8.2.5 Rehabilitation of the Low Voltage Distribution Network

(1)

(2)

(3)

outline of Work

Rehabilitation work on the existing distribution network will be
carried out in ;he following locations. The following is an overview

of the construction work involved.

Trunk line (km) ‘Branph line {km)
a. Base II '~ Rue 10 0.45 0.6
© - El Mansour 0.85 1.0
Rue 10 x 11 0.45 0.7
Rue: 10 x Bene 0.50 0.7
Canal IV ‘0,45 0.7
Amite II 0.60 0.8
| ‘Sub-Total 3,30 4.5
b. Base 111 - Yoff Layenes 1.4 3.0
Yoff Centre 0.7 2.0
Yoff Village 1.0 2.4
N*Gor : 1.1 2.3
Guakam Boulga 1.0 1.7
Quakam Taglou 0.7 0.6
Quakam Ecole 0.8 0.6
Sub-Total 6.7 12.6
_Total c ‘10.0 16.6

Figs. 8.2.5-1 (1/3 - 3{3) #ho# the existing distribution network in the

Yoff Viliage} N'Gor and Quakam areas.

Suppofts

Similarly td Section 8.2.4, it 1s also anticipated that the tubular
steel poles will be employed for.suppofts.- The supports shall have a
length of ¢ m. In the:areas:due for rehabilitation the exlsting
distribution lines sﬁail have a Btandafd Span.of approx, 50 m, It is
not  considered necessary to replace - all supports when the
rehabilitation work 1s-executed, and it is estimated that about half of

all supports may need replacing. .

‘Conductors

Referitb-sécﬁion:8;254:fofjfurthgf'dgtails;onfthe'conductors.
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CHAPTER ¢ CONSTRUCTION PLAN

9.1 Power Generating Facilities

Plant and machines related to power generating facilities shall be transported

. to the site for erectlon, and the necessary foundation and‘installation work

and conmissioning test shall be performed.

9.1.1 Details of Construction Work.

.1). . Diesel engines, generators and ancillary equipment -

2) - Transformers, circuit breakers, supervisory and control panels, and
. icables . -

3 Operation control. room.

&) .. ‘Connection to the existing equipment -

5) other necessary construction work .

9.1.2 Removal Work

The existing equipment listed below shall be removed at the cost and expense
of SENELEC prior to the installation of the new equipment. This removal work
will be required as the existing equipment is liable to obstruct and hinder

the installation work for the new equipment.

1) . C-I building :. - Water tank for the C-IT boiler - 30 m> x 3

2) . ©-1 building ¢ Indoor piping and heat exchangers etc. - 1 lot
.3} Outdoor +. . Cooling water tank - 40 m3 x 2
&) Outdoor | -t Residual oil incinerator - 1 lot

The tanks given in 1) and 3) above shall be removed and replaced by equivalent
tanks of identical capacity at the cost and expense of SENELEC prior to the
commencement of the installatlon work, '

Fig. 8.1.3-2 shows the facilities to be removed.

9.1,3 Work at .the Cost and Expense of SENELEC

Apart from the plant removal work shown in section 9.1.2, SENELEC shall also

arrange for the following work to be .executed at: its cost and expense.
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1)

3)

4)

Sealing off the apertures of the ¢-I building (south wall)
Installation of a soundproofed wall (on the boundary with the tobacco
factory) .

Making available of sufficient site area required for the construction
work (materials yard, works office)

Making available all electricity, water, steam, fuel oil and light oil

required for the execution of the construction work.

9.1.4 Connection to the Existing Equipment:

All works connecting to the existing plant, including the piping and cabling,

shall be carried out by prior consultation with SENELEC to agree with

SENELEG's operating schedules in such a manner that the installation work

should c¢oincide, wherever possible, with SENELEC's timing of the regular

maintenance work for its existing plant so as to avoid any interference with

SENELEC'’s power generation schedule.

9.1.5 Transportation Routes and Methods

(1)

Assembly and Transportation of Equipment

After assermbling and performance test of diesel generator set at the
manufacturer’s factory, the equipment will be disassembled only to the
minimum possible degree and transported to the site in the practically
fully assembled condition. = This method will simplify and facllitate
the assembly and installation work required at the site and also halp
to reduce the time required for ‘setup, adjustments and test-runs. This
will also contribute to minimizing the initial difficulties ("teething
troubles") after the commissioning and startup of the plant.

Those parts of the main equipment which are susceptible to shock and
humidity and extremely vulnerable to high temperatures require special
measures to ensure that their performance andfor shape will not be

impaired during transportation.

In practical terms this means that distribution- panels’ containing a
large number of shock-sensitive measuring {nstrument should be

“immobilized during packaging ahd the humidity<sensitive stators and

rotors of the generator should be vacuum:packed to prevent the ingress
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4
3

{2}

(3

‘of humidity, and items with paint coats that are very villnerable to

high temperatures. should be packaged in a -non-igniting form of
packaging. The packaging is required to be seaworthy and shall be
checked prior to lading.:

Transportation Route

Maritime transport of the equipment for this project shall be on the

Japan-Europe-Dakar route to reduce shipping time.

This routing procedure entails that the cargo will be carried by two
different vessels, one for the Japan-Europe’' and one for the Europe-
Dakar sections, with the cargo being reloaded in:the Furopean port.
The time required on the via-Europe route from Japan to Dakar Port is
about one and a half months. This is about one month less than the

direct sea route from Japan to Dakar.

While direct sea transportation from Japan to Dakar does away with the
need for reloading (transferring) the cargo, the voyage with its many
calls at ports en route takes about two and a half months until arrival
in Dakar. These stops en route carry a certaln risk of theft or loss

of the equipment and materials on board.
Port and Transportation

The Port of Dakar with a water depth of 10 m has three berths
exclusively used for heavy cargo on the south side. These are
constructed of concrete blocks and robust enough to withstand loads of
up to 4 t/m?. The berths are therefore sultable for vessels registered
in the 30 .. 40,000 DWT class. However, the berths are not equipped
with special stevedoring cranes. Cargo handling capacity is available,
however, in the form of a 60 t load-lifting capacity floating crane
with very conspicucus signs of aging. Its boom, said to have a real
load 1lifting capacity of approximately 50 t is not suitable for
practical use because of its short length of only 5 m. It will
therefore be necessaty to use a ship’s crane for unloading the cargo.

. The land transportation route from Dakar Port to the Bel-Air Power

Station is about 1.5 km, The port and the power station are linked by
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a two-lahe, ' fully  asphalt-surfaced road. so that the onward

transportation from the port shéuld present no problem.

For onward land transportatien, it will be necessary to use heavy
tackle, a 100 t low bed trailer and & 70 t crane, all of which should
be easy to obtain locally. '

9.1.6 Work Schedule.

The work will téke a total of 14 months to complete. This includes all
incidental works from the signing of the contracts with the contractors, the
designing of the equipment, the manufacturing and transportation thereof, the
installation; setup, adjustments, commissioning and trial operation of the
plant. - Work schedule of this work is shown in Fig., 9.1.6.



. 9,2 . Distribution Line Facllities

The present situation on SENELEC's distribution network in the Dakar area is
that.the reinforcement, expansion and rehabilitation work needed to meet the
rapldly. increasing power demand in the city area of Pakar has not and is not

being carried out as it ought to have been for reasons mainly due to the lack

. of funds and the shortage of materials. This has given rise to a variety of

problems which are in evidence everywhere:in the dispribution network. These

. problems inglude.in particular the occurrence of excessive voltage drops as

a result the use of conductors and underground cables of a size not matching
the‘supplied_pqwer_or,due.to-the absoluteness of - the power distribution
equipment so that it is not possible for. SENELEC. to assure a reliable supply
of a high-quality electric power to the consumer households.

At the same time, -the situation is aggravated by the overpopulation problem
in the densely populated Dakar city area. and the influx of a migrant
population into.the city from the regions. To resolve these problems, policy
measures have been adopted to resolve the urban overpopulation issue by
creating new housing estates on the suburban fringe. of the, city. ~The reality

is that these housing estates do not have adequate power supply services.

To overcome these problems, there is .strong hope that the expansion and

rehabilitation work on the distribution network will take place.
9.2.1 Detalls of Construction Work

The construction work due to be implemented under this project breaks down as

follows.

(1) Replacement of circuit breakers

'(2) Improvement of medium voltage distribution lines

(3) Expansion of the low voltage distribution network
(4) Rebabilitation of the low voltage distribution network

9.2.2 Implementation Hethod and System
All construction works under thls Project, 1nciuding the installation of the

equipment, shall be executed by SENELEC. The present construction work shall
also include the replacement of the medium voltage clrcuit breakers and
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improvement of the medium voltage ‘distribution lines, idcliuding the voltage

“step up of the system. _
The execution of the construction work will have a wide influence so that it

‘wil! be necessary to ensuré that the following points will be given due

consideration in the implementation of the construction work:

a. Preparation of construction plans to ensure effective project
implementation ' _
o Defining the scope and range of work and the work process in

order to minimize the influence range of the project
., Selection of such work methods and operations/sequences as will

ensure safety during work

At the same time, conslideration shall also be given to the following:

4. Assuring the safety of the residential population
‘e, Giving consideration to environmental issues
f. PR activities for the construction work
'9,2.3 Construction Schedule : '§§

The construction period has been provisionally fixed at 15 months. Fig.

'9,2.3-1 shows the construction work schedule.






Fig. 9.1.6 Standord Schedule for 5000kW Diesel Engine
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CHAPTER 10 CONSTRUCTIOH COSTS -

The construction cost for power generating facilities and distribution line

facilities is ‘estimated roughly.

10.1 Prerequisites for Construction Cost Estimation .

To estimate the construction cost, the following copditions are taken into

account

C (1)

(2y’

(3)

{4)

(5)

i Material and Equipient Costs
All FOB prices are based on-the :fiscal 1995 price index and while
allowance has been made for price escalation, no import duty levied by
the Senegalese authorities- has been allowed for. :

. Transpottation Costs and Insurance.

Transportation costs include maritime freight -charges and the costs of

inland transportation to the destinatlon site. Allowance has also been

- .made for:insurance premiuvms which have been added to the FOB prices

given in (1) to arrive at the CIF prices.

Labor Costs

Labor costs have been determined on the basis of the standard labor
costs currently applicable :to' the Dakar) reglon and the costs for
similar censtruction work in Japan.

Contingent Expense: -

A reserve of 151 has been allowed for both on the foreign and the local

{Senegalese) currency portions.
‘Brigineering Fee:
(Power generating facilities) -

Englneering fees for-the power generating facilities has been estimated
at an amount equivalent to 15X of:the total construction costs.
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{(Distribution line facilities)

On the assumptlon that the materials/egquipment will be supplled but the
~ supervisory management of the construction work will not be included,

the engineering fees for the distribution line facilities have been

estimated at an amount equivalent to 107 of the total construction

costs,
(6) Technical Staff Training Cost

(Power generating facilities)
The costs required for providing the technical training and instruction
for the operation of the power generating facilities to the SENELEC

staff have been éstimated.:

(Distribution line facilities)
Allowance has been made for the supply of the materlals and equipment
but not for the technical training to the SENELEC staff..

(7) Exchange Rates g
The exchange rates used for the cost estimation are as stated below,

1 US§ = ¥99,85

1 Us$ = FCFA 528

1 FF = ¥19.1

10.2 Foreign and Local Currency Portions

The demarcation between the foreign and local currency portions in the

construction project shall be as follows.
(1) Foreign Currency Portion

a. Materials and equipment:

All items, except gravel, sand, cement and reinforcing'bars
‘,.3"-
b. Vehicles and toolst : .

- Vehicles, tools .and  measuring equipment -required for the

construction work-

10-.2
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(2)

Transportation costs and insurance premiuins:

Maritime freight transport and inland road transportation,

‘insurance premiums

Labor costs:
Costs for engineers traveling to the site for major plant
installation and adjustment as part of the construction work on

the power station.

" Consulting fees and téchnical training fees

Currency Portion

Labor costs

Material costs:

All minor items requiring to be procuréd on a local basis for the

construction work, such as gravel, sand, cement and reinforcing

bars.
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10.3 Construction Costs

The total construction costs for the development of electric power system are éé%

as stated below.

- Foreign Local Total
currency Currency (Bi11ion Yen)
. “portion <o oportien
(Miltion Yen) | {Million Yen)
1) Power generating facilities 1,675.0 91.9 1,166.9
{incl. contingency) 1,926.3 105.7 2,032,0
2)  bBistribution-line - - 681.3 s 104.7 786.0
facilities
{Incl. contingency) 783.4 120.4 903.8
(Breakdown of distribution line 2 T
facilities)
a. Replacement of circuit 28.6 2.4 31.0
breakers e
b, Improvement of medium 300.4 47.8 348.2
voltage distribution lines
c. Ex%ansion of the low
: voltage distribution 278.9 41.5 320.4
netgork _
d. Rehabilitation of the low
voitage distribution 73.4 13.0 86.4 A
network §
Notes
(1) Breakdown of Construction Costs Borne by the Senegal

1) Power generating facilities
Co- Removal and construction of de-mineralized water tank (30
t) x 3 inside the C-I building
- Removal of de-mineralized water tank (40 t) x 2 outside the
building
- Removal of pipes
building

and heat exchangers Inside the ¢-I

- New construction of de-minerallzed water tank

2) Distribution line facilities
a. Replacement of circuit breakers
- Removal of existing equipment
- Modificatlon of installation site

- Equipment installation

10— 4 .



b. Improvement of medium voltage distribution line

& :

Removal of existing overhead distribution lines

New erection and modification of distribution postes
Equipment installation in distribution postes
Laying of the underground cables

c, Expansion of the low voltage distribution network

Modification of existing distribution postes
Construction of new distribution postes
Laying of the underground cables

Fole erection and stringing work

Connectlion to consumers

d, Rehabilitation of the low voltage distribution network

Removal of existing facilities

Pole erection and stringing work

Connection to ceonsumers

10-5
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CHAPTER 11 FINANCIAL AND ECONOMIC EVALUATION

This chapter consists of four sections. The first section primarily discusses

the methodology we employ in the financial and economic evaluation of the

Project. The second and the third sections, which are entitled "financial
analysis* and "economic analysis", and are the main components of this
chapter, examine the viability of the Project from the financial and economic

viewpolunts, respeétively. Concluslons are presented in the final section.
11.1 Objectives and Methodology

The overall goal of the financial and economic analyses is to assess both the
financial (or commercial) and economic soundness of a project.l The
difference between financial and economic analyses is that the former is

concerned mainly with the profitability (or the efficiency) of the investment

in the proposed acticon for the project authority (e.g., SENELEC), whereas the

latter is interested in the profitability of the investment for the society
as_a whole gdr the country's economy). This difference is often reflected in
the approach in which different prices are used for the same inputs (costs)
and/or outputs (benefité) in the financial and economlc analyses (i.e., market

and so-called economic prices, respect_ively).2

In this study, financial and economic proefitabilities or viabilities are
determined on the basis ¢of the internal rate‘of return (IRR) of the Project,
which is a factor equalizing the net present value of the Project to zero.
Tﬁe net present value of a project is defined as the balance between the total
value of thé project's in-flows (benefits) and that of the project’s cut-flows
(costs) discounted at a fixed rate, For & project to be considered to be
feasible, ;he IRR is expected to exceed or be equal to a pre-determined
discount rate, which is synonymous with the opportunity cost of capital, and

is often equal either to the actual rate of interest on long-term loans

1. The Project has already been Kentified as the least-cost optimum solution for meeting the projected power demand of the
electrical system concerned, and hence, it is important to note, the analysis of this chapter does not include any discussion
comparing the Project with other alternatives, Discossions related to the identification of the least-<ost solution are found
easlier in this report.

2, In the finaacial analysis, market prices are applied for the inpuis and outputs of a project, as they are *factval® 1o the
peaject. The economic analysis is concerned with reat costs and benefits of the project's inputs and outpuls to the nation,
which may not be represented necessanily by their market prices. Markel prices can be distorted by the monopolistic
practices of industries, as well a5 taxes, subsidies, and other regulatory measures of the country. Such distorted prices, in
the economie analysis, have to be "shadow priced” (o reflect real economic values. For this shadow pricing procedure, as
we demonstrate Jater in the economic analysis, we apply conversion factors for the local currency componerts of the
Project’s inputs.
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available in the international capltal market for compafabie projects with
similar levels of risk involved or to the loan 1nterest rate usually applied
to the borrower by commercial banks. ' SENELEC usually pays an’ interest rate
of around 12 percent on their loans. We. thus, assuie the discount rate of

the Project at 1 Qercen .

