5.7 Loss Reductfon Plan s

SENELEC is currently engaged. in a program to reduce power losses on its
low voltage distribution system. This involves a change-over from the Bl
system. {127 V{220 V) ‘to-the BZ system (220 V/380 V) for the supply voltage to
the consumers. The losses'occurring in the powér:grid can be divided into

technical and nop-technicali-losses. . -

The .causes of, and remedies for, the technical losses lnclude the following:

Sa.: Too long low voltagé distribution feeders:

Reduce their length to the voltage drop.

b. Connection of conductors:

Use appropriate materials and fittings such as connectors and sleeves,

c. Incorrect functioning of the watt-hour meters:

Calibrate the watt-hour meters on a regular basis.

d. Equipment overload conditions:
Extend equipment and/or change the load distribution.

Generally, it is difficult to isolate the non-technical losses from the

technical losses,

Technical losses can be quantitatively estimated on the basis of calculations
and are due to load conditions. In contrast, non-technical losses are due
primarily to human factors and cannot be estimated through calculations. It
is easy to realize that the reduction of non-technical (human factor-related)

tosses is of crucial importance in any measures designed to reduce losses.

The following factors may be regarded as the main causes of non-technical

losses. They are preventable to a certain extent by carrying out regular

patrols and inspections of the distribution facilities.
a.. Non-reglstered consumers

b. Direct connection to the distribution line



c. Manipulation of the watt-hour meters..

The rehabilitation work to be undertaken as part of SENELEC's short-
term plan embraces the following objectives:.

. Resolving the bottlenecks on the.distribution.lines

= . . Reducing excessive voltage. drxops.

- Enhancing the reliability of: power supply

: The  construction work .under -the rehabilitation. schedule . will play a
significant role in reducing power losses in the distribution network and

offers a further potential for. SENELEGC to increase "its receipts from
electricity charges.
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Table 4.1.1-2 Price

of Fuel

Piric without Tax_at.24/Jan/1994

Lubeiéating oil

Source : Prix Des Corbustiple Et Huiles Moteurs by SEﬂ&REc (August 1934)

Fuel price

No | Namo of site | Mame of station Meavy oil_[Diesel il | . 63 iight oil Tye Price

| ___ FCFA/ton | FCFA/ton | FOFA/km3 | FCFA/ton _1_FCEA/ton
1| got-nir Bot-Air §0.123{ 135126 B 1HF304° | - 660,124
2| et (steam Cap-des-Biches 50.133] 135,126 - -
3| 6w @iessl) | Cap-des-Biches 50.123 |  135.126 W30, | 418,03
4| ¢ (Gas) Cap-des-Biches 19,581 .

_5] GeedesBiches | b |oveas| b
6 | Xahone Kaolack 61,315 144,684 IosF3on | 751,186
7| Koungheul Kaolack - 144,403 MGT40 . | 645,979
8| Medina ssbakn | Kaolack - 144, 403 Moo | bas,929

ofnganda - lkeoteex 1] .| ia408 . s | esqee

10| Saint-Louis Saint-Louls 5.8 149417 ARST0 | 0 752,790
11 | bagana Saint-Louis . 156, 459 ARGT20 | §45.920
12| Dahra Saint-Louis - 149, 052 ARGT40 © 645. 429
13 | Linguere Saint-Louis - 151,438 arateo | | oas.929
14 | Mdioum saint-Lovis - 158, 858 aoTao | 645,928
15 | Qurossogui Saint-touis - - 175. 134 a0 | 850,450
16 | Podor Saint-Louis - 161,221 : Agelqo‘i ‘645.5_&9

7| Richard Totl | Saint-towis .y _ - | 188398 | '-EGNQ, __548.76]

18] Tanba Torbacouda 17280 160,598 #Ra140 - | - 645,929
19| Bakel Tanbacouda - 182,477 ARGHO | 645,979
20§ Goudiry Tarbacouda - 168, 163 ARGTE0 | 645,020 ]
21| xedougou Tanbacouda - 179,300 ARGT40 - | . 645,929
22| Xidira Tenbacouda - 185,693 ARGH0 | 645929
23 | Kourpentoun Tasbacouda - 154,172 ARGT40 645,929
24 | Reidina Gounass | Tembacouda - 165,796 il | 645,029

25| Velingara | Towbaccuda N -y aesasal o f | amaTdo .| 645,920
26| Bouicuie Ziguinchor 86.123| 162.119 ARGT40 | [ 851,314
21| Disracounta Ziguinchor - 155, 852 ARGT40 | | 645,92
22 | Bloulovtou Ziguinchor . - 163, 543 asteo | eds, 929
29| Kolda tigwinchor - 162, 566 ARGT40 645,929
30| Waisassoum Ligeinchor - 164, HO ARGT4G 645, 97¢
31 | Sedhioa Liguinchor - 158. 509 AROTE0 T | 645,929
32| mionck £ssy1 | Ziguinchor - 160, 566 - aRal40 | 645,929
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Table 4.3.6~2 Monthly Maximum and Minimum Generation

1989 1990 1831 1992 1993 1594
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ror {13.7] sn.o| ssz|nro| $.0| 832|1252] 60.3| 85.1]| 1365f 69.2] b2 149.5| 62.0] M. S| 10T - 92.8
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Table 4.6-1

Fault

and Supply Restriction Energy Record (30kV Notwork)

(1992. 1,1 ~ 12,31)

Cause

Number of fault

Supply restriction

energy

kh

) 1 : Remarks

No

.
.

5

Equipment failurs

TP e ] B
Default of protection
Tt B
T
s
s
Customer's equipment ||
T
Wiei siorn
Greratian e e
T T B
i e

e
Woong wperation |
i o

”fé?éiéﬁ”ﬁéié?iéi”“m""”" R

B e

Times %

39 13.31

113,243

34.39

“Gim o,

Total

203| 100.00]

329, 299

100.00]




“Table'4.6-2 "Faill€ and $ippiy Restribtioh Enersy Record’ (30KV Network)

{(1993,1,1 ~ 12,31)

Ho.”

R A

T fonber of EaulT

- kb .

éuppl} restriction energy

% .

C'ause .. .

- Times -

A S D

. Remarks

.
-
-
.

Unkriown o

Fite

Ove

Equigment failue"

TR
T S e
Essalsurdefau’c
Forelgnmateraal

) -

Hmdstorm

uéiééuagi;ﬁiféf?gm:mﬁmm' S
ﬂéaé}%gfsamm“wmimmmm_mmm R
Seave For fault point |
T
P |
Dllapldatlon NS IS—

Pollution o

S Pote T vl
AR Passy v

Works ! i
O

g

o

toad

‘Tfi S

1.45

T "mmmw”fmmférééé‘"wm
Tl
g gy [

0. 18

'mfmﬁjég i
mméfgg.Mmmmmm;mm
R TH
] s S v
_”mbiﬁg.“m”mmnW.wu
mmifﬁg._wm“mmgwm_
_mi:bg_m“m”m;;mm
mubfsj,mmmmmmm“mm
‘m'b:fﬁ' e

" 137,545

a6 8T

100

1,517

%07|

69,425

sl
13,808

12,304 [

i:&éé._mw"
Tal e

|

e
il

166§

3564

T e

T BN

AT

'mgriéé'T?ﬂwTrTffkg‘"mmmmmmmmvmmmm

ey e

el
el vl
T e
cgg——

"mMmﬂérﬁd‘”mmmumm”m. —

6?63f.?ﬂm;”mwmm‘ﬂmm_

100.00

385, 912




_‘.Tgbl_e 4,63 _\'th_azl_t ,a‘n:d_$qul‘y :Resg(‘igqtlon Engrgy Record (30kV Network)

(1994.1,1 ~ 12,31)

o

.. Nunber

of Fault

Supply restriction energy

%

k¥h

.7

10| Foreign.material |

.
-

"Cause

Equipment failure,
Rain TSR | B

“Default of protection |

i

?

R T
Acgidental shook . | .
T

Righ Voltage equipmont |

e
T
T
e
stoner s saiommnt 1
Insufficient pruning ||
R
e
T S

ilﬂhe's I ;

60

5|
.m€§it:mw

1104

..o.lya..?. b e rehe e b

62, 394

- 21,311

1.599

667

T »,.0-.-.‘1:,8“ PR T T P pp

386

28,964

2845
il
|
T
sl
]
sl
il

| Remarks

24.93] .

. Total

545 ]

100.00

260,270

100.00|




Table 4;6-4 - Fault and Supply Restriction Endrgy Racord (6.6kV Network)

o Rumber of fault

(1992, 1.1 ~ 12,31)

Times |

%

kiwh

Supplf restéiction energy
: - %

Remarks

Rain_ -’

Unknown EEEAV

‘Malevolence :
Foreign material - .

