rate) to be used in the project evaluation is considered to be 9
to 10%Z. The EIRR of 7.8% of the project is fairly lower than the standard.
This means that a good financial performance cannot be anticipated from the

project,

The rate of return on the net fixed assets in operatién will mark a high
rate of 12.8% for the whole period of 22 years. However, from practical
financial viewpofint it is appropriéte for the fate of return to be eva-
luated for the period of 10 to 15 years from completion of the project. In
this césé, the rate of return of the project will be only 5,2% and 8.3% for
the period of 10 years and 15 yeérs, respectively,

When applying the interest rate of 9% with the repayment period of 13 years
for local currency loan and the interest rate of 6.5% with the repayment
period of 20 years for foreign currency loan, a net income of 3% will he
securaed but deficit in the accumulated césh balance will centinue up to

13th year fron completion of the project.

From the above, it is hoped that financial cooperétion at long-term and low

interest rate be offered for this project.
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Table 14-1

Operating income and rate of return

(T.Shs. million)

Operating

A g . | Net fixed assetg
FevEnuG =Operating._expenses Ope;ating income in operation ' Average
Operation Depreciation cost - _ Accumu~ Accumu~- | rate of
No. | Year ) Accunu- : - : - - .
Yearly | ted and main~ | g oo stment | Investment | Investment | Annuay | A¢cumuq Total ) Yearly | lated Yearly | 12ted return
- total | t€78"¢ | .1986 | in 1987 |in 1988 | total | l2fed total total
(A) _ cost - total (B) [ {A)-(B) (¢ (D) (C)/(D)
1986 1.3 1.3 - - - - - - - 1.3 1.3 | 91.6 91.6 N 1)
87 3.2 4.5 1.7 3.9 - - 3.9 3.9 5.6 -2.4 -1,1 161.8 253.4
88 8.0 12.5 2.6 3.9 3.3 - 7.2 11,1 9.8 -1.8 -2.9 228.2 481,6
1 89| 12.7 25.2 4,2 3.9 3.3 3.4 10.6 21.7 14.8 -2.1 -5.0 217.6 699.2
2 {1590 17.0 42,2 4,2 3.9 3.3 3.4 10.6 32.3 14,8 2.2 -2.8 | 207.0 906.2
3 91 19.9 62.1 4.2 3.8 . 3.3 3.4 10.5 42.8 14,7 5.2 2.4 196.5| 1,102,7
4 92| 23.5 85.6 4.2 3.8 3.3 3.4 10.5 | 53.3 14.7| . 8.8 11.2 186.0 | 1,288.7 [ 5.2
5 93| 28.3 113.9 4.2 3.8 3.2 3.4 10.4 63.7 14,6 13.7 24,9 | 175.6) 1,464.3
6 94| 29.8 143.7 4.2 3.8 3.2 3.4 10.4 74.1 14.6 15.2 40.1 165.2 | 1,629.5
7 95| 31.0 174.7 4.2 3.8 3.2 3.4 10.4 84.5 14,6 16.4 56.5 154.8 1,784.3
8 96 | 32.3 207.0 4.2 3.8 3.2 3.4 10.4 94.9 4.6 17.7 74.2 144.41 1,928.7
9 97 33.7 240.7 4,2 3.8 3.2 3.4 10.4 | 105.3 14.6 19.1 93.3 134.0 | 2,062.,7
10 98 35.3 276.0 4.2 3.8 3.2 3.4 10.4 | 115.7 14,6 20.7 114.0 123.612,186.3 |.
1t 99} 35.6 {  311.6 4,2 3.8 3.2 3.3 10.3 | 126.0 14.5 21.1 135.1 113.3] 2,299.6
12 | 20001 35.6 347.2 4,2 3.8 3.2 3.3 10,3 | 136.3 14.5 21.1 156.2 '} 103.0] 2,402.6 L8.3Z
13 01| 35.6 382.8 4,2 3.8 3.2 3.3 10.3 | 146.6 14,5 21.1 177.3 92.7 ] 2,495.3 -
14 02| 35.6 418.4 4,2 3.8 3.2 3.3 10.3 | 156.9 14,5 21.1 198.4 82.4| 2,577.7
15 03] 35.6 454.,0 4,2 3.8 3.2 3.3 10,3 | 167.2 14.5 21.1 219.5 72,1 2,649.8
16 04| 35.6 489.6 4.2 3.8 3.2 3.3 10.3 | 177.5 14,5 21.1 240.6 61.8] 2,711.6
17 05| 35.6 525.2 4,2 3.8 3.2 3.3 10.3 | 187.8 14,5 21.1 261,7 51.5] 2,763.1
18 06 35.6 560.8 4,2 3.8 3.2 3.3 10.3 | 198.1 14.5 21.1 282.8 41,21 2,804.3 t11.4%
19 07| 35.6 596.4 4,2 3.8 3.2 3.3 10.3 | 208.4 14,5 21.1 303.9 30.9| 2,835.2
20 08{ 35.6 632.0 4,2 3.8 3.2 3.3 10.3 | 218,7 14,5 21.1 325.0 20.6| 2,855.8 4
21 09| 35.6 667.6 4.2 3.8 3.2 3.3 10.3 | 229.0 14.5 21.1 346.1 10.3 1 2,866.1 r12,8%
22 12010 35.6 703.2 4,2 3.8 3.2 3.3 10.3 | 239.3 14.5 21.1 367.2 0] 2,866.1 J
Total] 703.2 96.7 91.6 74.1 73.6 239.3 336,0) 367.2
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Table 14-2 Repayment schedule