"In our analysis we calculate three types of IRR ‘tﬁé ftnancialiinternal rate
"of return (FIRR) and economic 1nterna1 rate’ of return (EIRR) of the Project
and the FIRR of the equity invested in the Project. The FIRR of the Project
is computed on the basis of the streams of financial benefits and costs, and
the EIRR of the Project on the basis of the streams of econom1c benefits and
"costs. From the investor’s vlewpoint the FIER of the equity invested on a
':prOJect is often more important than the FIRR of thé project per ‘se., It takes
'?into account financial costs under an assumed financing scenerio whereas the
'FIRR of the project. which is concerned with the ron- distorted fundamental
' soundness of the project does not. For the Project to be regarded as viable,
"the above-mentioned IRRs must be equal ‘to or exceed 121 '
The Project will have to satisfy not only the requirements by the investor but
talso those by the lender of its loen A 1ender is normelly concerned with a
possibility of the borrower failing to fulfill the debt service of the loan.
_Thls possibiltty is measured usually by the debt coverage ratio of the project
| in question. which is the ratio of the prO]ECt s annual cash generation to its
" annual debt ‘service. This ratio we assume must be 1. 5 at the lowest for the
Project which 1s a normal requirement by 1enders. The ratio increases as the
’rat1o of the equity to the loan increases. However, the borrower s ability
to raise the equity ratio is often limited. It is reported that in the case
of SENELEC the maximum feasible equity ratio (to the total investment) is
393.3 Thus. the minimum debt coverage ratio of 1.5 must be attained at the
" maximum ratio of equlty (to the totel 1nvestment)‘of 301, _In sum, financial

and ecenomic'feasibility requirements for the broject are as follows:

—dea |

3 "This can also be infeced from the SENELEC's turrent financial posiﬁon[. '
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L :FIRR of the Project 2121 -

.4 - EIRR of the Project 2z12%
- FIRR of the equity invested in the Project 2122
+ - Debt coverage ratio of the Project 21,5...

"(Equity ratio to the total investment =30%)

‘We test both the FIRR and EIRR of the Project for sensitivity. The primary
objective .6f the sensitivity analysis -is-to assess how the profitability of
a project is affected by modifications in the assumptions used on key
variables: - The sensitivity analysis allows a judgement on the riskiness of
the: project -under alternative - assumptions. -Usually, in the analysis,
modifications are made for such-variables that may significantly change the
.projected:costs or-benefits of the project and that involve high levels of
uncertainty. - In our analysis, we examinhe the changes.-in the IRR for an

_increase. in the total capital costs and a decrease in the total benefits.

The Project comprises the following three components: {The second component

rconsists of three sub-components.)

Component 1 An addition of two.5 MW diesel generation-upits to the Bel Air
power station

" Componerit 2 Rehabilitation of  the distribution network 1In some areas,
including, . -

(a) - replacement of circuit breakers at distribution substations

: (Medium Voltage), _

(b) . réplacement of 6.6 kV overhead lines by underground cables,
~and #oltage boosting of some feeders from 6.6 kV to 30 kv,
and

(¢}’ -intensive rehabilitation .of- the 1low wvoltage network
involving replacement of deteriorating equipment

. Component 3 Expansion of the:existing distribution network

The remaining part of .this section briefly discusses the conceptual framework

of the economic costs and benefits of those components.

Costs

Project inputs are often classified into three broad categories: (1)
'Efadéd:;gbéés;‘ (2). ‘don-traded .gdods, and. (3) so-called primary
_tﬁ;g@@6t1§ﬁﬁfaétqg§;{ﬁc;gaing1}Qh¢ﬁ§ﬁd Lapﬁr;;;Thgimgin_traded goods, as
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far as the Project is concerned, are power generation units and
distribution equipment for power distribution. . Non-traded goods are
those which by their nature are supplied locally; and they cover
overhead expenses, and construction materials such as gravels and sand.
The primary production factors of the Project are limited practically
to labor.! The unskilled labor required for the Project will be
procured domesticdlly, whereas the skilled labor required will be
obtained internationally as well ‘as'domestically.

In the economic analysis, econqﬁic prices or shadow prices have to be
identified for all the inputs. For traded goods, international prices,
or so-called border prices are used. The border price of an imported
comnodity would be its c.i.f. (cost including insurance and freight)
value at the Dakar Port plus  local transportation cost. Flnanclal
costs of imported goods often include duties and-taxes; which are
regarded as transfer payments from the viewpoint of national economy.
- The Project, which is likely to be financed by a loan from a bilateral
or international financing institution, will be exempted from all such
payments and thus, financial and economic costs for imported goods forf

investment will be the same.

SEHELEC receives a "subsidy" for its import fuel oil. The *subsidy" is
derived from the surplus of the so-called "stabilization fund," whose
purpose is said to cross-subsidize -petroleum product prices, and
possibly from excess profits from the refinery. 1In our study, we
regard the "subsidy® as an excess profit charged on the imported oil by

the government, and thus do not consider it to be a transfer payment.

Both non-traded goods . and labor need to be shadow-priced. Costs of
none of the non-traded goods consumed by the Project are comparatively
large. Therefore, for simplicity, we use a single factor to derive
shadow prices for all the non-traded goods. This factor is meant to

serve as an average of the conversion factors for varlous non-traded

agg

As far as the fand is concerned, the Project is not required 1o aoquite any land, since a part of an existing power house at
the Bel Air plant site accommodates new generation vnits. Strictly speaking, the Project has to "pay® the cost of the land
(or the space)} which is made available for it. However, because the cost of the 1and would be a negligible f1action of the
tolal project costs, and because the {oregone cost of not usiag the land for ather purposes (i.e., ¢oonomic cost) would be
insignificant, the land cost is disreganded ia our analysis. ' '
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‘goods.> Labor is usually divided into ékilled and unskilled. The job
market in Dakar and its surrounding area is not very tight evea for

those skilled workeérs who have merely compulsory education or primary

~ job tralning. Therefore, what the Project pays to skilled workers it

employs would basic'alily reflect the opportunity cost of those workers
(to the soclety) in the absence of the Project. Unskilled labor, on
the otheir hand, 1s clearly in éxcess in the labor market. Unemployed
unskilled labor may collect firewood which can be sold at the market to

‘coihpensét'e a part of the economic loss of the day resulting from not

being employed. Based on those observations, appropriate conversion

"factors for skilled and unskilled labor will be determined. Financial

costs for local-currency, investment components include a 20-percent
VAT. This transfer payment must be substracted for the economic costs

of those components.

' Benefits.

Regarding the benefits of a project, we first have to identify them,
and then assign prices to them. Benefits can be direct or indirect.
Pirect benefits can be defined as an femediate gain to those who
‘acquire outputs of a project, and indirect benefits as a gain not to
them but to the society. In this study, we limit the benefits of the

'P'roje'ct oﬁly' to direct benefits, because of the difficulties of
- measuring indirect benefits, and because of a general tendency that
" indirect benefits are not significant enough to affect a feasibility

‘judgement for a project in question. It is important to note that in
b'ene'_f'it-cost analyses or project feasibility studies, benefits can be
costs saved, since the net benefit is total benefits minus total costs.

Direct benefits deérived from indlvidual components of the Project are

as follows. The benefit of Component 1 inc_l.udes‘(l) the consumption

This factor is called standard corversion factor (SCF), and compated by the following formutar

M+X

SCF= ey + (KT,

where;
M cif value of 1mporls

: fob value of exports.

'Tm all taxes {dulies) on imports -

+ all taxes {subsidies) or exports .

By applymg the relevant slahslncal !'gures for 1991 (m b;lho:: FCFA), SCF is computed as follows:

- 627 B+431 1 i
B T I T U RS (T OE T R
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benefit of the additional electricity made availaple by the investment
(i.e., a net addition ofkenergx supplies), and (2) fuel savings by
displacing relaiively_ingfficient_generation units. The benefit of the
Component 2 consists of (1) the consumption benefit of the electricity
that would be continuously lest or unserved due to outages under
existing conditions and hence would not be made available to consumers
An thé absence oﬁithg reth;li;ation_vork;andﬁ(Z) generation cost
savings due to the reduction of the total  generation requirements,
.which results from, the reduction of transmission loss by the voltage
boosting of some feeders from 6.6, kV_ to 30 kV. The benefit of
. Component .3 is the;consupptionﬁbgnefit_customers‘newly connected under
the Rrojecp will receive by being connected or. being satisfied with
_thgirﬁpogeg demand. l
Consumption benefits can be measured by!what 1s called "the willingness
to pay of the consumers for the good concerned' And the best measure
of the willingness to pay is often the market price of the good.® 1In
this study, we use the prevailing electricity tariffs as an indicator
of the will1ngness to pay for the benefits of Components 2-(c) and 3 as
well as a part of Component 1, which is concerned with a net addition
.of supplies. Although the collection rate of electricity bills in
Sehegal is by no means satisfactory by the international sfandard, it
_ is considered to be high enocugh to. judge that the level of the
~willingness to pay;for:electricityjexceeds.the_current tariff rates.
In measuring the benefigg of Component 2-(a) and a part of Component 2-
{(b) invelving the consﬁmption benefit, we estimate the level of the
willing' to pay to aQoid: interruption of power service ‘due to an

outage.’,®?

The benefit arising fuel or generation cost savings, which
a part of Component 1 and a part of Compqnent 2-(b) are concerned with,

is measured by actual fuel costs.

A consumer’s willingness to pay is at least as high as the market price; otherwise he would not purchase the good in
question. The difference betweea the willingaess to pay and the markct pnce. is pa !cd th: qoncumer surplus

Components 2-(2) and 2-{b) aim 2t the reduction of outages through ‘the replaéemeﬁ! ot eqmpmcnt and the instatlment
of undzrground cables. {Component 2-{¢), which involves exlensive rehabititition woiks on the J.s!nbuhon nReworkin some
areas, is rega:dcd as construciion of new dlslnbulmn I‘acsl:ucs as found In Compoacnl 3)

'lo mcasure us‘denllal outage oosls netincome cammg rates are oftcn used wnh an assumpnon that all electricity is used
for productive purposes. Theé willingress to Py by Industrial consumers is associated with the losses incurced from 2n
interuption of production activities.” - - I
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‘It’ must be noted that the replacement of overhead lines by
comparatively costly underground cables (a part of Component 2-(b) and
a verj'shalt'ﬁortidn of Component 2-(c)) is mainly for aesthetic
purposes, and its contribution to the increase in consumption benefit
in the form of reduction of outage costs is minimum. This project
" element is designed simply to be in corsistent with the relevant policy
" of ‘the city of Dikar. For this reason, basically, no opportunity costs
" are acerued and therefore it is not necessary "to include the element

in the computation of the EIRR of the Pro;ect

'11:2  Financial ‘Analysis

V.o

~In this section, we éxplore fihahéiai‘implicétioﬁs of the Project for the
"prOJect propbhent, namély, SENELEC Pirst, we analyze the existing tariffs,
on ‘the basis of “which the Project’s financlal’ benefits are determined.

Secondly, ‘the financlal p0§1t10n of 'SENELEC is reviewed. Thirdly, the FIRR
of the Project is cdlculated to' assess the financial profitability of the
Projeét; Fourtﬁly; .thE‘Projéct’s cash in- and out-flows are projected with
the impact of debt financing taken into account. Under assumed financing

scenarlos, the FIéR on the equity invested is computed and the debt service

. coverage. is assessed The debt service coverage is an important index to

measure the financial soundness of a project, particularly from the lender’s

viewpoint.

- .11,2.1 ... -Tariff Analysis

Current tariff ratee aré determined based on the long-run marginal cost
pricing. The average sale price of electricity (i.e., the sales revenue per
kWh of billed consumption) was 69.9 FCFA/kWh for the Dakar and interconnected
systems in 1994. Present tariff rates are felt to be very high by medium
income households, as the bills for electricity are  estimated to be

approximately 15% of_thelt disposable incomes.

Tariff. structure PN
Tariffs are differentiated first by voltage levels--low, medium, and

high voltage levels (see Figure 11,1). Low voltage customers consist
of three customer categories—~doméstic, non-domestic (or professional},
and street-lighting.” Domestic customers are divided further into two

categories~-special (for those whose service load is 5 amp, maximum

it=1



each) and general. Non-domestic customexrs consist of those whose power
demand is less than 32 kY each, ard whese bills do not specifically
include a peak demand charge (or a fixed premium) and the others with %g;
a fixed premium being changed.

 Medium voltage customers are divided into three groups depending on the
total yearly hours of use-ésﬁort-hodr use, general, and long-hour use.
Gustomerslclassified as general are expected to use electric power for
1,000-4,000 .hours a year.

High voltage customers consist of three industrial entities, namely,
TAIBA (& phosphate plant), SOCOCYM (a cement plant), and ICS (a
chemical plant). Different tariff rates are applied to the last one,
as it has a special agreement with SENELEC, under which it can sell its
excess electricity to SENELEC. _ The total power demand by the three
establishments was approximately 45.5 MW in 1994, The number of
customers, the sales revenue, and the electric energy consumption by

respective customer groups are exhibited in Appendix 1l.1.

Special

—{-bomestic' '

General

&

Without fixed premium

— Low voltage Non-domestic’

With fixed premium

r‘

18treet lighting

Short-hour use

[ 1

General

Medium voltage

Long-hour use’

General (TAIBA and SOCOCYM)

Lf{;ﬁgh voltage }4

fe B ¢

. Fig. 1.0 - Tariff: Structure
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Tariff level

Tariff rates were revised twilce in recent years (see Table 11.1). The
revision made in 1991, by which only energy charges were changed, was
due basically to the sharp decline in the world oll price since 1986,
The revision in January 1994 reflected the change in the fixed exchange
rate against the Frénch Franc (FF)} which was put into effect in that
month, and in which the local currency of FCPA lost half of its value.

The tariffs for low voltage customers are characterized basically by
declining three blocks with or without fixed demand charges, and those
for medium and high voltage ones by separate peak and off-peak energy
charges with fixed demand charges. The majority of households pay
about 115 FCFA/kWh for the first 20 kWh of the consumption of the
month, 83 FCFA/kWh up to 49 kWh, and 59 FCFA/kWh for the consumption
over 49 kwh.

As mentioned earlier, current tariff rates are based on the long-run
marginal cost pricing. Although SENELEC updates a medium-term {5-year)
system expansion plan every year, peak démand charges of the present
tariffs are determined not by the discounted, estimated capital costs
(of that plan) in relation to the discounted, projected peak demand
1ncremen£s, but simply by the annuitized, per-kilowatt investment cost
of a 21MW gas turblne. This practice, according to SENELEC, is
attributable to an assumption that the peak demand will continuously
not be met in the immediate future. 1In computing the annuitized cost,
SENELEC assumes a discount factor of 102 and a life expectancy of 20

years.?

9.

SENELEC cakulates the annuitized generation capacity cost including C&M at 54,700 FCPAXWAtar in 1995 price,
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.. The marglnal cost for the generation capacity is distributed to both
- peak and of f-peak hour uses on the.basis of loss of load probabilities

(i.e., probabilities of the system’s failing to meet power requirements
during peak and off-peak hours). Customers at each voltage level are
charged with only upstream costs for the transmission and distribution

capacity. - The coincidence factor (i.e., the probability of the power

i -use during ‘the system's peak hours) of each voltage level is estimated
_at 100 percent for HV and 752 for both MV and LV.

r

‘The energy charges of peak and off. peak hours are determined first by
..computing the marginal energy costs of different hours (a day is
. divided into. 7 different hours or time zones), and then by computing
. the.-average of the marginal costs of peak hours. and that of the

marginal costs of off peak hours.!® Peak hours are from 7 pm to 11 pm.

It -is estimated that the peak-hour energy use among different consumer

- categories varies In a narrow range of 14-18 percent of the total

energy use, -.The.corresponding figures:for the domestic consumers are

- 232, 26t and 511 for the first, the second and the third steps,

respectively,!! . The system loss was 23.5 percent in 1944 (see Figure

11.2), In determining actual peak demand and energy charges, various

- ad justments were made. in strict marginal costs, .with socio-economic

considerations.

-Generation -->|Hi h__- -->|Medium = |-->|Low )
L r {voltage voltage . |voltage
Loss factor B .‘61 1y 6z 102
(Cumulative) R - {2.5%) {13.52) (13.51)
Figure 11.2 System Loss (1994)

' The taxes collected on the sale of electricity are important revenue

sources for both central and municipal governments. The value added
tax rate is 10 percent, and the munlcipal tax rate 2.5 percent. The

latter  tax 1is not’ applicable" to street 1ighting. for which

municipalities are responsible.

L.

11

_ Cureent marginal eneigy costs are approgmated ay; (1 bareed of cmde oil = bSSlS, 1US§ = 528 FCFA)
" peak hours: 4426 FCPAAWh )

off-peak hours: 23 M FCPAKWD
The above figures correspond to the fi t'gures ongmalry gntn bySB\E.LLC, which were based on the cxchange rate of US§1
to 300 I-CPA——-ZS 15 FCFAZKWh for peak hours and 13.49 FCFASKYh [or off peak houss.

These ectimates as well as the colncideace factors referred Lo earlier are desived fron 2 study which was carried outin 1985.
We expect that no significant changes in them have otCured.
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- Expenditure on electricity in relation to the net household income

The household electrification rate remains low in spite of the fact
that no fixed monthly demand charges are asked, and that the initial €§
- payment (in the form of deposit) required is kept lower than the actual
hook-up cost. It is safe to say that current electricity bills are
heavy for most households. No statistical data are available on the
household income distribution or the medium household income. There
are approximately 200,000 wage earmers in thée country, among whom,
66,000 are employed by the Government. Tt is reported that workers in
the private sector are paid often twice as much as their counterparts
in the public sector. Monthly salaries of high-ranking government
officials are around 150,000 FCFA. The minimum wage is 183 FCFA an
hour, which is equivalent to approximately 35,000 FCFA a month. Gilven
a general tendency that the medium income 1is lower than the mean
income, the medium household income 1s estimated at 50,000 -
60,000 FCFA a month, about 20 percent of which 1s deducted for income

tax. We roughly estimate the averdge expendlture on electricity among

i -medium income households at 6,500 FCFA a month, based on an estimated

90 kWh of monthly consumption per household. Based on these 5@
approximations, the ratlo of the expenditure on electricity to the net

income is calculated around 157 for medium income hpuseholds.