“hnirals .

mﬁfféﬁﬁéféﬁ{féfif"fﬁff““ S

I\'mngoparatmn et o

%

Equlmntfmum ]
T
Defaultofprotectlon ] |

11,01

220
094
T
T
~sail
Tl
e

21,728

FIN 7
14,800

el
171
T

sisl
sil

18.80

i8‘64 :.‘....‘.u..._....., T

: Total

318

- 115, 555

100. 00

Note @' (294) in PLAN D' ACTiON 1993

o

51




Table 4.5-5 - Fault and Supply Restriction Energy Recard: (6. 6kV Network)

-

{1993, 1,1 ~ I_Z.QI)

No. -

g

Gause

i Number of Fault’

Supply restricti

Times

% .

kwh o

Oon energy
; %

-
-

-
-
.

Rain:

Equiprent fallure
"6Ef3ﬁiimé¥”b?6§ééiféﬁmm o
T
”#5{5&6iéﬁ&é”““f77“”“""” S

O-Vq}io.ad. B TP Y | S PP P

Circumstantial : -

Essalsurdafaut
'éﬁéiéﬁéFféméﬁﬁgﬁ&éﬁim“w R
Searén for fanlt point |
’h’rongoperat:on R
Insufficient pruning o
‘Shortage of generation |

Corrosion

43

" 1019

8.29f

e[

. 48,576

35,183

88

T
el

e
il
YT
2,087)
R

2r1.24):-

Remdrks

1

.
¥

Total

422

100. 00

170,973

AR
RE



Table 4.6-6 Fault and Supply Restriction Energy Record (8. 6kV Network)

No.

Causaé

Mot of Fault.

‘Supply restriction energy

(1894, 1,1 ~ 12,3

Times

LK

ki

|

—

-
-
-

qui&né'ﬁt failyré '

1 i

Accidentatshook T | A
Eé;ﬁfmgﬁ¥m&5féﬁiqquuuwm
"ﬁgféﬁT§L6¥m5F5¥§3§iSﬁm“ o
For3|gr,|p,ate;;3| el i
Di]apldahon
ﬂrongoperatm S
Protectmn NUNRPIRR | I
‘Customer' s equipreat |

thhoutdamaga

61|

16.05

72

5.19

60, 553

il

]
T
s |

YR T

% ' Réfﬁé rks

1.82

.,I..G i o

‘iraéﬂmud;”;ﬂ¢wm;,m

Total

380

160, 264

{00. 00




Table 4.6-7 Fault Record for Each Equipment (30 KV Network)

(1992, 1,1 ~ 12,31)

cQause o

© Mumber of Fault

Supoly restriotion enorgy

Times:

%

kih ]

% Remarks

o
s

fiithout damage

HUBTTransformer
Conductor
OtherHqum pment
Brldge. jurnper
Hl'clrcmtbreaker
Hardwara
HT/HTtransformer
Dlsconnectlngsmtch
T TR T R

210f

ne

- ‘-0;-3}44 ...._‘

- 153,150

7 46. .?I

n.,.wd:.,;:?u. L L ITIPITWTI PRI TCT IS

Total

293

100. 00

329, 299

100,00




.. Table 4. 6-8 Fault Record for Each Equipment (30 kV-Network)

(1993, 1,1 ~ 2,31}

-' No.: |

fause

Supply restriction energy

. Times

. Nusber of Fault

%

__ki¥h

N

Remarks

Without damage

Gtheru]'equipmnt:
Cablehead I

Insulater -

W civouit bresker
“WT Discomneoting switch |

Attache(u)

439

77.841: -

'4_2 v e

. ’...06 . ...C..];,.I-.zb [

160, 097

e —
el

41. 491,

‘Tot_al

564

100.00 |-

385, 912

461




Teble 4.6-9 Fault Record for Each Equipient (30 kY- Nathork)

(1994. 1,1 ~ 12,31

No.

Nurber. of Fault

Supply restriction energy

‘Times }

%

~ k¥h e

Remarks ' .

—

Cause

Without damage

MI/8T tiansformer -~ ||
N discomecting saitch ||
cab|ehead
| Bridge, juwper
NT circuit bresker - [
T (R

o poste HI/

366

6218

81,070
iéﬁ"i'ﬁ
sl
4,081{
il
Lae|

600

32.30 |+
T

Total

545

_100.00

250,210 100.00

4 —~62



“Yable 4.6-10 Fault Record for ach Equipment: (6. 6kV Network)

(1992,1,1 ~ 12,31)

1 ' ¢l Number of Fault | Supply restriction energy :
No |- Cause NoTimes 1 % ] - kn 1 % | Remarks

1| Without demsge - 22} 7551 3,053 . 3150
g o seail el
-y COnductor e 5746159?
~ibaier R T e R T
sl e o e e Ty
e b 5 e e | T
T T | R ] B B
4 HT/nTtransformer 3 102 X T )
- Attache(**) " 034 R T
IOHTcnrcmtbreaker ] e 791 R ] e
% e S e T

B e e R L

----I-n4 ‘-BT---po-Sté-‘-‘----l‘-r-; sereeninie ,........2 -_-..0:-6"3 B T TR _‘.2(.)1. | ..0.:2.0 7.‘.. I?E PR

Total 2% 100, 00 98,512 100. 00



. Table 4.6~11 Fault Record for Each Equipnént (6.6 kV:Network)

ok

Ho. -

. Murber of Fault

_ (1993, 1,1 ~ 12,31)
Supply restriction energy "

- Times'

%

k¥th

¥

Reﬁ;arks

Cause

Nithout damage

b
W disconneoting switeh |
T S
WI/BT transformer .. |

Blposta SO | S

Hardware

302

71,56

51,308

180

30,01

T e
S SR —
|

Total

422

100. 00

170,973

100. 00




Table 4.6-12 Fault Record for Each Equipment (6.6 KV Network)

904,11 ~ 12,3

Cause.

Nuber of Fault

Supply restriction energy

%

- ki

Times |

| % Remarks

—

-

Without damage

conductor

e (**)

M disconnecting switch | -

‘Insulator

cabiehead

HT/BTtransfomar

Brides, duwer |

u]'/l.l‘[transfo;mer e[ e
Othermeqmpment

Hardware SR | BT

261

£8. 68

49, 805

2,91
e
]

31.08

380

100. 00

160, 254

Total
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Graph 4.3.1 Evolution of En%.gy Demand for Voltage Levels
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Graph 4.3.6-1(1) Daily Maximum Generation
18/0ctober /1930
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CHAPTER 5 - POWER DFMAND PORECAST

S.I

(1)

Economical Background

Qutlook

* The growth in the power demand ' is closely related to that of the

national economy. The economy of Senegal between 1975 and 1984 has

repeated the cycle of one-year growth and two-year decline. Between

1984 'and- 1988, it recorded a strong growth in the GDP; and ever since

1989, despite some fiuctdations, it has continued its steady growth,

Table 5.1.1-1 shows how the real . GDP (based on 1985 price) had
increased between 1975 and 1993 Graphs 5.1.1- 1(1) to (3) express the
trend. graphically According to the Table and Graphs above, a major
factor for the GDP. fluctuation is considered to be the fleld of
agriculture, which bélongs to the primary industry. As was;described in
"2.3 Economic Conditions® the Senegalese economy ls centered on the
agriculture based on peanut production, which started from the period
of colonial rule by France. Although the country has strived for

industriaiization since its independence, it has suffered a decline in

'the'agricuiturei production due to frequent droughts, crash in the

peanut price as its maJor export item, and accompanying stagnation in
the agriculturai product processing 1ndustry. thus its annual mean
growth rate recording -1.03% between 1986 and 1993, However, Senegal
recorded a growth rate of 3.861 between 1979 and 1993, and -1.31
between 1991 and 1993, thus showing a sign of reduction. Thus, what is

important is a continued growth hereafter.

In the secondary industry. the oil refining 1s showing an decline of
growth rate-u—ﬁ 247 between 1986 and 1993 and -23.967 between 1991 and

”1993 oil refining by the SAR (Senegal african Refinery) oll refinery

company and oii export to neighboring countries are playing an

':important role in earning foreign currencies for the country,

jThe tertiary industry occupies about half of the GDP of Senegal. A
'remarkabie growth is seen eSpecialiy in the commerciai field which has

'“recorded a stable growth rate of 3. 3 to 3. 41 since 1985.

N



(2)

The non-trade service sector has maintained the same level or recorded
an upward growth rate since 1975. Per-capita energy consumption has
shown steady growth despite certain variations. . In 1986 when the
nation reached its most stable GDP growth rate energy consumption stood
at 94.7 kWh and rose further to 101.5 kWh in 1993. . In contract to the

nation’'s growth energy consumption,; its per-capita GDP has shown a

declining trend,
. 609US§ in 1993,

In 1979, it recorded a level of 978US§ but only

The table below shows real GDP's annual mean growth rate.