(T.Shs, million)

‘Borrowings | Repayment Schedule
Nold Year Forfign Locfl -Foreign Currency Out; . Local Curtrency . . Remarks
eur eur Total | prin- ' | Prin- | Out-
rency rency Interest cipal Total | standing Interest cipal Total | standing
. _ balance balance
1986 74.5 17.1 91.6
87 58.5 15.6 74.1 '
88 58.7 14,9 13.6 191.7 47.6

1| 89 12.5 4.9 17.4 186.8 4.3 2,1 45.5 6.4 o Foreign currency (6.5%,
21 1990 12.1 5.3 17.4 | 181.5 4.1 2.3 43.2 6.4 20 years)
3 21 11.8 - 5.6 17.4 175.9 3.9 2.5 40.7 6.4

4 92 11.4 6.0 17.4 169.9 3.7 2.7 38.0 6.4 Capital recovery

5 93 11.0 6.4 17.4 163.5 3.4 3.0 35.0 6.4 factor: 0.090756

6 94 10.6 6.8 17.4 156.7 3.2 3.2 3i.8 6.4

7 95 10.2 7.2 17.4 149.5 2.9 3.5 28.3 6.4

8 96 9.7 7.7 17.4 141.8 2.5 3.9 244 6.4 o Local currency (9%, 13 years)
9 97 2.2 8.2 17.4 133.6 2.2 4.1 20.3 6.3

10 98 8.7 8.7 17.4 124,9 1.8 4.5 15.8 6.3 Capital recovery

11 99 8.1 9.3 17.4 115.6 1.4 4,9 10.9 6.3 factor: 0.133566

12| 2000 7.5 9.9 17.4 105.7 - 1.0 5.3 5.6 6.3 '

13 01 6.9 10.5 17.4 95,2 0.7 3.6 6.3

14 02 6.2 11.2 17.4 84.0

15 03 5.5 11.9 17.4 72.1
16 04 4,7 12.7 17.4 59.4
17 05 3.9 13.5 17.4 45.9
18 06 3.0 14.4 17.4 3L.5-
19 07 2.1 15.3 17.4 . 16.2
20 08 1.2 16,2 17.4 ¢

Total 191.7 47.6 239.3 156.,3 191.7 348.0 35.1 47.6 82.7

14-11




; . _ E X H
R . ;
T R



Table 14-3 Profit'andlloss statemént

(T.Shs. million)

Operating expenses _ Financial expenses Net income
: Operating ' _ _ Operating Interest during Interest after comple- o