Average tariff rate

The averagé sales price pér kkWh of energy sold was 69.9 FCFA in 1994,
as shown in Table 11,2, (See also Appehdix 11.1 for originél data on
sales record.) Considerable changes in the per-kﬁh revenue are
observed for 1991 and 19%4, when tarlff rates were revised. Otherwise,
the average per-kWh tevenue would have fluctuated little. The figure
of 69.9 FCPA/kWh includes both demand and energy charges, and dees not

include any taxes charged to customers on the sale,
As compared with the average tariff rate of-69.9 FCFAJkWh, the marginal
cost of energy including the kWh-eguivalent capacity cost can roughly

be estimated as follows:

1. Capacity cost for generation including O0&M: {see page 11-9) i&
54,700 FCFA/kW/year
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7.

Assume the ratios of the capacity costs for generation,
transmission, and. distribution at: ' . 60% : 107 : 30X

Then,
{1} capacity cost for tramsmission : 9,117 FCFA/kH/[year
{2} capacity cost for distribution : 27,350 FCFA{kW/year

At.an estimated load factor of 70f and a total system loss of
23.51 (1nbluding a station use of 6%, a transmission loss of
7.52; and a distribution loss of 102)*%, the total marginal
capacity cost is equivaleﬁt to 1 18.34 FCFAjkWh!?

Estimated marginal energy costs t+ {see page 11-11)
(1)  Peak hours - 44.26 FCFA/KWh
(2) Off-peak hours 23.74 FCFA/KWh

At an estimated ratio of the peak hour energy use to the off peak
use of 20 to 80%, and a total system loss factor of 23,51, the
"average® marginal energy cost is :  36.39 FCFA/kWh

Thus, the total marginal cost at consumer-end is estimated at:
54.73 FCPA/KWh (=18.34436.39)

* Assume kW loss factors are equal to these kWh loss factors.

i v

(53,700 ¢ (1-20.59) + 9,117 £ (1-135%) + 27,350 + {£-109)) + 8,7 60 + 20% == 18.34
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Table 11.2. Average Energy Consumption and Sales Revenue per Connection {1988 - 1994)

Dakar and Interconnected System @
_ (MWh)
Average energy consumplion poy connegtion 1988 1989 1990 1991 1992 1993 1994
ALV . .19 sl sl T L 1.27 134 1.3
" Dormestic 1.05 1.09 1.07 1.06 1.07 LIS 112
General - S kY ) R 11 I 1.24 1.24 129 1.22
Special 0.48 042 0.46 0.40 0.41 0.51 0.57
Non-domestic 176 178 1.82 1.62 1.91 1.50 1.85
Strect lighting - - : -7480) - 1006t - ns3s]- - s282{ 12381 12077 12246
B.oMV ' “3a84] o388 3348l 3668 4212 3817 4109
C. Hv 1 $6.254.0] 53969.7] $3.0443]  $32513] 620363 532167 53,3037
Total 3.1 3.6 35 3.3 35 32 3.2
ot e e iy " (CTAFAWH)
Average sales price, i 19388 1982 L1090 - 1991 - 1992 1993 1994
A. LV 70.2 X R 69.0 65.4 65.3 79.8
* Dornéstic - 65.2 65.5) 2] - 645] 60.6 600 728
General 618 65.0 72.2 63.5 60.2 59.5 725
Special 68.1 70.3 N6 75.9 65.1 65.1 15.6
- Non-domestic - - o848 o4z oosas| - 822 8.7 186 989
Street lighting . 796 152 192 . 15.6 65.5 713 869
B, MV C602] so6] - ¢ oe32] o 382 53.4 s63] . 69 %
c. 1y 40.6 .0 826 413 31.8 387 511
Tod ' 58.5 53.8 s28] 498 54.0 564 699
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It is estimated, based on the data given by SENELEC, that the average
sales price-is higher than the marginal cost (to supply additional
. one kWh of energy) by 15.17 FCFAfkWhi3,

Power demand charges, which appear in Table 11.1 as fixed premium, are
somewhat lower than the marginal capacity costs calculated above, even
with the coincidence factors taken into account. This is particularly
true for LV consumers, as the monthly marginal capacity cost at LV is
estimated at ‘112,432 FCFA/kKW.:- On the contrary, energy charges are
‘grossly higher than the estimated marginal energy costs.

. 1t appears that not only because the current tariffs are unlikely to be
‘underpriced - but also . becaus¢ they are felt to ‘be high for most
households, “it is not easy for -the Government to ralse the current

“tariffs.  In this study, we assume no increases in the tariff rates in

" the future.’

o

11.2.2 - Pinancial Position of SENELEC

As part of the assessment of the impact the Project on SENELEC in financial
terms, we review the financial position of SENELEC in recent and forthcoming

‘years. Appendixes 11:2.1 to 11.2.3 exhibit income statements, balance sheets,
1,jand funds flow statements of SENELEG, both actual and projected; for a period

between 1988 and 1998.

. Appendix - 11.2.1 shows income  statements. = Until 1993, the total revenue

i :increased at a slower rate than the total operating expenditures, and, as a

result, the interest was not fully covered by the operating.income in 1992 and

11993, The increase in the .total revenue markedly surpassed that in the total

expenses in 1994. Between 1994 and: 1998, -the total revenue is expected to

grow only moderately at an average annual rate of 4.8% (or from 62 billion

“FCPA to 75 billion FCFA), as compared to 6.6% in the previous 6 years. At a
-projected yearly increase rate of 5.9% for the total operating expenses, the
‘net operating income is expected to decrease slightly to 8.9-billion FCFA in
;1998 from 9.4 blllion ECFA in 1994, BecaUse.of.the;improvement in the non-
¢ operating -income, which is currently negative, the net income before provision
~-(special tax% exemption) is expécted toirise to some extent, from 1.9 billion

13. As discussed Jaser in this report, customer ¢0sts, both recusrent and non-recurrent ones, are aot specifically charged, and
therefore they have 1o be covered by a part of the power demand and energy charges.
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FCFPA in 1994 to 3.4 billion FCFA in 1998. However, the net income after
‘provision is expected to remain negative, -since not only the interest but also
the provision will rise significantly. The provision, which is a 5 2 of gross
fixed assets in operation, is designed to be reserved for future funding of

- capital projects.

Appendix 11.2.2 exhibits balance sheets. The total fixed assets increased at
a rate of 7.6% a year during the intervening 6 ysars between 1988 and 1993,
- The corresponding rate during- theé subsequent 4 years is projected at 7.3%,
The total current assets decreased slightly from 29,5 billion FCFA in 1988 to
28.7 billion FCFA in 1993, and is expected to remain at a similar level until
1998.  The total assets are projected -at :204.5 billion FCFA in 1998, as
- compared to 182.3 billion FCPA in 19%4. During the next 5 years from 1994,
the total equity is expected to increase only by 18 billion FCFA, as compared
' to the Increase in the total long-term debt of nearly 40 billion FCFA. During
the last 6 years until 1994, the total equity decreased from 56 billion FCPFA
“to 51 billion FCFA, whereas the long-term debt increased by 14 billion FCFA
from 31 billion FCFA to 45 billion FCFA.: The total current liabilities is
expected to remain around 20 billion FCFA in 1998, as compared to 27 billion
FCFA in 1993, and 24 billion FCFA in 1988,

The current ratio (l.e., a ratio of current assets to current liabilities),
which i1s a liquidity measure, has been low, in a vange of 1.1 to 1.4; and the
ratio is expected to remain at the same level in the near future. It is also
important to note that about a half of the total current assets is receivables
which includes possible losses on customer accounts. ‘Currént assets may need

to be increased. SENELEC does not anticipate any direct subsidy from the

Government of Senegal (G0S) in the near future. The debt-equity ratio (l.e.,

the total debt divided by the total equity) is expected to rise by more than
20 points from 682 in 1994 to 912 in 1998,

Appendix 11.2.3 shows funds flow statements. The net internal cash generation
(NICG) will continue to be far:short of meeting capital requirements. The
difference will be financed entirely by long-term borrowings. - The capital
requirements during the 4 years from 1994 to. 1998 is projected at around 100
© billion FCFA in total, as compared to 40 billion FCFA,during the preceding 4
years. (A cumulative inflation of 27,31 is projected between 1995 and 1998.)

11-18
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.It: is anticipated that the debt service coverage ratio (i.e., the ratio of

cash generation to debt service), which fell below one in-1993, will recover

to 2.0 in the near future.

The average net internal. cash generation (the average NICG) is a value
obtained by dividing the capital expenditure of a year concerned by the

‘average of the NICGs of three years in¢luding that year and years before and

after. This value indicates the self-financing ability for capital
investments. In the past, the average NICG often fluctuated significantly and
was generally low (e.g., 4% in 1992 and 197 in 1994). In the future, the NICG

1s'expected to cover about a half of capital needs in the near future.

It is not likely that the SENELEC's financial position will be improved much
in the foreseeable future. As discussed earlier, tariffs, which are
determined on the basis of long-run marginal cost pricing, are felt high for

most customers. It is not reasonable to assume that current tariffs can be
raised substantially in the near future., On the other hand, SENELEG needs
urgently to expand or improve its facilities to cope with increasing demand
for electricity. To improve its financial position, SENELEC may need to

improve the operation efficiency.
11.2.3 FIRR Analysis

After calculating the Project’s benefits and costs, the FIRR of the Project
will be computed and then tested for sensitivity. The FIRR of the equity
invested in the Project will also be computed under assumed financing

scenarios.
(1} Financial Benefits

Financial benefits are realized through the increase of electricity
charges to be billed and the operating costs saved, and can be
measured, respectively by applying tariffs to incremental electricity
sold and assessing the difference In the operating costs between the
swith Project" case and the "without Project® case. A reduction of the
number of outages and the replacement of deteriorating equipment by new
one, which Components 2 and 3 are concerned with, will certainly raduce
the maintenance and labor costs, However, because of the lack of data

available regarding the O08M costs for distribution capacity, this

=17



benefit can not be measured. The benefit is minor, compared to another

benefit, namely, the beneflt expected from the reduction of sales loss.

Financial benefits of the individual components of the Project are

- identified as shown in Table 11.3.: All the benefits are measured (or

monetarized) - by. the  existing  ‘tariffs ‘and. actual fuel costs.

"Assumptions concerning the quantification of the benefits-are stated in

" the table.
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Table 11.3

_Project’s Financial Benefits

Compénent

Benefit

Measure of
benefit

2-(a)

: 2-(bf

{Addition of 10 MW generation capacity)

Incremental sale of power and enefgy: net
addition of supplies :

The plant utilization factor is expected at
75%. w1th an assumed load factor of 682 and
the. system loss of 212 including 3,51 for the
station use, . an additional 47.1 MWh of enetgy
will be sold annually .

Coét'ééféd- fuél‘savings'

The fuel cost.of the'least efficlent
generation units 1is approximately '

18,24 FCFAfKMh.  The total ‘energy produced for
this purpose is approximately 6.1 MWh a year.

(Repiacementfof oircuit breakers)

Incremental sale of energg: reductlon of
unserved energy. -

Effeot'wiil be”nostly‘on the 6.6 kV netwotk.
and, outages: which are attributable to the:
fault of equipment or the default of

1

| protection will be reduced by one-third. ?he

energy loss due to the outages concerned
totaled to 67,824 kWh in 1994 (see Table
11.4). About 202 of 311 the consumers wlll be
benafited.

‘(Replacement of 6.6 kv overheaq lines by

underground cables and voltage boosting)

Inciemental sale of enerpy: reduction of

unserved energy by replacing deteriorating,
lineS' s

The same as Component 2-(a).

Cost saved: voltage boosting

This component affects approximately 30
percent of the transmission grid. The
transmission loss at medium voltage is
expected to be reduced by 1.51 from the
current level of 6¥. Accordingly, the total
generation requirements will decrease, hence
reducing the total generation cost.

Tariff (energy
and demand
charges)

Difference of
fuellcosts

Tariff (energy
charge)

Tariff (energy
charge)

Fuel cost

YESCE




Component

Benefit

Measure of
benefit

2-(c)

(Intensive rehabilitation of the LV network in
S0Me areas) .

Incremental sale of power {capacity éhafge for

distribution facilities):

This component covers the replacement of
deteriorated distribution facilities in some
areas, which otherwise would cause
interruption of power supply at any time. The
extent of the rehabilitation work required is
so intensive that the component is regarded as
a renewal of entire distribution facilities in
the areas concerned. 1In the first year,
approximately 1,500 households and 75 strect
lightings, and in the second year 2,500
households .and 125 street liphtings will be
benefited. For the third year and thereafter,
the number of household customers in the areas
concerned is projected to Increase by 52
annually whereas no increases are expected in
the number of street lightings. Without the
Project, none of the new customers would be
satisfied with their power demand either. The
average power demand by household, and that by
street lighting in 1994 were estimated at

300 W and 40 W, respectively. The annual
average demand increase is projected at 31 for
households and 0% for street lightings.

{Expansion of the distribution

network)

existing

Incremental sale of power (capacity charge for
distribution facilitles):

Customers newly connected will include 3,000
households and 150 street lightings for the

first year, and 2,000 households and 100

street lightings for the second year. The:

same assumptions that are used for Component
2-(c) are applied for the annual percentage

increases in the number of consumers and the
power demand.

Tariff (demand
charge-portion
for
distribution
facilities)

Tariff (demand
charge-portion
for -
distribution
facilities)

11-20:



0T ¥ETOT %001 08t SOv OO CLEOLT  BOOT o<y £9% . WOOT STl %008 glg

o ™),
zee %85 0EVT6 WL BT| 662 %I TOL W ¥E| &K L w1 w497 O
599 BIY vRLe LT o1 £<6 *BE 1L6Y9 BT %) 6¥9 : 6T PITEE -\ 4 mo-qng )
LLl %5 oL Bl ir £06 %L1 SRL6L %8 £e 1§39 " %01 T Bl 34 vonaatosd Jo ymesxy 7
£66 %8t £55°09 %91 19 $00°1 %1T £81'sE %48 £t BiL %ol st %5 o waednby joaet. 1 -
) WORIN A9
o1 FOOT  QLTOST  w0OL s +89 %001 Tleese w001 ¥9s LA BOOT  GETETL  HOO! £6T moL -
sor BYe  SOS09T %L psE k544 BIS  ISLIT  BIR oLy 6L8 %8S YIR'08! BbL LT RO e
PES 5oL SOL68 8T st 1609 vy 991891 Bll 6 R ¥ SLYBEL 9T oL raorqng
00t %1t 1187 %Ll K £6% k- 12808 %6 47 89 %8 ZEEET Bel e vopomed Jo HeRT 7
ovo't %BST_. PEETY. W e sLTe oL CPTLEl %L red 6T Bre  EPTEIL BEI 6 wowdinba jo neg 7 _
! HIOMIIN A OF
(YA DOTINOATIND YA R (AN S9NOpAGIND L om.s:o (UAY) QERINC/ATIND Tl - uuﬁso; 23mn0 Jo osmey
paassun Hiesony ASI00D pOASISUL . Jo adquunn paamsun d3eday - ATIGY PO . Jo pawaN poasIsun SITIAY ASroud paasdsun Jo oguInyy o
PO61 £661 661
(P661 - T661) PIOITY AZI0uT PIAIISUL) PUR SUINO  H'11 qRY, -
. JEa e
@ e o

“11-21 -



(2)

Financlal Costs

The Project's costs consist of capital costs, and operating costs or
operation and méintenance {O & M) costs. O&M éogts are classified into
two cateporles, namely, fixed O0&M costs and variable 0&M costs, the
latter of which include, in this study, fuel oil (heavy oil} and
lubricating oil. Viewed from a different angle, the Project’'s costs
include capacity costs for generation and eﬁergy'costs (Component 1),
as well as capacity costs for distribution (Compbﬁents 2 and 3). (See
Figure 11.3.) ' s

Capital costs -———7;~—%~ ~JCapacity costs

Total
cost

project

Fixed O&M costs|

Operating costs

Variable O&M ©I——{Energy costs
L—costs : .

Capacity costs {includ- Generafibn Component 1
ing fixed O&M costs) . —

—.Transmission .

R I A IR AR BT A

Total
costs

and 3

project{— , ——{Distribution —}-Component 2

H Energg costs
(as variable O&M costs)

B T T T T T P I
- Customer costs . . Hook-up and other .

R B R N N I N B R S B R L R I e L B R B A A A A

L R I I N I I I T Y A A

.Metering, billing and
.other recurrent costs .

Qlll'.ll.'.llll.ll..'ll...

N

‘...t Not included in the Project

Fig. 11.3 - Cost Classlficatioq

Capacity costs

Capacity costs 1nclude capital costs and: (annual) fixed OsM costs. The
capital costs réquired for each component of the Project are exhibited

in a table in the preceding chapter. Based on the SENELEC's operating
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costs record and our data, thie following percentages to the total costs

. of equipment and installation are assumed for the annual fixed O&M

cqéts_qfés MW generation units (Component 1) and those of distribution

faciliti¢s (Components 2-{c¢) and 3).