1975-1993 [ 197921993 | 1986-1993 | 1991-1993
Primary industry - 2.1 0.2 2.2
'Seeondary.industry - 3.6 2.4 3.3
Ter;iarf industrj. - 3.0 | 3.2 3.7
Non-trade service - 0.3 0,3 1.1
Total 2.5 2.3 2.3 3.0

For a smooth ekecutiqn of economic .activities, it is absolutely
necessary to have a considerable amount of foreign currencies holdings,
However, Senegal is eenfronted 5y various probleme for lack of foreign
exchange reserve as a result of problems of trade and financial
deficits, which in turn were caused by 1ncrease in raw material and

food imports.
Econemic Rehabllitatioﬁ_Plaﬁ

To emerge from such a depressing condition and‘revifalize the economy,
the Senegalese Gevernment has received deferment of debts since 1981
and announced the *mid-and- -long- term economic and financial structural
adjustments' of its national economy to be implemented on 1985 to 1992
as the target period. The government also formulated the *7th four-year
plan* targeting:from 1985 Eo 1989 to tackie structural adjustments and
econdmic reconstruction and inaﬁgﬁfated iﬁs *8th ecbnomic and social

development plan.' wh1ch targets from 1989 to 1985 placing the priority

in continued improvement of the natlonai productivlty, i.e., the goals

of the GDP annual mean growth rates mapped out .at 2,52 for the low
scenario, 3.0 z for the medium scenario, and 3. 51 for the high

scenario.
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A census is taken in Senegal once every ten years. The latest one was

5.2

In the course of proceeding with its development plan, Senegal

‘experienced a drop in the agricultural productién due to droughts

- between 1988 and 1989, stalemate in structural adjustments due to

political instability in 1988, decline in the customs duties income in
15990, and lack of control on public services fees. And, in 1991, the
country invited delay in the advancement of funds from the IMF and the
World Bank. However, 1lts annual mean growth raté of the real GDP
between 1991 and 1993 is 3.0%, showing a rising trend. Therefore, by
continuously encouraging the efforts for structural adjustments and
economic rehabilitation, Senegal is expected to improve its GDP growth
rates in various parts of the economy by making a breakthrough in the

influx of foreign currencies in forms of loans and aids from various

_cauntries,

Population

‘conducted in September 1988, the results of which are shown in Table

-t

5.1.1-2 and their trend shown in Graph 5.1.1-2.

The total population of Senegal 1s 6,881,919 persons., And 1,500,450
persons, which is 21.8% of the total population, live in the Dakar area
{Dakar, Rufisque, Thies). The population per household is 7.7 persons

Jin the Dakar area, while the nationalnaverage is 8.8 parsons. (A slight

variation is seen in the figures between the statistical data of

Senegal and that of IMF.)
According to SENELEC!s statistics, the population increase rate is

2.76% nationally and 3.631 In the Dakar area. By 2005, the population
is expected to exceed 10 million persons.

Forécasting Techniques

5.2.1 Correlation between Demands

There are two methods of forecasting .the power demand, i.e., accumulated

_ forecast by category (micro technlque) and macyo economical forecast based on

the whole country as a unit, A method used in general is to have the results

of the accumulated forecast verified by the macro forecast.

5-3



In this project, since SENELEC's demand forecast of Senegal was made through
the technique of accumulated forecast by category, based on the EDF demand
forecast of the France Power Public Corporation, the results shall be verified

through the macro technique.

- The relationship between the three parameters, i.e., GDP, population and

consumption of energy, is as follows:

- Table 5.1.2-1 shows the GDP, population, energy demand, as well as the yearly
evolution of the GDP ratio (price elasticity) as to the energy demand. The

annual mean growth rate (I} of each parameter is shown below.

1975-1985 ' 1986-1993
GDP _ 2.39 ' 2.42
Population _ 2.72 ‘ 2.77
Eneré& comsumption ‘ 4,94 _ , . 3.68
Price elésticity _ . =0,50 . y L. 0,97

It is understood from the above that the GDP pride elasticity as to the energy
demand is also growing steadily. Table 5.1.2-2 shows the correlation of the
above parameéters. This Table shows Senegal has éxperienced a proportional
population increase, and the GDP Increase similarly proportional to that of
the population from 1984 despite some GDP fluctuations until 1984 has

supported a steady increase in the consumption of enexgy. -
5.2.2 Multiple Regression Model

The following multiple regression model is calculated from the consumption of
energy shown in Section 4.3.1; GDP and population.

Y : Consumption of energy (GWh) e

X1: GDP (1985 price: BFCFA)

X2: Population {x 1,000 persons)

Regression model of RGI systems -
Y = -0.22175 X1 + 0.14982 X2 -° $7.35968 (multiple correlation
“coefficlent R = 0,95) ' o R

8
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The influence of.the supply restraints which started from 1981 is shown
especially in the frequency of the restraint in 1993, which was 157
days amounting to 442.2 hours; however, the. energy shortage was 4.4
GWh. The quantity of annual energy shortage is small despite these
supply restraint days, because the energy restraints are concentrated
in the time zone of peak load, The multiple regression model is
calculated based on the values of actual performance (including the
quantity of energy shortage caused by supply restraints). However, as
it does not indicate the quantity of consumption energy In actual
demand, it will invite trouble to use this model in drawing up a supply

plan for the future.

Therefore, it is necessatry’ to consider two forecasts, that is, an
estimate in which the power supply restraints - currently being
implemented continue and the other in which no power supply restraints
are applied. This project used the latter forecast in adjusting the

above regression model in the following manner.

During the summer period of 1993, operatibns:at the Taiba company
(phosphoric acid manufacturing factory) show records of having complied
with SENELEC's request to cut the peak load of about 10,000 kW as to
its maximum demand of 20,000 kW. The: energy consumption by this company
in 1993 was 99.07 GWh while its production volume was 1,500,000 tons,
681 of its gross production capacity of 2,200,200 tons. Thus, it is

" estimated that the company consumed 63.04 kWhfton. In reality, however,

a near-full 9027 production (2,000,000 tons) was achieved consuming

© 126.08 GWh of the electric energy, thus the difference becoming 27.01

GWh. This differential amount of energy becomes the quantity of energy
consumption which is required to-be supplied by SENELEC,

-The regression model after adjustment is:

Y = 0.01408 X1 + 0.11189% X2 - 70.95518



5.3 Preconditions Used in Power Demand Forecast:
©5.3.1 Forecasting the Economlc Growth

As the power demand is directly associated with the economic growth, the
timing of the highly hopeful national economic rehabilitation in the future
and the GDP growth rate are the most important factors in forecasting the
“power demand. Furthermore, it is necessary to draft and executing an adequate
power genetration plan and relax £he current power supply festraints by
SENELEC, so that the obstacles in power generation caused by facility shortage
are eliminated by 1999 at the latest,

- Thetiming of the economic rehabilitation and the expected GDP growth rate in
the future, which were used in predicting the power demand, are described

below.

(1} Transient-period Forecasting (1994-1999: -From the 8th Economic and
Social Rehabilitation and Development Plan perdlod until the start of
-the operation of the Senepgal River Basin Irrigation and Agricultural

Improvement :Project)
1) Primary industry

In Senepgal, the largest part of the primary industry is occupied
by agriculture. However, due to shortage of rainfalls in the past
and drop in the prices of peanuts, which are a major export item,
the primary industry was depressed drastically between 1988 and
1989 despite a remarkable growth during the initial period (1984)
of the development plan. Its GDP also repeated its fluctuation,
almost interlocked with this depression. However, since 1991,

the primary industry has continued its unstable growth.

The growth rate during the transition perlod of the primary
industry comprising roughly of agriculture, livestock industry,
fishery, and forestry 1s estimated to grow as shown below,
considering the target of the 8th Economic and Social .
Rehabilitation and Development Plan and the performance records :

of the annual mean growth rate between 1991 and 1993,



Z)

3)

- .- Scenarilo - .~ GDP Growth Rate

-+ Low-growth scepario Lo 2.2
Bagse-growth scenario 3.32
. High-growth scenarioc . 4.8

Secondary industry

The . secondary industry comprising of mining, oil refinery,
energy, construction, and others occupies a small portion of the
GDP, except the item categorized as "others." Therefore, even

with some ups and downs in the mean growth rate, no fluctuation

_factors leading to a large amount are found in this industry. The

"others" -item occupies about half of the commercial field of the

 tertlary industry and has maintained a stable growth except

during: the depression .in 1989. Similarly with the primary
industry, the secondary industry is estimated to grow as shown
below, considering the target of the Development Plan and the
performance records of the annual mean growth rate between 1991
and 1993.

Scenario GDP Growth Rate
Low-growth scenario 2.92
.Basé-gfﬁwth scenatio. 4.42
High—growth‘écenario 5.12

Tertiary industry

In Senegal, the tertiary industry covers about 51.61 of the
entire GDP as of 1993. Of this, the ratio of the commercial field
is approximately 24%, thus making an outstanding contribution to

‘the’ economy. The annual mean growth rate of 4.1 between 1987

and 1993 exceeded the grOWth'rate'of'thé entire GDP, which was

©9.757 and the tertiary industry in this country is expected to

continue to grow in the future, thus making up for the minus
growth of the administrative management field of the non-trade
service, Transportation and other fields have also achieved a

“‘stable prowth together with commerce. As they are expected to

continue to grow at the rates between 1991 and 1993, their growth

rates are estimated to be as follows:

51



~ Scenario - ‘ GDP Growth Rate

tow-growth scehiario 2,42

Base-growth scenario © 3.0

High-growth sc¢enario B 4
4) Non-trade sérvices

The field of non-trade services recorded minus growth rates in
recent years between 1991 and 1992. Judging from the reduction
trend in the growth rates, it is expected that the minus growth
may change its ditection to the plus one in 1993. However,
régarding matters related to the administrative management, it
may be hard to expect & rapid recovery, due to delays in making
concessions between the World Bank, IMF and the Senegalese
Government regarding various problems of the structural

ad justment project.