No. | Year revenue Op;ra;ion Depre- “Total income construction tion of the project o _ o Acc“““'

o | ane mainT jation - ~ | Péreign Local ‘Foreign Local thal Yearly lated

(A) tenance ' (B) (A)~(B) | currency currency | currency currency total

1986 1.3 - - - 1.3 2.4 0.8 3.2 -1.9 ~1,9

87 3.2 1.7 3.9 5.6 -2.4 6.7 2,2 8.9 -11.3 -13.2

88 8.0 2.6 7.2 9.8 ~1,8 10.5 3.6 14.1 ~15,9 -29.1

1 89 12.7 4.2 10.6 14.8 ~-2.1 12,5 4.3 16.8 -18.9 ~-48.0
2 1990 17.0 4.2 10.6 - 14.8 2.2 12.1 4.1. 16.2 -14.,0 -62.0
3 91 19.9 4.2 10.5 14,7 5.2 11.8 3.9 15.7 -10.5 ~-72.5
4 92 23.5 4,2 10.5 14,7 8.8 1l.4 3.7 15.1 ~6,3 -78.8
5 93 28.3 4.2 10.4 14,6 13.7 - 11.0 3.4 14.4 -0.7 -79.5
6 94 29.8 4,2 10.4 14,6 15.2 10.6 3.2 13.8 1.4 -78.1
7 95 31.0 4,2 10.4 14.6 16.4 10.2 2,9 13.1 3.3 -74.8
8 96 32.3 4,2 10.4 14.6 17.7 9.7 2.5 12,2 6.3 -68.5
9 97 33.7 442 10.4 14.6 19.1 9.2 - 2.2 11.4 7.7 -60.8
10 98 35.3 4,2 10,4 14,6 20,7 8.7 1.8 10,5 10.2 -50.6
11 99 35.6 4.2 10.3 14.5 21.1 8.1 - 1.4 9.5 11.6 -39.,0
12 2000 35.6 4,2 10,3 14.5 21.1- 7.5 - 1,0 8.5 12.6 ~26.4
13 | 35.6 4,2 10.3 14.5 21.1 - 6.9 0.7 7.6 13.5 -12.9
14 02 35.6 4,2 10.3 14,5 21,1 6.2 6.2 14.9 2.0
15 03 35.6 4.2 10.3 14.5 21.1 5.5 5.5 15.6 17.6
16 04 35.6 4.2 10.3 14.5 21.1 4.7 4,7 16.4 34,0
17 05 35.6 4,2 10.3 14,5 21,1 3.9 3.9 17.2 51.2
18 06 - 35.6 4.2 10.3 14,5 21.1 3.0 3.0 18.1 65.3
19 07 35.6 4,2 10.3 14.5 - 21.1 2.1 2.1 19.0 88.3
20 08 35,6 4.2 10.3 14.5 21.1 1.2 1.2 - 19,9 108.2
21 09 35.6 4.2 10.2 14,5 21.1 21.1 129.3
22 2010 35.6 4,2 10.3 14,5 21,1 21.1 150.4

Total 703.2 96.7 239.3 336.0 367.2 19.6 6.6 156.3 35,1 217.6 150.4
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| Table l4-4

Cash-flow

Cash inflow Cash flow - Balance

No. | Year . Depre- ... | Repayment of principal : _ Accunu-

Borrowing §§20me g;gtion Total fz:itruc Foréign .L0cal ' Total Yearly lated

cost: L - total
currency currency

1986 91.6 -1.9 - 89.7 91,6 91.6 -1.9 -1.9

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

88 73.6 -15.9 7.2 64.9 73.6 73. -8.7 ~18.0

1 89 -18.9 10.6 -8.3 4,9 2.1 7.0 -15.3 -33.3
2 1990 ~14.0 10,6 -3.4 5.3 2.3 7.6 -11.0 -44.3
3 91 ~10.5 10.5 0 5.6 2.5 8.1 -8.1 -52.4
4 92 -6.3 10.5 4,2 6.0 2.7 8.7 -4,5 -56.9
5 93 ~0.7 10.4 - 9,7 6.4 3.0 9.4 0.3 -56.6
6 94 1.4 10.4 - 11.8 6.8 3.2 10.0 1.8 -54.8
7 95 3.3 10.4 13.7 7.2 3.5 10.7 3.0 -51.8
8 96 6.3 10.4 16.7 7.7 3.9 11.6 5.1 ~46.7
9 97 7.7 10.4 18.1 8.2 4.1 12.3 5.8 -40.9
10 98 10.2 10.4 20.6 8.7 4.5 13,2 7.4 -33.5
11 99 11,6 10.3 21.9 9.3 4,9 14,2 7.7 -25.8
12 2000 12.6 10.3 22.9 9.9 5.3 15.2 7.7 -18.1
13 0i 13.5 10.3 23.8 16.5 5.6 16.1 7.1 ~10,4
14 02 14.9 ic.3 25,2 11.2 11.2 14,0 3.6
15 03 15.6 10.3 25.9 11.9 11.9 14.0 17.6
16 04 16.4 10.3 26.7 12,7 12.7 14.0 31.6
17 05 17.2 10.3 27.5 13.5 13.5 14.0 45,6
18 06 18.1 10.3 28.4 14.4 14.4 14.0 59.6
19 07 19.0 10.3 29.3 15.3 15.3 14.0 73.6
20 08 19.9 10.3 30.2 16.2 16.2 14.0 87.6
21 09 21.1 10,3 31.4 31.4 119.0
22 2010 21.1 10.3 31.4 31.4 150.4