. Anﬁual fixed O&M costs of 5 MW generatlon units :;31
1

"Annual fixed O&M costs of distribution facilities : 22

'

'

?It must ﬁe noted that Cbmbbnéhté 2-{a) and 2- {(b) db not require any

incremental fixed O&M costs, as no incremental cap301ty charges (power

; demand charges) are included in the benefits of those componeuts The

~costs of individual components are exhibited in Table 11.5.

Table 31.5 Project's Costs

Component | '~ 7 Cost

1 Capital costs
Fixed O0&8M costs
Energy costs (as variable O&M costs)

2-(a) Capital costs
2%(b) Capital costs
2-(c) Capital costs

Fixed O&M costs

3 Capital costs
Fixed 0&M costs

Energy costs
Since February, 1995, SENELEC has been authorized to procure fuel oil

fram the internatiqqql market by itself. Formerly, a refinery company
named SAR, which is owned jointly by phe éOS and private firms, was
exclusively entrusted with tﬁe_impor;_of all tﬁe oll needed in the
country. Tabie 11.6 shows the.cosﬁ§_of dieéel qil\and heavy oil to

__SENELEQ_since January 23, 1964, when the local currency of FCFA was

devaluated to half against the FF from 50 FCFA to 1 FF to 100 FCFA to
1 PP, SENELEC is exempted from import duties and VAT,

o Thc calmﬁc varuc (nct spenfic cncrgy) of thc l’uel 01I cu rrt atly supphed Io SE-\'I:LLC 15 as fotiows:

’ikayml9ﬂﬁkﬁﬁg_
Diesel oil 10, 249 l:caljk £
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Table 11.6 Fuel Costs (revised on January 23, 1994)
(PCFA[/ton)
‘Description Diesel | Heavy oil
1.|¢rude oil and SAR's charges 113,068 51,900
2.|Port storage and handling charges . 28,267 12,975
3.|Tax base for import duty (1+2) 141,335 64,875
4. |Import duty (3x201) 28,267 12,975
5.|8tate subsidy to SENELEC (as a non-transfer -28,999 ~17,420
payment}
6.|SENELEC's cost (3+5) 112,336 47,455
7.1SENELEC's cost if import duty included 140,603 60,430
(446)
8.Ihistributor’s charges 119,047 4,547
9. (of which transportaﬁion cost) 1,797 1,797
10.|Tax base for VAT (6+8) 131,383) 52,002
11.|VAT (10x20%) 26,277 10,400
12, [Total cost to SENELEC (6+8) 131,383 52,002
Source: SENELEG.
The change in the oil prddurement system is not expected to bring down
the oil prices for SENELEC substantially.!®> It is reported that the
fees to procure oil from the international market charged by a new
‘agent (supplier) would not be much different from what SENELEC pays to
SAR, if the state subsidy is taken into account. We assume that the
SENELEC's oil purchasing priceé will not change in the future.
The variable O&M costs for Component 1, which cover the fuel oil and
the lubricating oil costs, are computed as follows:
15. It is reported that the oil (particulatly heavy oit) provided by SAR is fow in quality. 'IM taw-quality 0if is affecting the fixed

O&M costs for generation facilities. SENELEC expects that the change in thé source of onI will reduce those cosis, expand
the economic life of gentration units, and lower the frequenq' of omage
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1. Fuel cost (Heavy oll)

1 kW = 1,000 joulefsecond
1 keal = 4,185.5 joule
1 kWh #.1,000 x 60 x 60 = 3,600,000 joule

3,600,000 _
e et 5 ~960. 11keal/kiih

Thermal efficiency = 34%

Heat rate=860‘1ﬁiﬁflfkwh=2,529.74kcaIIRWh

Heavy oil price = 52,002 FCFAfton
Heat content = 9,557'kcallkg . '

: Heat rate 2,529.74
uel sumptio te= =1 =0.2647 Wh
Fue cgn PLION 13t Heat content 9,557 2 kg/k

Fuel cost = Heavy oil price x Fuel consumption rate
= 52,002 x 0.2647 '
= 13.765 FCFA/kWh

2.  Lubricating oil cost
" Lubricating oil price = 418.037 FCFAjkg
Lubricating oll consumption rate = 1.50g/kWh
Lubricating oil price x Lubricating oil

Lubricating oil cost
consumpt lon rate
418.037+1,000x1.5 = 0.627 FCPA[/kWh

3. Total variable costs = 14,392 FCFA/kWh

Consumer_ coskts

Consumer costs are those directly attributable to consumers including
the initial hook-up cost as non-recurrent cost and metering and billing
as recurrent cost., A typical household is asked to deposit about
20,000 FCFA at the time of connection. This amount does not cover the
actual cost to hook-up to the system.!® The deposit required is kept

low to encourage peopie to hook up.

16,

Metering hardware is rented 1o consumers from SENELEC.

1f--25



(3)

The Project will result iniincreases in the number of customers and
thus consumer costs. - In this study, we assume that all the consumer
costs, both recurrent and non-recurrent ones, are fully recovered by
the initial deposit and part of monthly fixed charges to customers, and
thus that ne specific considerations are made to consumer costs in

computing the Project’s costs.
FIRR of the Project

Table 11.? exhibits annual cost and 'benefit streams expressed in
constant prices at the beginning of 1995, In the capital costs, no
price contingencies, or interest during the implementation period are
included. Also, no considerations are made regarding financing costs,
working capital requirements, or taxes during the project life, which,

similar to 1nflation, could distort the underlying viability of the
Project and make it difficultdto compare .the attractiveness of the
Prdject with that of‘oﬁhe; urgent projects. The FIRR of the Project is
computed at 14.21,‘yhgqens the FIRR of Component 1 alone is calculated
at 19.8%. A project‘is acceptable, 1f its FIRR equals or exceeds the
opportunity cost of capital (i.e., discount rate), which is a common
criterion for assessing a project. nt an assumed discount rate of 12%,

the Project is considered to be financially feasible.
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Project year
Caleodar year

1934 1995 15936

H
1537

5

2000

Table 11.7

13 7 8

2001 002 2003

FIRR of the Project

9 10 34 12

W4 2008 2008, 2007 003

18

013

2l

2019

Thousand FCFA
%
201 Toind

.

L Componmt T Addiden of genaation capacity

1 Total instalied capacity (MW)
1 Total opvation bous

3 Encrgy genadad (MWD)

1 Encigy sold (MW1)

A Reveroe
1 Sale of encsgy and power
1 Puelsavings
Total
B. Cost
1 Capitl cont
Foceigh
Local
Sub-1odal
1 Cperating cost
FucdO&M
Variable G &M
Subeicta]
Toind
C. Net benefi (A - B)
D. FIRR

Adguppiions:
1 Plang utlizvion facioe

3 System hosd (including station uee}
3 Taniff {(denand snd energy chovges)
4 Annuad ied O &M

3 Variable O & M (Fuel and bl oil)
& Econemic 1ife

[GURESN )
11935
10,455,524

10
£3710
65,700
3.903

1,389,405

29,308

3

M5
11351

191,623
945,20)

0 1,137,051
10,455,531 1,415,401
210,463 525 1,902,311

19.8%

{ 5% includih;l &8 i

11 %] For the fuel xving of

N
£ STFCFAAWY

1339) FCFAAWR
20 yenrs

%{ lct met addition of supplics, and
Y S FCFAA WD

10
£330
65,700
51,900

3,259,405 3,289,405 3,789,403

29,308

35T A M8 )38

191,623

3% of the equipinent&inutallation w:ud £.337,6000 thouvnd FCTA

1 1%

6520 6570 6370
£5,300 65,300 65700
5190y 51903 51003

3,239,905 3282,405 3289405 3139405 3,233,405 3,239,405

10 10 10 4]
530 6510 4330 6510

85700 65,700 65,300 65300 65,300
51,903

51503 35901 51903 51503

3308 23308 20308 29308 WS NS a0

1514623 191618 191528
945423 915233 5423 915433 945423
1,437,650 1131051 1,137,631 L130651
1,131,051 1,17.081 1,137,051 L1105
1180661 1131661 LIBLESI 2,181,681

3318, 702 3318702 18,752 318,712 AN TIT 35500

1,137,051 1,132,051 1537051 1,132,051 1i31,051 ),130.651
1.037,051 1,132,051 L1IR0S1 1,132,051 1137051 1,131,051
281,661 248661 2,181,661 11816561 L181.66% 2,131,651

191,638 191628 191628 191628 191623
GI54%3 945423 G542 4541} 94543
1,137,054
1,132,051
EALIRY]

3,259,403 3286405 3,299,405

13I8, 338,712 38,712

1,132,051 1,137,051 1,137,051
1,132,051 1,132,051 1,137,051
2180661 2,181,661 2,181,651

10
6,570
65,100
31,903

1.289,40%
%38
13LT2

191628
915,423
1,137,051
1,137,051
2,131,681

1,137,051 1132051 1,137,051
1,132,655 5,132,051 1,107,051
2085851 181,651 218166t

65,788,091
536,453
66,314,243

10,125,370
358,007
10,744,971

3,831,560
13,993,160
100
3,485,891
32888351

1. Cowpoaent 242} Replicement of circuit bcaken

1 Reduced loss of eacrgy (KWE)

A Revepue
Sale of energy
B, Cost
Capital cost
Foceign
Local
Bul-total
C. Nt bepefu (A - B)

Assumprions:
1 % ofconswners benefitad

2 & of cutges avoided which we atributable o

4512 4718 1535

173510
2400
1M
-151,314

| ml
__31%|(=13)

e Taolt of equipument or the dclali of protecrion
3 % pacxe of avenge Mnunl eocigy cCORswnLN i_ S%I

4 Econaunic 1ile

Note

1 Erfect will be mostly onthe § 61V natnork.

25 yens

2 Encrgy kst due 10 e oulages concemned Noounted 1o 67,321k Wh in 1594,

5.4

1300
1.0
-1.035

605%

2

421

£,352 £.630 FAdL)

5 47

15 157

1365 113 4,120 8351

5i5 1 558 356

515 N 568 598

1436

e

93

14583 53

1019 1010

101y 100

1217

1607 1688F 259,352

1,134 1,180 17,451

11390
11,301
188,110

M 1180 170,48









Thousand FCFA
F1) H 5 %
Project year 1 2 3 1 3 & 7 H 9 1¢ 13! 1 1} " 15 16 17 11 1% 1 k3| n
Ca!n-fd\r;c.xr 1994 19935 1596 19457 1995 199 2000 2001 2001 2003 2004 2005 2008 20y 003 W 2010 208 Fol 1 2013 2014 45 2016 017 2018 2019 020 2011 T
L. Componcut 2403 Replvenent of .6 XV overbesd lines by underpround eables, and vollage booeting of tome feeders fro SELV 230KV
1 Reduced Joss of coergy (KWh) 45 4748 4535 bJLE] 5,498 BN 6,059 6361 6,550 1014 7,358 1 3,120 8526 8952 9400 9810 10364 10FS2 11426 EFT 13397 13227 13488 14383 15312 16071 16881 259352
(doe 1o the outage 1eduction)
2 Reducilon of generdion 1equireinents
{due10 the voltage boosting for soune feeders)
1 Tolal geneqvion requirements withoot Project (GWh $50 1024 10 LIS LIS 1 1,216 1334 133 1,456 1332 1.5%0 1,662 1 1815 1897 1,032 m 2169 2362 3363 3470 2581 2f91 2418 !.35 3078 36 s
b, Reduction of gensralion requirersents (MWhy 503 5259 396 534 £001 8204 £554 6319 1157 140 1515 8,167 8535 1913 9320 9739 10078 10636 ILMTE 1161 12137 12633 13254 13330 MaN 114176
A. Roveaue
1019 1070 1M 1,130 17,462
1 Sak ofeter 356 34 403 424 EELY 487 490 545 541 558 396 625 £57 [29] 14 761 s £3% §31 925 L2 k . \ B f
2 Rﬂluclionoﬁo!nl;mﬂ.\lim cont 15,485 WASS 235 BEIES 90O 94071 9530% 103329 197382 w1l R 128019 133780 130500 145001  §SRESS 15953 K66 T4 17426 182054 190,248 195809 201756 NNIGS 3364145
Sub-toial 15854 70369 $AE3B EESE8 90466 94539 9§08 103344 07E92  M2IS0 NIRRT ML) 128616 114470 10524 148851 153561 180373 16154 175,141 183,007 193,263 199,830 208880 218283 3381607
B Cost
Capitad gost
Fortign 1826621 ‘{;g-:i;
Local WENS 145215 ﬂ'n'o;o
Sub-toial 131,335 145213 g n ", 'S 1
€, Nt beachit(A - BY 1,971,835 59,361 2269 81838 £6568 90856 §4510 93756 10324 J01ERT MIRIN0 1NAE2T 1MLDD 128616 134,470 130528 146857 153450 160373 167594 175040 183027 191,268 199880 208880 248283 126455
Assuroplions:
a Outage reduction
1 Tarifl (deinand and energy chuges) 65.9| FCFASWR
2 % of contwners benefired sy
3 % ol outsges avoided which are M ributable 1o 33%| (=3
ihe faul of equipment of the delauh of proteciion
& % incrence of average annual energy COMNUDP on 1 @
5 Economic 1ife 25 yes
@ b, Reduciion of gecaryion requireinents
= 6 Avenge increase in geae ration requirantnis 15%fayesr
T % of the yansmission grid affected wF
3 Transinission loss peduction 15%]
9 Average generstion cost {fuel savings only) 1$] FCFAR WY
. Compooent 34e) loreosive tchabilinadion of LY Belwork
1 Domestie
{1} Numbser of connectians benefited 1500 2,500 2,625 2,258 2,894 3,038 3,141 1350 3518 3150 1878 4072 4276 140 ERIT] 1950 a9 545 5130 §0)F  EMT 683 6965 131} 15W9
{2 Average power danand (W) 0.0 on LA 3 oM 034 035 036 0.3} 0.3% 039 L] .42 0.4 0.44 0.45 047 0.8 050 (33 ] 053 054 055 457 039 081 053 068 067
{3) Toisl povar demwd (kW) 92 LEY] N3 L34 5068 1,155 1249 1351 1386 1,580 1,709 1848 1993 2,161 2338 150 17 1957 3,198 3458 A0 4845 1215 4 SN
1 Suect Bighiing
(1) Mumber of conperrions bemefied 5 1% 133 125 125 125 125 15 128 125 125 115 133 15 128 1235 125 [} 128 14 125 128 125 115 {34
() Avernge power demand (W) 004 o0 L0 Dot 004 oM 00 .04 o o o 04 oM o 04 003 04 o0 L] o0 o Jal} o 004 004 oD 004 04
{3) Totx power emiand (kW) 3 5 3 s 5 5 5 3 5 5 5 5 5 5 5 5 5 5 b s 5 5 5 5 5
A Revenoe
Sale of power (capacity charge Tor distribution Ixcilites) 1504 35500 1895 30156 3NE01  ISME 3D 4199 545 G516 32075 55300 00BN 45833 ILIBT  TESIS  SIMT 90008 $733F 105251 113516 133081 133,100 143935 155654 1,767427
8. Cost
I Copital cont
Foteign 116250 ‘;:-;:‘"
Lecal IBA%N 39420 5"Sl16!
Svb-iotat 485711 W4 o . o1
1 O &M cesilficed) 1264 1K 1164 1264 1364 1264 1.264 1.263 1,268 7,264 13183 1.284 1368 1264 2,164 1,284 7.164 1154 1364 2264 R TS RAEL 1260 RIS 1BLE0S
Toin! BETH 48055 1460 Ta6E IS0 AL TS 6L 136 RIS R3St 1261 351 1M 1M 16 e 2 1 1A PRI BTY 5T TR ! 2 B B/ B X ST X L
C. Net beoclit (A - B) 48500 3,0 S0 M 326 2337 20§82 3084 33935 97230 085S MBI 043 3N $836% 639N 611 I59M BLME 90087 91588 106853 115817 125,835 136671 148389 1060360
Assmnpions
1 Annuadincrexse in average power danand
(V) Oonnestic %
(2) Strect ighting Ok
2 Annasl ingseaze in the munber of connestions afier 1999
{1} Domestic %
{2} Sucel Hghting (13
3 Annus] eapacity eharge for dist ution Bcilities 30,389] FCFAKW/ycar
4 Anoual O & M cost 2%] of B¢ tquipment & instalinics costs oi 353 2111 Thousand FCFA