- The growth rate of this non-trade service field is estimated to égg

be as follows, based on the performance records between 1991 and

1993,
Scenario ..GDP Growth Rate
Low-growth scenario . 0.32
Base-growth scenario 0.81

High-growth scenario 1.31

(2} Long-terin Plan (1999_to 2010)

To fo;ecast a long-term growth rate, it is necessary not only to study
the historical process of the national economic growth but also to pay
attention to various changes and government’s economic policy taking

place at the current time.

1)  GDP's annual mean growth rate . = $§‘=
GDP’s snnual mean growth.rate is described in previous section.



2) - To-GDP ratio
The ratio of eabh industry to GDP Is described below over the
period of 1984 to 1993, whlch achieved a stable growth,

&

1984 | e85 | toss | 1os7| toss | 1sse | 1990 | 1991 | 1992 | 193
Pritmary . 169 18.7 23 217 224 19.4 193 193 19.8 1890
industry. i : .
Secondary 170 | 1wz | ws | we | 184 | 188 | 187 | 180 | 79 | 181
industry S P ' : S
Tesrtiary 493 484 482 483 47.6 498 495 510 511 517
industry
Non-lrade 168 15.2 2.1 f2.2 116 i2.t . ii6 1.7 11.3- 11.3
services

The table above shows that‘ the primary, secondary and tertiary
industries afe in the trend 6f growth, while the non—tréde service
field has been declining. The field of agricultuze, which is a pillar
of economic yehabilitation, shows the growth rate, of 7. 7% in 1984,
12.7% id_lQBB; and 9.02 in 1993 as to the entire GDP, thusfdeclining or
remaining about the séme. ‘ |

R 7

(3 9th Economic and Social Development Plan

The 8th economic and social development plan is ending in 1995. And,
nothing is clear about the 9th one. The intermediate target value 3.01
of the Sth plan is likely to be met considering that the annual mean
| 'growth rate between 1986 and 1993 was 2.117 and 1991 to 1993 was 3.031.
in this regard it is desired that the 9th development plan be

_ inaugurated to continue the 8th.

(4) Enérgy Poliéy

_ The folLoWing ;ablerhoﬁs the state of primary energy consumption,



(Oll-equivalent 1,000 tons)

“1985 | 1986 1987 - | 1988 [ Ratio ()
Timber 985.5 |1,015.1 11,045.8 1,019.0 |  52.0 ég?
Natural gas 0.0 0.0 0.0 6.0 0.0
s{raws o i 7 | oz oa ] 33.1
Petrachemical 912.0 -853.0 | 375i0 :ass.oz 45,0
product . : : ' : s . o
Total . | |1,000.2 |1,885.2 |1j947.0 |1,945.1 . 100.0

The following table shows the'bfeakdoﬁn of petrochemical producté.

' .

(Unit: 1,000 t)

1985 1986 | 1987 1988

Domestic | 0.6 | o.0 | 0.0 | o0
production S ' R ‘

Imported crude oil | 225.0 487.0 593.90 732.0

Imported refined | 687.0 | 366.0 | 281.0 | 150.0
material : - ' :@
Total 912.0 | 853.0 | 875.0 | 885.0 _

The following table shows the energy consumption for commercial

division
(0il equivalent 1,000 t)
1985 | 1986 1987 ‘1988 | 1992 Ratio
L - | (x)

Firedwood 460.0 471,0 | 481.0 492.0 | 613.0 41.0
Charcoal 149.0 154.0 160.0 149.0 234.0 16.0
Vegetative 7.0 10.¢ | 14.0 17.0 | 22.0 | 1.0
waste _
Power 56.0 57.0 "59.0 | " s9.0 10.0 5.0
Petrochemical 531.0 482.0 458.0 480.0 566.0 38.0
product
Total 1,203.0 h,174.0 [1,172.0 [1,197.0 |i,s05.0 | 100.0

0f the primary energy consumption figure, firewood covers about half as

of 1988 and is increasing year after year though slightly. Considering

510



sy,
i

(5)

(6)

the impact that the progress of forest exploitation will have on nature

by destroying its ecclogical balance, the Senegalese Government lis

being careful in drafting and promoting the energy policy.

Of the petrochemical products, the natural gases are a large burden to
the government because they occupy only a small part of the domestic

oil products and thus most of them have to be imported.

Under 'such a circumstance, the Senegalese Government announced at the
onset of 1990 the following goals: regarding the electric power in its
energy policy. '

. Reduction of timber fuel consumption
. Development of petrochemical fuel resources
. Commercialize brown coal and peat

- Development of hydraulic resources

© . $trengthening and expansion of the electric utilities

:Powef Policy

To proceed with the energy poliéy above, the power policy of the

Senegalese Government is based on the followihg as its fundamentals.

Fundamental 1: Deﬁelopment of hydraulic resources
N Development of hydraulic power station (Felow and

Manantali) in Senepal river system.

Fundamental 2:  Strengthening of the electric utilities
Rehabilitation of existing facilities
Promotion of regional electrification
‘Strengthening of the distribution network
Lowering of electric taciff
Utilization‘of solar énergy

Large-scale Projects

Cayor waterway: o e

This projects is for the supply of water to the Dakar district from

‘Lake Guiers in the région of Louga. -Completion is scheduled for the
- year 2000 at the latest, and even if there should be a further delay,

the project is due to be completed in 2002.

511



" Senepal River basin irrigation improvement proiject: .
Refers to frrigation impfovement of the Senegal River: basin (Dagana,
Podor, Matam, and Bakel) by SAED (Soclete d'Amenagement et de §§§
Developpement) at the rate of 2,180 ha yearly, to complete 83,000 ha by
year 2,005, . '

Although no convincing and ‘specifiable data are available, the GDP for
the future is itemized as: actual records of the GDP share by each
fleld since 1979; goals-and.fundamentals-faised-by.the Senegalese
Government in its future energy and power policies; materialization of
large-scale projects; economic and social development plan expected to
continue beyond 1995; and the actual annual mean growth rate between
1975 and 1993 being 2.5, as previously mentioned. Accordingly, this
report presents its estimate of the long-term GDP growth rate by

industry as follows:

GDP Annual Mean Growth Rate (between 1999 and 2010)

By industry Low-growth .Base-growth High-growth
scenarlo scenario scenario %
Primary industry 3.22 6.01 6.92
Secondary industry 2.81 ' 5.01 - 5.6
Tertiary industry |~ 2.72 |  aar | a.sz
Non-trade services 0.42 0.92 R LY 4
Total | 2,61 | 3.9 5.0%

GDP _Annual Mean Growth Rate (between 1994 and 2010)

By industry | Low-growth Base-growth High-growth
' scenario scenacio scenario
Primary industry 2.81 | sz 6.1%
Secondary industry |  2.8% 4,82 5.4
Tertiary industry |  2.6% 3.11 4.21
Non-trade services 0.5 - 3.82 _ . 4.6%
Total 2.52 3.61 .. | . . &.61

- Forecasting the GDP growth based on the above conditions is showm in 'gg
. Table 5.1.3. The trend of the GDP growth is graphically shown in Graph
4.%.3,
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5.3.2 Population Forecast

As was described In para {3) in Section 5.3, the national population increase
rate based on SENELEC's statistics is 2.761. Considering the annual mean
growth rate from 1975 to 1993, this forecasting estimates the rate to be 2,72
in its base-growth rate scenario, 2.484%, down by 10X, in its low-growth rate
scenario, and 3.036%, tip by 102, in its high-growth rate scenario.