Total 239.3 150.4 239.3 629,0 239.3 191.7 47.6 478.6 150.4
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" Table 14-5

Financial internal rate of return

{(T.Shs million)

14-17

- o Discount rate.
No. Year Costs 77 T 8% TR Remarks
1 1984 - - - - S E
{(a} Cumulative preseat worth
2 85 - T - - of the annual costs from
3 86 . 91.6 73.3 73.1 72.9 1989 to 2010 is calcu-
: . lated by the followin
4 87| 75.8 | 6.3 | 6.1 | 55.9 oo Loy g
5 88 76.2 52.6 52,3 52.0 .
- (14)22 -1 1
, | 114122 (1)
(a) | 1989- 4,2 30.3 29.9 29.5
2010 : Where: 1 = discount rate
Total 212.5 | 2i1.4 | 210.3
' : _ 'Disc0unt rate
Neo. Year Reyenge 5 8T TIY Remarks
1 1984 - - - -
2 85 - - - -
3 86 1.3 1.0 1.0 1.0 | {(b) Cumelative present worth
4 87| 3.2 2.4 2.4 2.4 of the annual revenue
. : o from 1999 to 2010 is
> 88 8.0 5.5 5.5 5.5 calculated by the fol-
6 89| 12.7 8.1 8.1 8.0 lowlng formula:
7 { 1990 17.0 10.1 10.0 10.0 5.6 « ()2 -1 )
8 91| 19.9 11.0 10.9 10.8 1(1H)12 0 (4)15
9 92 23.5 12.0. | 11.9 11.8 Whera: 1 = discouat rate
10 93 28.3 13.5 13.4 13.2
11 94 29.8 13,2 13.0 | 12.9
12 95 31.0 12.7 12.6 | 12.4
13 96 32.3 12,3 12,1 12.0
14 97| 33.7 | 1.9 | 1.8 | 1L.6
15 ‘98| 35.3 11.6 11.4 11.3
) | 1999- 35.6 89.4 87.8 86.2
2010
Total 214,7 | 211.9 | 209.1
Revenue- -
oot 2.2 0.5 1.2
FIRR: 7.8%







APPENDIX






APPENDIX

1. TFORMATION OF SURVEY TEAM

2, MAP OF DAL-ES-SALAAM GITY (1:25,000)






1. FORMATION OF SURVEY TEAM

1) Members of field survey team

2)

Name

Masashi KOIKE

Tetsuro KOBAYASHI

Tadao SATO
Morio WAKUI

Kiju ENDOH

.Osamu KASHIWAGE

Hisaya NOGUCHIL

Duties

Team Leader

Load Forecast and
Economic Analysis

Transmission
Power Systenm
Planning

Substation &
Dispatching
Planning

Distribution
Planning

bPistridution
Facility and
Equipment

Distribution
Facility and
Equipment

Participants of the work in Japan

Tetsuya FUKUDA

Tosaku OKABAYASHI

&

Power

Implementation

Planning

Power Systen
Analysis

EmglOzer
EPDC International Ltd.

EPDC International Ltd.

EPDC International Ltd.
EPDC International Lid.

Tohoku Electrical
construétion Co., Ltd,

Tohoku Electrical
Construction Co., Ltd,

Tohoku Blectrical
Construction Co., Ltd.

EPDC International Ltd,

EPDC International Ltd.






2. MAP OF DAL-ES-SALAAM CITY (1:25,000)
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