5 Ecopomie tife

15 yeun
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Thousad FCFA

Project yewr 1 H 3 4 5 ] ? ) § 1] i 1 13 12 15 113 11 8 19 ) L} n ) i 25 %
Clendw yeur 1934 1995 1956 1931 1938 w9 0O 001 200 203 2004 005 X004 X7 2003 oY 20 2011 2011 k(115 ) Wi 2015 2016 2017 013 i 20X Wl Toint
Y. Compoteat 3 Expansion of Distibution Netwerk
1 Domestic .
{1} Total manber of connections 300 5000 5,350 550 5388 5013 6331 6,700 1036 1337 FALY L ARE] 3552 89719 9,423 3000 19395 10914 11,350 12033 10635 NLMSE S 146X 13358
{2 Averape pover demand (RW) 0.30 02) 032 N 0314 035 035 031 038 ¢33 b0 .4 0.4} R 045 047 013 0.50 [(R1] 0353 152 056 957 05¢ 0.6 08 Q85 047
£3) Total power demard (kW) ) 1688 1326 1975 2136 2310 1458 2,100 39m 3,160 3417 3,596 3991 $3N 15675 5056 5153 591 6396 6517 7481 BOO0 8.2 S48 0aM
3 Streetlighdng
(1) Totsd pumber of connections 150 25 bl 10 22} 1 0 i} 230 20 120 k) 233 e an ) 0 i 130 X ks 220 0 k34 0
{2} Average power donaad (kW) 004 o 0.01 oM oM o 004 o il o4 004 oM Q.04 [1303 ] o o oM o0k 0.04 Q04 o4 - o003 o L] oM [JuY] ot 00l
03) Tl power denand (kW) ] 10 9 9 9 L) ¢ g 9 9 9 g 9 9 9 4 9 4 9 9 9 9 ¢ g 9
A Rovenw
Sake of powa {eagacity chav ge Jor distribution Taeitivies) 30068 S1608 53,15) 602715 65,165 10455 8.025 §2,342 33.05) 96389 I N2STE 12,731 I3RS30 143337 153915 H6SA08 179950 194,617 210,350 222599 245136 266181 183 3L 353,086
R. Cest
1 Copitad cost
Foceign 1693903 1,655,903
Local 126316 126,278 252352
Sub-rotal 1820079 126178 1,918,455
1 O& Maoor{fixed) 81707 %117 28,111 26,173 W6.2177 2617 26,117 8017 BN w17 26071 281 16,117 18017 157177 W 5117 280 28311 BT ORI 677 MNT AN 26MT 665018
Totad 1822179 15305} 817 36,117 8,197 16,117 8117 8,117 2777 8.1 8,117 18,171 2811 36,777 WBIN %an ISP X 8,17 8.1 BT I 26917 8 BT 63N 281NED)

€. Net benefit(A - B)
1822179 12289 113832 18976 A 3839 41678 49,393 35583 627 6952 T30 S5501  S4954 104551 M5S0 12738 13954) 153,204 160,850 183,651 200312 29T 239347 261,051 284N 516,143
Assumplion:
1 Annaal increase in average power demand

{1) Dowestx k.
(2) Suectiighting o%

2 Ancuad ingzass in the napber of connections afier 1923

(1) Dovnestie 53
(2) Sweet lighting 0%
2 Amnual eapacity charge for distribution bycitiries 103891 FCFAKWyear -
3 Annuad O & M cost 2%] of the equipinent &insiallaion costs aﬂ,!}& 836] Thousand FCFA
4+ Bcoeomic life 25 yeus
V1. Toud Compocenis
A gcnuc 3400,727 144,470 3456204 2185827 3,478,082 3490015 3,502,971 35167 3,530,435 3547,870 3561007 3382047 360435 3422023 151176 3,667,908 3,691,341 3,720,605 3749438 3,781,189 335,413 561304 60931 641,773 - 686389 74,453,503
B. L
1 Copitaleost
Focelgn 14323.884 0 14,328,334
Local SO 91132 1,195,254
Sob-total 1928616 592,132 133147
2 Openating conl
Ruwd0 &M 0 215669 3ISALG  IIBLL MISESY  NISAS0 15680 MIS ALY 25T D369 2L 215659 18460 213669 1S9 2SEE0 25689 18667 215669 1AL 1A 0N MOE M0 3400 30N 4,631,538
Varishle O & M D OISATY  I5AI3 915331 QESANY  QUSAND  SIS03 Q15413 G52 915021 €iS433 935423 $I5423 94N 4523 GISAN S 9452 S 94541 GisAD o o 0 o 0 18,908,440
Sub-ioiad 0 4170092 L1090 LATEG0Y 74093 1,174,092 L1109 100,09} 1171092 1,105,002 BATI003 BA70,000 1LETLOAT 1074002 A0 117052 171,00 1LE1,092 1,020,002 1070.092 1,110,092 MO 0N 1404l Mol 3 B3 SILDMN
Yorad 14926616 1,765,828 1L171,092 La71,092 LIT,052 1,171,092 LA75,052 L111,092 1,070,007 1,171,000 L171,092 1,071,092 LIPLGSE 119105 1ATL092 LATL092 LITL097 1LE31.092 101,092 171,092 BATLO9Y MO 3400 1104 0L 3941 19,016,398
g. ::Ic;.;eu!'ﬂ (A-B) 1% S4806616 1,641,903 1215379 1285302 2365735 26990 2319017 2301880 2345631 2,360,343 2376082 2391935 2410855 2430265 2450938 2473084 2,456,816 2521149 259,313 2379745 2510097 491372 522,853 $4607) 601,931 631,348 35310212
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Sensitivity to the FIRR of the Project

- The primary objective of the sensitivity analysis is to test how the

profitabllity of an investment is affected by medifications in the

assumptions used on key variables. This analysis essentlally allows a

: judgement as -to  the ‘riskiness of the project under  alternative

assumptions. We test the -sensitivity to the:FIRR of the Project

obtained eéarlier.-

Usually, in the sensltivity analysis, modifications are made for such

variables that may significantly change the projected costs or benefits

~of the project and that involve high levels of uncertainty. In this
‘‘study, we assume the following three scenarios with modified

- assumptions.

" §cenario 1. 10%'incréase:in-the inltial capltal costs

Scenario ‘2 10% decrease in benefits (for such reasons as lower-than-
expected plant -availability, slow increases in the number

of consumers, etc.)

" Scenarlo’3 Scenarios 1 and 2 combined.

Table 11,8 compares the net present values and the FIRRs wunder

different scenarios.

Table 11.8  Sensitivity Analysis for the FIRR of the Project

Project with  |Scenario|Scenario| Scenario
original assumptions 1 2 3
| FIRR
{1) Component 1 . oo 19,82 _ - 17.8% 16.51 14.72
{2} Total components | 14,2 12.62 11.61 10.2%2

Under Scenarios 2 and 3, the FIRR of the Project (Total components)
becomas lower than thé pre-deteérmined cut-off rate of 127, The assumed
10X increase in the caplital costs reqdikbd does not affect the
profitability of the Project 4s much as the assumed 107 decrease in the

‘Project’s behefits doés. It appears that Cémponent 1 alone does not

involve any significant risk.
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{5} FIRR on the Equity Invested In the Project

. SENELEC seeks the finance for its capital projects from various
sources. The World Bank has been assisting Senegal in improving the
efficiency of its power sector. The First Energy Sector Rehabilitation
Project, which was implemented between 1986 and 1993, was financed
partially by an World Bank loan. The lean was rented to the GOS at a
concessional rate, and then re-rented to SENELEC at a prevailing bank
interest rate, The same arrangement is being sought for the Second

Energy Sector Rehabilitation Project,

For the 20 MW gas turbine unit installed at the Cap des Biches powér
plant and commnissioned in January 1995, SENELEC obtained 802 of  the
finance required, from a commercial bank (11% interest rate for the
first 17 months, based on the FCFA value of the loan, and 8% for the
remaining period based on the FF value, 5 year amortization), with the
rest being covered by the supplier's credit, The repayment of this
loan is guaranteed by major customers of SENELEC. SENELEC hopes that
an additional 20 MW capacity, which is scheduled to be commissioned in

igg

1997 will be financed mostly by the Saudl Fund at a low interest rate,
This arrangement has not yet been finalized at the time of this
writing.

Sources of finance for the Project have not been identified. We

tentatively assume the following for the financing of the Projeci:

1. Equity-loan ratio - ¢ 307:70X (the maximum equity
ratio for SENELEC)

2. Loan {commercial bank loan)
Interest rate 1 121
Amortization : t 10 years
3. Price contingencies (during the perloed between 1995 and 1997
“only) . | .
Foreign currency components : 22 annually 5§§
Local currency components 3 . 102 in 1995, 5% in 1996 and

- 1997
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4. Depreciation. and special provision for tax exemption
Depreciation‘ | ' : 20 yeér straight line (i.e.,
annual 5% of the total
investment costs)
$pecial provision for
tax exemption ‘ :  Annual 57 of the gross fixed
| * assets of the Project

In total, 10X of the aggregate investment costs annually.
5. Income tax rate t 351

Based on the assumptions listed above, tables were prepared, as shown
below, concerning the total investment costs, the cash flows during the
operation period, financing, and the FIRR of the equity invested in the

Project.

Table 11.9 shows the total construction costs including price
contingencies, and Table 11.10 exhibits the disbursement of the initial
investment costs and the flow of the financial resources consisting of
equity capital and a commercial bank loan. The financial requirement
totals approximately 18.2 billion FCFA, ineluding 2 billion FCFA for

the loan interest during the implementation period,

Table 11.11 exhibits a projected cash flow during the operation period
which extends from 1997 to 2021. The Project is expected to generate
a total net operating income of approximately 53 billion FCFA by 2021,
when the Project 1s expected to complete its economic life. (The
residual of the Project will be minimal.)

Table 11.12 shows the projected cash flow including debt service. The
commercial loan amounting to approximately 12.7 billion FCPA is

-gcheduled to be amortized in 10 years. The debt service coverage is

expected to.ﬁe‘at 1.03 for the first year of the loan repayment. The
ratio will be improved only a little to 1.05 for the fifth year ard
1.08 for the tenth year. Table 11.13 summarizes the césh in- and out-
flows. The IRR on the equity invested is calculated at 14.6X.
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“Table 11,9 “Total Construction Costs {in prices at the beginning of 1995)

{Price conlingencies 2re computed on the riddle of year accounting basis (MOY)).

‘Fable 11.10 ‘Disbursement of Investment Costs and Flow of Fihénciai Resources

o g Thousand FCFA
Item Year
T 1996 1951 Tolat
¥C Lc ic FC Ic TC C tc 1C
1 Base costs 14,323,834 597332 14,926,616 [} 597,132 .59,‘”3 14,315884 149544 15,521,347
{ia thousand Japaaese yen) Q03133 (11037} QSILII0)  (8) - (113007 (LI303T) (709733 (226074) (2935507
2 Price contingeacis 439867 4.6 SOLSS3 0 104603 104,603 4267 1IN 609,184
831,292 14,130 95.422 1] 19331 19,781 81,292 3911 115,103
1 foul consructioncosta(liens 1 0ad2) 1415850 671,443 15431399 D 200,335 300,335 14758750 134788 16.4335M
2390025 127,167 2918192 0 131818 1) 8l8 2,791,023 259,985 3.051.010
WNaoter 1 Exchange rales:
Ussi= 99.85 yer
Ussi= 518 FCFA
o 1yens 539 FCFA -
1 Base costs include physical contingencies, engincering fegs
" end adnifisisation enpenses a8 well as direct onsiruction costs.
3 Iafiation rates: 195 196 1997
Foreign comency compoaents (FC): % % 3%
Local cumrepcy components (LCY 0% 3% 3%

Thousand FCFA @

Project year ° 1 . 2.0 : Total
Year . 1996 . 1997 .
FC e TC FC Lc’ Tc FC ic Tc
{ Totl initial investreat . T oo T
{1} Toia) constsuction costs 14758350 672443 15431199 10233 102335 M5AT50 LT84 18,1035
(2} Interest on Yoan accrued 619.368 23243 - 48,110 LWLEM £3356 1,380,160 - 3911671 Ii6.-599 3018,290,
Subonl 15378618 T06I1 16079300 191801 - 700690 2082495 16670421 1491382 1806180
7 Total Finance required 15373618 700631 16,0W300 1,290,804 © 790691 2083395 16670421 1490382 18,161,808
{Financial resources) . . ) , )
3 Equity capinal paid 4613585 210207 48337937 387541 23N07 T A9 5001176 447415 5.44884)
Cometative 4613585 210207 4.81379) 500012 447465 544851
4 Bank loaa SO 1036503 - 490,484 - 15,255,516 904,263 - S5IAR - LASTLI4TY 11,669,295 1643968 12,713,263
Cumulative 10,765,002 490484 1 L285516 10669295 1043968 12,3 $3,26)
5 Total finance 15378618 700691 16079309 : 1291804 79049 .2.08:_'.495 15670421 1497382 (8161304
Cutnulative IS.A78658 700691 16079300 16670431 149138 18161804
. v B H S H . : AR i .
Assomplions: .
1 Equity-loan ratio
Equity: 0% ‘
Loan: 0% - . .
2 Loan faterest 139 ’
Comgputation of intesest
Outstanding lean x E I!.O’!] + newloan x [_ 6.0"-!'
{from previous years) {tzken during yeas)

3 No working apital not pre-operation capenditeres assuimed.
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Table 11.11 Projected Cash Flow before Debt Service (operation period 1997 - 2021)

Thousasd FCFA
Project year \ 2 B k] 4 5 3 7 § 9 10 n 12 12 14 is 16 17 13 19 0 2i 2) 2 H 5 2%
Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 003 2006 2007 2008 009 2010 201 2012 2013 W14 2015 2016 MW7 Wig 201% W Wl Total
1 Revenue 3410727 3445470 2456204 3465827 3478082 3490011 3501572 1516724 3,531,435 3547173 3564017 3582047 360153 3622008 3644176 3660908 3692341 AI20605 3749838 3381189 525,413 561,434 600214 S41.073 685335 14,458,603
2 Operation cost -
() Fied O &M 218669 225660 25660 225650 215669 5669 2566F 215669 MSEE0 5660 2ISEC0 5660 215669 15669 2I5.650  FISE69 225649 IISLLD 25669 II566% MOl Il MO4 34041 34041 4,683,584
{2} Yariable Q&M 945493 935423 045421 045473 045433 045423 945421 945423 P45A2Y G45.411  94542F 945421 §45A2Y  $4342)  94R4D3 Q45,433 945421 945423 94541 945,413 0 0 0 ¢ 0 18.508.460
Tolat 1105 1ATHOS? 1071092 KATHO97 DTG0 BIP092 LTG0 1171092 LITI002 LA71092 LINL92 124,092 LIT1097 LITLO92 50092 1110092 PATEO92 L1002 L1092 107,002 3041 34041 MO M1 34041 23550014
1 Net operating income (Lem i < liem 3) 4581819 33715379 22385301 295735 206990 2119015 2331880 2}45.63.! 2360343 2276082 2392925 2410955 2430261 2.4305% 2470084 2,406,814 2521.24% 2349513 2351818 2510007 491,312 512,453 SG6.0TY 603,732 65248 53.238.72

Table 11.12 Cash Flow Table for Financial Ptanning (operation period 1997 - 2021)

Project yeat 2 ) 4 5 [ 7 8§ 3 0 1] 1 1} u 13 15 17 13 19 0 H P n 4 P 26 ]
Year il 1558 1548 2000 ol 2002 X002 2004 05 NoE | o 2008 A 10 01 X2 2003 0 S WS o7 018 019 2N A YTotal
¥ Jeicach flew fron opention 4591.81% L1509 !_235‘1;01 3295135 236H0 2319019 230880 2345632 2,360,343 . 375,081 2392015 2410955 2430261 2450936 aN081 RINGRISE ISMAMS 154851} 1SS 2610007 491,373 527453 5667} 607,13 652048 53,3332
2 Interesreanad €317 34,10 34278 34,436 34,605 34,985 34978 . 35184 35,408 3564 15,994 15064 35,454 38,764 31056 32,452 31BN 35243 35681 £ A M .30 1912 8,433 FAL 9,735 M58l
3 Working capifal {net incicru) 155,182 ] [ ° 0 0 0 [ 0 o o 0 [ ¢ [+ ] Q o ] 0 0 0 Q D 195482 0|
4 Intcrest paid on e 0 1,505592 1438650 1340390 113220 LION0) 3,310 320,101 618,508 5503 U108 £.252,109
§ Betincome belore deprecistion 4,155,364 783,918 $50311 OSEEYE 109355 1213701 13933548 1380016 LTALHO 1855300 M0 M0 2486718 2487300 151081 1SMIAS 2360053 2587756 2617427 2849218 93,43 535343 SHGES  £1658  B3NIE M40
& Incowne fax paid 4 [ 0 0 0 ¢ [*] 0 Q 18,327 ‘I}O.dl? 1030 10631 113032 242500 LN 260368 270,652 80,436 RS 10 181378 ML DI5EFT MO0060 4451322
1 Al cach fiow ‘!.53-1.650 733,918 850,523 §39,531 109335 1402020 193548 D.S‘SO,'Hé LR 1506803 057696 1M01 R3I90M 2252648 1261281 2,280,927 l I3 NT O2AULIS 26FFE 1381675 324183 MISET 335 00981 537,255 39.735,30)
§ Loan repaynents [ 724,458 811,389 05,956 1G1TE0T 1139943 17T 3ANSS 160158 1LWITH 2008900 12,713,26)
Ouglanding principal 12,713,263 11563808 11,0797.419 10268,66) 92308356  £110913  &B34176 5404231 380269 2008970 a
9 Afierdeblsecvice ath flow 353145 55,44} 4940 [ 1A 1549 jLaN ) 16312 130,771 145,702 111,550 8,726 222603 223020 DINES 1X6I28L 2383 LR9RNT 30,705 2AMSEN 135165 ML P ATIR] N3RSl 557,248 11,075,040
20,376,565 YRTIISST  35.071,231 35,395,419 25,040,402 26116504 16517855 110508

Cuwrenilative 3534650 1SSLAD 3660547 RTO6T 3832230 3935930  205AT9N 4183587 4320261 4423 LiNSF 671030 8556258 11,208,926 13ATENT 1511 H 1508 ES)

10 Dot seovie covernie 103 193 184 1.04 165 108 106 1.06 107 1.08
(hans S v ) M itars 4 + 8)

Aspumplions:
1 lnrerest earncd: Intesest aareed on & half of the net opearing incone of e year.
Drepositing lntecir! gate; ﬂ
2 Waodking capital s ned increase lo med the opanting cont of
wonihs
3 tnterest paid op dobt in1997 it Inchaded in e Tnitind investnent (ree Table 31.14).
4 Loan amonization:
(1) Principal 13,713,263 Thousand FCFA

(1) Lnterest 12%
{3 Dunticn i o !Q)GUI
{QPRF 017698416
{Principal Recovery Fachoxr)
$ Degeeciation  (inchudipg $pecial Provision for tax exanption)
Tolal m of the tota] inveslment cosls

& hoome I iwte: __
35%)
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Table 11.13 FIRR on Equity Invested

Proxeiyear !

a

4

3

é

?