5.4 Condition of Power System

The ratios of the transmission and distribution loss factor, load factor,

station-service kW loss factor, and station-service kWh loss factor during the

“target period until the yéar 2010 are estimated to be as follows:

(1} * Transmission and Distribution Loss Factor

As is described in 4.3.3, the power transmission and distribution loss
factor at the sending end of RGI system is estimated to be somewhere
between 13Z and 147 as of 1994, This figure can be accepted as
reflecting a proper level. As it is most likely that the quantity of
energy consumption refers to the quantity of instantly-sold energy, the
amount of wunidentifiable or unspecifiable energy consumption for
reasons other than pilferage use of energy, meter reading, or trouble

in settlement, or both, can be very minimaly

According to this study, the Ffuture transmission and distribution loss
factor on RGI system was estimated to increase to 13.5% in 1995, and
167 in 2010, :

(2) Load Factor at Sending End

"~ As described in 4.3.5, it ‘is impossible to correctly figure out the
“1oad factor at sending end due to influencés caused by power supply
réstraints. However, in reality, it is currently estimated to be

somewhere between 617 and 622,

Judging from the current situation in which SENELEC is placed, it is
necessary to grasp the actual figure of the future load factor rather
than an estimate based on performance records, which is 627 for 1994
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- {3

(4)

(3)

(5)

and 657 for 2010,

Station Service kW Loss Pactor

Based on the actual performance records of the operation of generating

facilities in 1993, the statlon-service kW loss factor of RGI system is

., estimated to . be 5%. It is estimated that this trend will continue on in

the future,

Station Service kWh Loss Factor

~In the same manner as with (3) above, based on the actual performance

recoxds of the operation of generating facilities in 1993, the

station-service kWh loss factor of RGI system is estimated to be 6.71.
The figure is estimated to remain the same for 1994; however, in the
future, the number of aged facilities will be reduced through disposal,
thus improving the figure to 5.0%.-

Diversity Factor of Peak load

In this project, the peak load of RGI system shall occur at the same
time in each area, as described in 4.3.7,

Supply to Large Consumers and Projects from RGI Systems

a.  Large consumers ‘ o
Large consumers in RGI system include: Taiba Co., Sococim Co,,
and ICS Co. The state of energy consumption by each company is
described below.

Taiba Co.:
The production in 1993 by Teibs Co. recorded 1,500,000 tons; and
1ts electric power consumption rate amounted to 63.40 kWh/ton.
The table in the following page shows the trend of the production
from 1994,
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(Unit: 1,000 tons)

Scenario 1994 1995 | 1996 | 1997 1698 1999 | 2000 1 2000~
Low-growth cr 1,600 | 01,500 | 2,000 | 2000 | 2000 | 2000 | 2,000 0
scenario . o _ _
Basegrowth | 1,500 | 2,000 | 2000 [ 2,000 | 2000 § 2,000 | 2000 ]
scenario ' ot -

“ High-growth ! 1,500 | 2,000 | 2,000 | 2000 | 2000 | 2,000 § 2000 0

. scenario

~Aftei‘ 20'0'1, i:he Taiba con{pany is ?planning to hafve non-utility
jgenerating facilities lnstalled The portion of power ~reduced due to
‘pon-utility generating facihties is 126.8 GWh in the low- growth

scenario, and 139.48 GWh in the base and high-growth scenario. Although

'the details are still unc¢lear at this point, the installation will be

completed by 2,000 at.'the latest, thus self-supplying the required
energy by 2,001L. This demand forecast will- include the energy to be
consumed by the Taiba company as the necessary power in demand; and the
non-utility generating facilities shall -be consideéred within the power
generation facility plan.

. Sococim Co,t .

.The production in 1993 by Sococim Co. recorded 650,000 tons; and its

energy consumption amounted to 60,938 GWh. The table below shows the
trend of the production from 1994.

{Unit: 1,000 tons)

Scenario ' Creas | 1995 1996 1998 2000 2010
to'.r-.'«gro;wh scenario | Ces0 | 600 600 600 650 650
Base-grth scenario 650 . &850 . 650, 650 650 - €50
High-growth scenario 650 650 650 700 700 700

3

t

. The energy consumption by the Sococim company is either remaining at
‘the same level or slightly rising, thus lying within the realism of

prediction. Therefore, it is not considered in this demand forecast.

- ICS Co.t:: -
.- The demarid by the:.ICS  company s uncertain. Even 'in  its normal

.-opérations, the company has power excess| thus supplying the surplus to

public :$ystems.- Therefore, the demand by this company; ‘whith is also
very small, is not considered in this demand forecast.
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b. Large scale projects

SAED and Cayor waterway prolects:
These refer to the SAED project of imprbvlng the irrigated agriculture
in the basin of the River Senegal and the Cayor waterway project. The

required energy demands_are,shoﬁn in the table below.

(Unit: GWh)
2000 2002 2005 2010
SAED Project 20 23 26 31
CAYOR waterway | - 107 | s 81

In this demand forecast, the demand by a large project is handled as a
new demand. If the growth is ldw, the demand of the large scale project

shall not be considered.
© 5.5  Results of Power Demand Forecast
Using the conditions described in 5.3 and the regression formula shown in
5.2.2 the power demand for 1994 to 2010 was forecasted.  The forecast on the
economic growth was made in terms of three scenarlos, i.e.,; the low-growth

. scenarlo, the base-growth scenario, and the high-growth scenario.

The results of the power demand forecast are shown in Table 5.1.5-1 to -3.

Low-growth Base-growth High-growth
scenario - scenarlo " scenario

GDP's annual mean growth rate:

1993-1999 2.5% : 3,11 3.9%
1699.2010 3,02 4.02 5.01

1693.2010. : 2.91 3.7 | 4.z

Table 5,1.5-4 shows SENELEC’s middle, long term generating facility plan for
RGI in Jan. 1995 modification result, Graph 5.1.5 "Load Forecast" graphically
expresses the trend of the demand forecast by the JICA team and the results
of the demand forecast by SENELEC (the gengrating end), Comparison of the
forecast result of the two parties is shown in the following.
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2000

2005

1994 2010
1) Porecast by the JICA team:
Low-growth scenario:
Consumption of_énergy (GWh) 856.8]1,003.411,143.6 1,302.4
Generated energy (GWh) 1,060.54{1,241.2]1,423.7 | 1,632.1
. Peak load (MW) 192.0 222.5 252.6 286.6
Base-growth scenario:
Consuﬁption of energy (GWh) 859.411,045.1 1 2,293.7| 1,484.6
Generated energy (GWh) 1,063.7]1,292.8|1,610.6| 1,860.3
Peak load (ﬁW) 192.6 231;8. 285.8 326.7
High-growth scenarios
Consumption of energy (GWh) 862.1|1,067.2]1,338.0| 1,555.6
Generated energy (GWh) 1,067.011,320.1 1,665.7 1,949.4
Peak load (MW) 193.2 236,7 295.5 342.4
2) Forecast by SENELEC | |
Low-growth scenario:
| Gbnsumptibn of energy (GWh) 825.5 811,6 937.8 | 1,090.6
Generated energy (GWh) 978.1| 954.8]1,103.3| 1,283.1
Peak load {MW) 162.4 165.1 190.8 221.9
Base-growth scenario:
N Consumption of energy (6Wh) 825.5]1,055.911,338.1| 1,678.8
Generated energy {GWh) 978.111,242.2[1,574.2| 1,975.0
Peak load (MHW) 162.4 214.8 272.2 341.6
High-growth scenario:
Consumption of energy (GWh) 825.5]11,255.8 | 1,541.4 2,014.2
Generated energy (GWh) 978.1 | 1,477.511,813.4 2,369.6
Peak load (MW} 162.4 255.5 313.6 409.8
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(2y

Lifting of Supply Restraints

To draw up an electric power development plan ‘bised on the tesults of

the! demand forecast, it is necessary tc know what facilities are

' actdally‘required at the present time. However, as the purpose of this

study 1s *to comprehensively review the master plan formulated by

SENELEC, etc. to make a development of electric power system related to

the electric, power faeilities which rust be'expended‘wirhodt further

delay, . aimed at 1mproving the ,electric power facilities in the
outskirts of the Dakar city," the power, demand forecast with regard to

_lifting the supply restraints shall be based on the forecasted results

by the JICA team.

Forecast Scenario

.-‘7The power generation facility plan shall be based on the base -growth

scenario in the demand forecast results. According to the forecast
results by the SENELEG and JICA teems.‘rhe some. of the forecasted
flgures by the JICA team are larger up to 2004. while some by the
SENELEC team are larger after 2004,
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Table 5.1.1-2 Consumers and Population of SENEGAL

At of Septasbar 1938

T Concassion | Numbar of ¥on Homen Tatal

Coda Nema of regfon hasscholds ' B
— A (8} Q) _ o (Cre03=(E)] (€378} | ()/(0)
J01000 | Region of Gakar F _130.638 ) 194,833 2,005 746,008 t.488,941| J1e o 14
01400 Dapartmant of Daksr 61,9711  95.466 342.435 338,497 650, $32 11 11.0
01200 Departmant of Fikine 54,723 18,093 307,300 37 459 619,159 - 1.9 11.3
01300 Depat tmant of Rufinsque 13.93'_! 26,014 93,190 £5.080 188, 250 8.9 13.5
02000 | Region of Ziguinchor | . 39.793] 53,48y L195.6130 200,724 | 398,331 ) 7.4 10,0
02100 Dapartment ¢f Bignona 16, 835 23,113 90,503 94, 304 184, 807 8.0 11.0
022G0 Department of Oussouye 4,793 6,421 18,697 18, 401 37,098 58 11
02300 Depattment of Ziguinchor ‘ 18,159 23, 395 82, 413 83,019 176,432 7.4 9.7
93000 | Regionof Qiourbel ) BA195( 66,203 290,666 | 3z8,57¢1  610.245) 9.4 Lo.10s
03100 Departmant of Banbey 14, 891 18,783 95. 485 103.41’}5 198, 850 10. 6 13. 4
03200 Depar tment of Diourbal 16. 924 20,352 §7.339 86, €44 183,983 40 10.%
63300 Depa;imant of ¥backe 25,380 21,013 107. 842 128,530 235,31 8.1 2.3
04000 | Region of Saint-lowis | - 62664] __72,493) M0.e32] Myso|_ eso282f 0 as| 0.5
04100 Department of Dagana 22.6%1 32,516 139,635 145, 244 285. 819 881 103
04200 Departmont of ¥atam 18, 832 25,536 100, 46% 18,21 219, 680 8.6 fl.6
04300 Department of Fodor 16, 005 18,381 70,828 83,895 154,723 8.0 C9.7
(05000 | Region of Tembacounda | 3,387 | 42,998 ) 182143 | 195 839 _.ossseezy 90) . 10.3
05100 Dapartment of Bakal 2. 181 11,310 55,094 60,524 115, 628 0.2 12.6
05200 Departmant of Kedougow 8,388 9,072 33,9439 32176 1,125 1.8 3.5
05300 Departmant of Tambacounda 19. 820 22,616 100, 100 99,129 169, 229 8.8 1.4
06000 | Region of Kaolack 1 66 869 ,,,-33,}.15. _395,614 ) A15.644 | 811,258 . 9.7| 2.1
05100 Dapartmant of Xaffrins 21, 652 33, 238 161, 267 165, 284 326, 561 9.8 11.8
06200 Departmont of Kaolack 25,513 33,251 142, 268 155, 200 207, 468 8.9 1.1
08300 Department of Nooro du Rip 13. 104 17, 289 92,019 05, 150 181, 229 IE_!.8 13.7
07000 | Region of Thies 1 F3563)  $7.982{ 455685 | 485,466 Lt a6 128
0100 Departmant of Mbour 20,083 30, 852 176,623 186, 020 363,552 1.8 8.1
07200 Department of Thies - 28, 124 KN b 136,842 145,818 282, 760 - 1.6 4.8
01300 Department of Tivacuana _ 24,716 29, 851 142,220 152,619 | . 204,833 9.8 1.9
08000 | Regionof Loyga . | 4.33]  s2.56¢| 232000 | 258098)  4%0.037| _ 93|  10.4
08100 Oepartmont of Kebamer 15,819 17,056 16,409 85, 518 161, 987 2.5 10.2
8200 Dapartmsnt of Linguera 13, 48% 15, 347 €4, 228 €8, 5847 132,110 87 9.8
08300 Department of Louga - 17,945 20, 156 94, 354 103,656 195,320 2.7 10.9
09000 [Region of Fatick . . | 41,188  ssoan| 248.393| 261,910 L 809,703 ) . 9.3) 114
03100 Dapartmant of Fatick 16,345 23,622 H1, 263 109,231 220,566 %3 135
09200 ']  DCapartmant of Foundieugne 9 336 13,733 £0,639 82,509 170.188 | 12.4 18.2
03300 Bepartment of Gosses 15,507 17, 686 £6, 445 62,504 118,949 6.7 i1
(10000 | Region of Xolda .. | 45,788  e0128] 201,628 | 300205 690833 _ . 9.8]  i2¢
10100 Departmant of Kolds 15. 692 18,730 21, 561 92,155 183, 1é 9.8 "
10200 Department of Sedhicn 18,612 2,119 132,170 144,434 281,604 10. 4 15.1
10300 Department of Velingars 11, £5) 14,21 62,897 63,618 126,513 89 1.0
Total of Regions e 602, 358 184, 4845 3 363, 6001 3, 543, 209 6.865,_809 88 §i.4

Source : February 1995 by SENELEC o



Table 5.1.2-1 Annual Mean Growth Rate of GDP, Population and Consumption

GDP Population Consumption Elasticity
Prices Growth ¥hole Groath | Consumption value
No Yoar in 1985 rate colintry rate
{BECFA) IRE)] {1000) ey {Gth) BN
t| 1975 945.1 - 4,866 - 37174 -
21 1976 1,021.5 8.1 4,998 2.7 403.9 1.0 0.803
3| 1997 929.0 -2, 8 5 134 2.1 438. 4 8.5 -3.052
41 1978 959.41 4.0 5274 2.1 476.3 -2.203
51 1979 1,064.9 i1.0 5 47 2.1 512.6 0.624
61 1980 993.6 -5, 2 5.5685 2.7 526. 1 2.8 -0.422
11 198t 945.3 -5.2 5 716 2.1 560.6 -1.254
8| 1982 1.141.0 20.6 5 871 2.1 520.% -0, 348
g | 1983 1,188.3 4.1 8, 031 2.7 585.8 3.026
10 1984 1. 116.1 ~6. 1 8§, 195 2.7 _626.6 -1. 143
11| 1985 1. 188.1 3.8 6,363 2.1 601.6 -1.059
121 1988 1,201.3 3.7 6. 5317 2.1 597.8 -0. 168
13} 1937 §,253.3 4.3 6. 714 2.1 635.8 1. 489
14 1988 1.316. 1 5.0 8, 837 2.1 665.5 0.930
151 1989 1,288.5 -2.1 7,103 3.0 641.5 1. 716
16| 1990 1,3504.8 5.1 7,298 2.8 685.4 1. 331
171 199 i,334.9 -1.5 7. 49% 2.1 706.4 -2.082
18| 1992 1,368.3 2.5 7,704 2.1 170.0 3.600
191 1893 1,416.9 3.6 7.913 2.1 765. 4 -G, 168
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Table 5.1.2-2 Demand Rolationship

1975 1836 1911 1918 1818 1980 1 1984 1982 1953 1984
Consumption (GKh} 377.4] 403.9| 438.1] 416.3%1 5126 S26.1j 9560.6] 520.%| 585.8] 6266
% to 1975 value - 1.0 16. 1 26.2 35.8 3.4 48.5 31.9 53,2 §6.0
GOP (1985 price) 45| 1028 999 959] 1,065 949 946 ] 1.148) 1.188] 1.116
% to 1976 vatue g 8.1 5.1 1.5 1.1 5.1 0.1 0.7 25.1 18. 1]
Population {x1000) 4.866] 49981 5.134| 5.2M) 5417) 5565) 57167 §.81] 6.031| 6.195
$ to 1975 valve - 2.1 5.5 8.4 1.3 14.4 1.5 20.1 23.9 2.3
1983 1986 1382 1988 1 1889 1990 159§ 1892 1993
Gonsumption (G¥h) €01.6| 597.8] 6358} 665.5| 640.56) 6854 706.4]| 170.0f 765.4
% to 1975 value 59.4 £8.4 68.5 16.3 0.0 31.6 87.2] 104.0f i02.8
GDP {1985 price) 1,158 1,201 1.253| 1.316| 1, 28%) 1,355] 1,335 1.368| 417
% to 1915 value 2.5 211 32.6 39.3 3.3 43.3 41.2 44.8 49.9
Population (x1000) 5.363) 6.537) 6. 14) 6.897] 2.103| 7.208| 7.499) 1704} 7913
5 to 1975 value 30.8 M3 38.0 41.1 46.0] %0.0 54.1 58.3 62.6

120

Percent to actual value of 1979

# Depand

o GBP

A Population
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Teble 6. 1.5-4 Load Forecast by SENFLEC (Revised)

RGl
Low sgenario Baso scenario High scenario
Yoar tnergy Genaration Energy Generation Energy Genaration
demand Peak Enargy domand Peak Enargy demand Peak Energy
G#h MW Gith B Gih W Gih Gith L G¥h

90l 8. 53] 162.40] o9ms.ie] 82553 162.d0| 97819 825.53 162.40[ 973.19
19958 7ov.521 tm0.07f er2ss) 820911 18635} 1012003 88523 193.771 1,079.55
oes]  seo.10| 190.65| 1.038.48] 803,51 200.63| 1.089.65F 951 15| 209.211 1.136.28
007l s12.85| 18s.07] 1026.88] 920.38] 1see2f 1,093.403 9162 208.62| 1.151.32
1908 89462l 187.73] voszs0] 978.73] 205.38] 1150454 1.0ALI6L 218.48 | 1,224.88
1999 29179 163.60| 9352 1.016.40) 210.00[ 1,195.76) 1.141.18 235.78| 1.342.54
o0l sin6a| 165.16| 954.87] 1.085.90| 214.86) 1.242.24}f 1,265.88 255.55 | 1,477.51
2001 g35.381 169.99| 992.80) 1,006.30) 204.77| 1.183.881 1,212.69 246.74 | 1.426.57
o0zl sseco| a7a.98| rotes} 1,108.46] 225.56( 1.304.08) 1.318.53 268.30| 1,551.21
2003[  885.07] 180.10] 1.041.26] 4. 129.71} 240.05 1,387,90) 1,382.48|  281.31 1,626 44
2008l 91105 19539 1,071.83f 1.256.14| 265.61| 147281} 1.456.69 206,411 4.713.75
2005 93787 100.88] s.103.38] 133314} 272.20) 1.5M.284 154144 313.65| 1,813.42
20060 966,440 196.661 1.136.99] 1.399.54] 284.78) 1.G46.51R 1.625.58 330.78| t.912.44
20071 995971 202.67] 1.17L73] 146412 202.93) 172249} L7 64| 348.90| 2.017.22
2008} 1.026.50| 208.88| 1.207.64% 1.532.07] 311.75) 1,802,437 1. 803.90|  368.08] 2 128.11]
20091 1.058.05| 20530 1.244.76] 1,603.56| 326,30} 1.886.55{ 1.905. 65| 388.38| 2,245.47
sot0)l 1.090.661 220.03] 1.23.13% 1,618.81] 341.61] 1,875.07 2.014.22]  409.86|_2,369.67