9

13

It

5y

'

b 13 14 2 153 K'Y H W 2 £ b 24 bl 6
Year 15 Bl 1938 1923 00 2001 2001 Wi i 2005 2005 2002 2008 2009 Wo on 2042 043 W01 215 2016 et Wik Wiy 2020 0N Tord
1 Carkinflow 3479451 N4RO6D1 2490572 M500.263  MS116AT 3529 35N ASHLEDY ASeR30  ISE2MIS ASSR9E1 MEIENY  MEMIADT  RESETIY ASBE2TF NS MO AIMATS 358841 A33451%  3ANMO s 265404 G0, 706 §50.03% 696004 FS.HLINL
(3) Opcrution 3A16.727 M4 JASEIN  DAGERIT  JATONY  3a%0 b1 M50257r  ASETN ASANS R SATATY  ASSI0EY MAAANT M 60103 AELLNTE AEETS08 AESRMIL 30608 ATa0aX 3 M118% 323443 56144 00314 &LT1Y G159 T4 ABREDY
(1) Inicresd ¢ areed €417 MY kol it Maw IG5 M M sam 15,405 5.1 MER 26,164 MAH 0¥ RRAL ] AN N2 B 33,158 137 1911 3293 %116 97103 TR 38
1 Cashoullow 4EILTEY 1S9LOMT LOAROS  3AZIa3 MAILIM AARAM 341030 RN 3ANAN 34T 3ATILIM O NASRESS  ISTLEES  1.918M BIFEAM 14062 1AIAGRY pA2AN) 143458 LA 1451528 38815 8.6 EMETL FRLR EL SSE $5.202.300
{1) Egquity ¢opital paid-in TR 53 % % BN ST R 1T S ME30
{1} Op¢raticn LANESY M09 RIDLY  LANN0E? RLTI09 MI7I0 LITHGR 121087 LITEST  LATIETE LAELOEY  RATLORD MATLDT  1anddr L3109 AT FATEOSY  LITIO9Y  LNLOSY LTLGR MMy M Mol Mo Aoer 33592049
{3) Nt worideg captd 195,182 L L3 4] ¢ [ 4 L] L] ] ¢ ] L o [} L) o Q @ & L] 0 0 ¢ -395.103
{4) Inicresl pard on &bt 4 O 151559 I4MLEST  LAR2PD 22320 LAIOGDM FrLo N20,00 £40.508 436,323 141076 [+] o 0 b ° ] 9 L] ¢ o 0 ] ¢ 9.9
5) Income {gorpoculic)} tay paid o) $20714 o ] ] L] % 4 0 o B 22,711 .07 120,09 217687 135012 1925500 251,331 260268 110,052 oA WU 115D 111 200420 i 41461.661
() Lean repaymeots [ o P24453 &0 o0R,756  LOITADY  BXSMY 12176937 RAZISMS 160183 1793913 2000810 o ¢ 0 o Q o 0 ] 0 [} ¢ L} 2 120226
3 MNelaach Dow {A - B) -3823.383  LARRANT 1 MBSISS 654AM FOATS 91 549 103,759 1Nt [E AR 145202 151,877 V30048 €107 IHEES 1260013 215N 21180 2308352 2330 rMINE 20802 207,069 150008 80387 415,315 A A% 1954 ATE
4 Cumglative net CF ARINISY BDISIE) 1 O9E5E6 1520132 LLA0000T -1,700458 (1601659 -14RRRE -135R102 A4S 1049,739 919,693 A31656 13320 3651133 59k 219,750  |0SIA302 ITASS392 15203348 19,573.080 17119230 1A140055 (ASPLMY 1DLHIGST 13SNL0E
ﬁ 5 Il pecrenl valoe ABIRI93 2IIM001  -ISSLAER LI S14393 560413 MESH 1RG5 SSHBNEF AMRY SDISIE 360 RS 319,292 747524 LOBADIY  LMOAI9 0SX3AUT RATLTIS RIGS0F BAZLEN LGS60 14RRAI0 LMYGES 1243008 LR LORAISY
¥ 2 dizcount Tactor 1.0 039 L2 1 L i) | 2] o8 LA3] b45 0.40 036 0.1 0.28 024 023 .20 0.1 {16 Q48 LA ) o2 0.0 [ 1ec ) o0 0.0 007 000
6 Cumulstive NPY X759 FADLWY 9355975 (10694135 -1 BMLESY (2807578 13620558 (11090618 14245700 LIS27057Y 15615555 1580556 (15010814 15, 150524 500000 L1 LHRI0T 11605 0RN 1505671 G401 IBMESY S MITO5Y  AATEAIT S247271) L0057 SSR1EY 1OMAN
7 Intamal cate of return oa cquity (IRR} 14.6%
Arsutnptions:
1 Dirocent rae; §2%
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~ Atthough the IRR on the eqﬁity invested per se i3 high enough to
Justify the Project, the debt coverage ratio, which varies from 1.03 to
1,08, is far lower than the acceptable level of 1.5. Even if the loan
amortization period is extended to 20 years, the coverage ratio is not
expécted to exceed 1.5 (e.g., 1.36 for the first year and 1.38 for the
fifth year). If the equity ratio is raised to 502, the coverage ratio
will rise to 1.49 for ‘the first yaar. The current financial position
‘of SENELEC being considered, however, thls assumption seems not
ptacticable. This, an alternative financing scenario with a low
interest rate will have to be envisioned. We, then, take the following

alternative assumptions:

'1.°  Equity-loan ratio : 302:70% (no chaﬁge)"
2.  Loan o | !
' Interest rate i 32
- amortization ¢ 10 jeé;s {no gréce period)

No éhanges;ih the other assumptioﬁs from the orlginal financing

scenario.

Financial tables prepared under the above altetnative'écenarlo are
exhibited in Appendixes 11.3.1 to 11.3.4. The IRR on the equity
invested s satisfactorily high, at 25%, and the debt service coverage
" ratio for the first year of the loan'fepayment is acceptably high, at
1.69. 'If no income taxes are required, the IRR will rise further to
'31.4%7. - The Project is certainly feasible under the alternative
‘financiﬁg scenario, although such low-interest loans éré'unlikely to be

availlable at commercial banks.

"11.3 Economic Analysis

The economic analysis is concerned primarily with whether or not a project
will generate adequate economic benefits to the country to justify its costs.
The necessity of the Project for the development of the power sector has been
discussed earlier in this report. o

11.3.1 Economic Beneflts

“ Fhe prevalling tar{ffs are based ofi the long-run marginal cost pricing. With
an assumption that the éxisting tariffs are not substaritially distorted from
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the strict long-run marginal costs to supply an additional one k¥h of energy,
. we measure the economic benefits baslcally by using the tariffs. For

Components 2-(a) and 2-(b), however, we do not use the tariffs. Those s%k

. components are concerned méinly with a reduction of the frequency of outages.
From the financial viewpoint, it is a reduction of the unrealized sale of
energy due to outages, of which benefits can be measured by applying tariffs,
Econom}c benefits, on the other hand, are repregented by the consumer’s
willingness to pay to avoid the interruption of power supply due to outages,
vhich normally exceeds the tardffs, or more precisely, the tariffs for the

electricity of which sale is not realized.

As mentioned earlier, the project element involving the replacement of
overhead lines by underground cables .wili not be included in the EIRR
computation. This element is costly at a small financial return.
Nonetheless, the element has been recommended, taking into account the fact
that the city of Dakar basically requires all overhead 1lines to be
underground. Aesthetic reasons are given for this municipal policy, which is
not rigidly enforced pfesently. Thus, to quantify the true benefits of the
element, the willingness to pay for the aesthetic value among citizens would

have to be assessed,

In our analysis, the benefits of the element is reparded as unquantifiable.
Because of the municipal regulation, the element is included in the Project,
and thus, in principle, no opportunity costs are accrued. From the technical
point of view, the least cost method will be employed to install underground
cables. The unit cost for this work will be at the current average of the
same work. In the calculation of the EIRR, we feplace the costs for
underground cables by the costs for overhead lines, in order to remove the
benefit-cost factor of underground cables. The unit costs for underground
caﬁles and overhead lines are approximately 37,300 FCFA/m and 17,500 FCFA/m,

respectively.

For the computation of the benefits of Components 2-(a) and 2-(b), which are
concerned with the reduction of outage, we apply 1,830 FCFA for each kWh of
energy that is not served due Lo outage, as discussed below. This figure is
based on 1limited data available, and .thus the benefits should be treated
merely as indicative estimates. It should also be noted that the statistical
data on the unserved energy due to outage is not complete, partly because not

. all the outages and hence unserved energy are recorded strictly,

11—42

i



The beneficlaries of those two components will be mostly residential
customers, It is:safe.to assume that thelr willingﬁess to.pay to avoeld the
intérruptiqn of electricity supply exceeds what they actualiy would pay for
the electricity they would coﬁsume during the interrupﬁed period. Suppose
that a houséhold is using electric appliances of which total load is 100 W,
and it faces'a one-hour interfupfion'of electricity service. Without the
outage, the household would consume an additional 0.1 kWh. Given the fact
that the sale unrealized would be only 10 FCFA at a tariff rate of
100 FCFA/kWh, we may easily say that the household may have bden willing to

pay more to avoid the disturbance caused by the outage.

For domestic consumers, electricity is used mostly for lighting at home at
night, when family membérs including a bread earner are enjoying the leisure

time of the day. ‘It is not unreasonable to assume that a typical bread earner

. 3s willing to pay his/her net hourly income to avoild a one-hour interrvuption

of eleqtrlcity sérv1ce. Thé'current minimum hourly wage rate is 183 FCFA,
If this rate xeprésents more élosely the consumption benefit which would be
realized dué td.the reduction of ocutage, it can be said that the true economic
benefit (expected to Components 2-(a) and 2-(b)} is 18.3 times higher than the
corresponding financial benefit, which is equivalent hence to 1,830 FCFA/kWh.

Part of the energy produced under the Project (Component 1) will be for the

displacement of higher-cost energy produced by the least efficient generation

units, The:cost saving from this is measured by the difference in fuel costs
ﬁetween the generatidn units installed under the Project and the existing
least efficient generation.units. §imilarly, the reduction of the total
generation cost due to the reduction of transmission loss expected from part
of Component 2-(b}--voltage booting--i¢ measured by the actual average fuel
cost. These approaches for the measure of cost savings are the same as in the

case of the computations of the corresponding_finandial benefits which were

made earlier.

From the discussion above, the measure of the economic benefits of each

component of the Project can be summarized as follows:
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Component ' Measure of benefits

1 " (1) Tariff (energy and demand charges)--for the
. net addition of supplies.
(2} Difference in actual fuel costs--for the
reduction of fuel cost by displacing
inefficient generation units.

2-(a) - 1,830 FCFA for each kWh of energy that is not:
unserved due. to outage

2-{b} (1) The same as Component 2-(a). Y
' (2) Actual average fuel cost--for the reduction
*  of ‘the total generation cost. ' o -

2-{c} Tariff {(demand charge- portion for distribution
facilities) c .
3 .. The same as Component 2-(c).
Note:  Benefits generated from the installment -of: underground cables
instead of overhead 1lines are disregarded. The costs for

"underground cables are replaced by the costs for ‘overhead lines in
the. EIRR calculation. Some part of Component 2-(b) and a small
portion of Component 3 are concerned with the.ahoye‘patter.

11.3.2 Economic Costs

Economic costs are defined as real costs to the natiéh;‘ﬁnd therefore domestic
tranéfer payments should not be counted, and market_costé. if-they do not
represent true economic costs, have to be shadow- priced. Ambﬁguihe inputs of
‘the Project, the local currency components invested initially (including non-
tradable goods and labor) require the conversion of their financial costs into

“economic ones.

First, the 20-percent VAT included in thé financial costs of those components
must be substracted, as it is a domestic transfer péfﬁent. Sécondly, the
financial costs need to be shadow-priced at appropriatefcbnvefsion factors.
For simplicity, we use an average conversion factor for all the local currency

components, This factor is estimated as follows: '
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a -\_.-!-

z of total domestic Conversion Weighted

cost components factor value
Non-tradable goods 202 0.89 0.18
Skilled labor 402 i 0.4
Unskilled labor 401 0.9 0.36

Average conversion factor 0.94

The financial costs of the fuel oil include a "government subsidy”.
However, as explained earlier, we treat it as an excess charge by the
government on the imported oil and refinery and not as a "subsidy".
Thus, the economic costs for the fuel oil are identical to the

corresponding financlal costs.
11.3.3 EBIRR of the Project

Table 11.14 exhibits projected streams of the economic benefit and cost of the
Project. The total economic costs are lower than the total financial costs
by approximately 900 million FCFA, whereas the total economlc benefits are
higher than the total financial benefits by 900 million FCFA. Consequently,
the EIRR of the Project is higher than the FIRR of the Project. The EIRR is

“calculated at 15.5%. The EIRR is clearly higher than the assumed discount

rate of 121.
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Table 11. 14

EIRR of the Project

Thousand FCFA
¥ Project year ] 1 3 4 3 3 ? 8 9 12 n 1} 13 H 1] 15 LF] i3 1 0 ri n n kL i 26
P Cxlendar year 1994 1993 1996 1992 1959 1999 2000 2001 w092 200) 004 003 20048 007 2008 2009 X0 201t 2012 2013 01 3 018 017 013 0i% XX 20N Tota
. Component 1 Addition of gener Mion capacity
I Toral inualied enpaciry (MW} W 0 10 50 1] 1] HJ 10 10 1 10 10 10 10 LY 10 | K] 1y 10 10
T Totnd oporarion hous 6510 5520 6510 6510 6310 65710 6570 6510 £330 651 6510 &350 8570 6570 6510 6510 6530 6370 6510 6510
3 Encrgy genaned (MWh) £5,200 5,700 55200 65,700 §5700 63,700 &5700 65300 65,70 65200 65000 &5,200 85300 S50 65,200 65300 £5,300 65,100 €50 65,100
4 LCnergy rold (MWhY 31903 51002 5580} 51900 50,903 51903 51901 51901 31,903 5KS03 51003 51901 21903 55900 3103 51903 $1003 51903 31583 51903
A. Beoelit ’
1 Additionnl enerpy and power 3,289,405 3,239,405 3189,405 3,289,405 3289405 3,259,405 3.285,405 3289405 3289.405 3,289,405 3,289,405 1.259.405 1289405 3289405 1259405 1289405 2299403 3289405 3.289,40% 3,389,405 65,188,091
Y Puelsavings 18,650 15650 19650 1BASD 18650 13650 18650 IES50 15450 1S5S0 15450 15630 15650 13650 18650 IR650 15650 18650 {5650 1BER0 010
Totad 3,308,055 3308055 3,308,055 3,308,055 1,308,058 3308055 3305055 3,308,055 308,055 3308055 3,306,055 3,305,055 3303,055 3,305,055 3,308,055 3308055 3304055 3308055 1308053 3,308,055 8,161,100
B. Cout ’
1 Crpitad cost
Foreign 10,185.120 10,184,120
Local NOGE 20,02 420,144
. Sub-tota] 10,394,242 210,073 10606313
2 Operating cost :
Fied O LM 155,953 188553 135,953 188952 158,553 15595) 53953 15595} IB895) 183553 1585953 165553 1§8.953  1ER893)  1ES95} 153653 158051  ISESS) 183951 133953 31.779.054
Varable O& M 215,423 G543 945423 Sa5.41) S4541) Gu5,223 95423 15413 935123 QIS4 Qi5413 45413 935,433 945423 945,423 §15423  F4542)  S45413 94541 454D 13,908 450
Subrroial LABEI6 133376 1034376 1334306 1134376 13,1343 1I34376 1,134,376 1134376 1,138376 1,034316 5134376 1334376 114376 1,136 1134306 1134376 1034376 5134376 1,136 ILEETSN
Totsd $0,396,243 134548 1334375 L134376 1134376 1,133376 1134336 3,534378 1,133,376 1039375 1133378 1834006 334376 LI3LITS BAMTIS 13406 LI34015 L1343T6 1131376 L134376 1,038306 NS
C. Net beaclit (A« B} 20.0% -10,396241 1563,607 2090610 AMET9 13800 2103679 200108509 L173479 113879 1ATHETY 2173439 23619 LVVNETY XATAEM LAMASH LUILETY 2073619 113670 1113679 LA1ET Raticl L oassnan
D. EIRR E .
Asswnplions:
1 Plant availabitity [__ 14 includi_ns] (-S‘i-!fot net addition of supplics, \d
) 7%} for the Fael saving of 385 FCFAAWY
1 Fystem Joss {incloding starion wse) | 0% ’
3 Tarifl {demand and energy chrged) 55| FCPAAWY
£ Aol fed O &M 3% of the equigioent and insttlvion cos[_6,398,424) thousand FCFA
5 Variable 0 & M (furl and Wobei. 0il) R (e VALY
& Economic life N years
{3 1. Component 2{a) Replacement of cireull breakers
- b Reduced boss of enerpy (KWh) 4533 4LHE 4985 5244 5456 5,170 6,059 £382 5650 7014 13155 133 3130 8516 5952 9,400 $570 10,363 10,882 11,425 11,597 12597 1).227 12888 13533 1509 15071 1633} 159,552
A. Benefit
Energy supply intermaption aveided 9519 10058 10551 PLOBS 1Ay 235 12837 134 PR TAES 15603 1A3%) 40 1304} BRGSS 19914 X903 1LeSS BO05) M5 545 26838 23020 19412 3089 451168
B. Cos
Capital cost
Foreiga 173,910 1123910
Locd 5563 5565 i1,
Sub-toia) 119,415 3543 135,040
C. Net benefit (A - B) 19,475 1014 10,058 1058 PHOEE 10683 12205 12837 141 PISE ASE0 15603 18333 1102 18062 1B965 19014 20907 11955 .05) 24205 548 26636 28020 29421 30893 2B
Assunpions: :
1 Energy supply inermupiion avoided LEM| FCFAAWD
1 % of connuncss benefited 0%
1 % of cutages avoided which are seibutable to 3IRH(=173)
ke frol of equipinent ot the delsult of prorection
4 % inoreact of average MAuAl EnerEy comnsuapion l z‘a
$ Econonic tife 25 yens