Note : energy demand of year 1994 = actual result
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GDP (BFCFA) and GDP/capita (USH)

GOP by sector (BFCFA)

Graph 5. 1. 1-1(1) GDP, GDP/Capita and Energy/Capita
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Graph 6.1.1-1(3) 6DP by Sector (2)
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Number of households & population {in 1000)

2000

Graph 5. 1. 1-2 Population of SENEGAL
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Economic growth {(GFCFA)

Graph 5.1.3 Forecast of Economic Growth
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Graph 5. 1.5 Load Forecast
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CHAPTER & POWER DEVELOFMENT PLAN

6.1 Objective of the Power Development Plan

The purpose of the power development plan under this Project is to establish
a development of electric power system for the electric power facilities which
are in urgent need of extension. This will involve a general review of the
existing master plan drawn up by SENELEC with a view to improving the electric

power facilities for the Dakar area and its surrounds.

6.2 Review of SENELEG'S Medium- and Long-Term Power Development Plan

Under the terms of SENELEC's Medium- and Long-Terﬁ'Power Development Plan
(revised in September 1994), an analysis has been made to assess the
appropriate power generating facility plan on both a medium- and long-term
basis. The results are presented under the following main headings: History
of the Power Supply System in Senegal; Current Status of Power Facilities;
Power Facilities Capable of Being Reviewed; Demand Forecasts {review attempted
at the time of the January 1995 study}, Appropriate Facilities; Final Decision

on fhe Plan; Conclusions and Recommendations,

The conclusions reached in connection with the medium- and long-term power

generating facilities plan for the RI system can be summed up as follows.

The appropriate facilities plan is capable of being executed in the period
from 1991 - 2005 and of fully méeting the targeted improvement in the power

supply conditions as follows.

. Effective power generating system

. Quality of service (reduction in breakdowns/service disruptions)

Based on a review of the development of power demand and in view of the
prevalling economic conditions, the fundamental issue of the appropriate
facilities plan is the installation of steam generatiﬁg sets (steam engines)

with a larger capacity than the existing ones.



Medium-Term Plan

. Startup of one 20 MW gas turbine in 1998
The principél merit of this unit is its abiiity to ﬁeet. at low cost,
the increases in power demand for the period preceding the putting into
éervicé of the %1rst_steam:genefating_éet {steéh enginei and the
commissioning.of the_Manantali hxﬁroeléctriq power‘statipn dué for the
‘yéar‘godo,‘ - -

. Startup in 2001 at the latest and putting into operation of a 90 MW

steam generating set {Steam Engine)

The advantage of such large-capacity plant is that the total investment
costs required for the installation of all eqﬁipment required from the
coming 15 years will be very much lower that the equivalent costs for

a diesel plant during thelsame.period.

The advantages éf the use of a steam generating get‘{éteam eﬁgine) will be )
considerable in a development approach thaf dées nqtrallow for hydroelectric ég;
generation or in the event that the'Manantali_hydrqeiectric powe# station
should be put into oﬁeratioh at leagt.twq yeérs behiﬁd,schedule;(th§t is, in

2002 instead of the scheduled commissioning year 2000). Under the prevailing
economic.condittons, the most favorable fuel for the steam generating set is

-and will remain heavy fuel oil.

The detailed master plan for the steam power plant in the Dakar area will need
to be drawn up Initially in 1995. At the same time, it will also be necessary
to study the selection of the site by taking into account the need for

purchasing coal.

Equipment and infrastructure for which coal will be used should be installed

only if petroleum product prices should soar.

Léng-Term Plan

an
E e

Work on the development of a 90 MW steam generéting'set-should be continued,



" A saximim of two dlesel geherating.seté would be‘ecoﬁohically advantageous in

2005 if petroleum prices should fall to a level short of 20 US$ per barrel.

[

“* 6,3 Short-Term Power Development Plan

The short-term power development plan covers the calculat;on per1od from 1995

 to 1995 (orie year before 2000 year in which the Manantali hydroelectrlc power

station is scheduied to come onto the’ grid) and is studied on the basis of the

following considerations.

6.3.1 foﬁer'éupply'and Demand Balance

" The critical factors for the establishment of plans to assure the power supply

and demand balance include the availability of reserve capacity. the selection

of unit capacity of generators. and the use of spinning reserve capacity.

‘These factors need to be taken into account as follows.

(1} Reserve Capacity

To draw up a supply and demand balance and to assure this balance, it
will be necessary to allow for the appropriate reserve capacity needed
to ensure the stability of power supply. There are various ways of
thinking about how the level of reserve capacity should be determined.
In the case of SENELEC’s power system, however, it will be necessary to
* determine the reserve capacity by taking into account the following

conditions.

a. - Decrease in output from the system as whole due to regular

inspection and maintenance
b. Decrease in output due to faults and breakdowns

In view of the above two conditions, the followlng method i1s generally
" used in deciding the reserve’ capacity ‘

Reserve capacity should be
. equivalent to the total output of the largest and second largest

generator



(2)

. a constant'output proportional to the peak load {generally 151 -
20%)

. whichever is the larger output from'among the two outputs above.

The SENELEC power system is fed from thermal power generating
facilities to meet the entire power supply.

This total dependence on thermal power will persist until the year 2000
when the Manantali hydroelectric power station, a joint tripartite
development by Mali, Mauritania and the Senegal, is due to be put into
operation. For a variety of factors, including in particular, the
postponement of the power plant development projects with the capacity
of around 60 MW, the continuous défermeﬁt 6f repgular maintenance with
consequential supply restrictions, the acceleraﬁed rate of equipment
aging due to overload operation, and the difficulty of balancing out
the peak and off-peak load, it is the view that a reserve capacity in

the order of 101 is required to maintain the power supply system at a

normal level of operation. Yet, this will remain an impracticable
proposition for as long as the supply restrictions currently resorted

to cannot be eased or eliminated altogether.

For this Ptqject_it will be necessary to confirm whether the reserve
power capacity considered necessary in accordance with the criteria

below:

’ Power 6utput equivalent to the total generator output of the

largest and second largest generator
' Constant power output proportional to the system’s peak load.

Selection of Unit Capacity of Genérators and Harmonlzation of the Power
System (System Stability)

Excess output from a single generator in the planned power station has
the problem that when the power system is a small-scale one, any drops
or surges 1n frequency due to disconnection from the system can

seriously affect the stability of the system.




f;}

SENELEG's service policy in connection with frequency drops has been
fixed on the following principles, although these frequencies are
subject to re-examinatlon in connection with supply restrictions.

4 Desired frequency for normal operation 1 5041 Hz

¢+ - Frequency after load shedding of filrst stage 1 48.5 Hz
o Frequency after load shedding of second stage: 48.0 He
+  Frequency after load shedding of third stage : 47.5 Hz
. System separation frequency : t 47.0 He

The SENELEC power system which consists primarily of thermal power
generating facilities 1s particularly wvulnerable to rotor blades of
turbine and drops in output of the ancillary equipment. The limiting
frequency at which continuous operation can be maintained is 48.5 -
49.0 Hz. If frequency drops should occur exceeding 48.5 Hz for short

intervals immediate measures (system separation or load shedding) must

. be taken to restore the frequency so that frequency drops to 47.5 Hz

are permissible. In such cases, the system 1s disconnected to be
operated separately with the result that the frequency and voltage will
be unstable and dramatic load variations will occur. This therefore

required careful observatien.

In the preseat Project, the following will need to be confirmed in case
of unit capaclty of generator in the planned power station, This will

- necessary 1in order to achieve systein stability in connection with

frequency drops . in the system,

. Check that the frequency drops during the operation of the
generator concerned are within the permissible range "(47.5 Hz)
during peak load operation and at the system separation,

e During off-peak operation, check that the generator concerned has

been operatlonal at 607 of the rated  capacity and that the
frequency drop ls within the maximum permissible range.

;. #° . State. and make known ' the operational measurés taken when

- frequency drops occur (operation at partial load, localized load

- shedding by operation of frequenty relays). *-



(3)

Another item requiring confirmation in the case of the system operated
by SENELEC is the -actual occurrence of incidents associated with

- frequency drop due to system separation on one side of the system and

frequency increase on the other side of the system as is the case in

. sudden violent frequency changes due to faults. This problem is
_covered by the analysis given in section .3.5.2 "Control Facilities®

which section deals with the system frequency.: :-In such incidents, the
side subject. to. frequency drops -is. capable of responding by lecad
shedding. On the side . at which the frequenocy is lncreased, however,
the measures to be taken may be the forced connection of a dummy load
to decrease the frequency or disconnection of the generator, or, as a
further, somewhat more time-consuming alternative; a winding down of
power generation. For both systems, the:frequency must be kept up to
the range at which parallel operation of the systems :is possible. For
this reason, the following check item needs to be added.

.. Indicating operational measures applicable in case of fregquency

increase,

Spinning Reserve Capaclity:

For the spinning reserve capacity, the principles stated in the para.
3} in section 4.3.8 are applicable. . As the system will increase
further in the future, it is possible to anticipate significant load
changes. For this reason, & values of 0.4 .should be used for the
proportional coefficlent for the standard deviation’'of the amount of

load variations.

6.3.2 Short-Term Power Development Plan

The short-term power development plan is as follows.

(1}

SENELEC's Plan for Power Generating Facllities

In the plan for power generating facilities, the following generating

facilities is being or is due to be added to:SENELEC's power system:

1995; New installatlon of the TAG3 20 MW gas turbine at Cap des Biches

19971 New. installation of the ‘EXT-CIV 18 MW diesel unit at Cap des
Biches

S

gi.
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19594 Scheduled new installation of an EXT-CIV 18 MW diesel unit at Cap

des Biches

The gas turbine scheddled the installation in 1995 had already

“completed the trial runs at the time of the field survey. The plen for

the diesel unit to bé installed in 1997 is making progress and is due

‘Lo come on-stréam im 1997. The dlesel unit scheduled for 1999 has been

proposed as part of the medium- and long-term plan.

N

(2) -items to be Considéred on the Power Supply and Demand Balance

The following considerations should made in pfepéring the power supply

. and demand balance.

1)

2)

ay

Reserve capacity

'_The principles concerning reserve capacity are as presented in

“section 5. 3.1 (1) above.

Spinning reserve capacity

The principles concerning spinning reserve capacity are as

presented in section 6.3.1 (3) above.

Réquiremehts in connection with peak 16ad measures

" As can be concluded from Section 4.4 *Supply Restrictions", the

generating facilities required on a most urgent basis to assure

load diépatchihg is thé”caﬁacity needed for absorbing the severe
load variations occurriﬁg thrbughéut'the year in connection with
the dramatic iises and falls in peak load. This generating
capacity must also provide S;relaiivélyllarge power {(kilowatt-

hour) output for the many years to come until the bottleneck of

" the ¢urrent supply restrictions can be eased. At present, this
© capacity comes from the gas turbine generating facilities,

In the off-peak time band, the time slot in which the load falls
to 1ts lowest level corresponds, in the case of the SENELEC's RI
system, to the night-time from 2 - 3 a.m. During this time slot,

61
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there are comparatively abrupt rises and falls of the load and

ad justment are being made using the gas turbine and the diesel
unit with its favorable response speed. Recently, the G401 and
G402 have been used for this purpose at Cap des Biches. However,
the records show that these G401 and G402 units have been
operated at less than 401 of their minimum permissible output.
Operating conditions of. this type are liable to accelerate

‘equipment aging and to shorten equipment life to a considerable

extent, It is clear therefore that the generating facllities
with the greatest response in adjusting the load variations is
the new gas turbine which affords the greatest ease to respond

both to load decreases and load increases,
Assuring regular maintenance on & scheduled basis

Most of the major equipment of the existing power generating
facilities are not stopped for maintenance as required. They are
képt in operation to exténd the.time between consecutlve routine
maintenance and full-scale overhauls. Every effort should be
made, however, to regularize maintenance as much as possible and
it will be of vital importance to establish proper discipline in
assuring regular maintenance on & scheduled basis. As can be
seen from the operational records for 1993, the capacity
utilizatioﬁ ratio for the G301, G302 and G303 steam turbines, the
major units at Cap des Biches to feed the RI system, stood at
85.62 (for 7,497 hours), 90.8% (for 7,954 hours) and 82.61 (for
7,237 hours) so that capacity utilization ratio have to be
throttled., If we assume that the capacity utilization ratio thus
dropped to about 75I, it follows that othér generating capacity
is required to ‘make up for the Vdecreased portion of energy
generated (approx. 66 GWh) of these three steam turbine (G301,
G302 and G303).

As stated in section 4.1.2, the output restoration plan allowed
for in SENELEC*s annual shutdown schedule is as follows.

&



Bel-Air Power Station

Power generating  Rated oﬁlput (kW) 1993 6ulgﬁt (MW) Quiput after
facitities C restoration (MW)
G101 12,800 kW 5,000 10,000 (1995 and
. : thereafter)
G102 12,300 kW 9,000 10,000 (1995 and
- o thereafter)
G103 12,800 kW 11,000 10,000 (1995 and
o thereafter)
G104 ] 12,800 kW 5,000 10,000 (1995 and
. _ : thercafller)
Cap des Biches Power Station
Power generating ~ Rated cutput (kW) 1993 output (MW) Qutpul after
facilitics S , restoration (MW)
G301 27,500 kW 27,500 27,500
o _ (status quo)
G 30,000 kW 20,000 30,000
G303 30,000 kW 15,000 30,000 (1996 and
- : thercafter)

3)

6)

ey
oY

' the- ”!anantali

Early interconnection of the Kaolack system to the grid

The Kaolack sy.stem is scheduled to inierconnéct with the grid in
1997, and it is recommended that this time should be brought

forward as much as possible.

Connection of the manantall hydroelectric power station to the
grid

The international connection of the Manantéli hydroelectric power

station will provide subs'tan'tiai a'dvantages to the load

dispatching.

~For the unification of the Senegalese power grid, the addition of

establishment of =&
It will therefore be

station would mark the

'combination' of hydro and thermal power

69
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7

necessary to take the necessary steps’ to resolve as early as
possible the technical problems associasted with the connection of
the SENFLEC’S power system to the 1nternationa1 tripartite grid.

To permit international grid sharing, it is wvital that the
national grid system should be brought under sound control in an
effort to coordinate operation with the grid management of the

partnér countries sharing the gird: This requires, in

particular, that the system frequency should be maintained in

sound order.
Service life and allowable operating time

The facilities still kept in operation beyond their service life
include the G101 and G102 at thHe Bel _Ait ‘Power Station. Both
these units are still operational although their maximum
permissible operating life has been exceeded. In the case of the
G101 unit; the records show that it was put back into operation
after a temporary shutdown, It is strongly recommended that the
G101 should be scrapped at the earliest possible time.
Similarly, at Cap des Biches, the TAGl has already exceeded its
service life and therefore needs to be included in the future
plant scrépping schedules. The present Plan envisages the
scrapping, at Bel-Alr, of the G101 unit in 1997 and of the 6102
unit in 2000.

Decision on the Capacity of New Generating Facility and Selection of

the Generating Facility Type

The plans for the new genéfating facilities have been decided upon as

follows.

1)

2)

Time for connection in the system

~The new generating facllities are scheduled to connect to the

grid in 1997.

Decision on the capacity of generating facilities
The capacity of the new facilities ~has been calculated as
follows.' These calculations have been made on the premise that

the problem of overcoming the shortage of power (kW) will

6 —10
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continue to have greater priority than electric energy (kWh) even
~after the‘commlssioning of the TAG3 (20,000 kW) gas turbine at

Cap des Biches in 1995.

Reqﬁired capacity of generating facllity = Actual limit capacity

of the RGI system, excluding the Kaolack system - Peak load
- generating capacity - (Capacity of maximum output.unit + capacity

of second largest output unit) = 272,000 -.209,000 - €0,000 =

2,100 kY.

On this basis, the choice . will be either two 5,000 kW units or
, -one 10,000 kW unit, with the above being the standard capacity

. per unit,
3) Selection of the generating facility type

-Given the unit class ratings of the previous section, the type of
generating facility selected will be either a,diesel generator or
a pas turbine system. Since the new generating facility planned
for 1995 is a gas turbine and the cutput level is in the scale of
20 MW, the selection will fall on a diesel generator system. The
diesel generating unit will take over the base load so that it
should be easy to carry out the required maintenance and
inspection procedures in an effort to reduce the operating time
of the 6301 - G303 units at Cap des Biches.

Power Supply and Demand Balance

Table 6.3.2-1 - 2 give the power supply and demand balances for the

case that the time from 1994 until 1999 (the year before the Manantali
hydroelectric power étation is due to be connected to the grid) is
taken as the short-term power development plan period. Table 6.3.2-3
assumes the average output on the basis of the actual operational

records of each unit by allowing for an annual operational availability

~of 70X (6,132 hours), 75% (6,570 hours), and 802 (7,008 hours) in order
to achieve the appropriate maintenance schedules and determines the

_energy generated .in a year;énd:calculatas the difference against the

power requirement determined from the demand. forecast. Graph 6.3.2
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