Note:
1 Effeci wid be inosdy on the 6.6 kV petwork,
2 Energy bims dut ko the outages cotcemed amounted ta 51824 kKW ia 1974,
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a

d

Thousand FCFA

Praject yevr 1 2 ) 4 3 3 7 3 9 [ 1 1 1 H 13 16 17 [H 9 X n n 3] n 15 b3
Crleodar year ____ 199 1923 1996 1997 1558 199% 2000 001 3002 2003 2004 005 }0s 30T 2008 2009 0o prl] e 013 2014 w8 ns X1 J0IE W19 XM X1 Totn
lI. Component 2{b) Repiaceinent of 6.6 KV overhead lincs by underground eavles, a0 voltage boosring of some feaders Irom 6§ KV 1o 30%Y
1 Reduced Yous of chargy (KWh) an 1148 4935 5 5496 51 £059 6362 6580 701 1385 1.1} §.120 $526 §.052 9,100 9370 10364 581 11436 11997 2337 IRIIT 13,383 1838} 1512 15077 16331 259552
{due to (e oulage teducrion)
2 Reduction of geeeraliot requireinents
{dus 10 1he voitage doosting for soune feedern)
A Tofal geres dion requireinents without Project (GWh 950 1014 1010 [R1ES 1,169 [} 1296 1334 [AYE] 55 131 1590 1662 L 1518 1LE9? 1,952 20N A TS B B {3 1363 2,470 3581 2697 1BIB 2345 3078 M4
b Reduction of procrvion requireinenss (MW} 301 5159 5,496 518 6,001 &2 6,554 6,249 bR Y ER L 1815 8,167 3535 1913 9320 9,139 10073 18635 ILIE3 TRSEE 12107 RASY 133M 13850 LT 2276
A. Beoefu .
1 Encray supply intersuplion aveided 9319 10,058 10560 189 V6D 1S 1283 WNIT 14,55 BA260 1503 16383 12202 13061 18565 19914 20507 2955 13083 M205 25405 26635 28020 X2 33393 431148
2 Reductioa of lotal genernion cost 73,488 18835 23,435 86,143 won §4072 93,305 102,720 36205 NB2183 BRI ENR305 413019 13M180 139.800 146091 IS1A65 159535 EGATIE 174216 91036 190,343 193809 N7,956 210105 3364135
Sub-102al 33,063 £3.033 01606 S1MI3 101663 106297 UMY UENT  1M50E DR 1IASH 138839 14523 BSLEAT  ISR765 166005 MTIST4 181,300 430.765 198,431 MOPAM 216934 12633 HNIIT 1S 382131
B. Cost
Capitd tost
Foceiga 1283212 1,28,
Locat £1513 61513 13501
Sub-rotal 1350,325 61513 118,239
C. Net beoefit{A - 8) -3.350128 115 $3543 92596 91101 IOLESY 105297 MMLIAY HIS0T 120804 IR 1328 1ISEEY LSIN 151,842 158,255 168005 113574 181090 189065 198331 01471 6934 126830 2177 AN 230007
Assunptions:
. Duiage reduction
1 Encrgy supply inferroption avaided FCFAAWH
2 % of consumers beneliced
3 % of cuiages avolded which are xinbutsble o (=373)
the fault of equipment of the delaull of pratection
1 % increate of averape annunl eoespy comsampiion
3 Ecopomic life
b. Reduction of gereration tequire Inems
§ Avenape incieass in genention tequkrements
1 % of tbe uanumission g1id alfected
8 Fransmiseion kss reduction
9 Average genaraion cost {fuel savings caly) FCFAAWR
IV. Component 24¢} Intensive rchabilitation of LY Neiwork
1 Domestic
(1} Numbe of connections begelited 1,500 1500 1625 1256 2584 3039 3195 3350 358 3664 3an +012 1176 4,490 1714 1950 5197 5457 5130 6017 6311 683 5965 MY 6B
(3) Avenge powa donand (KW) 030 oM 032 on 034 033 0.3 oM 038 039 0.40 0.42 0.1 044 0.13 047 048 050 034 0353 [1A1] 058 057 0359 0481 06y D83 067
{3) Torad power demand (kW) 452 E28) 913 987 1068 1,155 121 1351 1451 1550 1,709 1,848 1998 1168 33318 150 1134 1551 3,198 3458 AT LS 4318 i 51
1 Syeet FgMing
) N:ntqorcwmﬁmknm‘& 5 115 125 123 125 125 125 125 135 125 125 115 125 125 125 123 135 125 125 125 115 125 13 113 113
(1) Aversge porer danand (EW) 0 004 0.04 o4 004 Qo oo o 004 001 o0 oH 04 0os 0.04 Q.04 o 004 o4 004 oM o 0 o4 004 003 ODY O]
3} Totsd power demand (kW) 3 3 5 s 5 s H 5 3 5 5 5 H 3 3 b 5 H 5 5 5 5 5 5 s
A Benelit
Additonal powes (capaciny eharge for distribution frcilities) 1500 3ISIGE ITS9S 30056 3LE01 IS4 08 A% UNS d86 5078 56307 60831 E5S1) LIS N6 SIMT SO008  STMIE 105352 113818 125031 133000 13935 iSR6SE LSRN
B. Coxt
T Copinat cost
Foreign H6,250 438,280
Locat 9691 1891 59,393
Sub-totxl 25917 25591 505674
1 O & M cost[fined) 695% 4953 6359 6559 £059 6958 6959 6,959 6959 6559 £959 6959 6959 6,959 6959 6559 6959 5959 £559 8959 6859 4953 £93%  £959 £330 1NN
Toint 115877 38638 953 63959 6959 £95¢ 6959 6959 6959 6859 £959 6559 6559 6959 6959 6559 6959 £959 53939 6953 £959 6859  853%  £939 6959 6639 679661
C. Met bepefit (A - B) A9 -2en? 18845 20035 2196 1S53 28386 3NIS A2 31885 41,203 SIS, 9M8 519 NSM & J001s 16MT 31N 90312 68,39 16858 116,120 126,140 136976 16 1030.765
Assmptioos:
1 Annuxl inereass i aveinge pawer danand _
(1) Domestic l ) nl
(2) Srect Highting o%
2 Anaual increxe ja the number of ¢onnsciions after 1999
() Downestic [ 5
() Swect lighling

3 Amqual expacicy charge for distribution facitities
4 Armuai O & M cost
3 Bcooomis 1ife 15 yers

FCFAW lyear
of the equipinent &installarion costs o _ 347,973 dovsnd RCFA
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Thousad FCFA

Project year 1 1 b +4 5 L3 ? [ ¢ W 1] 23 2 2] 15 16 13 3 9 £ H n n b2 ] 25 %
Calendar year _ E9H 1953 1996 1592 1594 19w 000 200 2002 200} 2004 2008 008 a0 2008 3903 19 ki 012 200 2t i J018 WY 018 MWi9 0 X Totad
lfg Y. Canponent ¥ Expantion of Distybution Nefwork
1 Dumestic
{1) Total pumber of cotnections 3000 5000 5215 551 5788 6078 351 6,700 1036 1331 1751 8,144 8332 8579 428 9900 10395 1014 11350 1103} 12635 13366 13930 L4638 15358
{1) Average pawer donand (kW) 030 0.3 033 033 034 035 035 031 033 03 0¥ 043 a4 041 [+ 2L} 0.47 LR 450 051 0353 LR2] 054 051 03¢ 06l 063 083 047
£3) Total power desaand (kW) 943 1,688 132 1975 Pk o 1,453 2,904 LR o 3,460 3417 3696 3997 1373 1475 5038 5568 9 6356 91T AR EOR0 B350 S48 102M
Y Sweet Yghring
{1) To(&:; omber of connssrions 150 150 0 1M ol ER) 320 L] 230 ] k] %0 bl Eio] 0 29 b e 0 ) 2 m no 0 R
{2) Aveape power sonand (kW) 0.4 o4 004 Lk 004 0.0 004 oM 113 oM G601 o - 0N o4 a4 00 004 [ L ool om P 904 o o 0 O o4
{3) Total power demand (kW) [3 0 % k] 9 9 9 9 2 9 4 ¢ g 9 9 g 9 ¢ ¢ 9 ¢ 9 L) g L}
A. Benelu
Additionn] powes {eapacity charge for distribution facilities) 30068 31608 $553 OIS eSI65 0455 TANIS 833E2 8905} S6EF  BOATHL NAITE 1L 1SN 12037 151913 166418 ITVSS0 I94AN 210447 211399 236126 8164 281834 1IN 3504008
B. Cou
1 Cagiad com
Foceiga 1.598.457 1,598,457
foend 86217 86217 112,454
Sub-rotal 1624634 86,2127 1,770.81}
3 O & Mot {fixed} M8 35413 B4 348 S50 AS4I8 0 Sy 354 M8 35418 Ml B3 08 35458 03558
Tola 1684634 1M IS 35413 35410 MAIE B 50180 354480 31 s 35,418 35,414 35413 35418 35413 1856387
. Met bepefit {A - B)
DE88680 91517 16,190 20315 24857 M8 315,037 40,751 15944 53634 36313 14562 210,708 230,145 1185 811643
Assumprons:
1 Annual increxce i average powes Sanand
(1) Domestic E ul
(3 Suetlighing 0%
2 Annusl inceace in the pumber of connactions after 1599
{1} Domestic | 8%
(1) Siect Hghting (k3
2 Annual capaxcity charge foe distribation {acilities 30,383) FCFAK\YAexr e :
3} Annun] O & M cost 2%] of ibe equipineni&installartion costs o 1,770,911} thousand FCFA
4 Econeinic bife 35 yen )
¥i. Tolal Comporants
A Revenue 3429153 3485848 3 4TS5.609 3453057 3500409 3513,628 3517861 3542651 3 ASH6S% EXANBEL} 3762438 611828 634114 Fi5314 75358015
B, Cout
1 Copinn cost
Foxeiga 13,6830 0 13,688019
Local 190 399,074 798,143
Sub1otd 14637,003 399,001 14,485,177
1 Operating cont
FuedQ & M 0 )33 31330 23,3 1IN0 MM IMAM 21330 M0 1330 331,330 23,00 41378 42378 1991 1335,497
Vaiable O & M 0 4541 945,423 94541) 945423 945413 945423 943411 9i5133  S4542) 945,413 45,42 0 [+ 0 15503,160
Sub-rofal 0 L7675 LTEISD 4,176,753 LIT6,75Y 1,126,753 1174,753 1076750 1174753 L1T4,753 L176.753 LAT4TSY 574,753 1126753 1076753 1176753 1106750 1476053 1,17635) A337% 43328 41373 11,736937
Total 14087100 3,575,828 1,076,753 LITETSI LITEZSY 117835 LITEISD 176,753 LIT6,T5) M176.753 1,176,753 LI76.75) 1174253 1,126,733 1,11625) 1,176,753 1176353 LATE715) 1 116.758) 42398 42078 13378 38233104
g. :lr:‘;meﬁl A-B) 15.5% JI3087,100 3853325 380064 2299855 2300304 2,313,728 2335874 3,350,911 265,853 230,005 2390005 L4120 2436808 2457689 2430019 1503907 2519460 1354307 2,586,084 570150 611,038 WRAIT AL
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11.3.4 Sensitivity to the EIRR

Table 11.15 shows the sensitivity to the EIRR. The sensitivity analysis

‘employed the same alternative scenarios that were used earlier for the

sensitivity test for the FIRR.

Table 11.15 Sensitivitj Analysis for the EIRR of the Project

Project with|Scenario 1]Scenario 2[Scenario 3
original .
assumptions
EIRR
(1) Component 1 .. 20.02 18.07 16.6% 14,87
{2) Total components 15.5% 13.92 12.8% 11.32

Under any of the scensrios except Scenario 3, the EIRR of the Project (Total
components) is higher than the assumed discount rate of 12I. The EIRR of
Component 1 alone is sufficiently high even under Scenario 3. From the

economic point of view, the Project does not involve much risk.
11.4 Conclusions

We have assessed the viability of the Project from both the financial and
economic points of view, primarily by calculating the FIRR and EIRR of the
Project and then comparing the two with an assumed discount rate of 12%. The
FIRR of the Project was computed at 14.2%, and the EIRR of the Project at
15.5%. These results indicate that the Project is fundamentally sound,

Sensitivity tests were performed for these rates. It was found that the
Project involved only a small risk in economic terms, as the EIRR fell below
the cut-off rate of 122 only under the worst scenario, among three scenarios
assumed, where the investment capltal requirement for the Project exceeded its
estimate by 107 and the Project's benefit was 102 lower than expected.
Compared with the EIRR, the FIRR of the Project is more sensitive. It was
found that the FIRR fell below the 127 level even under a scenario where the

" investment cost was not changed from the original estimate but the revenue was

towered by 10 from the original estimate.
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The FIRR of the equity invested in the Project was computed at’ 14.6% under an
assumed financing scenarlo where the equity-loan ratio was 30X to 707, and the
loan was repayablé in 10 years at an interest rate of 121, at the rate of
which commercial loans are available for SENELEC. The FIRR is sufficiently
high, However, the debt coverage rate, which 1s projectéd to vatry from 1.03
for the first year of the loan repayment to 1.08 for the tenth year, will not
- be acceptable for lenders of the loan, who usually expect the ratio to be 1.5
cor higher. It was fopnd that the rate,ﬁoulﬂ be improved little, even if the
load amortization period was extended t@ 20 years. If the équity ratio is
raised to 501, éhe coverage £é£io'hlll rise to 1.45 for the first year of loan
- replacement. In view of the current financial pos1tion of SENELEC, a
'Einancing scenario with an equity ratio of 501 is unlikely to be practicable
or feasible. With an’ assumed 1ntere3t tate of 3 percent, the IRR on the
equity invested becomes sufficlently high at 25%, and the debt coverage ratio
acceptably high at 1.69 for first year of loan repayment. In sum, although
the FIRR of the Project, which does not take the impact of financing costé
* into consideration, is satisfactorily -high, 1t: appears that the Project
becomes financially feasible only if a loan is available at a‘'considerably low

interest,
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Appendlx 11.1 Sales Record (1988- 1994)--Dakar and Intcrccnnectcd Systcms

- (MWh)
Encray consumphon 1988 {939 o0 | ism | 592 195 | 1991 ]
ALV 25681l DL 2462600 249561 2864600 321676 334.0261
Domesic 1587660 1671470 174384] 183,787 201315  22B642) 236479
Geheaal - 130008l 1s16100 157,502]  168.699] 185299 2112620 216836
Spécial 18,763 15,507 16.382 15088 16016 12,380 19,643
Non-domestic 51,386 550090 0 61616  s8o91 73012] 7890 80,270
Street Bighting 5,535 8,988 . 10240 1,721 12,433 14,130 16,771
8. MV me.0s, 2698 2s0sm| 293012 - 3mant 293881 331,595
C. HY 168762] 161,905 © 159.133)  159,754] & 186,109 is9,6sq 159.911
| ot i 6624880 659,131] 686364 - 702387}  799.840; | 775207] 825532
; B : : (’; Thousand FCFA )

Sales revenve ] 1988 1939 | 1990 | 1991 | - ts; 1993 | 1994
ALV ! 15.137.261| 16.265.068] 18,606,423] 12,209,133 18,242,812 21,001246] 26,659,838
Domestic 10351,582] 10,050.854] 12,578.870] 11.854.870) 12,205,046 . 13,707,502} 17,212,535
Genesal 9,072987] 9.861,304] 11,369,439 10,710,326] 11,161,756} 12575776} 15,722,550,
" Special 1,278.595]  1089,550] < 1,209,431 1,144,544} 1013200, 1,131,726 1484945
Non-domestic 4345313 4638230 5216919 4.770109] 57426480 6200964 7.989.019
Street lighting 440372). 615984 g10574] - sgansa] 795,118 1,092780] 1,458,284
B MV wmsas] 1s8sasn] 17047308 11202357 172476069, 16538471 22916328
C HY 6357.568 6633749 6778854 6589854 . 7.025.922) 6183208 8165715
Total 38230.273] 38753338] 43.132.625] 35,001,344] 43,244,803 43,132926] 57,141,881}
Number of connections (customers) 1988 1989 [ I990. 1991 1992 1993 1 1924 !
A LV 1206380 18a8ds| 1963700 209915 226219 239992 255256,
Domestic 151386 1538200  1623ss] 174041 187.854 198285 211554
© General 12,557 1172060 125546] 136110, 149,056 164369) 17080
Special 18,829 16634l 36809 32,931 . 38798 - 339K 34437
Non-domestic 29,1718 310,926 33,927 35,151 18267 41590 43565
Street Tighting H 82 88 123 98 117 137
B, MV 798 809 792 799 7 158 807
C. HV. 3 3 3 3 3 3 3
. Total 3 181.430] 185660 . 197.465|  210717) . 226999 240753}  256.066]

Source: SENELEC.
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Appendix 11.3.1 Disbursement of Investment Costs and Flow of Financial Resources
-- under Alternative Financing Scenario

Thousand FCEA
Project year 1 2 Tolal
Year 1996 19391
FC LC I FC i 1c FC R TC
b Tokal initial investment
{1) Total construction ¢osts 14,758,750 672,448 15431099 9 201315 W335 14753950 1,374,784 56,113 5)
() Taterest on Joda pecrued 154,957 7.061 162028 313,188 11644 334832 468,53 23,705 496,880
Sub-total 14913717 61509 15593336 3130838 1309 L0167 15326505 1403438 16,630,353
2 Total hinaace roquired 14293717 619,509 15,593,226 313,188 113919 1L03LL6T 15226903 1403438 16,630,393
(Financia! resources)
3 Equity capial paid 4,474,115 203853 4677968 9156 291 ILESO 456307 A0 4933018
Cutnufative 4,474,115 203,853 44677968 4563072 4N0Y 49330018
4 Bank foan 10,439,602 475,656 10,915,258 219,232 506,785 226657 1DSS3RY 9R244) 11611275
Cumulative 10,439,602 475,655 10,915,258 10658834 Q31412 11541275
5 Total finance 14913717 619509 15,593,226 IIIBE 72979 LOIREGT  15.226905 1,403438 16610393
B Cumalative 14913717 699509 15.593.226 15,126,903 1,403,483 16,630,393 ]
‘g’
Asssmplions:
| Equity-boan ratio
Equity: 0%
Loan: W%
2 Loan intecest 3%
Computation of inlerest o
Outstanding loan % |___ J.OE] + new loan X 153
{lzom previous years) {taken during year)

3 No working capital acr pee-operation expeaditures assunwd.
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Appendix

11.3.2 Projected Cash Flow before Debt Service (operation period 1997 - 2021) -- under Alternative Financing Scenario

(Tremz 5 ¢ ) f{itenzc 4 + 5

Thousand FCFA
Projectyear | 2 3 4 5 ] 7 8 9 10 1§ 12 13 14 15 15 1?7 18 19 0 ] n 1] 2 5 2%
Year Th995 1997 1998 1999 2000 2001 2002 2003 004 2005 2006 2001 008 009 200 i 2017 2083 2014 2015 2036 2017 2018 %019 2000 01 Tool

Revenve 3410727 3445470 2456204 3465827 3478,082 3490111 35022972 1506724 3531435 3542070 3564017 3582047 12.600,353 3422028 3644076 3661908 1691341 R3I20605 D T4TEIT 2.781,180 525413 61434 600714 641,173 £56.3159 74,488,601
Operation ¢eost
(1} Fixed D&M 203669 235669 213669 225669 225669 2ISLEY 25669 FSGE9  235.66% 225,669  IBREL9 2IBGEF 225669 2IS.66F 2254669 FDS66T 25660 2ML60 MS0E 225660 34041 041 4041 34041 MO 4683 584
{2) Variable O & M 945,423 945423 945423 245421 945423 045423 45433 9454233 945,423 945423 945421 945,423 945433 Q45421 945421 §45433 945423 $454123 945433 ©45.423 L] 0 ¢ 0 0 18908450

Total 120092 1171093 LIR097 1171,092 11092 L1092 170092 111002 LA70,092 10092 1170092 1,170,002 1100082 1LA71092 1170092 1171092 1070092 1070092 171092 1070002 34041 34041 34048 34041 041 23592044
Net operating income (hem 1 - em ) 4,580,819 2275379 2285202 2295735 2306990 2319019 2331880 2M5612 2360343 2375082 2392925 2410955 2430261 1450936 2473084 2496816 2522249 2549513 2.578.746 2610097 4903727 SI1AS S66.173 600932 6528 $3TITA

Appendix 11.3.3 Cash Flow Table for Financial Planning (operation period 1997 - 2021) -- under Alternative Financing Scenario
Project yeur 2 3 + 5 [ ? 8 ¢ 10 11 12 13 21 15 16 17 - 1] 1% ] k| 22 3 P23 25 28
Yar 1% 551 ] 1959 2000 pyrl] 2001 2001 2004 ot e 006 00 2008 08 X010 0L 052 2013 214 2015 N6 on Bl g ] 200 Tew!
Nricash Dow fiom openation 4580849 2395379 2285203 20515 2304990 135018 2334830 2345633 23033 2376081 2392928 2410955 24M0280 1450838 2473084 2495914 352143 2349513 257546 2610491 22137 S48 SE8171 607732 651348 353,218,714}
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Appendix 11.3.4

FIRR on Equity Invested -- under Alternative Financing Scenario
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CHAPTER 12 ENVIRONMEKTAL ASSESSMENT

In the execution of the Project, it has become more important to assess the
influence of the project on the environment especially in recent yeats. This
Report therefore purports to assess the environmental factors in terms of
pollution and problems assoclated with the natural and social environment as
well as other factors. If, in the project area, there are existing equipment
facilities of the same type as those to be installed under the Project, it
will be necessary to evaluate not only the environmental impact of the planned
Project alone but rather assess the environmental consequences on an overall

basis, including the existing and Project equipment as a whole.

This Chapter will make an environmental appraisal of the power generation and

other power facilities.
12.1 Power Generating Facllities
12.1.1 Assessment of the Current Problems of Interference

Fields studies were performed in December 1694 and January/Pebruary 1995 to
determine the present status of pollution by measuring the noise, vibrations
and exhaust gas level in the vicinity of the Bel-Alr and Cap des Biches Power
Statipns which are béth located in the Dakar area and to assess the impact
likely to arise from the additional construction of two 5,000 kW diesel

generators.,

(1) Vibration Measurements
The vibration measurements were carried out at and around the diesel
engine plants of the Bel-Air and Cap des Biches Power Stations using
vibration indicator (RION VH-51) brought over by the Study team from

Japan.

" The Table in the following page rveports the measurements results

obtained at and around the diesel engine plants.

At the Bel-Air Power Station, the vibration indicator registered

vibrations in the order of 40 dB on the concrete surfaces 1 m apart
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from the dlesel engines but did not detect any 'vibrations at a distance .
of 1 m apart from the engine bullding.

At the Cap des Biches Power- Station, the vibration indicator recorded
74 dB on the concrete floor of the engine building and 58 dB on the
: concrete surface 1 m apart from the engine bullding but did not detect
any vibrations at adistance ¢f 15 m on the concrete surface apart from

- the engine building.,
‘The data thus demonstrate that vibrations do not present a problem to
the residential zone on the Station preclincts:as: this housing area is

‘at over:100 m from the Station.’

. Measurement Results of Vibration .

{Unit: dB)
Cap de Biches PS Bel-Air PS

Date of measurements Dec1,1994 7 |'Now30, 1994 ' °
Measured by o Mr. Nakaoji of EPDCI | Mr, Nakaoji of E__PDCi_-
Wi'u.\cssc.d by ' | | Mr Mamadou. SENE Mr. Idiriss of MANE ﬁ*
Measuring ¢quipment used - - . | RION Type YM.51 RION Type VM-51

No.1 dicsel engine - | 165 (Output 19 MW) - T L A

No.2 diesel engine - | 105 {Output 13 MW) 1 ws
Measuté— goncfctc ﬂoo_lf o_:i 1st : ‘?f_i 7 o 45
ment oor
points Outside, concrete floor 58 " 40 6r'les;s"‘;

1 m from bldg.

Qutside, concrete floor 40'or less

14 m [rom bidg.

(2) HNeoise

The noise measurements were carried out at. and. around the main
equipment of the two p't)wer;stat;ions ,and on the boundaries of the power
station grounds using sound level meter (RION NL-04) brought over by @
the Study team from Japan.
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Table 12:1.1 ‘shows the ‘noise levels measured at the main plant
facilities in the power stations. Fig. 12.1.1-1 shows the distribution

‘of the noise measurement data at the Cap des Biches and Fig., 12,1.1-2
" at the Bel-Alr Power Stations. '

The Bel-Air Powst Station is situated’ in an industrial zone, with
factories, port facilities and warehouses in its vicinity. There is a

residential zone with several houses in the Station's precincts. The

building accommodating the diesel engines adjoins a tobacco factory and

the port, and the maximum noise level ‘recorded on the boundaries of the

station complex stands at 76 dB.

At present, the entrance for machine deliveries and the windows of the

- diesel engine building are partly open. If these were closed it would
- be possible to reduce the noise level to 70 dB.

The Japanese Noise Control Regulations lay down a maximum day-time
noise level of 70 4B and a maximum night-timé level of 65 dB in an

industrial zone.

Diue to its location in an industrial zone, the Bel-Air Power Station,

' the following two measures should be implemented to meet day-time

target noise level of 70 dB and a night-time lével of 65 dB:
i) - A soundpreoofed wall should be erected on the boundaries.

2) ' Theé entrance for machine deliveries to the station and all other
apertures that are open at present, including windows, should be

sealed.

The Cap des Biches is located on large space so that noise levels are
dissipated by the distance, with 60 - 65 dB recorded on the boundaries

facing the sea and the fields. HNoise does therefore not present a real

':ptoblem. on the bounddry facing the residences for SENELEC's

eniployees, the noise level registered 55 --57 dB, that is, values well

‘within the range laid down by the Japanese Nolse Control Regulations.
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12.1.2 Estimatjon of Exhaust Gas Concentrations

The data submitted by SENELEC for the fuel (heavy oil) were taken as the basis
for estimating the exhaust gas emisslon concentrations from the present heavy
o0il combustion boilers {12,800 kW x 4 boilers}) and the diesel generators
(5,000 kW x 2) at the Bel-Air Power Station.

Also carried out were estimations of the additional exhaust gas emission
levels arising from the commissioning. of the two 5,000 kW diesel generator

units under this Project.
(1) 80x Emission Regulations

The $0x emission levels are largely due to .the sulfur content of the
fuel used. The problem is that SERELEC has practically no means of
controlling the sulfur content of the fuel so that we have taken the
fuel sulfur level recorded in Table 8.2.2 for our S50x emission

calculations.

The S50x Contrel Regulations specify, among other things, the K value
and in the context of our calculations we have adopted K = 17.5 as
corresponding to the category. given in the Japanese regulations as

"Other Zones,”

In the calculations below we have used the most widely accepted
formulae for calculating the diffusion of emission concentrations
{Bosanquet’s first equation and Sutton’s diffusjon equation) to

determine the necessary stack height.
(2) Calculations for the Existing 5,000 kW Diesel Plant

QOperational Conditlons: S
Fuel sulfur content o . 2.87 wt.2

. Lower calorifie value, _ 9,567 kealfkg
Excess air ratio .. . . . 13y
Stack outlet température - .. . ... . 365°C ' e
Stack height & Outlet diameter 13m & 0.85 md .gg

Sox concentration at exhaust stack outlet 731 ppm
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Formula used for calculating the effective stack height is based
on the following {Bosanquet) equation.

Bm= 4.77 VOr1ive

1+.0.43u u
vg
Q448T 2,2
= . —_— . ] +._--2
Ht=6.37g T, {leg, ' J 3 )

J=— % _(0.43 %(de/dz) —0.23%9_%)+1

MONT]
where,
Hm 3 Updraft héight due to gas velocity (m}
Ht H Updraft height due to buoyancy (m)
u 3 . Average wind velocity.(mls)
vg t Stack outlet gas s?eedrtmfs)
Q1 : Exhausﬁ gas volume at Ty (m3fs)
Ti : . Temperature at which the exhaust gas density equals
the atmosphefic air density (°K)
AT H ~Difference between the exhaust gas temperature and Ty
: (oK) - | |
F | % | Earth's:gravitational constant (9.81 mfs?)
-dﬁfdz 1 Vertical gfadient of potential temperature (°C/m)

The calculations for the usulfur oxide emission standards
according to the above equations give T; = 288°K.
dojfdz = 0.0033°C/m, u = 6 mfs

The effective stack height He(m)} should be determined by the
following equation:
He = Ho + 0.65 (Hm + Ht)

- where,

Ho: stack height (m)

The relation between the K values and the effective stack height,
however, can be determined by the following equation:

e 167, _ o
-He=4 Q,z;O- (Qs 1 $0x emission rate (Nmi/h)
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- If we introduce the actual numerical wvalues into the above
equation, we have:

Qp = 8.6 mfs

AT = 350°K

vg = 33.5 m/s
J = 85,2
Hm = 12.54 m.
Ht = 20.93 m
Qs = 21. 1 Nm3lh
i K .=71? 5
He = 34.7 m
so that : Ho = 12.9 m

The minlmum effective stack height required in accordance with
the above calculation is therefore 12.9 m and the exhaust gas
:flue outlet height is around 13 m. With these stack and flue
;eutlet heights, it will therefore be possible to meet the K value
specified in the Regulations.

5@;

With an actual stack height Ho of 13 m, we can now use Sutton's
formula to calculate the'meximum ground level concentration at

place {Cm)Aaed‘distenee‘from stack (xm}.

~ Suttons equation

= .,.,_2_9*5 EE.)
esuHZ\ CY

2/42-n)
wle)

where, =w: the ratio of .the circumstance of a circle to its
diameter, Cz = 0.07, Cy = 0.07/0.15 and n = 0.25,
Q = Sulfur oxide (SOx) emission rate at T (m3/s)
He = 13 + 0,65 (12,54 + 20.93) = 34.8 m

Cm = 0.030 ppm,

xm;é 1,201=m_e‘
Thus, the maximum SOx ground-level emission concentration at a ég
.distance of approximately l.zb'km Efpm the project site under the
current plant can be calculated‘as?being 0,030 ppm,

12— 6.



3 &

- (3) .

{(4)

~ Calculations .for the New 5,000 kW Diesel Plant

Operational conditions:
stack height & outlet diameter: 18 m & 0.85 md
Other -conditions: Equal to those for the existing 5,000 kW
diesel plant.

. Using the same calculation formulae as those of Section (2) above, we

have the following results. As the new diesel plant is designed with
a stack height of 18 m, it meets K-value specified in the regulations

with a comfortable margin,
Effective stack height : 39.8 m.
Maximum ground-level concentration: ¢.023 ppm

-Distapce from stack .. . t 1,400 m |

Existing Boilers (12,800 kW x 4)

- Operational conditions:

Fuel‘sulfur,content1 1 2.87 wt.2
Low calorific value : 9,567 kcallkg
Excess air ratice : 61
. Stack outlet temperature: = 195°C
-Stack height & diameter : 45 m & l.Ble¢ X 4

Using the same calculation formulae as those of Section (2) above, we

have the following results.
The regulatory K-value is not met.

To meet the regulatory K-value, it will be necessary to raise the stack

heigh; to 132 m or higher.

Maxinmum. ground-level concentration : 0.144 ppm

Distance from stack: 3 2,807 m
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12.1.3 Examination and Forecast of Impact on thé Social Environment

(1)

(2)

(3)

Noise

The commissioning of the two new.S,OOO kW diesel generators under this
Project at the Bel-Air Power Sfation would lead to the possibility of
the nolse level’s exceeding 76 dB on the station complex boundaries.
While the adjacent area 1is an industrial zone without residential
housing, noise reduction measures will bé required in the form of
sealing the entrance opening for machine deliveries during night hours

and of erecting & soundproofed wall,

Vibration

Vibration would not present any particular problem.
Exhaust Gas Emissions

The fuel used by SENELEC is 4 heavy oll of poor quality with a high
sulfur content of 2.87 wt.Z, and the impact this has an the environment

is considerable.

The present boiler plant (12,300 kW x 4) operated on this high-sulfur
fuel has a low efficlency and involves high fuel costs. For these
reasons the boiler plant in its present form does not meet the exhaust

gas emission regulations as they stand in Japan.

There are plans for a gradual phasing out and scrapping of the four
boilers, and if the replacement boilers are to be run on heavy fuel oil
again it will be necessary to design them with particular attention to
their environmental impdact by allowing, in particular, for a better

grade of fuel and for an appropriate stack height,
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